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@® Introduction

Introduction

International Linear Collider

ILC (International Linear Collider)

- Electron-positron linear collider
- 250 GeV center-of-mass energy (-> upgrade to 500 GeV, 1TeV)
- 250 fb~ 1! integrated luminosity
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Schematic illustration of ILC

From IPNS homepage
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Introduction

Beam dumps in [LC

Total 15 beam dumps in ILC

- for electron, positron, and photon
Absorber (water, graphite, aluminum alloy)
Energy (5, 15, 125 GeV e~ & e™, average 8 MeV y)
Normal operation — E-5, E-8 (e7), E+5 (e*), E+7 (y)

I : Electron Beam Dump From Morikawa san’s slide

1 : Positron Beam Dump [LCWS2019]
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Beam dumps in [LC

Main beam dump

- Absorber : liquid water

- Covered by iron shield and concrete
- 11 m length

I : Electron Beam Dr
1 : Positron Beam Dump

From Morikawa san’s slide
[LCWS2019]
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Beam dumps in [LC

Main beam dump

- Absorber : liquid water
- Covered by iron shield and concrete

- 11 m length ghat . vvaste)

S —

Almost all e™ & e~ aré dumped at main beam dump

Use them for beam dump experiment
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Beam dump experiment in [LC
ldump~11m lSh ~70m ldCC ~50m
<€ > € > € >
Muon shield Decay volume Detector

Beam dump

------- ILC main beam dump experiment

-+ 125 GeV et or e™ beam
- Liquid water target
- Thick muon shield for removing background
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Beam dump experiment in [LC

PreViOUS Work S. Kanemura, T. Moroi, T. Tanabe, PLB 751 (2015) 25-28,

arXiv : 1507.02809 [hep-ph]

Dark photon search by ILC electron beam
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Beam dump experiment in [LC

PreViOUS WOI’k S. Kanemura, T. Moroi, T. Tanabe, PLB 751 (2015) 25-28,
arXiv : 1507.02809 [hep-ph]

104 3
Dark photon search by ILC electron beam
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Sensitivity of ILC beam dump experiment to light particles is much higher than
those of past beam dump experiments and comparable to that of SHiP experiment
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Beam dump experiment in [LC

Previous work Y. Sakaki, D. Ueda, PRD 103 (2021) 3, 035024 arXiv : 2009.13790 [hep-ph]

- Electromagnetic shower (e & u & ) in ILC electron beam dump
- Production of Axion-like particle and light scalar by remsstrahlung process
from e & u, Primakoff process from y

P ldump - Ish lec

7 N
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Muon shield Decay volume D;tector

e & L . . . . - - - - - - - ><’ :[rdet
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Introduction Other work

KA, T. Moroi, A. Niki, Leptophilic Gauge Bosons at ILC
Beam Dump Experiment, PLB 818 (2021) 136374

Beam dump experiment i#

Previous work Y. Sakaki, D. Ueda, PRD 103 (2021) 3, 035024 arXiv : 2009.13790 [hep-ph]
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Productions by secondary particles are important
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Beam dump experiment in [LC

Advantage

O Intensity frontier
- Produce large number of light weakly-interacting BSM particles
by high-intensity beam & fixed target

ILC beam dump experiment and ILC main experiment are
in complementary relation

ILC experiment

O Energy frontier
- Produce heavy interactive BSM particle by high energy beam

O Low cost of construction and operation
- Possible to use beams and beam dumps for ILC main experiment
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@® Introduction

Beam dump experiment in [LC

Advantage

- Can use positron beam

- Production by pair annihilation between e* beam and e~ in H,0

Proton beam dump has higher sensitivity
than electron one

ﬁ)ther Drocess \

e:l:

Bremsstrahlung

) X
v
\MX Primakoff procesy
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Beam dump experiment in [LC

Advantage

Large number of positrons are produced by electromagnetic shower
in both electron and positron beam dumps

Annihilation process occurs in positron beam dump

How much better sensitivity of positron beam dump to search
for new light particles than that of electron one ?
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Production Process

(a) Pair-annihilation (b) Primakoff process (c) Bremsstrahlung

dark photon v/ v/
ALP v/ v/ v/
scalar v v/ v/
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Beam Dump
Experiment
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

ldump lsh ldec
<€ > € > € >

Muon shield Decay volume Detector

Beam dump

beam

(# of signal detection)

= (# of produced new particle) X (Acceptance)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

eibeam

(# of produced new particle) .

= (Luminosity) X (Production cross section)

—

Dependent on beam Dependent on particle species
and beam dump
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

eibeam

(# of produced new particle) |

= (Luminosity)
|| N+ =4 x 10%! /yr
(# of incident particles into beam dump) nx = pr,0Na/Am,o0 = 4 x 107

X (# density of target particles in beam dump )/ Ne- = pH.0NaZm,0/Am,0 = 3 x 10%
X (Track length of shower particles)
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Beam Dump Experiment

@ Beam Dump Experiment

Number of signals

Track length

From Sakaki san’s slide
target

- Integral of particle fluence over beam  peam

e_
""""""""" - '@/\m
dump volume 4 — r

- Calculated by Monte Carlo simulation
|Geant4 & PHITS in our study] Letectron

- Beam particles have longer TL in high

energy region, and every particle has L
comparable TL in low energy region T VW s vy,

L positron — \

X (Track length of shower particles)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

Track length 1 g S ()

- Integral of particle fluence over beam 10'F
dump volume 0L

- Calculated by Monte Carlo simulation Ej—ém
[Geant4 & PHITS in our study] - )

- Beam particles have longer TL in high 105 —__ Jore Saylo simlafon
energy region, and every particle has O N P RPN IO B
comparable TL in low energy region B

X (Track length of shower particles)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

ldump lsh 55 o ldec >

Muon shield Decay volume Detector

Beam dump

beam

(Acceptance)

= (Probability of decaying in decay volume) x (Angular cut)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

ldump lsh ldec
<€ > € > € >

Muon shield Decay volume Detector

Beam dump

beam

(Acceptance)

= (Probability of decay in decay volume)
New particles reach decay volume and are detected by decay into visible particles
Probability of decay between 21 ~ Z9

22
l ec .
Paec = / —e 7/l [4ec : Decay length in laboratory frame
z1
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

ldump [sh ldec N
< > € . > € >
Muon shield Decay volume Detector
Beam dump
e:t beam ‘ a

(Acceptance)

_ (Angular cut)

Produced particles have angles with respect to initial particles

For large angle (deviation from beam axis 7 1), visible particles in decay
volume do not hit detector

Angular cut : @(Tdet — 71)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signals

ldump lsh ldec
<€ > € > € >

Muon shield Decay volume Detector

Beam dump

(Number of signals)

= (# of produced new particle) X (Acceptance)
Eveam ) 3 ; ; X z2 1
:Neinj/ ey / dexda(wr] — prod)/ dz——e /9w (raey — 1)
0 Z1

’ dEZ dQX ldec

Coupling to SM _’ —— # of production J Acceptance (Iifetime)-i

# of signals is defined by competition of two effects
(belt-shaped sensitivity region)
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Result
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Dark photon

]. A/ A/ € m A/
b3 —7 E VI — SRRl

Result

Result
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loop induced
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Scalar particle ~ 9e/me
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O ILC e* beam dump experiment has higher sensitivity to light
(S 1GeV) weakly-interacting particles than past beam dump
experiments

(O We take account of productions by bremsstrahlung, Primakoff,
and pair annihilation processes for dark photon, ALP, and light
scalar models

(O Although pair annihilation processes occur in both electron and
positron beam dumps, positron case is more sensitive to heavy
mass region because of primary et beam

O ILC beam dump experiments are necessary to exploit the full
ability of the high-energy e* beams, which are not inexpensive
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Lagrangian ® Appendix

Dark photon model

]. / / € / m2
(A Ay~ r(em) p(AN)pr | A’
LD .F'w/ F 2}?/“/ F ! 9

b Eint = —eeA'“jgm

Light scalar boson model

1 1 T |
L= 2(0,8)" — 5m3S* — > guStl— 195y SFu ™
l=e,u,T
ge/me — gu/m,u — QT/mT LOOp induced
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Lagrangian ® Appendix

ALP model

1 1 1 0,a- 1 .
LD iaua(’)“a — §m‘2a2 - z 5%@@%57“’)’55 — ZgawaFqu“

l=e,u,T

Case 1

Caee 7é 0, Capp — Carr — 0 LOOp induced

Case 2

Caee — Capp — Carr
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Appendix

Number of signal events ® Appendix
) X ) X B X
et v 2 - et 2l et
Fo &
(a) Pair-annihilation (b) Primakoff process (c) Bremsstrahlung
d!
Ns(iz)nal = N+ /dEe+ dEeJ:L ‘N - o(eTe” = X) - Ace(X),
dl " do(yN = XN)
NP =N /dE —L. /d9 - Acc(X
signal et Y d Efy NN . X dex CC( ) )
di; " d26(iN = iXN)
N© =N, dE; —- . / dE / df - Ace(X
signal + ._Z:Jr / dE, nN X . X dEx dOx CC( )
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Appendix

Production cross section ® Appendix

Pair annihilation

2 2 2
olete” - A) ~ amac 0 (Ez — = me) :
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Production cross section ® Appendix

Primakoff process

do ("N = aN)  ag;,,E;6;
df =~z o2l
do (YN — SN) g%, E; 0
dfs - 4t?

where
Go(t) : electric form factor

— %~ E202 1
b=—-¢ >E0x+ 75 (4 : momentum transfer)
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Appendix

Production cross section ® Appendix

Bremsstrahlung

dza(eiN — eiXN) — gg{eeQQx(l . 33)E2,BX AXlt—tmin
dx dfx 2T ’ U2 ’ )
~ — X
where = Ex/E; i =—xFE?0% — m% " m2x
Bx = \/1 — m%(/EZ X : effective flux of photon
/ D —9) Y 2, 1 — 2P
A, =9 T + z° +4(m?4,+2mg)ux+mA( i T) + mix |
min 1 — ’U,2
2 ~ 2 D
. 7 Jur +m2(1 — ) +mix
A |t—t L= ] — —I—Zma 2 :
2 ~ 2 2,2
o T 2 . oUW +mg(l—z)+miz
Kento ASAI (Yokoha A |t—tmn 1 — +2(mS 4me) Y ’




Appendix

Angular acceptance ) Hppenty

Angle of initial particle i

9. _ 16 mrad - GeV/E, .+ (for shower electrons and positrons),
: 8 mrad - GeV/E, (for shower photons)

Production angle of new light particle

[ Ox (for Primakoff process & bremsstrahlung)
0  (for pair annihilation)

0y = <

\

Decay angle of SM particle from X
6) _ T x
5T 9F
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Appendix

Angular acceptance ) Hppenty

Typical deviation of emitted SM particle
from beam axis

TJ_(Z) — \/‘9% (ldump + lshield + ldec)2 + Hg(ldump + lshield + ldec>2 + 6% (ldec — Z)2

detector

, (ic\e__p-
u shield visiple P2 Im Tdet

e —— 2

AN ) lgec

S -

ldump  lshield decay volume

Kento ASAI (Yokohama National Univ.) New Physics Searches at the ILC e* & e~ beam dumps| = FIRR@HTIL=2021 (Nov 7, 2021)



Appendix

Angular acceptance ) Hppenty

Averaged angled of initial particles

(16 mrad - GeV /Eq+ (for shower electrons and positrons),
8 mrad - GeV/E, (for shower photons)

Shower y (e*) with E, < 0.52 GeV (E
always result in r; > rget

y (e*) < 1.05 GeV)

In reality, 8, has a distribution, and shower particles
with smaller momentum may pass the angular cut
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Angular acceptance ) Hppenty

10_1 10_1 JEALELL LA e R L R R R R
ALP model
1072 1072
(Case 1) ; -
1073 <1073
> >
[ -4 Red -4
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3 3 ]
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Ey, : minimal energy i el | 10°8L e T L/
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(a) electron beam dump (b) positron beam dump
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Angular acceptance ) Hppenty

ALP model '
(Case 1) 107

£ 10
D
% 10~4
< [ Low mass boundary is sensitive
S 107 e to energy threshold
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