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

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

discovered in 2012 at the LHC
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Figure courtesy of HiggsTan.com

U(1)
spontaneous symmetry breaking

induced by Higgs boson

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.
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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.

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

U(1)
spontaneous symmetry breaking

induced by Higgs boson

[strong, weak, and electromagnetic forces]

? only 5%!?

? gravity?

? mass of neutrinos?

but...

? muon g−2?

Figure courtesy of HiggsTan.com

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).[using αEM from Rb/Cs interferometry]
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ᅉ(SM) Ҳ ՋѱМѱѱѲѲѶѺѷѶѳѲѹѳѱѵШѸѳЩ (Rb)ѱМѱѱѲѲѶѺѷѶѳѲѹѲѷѳШѳѴЩ (Cs)
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n The SM explains...
✓ ingredients of 5% of the Universe,
✓ origin of three forces,

✓ origin of {q, e, μ, τ, W, Z, H} mass,
✓ data from LHC (and other) experiments,
✓ electron g−2 (anomalous magnetic moment).

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 373

https://higgstan.com/
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 with
Ø quarks and leptons,
Ø "gauge symmetry" SU(3)×SU(2)×U(1),
Ø and Higgs boson H.

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

U(1)
spontaneous symmetry breaking

induced by Higgs boson

[strong, weak, and electromagnetic forces]

? only 5%!?

? gravity?

? mass of neutrinos?

but...

? muon g−2?

Figure courtesy of HiggsTan.com

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).[using αEM from Rb/Cs interferometry]

<latexit sha1_base64="fvuWKEYD7sb0sVKmrxvflXF/0MQ="></latexit>ᅉ(meas) Ҳ ѱМѱѱѲѲѶѺѷѶѳѲѹѱѸѳШѳѹЩ
ᅉ(SM) Ҳ ՋѱМѱѱѲѲѶѺѷѶѳѲѹѳѱѵШѸѳЩ (Rb)ѱМѱѱѲѲѶѺѷѶѳѲѹѲѷѳШѳѴЩ (Cs)

<latexit sha1_base64="3ME3kaT4BCU44lCYxR2osnWaZEA=">AAAB3HicZY7LSsNAGIUnXmu8RV26EQvSgpRMrVUXQkXwsijU3qVTy2T6W0MnFzJTMYTs3IlbX8in8BHc6gvY2CjWntXhnO/AMVxuCqnrb8rU9Mzs3HxiQV1cWl5Z1dbW68IZeAxqzOGO1zSoAG7aUJOm5NB0PaCWwaFh9E+jvnEPnjAduyp9F9oW7dnmrcmoHEYdrU07xBoQCQ8ySFlARTrcOdYzuo5xfv8oq5Pz8sl1kMepHE6HhKh/8UoxgtVfGh+OaKyncnvfdEdLRm2krUmDY5NEsUod7Y50HTawwJaMUyFaOOvKdkA9aTIOoaoSl/ZASJ9DAJYr/VAlAwEuZf1h3ioXdyvVy2Y7KPoVbnbhzLHlGPFThNE1/P/IpKlnMzifyV7lkoVcfDKBNtE2SiGMDlABXaASqiGGXtE7+kCfyo3yqDwpzyN0Sok3G2hMyssX9V5/zw==</latexit>ᆋ(meas) Ҳ ѱМѱѱѲѲѷѶѺѳѱѷѲШѵѲЩᆋ(SM) Ҳ ѱМѱѱѲѲѷѶѺѲѹѲѱШѵѴЩ

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

✓ origin of {q, e, μ, τ, W, Z, H} mass,
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"dark energy"
69%

known matter

dark matter

e.g., Planck 2018 Result
[1807.06209]

26%

5%
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white paper (2020)

HVP by BMW (2020)

BDJ19
DHMZ19

KNT19

3σ-level anomaly in muon anomalous magnetic moment has been known for more than 10 years.

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

n Pre-2021 situation

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

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

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 375

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


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

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

Last year, the anomaly was confirmed by a new 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]

n 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
... disagreement with SM!!!
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n 7 April 2021

Two "SM predictions" are reported. Which is correct?  We will see in the near future...

4.2 σ

1.5 σ

~3.5 σ

???

Image courtesy of pakutaso.com

[Budapest–Marseille–Wuppertal]

... consistent with SM?

... disagreement with SM?

v Discussion ongoing over two SM predictions. [à backup slides]

§ "Belle II" and "MUonE" experiments will give some hints.

v FNAL g−2 measurement is ongoing.
à A very hot topic in 2020s!
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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?

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
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!? 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?

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
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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?

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?

that I studied

Beyond-the-SM
scenarios

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, Sakurai, Yanagida, Yokozaki, ...)

[1108.3071, 1112.5653, 1112.6412, 1212.3935, 1303.4256,
1407.4226, 1704.05287, 2001.11025, 2104.03217, 2104.03223, 2202.12928]
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1. Introduction
ü Standard Model
ü Muon g−2 anomaly: Needs to go Beyond the Standard Model
Ø "LHC" : energy frontier of particle-physics experiments

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

3. Research plan
Ø Energy frontier: LHC and more.
Ø Intensity frontier: ILC, Belle II, and beam dump.

Theory has been introduced. Now the time for Experiments.

"How to test BSM models at experiments?"
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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 to (g−2)μ.
Ø DM à a new particle  for DM.

n "new" = not discovered. But Why?

(We will assume
these problems are solved by BSM.)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, ...)
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"energy frontier"

"intensity frontier"

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

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

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

ILC(?)
e−e+ collider,
(2×125)GeV

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
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n Large Hadron Collider

The LHC is a proton-proton collider with several experiments. Its Run 3 is starting.

©2014 CERN

26659m ring

©2021 Google,
GeoBasis-De/BKG,

Inst. Geogr. Nacional
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Ø Run 1 (2009–2013)✓ (7–8 TeV)
Ø Run 2 (2015–2018)✓ (13 TeV)
Ø Run 3 (2022–2024?) (13.6 TeV?)
Ø Run 4 +more? (2027?)

[High Luminosity LHC] (14 TeV?)

×1.2

ATLAS

CMS

LHCb

ALICE

two proton beams
with E = 6.5 TeV (Run 2)
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1. Introduction
ü Standard Model
ü Muon g−2 anomaly: Needs to go Beyond the Standard Model
ü "LHC" : energy frontier of particle-physics experiments

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

3. Research plan
Ø Energy frontier: LHC and more
Ø Intensity frontier: ILC, Belle II, and beam dump

My previous researches: I like SUSY 🍣.

"How to test BSM models at experiments?"
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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
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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.

recall:
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There are several reasons why I like SUSY.

nWhy 100GeV–10 TeV?
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4̃ ˜̀g̃
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ã/̃ ⌘̃

[1TeV = 1000GeV]
Assume: SUSY particles at 100GeV–10TeV.

v dark matter, à appendix
v grand unification, à appendix
v muon g–2.

Lightest SUSY Particle can be stable (=DM).

~100GeV LSP with "freeze-out" can
naturally explain why DM is 26%.
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͐ᆋ Ҳ ۳ ഌႳᆋѲѷ྾Ⴓ (new particle coupling)Ⴓ

(new particle mass)Ⴓ Ҳ ѳѶ Ұ ѲѱႼႲႱ
µL µR

�

LOOP

µL µR

�

BSM
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(new particle mass)
(new particle coupling) ۳ ѳѱѱრთquantum field theory

measurementsµL µR

�fW±Ĝ eH±

e⌫µ
e.g.,
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⇠⇠⇠⇠SUSY-parameters set at 500GeV

theory detail

An example of the motivated parameter space.
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muon g–2 anomaly is solved

DM density is explained.
(bino–smuon coannihilation)

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

sneutrino LSP:
disfavored by DM

"How can we explore this parameter space?"

Endo, Hamaguchi, Iwamoto, Yoshinaga
[1303.4256]

à Monte Carlo simulation (emulation of the LHC).

status: 2013
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We calculated the LHC constraints on this parameter space ("WHL scenario").
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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

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

Endo, Hamaguchi, Iwamoto, Yoshinaga
[1303.4256]

status: 2013muon g–2 anomaly is solved

DM density is explained.
(bino–smuon coannihilation)

ü dark matter,
ü coupling unification,
ü muon g–2.
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<latexit sha1_base64="bEb31gCJG9zYb0CDYh/F9u30vJs=">AAABj3icZY7LTsJAGIX/wRvWC0WXbohsXBjSEgI708TEyIKIQoGEEjIdfsmEaTvpTDVNw5O41YfybaxaF8hZnZxL8vlScKUt65OUdnb39g/Kh8bR8clpxayejVSUxAxdFokonvhUoeAhupprgRMZIw18gWN/dfvdj18wVjwKhzqVOAvoMuTPnFGdR3Oz4r3yBWouFljzUIi5Wbca1o9q28YuTB0K9ecm9xYRSwIMNRNUqandlHqW0VhzJnBtGJ6kS1Q6FZhhIHW6NrxEoaRslefTp97D9WDYncyyXjoQOcpdFOqNyV+xNnI2+z/Jthk1G3a70Xxs1Z1WQVmGC7iEK7ChAw7cQx9cYJDAG7zDB6mSDrkhzu+0RIrPOWyIdL8A1G9n5w==</latexit> ˦Ӎ<latexit sha1_base64="M99w3HY9mcwCQBZ5BzBXPwq4FNk=">AAABinicZY7LSsNAGIX/qbcaq0Zduil240JKEooibgqK6KJYbdMUmlIm098ydJIMmYkSSl7Drb6Wb2PUuKg9q8O5wBdIwZW2rE9SWVvf2Nyqbhs7td29ffPgcKDiNGHosljEyTCgCgWP0NVcCxzKBGkYCPSC+fV3771gongc9XUmcRzSWcSfOaO6iHz/lU9RczHFujcxG1bT+lF91dilaUCp7sTk/jRmaYiRZoIqNbIdqccLmmjOBOaG4Us6Q6UzgQsMpc5yw08VSsrmRT566jyc9fr3w/Gik/VEwXEbR3pp8lfkRsFm/ydZNQOnaZ83ncdWo90qKatwDCdwCjZcQBvuoAsuMJDwBu/wQWrEIZfk6ndaIeXnCJZEbr4AiLVmVg==</latexit> ս <latexit sha1_base64="WzAo1hopereXB4UFxsLIsPeyN+E=">AAABgnicZY7LTsJAGIX/QVSsN9SlG2M3xhjSItGNCxITowsiCoUmlJDp8IsTpp1JZzBpmr6CW30130bQukC+1cm5JCdUgmvjOF+ktFZe39isbFnbO7t7+9WDw56Ws4Shx6SQiR9SjYLH6BluBPoqQRqFAvvh9HaR998w0VzGXZMqHEZ0EvMXzqhZWAEKMaraTs354WRVuIWwoaA9qvJgLNkswtgwQbUeuHVlhhlNDGcCc8sKFJ2gNqnADCNl0twKZhoVZdO5P3huPV50ug/+MGulHcHHeCdjs1T5C3Jr/s39/2RV9Oo196pWf2rYzUbxsgLHcApn4MI1NOEe2uABg1d4hw/4JGVyTlxy+VstkWJzBEuQm28G82MR</latexit>Ӎ
<latexit sha1_base64="I+Q3drXq+D4DPPPHs8Z0MORBWfc=">AAABi3icZY7PTsJAGMS/xX9YRVGPXoy9eDCkRYKJ8UBiNHogolAgoQ3ZLp9kw7a7dheThvAcXvWxfBuL1gMyp8n8ZpIJleDaOM4XKaytb2xuFbetnd3S3n754LCr5TRh6DEpZNIPqUbBY/QMNwL7KkEahQJ74eRmwXtvmGgu445JFQYRHcf8hTNqsijwZQYXWx+FGJZtp+L86GTVuLmxIVdrWOb+SLJphLFhgmo9cKvKBDOaGM4Ezi3LV3SM2qQCZxgpk84tf6pRUTbJ8sFz8/G83XnoB7Nm2hZ8hHcyNkuVPzC3sm/u/yerplutuPVK9almN2r5yyIcwymcgQuX0IB7aIEHDF7hHT7gk5TIBbki17/VAsk3R7AkcvsNk0FnKw==</latexit>Ӎ

We calculated the LHC constraints on this parameter space ("WHL scenario").
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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
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Endo, Hamaguchi, Iwamoto, Yoshinaga
[1303.4256]

Strange shape =
difference in

"cascade-decay chains"
of SUSY particles.
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<latexit sha1_base64="lwHR153rXXpt9PmSDrF+uz/XPxk=">AAABv3icZY5LS8NAFIVv6qvGV9Slm2BBhEpJatGlFUF0Uaz2CZ1aJtNrGTpJhszUEkJ+jr/GrS78N7YaF7Vnde4558LnScGVdpwvI7eyura+kd80t7Z3dves/YO2CicRwxYLRRh1PapQ8ABbmmuBXRkh9T2BHW98M+87rxgpHgZNHUvs+3QU8BfOqJ5FA+tKyhOiQ5tM+RA1F0O0O8/FhcshxJxvzgkKUSSMBgxFIlMytZvmwCo4JedH9rJxM1OATPWBxckwZBMfA80EVarnlqXuJzTSnAlMTZNIOkKlY4EJ+lLHqUkmCiVl41nee6o9nDWa991+UosbYkZ5GwZ6YfJXpHM29z/JsmmXS+5FqfxYKVQrGWUejuAYTsGFS6jCHdShBQze4B0+4NO4NkZGYMjfac7Ifg5hQUb8DWz8eig=</latexit>ഏഏ צ սႻ ս Ⴑצ ѴӍ Ҭ ◆◆ഏვ

<latexit sha1_base64="N1aKpif0gCT27d4pZBj9+IOGQDk=">AAAB8HicZY/NSgMxFIUTf9o6/o26dDNYEEEpM6XotiBIXRSqtrZoaknTaxuamcSZ1DoM43O4E7e+kPgwglHHRfWszr3nu+SkrwSPtOu+47n5hcVcvrBkLa+srq3bG5uXkZyEDFpMChl2+jQCwQNoaa4FdFQI1O8LaPfHx195+x7CiMugqWMFXZ8OA37LGdVm1bPvlCJa7pIDh0z5ADQXA3DaN/szk0uIlVEmutonjAYMRKJSMnWaRMODTh5lmH5hakQDLX2DO4Y3eO0P3rOLbsn9lvPfeJkpokyNnj0iA8kmPgSaCRpF115Z6W5CQ82ZgNQyb9IhRDoWkICvdJxaZBKBomxs9tfn9YOL5mmnm9TjC2E+dSIDPUP8Bqllqnl/i/w3l+WSd1gqn1WK1UpWsoC20Q7aQx46QlVUQw3UQgy9oQ+cw3kc4if8jF9+0Dmc3WyhGeHXT5TQi7s=</latexit>ഏഏ צ սႻ ս ႱצႻ Ҭ ◆◆ഏვ orႻ೫ Ҭ ◆◆ഏვ
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<latexit sha1_base64="M99w3HY9mcwCQBZ5BzBXPwq4FNk=">AAABinicZY7LSsNAGIX/qbcaq0Zduil240JKEooibgqK6KJYbdMUmlIm098ydJIMmYkSSl7Drb6Wb2PUuKg9q8O5wBdIwZW2rE9SWVvf2Nyqbhs7td29ffPgcKDiNGHosljEyTCgCgWP0NVcCxzKBGkYCPSC+fV3771gongc9XUmcRzSWcSfOaO6iHz/lU9RczHFujcxG1bT+lF91dilaUCp7sTk/jRmaYiRZoIqNbIdqccLmmjOBOaG4Us6Q6UzgQsMpc5yw08VSsrmRT566jyc9fr3w/Gik/VEwXEbR3pp8lfkRsFm/ydZNQOnaZ83ncdWo90qKatwDCdwCjZcQBvuoAsuMJDwBu/wQWrEIZfk6ndaIeXnCJZEbr4AiLVmVg==</latexit> ս

<latexit sha1_base64="bEb31gCJG9zYb0CDYh/F9u30vJs=">AAABj3icZY7LTsJAGIX/wRvWC0WXbohsXBjSEgI708TEyIKIQoGEEjIdfsmEaTvpTDVNw5O41YfybaxaF8hZnZxL8vlScKUt65OUdnb39g/Kh8bR8clpxayejVSUxAxdFokonvhUoeAhupprgRMZIw18gWN/dfvdj18wVjwKhzqVOAvoMuTPnFGdR3Oz4r3yBWouFljzUIi5Wbca1o9q28YuTB0K9ecm9xYRSwIMNRNUqandlHqW0VhzJnBtGJ6kS1Q6FZhhIHW6NrxEoaRslefTp97D9WDYncyyXjoQOcpdFOqNyV+xNnI2+z/Jthk1G3a70Xxs1Z1WQVmGC7iEK7ChAw7cQx9cYJDAG7zDB6mSDrkhzu+0RIrPOWyIdL8A1G9n5w==</latexit> ˦Ӎ<latexit sha1_base64="M99w3HY9mcwCQBZ5BzBXPwq4FNk=">AAABinicZY7LSsNAGIX/qbcaq0Zduil240JKEooibgqK6KJYbdMUmlIm098ydJIMmYkSSl7Drb6Wb2PUuKg9q8O5wBdIwZW2rE9SWVvf2Nyqbhs7td29ffPgcKDiNGHosljEyTCgCgWP0NVcCxzKBGkYCPSC+fV3771gongc9XUmcRzSWcSfOaO6iHz/lU9RczHFujcxG1bT+lF91dilaUCp7sTk/jRmaYiRZoIqNbIdqccLmmjOBOaG4Us6Q6UzgQsMpc5yw08VSsrmRT566jyc9fr3w/Gik/VEwXEbR3pp8lfkRsFm/ydZNQOnaZ83ncdWo90qKatwDCdwCjZcQBvuoAsuMJDwBu/wQWrEIZfk6ndaIeXnCJZEbr4AiLVmVg==</latexit> ս <latexit sha1_base64="WzAo1hopereXB4UFxsLIsPeyN+E=">AAABgnicZY7LTsJAGIX/QVSsN9SlG2M3xhjSItGNCxITowsiCoUmlJDp8IsTpp1JZzBpmr6CW30130bQukC+1cm5JCdUgmvjOF+ktFZe39isbFnbO7t7+9WDw56Ws4Shx6SQiR9SjYLH6BluBPoqQRqFAvvh9HaR998w0VzGXZMqHEZ0EvMXzqhZWAEKMaraTs354WRVuIWwoaA9qvJgLNkswtgwQbUeuHVlhhlNDGcCc8sKFJ2gNqnADCNl0twKZhoVZdO5P3huPV50ug/+MGulHcHHeCdjs1T5C3Jr/s39/2RV9Oo196pWf2rYzUbxsgLHcApn4MI1NOEe2uABg1d4hw/4JGVyTlxy+VstkWJzBEuQm28G82MR</latexit>Ӎ
<latexit sha1_base64="I+Q3drXq+D4DPPPHs8Z0MORBWfc=">AAABi3icZY7PTsJAGMS/xX9YRVGPXoy9eDCkRYKJ8UBiNHogolAgoQ3ZLp9kw7a7dheThvAcXvWxfBuL1gMyp8n8ZpIJleDaOM4XKaytb2xuFbetnd3S3n754LCr5TRh6DEpZNIPqUbBY/QMNwL7KkEahQJ74eRmwXtvmGgu445JFQYRHcf8hTNqsijwZQYXWx+FGJZtp+L86GTVuLmxIVdrWOb+SLJphLFhgmo9cKvKBDOaGM4Ezi3LV3SM2qQCZxgpk84tf6pRUTbJ8sFz8/G83XnoB7Nm2hZ8hHcyNkuVPzC3sm/u/yerplutuPVK9almN2r5yyIcwymcgQuX0IB7aIEHDF7hHT7gk5TIBbki17/VAsk3R7AkcvsNk0FnKw==</latexit>Ӎ

We calculated the LHC constraints on this parameter space ("WHL scenario").
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Endo, Hamaguchi, Iwamoto, Yoshinaga
[1303.4256]

Strange shape =
difference in

"cascade-decay chains"
of SUSY particles.
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What we found
n LHC Run 1 already rejects some of "g−2 SUSY".
Ø If SUSY provides                signature, likely to be rejected.

n LHC Run 2 target would be "                                        " signature.

à They did!
(with citing our work J)
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We calculated the LHC constraints on this parameter space ("WHL scenario").
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Strange shape =
difference in

"cascade-decay chains"
of SUSY particles.
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What we found
n LHC Run 1 already rejects some of "g−2 SUSY".
Ø If SUSY provides                signature, likely to be rejected.

n LHC Run 2 target would be "                                        " signature.

à They did!
(with citing our work J)
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I have worked as a bilingual bridge between theorists and experiment collaborations.
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Image courtesy of らいとりぃ and CERN

I suggest new methods
and good targets to search.

I evaluate results and clarify their implication.
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I have worked as a bilingual bridge between theorists and experiment collaborations.
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I suggest new methods
and good targets to search.

I evaluate results and clarify their implication.

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 experimentA few simple examples

My effective supervision of student
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1. Introduction
ü Standard Model
ü Muon g−2 anomaly: Needs to go Beyond the Standard Model
ü "LHC" : energy frontier of particle-physics experiments

2. Supersymmetry (as the solution to DM & muon g−2) at the LHC
2*. (extra) Five simplified scenarios for DM & muon g−2

3. Research plan
Ø Energy frontier: LHC and more
Ø Intensity frontier: ILC, Belle II, and beam dump

My previous researches: I like SUSY 🍣.

"How to test BSM models at experiments?"
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The parameter space motivated by DM and g–2 are mostly excluded in this scenario. 
Endo, Hamaguchi, Iwamoto, Yoshinaga

[1303.4256]
Endo, Hamaguchi, Iwamoto, Kitahara

[2001.11025] [2104.03217]
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ഌШ˦ ᆋྻЩ
status: 2013
(LHC Run 1)

status: 2021 springupdate

ü coupling unification,
ü Bino DM,
ü muon g–2.

... but almost excluded
by LHC Run 2!
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WHL BLR BHL BHR
But there are four more simplified SUSY scenarios that solve DM & g–2.

µL µR

�fW±Ĝ eH±

e⌫µ
µL µR

�eµLĜeµR

eB

µL µR

�eµL

eBĜ eH0

µL µR

�eµR

eH0Ĝ eB

Bino-DM (coannhilation):
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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
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• ѴӍ Ҭ ◆◆ഏვ
• Ш೫ЦЩ Ҭ ◆◆ഏვ
• ѳӍ Ҭ ◆◆ഏვ
• disappearing track

• ѳ࿂ Ҭ ◆◆ഏვ
ILC-500

DM direct detection
(XENON1T, LUX, ...)

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

I analyzed ücollider experiments (LHC & ILC),
üDM detection experiments,
üDM cosmology for all the simplified scenarios.
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✓completed : Simplified SUSY models for DM and muon g−2.

1. "LHC will go on."
Ø watch LHC & update our "status plots"
Ø contribute to future-collider planning

2. DM or muon g−2?
3. More general models?

Research plans (1) SUSY at the energy frontier.

to assist HEP-expm community.

Somebody needs to do, and I can do.
(but less important than "and" scenario...)
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(current or potential/intended collaborators)

with ATLAS researchers in Japan,
CMS researchers in Taiwan,
and theorists (in Taiwan: NTU, NCTS, ...).



1. Introduction
ü Standard Model
ü Muon g−2 anomaly: Needs to go Beyond the Standard Model
ü "LHC" : energy frontier of particle-physics experiments

2. Supersymmetry (as the solution to DM & muon g−2) at the LHC
2*. (extra) Five simplified scenarios for DM & muon g−2

3. Research plan
ü Energy frontier: LHC and more
Ø Intensity frontier: ILC, Belle II, and beam dump

My previous researches: I like SUSY 🍣.

"How to test BSM models at experiments?"
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n BSM at intensity frontier

n Recent works
Ø proved that "SM + extra U(1) + extra 3 lepton + extra scalar-boson" can

explain the current DM density (26%).

Ø analyzed feasibility of ILC positron beam dump experiment.

I have started working around the intensity frontier.

HL-LHC
(2027?)

Belle II (super B factory)
e−e+ collider,
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2
అ
7 Ұ 4GeV ILC(?)

e−e+ collider,
(2×125)GeV

Hypotheses with sub-GeV new particles:
v axion-like particles

[à flavor anomaly, g−2]

v extra U(1) symmetry
[à DM, g−2, ν mass]

v extra neutrinos
[à DM, ν mass]

v ...

(cosmology × intensity frontier)       Iwamoto, Seller, Trócsányi [2104.11248]

(contribution to planning in intensity frontier)    Asai, Iwamoto, Sakaki, Ueda [2105.13768]

My effective supervision of student
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We analyzed the potential of ILC positron beam-dump experiment.
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

Image courtesy of ILC News Line

International Linear Collider (planned in Japan)
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We analyzed the potential of ILC positron beam-dump experiment.
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

International Linear Collider (planned in Japan)

beam dump
(water)

muon shield
(concrete + lead)

Image courtesy of ILC News Line
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(used)
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à utilize in
searches for elusive particles!
original idea in Kanemura, Moroi, Tanabe [1507.02809]

and Sakaki, Ueda [2009.13790]
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We analyzed the potential of ILC positron beam-dump experiment.
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

International Linear Collider (planned in Japan)

beam dump
(water)

muon shield
(concrete + lead)

à utilize in
searches for elusive particles!
original idea in Kanemura, Moroi, Tanabe [1507.02809]

and Sakaki, Ueda [2009.13790]

decay volume
(empty) detector

decay to SM particles

Image courtesy of ILC News Line
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(or ംүഏ, ംү) (= targets of intensity fr.)
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We found that positron beam dump is (only a bit) better than electron beam dump.
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

beam dump
(water)

muon shield
(concrete + lead)
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<latexit sha1_base64="MuBeVOmQc3uGGZEnwtRvR47G4xY=">AAABl3icZY7LTsJAGIX/esV6oerKuCHCwgWStjG6lMSE4IIE5JoAkpnhl0yYdsbO1KQhPIlbfSjfxqp1gXyrk3NJDlWCa+O6n9bG5tb2zm5uz94/ODzKO8cnPS3jiGGXSSGjASUaBQ+xa7gROFARkoAK7NP5/Xfef8VIcxl2TKJwHJBZyJ85Iya1Jk6+hE9XpQJNJ4VpHKiJU3Qr7g+FdeFloggZzYnzMppKFgcYGiaI1kPPV2a8IJHhTODStkeKzFCbROACA2WSpT2KNSrC5qk/fGyU252HwXjRSNqCT7EmQ7PS+AvKVMq5IVQv7fSj9//Ruuj5Fe+m4rf8YvU6e5uDc7iAS/DgFqpQhyZ0gUEMb/AOH9aZdWfVrPpvdcPKNqewgtX6AgrZajo=</latexit>ംႼ beam dumpbenchmark model:

extra singlet S
<latexit sha1_base64="YEeg1aG6Bl2uUMcYYnlyOZ7KjiA="></latexit>

L =
1

2
(@µS)

2 � 1

2
m2

SS
2

�
X

`=e,µ,⌧

g`S ¯̀̀

� 1

4
gS��SFµ⌫F

µ⌫

<latexit sha1_base64="az9XVFU+HWXMcaqrbcJPjv5uUEY=">AAABy3icZU7JSsNQFL2pU41T1KUbsQgVpCSl6EooCMVNsQ4doCnh5fU2PvoykPcixJilf+PXuBP9GBOb4tCzuOfcc+6FYwecCanr70ppaXllda28rm5sbm3vaLt7PeFHIcUu9bkfDmwikDMPu5JJjoMgROLaHPv29DLP+48YCuZ79zIOcOQSx2MTRonMLEtrmRwnsmpOQkITx8I0cbNxMd9NN8qdnH48SWZmzmbInAd5YmkVvaZ/43BRGIWoQIGOpXnm2KeRi56knAgxNOqBHCUklIxyTFXVDIiDQsYcE3QDGafqsRkJDAidZsHwtn09StrxHWdjbPmeTNVf6Tw4tX1/KoktUjUraPyvsyh69ZpxVqvfNCrNRlG1DAdwBFUw4ByacAUd6AKFV3iDD/hU2opQnpTn2WlJKX724Q+Uly+W2ILZ</latexit>✓
ge
me

=
gµ
mµ

=
g⌧
m⌧

◆

elusive particle S

<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
<latexit sha1_base64="Q+bYNpiDh13832Cs9cU5eW+Yb7M=">AAABonicZY7LSsNAGIX/1FuNt6g73RSbRYVSkiC6LQiiQqG1V2hqmUx/y5BJZsxMhVAKPo1bfR3fxlbTRe1ZfZwLnEByprTjfBu5jc2t7Z38rrm3f3B4ZB2fdJSYJBTbVHCR9AKikLMY25ppjj2ZIIkCjt0gvF3k3TdMFBNxS6cSBxEZx+yFUaLn1tA6K4mkYOOzL6OCtMtLjO1Lc2gVnYrzq8I6uBkUIVN9aL36I0EnEcaacqJU3/WkHkxJohnlODNNX5IxKp1ynGIkdToz/YlCSWg49/tPtXKz9dAbTGtpk7MR3olYrzSWQTkQItQkULPFR/f/o3XoeBX3uuI1vGL1Knubh3O4gBK4cANVuIc6tIHCO3zAJ3wZtvFoNIzmXzVnZJtTWJHh/wDG+m0z</latexit>

(or ംүഏ, ംү) (= targets of intensity fr.)
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n My research orientation

Research plans (2) BSM searches at the intensity frontier.

HL-LHC
(2027?)

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 ILC(?)

e−e+ collider,
(2×125)GeV

Hypotheses with sub-GeV new particles:
v axion-like particles

[à flavor anomaly, g−2]

v extra U(1) symmetry
[à DM, g−2, ν mass]

v extra neutrinos
[à DM, ν mass]

v ...
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(current or potential/intended collaborators)

ILC beam dump(?)

Ø sub-GeV BSM search @ Belle II
("theory-side assistant")

Ø Contribute to ILC planning

with ILC researcher in Japan/Taiwan,
Belle II researcher in Japan/Taiwan,
theorists,
and graduate students in NSYSU.



NTU_BigPicture_imp.png

n Energy frontier
Ø SUSY@LHC & FCC (Europe)

"theory-side assistant" for LHC people

n Intensity frontier

n Open-source tools for particle physics
(calculator, data handling, statistics, ...) 

Conclusion: "Big Picture" and Plans 

my field

quantum field theory

particle physics
cosmology

SUSY
modern programming Belle II

ILC(?)

LHC

HL-LHC

FCC(?)

beam dump(?)
(future topics) (current or potential/intended collaborators)

with ATLAS researchers in Japan,
CMS researchers in Taiwan,
and theorists (in Taiwan: NTU, NCTS, ...).

with students in NSYSU.
https://github.com/misho104
https://misho104.github.io/FeynLecture/
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Ø sub-GeV BSM search @ Belle II
("theory-side assistant")

Ø Contribute to ILC planning

with ILC researcher in Japan/Taiwan,
Belle II researcher in Japan/Taiwan,
theorists,
and graduate students in NSYSU.

https://github.com/misho104
https://misho104.github.io/FeynLecture/


Extra 0) More on g−2
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n Quantum Mechanics

n Quantum Field Theory: Tree-level

n Quantum corrections

Derivation of lepton anomalous magnetic moment

<latexit sha1_base64="IB5cRypgx4XnIFC8qBWjj18JFmY=">AAAB3nicZU/LSsNQFLyprxpfVZduikGoWEsTiq4KxYJUsNjaJzSl3tycltCbB7k3hZDGlbgTt/6CX+PW/o2pRqh2NmeYmQMzmkMNxvP5mZBYWV1b30huilvbO7t7qf2DNrM9l0CL2NR2uxpmQA0LWtzgFLqOC9jUKHS0cXnudybgMsO2mtx3oG/ikWUMDYJ5JA1SZVWzqc58MzqBanphUR26mAT1KUzDQDHDjDoh6dszZX4ap9nHSvE8olFSJbrN5+rVICXlc/lvpJeJHBMJxagNUk+qbhPPBIsTihnryYrD+wF2uUEohKKoOngEjPsUAjAd7ofiieoxcDAZR0bvvnqXbTRvuv2g6jeoocO1bfFQXIj8GpGowzBqKcnB4lJJDsOotvy/5DJpKzn5IqfUC1KpEA9IoiN0jDJIRpeohCqohlqIoHf0gT7RTHgQnoUX4fUnmhDin0P0B8LbFzhUh28=</latexit>

µ =
Q|e|
2m

(L+ 2S), H = �µ ·B

(Q = –1 for electron/muon)

<latexit sha1_base64="kWfZdwq/fWEbFfoyx/hjcO3/r+M="></latexit>

Aµ = (�,A), S = (S23, S31, S12), Sµ⌫ = �µ⌫/2

�! Fµ⌫�
µ⌫ = 2Fµ⌫S

µ⌫ = �4B · S

is contained in 

so that 
<latexit sha1_base64="FdL4L1dfmvPoYLbnrl899g+JO4g=">AAAB1XicZZDNSsNAEMc39avGr6pHL9UgCJbSlKInoaKIHoqt/YRuKclmWpdusiG7LYQ0N9GjT+AjeNVn8W3caAW1/8v+Z38zOztj+4wKWSh8aKmFxaXllfSqvra+sbmV2d5pCT4OCDQJZzzo2JYARj1oSioZdPwALNdm0LZHFwlvTyAQlHsNGfrQc62hRweUWFJd9TP7l33sjs+wbwWSWiwJjjGl2doUpudJpPczRiFf+FJ23pgzY6CZqv3MC3Y4GbvgScIsIbpm0Ze9KGlAGMS6rpoNQciQQQSuL8NYP8RjAb5FRgp07yq3uXrjptOLKmGdUQeuuCdj/VfKD8gJ9f49OAo6MMATYpgRtjlzROiqIzLMWCEGEnOGuVpDsiU1j/n/9/OmVcybJ/lirWSUS7PJ0mgPHaAjZKJTVEbXqIqaiKAn9Ire0LvW1mLtQXv8Tk1ps5pd9Efa8yc5l4PY</latexit>

Dµ = @µ + iQ|e|Aµ
<latexit sha1_base64="NJwz9hhIZOTNsdopjfNXaEgfclQ=">AAAB5XicZZDLSsNAFIYn9R5vVZduikFwUUpSim4rouhCvPYCnbZMJqft0ElmyEwKIfYR3ImuxCdxq8/g25hqBLX/Zv4z3znD/MeVnClt2x9GbmZ2bn5hcclcXlldW89vbNaViEIKNSq4CJsuUcBZADXNNIemDIH4LoeGOzya8MYIQsVEcKtjCW2f9APWY5To9Kqbd46xiqQCXbi6gzssB6yAFfO/K8GxVAz3ie+Tjn3YsSdlN2/ZJftLhWnjZMZCmS67+WfsCRr5EGjKiVItpyx1OyGhZpTD2DSxJH1QOuaQgC91PDZ3caRAEjpMQev6/KJ4c3vWbCfn8Q1nHpyIQI/NXy0/oKjS9wfgpdCDHh5Ry0mwK7inYj89EssZp4iDniQT6VomW0vzOP9/P23q5ZKzXypfVaxqJUu2iLbRDtpDDjpAVXSKLlENUfSEXtEbejf6xr3xYDx+t+aMbGYL/ZHx8gn3zorr</latexit>

E � Q|e|� ⇠ Q|e| �0A0 
<latexit sha1_base64="ysVgZsJKVyZxFoMP5Wqgwab3vVQ=">AAABvnicZZBdS8MwGIXT+TXr19RLb4ZF8GKWdgy9HQii4HC6T1jGSNN3W1nahCYbltK/4Z3o3/LfmGkFdecmhzwnL++JJ1ggleN8GIW19Y3NreK2ubO7t39QOjzqSj6PKXQoZzzue0QCCyLoqEAx6IsYSOgx6Hmz6yXvLSCWAY/aKhEwDMkkCsYBJUpf4QscEjWlhJXv7VHJcmznS+VV4+bGQrmao9Ir9jmdhxApyoiUA7cq1DAlsQoog8w0sSATkCphkEIoVJKZZ3guQRA602Dw1HiotNp3/WHaSFos8OGGRyozf0V+QEXq+VPwNfRhjBfUclPscebLJNRHarmZRgwU5gxz3Xf5HbqP+3/7VdOt2u6lXX2sWfVa3qyITtApOkcuukJ1dIuaqIMoEugFvaF3o26MjdDg39GCkb85Rn9kPH8CfBB6vw==</latexit>

�L.

equations of motion (Gordon decomposition)

<latexit sha1_base64="iwnWkNGSkkGpGhajwvy/LrqaoW0="></latexit>

LQED =  (i /D �m) 

� �Q|e| /A 

<latexit sha1_base64="sPAuw2Tat262kXIEK114bbytGBk="></latexit>

�iQ|e|Aµ

2m

�
 @µ � (@µ ) 

�
� Q|e|

2m
Aµ@⌫( �

µ⌫ )
<latexit sha1_base64="O9f/QOPmMXE6mWe6kYnLnvG9yxM="></latexit>

=
�Q|e|
4m

Fµ⌫ �
µ⌫ 

#
Q|e|
2m

2S ·B<latexit sha1_base64="gQi/NdD1b00hhuMJOlO4n8XzStQ="></latexit>

=) Hint = �Lint � �

✓
Q|e|

2m
2S

◆
·B

<latexit sha1_base64="KZ9SgFRNBxs/aN+pCUHzeJ5RRB0=">AAABvXicZU7LSsNAFL3xWeMr6tJNsQgutCSl6E4LBXFTrI8+oClhMr3WoZPJkJkooeRv/Bq3uvFvTDQFbc/qcM659xxfcqa0bX8ZS8srq2vrpQ1zc2t7Z9fa2++qMI4odmjIw6jvE4WcCexopjn2ZYQk8Dn2/Ekz93svGCkWikedSBwGZCzYE6NEZ5JnXbqMuZJEmhHuuSJ2pWKuYsHZvB5mX/KSWaAsc9mzKnbV/kF5kTgFqUCBtmc9u6OQxgEKTTlRauDUpB5O8yLKMTXNrHSMSiccpxhInaTmsRsrlIROMmNw37o9bbaG01bywNkIr0OhU/NPYGakZjbNmR+ySLq1qnNerd3VK416MbIEh3AEJ+DABTTgBtrQAQpv8A4f8GlcGWhwQ/xGl4zi5gD+wXj9BrtdfDM=</latexit>

i@⌫ ⇠ �i@⌫ ⇠ p⌫

<latexit sha1_base64="Fjumb+WdsbrOd1OMV75wr5eX/Ps="></latexit>D
 (p+ q)

��� Jµ
EM

��� (p)
E
=  (p+ q)�µ(q) (p),

�µ(q)
*S
= F1(q

2)�µ + F2(q
2)
i�µ⌫q⌫
2m

q!0�����! �µ + F2(0)
�µ⌫(

 
@ +

!
@ )⌫

2m

<latexit sha1_base64="A659oAKeFMxE68qUoKO2damNNxA="></latexit>

! �µ⌫(�@⌫Aµ)

2m
=

�µ⌫Fµ⌫

4m
⇠ �2S ·B

2m
(⇥�Q|e|)

<latexit sha1_base64="fBeoal8Wovw0VEu1C7wgaAhUz7U=">AAABzHicZY7LSsNAGIUnXmu8VV26KQahopYkFl0VCoXiwmq99AJNKZPJ3zh0kgkz00oI2bjwHXwat/oIvo2traD2bP7D+c4Px40Ylco0P7WFxaXlldXMmr6+sbm1nd3ZbUo+FAQahDMu2i6WwGgIDUUVg3YkAAcug5Y7qEx4awRCUh4+qDiCboD9kPYpwWoc9bJnfsk+tqs9O28eOVc89Bn0laD+o8JC8KfclJScvsAk8U/tNLHTXtYwC+a3cvPGmhkDzVTvZZ8dj5NhAKEiDEvZsexIdRMsFCUMUl13IuyDVDGDBIJIxal+6AwlRJgMxqBzV7s5qdS6SS2+Z9SDKg9Vqv8q/IBx6EHfGRHDShyXM0/GwfgkhpVORlv/J86bpl2wzgv2bdEoF2fzM2gfHaA8stAFKqNLVEcNRNArekPv6EO71pSWaOm0uqDNfvbQH2kvX7rHfm0=</latexit>

g = 2 + 2F2(0) () F2(0) =
g � 2

2

g = 2

g = 2
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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 7 April 2021

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

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]
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680 700 720 740 760

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.

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

<latexit sha1_base64="ZReCuO6UHgb1uJduKn4L6/zsJSc=">AAABoXicZY7LTsJAGIX/4g3rhapLN4YuMFFJS4huSUyMLEiQe0K5TIdfmDDtNJ3B2DTd+zRu9VV8G1HqAjmrk3NJPjfgTCrL+tIyW9s7u3vZff3g8Og4Z5ycdqRYhBTbVHAR9lwikTMf24opjr0gROK5HLvu/P6n775gKJnwWyoKcOCRqc+eGSVqGY2MvKPwVcXjcYLDKxzeOEqskhmZhMKXhUIyMkyraP3qYtPYqTEhVX1kzJyJoAsPfUU5kbJvlwI1iEmoGOWY6LoTkClKFXGM0QtUlOjOQmJA6HyZ9xu162ar2hvEtajJ2QQfhK/WFn9Foi/R7P8gm6ZTKtq3xdJT2ayUU8gsnEMeLsGGO6jAI9ShDRTe4B0+4FMztapW1xqraUZLP2ewJq3/DQXCb8w=</latexit>
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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!

<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
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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

<latexit sha1_base64="tkAkY/iGGvRRZqpPILVEDaLRgM0=">AAABi3icZY5NSwJBHMb/Y2+2ZVkdu0h6MAjZ3aIgOghR1EGyfCV3kdnxrwzO7kw7Y7CIn6Nrfay+TVbbwfydHp4XeAIluDa2/UkyK6tr6xvZTWtrO7ezm9/bb2s5iRm2mBQy7gZUo+ARtgw3ArsqRhoGAjvB+Po777xirLmMmiZR6Id0FPEhZ9TMLb9c8piMRoXnvls67ueLdsX+obAsnFQUIaXez3NvINkkxMgwQbXuOa4y/pTGhjOBM8vyFB2hNonAKYbKJDPLm2hUlI3nfu+p9nDSaN53/WktaQg+wFsZmYXKXzCz5t+c/0+WRdutOOcV99EtVs/Sl1k4hCMogwMXUIU7qEMLGLzAG7zDB8mRU3JJrn6rGZJuDmABcvMFqZFldw==</latexit>

ۮ) Ⴓ)
SUSY

SUSY

SM
✓ odd → odd + even

SUSY

SM

SM
odd → even + even
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n Early Universe with 

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

equilibrium

eB

eB
eƒ

ƒ

ƒ eB

eB ƒ

ƒ

eƒ

<latexit sha1_base64="HlnqF+kWDLNPeDGhnljy5u2/bVE=">AAABn3icZY5LT8JAFIXv4AvrC3XpBmXjirSGqCuDEiIuwKrlFUAynV7JhOkjnYGkqf0fbvVf+W+s2oXIWZ37nXOTYweCS6XrnyS3srq2vpHf1La2d3b3CvsHHenPQoZt5gs/7NlUouAethVXAntBiNS1BXbtae07784xlNz3LBUFOHLpxOMvnFGVomfryh3HQ8WFg8WbZFwo6WX9R8VlY2SmBJnMceF16Phs5qKnmKBSDgw9UKOYhoozgYmmDWcSA8qmdIIpxXnylwzMx/pTvWVdW3f3rVHcjGq+61LPqSy04ma/UTdTFKSHVJHAGN1ARYmWzjX+j1s2nbOycV7WHyql6mU2PA9HcAKnYMAFVKEBJrSBQQhv8A4f5JjckhYxf6s5kv0cwoJI/wt4fW4K</latexit>

T > mÂB

with kinetic energy ~ T

creation annihilation
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n Early Universe with 

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

equilibrium

eB

eB
eƒ

ƒ

ƒ eB

eB ƒ

ƒ

eƒ

with kinetic energy~ T

< T
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T Æ mÂB
creation annihilation
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eB

eB ƒ

ƒ

eƒ

eB

eB ƒ

ƒ

eƒ

n Early Universe with 

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

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 3747



eB

eB ƒ

ƒ

eƒ

eB

eB ƒ

ƒ

eƒ

n Early Universe with 

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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T Æ mÂB/20

�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

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

equilibriumcreation annihilation

eB

eB
eƒ

ƒ

ƒ eB

eB ƒ

ƒ

eƒ
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T Æ mÂB
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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. 

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
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Extra 2) Coupling Unification

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 3751



103 106 109 1012 1015 1018
0.4

0.6

0.8

1.0

energy scale [GeV]

ga
ug
e
co
up
lin
g

n Strengths of 3 forces depend on energy scale:

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
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v naturalness of Higgs mass,
v dark matter,
Ø grand unification,
v muon g–2.
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n Strengths of 3 forces depend on energy scale:

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.

Motivation for TeV-scale SUSY (2) It helps the grand unification.

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

"grand unification"!?
SM
MSSM
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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 + · · ·
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JaaJ, �m2
h ≥ ≠ 3y2

t

4fi2 �2 + 3y2
t

4fi2 �2 + · · ·

"scalar top    " contribution
"Quadratic divergence" is cancelled out: Power of symmetry!
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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.
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4 July 2012: Higgs discovery

Λ (cutoff) ~ Planck or GUT scale
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"scalar top    " contribution
"Quadratic divergence" is cancelled out: Power of symmetry!
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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>
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t
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t

4fi2 �2 + · · ·

≥ ≠ 3y2
t

4fi2 m2
Ât log �

mÂt
+ · · ·
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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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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"
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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
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m2
Z

2 = ≠µ2 +
m2

Hd
≠ m2

Hu
tan2 —

tan2 — ≠ 1
(little hierarchy problem

on Higgsino mass μ)

Kitano, Nomura [hep-ph/0602096]
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ATLAS scalar-top search summary ATLAS, SUSY March 2021 Summary Plot
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Extra 4) dark photon & Lmu−Ltau
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Ø MSSM: (coupling, mass) ~ (1, 200GeV)
Ø light Z' models: (coupling, mass) ~ (tiny, tiny)

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]
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e+e≠ æ “AÕ, AÕ æ BMpBbB#H2

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

Muon g−2 anomaly : Other possibilities
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<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]

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
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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

Non-colored particles have smaller production cross section. 
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<latexit sha1_base64="8cpBjF4eJhMa6gsjMlphEGVyUBk=">AAABn3icZY9LT8JAFIXv4Avrq+rSDcrGFWkNUZcYQsQFWOUdSsh0uJKRaTt2BmPTsPMHuNV/5r8RtBvkW52ce05yricFV9qyvklmbX1jcyu7bezs7u0fmIdHbRVOI4YtFoow6npUoeABtjTXArsyQup7AjvepLy4d14xUjwMmjqWOPDpOOBPnFE9t9quR6Pcy9DMWwXrl9yqsFORhxRnaL67o5BNfQw0E1Spvm1JPUhopDkTODMMV9IxKh0LTNCXOp4Z7lShpGwy9/vOY6VRqTdvmnf39UFSi8uh79NgVFxKJbVeteIsF/XbIt4QfIRqZsxn2/9Hror2RcG+LFgPxXzpOn0gCydwBudgwxWUoAoOtIDBM3zAJ3yRU3JL6sT5i2ZI2jmGJUjvBzg8bgY=</latexit>

q̄

<latexit sha1_base64="8AgbVt3rQCQvds/bjlSWfa7wtcU=">AAABmnicZY9LT8JAFIXv4AvrC3WpCyMbV6Q1RF2ihARiwCLlYYCQ6XAlE6bt2Jkam4adO7f64/w3gnaDfKuTc89JznWl4Eqb5jfJrK1vbG5lt42d3b39g9zhUUcFUciwzQIRhD2XKhTcx7bmWmBPhkg9V2DXnZYX9+4rhooHvqNjiUOPTnz+zBnVc6v5MsrlzYL5y9mqsFKRhxR7lHsfjAMWeehrJqhSfcuUepjQUHMmcGYYA0knqHQsMEFP6nhmDCKFkrLp3O/bj5VWpeHcOrWHxjCpx+XA86g/Li6lkvpTtWIvF/XbIt4SfIxqZsxnW/9HrorOZcG6KpjNYr50kz6QhRM4hwuw4BpKUAUb2sAA4QM+4YuckjtSI/d/0QxJO8ewBHF+AG88bCM=</latexit>q
<latexit sha1_base64="rQwIHLv50PnpsG1Xoo1oZ05Gwy4=">AAABo3icZY9LS8NAFIVv6qvGV9Wlm2IRBKEkUtRlpRQq0hrb9KFNLJPJtQydJENmKobQnT/Brf4v/41Vs6n9Vodzz4FzPcGZVIbxpeVWVtfWN/Kb+tb2zu5eYf+gJ6NpTLFLIx7FA49I5CzErmKK40DESAKPY9+b1H7u/ReMJYtCWyUC3YCMQ/bMKFFz69FRjPtY7D+djQolo2z8UlwWZiZKkGGNCm+OH9FpgKGinEg5NA2h3JTEilGOM113BBmjVAnHFAOhkpnuTCUKQidzf2i16516y762b+5abtpMalEQkNCvLKTS5kOjbi0W1etPvMOZj3Kmz2eb/0cui9552bwoG/eVUvUqeyAPR3AMp2DCJVShARZ0gUII7/ABn9qJdqu1NfsvmtOyziEsoLnfaKpveg==</latexit>

ÊW +

<latexit sha1_base64="eJ3MVv1biPnbIxeUSoFwtaoMNJQ=">AAABo3icZY9LT8JAFIVv8YX1hbp0QyQmbiStIeoSQ0gwBqxQHkormU6vZMK0nXQGY9Ow8ye41f/lvxG1G+RbnZx7TnKuJziTyjC+tNzK6tr6Rn5T39re2d0r7B/0ZDSNKXZpxKN44BGJnIXYVUxxHIgYSeBx7HuT2s+9/4KxZFFoq0SgG5BxyJ4ZJWpuPTqKcR+L/aezUaFklI1fisvCzEQJMqxR4c3xIzoNMFSUEymHpiGUm5JYMcpxpuuOIGOUKuGYYiBUMtOdqURB6GTuD612vVNv2df2zV3LTZtJLQoCEvqVhVTafGjUrcWiev2JdzjzUc70+Wzz/8hl0Tsvmxdl475Sql5lD+ThCI7hFEy4hCo0wIIuUAjhHT7gUzvRbrW2Zv9Fc1rWOYQFNPcbaxZvfA==</latexit>

ÊW ≠

Beenakker, Borschensky, et al. [1607.07741]

<latexit sha1_base64="8AgbVt3rQCQvds/bjlSWfa7wtcU=">AAABmnicZY9LT8JAFIXv4AvrC3WpCyMbV6Q1RF2ihARiwCLlYYCQ6XAlE6bt2Jkam4adO7f64/w3gnaDfKuTc89JznWl4Eqb5jfJrK1vbG5lt42d3b39g9zhUUcFUciwzQIRhD2XKhTcx7bmWmBPhkg9V2DXnZYX9+4rhooHvqNjiUOPTnz+zBnVc6v5MsrlzYL5y9mqsFKRhxR7lHsfjAMWeehrJqhSfcuUepjQUHMmcGYYA0knqHQsMEFP6nhmDCKFkrLp3O/bj5VWpeHcOrWHxjCpx+XA86g/Li6lkvpTtWIvF/XbIt4SfIxqZsxnW/9HrorOZcG6KpjNYr50kz6QhRM4hwuw4BpKUAUb2sAA4QM+4YuckjtSI/d/0QxJO8ewBHF+AG88bCM=</latexit>q

<latexit sha1_base64="AGKU/jl3cL9tIbUXe5SJk6X0Tnw=">AAABmnicZY9LT8JAFIXv4Avrq+pSF0Y2rkhriLpECQnEgEXKwwAh0+FCJkzbSWcwNg07d271x/lvBO0G+VYn556TnOtJwZW2rG+S2djc2t7J7hp7+weHR+bxSVuFs4hhi4UijLoeVSh4gC3NtcCujJD6nsCONy0t751XjBQPA1fHEgc+nQR8zBnVC6sxGZo5K2/9crEu7FTkIMUZmu/9UchmPgaaCapUz7akHiQ00pwJnBtGX9IJKh0LTNCXOp4b/ZlCSdl04fec53KzXHfv3epTfZDU4lLo+zQYFVZSSe2lUnZWi/ptGW8KPkI1Nxaz7f8j10X7Om/f5K1GIVe8Sx/IwhlcwhXYcAtFqIADLWCA8AGf8EXOyQOpkse/aIaknVNYgbg/YyBsGQ==</latexit>g

<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

<latexit sha1_base64="AGKU/jl3cL9tIbUXe5SJk6X0Tnw=">AAABmnicZY9LT8JAFIXv4Avrq+pSF0Y2rkhriLpECQnEgEXKwwAh0+FCJkzbSWcwNg07d271x/lvBO0G+VYn556TnOtJwZW2rG+S2djc2t7J7hp7+weHR+bxSVuFs4hhi4UijLoeVSh4gC3NtcCujJD6nsCONy0t751XjBQPA1fHEgc+nQR8zBnVC6sxGZo5K2/9crEu7FTkIMUZmu/9UchmPgaaCapUz7akHiQ00pwJnBtGX9IJKh0LTNCXOp4b/ZlCSdl04fec53KzXHfv3epTfZDU4lLo+zQYFVZSSe2lUnZWi/ptGW8KPkI1Nxaz7f8j10X7Om/f5K1GIVe8Sx/IwhlcwhXYcAtFqIADLWCA8AGf8EXOyQOpkse/aIaknVNYgbg/YyBsGQ==</latexit>g

<latexit sha1_base64="AGKU/jl3cL9tIbUXe5SJk6X0Tnw=">AAABmnicZY9LT8JAFIXv4Avrq+pSF0Y2rkhriLpECQnEgEXKwwAh0+FCJkzbSWcwNg07d271x/lvBO0G+VYn556TnOtJwZW2rG+S2djc2t7J7hp7+weHR+bxSVuFs4hhi4UijLoeVSh4gC3NtcCujJD6nsCONy0t751XjBQPA1fHEgc+nQR8zBnVC6sxGZo5K2/9crEu7FTkIMUZmu/9UchmPgaaCapUz7akHiQ00pwJnBtGX9IJKh0LTNCXOp4b/ZlCSdl04fec53KzXHfv3epTfZDU4lLo+zQYFVZSSe2lUnZWi/ptGW8KPkI1Nxaz7f8j10X7Om/f5K1GIVe8Sx/IwhlcwhXYcAtFqIADLWCA8AGf8EXOyQOpkse/aIaknVNYgbg/YyBsGQ==</latexit>g

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

Âq

<latexit sha1_base64="wBD6j+VOfRRYVcX1LEel8xEy+eU=">AAABo3icZY9LT8JAFIVv8YX1hbp0QyQmxgVpDVGXGEKCMWCF8lBayXR6JROmDztTY9Ow8ye41f/lvxG0G+RbnZx7TnKuE3ImpKZ9K7mV1bX1jfymurW9s7tX2D/oiSCOKHZpwINo4BCBnPnYlUxyHIQREs/h2Hcmtfm9/4qRYIFvyiRE2yNjnz0zSuTMerQk4y4WX57ORoWSVtZ+KS4LPRMlyDBGhXfLDWjsoS8pJ0IMdS2UdkoiySjHqapaIRmjkAnHFL1QJlPVigWGhE5m/tBo1zv1lnlt3ty17LSZ1ALPI75bWUilzYdG3Vgsyrd5vMOZi2Kqzmbr/0cui955Wb8oa/eVUvUqeyAPR3AMp6DDJVShAQZ0gYIPH/AJX8qJcqu0FfMvmlOyziEsoNg/hyRvkw==</latexit>

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
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ATLAS neutralino-chargino search summary ATLAS, SUSY March 2021 Summary Plot
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(They usually assume .)
<latexit sha1_base64="2DSpk39AZJwZHskR0h4FcccaJ8I=">AAAB3nicZY87TwJBFIVn8YXrC7W0IUJhgiGzxKglhpBgAa7yNCyss7NXnDD7cGcgEkJn7Iytf8FfYyv/RpAtBE51cu53knMtnzMhMR4rkZXVtfWN6Ka6tb2zuxfbP6gJrxdQqFKPe0HDIgI4c6EqmeTQ8AMgjsWhbnVz03u9D4FgnluRAx9aDum47JFRIieRGcslDcm4DQZ9YmamjQ147rH+LIvX2zh5Gv9PaO3UApFKqmYsgdP4T/Flo4UmgULpZuzVsD3ac8CVlBMhmhr2ZWtIAskoh5GqGj7pgJADDkNwfDkYqUZPgE9od5I39bt8OV+qXFWub0qtYXGQ8xyHuPbZHDUs3hfy+nxRvkzxMmc2iNF0trY4ctnUMmntPI1vM4nsZfhAFB2hY3SCNHSBsqiAdFRFFH2hb/SDxsqD8qa8Kx8zNKKEnUM0J+XzF8yLhXw=</latexit>

Â‰0
2 © ÊW 0- Â‰+

1 © ÊW +

(slepton-mediated: NC/3L)                (direct-to-LSP: NC/ZW, NC/HW, CC/WW)
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LHC scalar-lepton search summary ATLAS, SUSY March 2021 Summary Plot & CMS [2012.08600]
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Extra 6) SUSY and 2104.03223
Iwamoto, Yanagida, Yokozaki [2104.03223]
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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

Constrained MSSM: an old "consensus" for benchmark parameter set

<latexit sha1_base64="c5b0w87WjBht22cgOJNW+stOGWU=">AAAB9nicZU/LTsJAFJ36tr5Ql26IbDQh2BqDLiGGiAuwykMNg820XHHCTFs6U0PTlJXf4c649Rf8DL/Arf6BgN2gZ3Hvufeek5xreYwKqWkfyszs3PzC4tKyurK6tr6R2txqCjfwbWjYLnP9G4sIYNSBhqSSwY3nA+EWg2urdzq+Xz+CL6jr1GXoQZuTrkPvqU3kaGWmWnvc1LLpihnpB4dxNl0cT1gSB1sgSRZzIh9cL5p0n0ei68Qx5sH+cFgYToD7/YB0kioo17W7SM/H+AyaZiqj5bQJ0v+JnpAMSmCYqSfcce2AgyNtRoRo6Zon2xHxJbUZxKqKPdIFIUMGEXBPhrGKAwEesXujfcu4KtVK1Xqxfn5RbUeV8NTlnDidoylVVLktl4xpoxyM5TVGOyBidRRb/xvyP2ke5vR8Trs8yhROkgeW0A7aRXtIR8eogMrIQA1ko3f0ib7QtzJQnpUX5fVXOqMknm00BeXtB3lYkOI=</latexit>

(m0, M1/2, A0, tan —, sgn µ) @ ≥ 1016 GeV"GUT scale"
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<latexit sha1_base64="liLwoMVEQuyymUk8MThLTZbOQh4=">AAAB2HicZU/LSsNAFJ34rPEVdemm2E2FUpJa1I3QUgp10RrtU5sSJtOxDp1JhsxUDCHgQhC3/oJf41ZX/o1Nzab2LO49nHsOnOtwSoTU9R9laXlldW09taFubm3v7Gp7+x3hTXyE28ijnt9zoMCUuLgtiaS4x30MmUNx1xlX4nv3EfuCeG5LBhwPGBy55J4gKKeSrV1kma3n0nXbiEchHie5dDnWLAldy8ES5iwG5YPHw9n2WShGbhRZbHJsaxk9r8+QXiRGQjIggWlrL9bQQxOGXYkoFKJv6FwOQuhLgiiOVNXicISFDCgOMeMyiFRrIjCHaDzV++ZNtVlttMqty6vGIKwHFY8x6A6Lc66wflurmvNB+RTbm5QMsYjUaW3jf8lF0inkjdO8fl3MlM6TB1LgEByBLDDAGSiBGjBBGyDwAT7BF/hW7pRn5VV5+7MuKUnmAMxBef8Fhy2CcQ==</latexit>

(m0, M1, M2, M3, A0, tan —, sgn µ)

bino/wino/gluino mass taken different

<latexit sha1_base64="bTlqlFe4Yb/NAQ8yelsvZ/xjc4A=">AAAB7nicZY/LSsNAFIYn9VbjLerSTbCbCqUktajLllKoi9Zor9KUMEnGGjqTDJmJGkJ2PoM7cesr+Ciu3OpbmNQgVP/FOR/n/D+cY1LsMK4o70JuaXlldS2/Lm5sbm3vSLt7A+YFvoX6loc9f2RChrDjoj53OEYj6iNITIyG5qyR7od3yGeO5/Z4SNGEwKnr3DgW5MnIkLpFYiglmRhRS7+Xg/gX7QTbhpqWSlqOS3I9deocurqJOCzpBPJbj0bz7pOITd041klwZEgFpazMJf8HNYMCyKQZ0qNue1ZAkMstDBkbqwrlkwj63LEwikVRp3CKGA8xihChPIxFPWCIQmuWzMfaVbPb7PTqvfOLziRqhw2PEOja1QVX1L5uNbXFIH9I7V3s2IjFYnK2+vfI/zColNWTsnJZLdTOsgfy4AAcgiJQwSmogRbQQB9Y4A18gE/wJVDhSXgWXn6sOSHL7IMFCa/fx22KvA==</latexit>

(m0, mHu , mHd , M1, M2, M3, A0, tan —, sgn µ)

à We provide a benchmark plane.
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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.)
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Extra 7) WHL in details
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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

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]

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 3773

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


[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]

Sho Iwamoto / Explore beyond the SM — NSYSU Interview Talk, 3 Mar. 2022 / 3774

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


[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

+ ÊW
0 æ 3¸ +�E T

<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/Higgsino mixed
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[D] LSP = (M2/2) bino,  with Higgsino/Wino mixing. Smaller neutralino-chargino production XS.

<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="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/Higgsino mixed

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

ÂH
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