Search for physics Beyond the Standard Model:
a new gauge forces, dark photons, dark matter ...

S. Stepanyan, Jefferson Lab



Heavy Photon Search experiment

= Interest in the possibility that a massive photon-like particle could exist and
play a role in dark matter annihilation emerged in 2009, and has generated

considerable activity since then

= Such a particle could account for the striking evidence in the cosmic rays of
an excess of high energy electrons and a rising positron fraction, and is
natural on very general theoretical grounds as well

= A heavy photon could also account for dark matter interactions with regular
matter, and so bear on dark matter direct detection experiments

= The heavy photon would be produced in electron bremsstrahlung off heavy
targets, albeit at rates strongly suppressed compared to production of virtual
photons of the same mass
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The Evolution -
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Distribution of matter in Universe
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Gravitational lensing — Abell 2744, Pandora’s Cluster
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“Missing mass” of the universe

The quest for the identification of the missing mass of the
universe has been with us since many decades now

While explanations in terms of modifications of
Newtonian gravity or General Relativity become more
and more contrived, evidence for the particle nature of
such Dark Matter (DM) now comes from many
astrophysical and cosmological observations

Non-baryonic new particles that may fulfill the réle of DM
have emerged in the latest decades within many Beyond
the Standard Model (SM) theories

C{}uuu} Stepan Stepanyan (JL.AB)




DAMA/LIBRA

2-4keV

DAMA/LIBRA 250 kg (0.87 tonxyr)
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CoGeNT Modulation

Similar annual oscillation have been observed by CoGent
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Hint for WIMPs

However, two other experiments CDMS-II and XENON100 have
found no evidence for dark matter in their detectors.
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The Standard Model

Almost all known particle physics phenomena are well described within the SM,
but ... it does not explain the complete picture

Standa

of
FUNDAMENTAL PARTI AND INTERACTIONS

— neutrino finite mass
— gravitation
— dark matter, dark energy

and the Higgs boson, has yet to be found

Standard Model Hidden Sector?
strong weak  electromagnetic new force!  Extra U(1) below
g Wt 7 Y A/ the weak scale
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New Physics behind the SM

A new hidden sector with sub-GeV gauge bosons can explain several
particle physics anomalies, e.g g-2 of the muon, the flavor oscillations of
neutrinos (associated with their small but finite masses)

This new gauge boson, called as heavy photon, dark photon, A’ ..., can

be our way to reach to the dark sector
DM DM*

o \v\ﬁl//v\<€+

GeV - TeV - /
eV-Te "\A;é/v\<g+ MeV - GeV A
oM —~" -

Arkani-Hamed, Finkbeiner, Slatyer, Weiner Nucleus Nucleus
Pospelov & Ritz

Dark matter coupling to the A’ could explain DM annihilation into e*e -
Inelastic scattering via A’ could account for the DAMA results
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Coupling of the SM to Hidden sector

massive

\ 4

X € oY
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“Kinetic Mixing” generated by heavy particles
interacting with 7/ and A’ [Holdom - 1986]

quarks & charged leptons have e-€ coupling to A’
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Positron fraction
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PAMELA - anti-protons
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O No excess in anti-proton spectrum
a A new gauge force that is broken at relatively low energies
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Where and how to search for dark photons

Both “naturalness” arguments and fits to astrophysical data suggest
o loo=¢g2~10%—-10"10
m, ~ MeV - GeV

Decay Branching Fractions:

Branching Ratios
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‘ Limits from g -2
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Direct searches: [*[

Collider VS. Fixed Target
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Kinematics of fix target experiments

do o € Kinematics very
dr o r m2-z+4ma(l—z)/z different from massless
5 © “ photon bremsstrahlung
.
o N 3/2
ma
&5 (f) (narrow) I

Heavier product (here A’) Epa~E—mgy
takes most of beam energy E, ~m
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Electromagnetic background
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Bump hunt and vertexing

0 QED tridents will be produced at Z=0 and will not produce a peak in M(e*e")
Q A’ decays can extend to large Z and will produce a narrow peak in M(e*e")
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‘ Fixed target experiments at JLAB
Jefferson Lab - Precision and intensity frontier!
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‘ Experiments at Jefferson Lab
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APEX - uses 1-4 GeV, 150uA
electron beam incident on
0.5-10% r.l.. The e+e- pairs at
small angles, 6 = 5¢, from the
produced A'decay are detected
using the Hall A spectrometers.

DarkLight - extends the search
for A’ to lower mass values,
down to ~ 10 MeV. Experiment
utilizes the FEL high intensity
(10 mA) electron beam at 140

. MeV, incident on a 10" cm™
as hydrogen target.
m .y (GeV) Jas Nyereg J
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I “;Zt%}: Stepan Stepanyan (JL.AB)

S JEFFERSON NATIONAL ACCELE!

THOMAS Ji RATOR FACILITY




"hf HEAVY PHOTON
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Experiment in Hall B — high statistics search for
A=l (ete  or u u)
Bump hunt and vertexing
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Heavy Photon Search experiment in Hall-B

A new installation, including beam-line elements, behind the
CLAS12 detector based on three dipole chicane
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Heavy Photon Search experiment

d Thin, 4um W target positioned 10 cm before tracker

O Compact Si microstrip tracker/vertexer in 1T analyzing magnet
O Fast, segmented Ecal for triggering, e ID

0 Muon detector for alternate trigger, muon ID

Q All detectors are split vertically to avoid “wall of flame” occupied by
primary beam degraded electrons, bremsstrahlung photons, etc.

analyzing magnet

. muons
electromagnetic

calorimeter

Si tracker
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“non-bend plane”
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Bump hunt and vertexing
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Si-tracker

O 6 Layers of Si detectors mounted on CF modules supports, split into upper
and lower planes: VH, VH, VH, VS, VS, VS (Vertical strips measure P)

O Entire assembly is in vacuum to minimize backgrounds. Rolls in/out for
installation and servicing.
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Beam size and position stability
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W Target

O Small beams spots are needed to constrain A’ trajectory and reduce vertex
tails

0 Small, stable beam spots and high beam currents cause significant target
heating. Solution is to rotate the target
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‘ Full GEANT4 study of ECal occupancies

» Occupancies OK for 8ns window

Calorimeter Occupany for threshhold = 100 MeV,AT = 8 ns |
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‘ Full GEANT4 study of trigger rates.

Hits in ECal, A' 75 MeV

.
Hit Energy My PEWECHST=07s |

31

Hit Energy MeV

$ = : e
sty L i i
F ‘F NI i
3 ) ‘ﬁ[ | " .
“ i “E 1] i il
Trigger (6.6. GeV)
Trigger Cut. 200 MeV/ez A" | Background | Background = 2 clusters
Acceptance Acceptance | rate 0.5< E1 , 2< 2.0 GeV
Events with least two opposite clusters 42.35% 2.30% 2.9MHz E1+E2< Ebeam
Cluster energy > 500MeV and <5 GeV 44.25% 0.123% 154 kHz AE < 4.0 GeV
Energy sum <= Evean*sampling fraction 44.25% 0.066% 82.5kHz Co-p|anar
Energy ditference <4 GeV 44.20% 0.062% 77.5kHz
Lower energy - distance slope cut 43.46% 0.047% 58.8 kHz
Clusters coplanar to 40° 42.33% 0.0258% | _—223KHz—
Not counting double triggers 38.58% 0.0210% (2&12)
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Bump hunt sensitivity
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Vertexing

Epeam= 9.9 GeV Signal Reglon Vertex Cut
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The black curve represents the fake vertex distribution from trident events with
mass in a 2.50 window about 200 MeV

The red and yellow curves are the vertex distributions for signal events from an
200 MeV A, with o/o0 10-8-° (ycr=3.5 mm) and with a/a 1095 (yct=35 mm)
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‘ Experimental reach

Bump hunting region -4 _-"°-- "
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Plans for HPS

HPS proposal asked for a test run (~1month) and 6
months for production running at two beam energies (2.2

GeV and 6.6 GeV)

PAC37 conditionally approved the full experiment, and
approved the test run to be conducted before 12 GeV
shutdown

Test run will utilize existing three-dipole chicane (TPE)
and scaled down version of the Si-tracker and the
electromagnetic calorimeter

Test run is funded by DOE (800K$), design and
fabrication of apparatus is in progress

ﬂuuu} Stepan Stepanyan (JL.AB)
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‘ Layout of HPS test setup in Hall B
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HPS test setup

» Sitracker - 5 layers, 10 stereo readout planes
positioned at 15mrad from the beam plane

« Target - 0.125% r.l. W-target (4um), 3 wire beam
profiler, additional calibration foil 0.25 r.I.

(JLAB]

Electromagnetic Calorimeter - 460 PbWO,
modules with APD readout in a temperature
controlled enclosure, starting @ 15mrad
Vacuum chamber between 2 parts of the ECal

Ml
hﬁl—l

Analyzing magnet
operated at 0.5 Tm

Two dipoles, operated at 0.25 Tm, to keep primary
electron beam on the nominal beam axis
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Possible reach of the test run
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Summary

The potential of a hidden sector linked to the SM by a new U(1)
gauge boson is exciting:

o theoretically, there are only a few ways for a new force to manifest
itself...parameter space should be explored!

o possibly explains a number of recent experimental results

o topical...high activity both phenomenology and experiment
JLAB experiments cover huge parameter space in mass and
coupling

HPS, in particular, covers both a large and unique range of
parameters, the ONLY experiment (current or proposed) to cover
a'<1077

The quest for the identification of the missing mass
of the universe has began

<{ 4
UU\JC}; Stepan Stepanyan (JL.AB)
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