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Motivation
arXiv:astro-ph/9909252
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> ordinary
Distance matter

» Dark matter exists and interacts with ordinary » No DM condidate in SM
matter (SM particles) at least via gravitation > BSM
> add Dark sector to SM = add a new gauge

symmetry.
ILE
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https://arxiv.org/abs/astro-ph/9909252

I
A minimal model of the dark sector

> Dark sector has a U’(1) gauge-symmetry _ ¥

> U’(1) is spontaneously broken by dark Higgs
» Dark photon Ap as hypothetical gauge boson in dark sector

» Ap can kinematically mix with ordinary photon

+
s

> ete” — Ap +visr — ff + Msr e
> In this study
— — /
> ete”™ — Ap 4+ visr = #THT + Yisr 2cosaWF B

» pi final state is the best measured final state

ILD
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| 0=001
Dark photon Ap 8

The only detectable sign of dark sector
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> For (almost) any ma,: I' < 1IMeV
= peak width given by detector resolusion

1.97x10~7
Dot [GeV]

> Dark photon decays immediately (< 1um) e
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> Heisenberg's uncertainty principle: ¢t = pum
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Dark Photon in eTe™

> Why ete™
» Clean collision environment without QCD e
backgrounds at ete™ colliders.

> Well-defined initial state.
> Very sensitive to subtle signals.

> proposed colliders:
» CLIC, FCC, CEPC, ILC.

» ILC (International Linear Collider ) 3

P In this study considered International Large Detector
(ILD)
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|
Exclusion limit projections for dark photon

arXiv:2111.09928

for ILC, Bellell and HL-LHC

> in a theory study:

> reasonable assumption on the m,z resolution

> dependence of m,g resolution on dark photon
mass

> experimental approach:

-4
> exclusion limit at 95% confidence 10 F
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e Detector
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> asymptotic momentum resolution:
01 ~2x107° GeV!
pT
> impact parameter:
Odg ~ dum
> jet energy resolution:
o,
EL ~3—4%
> designed and optimized for ParticleFlow

> hermeticity down to 5 mrad

ILD
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Tracking efficiency and momentum resolution of ILD

§ arxiv:2003.01116 |
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> Excelent
events
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Momoentum (GeV?

momentum resolution of ILD for single p > Perfect track finding efficiency ( >95%) even in
forward region with P, > 250 MeV

ILD


https://arxiv.org/abs/2003.01116

|
Data Sample

> ete™ — Ap — pji samples generated using WHIZARD

event generator at 1/s=250 GeV.
arXiV:1412.0018

» Use the model of Curtin at al, described in UFO-files
(Unified Feynrules Output): as input to Whizard
> In terms of particle contents, couplings, vertices allowed

> Assumed Ap mass[GeV]: {10,20,30,...,80,100,...,240}
> 10k event samples per polarization configuration

(e ef/erer) per Ap mass
> Full simulation of ILD detector using GEANT4

> Reconstructed using iLCSoft (version: v02-02-03)
(using Pandora ParticleFlow Algorithm)
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- 100GeV

L Entiies 18850
L Mean 99.9
L Std Dev  0.2903
[ Underflow 4009
L Overflow 907
Covv v b v b b b b v 1y
9 99.2 994 996 99.8 100 100.2 100.4

InvMass _GeV
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ILD
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pr and cosf of muons
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Dark photon detection is highly dependent on m4,:
> large mass dark photons: high pr p's = worse momentum (and mass) resolution
> Io& mass dark photons: Thrust axis is along beam-pipe =- hard to detect

ILD

.8
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Opening angle of di-muons

S0 F - m, =106ev
E_ -~ m, =80GeV
;103 -+ m, =100GeV

102

10

—=m, =240GeV

Decay products in high mass are back-to-back = easy to distinguish
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|
Dark photon invariant mass in presence of SM background

x10°

> Dark photon signal: ma, =150 GeV Q other (REC) ]
o, +=0.66 b, O, +=1.46 fb (-9250 % 2f_leptonic (REC) ]
LR RCL — \ ]

> /5 = 250 GeV

> e~et Pol: (£80% , F30%)

~~
=200

3

> Normalized to Lin = 900 fb~! per 1+
polarization 150

> Standard Model Background:

» 2f-leptonic 100

> Af single Zee-leptonic
> rest SM-background

> Observable (even small) signal in 50
presence of SM-background
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Dark photon invariant mass in presence of SM background
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> Adjust search window width = Get highest #’m’d
ackgroun
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Ap search window
h_InvMassRecoDiMuon

L e e e e e S

2000 | Entries 19526

> search for a narrow 1~ resonance in i Mean -0.65591
+o— +,- -

ere” = Ap + sk = pTpT sk 1500 | Std Dev 1.7766

> better mass resolution (o, ) = more narrow search - X2/ ndf 593.4/17
window i

[ Constant 1515 + 31.2
. : REC TRUE 1000

> o width of mass residual (=ma5” —ma, - Mean 1605 + 1.176-05
REC inv r
m =m _ L

Ap ntp ) i Sigma  0.3045 + 0.0048
> more narrow search window = lower background 500 B
> mass resolution dominated by detector resolution 3

(' ~ 1 MeV) 0- A N R
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Ap search window

with full detector resolution

— T
d L m, =150 GeV 4
~ 500 I Entries 19526 _|
‘- [ Mean -0.6897 7]
» Normalized Residual of dark photon mass: Y X Std Dev 20507 1
REC_, TRUE F 400 X2/ ndf 16.79/17 -
_ ™MaApL TMa L Constant 487.9:85
oDet N Mean -1e-05 + 1.74e-05 ]
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200 - -
> Propagate CovMatrix of ™ and ™ to m,; uncertainty C ]
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I
ILD mass resolution

Graph

;0.5_""|""|""|""|""|
D C ]

9. C ]

EO'4 N ]

o) i i

> adjust asymmetric search window o dark photon - g
mass 03 E
= goal: get highest Nignal / Nbackground 0.2 ‘ _
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Conclusion

> Future eTe™ collider experiments have capability to produce and detect dark photon
> ILD as a detector optimise for particle flow reconstruct individual particles with an excellent momentum and
impact parameter resolution

> Excelent momentum resolution of ILD (o _1_) allows to search for dark photon in a very narrow window with
PT
the minimum background

Outlook

> apply o, for optimizing width of search window to get CL95% signal of dark photon in ILD

> determin minimum € as a function of m.a,, = get an observable signal
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BACKUP
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Ap search window

with detector momentum resolution o 1

P

h_InvMassRecoDiMuon
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X2/ ndf 19.3/17
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Mean 5.326e-06 + 1.193e-05

Sigma 1.42 +0.03
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with only asymptotic momentum resolution of ILD:

o1 =2x107°
rT

derived uncertainty on reconstructed m:

dmy, dm, g
= SRR N2 4 S )2 4
Tmyus = 0L X \/(deYH) X P, + (de,,:) X Pr g

underestimated uncertainty on m,; by ~ 40%
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