4AIPN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

[JUnité mixte de recherche
[ICNRS-IN2P3

[(Université Paris-Sud
191406 Orsay cedex

[JTél.: +33169 157340
[JFax:+33169 156470
Uhttp://ipnweb.in2p3.fr

HPS experiment at JLab:
searching for dark photons

Ani Simonyan
Michel Guidal & Raphael Dupre

Institut de Physique Nucléaire d'Orsay

CNRS-IN2P3
Université Paris-Saclay

mk



.JI PR Physics motivation

INSTITUT DE PHYSIQUE NUCLEAIRE

ORSAY

« Hadronic matter only accounts for ~4% of the mass of
the universe .

« The heavy photon (or "dark photon") is a possible
candidate carrier of a new force that could explain
Dark Matter (DM)
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 The DM interacts with ordinary matter through new force mediated by new 20MeV-1GeV mass gauge
boson. Candidate for such a particle is A' or "heavy/dark photon".

« Dark matter coupling to A' can explain the excess of positrons and electrons in cosmic rays via DM
annihilation or decay into e*e™ pairs.

IIIII | 1 L B B B | I I UL I ! |

i

R 1 -

Positron fraction

—
Q

111
X il‘ Hl}é@éﬁ‘}# -

o AMS

A FERMI

o PAMELA
AMS-01 -
HEAT

" CAPRICES98
CAPRICE94

: » TS93 =i

lll lllllll 1 |

10°
positron, electron energy [GeV]

13



4AIPN Experimental Status of A'

INSTITUT DE PHYSIQUE NUCLEAIRE

ORSAY

* Heavy photons are allowed
below a coupling strength

10~3and throughout mass
range of 20-1000MeV / c?.

« HPS (heavy photon search

experiment) searching

region focuses on a wide

range of heavy photon
masses and moderate
couplings

* The other region utilizes
both invariant mass and
separated decay vertex
information to provide
sensitivity to small
couplings over the mass

range 20-250MeV / c*
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Analyzing Magnet

Vacuum Chamber

* e~ beam at 1.05 and 2.3 GeV
* Tungsten target

* Detector package includes:
* 6 layers Silicon Vertex Tracker (SVT)

* Electromagnetic Calorimeter (ECal)
( built by IPN group)
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Experiment is running at
Jeffeson Lab (TJNAF, USA)
in Hall-B.

Test run on May 2012

Test run on the fall of 2014
with cosmics and ECal
only.

Engineering run in Spring
2015 (1.05 GeV)
Engineering run in Spring
2016 (2.3GeV)
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Typical FADC signal
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Signal properties in Ecal , timing and time resolution,

Ecal forever
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Feynman diagrams econtributing to ep — epl*l™
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2. + same diagrams with ey, , €, €Xchange term (X)

Some neglected
+ VVCS —neglected for
nucleon target

Accepiance for FIPS
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A o, [npar]
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QED Background cross-section: Results
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QED cross-section vs invariant mass of e*e™ pair (by Beranek et.al)
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JIPN QED cross section at ~1Gev

Comparison with different theoretical calculations
(each distribution Is scaled to Beranek calculation)

= . Red — Beranek calculation
g 500; ame scaled to 1 ﬂ ﬂ G@V
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For simulated electrons | %

with uniform distribution
of:
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4diPN QED calculations with realistic acceptance for e~

QED cross-section vs invariant mass of e*te™ pair
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Ecal acceptance for ¢y, horizontal angle
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v Signal properties and timing in Ecal

.
v QED background calculations for HPS THg")’ ’f
° Beam particle charge inaccurate setling o

o Comparison with different calculations

v Ecal Acceptance calculations for electrons

o dependency on momemntum
o Ecal gap exclusion limits

In progrress:

O Acceptance for positive particles and application

L Developing event generator for QED process
simulations
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