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New Physics Searches? > Searches for unknown particles.
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Let me leave some comments on the energy frontier...

Thanks for the stable run of the LHC! | o 5. 13 TeV. ~150/fb

2022:13.6 TeV, 35/fb
2023:13.6 TeV, 30/fb

— Predicted @ ATLAS Achieved e CMS Achieved --- Target
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https://bpt.web.cern.ch/lhc/statistics/2023/
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A tree fallen down on power cables (Swiss side, 55km from CERN) 2 ... 2 ... 2 helium leak

‘ LHC Status @lhcstatus2 - Jul 17
® Automated

Comments (18:57:49) Problem with IT.L8
leak in the insulation vacuum
No beam until further notice (weeks)

@) ) 23 & 24 - 11K &5

S ITL1

Average Arc Temperatures

Average Arc Temperatures Updated: 00:53:18 T max /K

Temperature / K

02:00 05:00
—— 512 -~ 523

Phailo by eaurtesy of Romande Energie
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LHC will go on, leading the energy frontier.

m Run 3 (2022-2025) 300/fb

® Run 4 (2029-2032) 600-1000/fb

» Higgs precision:
searches for HH-productions, couplings to 2"d-gen,, ...

» Non-colored TeV-scale new physics: (i.e., non-colored SUSY particles)
closing the parameter space for muon g-2 anoma...(????)

2021 2022 2023 2024 2025 2026 2027 2028 2029
J[FIMAIM]3[3[AS|OIN[D| 3[FIM AIM[ 3] 3 [A]S|OINID{ 3 [FIMIAIM] 3 JASONiDJ FIMAM]3]3]A[S[OIN[D] 3[ FIMIAIM[ 3| 3| A[S[O[N[D| 3 [FIMAIM] 3 JASON;DJ FMAM]J JASONiDJ FMAM] 3] 3]A[S[ON[D] 3] FIMIAIM[ 3| 3[A]S[O[N[D]
' Run3 [ Long Shutdown 3 (LS3)
2030 2031 2032 2033 2034 2035 2036 2037 2038
J[FMAM 3 JASONiDJ FIMAM]3]3]A[S|ONID| 3[FIM[AM] 3[ 3| A]S[O]N[D| 3] FIM AM] 3] 3] ATS[OIN]D] 3] FlM[AIM] 3] 3] A[S[OINID] 3[ FIM]AM] 3[ 3 [A[S[ON[D| 3 [FIMIAIM[ 3 JASONiDJ FIMAM] 3] 3]A[S|ONID{ 3[FIM[AM] 3[ J]A]S[O]N[D|
Run4 | 154 | ' Runs |
2039 2040 2041
J[FIMAM] 3] 3]AS|OINID| 3[FIMAM] 3[3]A]S[ON[D| 3] FIM AIM[ 3] 3]ATS[OIN[D) Shutdown/Technical stop
N Protons physics
Ions
LS5 ‘ Run 6 ‘ Commissioning with beam
’ | [ Hardware commissioning

Last update: April 2023
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http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Today's focus: A proposal for intensity frontier
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Agenda

“ILC beam dump experiments”

1. ILC
2. Merits of this proposal
3. Analysis

4. Physics Cases
< Sub-GeV new particles (non-DM)
% Sub-GeV DM



ILC (planned in Japan) —> for Higgs precision etc.

| By = 125 GeV | (= 250 GeV? — 500 GeV'?)
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main beam dumps (G LI IRIE)

beam dump muon shield (Pb + Concrete)
(H20)

=
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main beam dumps (G LI IRIE)
—Our proposal—

bea(r: (é)l;mp muon shield (Pb + Concrete) Decay volume (Multi-layer tracker) Detector
2

=

oooooooooooooooooooooooooooooooooo

11 /45



main beam dumps (G LI IRIE)
—Our proposal—

beam dump muon shield (Pb + Concrete) Decay volume (Multi-layer tracker) Detector

(

ooooooooooooooooooooooooooooooooo

H

oooooooooooooooooooooooooooooooooo

A fixed-target experiment: e* N / e* e” scattering

Earlier work: Kanemura, Moroi, Tanabe [1507.02809] 12 )25



https://arxiv.org/abs/1507.02809

Agenda

“ILC beam dump experiments”

1. ILC
2. Merits of this proposal

3. Analysis

4. Physics Cases
< Sub-GeV new particles (non-DM)
% Sub-GeV DM

13



Characteristics of ILC beam dump

W Less cost. (SSS for detectors; recycling the beams.)

B 125 GeV positron beam. - et e~ collision.

m Higher intensity. .. "linear” collider = always dumps.

(e circular collider)
O Fixed-target: Lower Ey,.

15GeV  (e*N)
Ecyv = V2mE =
oM =V bea {0.36 GeV (ete™)

(¢ collider: E = 2(E,E,)"/?)

— Searches for sub-GeV tiny-interaction particles

beam dump muon shield (Pb + Concrete) Decay volume (Multi-layer tracker) Detector

(




Agenda

“ILC beam dump experiments”

1. ILC
2. Merits of this proposal
3. Analysis

4. Physics Cases
< Sub-GeV new particles (non-DM)
% Sub-GeV DM
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(1) Meta-stable, decaying into SM (and other) particles

dump muon shield SM detector
< > > >
17T m /0m 50m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(2) Dark Matter DM detector

dump  Muon shield (electron recoil)

_ ..................................... itrnx?

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
16 /45



https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816

(1) Meta-stable, decaying into SM (and other) particles

dump  Muon shield SM detector
< > <€ > <€ >
1T m 70m 50 m

Sakaki, Ueda [2009.13790]
Asai, lIwamoto, Sakaki, Ueda [2105.13768]

Nsignal — Nproduction X Acceptance X gdetector

model ~ Angular acceptance
dependence x Prob(decay inside the 50m)

« Semi-analytic method < our choice
« Monte Carlo simulation

17 145


https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768

(2) Dark Matter M detector

gump  Muon shield (electron recoil)

_ ..................................... irf“!?

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Nsignal — Nproduction x Acceptance X gdetector

% ~ angular acc./\—

de Izzg::me Rough number is known.
P / Beyond theorists’ capability.

18 /45


https://arxiv.org/abs/2301.03816

(1) Meta-stable, decaying into SM (and other) particles

Nsignal — Nproduction x Acceptance X gdetector

model ~ Angular acceptance
dependence x Prob(decay inside the 50m)

Semi-analytic method < our choice
Monte Carlo simulation

(2) Dark Matter

Nsignal = Nproduction ¥ Acceptance x gdetector

p
% ~ angular acc./L
de Zzgche Rough number is known.
P / Beyond theorists’ capability.

19 45



Elementary process at the beam dump

24 GeV e~ oniron, from the Electromagnetic Shower Simulator by Sven Menke.

20


https://www.mpp.mpg.de/~menke/elss/

Elementary process at the beam dump

e* * N
5

<

typical length X,/p
(36cm for water)

(and a bit of p* / hadron)

Xo: radiation length, p: density (of target material) 21 /45



Elementary process at the beam dump = fixed-target scattering thicker than X,/p

typical length X,/p
(36cm for water)

(and a bit of y* / hadron)

beam ® target s ®(Nyer)

from water
__ | e*N, e*fe"
e"N, e e | scatterings
YN, vy e

Xo: radiation length, p: density (of target material) 22 /45



Formula of #events for "thick-target” fixed-target experiments

N
VT — N Ny0v (definition of cross section o)

N = -Ninject Niarget Lo fixed-target version

L = track length of the electromagnetic shower

o))
AN

k 23 /45



Formula of #events for "thick-target” fixed-target experiments

N
VT — N Ny0v (definition of cross section o)

N = -Ninject Niarget Lo fixed-target version

L = track length of the electromagnetic shower

Nproduction(e'l' dump) —

dLe+ beam
Nigject X Y [ n, —2—g(de~ — new physics; F)
J - dFE
P={et,e",v}
dL?I:' beam
dFE

+ny o(®N — new physics; F)

24 /15



Track length?

positron beam dump (per beam particle)

2
10 1 1 1 ] 1 1 1 I 1 1 1 I 1 1 I I I I I

oiBxu a1 o MOptgCaro simplation (EHITS 3,23) \E\\
0 0.2 04 0.6 0.8 :

E/E,

Beam-dependent contribution + beam-independent contribution.
L mainly comes from low-energy shower.

Low-energy side: independent of beam-type.

YV V VY V

High-energy side: mainly from the injected particle.
25 /15



Track length?

positron [electron] beam dump (per beam particle)

102
10' /\/\K
10°
dL 10
dE ., _ //A
p dL € [e+] :PL / k

— T g
X, dE
0 0.2 0.4 0.6 0.8 1

E/E,

Beam-dependent contribution + beam-independent contribution.

L mainly comes from low-energy shower.

Low-energy side: independent of beam-type.

YV V VY V

High-energy side: mainly from the injected particle.
26 /15



Agenda

“ILC beam dump experiments”

1. ILC
2. Merits of this proposal
3. Analysis

4. Physics Cases
< Sub-GeV new particles (non-DM)
% Sub-GeV DM

27



(1) Meta-stable, decaying into SM (and other) particles

dump  Muon shield SM detector
< > <€ > <€ >
1T m 70m 50 m

Sakaki, Ueda [2009.13790]
Asai, lIwamoto, Sakaki, Ueda [2105.13768]

Nsignal — Nproduction X Acceptance X gdetector

model ~ Angular acceptance
dependence x Prob(decay inside the 50m)

« Semi-analytic method < our choice
« Monte Carlo simulation

28 /15


https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768

Benchmark models for meta-stable sub-GeV particles

m Dark photon

_ Cpwp e = —lel At
2 2 x‘ ﬂ

induce

1
LD _ZF/WF/

B Axion-like particles (ALPs)

1 le, - 1 5
LD iauaﬁua m2a2 + Z M@ byt sl — Zga’waF Az

1%
l=e,u, 7'

Leptonic couplings assumed, photon coupling induced

B Extra scalar boson
(a S)? ——m552 > g8 gSWSF Frv

l=e,u,T
Leptonic couplings assumed, photon coupling induced

29 /15



Dark photons Asai, lIwamoto, Sakaki, Ueda [2105.13768]
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Dark photons: beam-dump comparison Asai, lwamoto, Sakaki, Ueda [2105.13768]

m Spot the difference!
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https://arxiv.org/abs/2105.13768

Axion-like Particles Asai, lIwamoto, Sakaki, Ueda [2105.13768]
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Extra scalar boson, lepton-mass—proportional couplings  Asai, Ivamoto, Sakaki, Ueda [2105.13768]

1 1
m LD - ((9 S)? — im%SQ — Z 9,500 — —gSWSF JFRY g, ocmy
l=e,u,T
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https://arxiv.org/abs/2105.13768

Track length? Asai, lwamoto, Sakaki, Ueda [2105.13768]

positron beam dump (per beam particle)

2
10 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I I I I I

oiBxu a1 o MOptgCaro simplation (EHITS 3,23) \E\\
0 0.2 04 0.6 0.8 :

E/E,

Beam-dependent contribution + beam-independent contribution.
L mainly comes from low-energy shower.

Low-energy side: independent of beam-type.

YV V VY V

High-energy side: mainly from the injected particle.
34 /15
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Agenda

“ILC beam dump experiments”

1. ILC
2. Merits of this proposal
3. Analysis

4. Physics Cases
< Sub-GeV new particles (non-DM)
“* Sub-GeV DM
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Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

(2) Dark Matter DM detector

gump  Muon shield (electron recoil)

_ ..................................... irrn!?

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Nsignal — Nproduction x Acceptance X gdetector
- ~ angular acc./\—
de rzzg::me Rough number is known.
P / Beyond theorists’ capability.

36 /45
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Result (scalar elastic DM, positron beam dump) Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Ly = —igp A, (X O x — x0"x*)

04132057 10_7 T T 11T T T 1T IV AVAVARRLL
m 4 = 3Mpy 1078 ILC-250 10-year
10—9 " ( .
< ‘ )
& 107 .-'
S0 A A e
/ ;5 10_12 / Belle I‘I'&.:extrapolated)
#(signal) = 1000 . W ' Nyl ':
10_13 / 10 e . ,‘SuperCDMS
100 _—¥ v WO . SNOLAB
10 10—14 ‘
v,et \,0 L
vs. #(BKG) ~ 0(10) 10718 -5
(our crude estimation)  ,oef SPEL 0 L0 L L
1073 1072 107" 10°
m, [GeV]
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Result (scalar elastic DM, elec/posi comparison) Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Ling = —igp A, (X" 0" x — x0"X")
OéD — 057
m 4 = 3Mpy

1077

ILC-250 10-year

1078
107°
10—10

10—15

10—16
1073

SENSEI

1072

10°

107"
m, [GeV]

(a) electron beam dump

ILC-250 10-year

||||,|,|J ||||,|||‘ TR |

................
"

Belle Il (extrapolated)

:,SuperCDMS
. SNOLAB

SENSE! |

1072

109

107"
m, [GeV]

(b) positron beam dump
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https://arxiv.org/abs/2301.03816

Background Evaluation Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump - neutrinos - background events.

» neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25
m Event selection E...;>1 GeV

Klectron recoil by neutrinos
ve —ve , ve —rve
Nuclear recoil by neutrinos : mis-ID

vm — f_p, Vyp — E+’I’L,
vVp — Vp, Vp— Vp, VN — VN,
vn — ppr’, vp — pnnd,

0 - _ 0
Vup — VupT, U,p — U,pm,

0 — — 0

vn — vn,

39 /45
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Background Evaluation Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump - neutrinos - background events.

» neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25
At detector position

108 E >
107? ; ------ ’
o 1070
S 107! -
g E
g 10712
5 15 L
g 10 kg
© 1:
~ 107§
15 ]
S8 10
= 10716
L0-17 1 By = 125 GeV

1072 1072 107! 10° 101 102
Neutrino energy [GeV]
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Background Evaluation Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump - neutrinos - background events.
» neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25
At detector position

™ — VL — u

, from Dand K

1078 5
10~ +
10710 -
10~
10—12
1013
10~ 14

10—15 _
1016 fro

L0-17 1 Epoam = 125 GeV
1073 1072 107! 10° 10t 102
Neutrino energy [GeV]

[1/cm? /incident-e]

do
E—
dE

Ul
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Background Evaluation Asai, lwamoto, Perelstein, Sakaki, Ueda [2301.03816]

B Beam into water dump - neutrinos - background events.
» neutrino-flux simulated by PYTHIA 8.3 + PHITS 3.25

m Event selection E...;>1 GeV

» Neutrinos from dumped beam
 electron recoil ~ 10 / 10 years
* nuclearrecoil ~ 20000 x mis-ID rate/ 10 years
> Neutrinos from cosmic rays ~ 0(10) /10 years

> Noise ~ 77

42
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Result (scalar elastic DM, elec/posi comparison) Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]

Ling = —igp A, (X" 0" x — x0"X")
OéD — 057
m 4 = 3Mpy

1077

ILC-250 10-year

1078
107°
10—10

10—15

10—16
1073

SENSEI

1072

10°

107"
m, [GeV]

(a) electron beam dump

ILC-250 10-year

||||,|,|J ||||,|||‘ TR |

................
"

Belle Il (extrapolated)

:,SuperCDMS
. SNOLAB

SENSE! |

1072

109

107"
m, [GeV]

(b) positron beam dump
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https://arxiv.org/abs/2301.03816

conclusion

(1) Meta-stable, decaying into SM (and other) particles

dump muon shield SM detector
< > > >
17T m /0m 50m

Sakaki, Ueda [2009.13790]
Asai, Iwamoto, Sakaki, Ueda [2105.13768]

(2) Dark Matter DM detector

gump  Muon shield (electron recoil)

_ ..................................... irf"y

Asai, Iwamoto, Perelstein, Sakaki, Ueda [2301.03816]
44 /45



https://arxiv.org/abs/2009.13790
https://arxiv.org/abs/2105.13768
https://arxiv.org/abs/2301.03816
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