
Explore beyond the Standard Model
of Particle Physics

20 Dec. 2021
National Taiwan University

Sho Iwamoto
ELTE Eötvös Loránd University http://pppheno.elte.hu/

This presentation file is available at: https://bit.ly/iwamoto20211220

62±2 min. talk + O(1) min. Q&A
including your questions: Feel free to ask questions whenever you want! (speak  / text chat)

https://www.misho-web.com/
http://pppheno.elte.hu/


n Standard Model = quantum field theory with
Ø quarks and leptons,
Ø "gauge symmetry" SU(3)×SU(2)×U(1),
Ø and Higgs boson H.

Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 572

Our civilization established the Standard Model of Particle Physics, a state-of-the-art theory.

U(1)
spontaneous symmetry breaking

induced by Higgs boson

SU(3)colorSU(2)weak U(1)Y

QL 3 2 1/6 = (uL, dL)
UR 3 2/3 =  uR

DR 3 −1/3 =        dR

LL 2 −1/2 = (νL, eL)

ER −1 =        eR

B ✓
W ✓
g ✓
H 2 1/2 

à (W+, W−, Z)
+ γ

Figure courtesy of HiggsTan.com

discovered in 2012 at the LHC
This presentation file is available at: https://bit.ly/iwamoto20211220
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n Standard Model = quantum field theory with
Ø quarks and leptons,
Ø "gauge symmetry" SU(3)×SU(2)×U(1),
Ø and Higgs boson H.

n The SM explains...
✓ ingredients of 5% of the Universe,
✓ mechanism of three forces,

✓ mechanism of {q, e, μ, τ, W, Z, H} mass,
and...
✓ many many more!
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Our civilization established the Standard Model of Particle Physics, a state-of-the-art theory.

U(1)
spontaneous symmetry breaking

induced by Higgs boson

à next page!

Figs. courtesy of HiggsTan.com
and B. Blaus, Medical gallery of Blausen Medical

[strong, weak, and electromagnetic forces]

Example: Tritium 
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Figs. from ATLAS and CMS summary pages

✓ Lepton magnetic moment

✓ Tremendous number of Results from the LHC
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Two notable examples of the success of the Standard Model.

[using αEM from Rb/Cs interferometry]
<latexit sha1_base64="nOljUbIkz/bj3Pmev5cGk7mn2lA="></latexit> ഄᅉ(SM) Ҳ ՋѳМѱѱѳѴѲѺѴѱѵѴѷѵѱѹШѲѵѵЩ (Rb)ѳМѱѱѳѴѲѺѴѱѵѴѷѴѳѵШѱѵѷЩ (Cs)ഄᅉ(meas) Ҳ ѳМѱѱѳѴѲѺѴѱѵѴѷѲѵѷШѱѶѷЩ
ഄᆋ(SM) Ҳ ѳМѱѱѳѴѴѲѹѴѷѳѱШѹѷЩഄᆋ(meas) Ҳ ѳМѱѱѳѴѴѲѹѵѲѳѳШѹѳЩ

so far so good, but...

e) Keshavarzi, Marciano, Passera, Sirlin [2006.12666] and refs. therein.
μ) The White paper [2006.04822] for SM prediction,

hep-ex/0602035 (BNL) and 2104.03281 (FNAL) for measurements.

https://atlaspo.cern.ch/public/summary_plots/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://arxiv.org/abs/2006.12666
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03281


<latexit sha1_base64="nOljUbIkz/bj3Pmev5cGk7mn2lA="></latexit> ഄᅉ(SM) Ҳ ՋѳМѱѱѳѴѲѺѴѱѵѴѷѵѱѹШѲѵѵЩ (Rb)ѳМѱѱѳѴѲѺѴѱѵѴѷѴѳѵШѱѵѷЩ (Cs)ഄᅉ(meas) Ҳ ѳМѱѱѳѴѲѺѴѱѵѴѷѲѵѷШѱѶѷЩ
ഄᆋ(SM) Ҳ ѳМѱѱѳѴѴѲѹѴѷѳѱШѹѷЩഄᆋ(meas) Ҳ ѳМѱѱѳѴѴѲѹѵѲѳѳШѹѳЩ
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But Standard Model is not perfect. (1)

so far so good, but...

e) Keshavarzi, Marciano, Passera, Sirlin [2006.12666] and refs. 
therein.
μ) The White paper [2006.04822] for SM prediction,

hep-ex/0602035 (BNL) and 2104.03281 (FNAL) for 
measurements.

✓ Lepton magnetic moment

✓ Tremendous number of Results from the LHC

[using αEM from Rb/Cs interferometry]

2.002331836 2.002331838 2.002331840 2.002331842

SM prediction                                    measured value4.2σ-level
disagreement

"muon g−2 anomaly" à 5 pages later?

https://atlaspo.cern.ch/public/summary_plots/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://arxiv.org/abs/2006.12666
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03281


n Standard Model = quantum field theory w.
Ø quarks and leptons,
Ø "gauge symmetry" SU(3)×SU(2)×U(1),
Ø and Higgs boson H.

n The SM explains...
✓ ingredients of 5% of the Universe,
✓ mechanism of three forces,

✓ mechanism of {q, e, μ, τ, W, Z, H} mass,
and...
✓ many many more!
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But Standard Model is not perfect. (2)

U(1)
spontaneous symmetry breaking

induced by Higgs boson

Figure courtesy of HiggsTan.com

[strong, weak, and electromagnetic forces]

"dark energy"
69%

known matter

dark matter

e.g., Planck 2018 Result [1807.06209]

26%

5%

?

?

only 5%!?

gravity?

? mass of neutrinos (ν)?

https://higgstan.com/
https://arxiv.org/abs/1807.06209


!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for

neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry

§ Why is the Universe so "isotropic"?

§ Why are U(1)-charges [integer] / 6?
§ Why many fermions but 1 scalar?

§ Why θQCD so small?

§ Any mechanism behind SM parameters?
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Problems (and academic/phenomenological questions): They may be solved by BSM models.

superstring theory?

inflation?

baryogenesis?

see-saw mechanism?

leptogenesis?

supersymmetry?
SU(5) grand unification?

resonant leptogenesis?

axion?

sterile neutrino? extra U(1)?
quintessence?

dark QCD?

flavor symmetry?

leptoquark?

axion-like particles?

Beyond-the-SM
scenarios



!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for

neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry

§ Why is the Universe so "isotropic"?

§ Why are U(1)-charges [integer] / 6?
§ Why many fermions but 1 scalar?

§ Why θQCD so small?

§ Any mechanism behind SM parameters?
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My previous works have covered some of these topics.

superstring theory?

inflation?

axion?

quintessence?

flavor symmetry?

leptoquark?

baryogenesis?

see-saw mechanism?

leptogenesis?

supersymmetry?
SU(5) grand unification?

resonant leptogenesis?

sterile neutrino? extra U(1)?
dark QCD?

axion-like particles?

that I studied

Beyond-the-SM
scenarios



!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for

neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry

§ Why is the Universe so "isotropic"?

§ Why are U(1)-charges [integer] / 6?
§ Why many fermions but 1 scalar?

§ Why θQCD so small?

§ Any mechanism behind SM parameters?

Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 579

I will focus on (DM, g−2) + SUSY in this talk (and briefly on extra U(1) models).

superstring theory?

inflation?

axion?

quintessence?

flavor symmetry?

leptoquark?

baryogenesis?

see-saw mechanism?

leptogenesis?

supersymmetry?
SU(5) grand unification?

resonant leptogenesis?

sterile neutrino? extra U(1)?
dark QCD?

axion-like particles?

à next page
that I studied

Beyond-the-SM
scenarios
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An anomaly has been known in the muon anomalous magnetic moment (g−2).

expm:Brookhaven Natl. Lab. [hep-ex/0602035]
Fermilab (Run1) [2104.03247]

SM:White paper [2006.04822]
HVP(lattice) by BMW [2002.12347v3]

~3.5 σ

combine

<latexit sha1_base64="V5/WjP7uuhtFe8g7AEYYh9KYb9U=">AAABnnicZY7LSsNAGIX/1FuNt6hLQYLduNCShKLbglB0UVrtLdCUMJn+LUMnFzOTQgjZ+TRu9WV8G1ONi9qzOpwLfF7EmZCG8aVUtrZ3dveq++rB4dHxiXZ6NhRhElMc0JCHse0RgZwFOJBMcrSjGInvcRx5i4dVP1piLFgY9GUa4cQn84DNGCWyiFztkriOn+gOviZsqTuzmNBsvopurTyzclerGXXjR/qmMUtTg1JdV2PONKSJj4GknAgxNq1ITjISS0Y55qrqRGSOQqYcM/QjmeaqkwiMCF0U+fil3bnp9Z/sSdZOe5xNsRUGcm3yV+RqwWb+J9k0Q6tu3tWt50at2Sgpq3ABV3ANJtxDEx6hCwOg8Abv8AGfiq60lLbS+Z1WlPJzDmtS7G956W3u</latexit>ᆋ  ഄᆋ ҭ ѳѳn Pre-2021 situation

old SM: BDJ19 [1903.11034]
DHMZ19 [1908.00921]
KNT19 [1911.00367]

https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03247
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/1903.11034
https://arxiv.org/abs/1908.00921
https://arxiv.org/abs/1911.00367
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old SM: BDJ19 [1903.11034]
DHMZ19 [1908.00921]
KNT19 [1911.00367]
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The muon g−2 anomaly was confirmed in the latest measurement at Fermilab. 

expm:Brookhaven Natl. Lab. [hep-ex/0602035]
Fermilab (Run1) [2104.03247]

SM:White paper [2006.04822]
HVP(lattice) by BMW [2002.12347v3]

<latexit sha1_base64="V5/WjP7uuhtFe8g7AEYYh9KYb9U=">AAABnnicZY7LSsNAGIX/1FuNt6hLQYLduNCShKLbglB0UVrtLdCUMJn+LUMnFzOTQgjZ+TRu9WV8G1ONi9qzOpwLfF7EmZCG8aVUtrZ3dveq++rB4dHxiXZ6NhRhElMc0JCHse0RgZwFOJBMcrSjGInvcRx5i4dVP1piLFgY9GUa4cQn84DNGCWyiFztkriOn+gOviZsqTuzmNBsvopurTyzclerGXXjR/qmMUtTg1JdV2PONKSJj4GknAgxNq1ITjISS0Y55qrqRGSOQqYcM/QjmeaqkwiMCF0U+fil3bnp9Z/sSdZOe5xNsRUGcm3yV+RqwWb+J9k0Q6tu3tWt50at2Sgpq3ABV3ANJtxDEx6hCwOg8Abv8AGfiq60lLbS+Z1WlPJzDmtS7G956W3u</latexit>ᆋ  ഄᆋ ҭ ѳѳn 7 April 2021

à 32 arXiv preprints within 150 minutes
including:

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217],
Iwamoto, Yanagida, Yokozaki [2104.03223].

Image courtesy of pakutaso.com

~3.5 σ

4.2 σ

https://arxiv.org/abs/1903.11034
https://arxiv.org/abs/1908.00921
https://arxiv.org/abs/1911.00367
https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03247
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03223
https://www.pakutaso.com/
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However, two "SM predictions" are reported. Which is correct?  Discussions ongoing.  
<latexit sha1_base64="V5/WjP7uuhtFe8g7AEYYh9KYb9U=">AAABnnicZY7LSsNAGIX/1FuNt6hLQYLduNCShKLbglB0UVrtLdCUMJn+LUMnFzOTQgjZ+TRu9WV8G1ONi9qzOpwLfF7EmZCG8aVUtrZ3dveq++rB4dHxiXZ6NhRhElMc0JCHse0RgZwFOJBMcrSjGInvcRx5i4dVP1piLFgY9GUa4cQn84DNGCWyiFztkriOn+gOviZsqTuzmNBsvopurTyzclerGXXjR/qmMUtTg1JdV2PONKSJj4GknAgxNq1ITjISS0Y55qrqRGSOQqYcM/QjmeaqkwiMCF0U+fil3bnp9Z/sSdZOe5xNsRUGcm3yV+RqwWb+J9k0Q6tu3tWt50at2Sgpq3ABV3ANJtxDEx6hCwOg8Abv8AGfiq60lLbS+Z1WlPJzDmtS7G956W3u</latexit>ᆋ  ഄᆋ ҭ ѳѳ

expm:Brookhaven Natl. Lab. [hep-ex/0602035]
Fermilab (Run1) [2104.03247]

SM:White paper [2006.04822]
HVP(lattice) by BMW [2002.12347v3]

4.2 σ

1.5 σ
(no anomaly = SM consistent)

old SM: BDJ19 [1903.11034]
DHMZ19 [1908.00921]
KNT19 [1911.00367]

~3.5 σ

???

Image courtesy of pakutaso.com

[Budapest–Marseille–Wuppertal]

https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03247
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/1903.11034
https://arxiv.org/abs/1908.00921
https://arxiv.org/abs/1911.00367
https://www.pakutaso.com/
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However, two "SM predictions" are reported. Which is correct?  Discussions ongoing.  
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expm:Brookhaven Natl. Lab. [hep-ex/0602035]
Fermilab (Run1) [2104.03247]

SM:White paper [2006.04822]
HVP(lattice) by BMW [2002.12347v3]

4.2 σ

1.5 σ
(no anomaly = SM consistent)

old SM: BDJ19 [1903.11034]
DHMZ19 [1908.00921]
KNT19 [1911.00367]

~3.5 σ

???

Image courtesy of pakutaso.com

n Theory Predictions = calculate (and sum) all of                               diagrams.

n ="EM" + "weak" + "strong"

"EM" + "weak" +                               + 

µL µR

�

LOOP

Hadronic Vacuum Polarization Hadronic Light-by-Light

µL µR

�

µL µR

�µL µR

�

LOOP
SM

<latexit sha1_base64="X8QYti8EJk51gTro3Fq33/YVWCw=">AAABhHicZY7LTsJAGIX/QUWsN9SlG2M3LghpEXVnSEyMLogotJBQQqbDLxmYtmNnatKQvoNbfTPfxqp1gXyrk3NJji8FV9qyPklpbX2jvFnZMrZ3dvf2qweHroqSmKHDIhHFA58qFDxER3MtcCBjpIEvsO/Pb77z/ivGikdhT6cSRwGdhvyZM6pzy/UUD/BlXDWtuvXDyaqwC2FCQWdc5d4kYkmAoWaCKjW0G1KPFjTWnAnMDMOTdIpKpwIXGEidZoaXKJSUzXN/+NR+qHV794PRop12BZ/gbRTqpcpfkBn5N/v/k1XhNur2Zb3x2DRbzeJlBY7hFM7AhitowR10wAEGM3iDd/ggZVIj5+Tit1oixeYIliDXX02kZAc=</latexit>۫
contributions from strong force

[Budapest–Marseille–Wuppertal]

https://arxiv.org/abs/hep-ex/0602035
https://arxiv.org/abs/2104.03247
https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/1903.11034
https://arxiv.org/abs/1908.00921
https://arxiv.org/abs/1911.00367
https://www.pakutaso.com/
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BDJ19
DHMZ19
KNT19

WP

BMW-17
PACS-19

FHM-19
Mainz/CLS-19

ETM-19
BMW-20

n Two methods for
Ø White paper: data-driven approach

Ø BMW collaboration: lattice QCD

n Two methods for
à consistent results.
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The difference comes from the evaluation of HVP diagrams, in which all hadrons contributes.

µL µR

�

µL µR

�

la
tti

ce
 Q

CD
da

ta
-d

riv
en

ß Attack:Did you include ALL processes?
Are all cross-section data

valid and consistent?

ß Attack:Are the extrapolations safe?  (especially: lattice spacing            )
<latexit sha1_base64="hfoVQs2LKbziOaBfVlIOrSg5SiU=">AAABhXicdY7LTsJAGIX/4gWsN9Slm0Y2LrSZlkJxJYmJ0QUR5ZpQQqbDL5l0eklnMGkID+FWn8y3sSosWPitTs4lOX4iuFSEfGmFre2d3WJpT98/ODw6Lp+c9mU8Txn2WCzidOhTiYJH2FNcCRwmKdLQFzjwg7uffPCGqeRx1FVZguOQziL+yhlVuTUwqKdig0zKFWKSmnNDbIOYVcutO24u3EbDrtYMyyS/VGBFe1Lm3jRm8xAjxQSVcmTZiRovaKo4E7jUdS+hM5QqE7jAMFHZUvfmEhPKgtwfvbSerjrdx+F40co6gk/xPo7URmUdLPX82/qA8b/o26ZVN+1np9J0Vi9LcA4XcAkWuNCEB2hDDxgE8A4f8KkVtWvN0ep/1YK22pzBBtrtN0/LY/c=</latexit> צ ѱ

4 6 8 10 12 14 16

Glasgow-09
N-09

J-17

WP (pheno)

RBC/UKQCD-19

Mainz-21

WP

(hadronic
vacuum polarization)

(hadronic
light-by-light)

Optical theorem says:

HVP = sum of all
cross sections
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“ംႻംႼ צ hadrons”
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ᅔᆬኈ

Ăഒ೮ШഒЩ࿁ᅉᆴᅉᆵצhadronsШഒЩ
σ(s) : cross section with collision energy s
K(s) : known analytic function
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The muon g−2 anomaly will be one of the hottest 🌶 topics in 2020s.

170 180 190 200 210

Experiment

BNL g-2 (∼2004)

FNAL g-2 (2021)

Average

SM Predictions

white paper (2020)

HVP by BMW (2020)

BDJ19
DHMZ19

KNT19

n The battle of HVP:
Ø data-driven?

Ø lattice QCD?

n More supporting data

n More precise measurement at Fermilab:

A very hot topic in 2020s!

[An important note:
I like very hot dishes.]

In this talk, I will assume "BSM solves 4.2σ anomaly."

<latexit sha1_base64="wI29L7b9/DeiUiaaC9h7hX/C2gs="></latexit>

e.g. Belle II (ംႻംႼ צ ྾Ⴛ྾Ⴜྱ etc.), MUonE (ྺүംႼ צ ྺүംႼ),
Electroweak precision tests.

ß Attack:Did you include ALL processes?
Are all cross-section data

valid and consistent?

ß Attack:Are the extrapolations safe?  (especially: lattice spacing            )
<latexit sha1_base64="hfoVQs2LKbziOaBfVlIOrSg5SiU=">AAABhXicdY7LTsJAGIX/4gWsN9Slm0Y2LrSZlkJxJYmJ0QUR5ZpQQqbDL5l0eklnMGkID+FWn8y3sSosWPitTs4lOX4iuFSEfGmFre2d3WJpT98/ODw6Lp+c9mU8Txn2WCzidOhTiYJH2FNcCRwmKdLQFzjwg7uffPCGqeRx1FVZguOQziL+yhlVuTUwqKdig0zKFWKSmnNDbIOYVcutO24u3EbDrtYMyyS/VGBFe1Lm3jRm8xAjxQSVcmTZiRovaKo4E7jUdS+hM5QqE7jAMFHZUvfmEhPKgtwfvbSerjrdx+F40co6gk/xPo7URmUdLPX82/qA8b/o26ZVN+1np9J0Vi9LcA4XcAkWuNCEB2hDDxgE8A4f8KkVtWvN0ep/1YK22pzBBtrtN0/LY/c=</latexit> צ ѱ



!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for

neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry

§ Why is the Universe so "isotropic"?

§ Why are U(1)-charges [integer] / 6?
§ Why many fermions but 1 scalar?

§ Why θQCD so small?

§ Any mechanism behind SM parameters?
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This is the situation of the Standard Model as of 2021.

superstring theory?

inflation?

axion?

quintessence?

flavor symmetry?

leptoquark?

baryogenesis?

see-saw mechanism?

leptogenesis?

supersymmetry?
SU(5) grand unification?

resonant leptogenesis?

sterile neutrino? extra U(1)?
dark QCD?

axion-like particles?

🌶



!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for

neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry

§ Why is the Universe so "isotropic"?

§ Why are U(1)-charges [integer] / 6?
§ Why many fermions but 1 scalar?

§ Why θQCD so small?

§ Any mechanism behind SM parameters?
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I am interested in experimental verifications of the BSM scenarios.

superstring theory?

inflation?

axion?

quintessence?

flavor symmetry?

leptoquark?

baryogenesis?

see-saw mechanism?

leptogenesis?

supersymmetry?
SU(5) grand unification?

resonant leptogenesis?

sterile neutrino? extra U(1)?
dark QCD?

axion-like particles?

🌶

My primary question:

How to test BSM models at experiments?

This talk: supersymmetry
as the solution to DM & muon g−2 the LHC

discover or reject

on which I have been working since 2011.
Iwamoto + others (incl. Endo, Hamaguchi, Kitahara, Yanagida, Yokozaki, ...)

[1108.3071, 1112.5653, 1112.6412, 1212.3935, 1303.4256,
1407.4226, 1704.05287, 2001.11025, 2104.03217, 2104.03223]

https://arxiv.org/abs/1108.3071
https://arxiv.org/abs/1112.5653
https://arxiv.org/abs/1112.6412
https://arxiv.org/abs/1212.3935
https://arxiv.org/abs/1303.4256
https://arxiv.org/abs/1407.4226
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03223


"How to test BSM models at experiments?"

1. Standard Model
ü Success
ü Issues: Dark matter, muon g−2 anomaly, ...

2. Frontiers of experiments

3. Supersymmetry (as the solution to DM & muon g−2) at the LHC

4. A few other topics
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[2] Particle physics experiments: my best partner in the exploration.
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BSM scenarios = SM + new particle(s). Why are they "new?" Because Heavy or Elusive.
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particle mass

heavy?

weak and elusive?

Ø (g−2)μ à new particle(s) to give extra contribution of
Ø DM   à a new particle for DM

n "new" = not discovered. But Why?

µL µR

�

LOOP

(We will assume
these problems are solved by BSM.)

remember:

search targets at experiments

<latexit sha1_base64="g2J/h84HNiHRjpFa95KQBmZDwDA=">AAABxnicZU7LTsJAFJ3iC+ur6tINkY0LbNqGqDEhITEILjAoz4RWUoYrTph2ameqNk2JP+TXuDLRf7FKXSBndXJeOUOPEi407UPKLC2vrK5l1+WNza3tHWV3r8NZ4GNoY0aZ3xvaHChxoS2IoNDzfLCdIYXucHLx43efwOeEuS0RemA59tgl9wTbIpEGStUU8CKi/jUTcJ6LKyUH3xmF6VQ3q9Ap6eqZWalEx0YxNgM3GscmJw48zjqezwRzc47NuRUPlLymar/ILRI9JXmUojFQHswRw4EDrsA0mejrhiesyPYFwRRiWTY9ewxchBQicDwRxrIZcPBsPEn0/m290Gxd9ayoHjYpGcElc8Vc4s+I5eSa/v/IIukYqn6iGjfFfLmYnsyiA3SIjpCOTlEZ1VADtRFGb+gdfaIvqSa5UiA9z6IZKe3sozlIr99DbX45</latexit>

[Note: ೨ Ҳ ഌഀႳИ Ѳრთ Ҳ ѲМѹ ҰѲѱႼႳႵ ტ ۫ proton mass]

à We need more energy! 

à We need more intensity! 

"energy frontier"

"intensity frontier"

(Also:
neutrino frontier,
precision frontier,
cosmic frontier,
theory frontier, ...)



Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 5720

BSM scenarios = SM + new particle(s). Why are they "new?" Because Heavy or Elusive.
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n Particle physics experiments:
collider experiments,
fixed-target experiments [NA64, NA42, KOTO, ...],
DM direct detection [XENON, LUX, ...],
neutrino [DayaBay, Super-K, ...],
astro-particle observations [Fermi, AMS-02, ...],
...,
...,

HL-LHC(2027?)
pp collider,
(2×7000)GeV

HE-LHC(?) (30000GeV)
FCC-hh(?) (100000GeV)

LHC
pp collider,
(2×6500)GeV

intensity frontier

energy frontier

• Large Hadron Collider
• High-Luminosity LHC
• High-Energy LHC
• Future Circular Collider: hadron-hadron

(& more plans:
CEPC-SppC, CLIC, FCC-ee, FCC-he, ...)

collider

<latexit sha1_base64="w1tZ8iHMXbpybJnP01PpEK8lHxs=">AAABm3icZY7LSsNAGIX/qbcab1GXRRC7cSElCUVXQqFUVCxW27SFJoTJ9LcMnVzMTIUQsvBp3Orj+DZWTRfVs/o4Fzh+LLhUhvFJSiura+sb5U1ta3tnd0/fP+jLaJYwtFkkomToU4mCh2grrgQO4wRp4Asc+NPmdz54wUTyKOypNEY3oJOQP3FG1dzy9IojnxM1cjOZX1oLbnlmy7NyT68aNeNHx//BLKAKhTqezp1xxGYBhooJKuXItGLlZjRRnAnMNc2J6QSlSgVmGMQqzTVnJjGmbDr3R4/t+7Nu72boZu20K/gYr6JQLVUWQa7Nv5l/n/yHvlUzz2vWQ73aqBcvy1CBEzgFEy6gAdfQARsYvMIbvMMHOSJNckvufqslUmwOYUnE/gLPumzI</latexit>అഒ Ҳ ѳఉ೨Ⴒ೨Ⴓ
<latexit sha1_base64="B44vWqjOb9bGdf6Yzpb2hWFgUM0=">AAABnnicZY7LSsNAGIX/1FuNt6hLFxa7cSElCUW3BWnRRbDaW6ApYTL9rUMnyZCZiiHEnU/jVh/Gt7FqRGq/1eFc4ASCM6lM80MrrayurW+UN/Wt7Z3dPWP/oC/jWUKxR2MeJ25AJHIWYU8xxdEVCZIw4DgIppdf+eARE8niqKtSgaOQTCJ2zyhRc8s3jj2FTyrDCJNJWsmbvvX8R9O3faNq1sxvKsvCKkQVCtq+8eCNYzoLMVKUEymHli3UKCOJYpRjruueIBOUKuWYYShUmuveTKIgdDr3h3fOWad77Y4yJ+1wNsZWHKmFxm+Q6/Nr1v8jy6Jv16zzmn1brzbqxckyHMEJnIIFF9CAK2hDDyi8wCu8wbtW0Vqao938VEtasTmEBTT3E/lsbzo=</latexit>energy ೨Ⴒ ೨Ⴓ <latexit sha1_base64="JLZ+sj/tg+39eXqnyzPhkRKtoqA=">AAABf3icZY7LSsNAGIX/qbcab1GXbsQsdCEhKUVxVxBFF8XWXqEtZTL9LUMnmSEzEULIE7jVh/NtjBoXtd/qcC5wAiW4Np73SSpr6xubW9Vta2d3b//APjzqa5nEDHtMChkPA6pR8Ah7hhuBQxUjDQOBg2Bx+50PXjHWXEZdkyqchHQe8RfOqCms9t3UdjzX++F0VfilcKCkNbX5eCZZEmJkmKBaj/yaMpOMxoYzgblljRWdozapwAxDZdLcGicaFWWLwh89N58uO93H4SRrph3BZ3gvI7NU+Qtyq/jm/3+yKvo1179ya+2606iXL6twAmdwAT5cQwMeoAU9YIDwBu/wQQg5Jy7xfqsVUm6OYQly8wUfOGGf</latexit>೨ <latexit sha1_base64="uSDeuts2/pUjXzYiMR7F1gRb/YM=">AAABkHicZY7LSsNAFIbPeK3xltalm2K7cCElKUXdWRFEhUK1V2hKmUyPdejkQuZUDSGP4lafybexalzUfquf/wK/GyqpybI+2crq2vrGZm7L2N7Z3ds384WuDmaRwI4IVBD1Xa5RSR87JElhP4yQe67Cnju9+s57zxhpGfhtikMcenziy0cpOM2tkZl3CF8pIR5NkIplr5yOzJJVsX4oLgs7EyXIaI7MJ2cciJmHPgnFtR7Y1ZCGCY9ICoWpYTghn6CmWGGCXkhxajgzjSEX07k/eGictNq3/WHSiFtKjvE68Gmh8Rekxvya/f/IsuhWK/ZppXpfK9Vr2ckcHMIRHIMNZ1CHG2hCBwS8wBu8wwcrsHN2wS5/qyss2xzAAuzuC2ObaEs=</latexit>

targetഌ
<latexit sha1_base64="/HpWFZyJs659VsBlD+syb4J/cIU=">AAABl3icZY7LSsNAGIX/qbcab1EXIm7EblxISULRlVgQS10UW3uFJpTJ9LcMnSRjZiqEkKdxqw/k21g1XdSe1ce5wPGl4Epb1hcprK1vbG4Vt42d3b39A/PwqKeiWcywyyIRxQOfKhQ8xK7mWuBAxkgDX2Dfn97/5P03jBWPwo5OJHoBnYT8hTOq59bIPHHVa6yHXqqy2wU6wUM2MktW2frV+SrYOZQgV3NkcnccsVmAoWaCKjW0Ham9lMaaM4GZYbiSTlDpRGCKgdRJZrgzhZKy6dwfPjeertqdx4GXNpK24GOsRaFeqiyCzJh/s/8/WYWeU7avy06rUqpW8pdFOIMLuAQbbqAKdWhCFxhk8A4f8ElOyR2pkfpftUDyzTEsibS+AQXsa6c=</latexit>అഒ Ҳ అѳഌ೨

<latexit sha1_base64="zghSs5oIF3HZQ/wTMAj1mxCpORo=">AAABpnicZU7LTsJAFL3FF9ZX1aUbIiRiItg2RlcmJCZGFxgUCiS0wXa44ITpw5nBpGn6CX6NW/0Q/8aqdYGc1cl55XgRo0Lq+qdSWFpeWV0rrqsbm1vbO9ruXleEM07QIiELed9zBTIaoCWpZNiPOLq+x7DnTa++/d4LckHDoCPjCB3fnQR0TIkrM2moHVUJBhJ5LRzXfFeIEgbIJ3GpcmmLZy4HTiLSU7NyPNTKel3/QWmRGDkpQ47WUHuyRyGZ+dk6YdnwwDAj6SQul5QwTFXVjtwJChkzTNCPZJyq9kxg5JJppg8emiftzm3fSZpxm9ERXoeBnEv8GamaXTP+H1kkXbNunNfNe7PcOMtPFuEADqEKBlxAA26gBRYQeIU3eIcPparcKZbS+40WlLyzD3NQHr8AVYhwXg==</latexit>

(center-of-mass energy Ҳ అഒФѳ)

cf. fixed-target

<latexit sha1_base64="g2J/h84HNiHRjpFa95KQBmZDwDA=">AAABxnicZU7LTsJAFJ3iC+ur6tINkY0LbNqGqDEhITEILjAoz4RWUoYrTph2ameqNk2JP+TXuDLRf7FKXSBndXJeOUOPEi407UPKLC2vrK5l1+WNza3tHWV3r8NZ4GNoY0aZ3xvaHChxoS2IoNDzfLCdIYXucHLx43efwOeEuS0RemA59tgl9wTbIpEGStUU8CKi/jUTcJ6LKyUH3xmF6VQ3q9Ap6eqZWalEx0YxNgM3GscmJw48zjqezwRzc47NuRUPlLymar/ILRI9JXmUojFQHswRw4EDrsA0mejrhiesyPYFwRRiWTY9ewxchBQicDwRxrIZcPBsPEn0/m290Gxd9ayoHjYpGcElc8Vc4s+I5eSa/v/IIukYqn6iGjfFfLmYnsyiA3SIjpCOTlEZ1VADtRFGb+gdfaIvqSa5UiA9z6IZKe3sozlIr99DbX45</latexit>

[Note: ೨ Ҳ ഌഀႳИ Ѳრთ Ҳ ѲМѹ ҰѲѱႼႳႵ ტ ۫ proton mass]
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BSM scenarios = SM + new particle(s). Why are they "new?" Because Heavy or Elusive.
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particle mass

HL-LHC(2027?)
pp collider,
(2×7000)GeV

ILC(?)
e−e+ collider,
(2×125)GeV

HE-LHC(?) (30000GeV)
FCC-hh(?) (100000GeV)

Belle II (super B factory)
e−e+ collider,

<latexit sha1_base64="mFOMLbFtkBfXxu2Er7tPkOIkBKw=">AAABsnicZY5LT8JAFIVv8YX1VXXpxsjGBSFtbWBLYuJjQYLyjLQh0+GKE6YPO4OxaeaH+Gvc6k/w34i2LpCz+u455ybHjzkT0jS/tNLa+sbmVnlb39nd2z8wDo/6IponFHs04lEy9IlAzkLsSSY5DuMESeBzHPizy5988IKJYFHYlWmMXkCmIXtklMiFNTYuXImvMrOVK54TOfKy/G4oV7IARX45SuXgVq+xr8ZGxayZvzpdBauAChRqj40ndxLReYChpJwIMbLsWHoZSSSjHJWuuzGZopApxwyDWKZKd+cCY0JnC39036p2urdDL2ulHc4meBWFcqnxFyh9Mc36P2QV+nbNqtfsO6fSdIqRZTiBMzgHCxrQhBtoQw8ovME7fMCn5mgPGtFoXi1pxc8xLEnj3wMMeAk=</latexit>

2
అ
7 Ұ 4GeV

LHC
pp collider,
(2×6500)GeV

intensity frontier

energy frontier

• Large Hadron Collider
• High-Luminosity LHC
• High-Energy LHC
• Future Circular Collider: hadron-hadron
• International Linear Collider

(& more plans:
CEPC-SppC, CLIC, FCC-ee, FCC-he, ...)

+ FASER, SHiP, NA62, ..., ...

<latexit sha1_base64="g2J/h84HNiHRjpFa95KQBmZDwDA=">AAABxnicZU7LTsJAFJ3iC+ur6tINkY0LbNqGqDEhITEILjAoz4RWUoYrTph2ameqNk2JP+TXuDLRf7FKXSBndXJeOUOPEi407UPKLC2vrK5l1+WNza3tHWV3r8NZ4GNoY0aZ3xvaHChxoS2IoNDzfLCdIYXucHLx43efwOeEuS0RemA59tgl9wTbIpEGStUU8CKi/jUTcJ6LKyUH3xmF6VQ3q9Ap6eqZWalEx0YxNgM3GscmJw48zjqezwRzc47NuRUPlLymar/ILRI9JXmUojFQHswRw4EDrsA0mejrhiesyPYFwRRiWTY9ewxchBQicDwRxrIZcPBsPEn0/m290Gxd9ayoHjYpGcElc8Vc4s+I5eSa/v/IIukYqn6iGjfFfLmYnsyiA3SIjpCOTlEZ1VADtRFGb+gdfaIvqSa5UiA9z6IZKe3sozlIr99DbX45</latexit>

[Note: ೨ Ҳ ഌഀႳИ Ѳრთ Ҳ ѲМѹ ҰѲѱႼႳႵ ტ ۫ proton mass]

n Particle physics experiments:
collider experiments,
fixed-target experiments [NA64, NA42, KOTO, ...],
DM direct detection [XENON, LUX, ...],
neutrino [DayaBay, Super-K, ...],
astro-particle observations [Fermi, AMS-02, ...],
...,
...,

collider

<latexit sha1_base64="w1tZ8iHMXbpybJnP01PpEK8lHxs=">AAABm3icZY7LSsNAGIX/qbcab1GXRRC7cSElCUVXQqFUVCxW27SFJoTJ9LcMnVzMTIUQsvBp3Orj+DZWTRfVs/o4Fzh+LLhUhvFJSiura+sb5U1ta3tnd0/fP+jLaJYwtFkkomToU4mCh2grrgQO4wRp4Asc+NPmdz54wUTyKOypNEY3oJOQP3FG1dzy9IojnxM1cjOZX1oLbnlmy7NyT68aNeNHx//BLKAKhTqezp1xxGYBhooJKuXItGLlZjRRnAnMNc2J6QSlSgVmGMQqzTVnJjGmbDr3R4/t+7Nu72boZu20K/gYr6JQLVUWQa7Nv5l/n/yHvlUzz2vWQ73aqBcvy1CBEzgFEy6gAdfQARsYvMIbvMMHOSJNckvufqslUmwOYUnE/gLPumzI</latexit>అഒ Ҳ ѳఉ೨Ⴒ೨Ⴓ
<latexit sha1_base64="B44vWqjOb9bGdf6Yzpb2hWFgUM0=">AAABnnicZY7LSsNAGIX/1FuNt6hLFxa7cSElCUW3BWnRRbDaW6ApYTL9rUMnyZCZiiHEnU/jVh/Gt7FqRGq/1eFc4ASCM6lM80MrrayurW+UN/Wt7Z3dPWP/oC/jWUKxR2MeJ25AJHIWYU8xxdEVCZIw4DgIppdf+eARE8niqKtSgaOQTCJ2zyhRc8s3jj2FTyrDCJNJWsmbvvX8R9O3faNq1sxvKsvCKkQVCtq+8eCNYzoLMVKUEymHli3UKCOJYpRjruueIBOUKuWYYShUmuveTKIgdDr3h3fOWad77Y4yJ+1wNsZWHKmFxm+Q6/Nr1v8jy6Jv16zzmn1brzbqxckyHMEJnIIFF9CAK2hDDyi8wCu8wbtW0Vqao938VEtasTmEBTT3E/lsbzo=</latexit>energy ೨Ⴒ ೨Ⴓ <latexit sha1_base64="JLZ+sj/tg+39eXqnyzPhkRKtoqA=">AAABf3icZY7LSsNAGIX/qbcab1GXbsQsdCEhKUVxVxBFF8XWXqEtZTL9LUMnmSEzEULIE7jVh/NtjBoXtd/qcC5wAiW4Np73SSpr6xubW9Vta2d3b//APjzqa5nEDHtMChkPA6pR8Ah7hhuBQxUjDQOBg2Bx+50PXjHWXEZdkyqchHQe8RfOqCms9t3UdjzX++F0VfilcKCkNbX5eCZZEmJkmKBaj/yaMpOMxoYzgblljRWdozapwAxDZdLcGicaFWWLwh89N58uO93H4SRrph3BZ3gvI7NU+Qtyq/jm/3+yKvo1179ya+2606iXL6twAmdwAT5cQwMeoAU9YIDwBu/wQQg5Jy7xfqsVUm6OYQly8wUfOGGf</latexit>೨ <latexit sha1_base64="uSDeuts2/pUjXzYiMR7F1gRb/YM=">AAABkHicZY7LSsNAFIbPeK3xltalm2K7cCElKUXdWRFEhUK1V2hKmUyPdejkQuZUDSGP4lafybexalzUfquf/wK/GyqpybI+2crq2vrGZm7L2N7Z3ds384WuDmaRwI4IVBD1Xa5RSR87JElhP4yQe67Cnju9+s57zxhpGfhtikMcenziy0cpOM2tkZl3CF8pIR5NkIplr5yOzJJVsX4oLgs7EyXIaI7MJ2cciJmHPgnFtR7Y1ZCGCY9ICoWpYTghn6CmWGGCXkhxajgzjSEX07k/eGictNq3/WHSiFtKjvE68Gmh8Rekxvya/f/IsuhWK/ZppXpfK9Vr2ckcHMIRHIMNZ1CHG2hCBwS8wBu8wwcrsHN2wS5/qyss2xzAAuzuC2ObaEs=</latexit>

targetഌ
<latexit sha1_base64="/HpWFZyJs659VsBlD+syb4J/cIU=">AAABl3icZY7LSsNAGIX/qbcab1EXIm7EblxISULRlVgQS10UW3uFJpTJ9LcMnSRjZiqEkKdxqw/k21g1XdSe1ce5wPGl4Epb1hcprK1vbG4Vt42d3b39A/PwqKeiWcywyyIRxQOfKhQ8xK7mWuBAxkgDX2Dfn97/5P03jBWPwo5OJHoBnYT8hTOq59bIPHHVa6yHXqqy2wU6wUM2MktW2frV+SrYOZQgV3NkcnccsVmAoWaCKjW0Ham9lMaaM4GZYbiSTlDpRGCKgdRJZrgzhZKy6dwfPjeertqdx4GXNpK24GOsRaFeqiyCzJh/s/8/WYWeU7avy06rUqpW8pdFOIMLuAQbbqAKdWhCFxhk8A4f8ElOyR2pkfpftUDyzTEsibS+AQXsa6c=</latexit>అഒ Ҳ అѳഌ೨

<latexit sha1_base64="zghSs5oIF3HZQ/wTMAj1mxCpORo=">AAABpnicZU7LTsJAFL3FF9ZX1aUbIiRiItg2RlcmJCZGFxgUCiS0wXa44ITpw5nBpGn6CX6NW/0Q/8aqdYGc1cl55XgRo0Lq+qdSWFpeWV0rrqsbm1vbO9ruXleEM07QIiELed9zBTIaoCWpZNiPOLq+x7DnTa++/d4LckHDoCPjCB3fnQR0TIkrM2moHVUJBhJ5LRzXfFeIEgbIJ3GpcmmLZy4HTiLSU7NyPNTKel3/QWmRGDkpQ47WUHuyRyGZ+dk6YdnwwDAj6SQul5QwTFXVjtwJChkzTNCPZJyq9kxg5JJppg8emiftzm3fSZpxm9ERXoeBnEv8GamaXTP+H1kkXbNunNfNe7PcOMtPFuEADqEKBlxAA26gBRYQeIU3eIcPparcKZbS+40WlLyzD3NQHr8AVYhwXg==</latexit>

(center-of-mass energy Ҳ అഒФѳ)

cf. fixed-target
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The LHC is a proton-proton collider with several experiments.

©2014 CERN

26659m ring

©2021 Google,
GeoBasis-De/BKG,

Inst. Geogr. Nacional

<latexit sha1_base64="X8QYti8EJk51gTro3Fq33/YVWCw=">AAABhHicZY7LTsJAGIX/QUWsN9SlG2M3LghpEXVnSEyMLogotJBQQqbDLxmYtmNnatKQvoNbfTPfxqp1gXyrk3NJji8FV9qyPklpbX2jvFnZMrZ3dvf2qweHroqSmKHDIhHFA58qFDxER3MtcCBjpIEvsO/Pb77z/ivGikdhT6cSRwGdhvyZM6pzy/UUD/BlXDWtuvXDyaqwC2FCQWdc5d4kYkmAoWaCKjW0G1KPFjTWnAnMDMOTdIpKpwIXGEidZoaXKJSUzXN/+NR+qHV794PRop12BZ/gbRTqpcpfkBn5N/v/k1XhNur2Zb3x2DRbzeJlBY7hFM7AhitowR10wAEGM3iDd/ggZVIj5+Tit1oixeYIliDXX02kZAc=</latexit>۫ v

©2014 Taipei Metro

two proton beams with E = O(1) TeV

collider

<latexit sha1_base64="w1tZ8iHMXbpybJnP01PpEK8lHxs=">AAABm3icZY7LSsNAGIX/qbcab1GXRRC7cSElCUVXQqFUVCxW27SFJoTJ9LcMnVzMTIUQsvBp3Orj+DZWTRfVs/o4Fzh+LLhUhvFJSiura+sb5U1ta3tnd0/fP+jLaJYwtFkkomToU4mCh2grrgQO4wRp4Asc+NPmdz54wUTyKOypNEY3oJOQP3FG1dzy9IojnxM1cjOZX1oLbnlmy7NyT68aNeNHx//BLKAKhTqezp1xxGYBhooJKuXItGLlZjRRnAnMNc2J6QSlSgVmGMQqzTVnJjGmbDr3R4/t+7Nu72boZu20K/gYr6JQLVUWQa7Nv5l/n/yHvlUzz2vWQ73aqBcvy1CBEzgFEy6gAdfQARsYvMIbvMMHOSJNckvufqslUmwOYUnE/gLPumzI</latexit>అഒ Ҳ ѳఉ೨Ⴒ೨Ⴓ
<latexit sha1_base64="B44vWqjOb9bGdf6Yzpb2hWFgUM0=">AAABnnicZY7LSsNAGIX/1FuNt6hLFxa7cSElCUW3BWnRRbDaW6ApYTL9rUMnyZCZiiHEnU/jVh/Gt7FqRGq/1eFc4ASCM6lM80MrrayurW+UN/Wt7Z3dPWP/oC/jWUKxR2MeJ25AJHIWYU8xxdEVCZIw4DgIppdf+eARE8niqKtSgaOQTCJ2zyhRc8s3jj2FTyrDCJNJWsmbvvX8R9O3faNq1sxvKsvCKkQVCtq+8eCNYzoLMVKUEymHli3UKCOJYpRjruueIBOUKuWYYShUmuveTKIgdDr3h3fOWad77Y4yJ+1wNsZWHKmFxm+Q6/Nr1v8jy6Jv16zzmn1brzbqxckyHMEJnIIFF9CAK2hDDyi8wCu8wbtW0Vqao938VEtasTmEBTT3E/lsbzo=</latexit>energy ೨Ⴒ ೨Ⴓ

https://home.cern/resources/image/accelerators/lhc-images-gallery
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We will focus on ATLAS and CMS experiments.

©2014 CERN

26659m ring

©2021 Google,
GeoBasis-De/BKG,

Inst. Geogr. Nacional

v

©2014 Taipei Metro

©CERN

CMS
LHCb

ATLAS

ALICE

+ a few more experiments

two proton beams with E = O(1) TeV

<latexit sha1_base64="X8QYti8EJk51gTro3Fq33/YVWCw=">AAABhHicZY7LTsJAGIX/QUWsN9SlG2M3LghpEXVnSEyMLogotJBQQqbDLxmYtmNnatKQvoNbfTPfxqp1gXyrk3NJji8FV9qyPklpbX2jvFnZMrZ3dvf2qweHroqSmKHDIhHFA58qFDxER3MtcCBjpIEvsO/Pb77z/ivGikdhT6cSRwGdhvyZM6pzy/UUD/BlXDWtuvXDyaqwC2FCQWdc5d4kYkmAoWaCKjW0G1KPFjTWnAnMDMOTdIpKpwIXGEidZoaXKJSUzXN/+NR+qHV794PRop12BZ/gbRTqpcpfkBn5N/v/k1XhNur2Zb3x2DRbzeJlBY7hFM7AhitowR10wAEGM3iDd/ggZVIj5+Tit1oixeYIliDXX02kZAc=</latexit>۫

collider

<latexit sha1_base64="w1tZ8iHMXbpybJnP01PpEK8lHxs=">AAABm3icZY7LSsNAGIX/qbcab1GXRRC7cSElCUVXQqFUVCxW27SFJoTJ9LcMnVzMTIUQsvBp3Orj+DZWTRfVs/o4Fzh+LLhUhvFJSiura+sb5U1ta3tnd0/fP+jLaJYwtFkkomToU4mCh2grrgQO4wRp4Asc+NPmdz54wUTyKOypNEY3oJOQP3FG1dzy9IojnxM1cjOZX1oLbnlmy7NyT68aNeNHx//BLKAKhTqezp1xxGYBhooJKuXItGLlZjRRnAnMNc2J6QSlSgVmGMQqzTVnJjGmbDr3R4/t+7Nu72boZu20K/gYr6JQLVUWQa7Nv5l/n/yHvlUzz2vWQ73aqBcvy1CBEzgFEy6gAdfQARsYvMIbvMMHOSJNckvufqslUmwOYUnE/gLPumzI</latexit>అഒ Ҳ ѳఉ೨Ⴒ೨Ⴓ
<latexit sha1_base64="B44vWqjOb9bGdf6Yzpb2hWFgUM0=">AAABnnicZY7LSsNAGIX/1FuNt6hLFxa7cSElCUW3BWnRRbDaW6ApYTL9rUMnyZCZiiHEnU/jVh/Gt7FqRGq/1eFc4ASCM6lM80MrrayurW+UN/Wt7Z3dPWP/oC/jWUKxR2MeJ25AJHIWYU8xxdEVCZIw4DgIppdf+eARE8niqKtSgaOQTCJ2zyhRc8s3jj2FTyrDCJNJWsmbvvX8R9O3faNq1sxvKsvCKkQVCtq+8eCNYzoLMVKUEymHli3UKCOJYpRjruueIBOUKuWYYShUmuveTKIgdDr3h3fOWad77Y4yJ+1wNsZWHKmFxm+Q6/Nr1v8jy6Jv16zzmn1brzbqxckyHMEJnIIFF9CAK2hDDyi8wCu8wbtW0Vqao938VEtasTmEBTT3E/lsbzo=</latexit>energy ೨Ⴒ ೨Ⴓ

https://home.cern/resources/image/accelerators/lhc-images-gallery
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The LHC completed Run 1&2. More data will be expected, but with similar beam energy.

(approx.)

Run 1 (2009–2013)✓ 7–8 TeV 5 + 20 fb−1

Run 2 (2015–2018)✓ 13 TeV 135 fb−1

Run 3 (2022–2024?) 13.6 TeV? 160 fb−1?
Run 4 +more? (2027?)

[High Luminosity LHC] 14 TeV? 3000 fb−1?

Note for experts:
We here refer only to proton–proton collisions; the LHC also operates as a proton–Pb and Pb–Pb collider (and more).

<latexit sha1_base64="4m8uoHTiyn80r8Z9j6StH5qnkUY=">AAABhnicZY7LSsNAFIbP1FuNt6pLN2oruJCQBLXbgiAuLNZLL9KUMpke69BJMmROxVDyFG71wXwbq0ZQ+68+zv8f+AKtpCHHeWeFufmFxaXisrWyura+Udrcapl4nAhsiljFSSfgBpWMsEmSFHZ0gjwMFLaD0dln337CxMg4uqNUYy/kw0g+SMFperqv+DIif++y0i+VHdv5yu4suDmUIU+jX3r0B7EYhxiRUNyYrutp6k14QlIozCzL13yIhlKFEww1pZl14I8Nai5G06J7U786oufepJ7eKjnA8ziizPo1+Ckya6rm/heZhZZnu6e2d+2Va8e5ZBF2YB8OwYUq1OACGtAEASG8wCu8sSKz2Qmrfk8LLP/Zhj9htQ+UTWQj</latexit>R
L

<latexit sha1_base64="v6OZFtp7h0uTSYc09l+iBiLA7ro=">AAABiHicZY7LSsNAGIX/qbcab1WXbsRuXEhJSmlxVxREF8Vqb8EklMn0twydJGNmIoSQt3Cr7+XbGDUuar/V4Vzg+FJwpU3zk1TW1jc2t6rbxs7u3v5B7fBorKIkZjhikYhi26cKBQ9xpLkWaMsYaeALnPiL6+988oqx4lE41KlEL6DzkD9zRnVhPbnqJdaOl6l8WqubDfOH01VhlaIOJf1pjbuziCUBhpoJqpRjNaX2MhprzgTmhuFKOkelU4EZBlKnueEmCiVli8J3Hnv3F4Phne1lvXQg+AxvolAvVf6C3Ci+Wf+frIpxs2G1G82HVr3bKl9W4QTO4Bws6EAXbqEPI2AQwhu8wwcxiEk65PK3WiHl5hiWIFdf61Fl/Q==</latexit>అഒ[2×(beam energy)] [integrated luminosity]

HL-LHC

LHC

~1016 pp collisions (excl. pile-up)

©CERN

CMS

[Note: 1yr ~ 107s]

collider

<latexit sha1_base64="w1tZ8iHMXbpybJnP01PpEK8lHxs=">AAABm3icZY7LSsNAGIX/qbcab1GXRRC7cSElCUVXQqFUVCxW27SFJoTJ9LcMnVzMTIUQsvBp3Orj+DZWTRfVs/o4Fzh+LLhUhvFJSiura+sb5U1ta3tnd0/fP+jLaJYwtFkkomToU4mCh2grrgQO4wRp4Asc+NPmdz54wUTyKOypNEY3oJOQP3FG1dzy9IojnxM1cjOZX1oLbnlmy7NyT68aNeNHx//BLKAKhTqezp1xxGYBhooJKuXItGLlZjRRnAnMNc2J6QSlSgVmGMQqzTVnJjGmbDr3R4/t+7Nu72boZu20K/gYr6JQLVUWQa7Nv5l/n/yHvlUzz2vWQ73aqBcvy1CBEzgFEy6gAdfQARsYvMIbvMMHOSJNckvufqslUmwOYUnE/gLPumzI</latexit>అഒ Ҳ ѳఉ೨Ⴒ೨Ⴓ
<latexit sha1_base64="B44vWqjOb9bGdf6Yzpb2hWFgUM0=">AAABnnicZY7LSsNAGIX/1FuNt6hLFxa7cSElCUW3BWnRRbDaW6ApYTL9rUMnyZCZiiHEnU/jVh/Gt7FqRGq/1eFc4ASCM6lM80MrrayurW+UN/Wt7Z3dPWP/oC/jWUKxR2MeJ25AJHIWYU8xxdEVCZIw4DgIppdf+eARE8niqKtSgaOQTCJ2zyhRc8s3jj2FTyrDCJNJWsmbvvX8R9O3faNq1sxvKsvCKkQVCtq+8eCNYzoLMVKUEymHli3UKCOJYpRjruueIBOUKuWYYShUmuveTKIgdDr3h3fOWad77Y4yJ+1wNsZWHKmFxm+Q6/Nr1v8jy6Jv16zzmn1brzbqxckyHMEJnIIFF9CAK2hDDyi8wCu8wbtW0Vqao938VEtasTmEBTT3E/lsbzo=</latexit>energy ೨Ⴒ ೨Ⴓ

ATLAS



"How to test BSM models at experiments?"

1. Standard Model
ü Success
ü Issues: Dark matter, muon g−2 anomaly, ...

2. Frontiers of experiments
ü Energy frontier, Intensity frontier
ü (HL-)LHC

3. Supersymmetry (as the solution to DM & muon g−2) at the LHC

4. Two other topics at intensity (+ cosmic & neutrino) frontier
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[3] I like SUSY 🍣.
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Supersymmetry (SUSY) is a hypothetical symmetry of fermion ó boson.

超對稱 = fermion ó boson
§ quark ó squark
§ lepton ó slepton
§ higgsino ó higgs
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Supersymmetry (SUSY) is a hypothetical symmetry of fermion ó boson.

Figure courtesy of HiggsTan.com

超對稱 = fermion ó boson
§ quark ó squark
§ lepton ó slepton
§ higgsino ó higgs

<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e

<latexit sha1_base64="pIo2i82GpWA7glAo8h+bGy6JU+E=">AAABmnicZY7LSsNAGIX/qbcab1WXuhCL4EJKEopui4JYpFjtFZpSJtPfduwkM2QmQijBV3Crb+bbWDWCtWd1ON85cHwluDa2/UFyS8srq2v5dWtjc2t7p7C719Yyjhi2mBQy6vpUo+Ahtgw3ArsqQhr4Ajv+5OqLd54x0lyGTZMo7Ad0FPJHzqiZRW1PKhHrQaFol+xvHS0aJzNFyFQfFF68oWRxgKFhgmrdc1xl+lMaGc4EppblKTpCbRKBUwyUSVLrxIs1KsomM9B7qN2dNZrVbn9aSxqCD/Fahma+80tS629IAx1QM05nj53//xZN2y055yX3vlyslLPveTiAYzgFBy6gAjdQhxYweIJXeIN3ckguSZXc/lRzJNvsw5xI8xNgZ21B</latexit>�
s s s

s s s

s s s

s s s

ino

ino

ino

Zino Wino    Wino

<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e
<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e<latexit sha1_base64="XgCOibxGm2tPGrTA1Jbzlu4GRuA=">AAABonicZY7LSsNAFIZP6q3GW9SlG7UKLqQkpei2IIgKxdZeoSllMjm2YyeZITNVQ8jap3Grz+LbWGsEtf/q53z/gc+TnClt2x9GbmFxaXklv2qurW9sblnbO20lJhHFFhVcRF2PKOQsxJZmmmNXRkgCj2PHG1988c4jRoqJsKljif2ADEN2zyjR09PAOnA9wf2A6JH7xHzUjPuYuHJEQi2C5DlNzYFVsIv2LPvzxclKAbLUBtaD6ws6CTDUlBOlek5J6n5CIs0ox9Q0XUmGqHTMMcFA6jg1j92JQknoeAp6d9Xb00bzuttPqnGDT6UuRahT89fkB8zknP8q86VdKjpnxVK9XKiUM8087MEhnIAD51CBK6hBCyi8wCu8wbtxZNwYdaPxPc0Z2c8u/InhfgIEJnB5</latexit>

e

Standard Model particles SUSY partners

s
s

(minimal) Supersymmetric Standard Model [MSSM]

(hypothetical particles)

If the Universe were supersymmetric:
mslepton = mlepton , msquark = mquark , ... à contradiction!

à We assume:
SUSY is spontaneously-broken so that

SUSY particles have 100–1000 GeV mass.

remember:

https://higgstan.com/
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There are several reasons why I like SUSY.

nWhy SUSY at 100GeV–10 TeV?
v "superstring theory" ...?    (but it requires only "below 1019 GeV", not TeV-scale.)

<latexit sha1_base64="H2NMwxV8RVGpI8SWO86/mmMgpT4=">AAABrnicdY65TsNAFEXHrMFsBkqaiDQUyBo7Thy6SEiIJiIsWaTYssbjRxhlvMgzRlhRfoOvoYV/4G8wMClScJvz9O59ejfMOBMS4y9tbX1jc2u7tqPv7u0fHBpHx0ORFjmFAU15mo9DIoCzBAaSSQ7jLAcShxxG4ezqxx+9QC5YmjzKMgM/JtOEPTFKZLUKDOxJxiOoF4qRolCkiqGiDIwGNnHLucR2HZtNy207bjW4nY7dbNUtE/+qgZT6gTH1opQWMSSSciLExLIz6c9JLhnlsNB1LyNTELLkMIc4k+VC9woBGaGzaj+5791eyFd/3isfOIvgOk3kSmBpLPSq2fJ9/f9haJtW27TvnEbXUR1r6BSdoXNkIRd10Q3qowGi6A29ow/0qWFtqPla8Bdd09TNCVqR9vwNyh11Iw==</latexit>

D̃3̃ B̃2̃1̃C̃<latexit sha1_base64="L5BsYeRcAH43pIH4DFcTEODenbc=">AAABhHicdY5LT8JAFIVvURHrC3XpppGNC9JMS6G4MSQmxg0RHzwSSsh0uJIJ03bSGYwN4U+41T/mv7EqLFj4rU7OOTf3hFJwpQn5Mgpb2zvF3dKeuX9weHRcPjntqWSeMuyyRCTpIKQKBY+xq7kWOJAp0igU2A9nNz95/xVTxZP4WWcSRxGdxvyFM6pzaxBoLiZo9cflCrFJ3bsirkXsmuM3PD8XfrPp1uqWY5NfKrCiMy5Pg0nC5hHGmgmq1NBxpR4taKo5E7g0zUDSKSqdCVxgJHW2NIO5QknZLPeHj+37qn4bLdrZk+ATvE1ivVFYB0szX7Z+b/0veq7tNGz3wau0vNXGEpzDBVyCAz604A460AUGAt7hAz6NolE1akb9r1owVjdnsIFx/Q2YR2Ru</latexit>

,̃<latexit sha1_base64="WgrH3BtTdKlRK231Hwv3qPYcEOc=">AAABmXicdU7LTsJQFDzFF9ZX1SWbRjYuTNOWQnGHMTHEhIgij4QScrkcyQ23j/TeGhvCwq9xq5/j31ilLFg4mzOZmZOZScSZkKb5rRS2tnd294r76sHh0fGJdnrWE2ESU+zSkIfxYEIEchZgVzLJcRDFSPwJx/5kfvvr918xFiwMnmUa4cgns4C9MEpkJo21kicZn6KOq+v5SU4kScZa2TTMqnNt2rppVCy35rgZcet1u1LVLcP8QxlytMfazJuGNPExkJQTIYaWHcnRgsSSUY5LVfUiMkMhU44L9COZLlUvERgROs/04VPr4Uq+jRattMPZFO/CQG4E1sZSzZat6/X/Sc82rJphPzrlhpNvLEIJLuASLHChAU1oQxcovMMHfMKXUlJulKZyv4oWlPznHDagdH4AyxNtKw==</latexit>

4̃ ˜̀g̃

<latexit sha1_base64="Bx8jgDahKqLMlHqcc8aC9bfLySk=">AAABl3icdU7LTsJQFDz1ifVVdUXcNLJxYZq2FIorSUwIGyKoPCIl5LYc8YbbR3pvjQ0hfo1b/R7/xiplwcLZnMnMnMy4EaNc6Pq3tLG5tb2zW9iT9w8Oj46Vk9MeD5PYw64XsjAeuIQjowF2BRUMB1GMxHcZ9t3Z7a/ff8WY0zB4FGmEI59MA/pMPSIyaawUHUHZBJ0gWRL1Kb8vY6Wka3rFutZNVdfKhl217IzYtZpZrqiGpv+hBDnaY2XqTEIv8TEQHiOcDw0zEqM5iQX1GC5k2YnIFLlIGc7Rj0S6kJ2EY0S8WaYP71t3V+JtNG+lD4xOsBEGYi2wMhZytmxVr/5PeqZmVDWzY5XqVr6xAOdwAZdggA11aEIbuuDBO3zAJ3xJRelGakjNZXRDyn/OYA1S5wcqwWvv</latexit>

ã/̃ ⌘̃

[1TeV = 1000GeV]

Assume: SUSY particles at 100GeV–10TeV.

next page

v naturalness of Higgs mass,
v dark matter,
v grand unification,
v muon g–2.

appendix

• Lightest SUSY Particle can be DM.

• ~100GeV LSP with "freeze-out" can
naturally explain why DM is 26%.

appendix
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Motivation for TeV-scale SUSY (3) We can explain the muon g–2 anomaly.

µL µR

�fW±Ĝ eH±

e⌫µ

<latexit sha1_base64="0oGX1mcUtgc2BOEPL1UGGsLjewQ=">AAABo3icZY7LSsNAGIX/eK3xFnXpJtgKLkpogui2oIgihdo7NCFMpn/r0JlMyEyEUPoCPo1bfRPfxqpxUfutDucCJ0o4U7pW+zTW1jc2t7ZLO+bu3v7BoXV03FMySyl2qeQyHUREIWcxdjXTHAdJikREHPvR9OY7779gqpiMOzpPMBBkErMxo0QvrNCqVPxb5JrYJPRFVrEFyW0qBdrjVIqqjc7EqdqhVa45tR/sVeEWogwFzdB69keSZgJjTTlRauh6iQ5mJNWMcpybpp+QCSqdc5yhSHQ+N/1MYULodOEPW41qu/MwCGaNvM3ZCO9krJcaf8HcXFxz/x9ZFT3Pca8c78kr1y+LkyU4hTO4ABeuoQ730IQuUHiFN3iHD+PceDRaRue3umYUmxNYwgi+AC73bf0=</latexit>͐ᆋ may come from, e.g.,

<latexit sha1_base64="ENgSnVVaGTqtP85ot91WDr8tIaw="></latexit>ᆋ Ҳ Шഄ ҭ ѳЩᆋѳ Ҳ
͐ᆋ Ҳ ۳ ഌႳᆋѲѷ྾Ⴓ (new particle coupling)Ⴓ
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An example of the motivated parameter space (from my old work).
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⇠⇠⇠⇠SUSY-parameters set at 500GeV

muon g–2 anomaly is solved

DM density is explained.
(bino–smuon coannihilation)

Note: This plot was drawn in 2013.
Obsolete values are used.

ü dark matter,
ü coupling unification,
ü muon g–2.

theory detail

sneutrino LSP:
disfavored by DM

Endo, Hamaguchi, Iwamoto, Yoshinaga [1303.4256]

https://arxiv.org/abs/1303.4256
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To compare with experiment, theory equations should be converted to "real" numbers.

THEORY

expand    &    interpret

choose meaningful scenarios
& parameter space

calculate
everything
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Figure courtesy of HiggsTan.com
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Understanding the experiment (and its detectors) is necessary as well for my goal.

physics behind detectors

detector performance

statistical
analysis

Monte Carlo
simulation

next page

detector design

validation of
my simulation

© CERN
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We calculated the LHC constraints on this parameter space ("WHL scenario").
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Note: This plot was drawn in 2013.
Obsolete values are used.
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⇠⇠⇠⇠SUSY-parameters set at 500GeV

theory detail
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(ѴӍ Ҭ ◆◆ഏვ, 8 TeV,
13 f

bႼ1 )

Excluded by Run 1 (ATLAS)

sneutrino LSP:
disfavored by DM

Endo, Hamaguchi, Iwamoto, Yoshinaga [1303.4256]

muon g–2 anomaly

Based on ATLAS‒CONF‒2012‒154 (8TeV, 13/fb)
Pythia: ATLAS MC09 tune + CTEQ6L1
Delphes: default ATLAS card + FASTJET (anti-Kt, 0.4)
Lepton-eff. from ATLAS performance 2010
SR: mpT75+3L10 with SFOS(>12 but Z-unlike)
NLO K-factor 1.2 (sys unc 30% = blue shaded)

Expm/MC detail

https://arxiv.org/abs/1303.4256
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-154/
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What does this mean? A message to theory community, and another to experiment community.
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muon g–2 anomaly

Note: This plot was drawn in 2013.
Obsolete values are used.

Based on ATLAS‒CONF‒2012‒154 (8TeV, 13/fb)
Pythia: ATLAS MC09 tune + CTEQ6L1
Delphes: default ATLAS card + FASTJET (anti-Kt, 0.4)
Lepton-eff. from ATLAS performance 2010
SR: mpT75+3L10 with SFOS(>12 but Z-unlike)
NLO K-factor 1.2 (sys unc 30% = blue shaded)

Expm/MC detailtheory detail
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(ѴӍ Ҭ ◆◆ഏვ, 8 TeV,
13 f

bႼ1 )

We found that...

Endo, Hamaguchi, Iwamoto, Yoshinaga [1303.4256]

sneutrino LSP:
disfavored by DM

"               " signal is
the best in this case.
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Excluded by Run 1 (ATLAS)

[à expm]

Some of "g–2 SUSY" 
was already excluded 
at LHC Run 1 (2012)!

[à theory]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-154/
https://arxiv.org/abs/1303.4256
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We proposed that they should search for HW + missing-energy signature (and a few more channels).
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<latexit sha1_base64="bR+3pZc7XxO8J2H7UuCmbx/c3Gk=">AAABvHicbY7LSsNAGIX/1FuNt6hLN8F20YKUJIhuRAqCKFis9gpNCZPJbxk6SYZk0hpKX8ancas738aocVHrWR3OBT5XcBZLw/hQCiura+sbxU11a3tnd0/bP+jGYRJR7NCQh1HfJTFyFmBHMsmxLyIkvsux546vvvreBKOYhUFbpgKHPhkF7IlRIrPI0S7KNhEiCp91v2JPmYeScQ9120/sqX5X/b8MEicbVMuOVjJqxrf0ZWPmpgS5mo7GbC+kiY+BpJzE8cC0hBzOSCQZ5ThXVVuQEcYy5ThDX8h0rtpJjILQcZYPHhv3J632bX84a6QtnvFch4FcmPwWczVjM/+SLJuuVTPPataDVaqf5pRFOIJjqIAJ51CHG2hCByi8wCu8wbtyqXjKWPF/pgUl/xzCgpTJJ0DGeY4=</latexit> ۳ഌШ
սྺ ჍЩ۳
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Note: This plot was drawn in 2013.
Obsolete values are used.

Based on ATLAS‒CONF‒2012‒154 (8TeV, 13/fb)
Pythia: ATLAS MC09 tune + CTEQ6L1
Delphes: default ATLAS card + FASTJET (anti-Kt, 0.4)
Lepton-eff. from ATLAS performance 2010
SR: mpT75+3L10 with SFOS(>12 but Z-unlike)
NLO K-factor 1.2 (sys unc 30% = blue shaded)

Expm/MC detailtheory detail

<latexit sha1_base64="YKMYu5wnV+zYpj6ugeuGvGtQ/Gs=">AAABtnicZY7LTsJAGIWnXrHeqi7dNNIFxkraYpAliYnRBRGlXBIGyHT4IROm7aQd1Kbpm/g0bvUFfBtR0QT5VifnkhxPcBZLy/pQVlbX1jc2c1vq9s7u3r52cNiKw2lEoUlDHkYdj8TAWQBNySSHjoiA+B6Htje5+srbjxDFLAxcmQjo+WQcsBGjRM6sgVYuGCUMnJ9hSgIKPBUZftJdw9Qr2HShZep2CZsjz+in51jCs0ztLDNOB1reKlrf6H/C/i/yaE59oDE8DOnUh0BSTuK4aztC9lISSUY5ZKqKBRlDLBMOKfhCJpmKpzEIQiczv/tQuzMb7m2nl9aSBmdDuA4DuVD5DTJ19m3pybJoOUW7XHTunXz1Yv4yh47RCSogG12iKrpBddREFL2gV/SG3pWK0ldAGf9UV5T55ggtoIhPovt0zQ==</latexit>

(ѴӍ Ҭ ◆◆ഏვ, 8 TeV,
13 f

bႼ1 )

This region will soon be
explored by .

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
Endo, Hamaguchi, Iwamoto, Yoshinaga [1303.4256]

sneutrino LSP:
disfavored by DM

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
<latexit sha1_base64="OU0lsvDuSwomcWv40qHZkmpBxy8="></latexit> ྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИഌᄯ˨ ܜ ѲვრთИ ഌШĒēÿĔЩ ܜ ѲვრთИѳႲ Ҳ Ⴓ ܛ ႴИ ഌШĒĐĔÿđĊЩ ܜ ѲვრთИഌᄫ ܜ ѲვრთИ ᅓ Ҳ ѱИ
⇠⇠⇠⇠SUSY-parameters set at 500GeV

Excluded by Run 1 (ATLAS)

"               " signal is
the best in this case.

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
[à expm]

This region is not explored.

•Make SUSY models that
provide such parameter points!

•Why not explored? (à appendix)
•How to explore?

à Please search for                    .

à They did!

<latexit sha1_base64="poYNfBcWexcB7KHpC4nouKhzIaI=">AAABlXicZY7LSsNAGIX/qbcab1ERF26K7UJQShJEV0JBKXVRWu0VmlIm079l6CQZMlMlhDyMW30i38aqcVH7rQ7nAseTgittWZ8kt7a+sbmV3zZ2dvf2D8zDo64K5xHDDgtFGPU9qlDwADuaa4F9GSH1PYE9b3b/nfdeMFI8DNo6ljj06TTgE86oXlgj86SU1HqXLqMBQ5HI1H0ttNPSyCxaZeuHwqqwM1GEjObI5O44ZHMfA80EVWpgO1IPExppzgSmhuFKOkWlY4EJ+lLHqeHOFUrKZgt/8FxvXLXaj/1hUo9bgo+xGgZ6qfIXpMbim/3/yaroOmX7puw8OcXKdfYyD2dwDhdgwy1UoAZN6ACDBN7gHT7IKbkjD6T6W82RbHMMS5DGF6gcacw=</latexit>೫ Ҭ ◆◆ഏვ
[à theory]

[à expm]

Some of "g–2 SUSY" 
was already excluded 
at LHC Run 1 (2012)!

[à theory]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-154/
https://arxiv.org/abs/1303.4256
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We proposed that they should search for HW + missing-energy signature (and a few more channels).
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<latexit sha1_base64="BbXHdAtn9Z3vAOcBOMzTWOwBZMo=">AAABsHicbY7LSsNAGIX/1FuNt6hLN8V20YKUJIhuC4LURbHaW6ApYTL9lbGTzJCZqqH0NXwat/oOvo1R46LWszqcC3yh5Exp2/4wCiura+sbxU1za3tnd8/aP+grMU0o9qjgIvFCopCzGHuaaY6eTJBEIcdBOLn46gePmCgm4q5OJY4ich+zO0aJzqLAsis+kTIRz6Wo6j+xMWrGx1ga1P6Nm7VKYJXtuv2t0rJxclOGXO3AYv5Y0GmEsaacKDV0XKlHM5JoRjnOTdOX5B6VTjnOMJI6nZv+VKEkdJLlw9vW9Umne+WNZq20wzOSSxHrhclvMTczNucvybLpu3XnrO7euOXGaU5ZhCM4hio4cA4NaEIbekDhBV7hDd4N1/CMwCA/04KRfw5hQcbDJ1+TdFw=</latexit>۳ ഌШ սЩ ۳ ഌШ ս೫Щ

<latexit sha1_base64="bR+3pZc7XxO8J2H7UuCmbx/c3Gk=">AAABvHicbY7LSsNAGIX/1FuNt6hLN8F20YKUJIhuRAqCKFis9gpNCZPJbxk6SYZk0hpKX8ancas738aocVHrWR3OBT5XcBZLw/hQCiura+sbxU11a3tnd0/bP+jGYRJR7NCQh1HfJTFyFmBHMsmxLyIkvsux546vvvreBKOYhUFbpgKHPhkF7IlRIrPI0S7KNhEiCp91v2JPmYeScQ9120/sqX5X/b8MEicbVMuOVjJqxrf0ZWPmpgS5mo7GbC+kiY+BpJzE8cC0hBzOSCQZ5ThXVVuQEcYy5ThDX8h0rtpJjILQcZYPHhv3J632bX84a6QtnvFch4FcmPwWczVjM/+SLJuuVTPPataDVaqf5pRFOIJjqIAJ51CHG2hCByi8wCu8wbtyqXjKWPF/pgUl/xzCgpTJJ0DGeY4=</latexit> ۳ഌШ
սྺ ჍЩ۳
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muon g–2 anomaly

Note: This plot was drawn in 2013.
Obsolete values are used.

Based on ATLAS‒CONF‒2012‒154 (8TeV, 13/fb)
Pythia: ATLAS MC09 tune + CTEQ6L1
Delphes: default ATLAS card + FASTJET (anti-Kt, 0.4)
Lepton-eff. from ATLAS performance 2010
SR: mpT75+3L10 with SFOS(>12 but Z-unlike)
NLO K-factor 1.2 (sys unc 30% = blue shaded)

Expm/MC detailtheory detail

<latexit sha1_base64="YKMYu5wnV+zYpj6ugeuGvGtQ/Gs=">AAABtnicZY7LTsJAGIWnXrHeqi7dNNIFxkraYpAliYnRBRGlXBIGyHT4IROm7aQd1Kbpm/g0bvUFfBtR0QT5VifnkhxPcBZLy/pQVlbX1jc2c1vq9s7u3r52cNiKw2lEoUlDHkYdj8TAWQBNySSHjoiA+B6Htje5+srbjxDFLAxcmQjo+WQcsBGjRM6sgVYuGCUMnJ9hSgIKPBUZftJdw9Qr2HShZep2CZsjz+in51jCs0ztLDNOB1reKlrf6H/C/i/yaE59oDE8DOnUh0BSTuK4aztC9lISSUY5ZKqKBRlDLBMOKfhCJpmKpzEIQiczv/tQuzMb7m2nl9aSBmdDuA4DuVD5DTJ19m3pybJoOUW7XHTunXz1Yv4yh47RCSogG12iKrpBddREFL2gV/SG3pWK0ldAGf9UV5T55ggtoIhPovt0zQ==</latexit>

(ѴӍ Ҭ ◆◆ഏვ, 8 TeV,
13 f

bႼ1 )

This region will soon be
explored by .

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
We found that...

Endo, Hamaguchi, Iwamoto, Yoshinaga [1303.4256]

sneutrino LSP:
disfavored by DM

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
<latexit sha1_base64="OU0lsvDuSwomcWv40qHZkmpBxy8="></latexit> ྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИഌᄯ˨ ܜ ѲვრთИ ഌШĒēÿĔЩ ܜ ѲვრთИѳႲ Ҳ Ⴓ ܛ ႴИ ഌШĒĐĔÿđĊЩ ܜ ѲვრთИഌᄫ ܜ ѲვრთИ ᅓ Ҳ ѱИ
⇠⇠⇠⇠SUSY-parameters set at 500GeV

Excluded by Run 1 (ATLAS)

Some of "g–2 SUSY" 
was already excluded 
at LHC Run 1 (2012)!

"               " signal is
the best in this case.

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ
[à theory]

[à expm]

This region is not explored.

•Make SUSY models that
provide such parameter points!

•Why not explored? (à appendix)
•How to explore?

à Please search for                    .

à They did!

<latexit sha1_base64="poYNfBcWexcB7KHpC4nouKhzIaI=">AAABlXicZY7LSsNAGIX/qbcab1ERF26K7UJQShJEV0JBKXVRWu0VmlIm079l6CQZMlMlhDyMW30i38aqcVH7rQ7nAseTgittWZ8kt7a+sbmV3zZ2dvf2D8zDo64K5xHDDgtFGPU9qlDwADuaa4F9GSH1PYE9b3b/nfdeMFI8DNo6ljj06TTgE86oXlgj86SU1HqXLqMBQ5HI1H0ttNPSyCxaZeuHwqqwM1GEjObI5O44ZHMfA80EVWpgO1IPExppzgSmhuFKOkWlY4EJ+lLHqeHOFUrKZgt/8FxvXLXaj/1hUo9bgo+xGgZ6qfIXpMbim/3/yaroOmX7puw8OcXKdfYyD2dwDhdgwy1UoAZN6ACDBN7gHT7IKbkjD6T6W82RbHMMS5DGF6gcacw=</latexit>೫ Ҭ ◆◆ഏვ
[à theory]

[à expm]

ATLAS [1909.09226]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-154/
https://arxiv.org/abs/1303.4256
https://arxiv.org/abs/1909.09226


µL µR

�fW±Ĝ eH±

e⌫µ

15

20

25

30

10
5

40

50

200 400 600 800 1000

200

400

600

800

1000

SLSL/A

NC/3L

SLSL/C

2021 Spring

LHC Run 2

NC/3L: 1709.05406 (CMS, 36/fb), 1803.02762 (ATLAS, 36/fb)
SLSL: 1908.08215 (ATLAS, 139/fb),  2012.08600 (CMS, 139/fb)

CC/WW & NC/HW: 1909.09226 (ATLAS, 139/fb)

(+15 papers are analyzed but we found they give no constraints.

Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 5737

LHC Run 2 excludes the lower-right region as expected. How to proceed to the upper-left?
Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025] [2104.03217]

Expm detail
<latexit sha1_base64="eMtSNxFJWD5tXq4SNfl0Kleo7A4="></latexit>ྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИഌᄯ˨ ܜ Ѳვრთ (flavor universal)ИѳႲ Ҳ Ⴓ ܛ ႴИ ഌШĒĐĔÿđĊЩ ܜ ѲვრთИഌᄫ ܜ ѲვრთИ ᅓ Ҳ ѱИ
Tree-level SUSY masses are used

theory detail

is
covered by                .

<latexit sha1_base64="2CaUIf7oSCrd927d30nbBnDXWBo=">AAABmHicZY7LSsNAGIX/qbcab1E3optiuxCUkgTRbUFQuyjW3qEpZTL9LUMnyZCZKCHEp3Gr7+PbWDUuar/V4VzgeFJwpS3rkxRWVtfWN4qbxtb2zu6euX/QU2EcMeyyUITRwKMKBQ+wq7kWOJARUt8T2PdmN995/xkjxcOgoxOJI59OA/7EGdVza2weVVLHRSHOXUYDhiKVmftS6mSVsVm2qtYPpWVh56IMOc2xyd1JyGIfA80EVWpoO1KPUhppzgRmhuFKOkWlE4Ep+lInmeHGCiVls7k/bDUeLtqd+mCUNpK24BO8DQO9UPkLMmP+zf7/ZFn0nKp9VXUenXLtMn9ZhBM4hTOw4RpqcA9N6AKDV3iDd/ggx6RG7kj9t1og+eYQFiCtL3q9axY=</latexit>ѳӍ Ҭ ◆◆ഏვ
<latexit sha1_base64="CywHIbib0JA0I/qG9DzE7pi30QE=">AAABp3icZY7LSsNAGIX/1FuNt6hLN8UubEFKUopuC4LoorTaW6ApZTL9LUMnmSEzUUPoI/g0bvVBfBujRrD2rA7nAp8vOVPatj+Mwtr6xuZWcdvc2d3bP7AOjwZKxBHFPhVcRK5PFHIWYl8zzdGVEZLA5zj051df/fARI8VE2NOJxHFAZiF7YJToLJpYZ0HFe2JT1IxP0QviqkekjMRz6W9eGlYnVtmu2d8qrRonN2XI1ZlYzJsKGgcYasqJUiOnLvU4JZFmlOPCND1JZqh0wjHFQOpkYXqxQknoPMtH9632ebd3647TVtLlGci1CPXS5LdYmBmb859k1QzqNeeiVr9rlJuNnLIIJ3AKFXDgEppwAx3oA4UXeIU3eDeqRtsYGO7PtGDkn2NYkkE+AcefcXw=</latexit>ഌШսྺЩ ۳ ഌШ սЩ

is
still alive after
LHC Run 2. Why!?

<latexit sha1_base64="2u/4p0IA29PX2e1vCvMWCQ4KWeM=">AAABoHicZY5NSwJBHMb/Y2+2vW117CJ6UQjZFbFbCEHYQdR8JVdkdvwng7O7w85ssYjXPk3X+i59m7baIPM5PTwv8HOl4Epb1gfJbG3v7O5l942Dw6PjE/P0bKCCKGTYZ4EIwpFLFQruY19zLXAkQ6SeK3DoLm6++uEThooHfk/HEicenfv8kTOqk2hq5ryi88xnqLmYoeNFpeu/QW5YmpoFq2x9K7dp7NQUIFV7anJnFrDIQ18zQZUa2xWpJ0saas4ErgzDkXSOSscCl+hJHa8MJ1IoKVsk+fi+2brs9u5Gk2Uz7ooE5Dbw9drkt1gZCZv9n2TTDCplu1audKqFejWlzMIF5KEINlxBHRrQhj4weIFXeIN3kicN0iKdn2mGpJ9zWBN5+AQ/9m5e</latexit>ഌШսྺЩ Ҵ ഌШ սЩ

"               " excludes
most of                           .

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ <latexit sha1_base64="kz+VlAnSgsiWgloiLeXHOr6RXGI=">AAABoHicZY7LTsJAGIX/wRvWW9WlGwIbSAxpCcGNCxITgwsCyDVSQqbDL5kwbSedqaYhbH0at/ouvo1VayJyVifnknyuFFxpy/ogma3tnd297L5xcHh0fGKeng1UEIUM+ywQQThyqULBfexrrgWOZIjUcwUO3cXNVz98wlDxwO/pWOLEo3OfP3JGdRJNzZxXdJ75DDUXM3S8qHT9N8gNS1OzYJWtb+U2jZ2aAqRqT03uzAIWeehrJqhSY7si9WRJQ82ZwJVhOJLOUelY4BI9qeOV4UQKJWWLJB/fN1uX3d7daLJsxl2RgNwGvl6b/BYrI2Gz/5NsmkGlbNfKlU61UK+mlFm4gDwUwYYrqEMD2tAHBi/wCm/wTvKkQVqk8zPNkPRzDmsiD589om5c</latexit>ഌШսྺЩ ҳ ഌШ սЩ

https://arxiv.org/abs/1709.05406
https://arxiv.org/abs/1803.02762
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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(+15 papers are analyzed but we found they give no constraints.
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We proposed that they should combine "HW + missing" with "ZW + missing" for upper-left.
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Expm detail
<latexit sha1_base64="eMtSNxFJWD5tXq4SNfl0Kleo7A4="></latexit>ྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИഌᄯ˨ ܜ Ѳვრთ (flavor universal)ИѳႲ Ҳ Ⴓ ܛ ႴИ ഌШĒĐĔÿđĊЩ ܜ ѲვრთИഌᄫ ܜ ѲვრთИ ᅓ Ҳ ѱИ
Tree-level SUSY masses are used

theory detail

is
covered by                .

<latexit sha1_base64="2CaUIf7oSCrd927d30nbBnDXWBo=">AAABmHicZY7LSsNAGIX/qbcab1E3optiuxCUkgTRbUFQuyjW3qEpZTL9LUMnyZCZKCHEp3Gr7+PbWDUuar/V4VzgeFJwpS3rkxRWVtfWN4qbxtb2zu6euX/QU2EcMeyyUITRwKMKBQ+wq7kWOJARUt8T2PdmN995/xkjxcOgoxOJI59OA/7EGdVza2weVVLHRSHOXUYDhiKVmftS6mSVsVm2qtYPpWVh56IMOc2xyd1JyGIfA80EVWpoO1KPUhppzgRmhuFKOkWlE4Ep+lInmeHGCiVls7k/bDUeLtqd+mCUNpK24BO8DQO9UPkLMmP+zf7/ZFn0nKp9VXUenXLtMn9ZhBM4hTOw4RpqcA9N6AKDV3iDd/ggx6RG7kj9t1og+eYQFiCtL3q9axY=</latexit>ѳӍ Ҭ ◆◆ഏვ
<latexit sha1_base64="CywHIbib0JA0I/qG9DzE7pi30QE=">AAABp3icZY7LSsNAGIX/1FuNt6hLN8UubEFKUopuC4LoorTaW6ApZTL9LUMnmSEzUUPoI/g0bvVBfBujRrD2rA7nAp8vOVPatj+Mwtr6xuZWcdvc2d3bP7AOjwZKxBHFPhVcRK5PFHIWYl8zzdGVEZLA5zj051df/fARI8VE2NOJxHFAZiF7YJToLJpYZ0HFe2JT1IxP0QviqkekjMRz6W9eGlYnVtmu2d8qrRonN2XI1ZlYzJsKGgcYasqJUiOnLvU4JZFmlOPCND1JZqh0wjHFQOpkYXqxQknoPMtH9632ebd3647TVtLlGci1CPXS5LdYmBmb859k1QzqNeeiVr9rlJuNnLIIJ3AKFXDgEppwAx3oA4UXeIU3eDeqRtsYGO7PtGDkn2NYkkE+AcefcXw=</latexit>ഌШսྺЩ ۳ ഌШ սЩLHC Run 2

"               " excludes
most of                           .

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ <latexit sha1_base64="kz+VlAnSgsiWgloiLeXHOr6RXGI=">AAABoHicZY7LTsJAGIX/wRvWW9WlGwIbSAxpCcGNCxITgwsCyDVSQqbDL5kwbSedqaYhbH0at/ouvo1VayJyVifnknyuFFxpy/ogma3tnd297L5xcHh0fGKeng1UEIUM+ywQQThyqULBfexrrgWOZIjUcwUO3cXNVz98wlDxwO/pWOLEo3OfP3JGdRJNzZxXdJ75DDUXM3S8qHT9N8gNS1OzYJWtb+U2jZ2aAqRqT03uzAIWeehrJqhSY7si9WRJQ82ZwJVhOJLOUelY4BI9qeOV4UQKJWWLJB/fN1uX3d7daLJsxl2RgNwGvl6b/BYrI2Gz/5NsmkGlbNfKlU61UK+mlFm4gDwUwYYrqEMD2tAHBi/wCm/wTvKkQVqk8zPNkPRzDmsiD589om5c</latexit>ഌШսྺЩ ҳ ഌШ սЩ
is

still alive after
LHC Run 2. Why!?

<latexit sha1_base64="2u/4p0IA29PX2e1vCvMWCQ4KWeM=">AAABoHicZY5NSwJBHMb/Y2+2vW117CJ6UQjZFbFbCEHYQdR8JVdkdvwng7O7w85ssYjXPk3X+i59m7baIPM5PTwv8HOl4Epb1gfJbG3v7O5l942Dw6PjE/P0bKCCKGTYZ4EIwpFLFQruY19zLXAkQ6SeK3DoLm6++uEThooHfk/HEicenfv8kTOqk2hq5ryi88xnqLmYoeNFpeu/QW5YmpoFq2x9K7dp7NQUIFV7anJnFrDIQ18zQZUa2xWpJ0saas4ErgzDkXSOSscCl+hJHa8MJ1IoKVsk+fi+2brs9u5Gk2Uz7ooE5Dbw9drkt1gZCZv9n2TTDCplu1audKqFejWlzMIF5KEINlxBHRrQhj4weIFXeIN3kicN0iKdn2mGpJ9zWBN5+AQ/9m5e</latexit>ഌШսྺЩ Ҵ ഌШ սЩ In a similar parameter plane,
works to exclude                             .

Why not in the left panel? 
à Need to combine two allowed decay channels:

<latexit sha1_base64="2u/4p0IA29PX2e1vCvMWCQ4KWeM=">AAABoHicZY5NSwJBHMb/Y2+2vW117CJ6UQjZFbFbCEHYQdR8JVdkdvwng7O7w85ssYjXPk3X+i59m7baIPM5PTwv8HOl4Epb1gfJbG3v7O5l942Dw6PjE/P0bKCCKGTYZ4EIwpFLFQruY19zLXAkQ6SeK3DoLm6++uEThooHfk/HEicenfv8kTOqk2hq5ryi88xnqLmYoeNFpeu/QW5YmpoFq2x9K7dp7NQUIFV7anJnFrDIQ18zQZUa2xWpJ0saas4ErgzDkXSOSscCl+hJHa8MJ1IoKVsk+fi+2brs9u5Gk2Uz7ooE5Dbw9drkt1gZCZv9n2TTDCplu1audKqFejWlzMIF5KEINlxBHRrQhj4weIFXeIN3kicN0iKdn2mGpJ9zWBN5+AQ/9m5e</latexit>ഌШսྺЩ Ҵ ഌШ սЩ<latexit sha1_base64="poYNfBcWexcB7KHpC4nouKhzIaI=">AAABlXicZY7LSsNAGIX/qbcab1ERF26K7UJQShJEV0JBKXVRWu0VmlIm079l6CQZMlMlhDyMW30i38aqcVH7rQ7nAseTgittWZ8kt7a+sbmV3zZ2dvf2D8zDo64K5xHDDgtFGPU9qlDwADuaa4F9GSH1PYE9b3b/nfdeMFI8DNo6ljj06TTgE86oXlgj86SU1HqXLqMBQ5HI1H0ttNPSyCxaZeuHwqqwM1GEjObI5O44ZHMfA80EVWpgO1IPExppzgSmhuFKOkWlY4EJ+lLHqeHOFUrKZgt/8FxvXLXaj/1hUo9bgo+xGgZ6qfIXpMbim/3/yaroOmX7puw8OcXKdfYyD2dwDhdgwy1UoAZN6ACDBN7gHT7IKbkjD6T6W82RbHMMS5DGF6gcacw=</latexit>೫ Ҭ ◆◆ഏვ
<latexit sha1_base64="1bV1yIIqGjKtcQZU+ir6eeUzYx4=">AAABj3icZY7LSsNAGIX/8Vrjpaku3YjduJCSlGJ3UhDELorVXqEpZTL9jUMnmWFmooTSJ3GrD+XbWDUuar/V4VzghEpwYz3vk2xsbm3v7Bb2nP2Dw6OiWzruG5lqhj0mhdTDkBoUPMGe5VbgUGmkcShwEM5uvvPBC2rDZdK1mcJxTKOEP3FG7dKauMVAyCTSPHq2VGv5OnHLXsX74Wxd+LkoQ0574vJgKlkaY2KZoMaM/Kqy4znVljOBC8cJFI3Q2EzgHGNls4UTpAYVZbOlP3ps3V92us3heN7KOoJP8VYmdqXyFyyc5Tf//5N10a9W/KtK9aFWbtTylwU4hXO4AB/q0IA7aEMPGKTwBu/wQUqkTq5J47e6QfLNCaxAml9pUWhs</latexit>

<latexit sha1_base64="9z2OGQ9xhGSHdfoB7c50yisZBHA=">AAAB2XicZU/NTsJAGNz6i/Wv6tELkYSYQEhLiF5JTAweiCg/RVkk2+Wzbth2N+0iIU0P3oxXH8jn8AG86itYtR6AOc03M18y40jOQmWa79rS8srq2npmQ9/c2t7ZNfb2O6EYBxTaVHARdB0SAmc+tBVTHLoyAOI5HGxndPbj248QhEz4LTWV0PeI67N7RolKpIFxIyVWAk/YEBTjQ8jad+bMVcBc+G7A3AdFgkBMcDFfswuYEp8Cj2SMJ9kWxnr+dl4cGDmzZP4iu0islORQisbAYHgo6NgDX1FOwrBnlaXqRyRQjHKIdR1L4kKophwi8KSaxjoehyAJHSV677p+WWy2Lrr9qD5t8mTBufDVTOTfiPWkmzXfZJF0yiXrpFS+quSqlbRlBh2iI3SMLHSKqqiGGqiNKHpDH+gTfWk97Ul71l7+okta+nOAZqC9fgPtdIXA</latexit>ഏഏ צ ս Ⴑ սႻ ೫ Ҭ ◆◆ഏვ Ҭ ◆◆ഏვ
à They did! (and cited our work J)

https://arxiv.org/abs/1709.05406
https://arxiv.org/abs/1803.02762
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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NC/3L: 1709.05406 (CMS, 36/fb), 1803.02762 (ATLAS, 36/fb)
SLSL: 1908.08215 (ATLAS, 139/fb),  2012.08600 (CMS, 139/fb)

CC/WW & NC/HW: 1909.09226 (ATLAS, 139/fb)

(+15 papers are analyzed but we found they give no constraints.
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ATLAS acknowledges our work as one among three representative works on this topic.
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Expm detail
<latexit sha1_base64="eMtSNxFJWD5tXq4SNfl0Kleo7A4="></latexit>ྺ Ҳ ႳИ ēÿč ྰ Ҳ ѵѱИഌᄯ˨ ܜ Ѳვრთ (flavor universal)ИѳႲ Ҳ Ⴓ ܛ ႴИ ഌШĒĐĔÿđĊЩ ܜ ѲვრთИഌᄫ ܜ ѲვრთИ ᅓ Ҳ ѱИ
Tree-level SUSY masses are used

theory detail

is
covered by                .

<latexit sha1_base64="2CaUIf7oSCrd927d30nbBnDXWBo=">AAABmHicZY7LSsNAGIX/qbcab1E3optiuxCUkgTRbUFQuyjW3qEpZTL9LUMnyZCZKCHEp3Gr7+PbWDUuar/V4VzgeFJwpS3rkxRWVtfWN4qbxtb2zu6euX/QU2EcMeyyUITRwKMKBQ+wq7kWOJARUt8T2PdmN995/xkjxcOgoxOJI59OA/7EGdVza2weVVLHRSHOXUYDhiKVmftS6mSVsVm2qtYPpWVh56IMOc2xyd1JyGIfA80EVWpoO1KPUhppzgRmhuFKOkWlE4Ep+lInmeHGCiVls7k/bDUeLtqd+mCUNpK24BO8DQO9UPkLMmP+zf7/ZFn0nKp9VXUenXLtMn9ZhBM4hTOw4RpqcA9N6AKDV3iDd/ggx6RG7kj9t1og+eYQFiCtL3q9axY=</latexit>ѳӍ Ҭ ◆◆ഏვ
<latexit sha1_base64="CywHIbib0JA0I/qG9DzE7pi30QE=">AAABp3icZY7LSsNAGIX/1FuNt6hLN8UubEFKUopuC4LoorTaW6ApZTL9LUMnmSEzUUPoI/g0bvVBfBujRrD2rA7nAp8vOVPatj+Mwtr6xuZWcdvc2d3bP7AOjwZKxBHFPhVcRK5PFHIWYl8zzdGVEZLA5zj051df/fARI8VE2NOJxHFAZiF7YJToLJpYZ0HFe2JT1IxP0QviqkekjMRz6W9eGlYnVtmu2d8qrRonN2XI1ZlYzJsKGgcYasqJUiOnLvU4JZFmlOPCND1JZqh0wjHFQOpkYXqxQknoPMtH9632ebd3647TVtLlGci1CPXS5LdYmBmb859k1QzqNeeiVr9rlJuNnLIIJ3AKFXDgEppwAx3oA4UXeIU3eDeqRtsYGO7PtGDkn2NYkkE+AcefcXw=</latexit>ഌШսྺЩ ۳ ഌШ սЩLHC Run 2

"               " excludes
all of                            .

<latexit sha1_base64="i1pwP+3sntqyXjGD5i4Ai6dWYPU=">AAABpHicZY7NSsNAFIVv/K3xL+rSTbFFBKUkUXRbEETBYrVNW2hqmUyvZegkM2SmSgh5AZ/Grb6Jb2PUuKg9m/txzrlwAsmZ0rb9aSwsLi2vrJbWzPWNza1ta2e3o8Q0puhRwUXcC4hCziL0NNMcezJGEgYcu8Hk8jvvPmOsmIjaOpE4CMk4Yk+MEp1bQ6ta9QPBRyoJ85OWT33k/NinJKLIU5n5L+V2Vh1aFbtm/6g8D04BFSjUHFrMHwk6DTHSlBOl+o4r9SAlsWaUY2aaviRjVDrhmGIodZKZ/lShJHSS+/2Hxt1Jq33TG6SNpMXZCK9EpGcqf0Fm5tuc/0vmoePWnPOae+9W6mfFyhLswwEcgQMXUIdraIIHFF7hDd7hwzg0bo2W4f1WF4ziZw9mZDx+AfE5cEI=</latexit>ѴӍ Ҭ ◆◆ഏვ<latexit sha1_base64="kz+VlAnSgsiWgloiLeXHOr6RXGI=">AAABoHicZY7LTsJAGIX/wRvWW9WlGwIbSAxpCcGNCxITgwsCyDVSQqbDL5kwbSedqaYhbH0at/ouvo1VayJyVifnknyuFFxpy/ogma3tnd297L5xcHh0fGKeng1UEIUM+ywQQThyqULBfexrrgWOZIjUcwUO3cXNVz98wlDxwO/pWOLEo3OfP3JGdRJNzZxXdJ75DDUXM3S8qHT9N8gNS1OzYJWtb+U2jZ2aAqRqT03uzAIWeehrJqhSY7si9WRJQ82ZwJVhOJLOUelY4BI9qeOV4UQKJWWLJB/fN1uX3d7daLJsxl2RgNwGvl6b/BYrI2Gz/5NsmkGlbNfKlU61UK+mlFm4gDwUwYYrqEMD2tAHBi/wCm/wTvKkQVqk8zPNkPRzDmsiD589om5c</latexit>ഌШսྺЩ ҳ ഌШ սЩ
is

still alive after
LHC Run 2. Why!?

<latexit sha1_base64="2u/4p0IA29PX2e1vCvMWCQ4KWeM=">AAABoHicZY5NSwJBHMb/Y2+2vW117CJ6UQjZFbFbCEHYQdR8JVdkdvwng7O7w85ssYjXPk3X+i59m7baIPM5PTwv8HOl4Epb1gfJbG3v7O5l942Dw6PjE/P0bKCCKGTYZ4EIwpFLFQruY19zLXAkQ6SeK3DoLm6++uEThooHfk/HEicenfv8kTOqk2hq5ryi88xnqLmYoeNFpeu/QW5YmpoFq2x9K7dp7NQUIFV7anJnFrDIQ18zQZUa2xWpJ0saas4ErgzDkXSOSscCl+hJHa8MJ1IoKVsk+fi+2brs9u5Gk2Uz7ooE5Dbw9drkt1gZCZv9n2TTDCplu1audKqFejWlzMIF5KEINlxBHRrQhj4weIFXeIN3kicN0iKdn2mGpJ9zWBN5+AQ/9m5e</latexit>ഌШսྺЩ Ҵ ഌШ սЩ In a similar parameter plane,
works to exclude                             .

Why not in the left panel? 
à Need to combine two allowed decay channels:

<latexit sha1_base64="2u/4p0IA29PX2e1vCvMWCQ4KWeM=">AAABoHicZY5NSwJBHMb/Y2+2vW117CJ6UQjZFbFbCEHYQdR8JVdkdvwng7O7w85ssYjXPk3X+i59m7baIPM5PTwv8HOl4Epb1gfJbG3v7O5l942Dw6PjE/P0bKCCKGTYZ4EIwpFLFQruY19zLXAkQ6SeK3DoLm6++uEThooHfk/HEicenfv8kTOqk2hq5ryi88xnqLmYoeNFpeu/QW5YmpoFq2x9K7dp7NQUIFV7anJnFrDIQ18zQZUa2xWpJ0saas4ErgzDkXSOSscCl+hJHa8MJ1IoKVsk+fi+2brs9u5Gk2Uz7ooE5Dbw9drkt1gZCZv9n2TTDCplu1audKqFejWlzMIF5KEINlxBHRrQhj4weIFXeIN3kicN0iKdn2mGpJ9zWBN5+AQ/9m5e</latexit>ഌШսྺЩ Ҵ ഌШ սЩ<latexit sha1_base64="poYNfBcWexcB7KHpC4nouKhzIaI=">AAABlXicZY7LSsNAGIX/qbcab1ERF26K7UJQShJEV0JBKXVRWu0VmlIm079l6CQZMlMlhDyMW30i38aqcVH7rQ7nAseTgittWZ8kt7a+sbmV3zZ2dvf2D8zDo64K5xHDDgtFGPU9qlDwADuaa4F9GSH1PYE9b3b/nfdeMFI8DNo6ljj06TTgE86oXlgj86SU1HqXLqMBQ5HI1H0ttNPSyCxaZeuHwqqwM1GEjObI5O44ZHMfA80EVWpgO1IPExppzgSmhuFKOkWlY4EJ+lLHqeHOFUrKZgt/8FxvXLXaj/1hUo9bgo+xGgZ6qfIXpMbim/3/yaroOmX7puw8OcXKdfYyD2dwDhdgwy1UoAZN6ACDBN7gHT7IKbkjD6T6W82RbHMMS5DGF6gcacw=</latexit>೫ Ҭ ◆◆ഏვ
<latexit sha1_base64="1bV1yIIqGjKtcQZU+ir6eeUzYx4=">AAABj3icZY7LSsNAGIX/8Vrjpaku3YjduJCSlGJ3UhDELorVXqEpZTL9jUMnmWFmooTSJ3GrD+XbWDUuar/V4VzghEpwYz3vk2xsbm3v7Bb2nP2Dw6OiWzruG5lqhj0mhdTDkBoUPMGe5VbgUGmkcShwEM5uvvPBC2rDZdK1mcJxTKOEP3FG7dKauMVAyCTSPHq2VGv5OnHLXsX74Wxd+LkoQ0574vJgKlkaY2KZoMaM/Kqy4znVljOBC8cJFI3Q2EzgHGNls4UTpAYVZbOlP3ps3V92us3heN7KOoJP8VYmdqXyFyyc5Tf//5N10a9W/KtK9aFWbtTylwU4hXO4AB/q0IA7aEMPGKTwBu/wQUqkTq5J47e6QfLNCaxAml9pUWhs</latexit>

<latexit sha1_base64="9z2OGQ9xhGSHdfoB7c50yisZBHA=">AAAB2XicZU/NTsJAGNz6i/Wv6tELkYSYQEhLiF5JTAweiCg/RVkk2+Wzbth2N+0iIU0P3oxXH8jn8AG86itYtR6AOc03M18y40jOQmWa79rS8srq2npmQ9/c2t7ZNfb2O6EYBxTaVHARdB0SAmc+tBVTHLoyAOI5HGxndPbj248QhEz4LTWV0PeI67N7RolKpIFxIyVWAk/YEBTjQ8jad+bMVcBc+G7A3AdFgkBMcDFfswuYEp8Cj2SMJ9kWxnr+dl4cGDmzZP4iu0islORQisbAYHgo6NgDX1FOwrBnlaXqRyRQjHKIdR1L4kKophwi8KSaxjoehyAJHSV677p+WWy2Lrr9qD5t8mTBufDVTOTfiPWkmzXfZJF0yiXrpFS+quSqlbRlBh2iI3SMLHSKqqiGGqiNKHpDH+gTfWk97Ul71l7+okta+nOAZqC9fgPtdIXA</latexit>ഏഏ צ ս Ⴑ սႻ ೫ Ҭ ◆◆ഏვ Ҭ ◆◆ഏვ
à They did! (and cited our work J)

ATLAS [2108.07586]

https://arxiv.org/abs/1709.05406
https://arxiv.org/abs/1803.02762
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/1909.09226
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2108.07586
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Particle-physics phenomenology as a bridge between theorists and experiment collaborations.

EXPERIMENT

Image courtesy of らいとりぃ and CERN

<latexit sha1_base64="kpGrXQ+m5Wp6EsnJgFqZ6y1cKBs=">AAAB53icZU7LSsNAFJ3UV42vqEs3wSK4KCUpRVdCrSC6KDb2CZ02TNJrO3TyIDMRQgh+gjtx61f4LS7c6m8YaxSrZ3E5nHPu4Vg+o1xo2ouUW1hcWl7Jr8pr6xubW8r2Tod7YWBD2/aYF/QswoFRF9qCCgY9PwDiWAy61vTs0+/eQsCp57ZE5MPAIWOX3lCbiFQyFQPHhokJ8ydkeFrEFglUw4zxyBPYAkHUWoKTkzLmdOyQVJ8Ff9xkiJ1QbZjpxSNgIq0wa6ZS0EraDOp/omekgDI0TOUuLbRDB1xhM8J5Xy/7YhCTQFCbQSLL2Cdj4CJiEIPjiyiRD3DIwSf2NDX61/WrYrN12RvE9ajJ6AjOPVfMZ76dRP4tEoc7REySdLH+d99/0imX9KNS2agUqpVsex7toX10iHR0jKroAjVQG9noGb2iN/QuUeleepAev6I5KfvZRXOQnj4AfzWMMw==</latexit>

{QA
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<latexit sha1_base64="SRzgMaNBI8aXvhUj+BsPeXPXx8Q=">AAABhHicZY7NSsNAFIXvVK01/lVduilm40JKUqvupCCIgkKlTRtsQplMr+3QSTJkpkIIeQu3+l6+jVHjovZbfZxzL5xACq60ZX2Sytr6RnWztmVs7+zu7dcPDgcqXiQMHRaLOHEDqlDwCB3NtUBXJkjDQOAwmN9898NXTBSPo75OJfohnUb8hTOqi+jZC6meMSoaD+O6aTWtHxqrYpdiQkl3XEdvErNFiJFmgio1sltS+xlNNGcCc8PwJJ2i0qnADEOp09zwFgolZfMiH/X6966fPaY9wSd4G0d6qf4rcqPYZf9fsSqDVtO+bLae2manXS6swTGcwCnYcAUduIMuOMAggjd4hw9SJWfknFz8nlZI+XMES5DrL1o0ZCQ=</latexit>ӌTHEORY

https://www.ac-illust.com/main/profile.php?id=untqD0v5&area=1
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Particle-physics phenomenology as a bridge between theorists and experiment collaborations.

<latexit sha1_base64="SRzgMaNBI8aXvhUj+BsPeXPXx8Q=">AAABhHicZY7NSsNAFIXvVK01/lVduilm40JKUqvupCCIgkKlTRtsQplMr+3QSTJkpkIIeQu3+l6+jVHjovZbfZxzL5xACq60ZX2Sytr6RnWztmVs7+zu7dcPDgcqXiQMHRaLOHEDqlDwCB3NtUBXJkjDQOAwmN9898NXTBSPo75OJfohnUb8hTOqi+jZC6meMSoaD+O6aTWtHxqrYpdiQkl3XEdvErNFiJFmgio1sltS+xlNNGcCc8PwJJ2i0qnADEOp09zwFgolZfMiH/X6966fPaY9wSd4G0d6qf4rcqPYZf9fsSqDVtO+bLae2manXS6swTGcwCnYcAUduIMuOMAggjd4hw9SJWfknFz8nlZI+XMES5DrL1o0ZCQ=</latexit>ӌTHEORY
model
interpretation numerical

evaluation

Monte Carlo
simulation

statistics

detector physics

EXPERIMENT

detector performance

Image courtesy of らいとりぃ and CERN

https://www.ac-illust.com/main/profile.php?id=untqD0v5&area=1
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A translator, or a "bilingual" in theory and experiment.

Suggest new methods / next targets.

Evaluate LHC results and tell their implications.

Image courtesy of acworks and CERN

Ø Asai, Azuma, Endo, Hamaguchi, Iwamoto [1103.1881]
"Kinked tracks" were useful (in LHC Run 1) to search for gauge-mediation SUSY.

Ø Feng, Iwamoto, Shadmi, Tarem [1505.02996]
FCC-hh (planned 100TeV collider) is capable to explore SuperWIMP scenario,
where the radiative energy loss of muons will be utilized for background rejection.

à Accepted in a physics report for FCC-hh planning [1606.00947].

Ø Iwamoto, Lee, Shadmi, Weiss [1703.05748]
LHC c-quark tagging will be useful in discrimination of SUSY models.

Researchers in ATLAS experiment
A few simple examples

<latexit sha1_base64="SRzgMaNBI8aXvhUj+BsPeXPXx8Q=">AAABhHicZY7NSsNAFIXvVK01/lVduilm40JKUqvupCCIgkKlTRtsQplMr+3QSTJkpkIIeQu3+l6+jVHjovZbfZxzL5xACq60ZX2Sytr6RnWztmVs7+zu7dcPDgcqXiQMHRaLOHEDqlDwCB3NtUBXJkjDQOAwmN9898NXTBSPo75OJfohnUb8hTOqi+jZC6meMSoaD+O6aTWtHxqrYpdiQkl3XEdvErNFiJFmgio1sltS+xlNNGcCc8PwJJ2i0qnADEOp09zwFgolZfMiH/X6966fPaY9wSd4G0d6qf4rcqPYZf9fsSqDVtO+bLae2manXS6swTGcwCnYcAUduIMuOMAggjd4hw9SJWfknFz8nlZI+XMES5DrL1o0ZCQ=</latexit>ӌ

https://www.ac-illust.com/main/profile.php?id=acworks&area=1
https://arxiv.org/abs/1103.1881
https://arxiv.org/abs/1505.02996
https://arxiv.org/abs/1606.00947
https://arxiv.org/abs/1703.05748


"How to test BSM models at experiments?"

1. Standard Model
ü Success
ü Issues: Dark matter, muon g−2 anomaly, ...

2. Frontiers of experiments
ü Energy frontier, Intensity frontier
ü (HL-)LHC

3. Supersymmetry (as the solution to DM & muon g−2) at the LHC
ü WHL-scenario and LHC
Ø (extra) Four simplified scenarios for DM + g−2

4. A few other topics at intensity (+ cosmic & neutrino) frontier
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[3-2] That was a simple story, but it is not that simple.



BLR BHL BHR

µL µR

�eµLĜeµR

eB

µL µR

�eµL

eBĜ eH0

µL µR

�eµR

eH0Ĝ eB

WHL
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In fact, MSSM has four simplified scenarios to explain muon g–2 anomaly.

µL µR

�fW±Ĝ eH±

e⌫µ
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Iwamoto, Yanagida, Yokozaki [2104.03223]

ü coupling unification,
ü Bino DM,
ü muon g–2. ... but nearly excluded!

Wino DM:
constrained by LHC

<latexit sha1_base64="66SiwAc1sa6lXjw70Yppar4oBac=">AAABvXicZY7LSsNAGIUn9VbjLerSTbCbiqUkoehOC4LoolDtFZpSJtPfOnQyGWam1hDSp/Fp3OrGt7HVuKg9q8O5wBcIRpV2nC8jt7a+sbmV3zZ3dvf2D6zDo7aKJpJAi0Qskt0AK2CUQ0tTzaArJOAwYNAJxjeLvvMCUtGIN3UsoB/iEadPlGA9jwbWlR/QESv6Gl51MqQKCwFYUj6ytcRkXJrNUtvzgbFzn2BOgCUi9ad2c3GTZ+bAKjhl50f2qnEzU0CZ6gPr2R9GZBIC14RhpXquJ3Q/wVJTwiA1TV/gESgdM0ggFDpOTX+iQMxZ5nnvsVZqNO+7/aQWNxgdwm3E9dLir0gXaO5/kFXT9sruRdl7qBSqlQwyj07QKSoiF12iKrpDddRCBL2hd/SBPo1rAwxm8N9pzsg+x2hJxvQbEKJ64Q==</latexit>ԕdisappearing track, ѳӍ Ҭ ◆◆ഏვԡ

Higgsino DM:
disfavored by DM direct detection

Wino / Higgsino-DM:ß We have discussed.
Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025] [2104.03217]

Bino-DM (coannhilation):

https://arxiv.org/abs/2104.03223
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217


WHL BLR BHL BHR
I have analyzed all the simplified scenarios.

µL µR

�fW±Ĝ eH±
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Wino / Higgsino-DM:

Bino-DM (coannhilation) Bino-DM (coannhilation) Bino-DM (coannhilation)

with old values; needs update
Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki
[2104.03223]

LHC
<latexit sha1_base64="B91MTXtmFWqXot4RSV1KXWLskSc=">AAACK3icfY9LTwIxFIVbn4gvxKUbIiwwGsKMRl2iJgYXJCjPyBDS6VyxodNppkWDI/9If40rjVv/hwNCCBI9q5N77rn5ri05Uzqbfcdz8wuLS8uRlejq2vrGZmwrXlVe16dQoR73/LpNFHAmoKKZ5lCXPhDX5lCzOxeDvPYAvmKeKOuehKZL2oLdMUp0OGrFXiwb2kwETIPLnqAftQYukTq0gPN9ixJBgQeybz0myqlxmM4/3+7V/krNf6oOU0RKID4T7YT2Ce1MWpp0Z1sgnAlbK5bMZrJDJWaNMTJJNFKxFbu3HI92XRCacqJUwzClbgbE14zy8GDUkqQNSvc4BOBK3Qv/7yqQIVc4b9wUDkrlq3ozKPRKnDlw6Qk9tTEOhmjGb5BZUzUzxnHGvDaTuaMRZATtoF2URgY6QTmUR0VUQRTH8Sk+w+f4Fb/hD/z5szqHR51tNCX89Q1bSaDG</latexit>

• ѴӍ Ҭ ◆◆ഏვ
• Ш೫ЦЩ Ҭ ◆◆ഏვ
• ѳӍ Ҭ ◆◆ഏვ
• disappearing track

• ѳ࿂ Ҭ ◆◆ഏვ
ILC-500dark matter

direct detection
(XENON1T, LUX, ...)
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Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025] [2104.03217]

https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223
https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217


n Simplified models: all done.
Ø LHC will go on: Continue  theory               experiment  iteration.
Ø Future colliders: Contribute to their planning.

n Analyze "not-simplified" models
Ø There are various models (WHL+BHL, Gravitino-LSP, R-parity violation, ...)

but usually less motivated.
à Explore with prioritization.

Outlook (as a partial summary)

Supersymmetry (as the solution to DM and/or muon g−2)
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"How to test BSM models at experiments?"

1. Standard Model
ü Success
ü Issues: Dark matter, muon g−2 anomaly, ...

2. Frontiers of experiments
ü Energy frontier, Intensity frontier
ü (HL-)LHC

3. Supersymmetry (as the solution to DM & muon g−2) at the LHC
ü WHL-scenario and LHC
ü (extra) Four simplified scenarios for DM + g−2

4. A few other topics at intensity (+ cosmic & neutrino) frontier
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[4] Let me talk about another frontier, if time allows.



n Previous section: SUSY at the LHC

n Recent works of mine (2017–): BSM at intensity frontier
Ø Experiments

Ø Theory

Gninenko, Krasnikov [1801.10448]
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I have started working around the intensity frontier.

BSM               energy frontier

(incl. neutrino frontier).

ILC(?)

energy
frontier

Belle II

HL-LHC
(2027–2040?)

... LHCb

+ FASER, NA62, NA64, ...

example) vector boson of U(1)  Lμ − Lτ

Belle [2109.08596]

• extra neutrinos,
• axion-like particles,
• extra U(1) symmetry,
..., ... <latexit sha1_base64="D5P2YXNg9IAUwyXzqQdl5ieQln4=">AAABm3icZY5LT8JAFIVv8YX1VXWpJkQWYtSmJUS3JCRGjSQoFIi0kOlwxQnTRzpTk4aw8de41X/jv7FKXSAnd/HlnHOT44acCWkYX0puaXlldS2/rm5sbm3vaLt7bRHEEUWLBjyIui4RyJmPlmSSYzeMkHgux447rv3knVeMBAv8lkxCdDwy8tkzo0Sm1kA77GH/DPsXtgxsL06v8HRSmtGpM9CKhm78qrAIZgZFyNQYaC/2MKCxh76knAjRM8uhdCYkkoxynKqqHZIRCplwnKAXymSq2rHAkNBx6vce6+fN1m3XmdSTJmdDvA58Odf4C6ZqOs38P2QR2mXdvNTLD5VitZKNzMMBHEMJTLiCKtxAAyyg8Abv8AGfypFSU+6U+1k1p2Q/+zAnxfoG5AlsAw==</latexit>ЪംႻംႼ צ ྺྺᆣШྺྺЩЫ

https://arxiv.org/abs/1801.10448
https://arxiv.org/abs/2109.08596
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My recent work 1) Extra neutrino DM with extra U(1) charge [cosmology × intensity frontier]

His first paper!Model: SM+ extra U(1)
+ 3 right-handed neutrinos
+ 1 extra Higgs boson

DM candidate

<latexit sha1_base64="BMK1885xXUtNQr1YgXBuu5EFLik="></latexit>

freeze out freeze in

coupling ۠ ѲѱႼႶ ۠ ѲѱႼႲႲഌჅ ൛ШѲѱЩრთ ൛ШѲѱЩცრთഌᅄኜ ۫ ѳഌჅ ൛ШѲѱѱЩრთ
à explains why DM is 26%.

Freeze-out DM
(with Z'-funnel)

Freeze-in DM

Iwamoto, Seller, Trócsányi [2104.11248]

<latexit sha1_base64="lXkgl+/+3l6I1uBBW97VuYgw+0U=">AAABqXicZY5LT8JAFIXv4Avrq+rSDZGF+AhpCdEtxsToggTk1UAbMh2vMGH6SGcgNk3/g7/Grf4N/42oNRH5Vueec25y3FBwqQzjg+RWVtfWN/Kb2tb2zu6evn/QlcE0YthhgQgiy6USBfexo7gSaIURUs8V2HMnN195b4aR5IHfVnGIjkdHPn/ijKq5NdTPBmh7VI0jL+mntgoKf87rE1vhs0pK3J+dps5QLxpl45vCsjAzUYSMxlAf248Bm3roKyaolAOzEionoZHiTGCqaXZIRyhVLDBBL1RxqtlTiSFlk7k/eKhftNr3lpPU45bgj3gb+Gqh8Ruk2nya+X/IsuhWyuZludKsFmvVbGQejuAYSmDCFdTgDhrQAQYv8Apv8E7OSZNYpP9TzZHs5xAWIOwTFydzPg==</latexit>Ъം� צ ം�ᆣ(inv)Ы

https://arxiv.org/abs/2104.11248
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My recent work 2) Beam dump experiments at the ILC [experiment proposal in intensity frontier]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

Image courtesy of ILC News Line

International Linear Collider (planned in Japan)

https://arxiv.org/abs/2105.13768
https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/
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My recent work 2) Beam dump experiments at the ILC [experiment proposal in intensity frontier]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

International Linear Collider (planned in Japan)

beam dump
(water)

muon shield
(concrete + lead)

à utilize as a fixed-target expm!
original idea in Kanemura, Moroi, Tanabe [1507.02809]

and Sakaki, Ueda [2009.13790]

Image courtesy of ILC News Line

<latexit sha1_base64="XjGknM40ON8Ciz8gMQr2OtN59VM=">AAABwnicZU5LS8NAGNzUV11fUY9eiu2hQilJEAVPBUX0UKj2CU0tu8nXdO3m0exGCDH/xV/jVa/+G6NGsHZOw8x83wwNOBNS0z6Uwsrq2vpGcRNvbe/s7qn7Bz3hR6EFXcvnfjigRABnHnQlkxwGQQjEpRz6dHb55fefIBTM9zoyDmDkEsdjE2YRmUlj9cKk4DAvmfBITEPmTGWKK/BgBm6lRLM/2DRxNRJgn2ATPPtvbqyWtbr2jdIy0XNSRjlaY3Vu2r4VueBJixMhhroRyFFCQsksDinGZkAcEDLmkIAbyDjFZlYdEGuW6cP7Zq3duR2Mkmbc5syGa9+TC4lfo0Z9fyYJFSnONur/Fy2TnlHXz+rGnVFunOZri+gIHaMq0tE5aqAb1EJdZKEX9Ire0LtypTwqc0X8RAtKfnOIFqA8fwI80Hxk</latexit>ംү beam
(used)

https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/1507.02809
https://arxiv.org/abs/2009.13790
https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/
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My recent work 2) Beam dump experiments at the ILC [experiment proposal in intensity frontier]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

International Linear Collider (planned in Japan)

beam dump
(water)

muon shield
(concrete + lead)

à utilize as a fixed-target expm!
original idea in Kanemura, Moroi, Tanabe [1507.02809]

and Sakaki, Ueda [2009.13790]

decay volume
(empty) detector

elusive particle
decay to SM particles

Image courtesy of ILC News Line

<latexit sha1_base64="XjGknM40ON8Ciz8gMQr2OtN59VM=">AAABwnicZU5LS8NAGNzUV11fUY9eiu2hQilJEAVPBUX0UKj2CU0tu8nXdO3m0exGCDH/xV/jVa/+G6NGsHZOw8x83wwNOBNS0z6Uwsrq2vpGcRNvbe/s7qn7Bz3hR6EFXcvnfjigRABnHnQlkxwGQQjEpRz6dHb55fefIBTM9zoyDmDkEsdjE2YRmUlj9cKk4DAvmfBITEPmTGWKK/BgBm6lRLM/2DRxNRJgn2ATPPtvbqyWtbr2jdIy0XNSRjlaY3Vu2r4VueBJixMhhroRyFFCQsksDinGZkAcEDLmkIAbyDjFZlYdEGuW6cP7Zq3duR2Mkmbc5syGa9+TC4lfo0Z9fyYJFSnONur/Fy2TnlHXz+rGnVFunOZri+gIHaMq0tE5aqAb1EJdZKEX9Ire0LtypTwqc0X8RAtKfnOIFqA8fwI80Hxk</latexit>ംү beam
(used)

<latexit sha1_base64="z7zm39WaYbzcazfM16wG3tvKUg8=">AAABtXicZU7NSsNAGNz4W+Nf1KOXYHvwUEsSxF4LguihUO0vNLFstl/j0k123d1UQulT+DRe9Sl8G6PGQ+0cPoaZ+YYJBaNKO86nsba+sbm1Xdoxd/f2Dw6to+Oe4qkk0CWccTkIsQJGE+hqqhkMhAQchwz64fT62+/PQCrKk47OBAQxjhI6oQTrXBpZFxV49EVs5zcWPuNJJGn0pLGU/KViA0sVnYEtsNSUMBhZZafm/MBeJW5ByqhAa2Q9+2NO0hgSTRhWauh6Qgfzom5hmr7AESidMZhDLHS2MP1UgcBkmuvDh2a13bkbBPNm1mZ0DDc80UuJP6Macj7VOFQLM9/o/l+0Snpezb2qefdeuXFZrC2hU3SGzpGL6qiBblELdRFBr+gNvaMPo24ExtiY/EbXjOLnBC3B4F/tQHfp</latexit>ംүംٱ  elusive particle
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(or ംүഏ, ംү) (= targets of intensity fr.)

https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/1507.02809
https://arxiv.org/abs/2009.13790
https://newsline.linearcollider.org/2012/08/23/heres-one-we-made-earlier/
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My recent work 2) Beam dump experiments at the ILC [experiment proposal in intensity frontier]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

beam dump
(water)

muon shield
(concrete + lead)
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n Higgs potential 

n Right-handed neutrinos N can solve
a) Neutrino mass & mixings

[see-saw mechanism]
b) Baryon asymmetry of Universe

[leptogenesis] if Mass ≫ TeV,
c) Dark matter

[sterile neutrino] if Mass ~ keV,

d) The origin of μ ~ 100 GeV
[neutrino option] if Mass ~ PeV.
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My recent work 3) Two-neutrino resonant leptogenesis [intensity frontier neutrinos + cosmology]
Brdar, Helmboldt, Iwamoto, Schmitz [1905.12634]
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Any mechanism behind this value?
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https://arxiv.org/abs/1905.12634
https://arxiv.org/abs/1703.10924


n Higgs potential 

n Right-handed neutrinos N can solve
a) Neutrino mass & mixings

[see-saw mechanism]
b) Baryon asymmetry of Universe

[leptogenesis] if Mass ≫ TeV,
c) Dark matter

[sterile neutrino] if Mass ~ keV,

d) The origin of μ ~ 100 GeV
[neutrino option] if Mass ~ PeV.

Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 5755

My recent work 3) Two-neutrino resonant leptogenesis [intensity frontier neutrinos + cosmology]
Brdar, Helmboldt, Iwamoto, Schmitz [1905.12634]
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Question: Can we do a) b) c) d) together?  à Yes!
v N1 ~ keV à sterile neutrino DM✓c

v N2 & N3 ~ 108 GeV    with    ΔM ~ 104 GeV
à resonant leptogenesis✓b & d

under the conditions for ✓a.

https://arxiv.org/abs/1905.12634
https://arxiv.org/abs/1703.10924


Physics summary
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!!! Dark matter
!!! Dark energy
!!! Gravity
!!! Mechanism for neutrino mass
!? Muon g−2 anomaly
!? Flavor anomalies (b→sμμ, R(D), R(D*), ...)

!? Origin of baryon asymmetry
§ Why is the Universe so "isotropic"?
§ Why are U(1)-charges [integer] / 6?

§ Why many fermions but 1 scalar?
§ Why θQCD so small?

§ Any mechanism behind SM parameters?

TeV-scale SUSY: simplified scenarios
ü dark matter,
ü coupling unification,
ü muon g–2.

extra U(1) + ν-DM

ILC as fixed-target expm
Origin of Higgs mass
+ leptogenesis
+ ν-DM 
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"Big Picture" and Outlook
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... ATLAS, CMS, FCC-hh

... Belle II, ILC, fixed-target

Energy frontier: Continue my job "theory           expm"  for LHC & future plans.

Other frontiers:
Ø BSM searches at the intensity frontier
Ø Neutrinos and its cosmology (see-saw, leptogenesis, DM)

Ø Open-source tools for particle physics
(calculator, data handling, statistics, tutorials, ...) https://github.com/misho104

my field

quantum field theory

particle physics

cosmology

SUSY modern
programming

https://www.ac-illust.com/main/profile.php?id=acworks&area=1
https://www.ac-illust.com/main/profile.php?id=o0rgIaMr&area=1
https://github.com/misho104


Extra 0) Magnetic moment Basic
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n Quantum Mechanics

n Quantum Field Theory: Tree-level

n Quantum corrections
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Derivation of lepton anomalous magnetic moment
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µ =
Q|e|
2m

(L+ 2S), H = �µ ·B

(Q = –1 for electron/muon)
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Aµ = (�,A), S = (S23, S31, S12), Sµ⌫ = �µ⌫/2

�! Fµ⌫�
µ⌫ = 2Fµ⌫S

µ⌫ = �4B · S

is contained in 

so that 
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Extra 1) SUSY-DM and freeze-out
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Motivation for TeV-scale SUSY (2) We can easily explain why DM = 26%.

"dark energy"
69%

known matter

dark matter
26%

5%

n In MSSM, we usually impose "R-parity" (to avoid proton-decay 
problem).

Ø Particles can decay to lighter particle.
à The lightest SUSY particle (LSP) cannot decay.

= DM candidate.

Ø If LSP ~ 100 GeV, we can explain why DM is "26%".

R
SM particles even
SUSY particles odd
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n Early Universe with 

/ 5762

Freeze-out of Bino DM = overabundance in standard thermal history.

equilibrium

eB
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ƒ

eƒ
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T > mÂB

with kinetic energy ~ T

creation annihilation
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n Early Universe with 

/ 5763

Freeze-out of Bino DM = overabundance in standard thermal history.

equilibrium
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ƒ eB

eB ƒ

ƒ

eƒ

with kinetic energy~ T

< T
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T Æ mÂB
creation annihilation
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n Early Universe with 

/ 5764

Freeze-out of Bino DM = overabundance in standard thermal history.

far apart due to
• pair annihilation
• Universe’s expansion

<latexit sha1_base64="+W3zh12wgl/XKWco5oTu3y3IBQE=">AAABs3icZY5LT8JAFIWn+ML6qrp008jGFbYEH0uUkEAMWLU8DCVkOr2SCTNt0xlImtqtv8at/hf/jUW7EDmrc79zbnLckFEhDeNLKaytb2xuFbfVnd29/QPt8KgngllEoEsCFkQDFwtg1IeupJLBIIwAc5dB353WF3l/DpGggW/LOIQRxxOfvlCCZYbGmu5Yrc6dbjsMhBCU63ycOJIyD/Tb9LxiqGOtZJSNH+mrxsxNCeWyxtqr4wVkxsGXhGEhhqYRylGCI0kJg1RVnZmAEJMpnkBGYZ7+JUPrsfHU6Ng3duu+M0racT3gHPtedamVtJ+bDStDYXYIGTNIgIcyThdzzf/jVk2vUjYvy8ZDtVS7zocX0Qk6RWfIRFeohprIQl1E0Bt6Rx/oU7lQhoqreL/VgpL/HKMlKfwbjjl0dg==</latexit>

T Æ mÂB/20

creation annihilation
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n Early Universe with 

/ 5765

Freeze-out of Bino DM = overabundance in standard thermal history.

far apart due to
• pair annihilation
• Universe’s expansion

“thermal relic”

... too much for ~100GeV bino-like DM.
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�DMh2 � 1.1�109 · xf�
g�Mpl��v� · GeV

� 0.1 · 15
�

g�

xf

30

3 �10�26 cm3/s

��v� with xf = mDM/Tfo.

Gelmini and Gondolo, 1009.3690

creation annihilation
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n Early Universe with                   with stau-coannihilation

/ 5766

Freeze-out of Bino DM = overabundance in standard thermal history.

equilibriumcreation annihilation
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annihilation helper!
cf. Edsjö, Schelke, Ullio, Gondolo, hep-ph/0301106

close in mass
= more help
= more annihilation
= heavier bino allowed
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n g–2 motivates SUSY mass of 100–1000 GeV.
Ø bino-like DM with ~100 GeV = overabundance.
• non-standard  thermal history?
• with helpers for annihilation?

Ø wino- or higgsino-like DM with ~100 GeV = underabundance.
• non-standard thermal history?
• extra particles for DM?

Ø bino-higgsino mixture = strong constraints from DM direct detections. 
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MSSM: DM & g–2 ... possible?

too heavy = too small annihilation

à co-annihilation: Binetruy, Girardi, Salati (1984), Griest, Seckel (1991)
vectorlike leptons: Abdullah, Feng [1510.06089], Abdullah, Feng, Iwamoto, Lillard [1608.00283]

Cf. Hisano, Matsumoto, et al. [ph/0610249]
Farina, Pappadopulo, Strumia [1303.7244]

n If DM density is determined by freeze-out mechanism
under "standard" thermal history of Universe:

Ø bino-like DM à mLSP < 100 GeV
Ø higgsino-like DMà mLSP ~ 1 TeV
Ø wino-liike DM à mLSP ~ 3 TeV

too light = too much annihilation

"well-tempered scenario" ... not talking today

https://arxiv.org/abs/1510.06089
https://arxiv.org/abs/1608.00283
https://arxiv.org/abs/hep-ph/0610249
https://arxiv.org/abs/1303.7244


Extra 2) Coupling Unification
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n Strengths of 3 forces depend on energy scale:
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Motivation for TeV-scale SUSY (2) It helps the grand unification.

v naturalness of Higgs mass,
v dark matter,
Ø grand unification,
v muon g–2.

g1

g2 "weak"

g3 "strong"
Unify at high energy!?SM

Image courtesy of pakutaso.com

https://www.pakutaso.com/


v naturalness of Higgs mass,
v dark matter,
Ø grand unification,
v muon g–2.
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Motivation for TeV-scale SUSY (2) It helps the grand unification.

g1

g2 "weak"

g3 "strong"
oh, ...SM
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v naturalness of Higgs mass,
v dark matter,
Ø grand unification,
v muon g–2.
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n SUSY particles can modify the lines.
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Motivation for TeV-scale SUSY (2) It helps the grand unification.

if all SUSY particle masses are ~104 GeV...

"grand unification"!?
SM
MSSM

Image courtesy of pakutaso.com

https://www.pakutaso.com/


Extra 3) SUSY naturalness
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n Higgs mass is unnatural.

Ø No Higgs? (e.g., technicolor, extra dim., gauge-Higgs unif., ...)

Ø SUSY?

Motivation for MSSM (0) "Naturalness" was the primary motivation for SUSY.

<latexit sha1_base64="JKjVBD5h94xptdKxL2UXhPSPv28=">AAABwnicZY9LT8JAFIWn+ML6qrp008hCExPSEqIuMUCCC7DK01BopuWKIzNt6QxqU7tz669xqz/EfyNgN8hZnZz7neRc26eEC037kVIrq2vrG+lNeWt7Z3dP2T9ocW8SONB0POoFHRtzoMSFpiCCQscPADObQtseFWf39jMEnHhuQ4Q+9BgeuuSBOFhMI0s5YdZjP6eanDAYq6yfM18iGwcQq2eqWQIqsDonLCWjZbW51GWjJyaDEhmW8m4OPGfCwBUOxZx3dc0XvQgHgjgUYlk2fTwELkIKETBfhLFsTjj42BlN865xV66Xa42rxvVNrRdVw6LHGHYH+QUqqt5XysZiUbzO8DolA+CxPJ2t/x+5bFq5rH6e1W7zmcJl8kAaHaFjdIp0dIEKqIIM1EQO+kCf6At9SyXpSRpL/A9NSUnnEC1IevsFHZJ61Q==</latexit>

m2
h ƒ m2

bare + �m2
h

physical 
mass

104 GeV2

quantum correction

before 2012

Λ (cutoff) ~ Planck or GUT scale
<latexit sha1_base64="2hSqQU8LG3drjHWWhlHU1Arb4x0=">AAAB33icZU/LSsNAFJ3UV42vqEs3xYIIYklqUXFVaQsVbK229UGnDdPJrQ5OHmSmYghxJbgTt/6CX+O2fo2pZlM9m3s49xzuuX2PMyF1faSkpqZnZufS8+rC4tLyira6dincoU+hTV3u+td9IoAzB9qSSQ7Xng/E7nO46t+XxvurB/AFc52WDDzo2uTWYQNGiYwlUytjCY8ybNaOoqcnXAYuScbu5c27zBYWzN7FA5/QcC8wZS8fhQXssXji0/iARXr5HUwtVwpTy+o5/QeZ/8RISBYlaJjaM7ZcOrTBkZQTITqG7sluSHzJKIdIVbFHbkHIgEMItieDSMVDAR6h97HeaVxUmpV667h1clbvhrWg5No2cazChCus3VQrjcmgfBzbm5xZICI1rm38LfmfXOZzxn5OPy9ki4fJA2m0gTbRNjLQASqiKmqgNqLoA32iEfpSiPKivCpvv9aUkmTW0QSU92+BhIdz</latexit>

aJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + · · ·

<latexit sha1_base64="k/71QUbBjADMajYoKWnj3w5wOiI=">AAACAHichU/LSsNAFJ34rPFVdemmWBBBLEktKq4qtaBgtNqnOG2YTq46dPIgMxVDiAvxY9yJW3/BL/Az3OrGVLOpLjybezjnXO65XY8zITXtTRkZHRufmExNqdMzs3Pz6YXFhnD7PoU6dbnrt7pEAGcO1CWTHFqeD8Tucmh2e6WB37wBXzDXqcnAg7ZNrhx2ySiRsWSmAUu4laFRrRq70d0d3gcuScbu5M3rzCoWzN7Alz6h4WZgyk4+CgvYY/HER/EJi3Ty6//Z1HKlMNNZLad9I/OX6AnJogQVM/2ALZf2bXAk5USIC13zZDskvmSUQ6Sq2CNXIGTAIQTbk0Gk4r4Aj9BerF9UzsrV8nFtr3Z4ctwOjaDk2jZxrMJQKjTOD8qV4UV5O4hXObNARGpcW/9d8i9p5HP6Vk47LWSLO8kDKbSMVtAa0tE2KqIDVEF1RNErekcf6FO5Vx6VJ+X5JzqiJDtLaAjKyxeq25Sl</latexit>

JaaJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + 3y2
t

4fi2 �2 + · · ·

"scalar top    " contribution
"Quadratic divergence" is cancelled out: Power of symmetry!

<latexit sha1_base64="vvrmILuCzThVlrQQFKrUIPJHK5E=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsainBdMqWb8Ut4WdCRMynGnh3fUjtggw1ExQpca2JfUkpbHmTODSMFxJZ6h0IjDFQOpkabgLhZKy+cofO516t97uPfSaj+1J2kpqURDQ0C9vpNLWc6PubBb12zreFdxHtTRWs+3/I7fF4LZk35Wsp7JZvc8eyMMVXMMN2FCBKjTAgT4wEPABn/BFTNIkDun8RXMk61zCBmT8A5Zhbvo=</latexit>

Ât

"naturalness problem"
"hierarchy problem"
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n Higgs mass is unnatural.

Ø No Higgs? (e.g., technicolor, extra dim., gauge-Higgs unif., ...)

Ø SUSY!!!!

Motivation for MSSM (0) "Naturalness" was the primary motivation for SUSY.

<latexit sha1_base64="JKjVBD5h94xptdKxL2UXhPSPv28=">AAABwnicZY9LT8JAFIWn+ML6qrp008hCExPSEqIuMUCCC7DK01BopuWKIzNt6QxqU7tz669xqz/EfyNgN8hZnZz7neRc26eEC037kVIrq2vrG+lNeWt7Z3dP2T9ocW8SONB0POoFHRtzoMSFpiCCQscPADObQtseFWf39jMEnHhuQ4Q+9BgeuuSBOFhMI0s5YdZjP6eanDAYq6yfM18iGwcQq2eqWQIqsDonLCWjZbW51GWjJyaDEhmW8m4OPGfCwBUOxZx3dc0XvQgHgjgUYlk2fTwELkIKETBfhLFsTjj42BlN865xV66Xa42rxvVNrRdVw6LHGHYH+QUqqt5XysZiUbzO8DolA+CxPJ2t/x+5bFq5rH6e1W7zmcJl8kAaHaFjdIp0dIEKqIIM1EQO+kCf6At9SyXpSRpL/A9NSUnnEC1IevsFHZJ61Q==</latexit>

m2
h ƒ m2

bare + �m2
h

physical 
mass

104 GeV2

quantum correction

4 July 2012: Higgs discovery

Λ (cutoff) ~ Planck or GUT scale
<latexit sha1_base64="2hSqQU8LG3drjHWWhlHU1Arb4x0=">AAAB33icZU/LSsNAFJ3UV42vqEs3xYIIYklqUXFVaQsVbK229UGnDdPJrQ5OHmSmYghxJbgTt/6CX+O2fo2pZlM9m3s49xzuuX2PMyF1faSkpqZnZufS8+rC4tLyira6dincoU+hTV3u+td9IoAzB9qSSQ7Xng/E7nO46t+XxvurB/AFc52WDDzo2uTWYQNGiYwlUytjCY8ybNaOoqcnXAYuScbu5c27zBYWzN7FA5/QcC8wZS8fhQXssXji0/iARXr5HUwtVwpTy+o5/QeZ/8RISBYlaJjaM7ZcOrTBkZQTITqG7sluSHzJKIdIVbFHbkHIgEMItieDSMVDAR6h97HeaVxUmpV667h1clbvhrWg5No2cazChCus3VQrjcmgfBzbm5xZICI1rm38LfmfXOZzxn5OPy9ki4fJA2m0gTbRNjLQASqiKmqgNqLoA32iEfpSiPKivCpvv9aUkmTW0QSU92+BhIdz</latexit>

aJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + · · ·

<latexit sha1_base64="k/71QUbBjADMajYoKWnj3w5wOiI=">AAACAHichU/LSsNAFJ34rPFVdemmWBBBLEktKq4qtaBgtNqnOG2YTq46dPIgMxVDiAvxY9yJW3/BL/Az3OrGVLOpLjybezjnXO65XY8zITXtTRkZHRufmExNqdMzs3Pz6YXFhnD7PoU6dbnrt7pEAGcO1CWTHFqeD8Tucmh2e6WB37wBXzDXqcnAg7ZNrhx2ySiRsWSmAUu4laFRrRq70d0d3gcuScbu5M3rzCoWzN7Alz6h4WZgyk4+CgvYY/HER/EJi3Ty6//Z1HKlMNNZLad9I/OX6AnJogQVM/2ALZf2bXAk5USIC13zZDskvmSUQ6Sq2CNXIGTAIQTbk0Gk4r4Aj9BerF9UzsrV8nFtr3Z4ctwOjaDk2jZxrMJQKjTOD8qV4UV5O4hXObNARGpcW/9d8i9p5HP6Vk47LWSLO8kDKbSMVtAa0tE2KqIDVEF1RNErekcf6FO5Vx6VJ+X5JzqiJDtLaAjKyxeq25Sl</latexit>

JaaJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + 3y2
t

4fi2 �2 + · · ·

"scalar top    " contribution
"Quadratic divergence" is cancelled out: Power of symmetry!

<latexit sha1_base64="vvrmILuCzThVlrQQFKrUIPJHK5E=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsainBdMqWb8Ut4WdCRMynGnh3fUjtggw1ExQpca2JfUkpbHmTODSMFxJZ6h0IjDFQOpkabgLhZKy+cofO516t97uPfSaj+1J2kpqURDQ0C9vpNLWc6PubBb12zreFdxHtTRWs+3/I7fF4LZk35Wsp7JZvc8eyMMVXMMN2FCBKjTAgT4wEPABn/BFTNIkDun8RXMk61zCBmT8A5Zhbvo=</latexit>

Ât

"naturalness problem"
"hierarchy problem"
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n However....

Ø if scalar-top mass is

• We expected scalar quark at 𝒪(0.1–1) TeV. (motivation for 14 TeV LHC!)

Ø No SUSY yet. Strong constraints on ~300 GeV squarks. [à later]

Ø SUSY fails to solve the hierarchy problem?????

Motivation for MSSM (0) "Naturalness" was the primary motivation for SUSY.

"Log divergence"

Kitano, Nomura [hep-ph/0602096]

<latexit sha1_base64="zw1FObdXRIMUnfESZYlrPAadNrY="></latexit>

JaaJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + 3y2
t

4fi2 �2 + · · ·

≥ ≠ 3y2
t

4fi2 m2
Ât log �

mÂt
+ · · ·

<latexit sha1_base64="uQlAwuQoQwTS3zjpbqiiF3GSRZQ=">AAACKXicZY/LTsJAFIZn8Ib1hrrTDRE1GCOZCoJxhSFEXIAoV0ORDOVIGqaXdAYjaejKtS/i07hTt76CD2ArbCr/5vxzzvcn/3QtpnFByCcOzc0vLC6Fl6WV1bX1jcjmVp2bQ1uFmmoy0252KQemGVATmmDQtGygepdBozvI+ffGE9hcM42qGFnQ1mnf0B41lQpv1Ym8JglRrqB+4bqHMnk4O46f+ONIYUB7XJhR75Vy3ZZMlIO2okgyCfDpCZ+e5Sd4MohnJnhmBicJPyBJnUiMJMiforNGnpoYmqrcibwoPVMd6mAIlVHOvaKWaDvUFprKYCxJikX7wMWIgQO6JUZjSRlysKg68Pat8l2+ki9VL6vXN6W2UxzlTF2nRi8VoJzifSFfDgbFs49XmNYDPvZry/9Lzpr6aUJOJ8htKpY9n34gjHbRHoojGWVQFhVQGdWQin7wDo7hffyG3/EH/pqgITzNbKOA8PcvdhuWzw==</latexit>

300 GeV : 105 + (≠105) 104 [10%]
1000 GeV : 106 + (≠106) 104 [1%]
3000 GeV : 107 + (≠107) 104 [0.1%]

☺ natural
😕

👿 unnatural
(my subjective opinion)

After 2018 (LHC Run 2)
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https://arxiv.org/abs/hep-ph/0602096


n However....

Ø if scalar-top mass is

• We expected scalar quark at 𝒪(0.1–1) TeV. (motivation for 14 TeV LHC!)

Ø No SUSY yet. Strong constraints on ~300 GeV squarks. [à later]

Ø SUSY fails to solve the hierarchy problem?????

Motivation for MSSM (0) "Naturalness" was the primary motivation for SUSY.

"Log divergence"

<latexit sha1_base64="zw1FObdXRIMUnfESZYlrPAadNrY="></latexit>

JaaJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + 3y2
t

4fi2 �2 + · · ·

≥ ≠ 3y2
t

4fi2 m2
Ât log �

mÂt
+ · · ·

<latexit sha1_base64="uQlAwuQoQwTS3zjpbqiiF3GSRZQ=">AAACKXicZY/LTsJAFIZn8Ib1hrrTDRE1GCOZCoJxhSFEXIAoV0ORDOVIGqaXdAYjaejKtS/i07hTt76CD2ArbCr/5vxzzvcn/3QtpnFByCcOzc0vLC6Fl6WV1bX1jcjmVp2bQ1uFmmoy0252KQemGVATmmDQtGygepdBozvI+ffGE9hcM42qGFnQ1mnf0B41lQpv1Ym8JglRrqB+4bqHMnk4O46f+ONIYUB7XJhR75Vy3ZZMlIO2okgyCfDpCZ+e5Sd4MohnJnhmBicJPyBJnUiMJMiforNGnpoYmqrcibwoPVMd6mAIlVHOvaKWaDvUFprKYCxJikX7wMWIgQO6JUZjSRlysKg68Pat8l2+ki9VL6vXN6W2UxzlTF2nRi8VoJzifSFfDgbFs49XmNYDPvZry/9Lzpr6aUJOJ8htKpY9n34gjHbRHoojGWVQFhVQGdWQin7wDo7hffyG3/EH/pqgITzNbKOA8PcvdhuWzw==</latexit>

300 GeV : 105 + (≠105) 104 [10%]
1000 GeV : 106 + (≠106) 104 [1%]
3000 GeV : 107 + (≠107) 104 [0.1%]

☺ natural
😕

👿 unnatural
(my subjective opinion)

After 2018 (LHC Run 2)

Note
MSSM condition for EWSB:

Requirements for "natural SUSY" Papucci, Ruderman, Weiler [1110.6926]

Higgsino mass

scalar-top mass

gluino mass

<latexit sha1_base64="BwT+hZFD31NkZDgJrFbuyrICkcc=">AAAB7nicZU/LSsNAFJ3UV42vqEs3wW4EaUlCUTdCpRTqojXapzZtmEymJXTyIDNRQ5id3+BO3PoLfoort/oXthrE2rM69zzgXCsgDmWK8iZkFhaXlleyq+La+sbmlrS906Z+FCLcQj7xw64FKSaOh1vMYQR3gxBD1yK4Y43LU79zi0Pq+F6TxQHuu3DkOUMHQTaRTKlhDEOIEte8GWg80bh8KucNNxpo8qGcWgPNTKrGnWzz/C+PuMGgN9AMCzPIkz9HXuWmlFMKyjfkeaKmJAdS6Kb0YNg+ilzsMUQgpT1VCVg/gSFzEMFcFI0AjjBlMcEJdgMWc9GIKA4gGk/0nn5VaVTqzbPm+UW9n9Tisu+60LOLM6mkdl2t6LNFdj+NN4hjY8rFyWz1/8h50tYK6lFBuSzmSifpA1mwB/bBAVDBMSiBKtBBCyDwCt7BB/gUAuFReBKef6IZIe3sghkIL19zNYyC</latexit>

m2
Z

2 = ≠µ2 +
m2

Hd
≠ m2

Hu
tan2 —

tan2 — ≠ 1
(little hierarchy problem

on Higgsino mass μ)
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Kitano, Nomura [hep-ph/0602096]

https://arxiv.org/abs/1110.6926
https://arxiv.org/abs/hep-ph/0602096
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ATLAS scalar-top search summary ATLAS, SUSY March 2021 Summary Plot

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-007/


Extra 4) dark photon & Lmu−Ltau
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Ø MSSM: (coupling, mass) ~ (1, 200GeV)
Ø light Z' models: (coupling, mass) ~ (tiny, tiny)

/ 5779

Muon g−2 anomaly : Other possibilities
<latexit sha1_base64="/34VY0M0UkkD4ke90Fnei6gmTeA="></latexit>

aµ(2tTK) = (11 659 208.9 ± 6.3 ) ◊10≠10

aµ(aJ) = (11 659 181.0 ± 4.3 ) ◊10≠10

Z1. = (11 658 471.893 ± 0.010) ◊10≠10,

1q = ( 15.36 ± 0.10 ) ◊10≠10,

>oS = ( 684.5 ± 4.0 ) ◊10≠10,

>G#G = ( 9.2 ± 1.8 ) ◊10≠10.

<latexit sha1_base64="3hRCBYngwXt7Q3HDLsHDSncsFCA="></latexit>

�aµ =( 27.9 ± 7.6 ) ◊10≠10

<latexit sha1_base64="CXjkjWKOo9E5beu2kRFokI90PaQ=">AAAB/HicZY/LTsJAGIWneMN6q7p0Q2SDG9ISgi4xhAQXYJWroUiG4YdMmGmbzlQhTV35KO6MW1/BZ/Ah3OrWclmInNXJOd8/OdNzGRVS1z+V2Nr6xuZWfFvd2d3bP9AOjxrC8T0CdeIwx2v1sABGbahLKhm0XA8w7zFo9kaFad98AE9Qx67JiQsdjoc2HVCCZRR1NYy7FvfvA0vCWAYVMwwTlqA8YQ08TAI+KzNhYOQsl0ZmHs/hlA2PCeL40Ux7eBZOsT8Fx0LMwq6W1NP6TIlVYyxMEi1kdrVnq+8Qn4MtCYteaRu6KzsB9iQlDEJVtVw8BCEnDALgrpyEquULcDEZRXnbvC1Wi5XaZe3qutIJypOCwzm2+9klKijflYrm8qEcT/Eqo30QoRrNNv6PXDWNTNrIpfWbbDJ/sfhAHJ2gU5RCBjpHeVRCJqojgj7QF/pGP8qT8qK8Km9zNKYsbo7RkpT3X5OBlQY=</latexit>

aLS
µ ≥

m2
µ

16fi2
UM2r +QmTHBM;V2

UM2r K�bbV2

<latexit sha1_base64="O5eTOrOv+eIaN5NFoPQZmAxHMXU=">AAAByXicZU/LTsJAFL31ifVVdenGyMZV0xp8LDGEiDFglaehhAzDhUyYPuxMDbXpSj/Br3GrP+HfWLQb5KzOPfecm3MHPmdCGsa3srS8srq2nttQN7e2d3a1vf2W8MKAYpN63As6AyKQMxebkkmOHT9A4gw4tgeT0mzffsZAMM9tyMjHnkPGLhsxSmQq9TXdHgWExrbEqYwdIkSSZAP1wrSAO04SWzDHPDPsa2z1tbyhG784WiRmRvKQweprb/bQo6GDrqQ8Pd81DV/2YhJIRjkmqmr7ZIxCRhxjdHwZJaodCvQJnaR613oo18u1xlXj5q7Wi6tRyXMc4g4Lc664+lgpW/NBOZ3Z65wNUSRqWtv8X3KRtE5181w37gv54mX2QA4O4RhOwIQLKEIFLGgChXf4gE/4Um6VJ2WqvPxZl5QscwBzUF5/AEaAgG0=</latexit> K�bb
+QmTHBM; ≥ 150 GeV

excluded (as a Δaμ solution)

BaBar [1702.03327]

<latexit sha1_base64="Wob12ObcwtqkSLWr3yTHzyaWRUM=">AAAByXicZU/LTsJAFJ36xPpCXbppZKGJ2rSGqEsIIcEYsMrTMECmw5VM6MvOQKgNK/0Ev8at/oR/46DdIGdzT8499+RcO3AYF4bxrSwtr6yurac21M2t7Z3d9N5+g/ujkEKd+o4ftmzCwWEe1AUTDrSCEIhrO9C0h4XZvjmGkDPfq4kogI5LBh57YpQIKfXSOnRPoXuOha/hAXFdouWPz7CGNTmliAVMRMy8MeNMRk576YyhG7/QFomZkAxKYPXSb7jv05ELnqAO4bxtGoHoxCQUjMo8VcUBGQAXkQMxuIGIpioecQgIHUq9bT0Uq8VKLV+7uat04nJU8GVFr5+dc8Xlx1LRmj8Uk5m96rA+8Kkqa5v/Sy6SxoVuXurGfTaTu04eSKFDdIROkImuUA6VkIXqiKJ39IE+0ZdyqzwrE+Xlz7qkJDcHaA7K6w9nAH2S</latexit>

e+e≠ æ “AÕ, AÕ æ BMpBbB#H2
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U(1)Y "dark photon"

QL 1/6 (1/6)ε

UR 2/3 (2/3)ε

DR −1/3 (−1/3)ε

LL −1/2 (−1/2)ε

ER −1 (−1)ε

B ✓

A' ✓

H 1/2 (1/2)ε

https://arxiv.org/abs/1702.03327


Ø MSSM: (coupling, mass) ~ (1, 200GeV)
Ø light Z' models: (coupling, mass) ~ (tiny, tiny)

/ 5780

Muon g−2 anomaly : Other possibilities
<latexit sha1_base64="/34VY0M0UkkD4ke90Fnei6gmTeA="></latexit>

aµ(2tTK) = (11 659 208.9 ± 6.3 ) ◊10≠10

aµ(aJ) = (11 659 181.0 ± 4.3 ) ◊10≠10

Z1. = (11 658 471.893 ± 0.010) ◊10≠10,

1q = ( 15.36 ± 0.10 ) ◊10≠10,

>oS = ( 684.5 ± 4.0 ) ◊10≠10,

>G#G = ( 9.2 ± 1.8 ) ◊10≠10.

<latexit sha1_base64="3hRCBYngwXt7Q3HDLsHDSncsFCA="></latexit>

�aµ =( 27.9 ± 7.6 ) ◊10≠10

<latexit sha1_base64="CXjkjWKOo9E5beu2kRFokI90PaQ=">AAAB/HicZY/LTsJAGIWneMN6q7p0Q2SDG9ISgi4xhAQXYJWroUiG4YdMmGmbzlQhTV35KO6MW1/BZ/Ah3OrWclmInNXJOd8/OdNzGRVS1z+V2Nr6xuZWfFvd2d3bP9AOjxrC8T0CdeIwx2v1sABGbahLKhm0XA8w7zFo9kaFad98AE9Qx67JiQsdjoc2HVCCZRR1NYy7FvfvA0vCWAYVMwwTlqA8YQ08TAI+KzNhYOQsl0ZmHs/hlA2PCeL40Ux7eBZOsT8Fx0LMwq6W1NP6TIlVYyxMEi1kdrVnq+8Qn4MtCYteaRu6KzsB9iQlDEJVtVw8BCEnDALgrpyEquULcDEZRXnbvC1Wi5XaZe3qutIJypOCwzm2+9klKijflYrm8qEcT/Eqo30QoRrNNv6PXDWNTNrIpfWbbDJ/sfhAHJ2gU5RCBjpHeVRCJqojgj7QF/pGP8qT8qK8Km9zNKYsbo7RkpT3X5OBlQY=</latexit>

aLS
µ ≥

m2
µ

16fi2
UM2r +QmTHBM;V2

UM2r K�bbV2

<latexit sha1_base64="O5eTOrOv+eIaN5NFoPQZmAxHMXU=">AAAByXicZU/LTsJAFL31ifVVdenGyMZV0xp8LDGEiDFglaehhAzDhUyYPuxMDbXpSj/Br3GrP+HfWLQb5KzOPfecm3MHPmdCGsa3srS8srq2nttQN7e2d3a1vf2W8MKAYpN63As6AyKQMxebkkmOHT9A4gw4tgeT0mzffsZAMM9tyMjHnkPGLhsxSmQq9TXdHgWExrbEqYwdIkSSZAP1wrSAO04SWzDHPDPsa2z1tbyhG784WiRmRvKQweprb/bQo6GDrqQ8Pd81DV/2YhJIRjkmqmr7ZIxCRhxjdHwZJaodCvQJnaR613oo18u1xlXj5q7Wi6tRyXMc4g4Lc664+lgpW/NBOZ3Z65wNUSRqWtv8X3KRtE5181w37gv54mX2QA4O4RhOwIQLKEIFLGgChXf4gE/4Um6VJ2WqvPxZl5QscwBzUF5/AEaAgG0=</latexit> K�bb
+QmTHBM; ≥ 150 GeV

another valid solution

Gninenko, Krasnikov
[1801.10448]
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U(1)Y "Lμ − Lτ"

QL 1/6 0

UR 2/3 0

DR −1/3 0

LL −1/2 0 ε −ε

ER −1 0 ε −ε

B ✓

Z' ✓

H 1/2 0

https://arxiv.org/abs/1801.10448


Extra 5) LHC Non-colored SUSY
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n Non-colored SUSY production vs. Colored SUSY production

Ø Non-colored XS is smaller because
• Smaller couplings
• s-channel only
• Needs anti-quark from p

Ø
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Non-colored particles have smaller production cross section. 
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q̄
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<latexit sha1_base64="rQwIHLv50PnpsG1Xoo1oZ05Gwy4=">AAABo3icZY9LS8NAFIVv6qvGV9Wlm2IRBKEkUtRlpRQq0hrb9KFNLJPJtQydJENmKobQnT/Brf4v/41Vs6n9Vodzz4FzPcGZVIbxpeVWVtfWN/Kb+tb2zu5eYf+gJ6NpTLFLIx7FA49I5CzErmKK40DESAKPY9+b1H7u/ReMJYtCWyUC3YCMQ/bMKFFz69FRjPtY7D+djQolo2z8UlwWZiZKkGGNCm+OH9FpgKGinEg5NA2h3JTEilGOM113BBmjVAnHFAOhkpnuTCUKQidzf2i16516y762b+5abtpMalEQkNCvLKTS5kOjbi0W1etPvMOZj3Kmz2eb/0cui9552bwoG/eVUvUqeyAPR3AMp2DCJVShARZ0gUII7/ABn9qJdqu1NfsvmtOyziEsoLnfaKpveg==</latexit>

ÊW +
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ÊW ≠

Beenakker, Borschensky, et al. [1607.07741]
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<latexit sha1_base64="2WbETE8Rvq7HxIuNaakxcD+wvQM=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTibFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD4ajbu0=</latexit>

Âg

<latexit sha1_base64="XUMg/RWRLIYkLG7z7KfVcK4drn0=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi4xhAQWYOVtKCHT6ZVMmLZjZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8mTOql9bQ1Vz4WHyZFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLTGaTOpRkFAQ7+8lkqbT/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOyHstm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH5K/bvc=</latexit>

Âq
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Âqú

if similar mass
<latexit sha1_base64="+pwb+/7KNo7H9KX727+ZD7xAuqU=">AAAB+nicZY/LTsJAFIanXrHeqi7dENm4Iq0h6opgCAkmgpW7oaSZDsdmwvRCZ1Cbys4ncWfc+go+hM/gVveCNsHKv/rO//8nOcfyGeVCVd+lhcWl5ZXV1Jq8vrG5ta3s7La4NwoINInHvKBjYQ6MutAUVDDo+AFgx2LQtgbFad6+hYBTz22I0Ieeg22X3lCCxcQyFdMQlPUhbRucOjCMp6Fh2zGKRGDNgnY+hvLMY8Zd+iL/Z6iZSkbNqj9Kz4MWQwbF0k3l0eh7ZOSAKwjDnHc11Re9CAeCEgZjWTZ8bAMXIYMIHF+EY9kYcfAxGUz8rl4r1UvVxlnj/LLaiyph0XMc7PZziVZUuS6X9OSiuJ/W64z2gY/lydna/yPnoXWU1Y6z6lUuUziNH0ihfXSADpGGTlABlZGOmoigN/SBPtGX9CA9Sc/Sy291QYp39lBC0us3+2+SmA==</latexit>

Âg ƒ Âq ∫ Ât ƒ Âb ∫ ÊW > ÂH ∫ ÂlL > ÂlR

https://arxiv.org/abs/1607.07741
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ATLAS neutralino-chargino search summary ATLAS, SUSY March 2021 Summary Plot
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(They usually assume .)
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Â‰0
2 © ÊW 0- Â‰+

1 © ÊW +

(slepton-mediated: NC/3L)                (direct-to-LSP: NC/ZW, NC/HW, CC/WW)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-007/
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LHC scalar-lepton search summary ATLAS, SUSY March 2021 Summary Plot & CMS [2012.08600]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-007/
https://arxiv.org/abs/2012.08600


Extra 6) SUSY and 2104.03223
Iwamoto, Yanagida, Yokozaki [2104.03223]
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https://arxiv.org/abs/2104.03223


n CMSSM (mSUGRA)
Ø an assumption that SUSY is controlled by only 5 parameters:

Ø cannot explain muon g−2 anomaly. Ghilencea, Lee, Park [1203.0569]

n Non-Universal Gaugino Mass scenario
Ø

Ø can explain muon g−2 anomaly. Ghilencea, Lee, Park [1203.0569]

n NUGM + NUHiggsM scenario
Ø
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Constrained MSSM: an old "consensus" for benchmark parameter set
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(m0, M1/2, A0, tan —, sgn µ) @ ≥ 1016 GeV"GUT scale"
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(m0, M1, M2, M3, A0, tan —, sgn µ)

bino/wino/gluino mass taken different
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(m0, mHu , mHd , M1, M2, M3, A0, tan —, sgn µ)

à We provide a benchmark plane.

https://arxiv.org/abs/1203.0569
https://arxiv.org/abs/1203.0569
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Benchmark parameter plane Iwamoto, Yanagida, Yokozaki [2104.03223]

<latexit sha1_base64="q0NoMMHqdU4Mgxtp8kOg6TWQhz0="></latexit>

m0 = 0
mA = 2000 GeV
µ = 100Ĝ700 GeV
M1 = 3800 GeV
M2 = 150Ĝ700 GeV
M3 = 2500 GeV
Au = ≠1000 GeV
Ad,e = 0
tan — = 40
sgn µ = +

<latexit sha1_base64="RJSSnZEYYWfd6Bl6X/t5MFq/JbQ=">AAABtnicZY9LT8JAFIVvfWJ9VV2yMbJxRVpDFHcYQoILsMrTUGiG4UomzLRNZ2pomi5M/C9u9ef4bwTtBvlWJ+eek5w7DjiTyjS/tY3Nre2d3dyevn9weHRsnJx2pR+FFDvU537YHxOJnHnYUUxx7AchEjHm2BvPqst77xVDyXyvreIAh4JMPfbCKFELyzXyxHVENEochXOVNO00dRQTKC1zdOsaBbNo/nK+LqxMFCDDdo13Z+LTSKCnKCdSDiwzUMOEhIpRjqmuOwGZolQxxwRFoOJUdyKJAaGzhT+wn2qtWrN9175/aA6TRlz1hSDepLSSShrP9Zq9WlTzZbzF2QRlqi9mW/9HrovuVdG6LpqPpUKlnD2QgzxcwCVYcAMVqIMNHaDwBh/wCV9aWRtpqE3/ohta1jmDFbTgB1gRd2g=</latexit>

aLS
µ ◊ 109

excluded by
XENON1T

• g−2 + Wino/Higgsino DM only explains ~1% of DM.

• Higgsino DM is disfavored by DM direct detection.

• (Wino DM is disfavored by LHC searches.)

https://arxiv.org/abs/2104.03223


Extra 7) WHL in details

Sho Iwamoto / Explore beyond the SM — NTU Interview Talk, 20 Dec. 2021 / 5788



n Wino > sleptons

Ø Search targets:
• Wino pair à 2–3 lepton + mET
• slepton pair à 2 lepton + mET

n Wino < sleptons

Ø Search targets:
• Wino pair à WZ + mET
• Wino pair à Wh + mET
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We need to think the decay patterns....

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="Ov/DBErbismy6Z5jBtjJP4Mg++s=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsSimBdMqWb8Ut4WdCRMynGnh3fUjtggw1ExQpca2JfUkpbHmTODSMFxJZ6h0IjDFQOpkabgLhZKy+cofO516t97uPfSaj+1J2kpqURDQ0C9vpNLWc6PubBb12zreFdxHtTRWs+3/I7fF4LZk35Wsp7JZvc8eyMMVXMMN2FCBKjTAgT4wEPABn/BFTNIkDun8RXMk61zCBmT8A4yxbvI=</latexit>

Âl

<latexit sha1_base64="tNR2NqXXgl9G9k+KTVt0Y/kIwZE="></latexit>

ÊW +ÊW 0 æ (l+‹ ÂB)(l≠l+ ÂB) = 3¸ +�ET

ÂlÂlú æ (l≠ ÂB)(l+ ÂB) = 2¸ +�ET

<latexit sha1_base64="vRteDhVdPN7ToT9XjdfjpFINswM=">AAABrnicZY9LT8JAFIVv8YX1VWXphsjGhSGtIeoSQ5rgAqzyNLRpptMrTpg+0pkam4ad/8Ot/iT/jaDdIGf15dxzknO9mDMhdf1bKW1sbm3vlHfVvf2DwyPt+GQoojShOKARj5KxRwRyFuJAMslxHCdIAo/jyJu1lvfRKyaCRWFfZjE6AZmG7JlRIheWq1VsybiPVX5RgB2mrlbT6/qvqutgFFCDQparvdt+RNMAQ0k5EWJi6LF0cpJIRjnOVdWOyRSFzDjmGMQym6t2KjAmdLbwJ9aj2TO7/dv+3X3XyTtZKwoCEvqNlVTeeWqb1mpRvi3jPc58FHN1Mdv4P3Idhpd146quPzRqzZvigTKcwhmcgwHX0IQ2WDAAChl8wCd8KboyVBzF/YuWlKJTgRUpLz+SoHOK</latexit>

Âl, Â‹

<latexit sha1_base64="klt4qVcdEpcGLugofkF85bevLUE=">AAABonicZY9LT8JAFIVv8YX1hbp0Y8SFC0NaQ9QlhpCgCVjkHYpkOlzJhJl20pkam4ad/8Ct/jD/jaDdIN/q5NxzknM9yZnSlvVtZNbWNza3stvmzu7e/kHu8Kijgiik2KYBD8KeRxRy5mNbM82xJ0MkwuPY9ablxb37iqFigd/SscShIBOfvTBK9Nzq82dXikvXj0a5vFWwfjldFXYq8pDijHLv7jigkUBfU06UGtiW1MOEhJpRjjPTdCWZoNIxxwSF1PHMdCOFktDp3B84T5Vmpd66a90/1odJLS4HQhB/XFxKJbV+teIsF/XbIt7kbIxqZs5n2/9HrorOVcG+LliNYr50mz6QhRM4gwuw4QZKUAUH2kBBwAd8wpdxbjwYDaP5F80YaecYljDcH0B1b3A=</latexit>

l±, ‹

<latexit sha1_base64="sPMZlD4jlPH7f7Mj+iGz6sJwzAQ=">AAABonicZY9LT8JAFIVv8YX1hbp0Y8SFC0NaQ9QlhpCgCVjkHYpkOlzJhJl20pkam4ad/8Ct/jD/jaDdIN/q5NxzknM9yZnSlvVtZNbWNza3stvmzu7e/kHu8Kijgiik2KYBD8KeRxRy5mNbM82xJ0MkwuPY9ablxb37iqFigd/SscShIBOfvTBK9Nzq82dXyEvXj0a5vFWwfjldFXYq8pDijHLv7jigkUBfU06UGtiW1MOEhJpRjjPTdCWZoNIxxwSF1PHMdCOFktDp3B84T5Vmpd66a90/1odJLS4HQhB/XFxKJbV+teIsF/XbIt7kbIxqZs5n2/9HrorOVcG+LliNYr50mz6QhRM4gwuw4QZKUAUH2kBBwAd8wpdxbjwYDaP5F80YaecYljDcH0Byb3A=</latexit>

lû, ‹
<latexit sha1_base64="LyC7PHSyfwkyC4mB2n8rhcbt7Kk=">AAABonicZY9LT8JAFIVvfWJ9oS7dGHHhgpDWEHWJISRoAhZ5S5FMhytOmGknncHYNOz8B271h/lvBO0G+VYn556TnOtJzpS2rG9jZXVtfWMztWVu7+zu7acPDlsqmIQUmzTgQdjxiELOfGxqpjl2ZIhEeBzb3rg4v7dfMVQs8Bs6ktgXZOSzZ0aJnlnd9pMrRfYl+zhIZ6yc9cvJsrATkYEEZ5B+d4cBnQj0NeVEqZ5tSd2PSagZ5Tg1TVeSESodcYxRSB1NTXeiUBI6nvk956FUL1UbN43b+2o/rkTFQAjiD/MLqbjSLZecxaJ+m8frnA1RTc3ZbPv/yGXRusjZlzmrls8UrpMHUnAMp3AONlxBAcrgQBMoCPiAT/gyzow7o2bU/6IrRtI5ggUM9wfEEG8K</latexit>

W ±, h, Z

<latexit sha1_base64="klt4qVcdEpcGLugofkF85bevLUE=">AAABonicZY9LT8JAFIVv8YX1hbp0Y8SFC0NaQ9QlhpCgCVjkHYpkOlzJhJl20pkam4ad/8Ct/jD/jaDdIN/q5NxzknM9yZnSlvVtZNbWNza3stvmzu7e/kHu8Kijgiik2KYBD8KeRxRy5mNbM82xJ0MkwuPY9ablxb37iqFigd/SscShIBOfvTBK9Nzq82dXikvXj0a5vFWwfjldFXYq8pDijHLv7jigkUBfU06UGtiW1MOEhJpRjjPTdCWZoNIxxwSF1PHMdCOFktDp3B84T5Vmpd66a90/1odJLS4HQhB/XFxKJbV+teIsF/XbIt7kbIxqZs5n2/9HrorOVcG+LliNYr50mz6QhRM4gwuw4QZKUAUH2kBBwAd8wpdxbjwYDaP5F80YaecYljDcH0B1b3A=</latexit>

l±, ‹

<latexit sha1_base64="70Etw+9fKEEfhaUgs0SZnhRtNSU=">AAAB2XicZY/LSsNAFIYnXmu8RV26KRakIpREirqSainURWu0V01qmSTHOnRyITOVhpCC4ELc+go+jVvd+Da2Giq1/+rjv8A5hkcJ47L8JczMzs0vLCaWxOWV1bV1aWOzztyeb0LNdKnrNw3MgBIHapxwCk3PB2wbFBpGNz/KGw/gM+I6VR540LJxxyF3xMR8aLWlk12dE2pBsnG7PyZZ5276zzjbS2s3Ooc+DweuP4juW+OgLaXkjPyj5DQoMaRQLLUtPemWa/ZscLhJMWOaInu8FWKfE5NCJIq6hzvAeEAhBNvjQSTqPQYeNrtDX1OvCpVCuXpaPb8ot8JSkHdtGztWdqIVlq6LBXVyyPujeoUSC1gkDs9W/h85DfWDjHKYkS+zqdxx/EACbaMdlEYKOkI5VEQqqiETvaF39IE+BU14FJ6Fl9/qjBBvttCEhNdvIpqEHQ==</latexit>

ÊW +ÊW 0 æ (W + ÂB)([Z Q` h] ÂB)
[no need to rely on slepton production]
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[A] LSP = 100GeV bino,  Higgsino is heavier. Large wino XS helps LHC searches.

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfc UElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfcUElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹
<latexit sha1_base64="uVJAE+qbrihgjVImkOTYOnFPq8s=">AAABx3icZY/LTsJAGIWnXrHeqi7dNLIxwZBWibrEkCawAKuUi6FIptNfMmF6SWdAmqYLE5/Ap3Grb+HbCNqYIGf15fznJOd3Qka50LQvaWV1bX1jM7clb+/s7u0rB4dtHowjAi0SsCDqOpgDoz60BBUMumEE2HMYdJxRZX7vTCDiNPAtEYfQ9/DQp0+UYDGzBsqZLShzQe08Fv5Is0WgXtjAWMEm2CfAEiO1n1VroOS1ovYjdRn0DPIokzlQXm03IGMPfEEY5ryna6HoJzgSlDBIZdkO8RC4iBkk4IUiTmV7zCHEZDTze+a90TQa1o1Vu230k3pcCTwP+25pIZXUH6qGuVgU03m8yagLPJVns/X/I5ehfV7UL4vaXSlfvs4eyKFjdIJOkY6uUBlVkYlaiKA39I4+0KdUkwJpIk1/oytS1jlCC5JevgGTDH0O</latexit> ÊW

+ ÊW
0 æ 3¸ +�E T

<latexit sha1_base64="NBbdou6v4zFL9N5D4R5/UUuIXO4=">AAABxHicZY9LT8JAFIWnPrG+qi7dNLLRkJDWEHWJITW4AKsUiqFIhukVJ0wf6UzVpqkr9/4at/o7/DeCNibIWX0595zk3GHIKBea9iUtLC4tr6wW1uT1jc2tbWVnt8ODOCLQJgELou4Qc2DUh7aggkE3jAB7Qwb2cFyb3u1HiDgNfEskIfQ9PPLpPSVYTKyBcuQIylxQ7Tvtj0qOCNQHu+QQ7BNgqZE5T6o1UIpaWfuROg96DkWUyxwor44bkNgDXxCGOe/pWij6KY4EJQwyWXZCPAIuEgYpeKFIMtmJOYSYjCd+z7wxWkbTOrcur5r9tJHUAs/DvluZSaWN27phzhbF8zTeYtQFnsmT2fr/kfPQOS7rJ2XtulKsnuUPFNA+OkCHSEenqIrqyERtRNAbekcf6FO6kJjEpfg3uiDlnT00I+nlG7Mce+M=</latexit>

ÊW 0ÊW + æ hW +�ET
<latexit sha1_base64="i6Mp9MioWuXqgcVYR9velB2Vl/E=">AAABxHicZY9LT8JAFIWnPrG+qi7dNLLREElriLrEkBpcgFUKxVAkw/RKJkwf6UzVpqkr9/4at/o7/DeCNibIWX0595zk3GHIKBea9iUtLC4tr6wW1uT1jc2tbWVnt8ODOCLQJgELou4Qc2DUh7aggkE3jAB7Qwb2cFyb3u1HiDgNfEskIfQ9PPLpAyVYTKyBcuQIylxQ7fvSHx07IlBtu+QQ7BNgqZE5T6o1UIpaWfuROg96DkWUyxwor44bkNgDXxCGOe/pWij6KY4EJQwyWXZCPAIuEgYpeKFIMtmJOYSYjCd+z7w1WkbTurCurpv9tJHUAs/DvluZSaWNu7phzhbF8zTeYtQFnsmT2fr/kfPQOSnrp2XtplKsnucPFNA+OkCHSEdnqIrqyERtRNAbekcf6FO6lJjEpfg3uiDlnT00I+nlG5lje88=</latexit>

ÊW +ÊW ≠ æ WW +�ET

<latexit sha1_base64="YQZd5pAHXpC81oRgLDlyOOU+Wo4=">AAAB0HicZU/JTsJQFL3FCetUdemGyMZoQlqCwxJDmmAiiMyGInm8XskLr0P6HkrTNMbElb/g17jVL/BvBGWDnNW5Z0jO7fucCanr30piaXlldS25rm5sbm3vaLt7TeGNAooN6nEvaPeJQM5cbEgmObb9AInT59jqDwtTv/WIgWCeW5ehj12HDFz2wCiRE6mnnVqScRst5Nx6Sl3PX/fHlvSy0+vEosSlyCMznhj1npbWM/ovUovEmJE0zFDpaa+W7dGRg66knAjRMXRfdiMSSEY5xqpq+WSAQoYcI3R8GcaqNRLoEzqc6J1K1ayZ5fpl/eqm3I1KYcFzHOLaublUVLormpX5ohxP4zXObBSxOplt/B+5SJrZjHGW0W9z6fzF7IEkHMAhHIEB55CHIlSgARTe4QM+4UupKmPlWXn5iyaUWWcf5qC8/QCIBIF6</latexit>

Â̧L Â̧ú
L æ 2¸ +�ET

↑ Wino

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025][2104.03217]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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[B] LSP = (M2/2) bino,  Higgsino is heavier. Wino has large XS but is quasi-degenerate with Bino.

<latexit sha1_base64="uVJAE+qbrihgjVImkOTYOnFPq8s=">AAABx3icZY/LTsJAGIWnXrHeqi7dNLIxwZBWibrEkCawAKuUi6FIptNfMmF6SWdAmqYLE5/Ap3Grb+HbCNqYIGf15fznJOd3Qka50LQvaWV1bX1jM7clb+/s7u0rB4dtHowjAi0SsCDqOpgDoz60BBUMumEE2HMYdJxRZX7vTCDiNPAtEYfQ9/DQp0+UYDGzBsqZLShzQe08Fv5Is0WgXtjAWMEm2CfAEiO1n1VroOS1ovYjdRn0DPIokzlQXm03IGMPfEEY5ryna6HoJzgSlDBIZdkO8RC4iBkk4IUiTmV7zCHEZDTze+a90TQa1o1Vu230k3pcCTwP+25pIZXUH6qGuVgU03m8yagLPJVns/X/I5ehfV7UL4vaXSlfvs4eyKFjdIJOkY6uUBlVkYlaiKA39I4+0KdUkwJpIk1/oytS1jlCC5JevgGTDH0O</latexit> ÊW
+ ÊW

0 æ
3¸ +�E T

<latexit sha1_base64="YQZd5pAHXpC81oRgLDlyOOU+Wo4=">AAAB0HicZU/JTsJQFL3FCetUdemGyMZoQlqCwxJDmmAiiMyGInm8XskLr0P6HkrTNMbElb/g17jVL/BvBGWDnNW5Z0jO7fucCanr30piaXlldS25rm5sbm3vaLt7TeGNAooN6nEvaPeJQM5cbEgmObb9AInT59jqDwtTv/WIgWCeW5ehj12HDFz2wCiRE6mnnVqScRst5Nx6Sl3PX/fHlvSy0+vEosSlyCMznhj1npbWM/ovUovEmJE0zFDpaa+W7dGRg66knAjRMXRfdiMSSEY5xqpq+WSAQoYcI3R8GcaqNRLoEzqc6J1K1ayZ5fpl/eqm3I1KYcFzHOLaublUVLormpX5ohxP4zXObBSxOplt/B+5SJrZjHGW0W9z6fzF7IEkHMAhHIEB55CHIlSgARTe4QM+4UupKmPlWXn5iyaUWWcf5qC8/QCIBIF6</latexit> Â̧ L
Â̧ú L

æ
2¸

+ �E T
<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW
<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfc UElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfcUElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹

↑ Wino

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025][2104.03217]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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[C] LSP = 100GeV bino,  with Higgsino/Wino mixing. Smaller neutralino-chargino production XS.

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfc UElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfcUElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹
<latexit sha1_base64="uVJAE+qbrihgjVImkOTYOnFPq8s=">AAABx3icZY/LTsJAGIWnXrHeqi7dNLIxwZBWibrEkCawAKuUi6FIptNfMmF6SWdAmqYLE5/Ap3Grb+HbCNqYIGf15fznJOd3Qka50LQvaWV1bX1jM7clb+/s7u0rB4dtHowjAi0SsCDqOpgDoz60BBUMumEE2HMYdJxRZX7vTCDiNPAtEYfQ9/DQp0+UYDGzBsqZLShzQe08Fv5Is0WgXtjAWMEm2CfAEiO1n1VroOS1ovYjdRn0DPIokzlQXm03IGMPfEEY5ryna6HoJzgSlDBIZdkO8RC4iBkk4IUiTmV7zCHEZDTze+a90TQa1o1Vu230k3pcCTwP+25pIZXUH6qGuVgU03m8yagLPJVns/X/I5ehfV7UL4vaXSlfvs4eyKFjdIJOkY6uUBlVkYlaiKA39I4+0KdUkwJpIk1/oytS1jlCC5JevgGTDH0O</latexit> ÊW
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↑ Wino/Higgsino mixed

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025][2104.03217]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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[D] LSP = (M2/2) bino,  with Higgsino/Wino mixing. Smaller neutralino-chargino production XS.
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Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025][2104.03217]
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I have analyzed all the simplified scenarios.
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Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025] [2104.03217]
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I have analyzed all the simplified scenarios.
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Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2104.03223
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I have analyzed all the simplified scenarios.
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Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025] [2104.03217]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
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I have analyzed all the simplified scenarios.
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with old values; needs update

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]
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https://arxiv.org/abs/1704.05287

