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“Portal” to dark sector
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DM can be probed only through its gravitational interaction

* anew force between the dark sector and visible matter transmitted by a
new vector boson AO (dark photon) might exist

A’ could have amass my, < 1GeV

 associated with a spontaneously broken gauged U(1), symmetry

* Coupled to SM photon via kinetic mixing term —%8 FWA’W e<<1
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Experimental setup

Main components :
* clean 100 GeV e- beam

* e- tagging system: tracker+SRD
* 47 fully hermetic ECAL+ HCAL

Vacuum vessel

e, 100 GeV
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Main process

A .- | Dark
________________________ T T |Sector

The exact tree-level calculation of the dark photon production

/.\ in high-energy electron scattering at the CERN SPS

S.N. Gninenko': D.V. Kirpichnikov!! M.M. Kirsanov'fand N.V. Krasnikov'

* NAG64 active dump setup

* Electron tagging with SRD

* Shower development inside ECAL
* Possible dark photon production

Sighature:
_ Background:
= In: 100 GeV e~ track o w7 K decays in flight

" out: Egca < Ep shower in ECAL o Tail < 50 GeV in the e- beam
* no energy in Veto and HCAL ¢ Energy leak from ECAL+HCAL
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Simulation signatures

* Weizsaaecker-Williams (WW) approximation (Bjorken et al., 2009)

e Exact Tree Level calculations performed (Phys Lett B, arXiV:1712.05706)

* So called K-factors introduced to the total CS calculation

* CS can be decreased by factor 15 compared to simplified WW at my,, ~ 1 GeV
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Geant4 implementation

* EM shower development is simulated in MC package for NA64

* Total and differential cross sections caculated on each geant4 step

* |If emission is accepeted - angular characteristics of resulting partcle are
manually generated

e (Calculation of 4&-momentum of recoil electron

* K-factor implemented
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Geant4 implementation

* Emission spectra for A’ is simulated

* Visible mode

« Decay et /e~ are tracked through the medium
* Bremsstrahlung gamma, conversion,

Exact x20: M,=100 MeV| %

e = et s IWW x20: M, =100 MeV/ | i
0.8 Exact: M,=10 MeV
------- IWW: M,=10 MeV 5
0.7 :

Signal counts/1GeV
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Geant4 particle and processes

Particle represented by its own class, which is derived from G4ParticleDefinition

* lepton
° meson G4PDefManager
* ba ryon - sublnstanceManager
b G4ParticleTable
[ ]
oson -thg!PanicleTable
e shortlived G4ParticleDefinition [
¢ 1on - g4ParticleDefinition - g4ParticleDefinitipn
G4ProcessManager =
e — - genericlon
- theProcessManagerShadow [ x
;{theDecayTabIP)
: : = G4
G4DynamicParticle - theParticleDefinition achyin
- parent »
FAY
G4Geantino G4VShortLivedParticle
G4Gamma Gdlons
G4Electron G4PionMinus
G40pticalPhoton G4SigmaPlus
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Geant4 particle and processes

- currentParticle >| G4ParticleDefinition

G4ProcessTableMessenger

- theParticldType X ’f_}F

b ¢ G4ProcessTable
G4ProcessManagerMessenger ]<>< GdProcessManager \|L/
+ GetAtRestProcessVector()
—A + GptAlongStepProcessVectoro G4ProcTableVector

3

G4ProcessAttrVector |( 3¢ +GetPamc|pTypeo
- GetAttribute()

G4VProcess

G4ProcessVector |O—
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Geant4 models

G4ionlonisation

Each process described with a model

e Attach own model for dark photon
G4MuBremsstrahlung G4eBremsstrahlung p ro d u Ct | on
~*  Current implementation is based on
GaMuPairProduction / muon Bremsstrahlung
V___
G4hBremsstrahlun Al SC 4V§:f(r)g ylossProcess
| LanBremsstrahiung | +AlongStepDolt
> +PostStepgetthsicallnteractlonLengtho
P )
G4hPairProduction ‘,
G4hlonisation | |
| G4Mulonisation G4alphalonisation '|
\\‘ ‘. G4elonisation ,' <<use:>
<\<xyse>> A : <{use>> 1
creates \ 1 dreates \
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Thank You for your attention!
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