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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
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Introduction

Beam dumps in |LC

Total 15 beam dumps in ILC

I : Electron Beam Dump From Morikawa san’s slide

3 : 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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Introduction

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 as beams in 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
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Beam dump experiment in [LC
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Beam dump

Previous works
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Beam dump experiment in [LC

Advantage

- Can explore intensity frontier (light weakly coupled new
ohysics [-> long lived])

Energy frontier (heavy strongly coupled new
physics, large energy deposit)

Target of ILC

- Cheep construction & run costs
Beams, beam dump, and muon shield can be used as they are.
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@® Introduction

Beam dump experiment in [LC

Advantage

- Can use positron beam

Pair annihilation process

*64_ 4

ﬁ)ther DroCcess \
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g* Bremsstrahlung
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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/

leptophilic gauge boson # Next Niki san’s talk !
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Beam Dump
Experiment
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Beam Dump EXperIment @® Beam Dump Experiment

Number of interaction

Luminosity

dl;
dlb;

N_+ : Number of incident e* into beam dump
(~ 10%' / year @ ILC)

L = Nei Uz

Tt Number density of j in target

NAVO PH->O

2

(nnuclear — A , Ne = ZHQO Nnuclear
H-O
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Beam Dump EXperIment @® Beam Dump Experiment

Number of interaction

Luminosity
dl;
L = Nei Uz dEZ
dl;

. Track length of i
dF; (Averaged total flight length of i
in target with energy range [E,E + dE])
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Beam Dump EXperIment @® Beam Dump Experiment

Number of interaction

rack length

beam = e~ (e™)
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Beam Dump EXperIment @® Beam Dump Experiment

Number of interaction

Production number of light bosons

dl;
dl;

luminosity

Ebeam
N = / dEZ Nej: nj Uprod(Ei)
0

aprod(Ez-) : Production cross section of light bosons
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Beam Dump EXperIment @® Beam Dump Experiment

Geometrical Acceptance

detector

ldump  lshield decay volume
Acceptance L o
Acc(X) = / dy ——dec O(rdec — T1) dFace decay probability
0 dZ dz
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Beam Dump EXperIment @® Beam Dump Experiment

Number of signal events

Number of sighal events @ detector
dl;
dFE;

Ebeam
N = / dEZ Nei Uz Oprod (Ez) ACC(X)
0

Acceptance
ldec P
Acc(X) = / dz dFdec - O(Tdec — T1)
0 dZ

Decay probability

dPgec 1 ldump + lshield + 2 11ab) : decay length
T = Tany XP |~ TaD) X .
> 1 I in lab frame
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ALP case (model 1)
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Scalar case

1072

o rriri 1 I~IIIIII| 1 1
~ ~

~ ~

1073

104

-
--
-----
-----

& 107°

1076

10~7

Bremsstrahlung
Primakoff

Pair annihilation
L1 11111 1 1

1072

10"
Mms [GeV]

(a) electron beam dump

10-81

Kento ASAI (S

@ Result

g e
’-' ‘O‘
----------------- S e S ]
.
‘4
Orsay ‘ E
_____ =
------------ :
NAG4p | .-~ =
e BIST i
=an Y .
T~ . by |
il TR b =
L 3 Rl N3 -
™Y ey -1
N b - S -
% ':'a-~f~-:.,.r..._ ~ -
- . 1 ® ‘J

] . ; ' b ~ -

=t Voo,
- 8 ey S —
ILC-250 2 1y . 3
1yr. 20y Vel ' 3
Bremsstrahlung —_— —— \ . _r -

-~
Primakoff —_— —_— pR A -
Pair annihilation ., =====- = ====-- T
L1 11111 Lol 1 L vl

1072

1071
mg [GeV]

(b) positron beam dump



Summary

ILC beam dump experiment can search for the regions where
interactions with SM particles are small, and in such regions,
new physics may be hidden.

As a benchmark, we comprehensively study sensitivities to

dark photon, ALPs and light scalar boson, using |[LC positron
and electron beam dumps.

ILC beam dump experiment has an order of magnitude better
performance than other beam dump experiments
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Lagrangian ® Appendix

Dark photon model

]. / / € / m2
(A Ay~ r(em) p(AN)pr | A’
LD .F'UV F 2}7“,/ F ! 9

b Ling ~ —eeA' ,gE

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 §3Ma(9“a — §m§a2 - EZ;T icaggﬁhﬂ%f — ZgawaFWF“
Case 1
Cace 7 0, Cappp = Carr =0 Loop induced
Case 2

Caee — Capp — Carr
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Number of signal events ® Aopendix

) X ) X B X
et e 4 - et il et
$o 5
(a) Pair-annihilation (b) Primakoff process (c) Bremsstrahlung
(a) dle+ P
N> 1= N [ dE+ ‘Ne--o(eTe” = X) - Ace(X),
= dE.+
b) dl,y m da(vN — XN)
Ngignas = Net /dE7 dE, -nN/O dfx 0 - Ace(X),
dl, ™ d26(iN - iXN)
N© =N, /dEz- L. /dE / df - Ace(X
signal = i:ez—:e‘F dE, nN X . X dEx dfx cc(X)
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Production cross section ® Appendix

Pair annihilation

9 2 2 2,
O'(€+€_—>Al)2’ mac 5(Ei—mA {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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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 = ] — —I—Zma 2 :
2 ~ 2 2,2
o T 2 . oUW +mg(l—z)+miz
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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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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

——t —— 2

[
. S /,0 dec

S -

ldump  lshield decay volume
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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

91:<

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
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Angular acceptance ) Hppenty

ALP model '
(Case 1) 107
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(a) electron beam dump
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Dal’k phOtOﬂ CasSeE @® Appendix
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ark photon case
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(b) positron beam dump

Pair annihilation
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Decay probability
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B4

— 62 ~ const
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Upper side of boundary does not
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10'4E Past beam dump 3 Pair annihilation
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