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Introduction
The processes which could have a U-boson
C.Boehm, P.Fayet, Nuclear Physics B 683 (2004)

AA4. Constraints from g — 2

ge_21 gp_z v ¥
7,n decays to Uy @ . f\F
7T,Q,y decays to y + invisible A e

If the U boson mainly decays into dark matter, then the U production process turns
out to be of the type e"e™ — y + E, where F is missing energy, which is of interest
in experiments searching for single photon production events. But, in the case of a light
dark matter candidate, such a process is likely to remain unobserved, owing to the large
background associated with eTe~™ — yy, in which one of the two photons escapes
detection.

Upper limit for the coupling constant |fy|° < 2 10°(m,)?

A.6.1. Direct U boson production g2 < 10-*at 10 MeV

No specific restriction on - . ,y
U/A’ decay mode! e e e ?}{7:
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A Worldwide Effort of Dark Photon Search

Different Search Techniques:

“Bump hunts”

—4
* Bump hunting, beam dump, displaced 10
vertex, rare decays... -
Search by different decay channels:
« Search in visible decay (A'->e*e’): i
APEX, HPS, X17 search, DarkLight...
« Search in beam dump: BDX, SLAC... A
« Search by invisible and semi-invisible W
decay: NA6G4... -, g e
-~ lS EC; HCAL1-3 ; 10_9 ‘x \
e"jﬁe"ZA’E . el ' displaced vertex
d il Ef 5 > HPS Simulation

Fig. 1 Production of A’ and subsequent semi-visible decay chain of a
Dark Photon, e~ Z — ¢~ ZA"; A’ = x1x2002 = niete)

Eur. Phys. J. C (2021) 81:959

to the S1 signature (see text for more details)

Fig. 3 A schematic view of an event A’ — x1x2(x2 — xi1ete™)
from a A’ produced after a 100 GeV e~ scatters off in the active dump,

e~ Z — e~ ZA'. The x» particle decaying within HCAL2 corresponds ¢/ B e am d u m p”

102 10‘ 10°

A" Mass (GeV)



Dark Photon Search with Single-y from e*e- Annihilation

Using e*e™ annihilation with positron beam and atomic electrons in LH2
Selecting one-photon final state events and search for bump in Mx spectrum
Independent of A’ decay mode

Require detection of forward-going photons with high resolution

M? = 2m2 + 2m, * (Ey — E,) — AE| x E, xsin*(%)

gamma background, E_ =2.2 GeV

10°

10

10°

10°




Dark Photon Search with e* Beam at JLab

Proposal (C12+24-005) approved by PAC 52 for 55 days with A- rating

» C1: depending on e+ beam availability

50 nA e* beam at 2.2/4.4/11 GeV on 5 cm long LH2
Experimental setup largely based on existing PRIMEX/PRad/PRad-Il apparatus
With an additional sweeper dipole magnet and a local beam dump

sweeper dipole I(;)wl l?eam
magnet: | ump.
~1.2m long, with Multiple layer

. , (W/Concrete/Poly)

2.8° aperture
dipole magnet




Experimental Apparatus

Gas Electron Multiplier
(GEM), used for photon
posmon callbratlon

High resolution PbWO4 calorimeter
(HyCal)
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Radiation Damage and Resolution

+ At extreme forward angle, background rate and radiation very high, exceeds
1000 Rad/hr without sweeper magnet

* |deally < 30 Rad/hr for PbWO4 to maintain good resolution

« A sweeper magnet of 2 T*m field integral to reduce radiation to ~10 Rad/hr

* More data on radiation effect on resolution will be available this year with the
upcoming Hall B X17 search experiment (summer 2026)

Conservatively estimated based on simulation
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Local Beam Dump and Neutron Shielding

Geant4 model of the A’ search experiment

5 cm LH2 target Calorimeter

Beam 50 nA

Sweeper magnet, Bdl ~ 2 T-m Beam dump power < 550 W



Local Beam Dump and Neutron Shielding
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Local Beam Dump and Neutron Shielding

Simulation study done also by L. Zana from JLab Radcon group

The Geant4-based radiation analysis was found to be consistent with the FLUKA-based calculation
performed by the Radcon group (Fig. 36). At a distance of 5 m, after 11-GeV 50-nA 15-days run
the dose is below 0.7 x 10° n/cm?, so it is below to the benchmark level. Additional contributions
from 2.2 and 4.4 GeV runs will increase the budget to 0.9 x 10® n/cm?.

11GeV bean 15 days 58nA Total 1HeV equivalent neutron fluence 4.4GeV 15 days 58nA Total 1HeV equivalent neutron fluence
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FIG. 36. Neutron radiation dose around the local beam dump vs. distance from dump center according to L. Zana in 4.4 GeV
and 11 GeV parts of this experiment.

The value (108 n/cm?) is 2000 times below the value recommended in the published studies of the

radiation impact on the electronics.
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« Background distribution simulated with both
physics generator and beam-on-target

Rate [kHz/cm?]

« Sweeper magnet reduces background rate by

Background Simulation

simulation with Geant4
* Results quite consistent

factor of 10

Background Rates, E =11.0 GeV
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Background Rates, E~ =2.2 GeV
beam

/ Luminosity 7 x 1034/cm?/s \
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Eb = 11 GeV, threshold 0.5 GeV

Whole M,,;ss acceptance, Total rate [Hz]
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Eb = 2.2 GeV, threshold 0.2 GeV
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High Rate Capacity DAQ

« Expected cluster rate ~20MHz for cluster energy > 200 MeV

« Require fADC250 and online filtering logic
« Resulting data rate ~1.1 Gb/s, well within limit

FADC Trigger path: Pulse detector/integrator

Pedestal Subtract

NSB NSA T

) .-A-. A ADC -> MeV Conversion Factor
' ' 0 to 8191MeV, 13bit

Time_
12bit - \b
ADC 4ns sampling Energy

" N T T T~ Threshold (Reported for Trigger)
‘E Parameters:
3 1) NSB (Number of Samples Before)
%) . 2) NSA (Number of Samples After)
..-n; ¥ Th'reshold crossing 3) Detection Threshold

(Time Reported for Trigger) 4) Pedestal

5) Gain

e.g. for seed threshold of 2 and hit At=+/-8ns, the following hit pattern evolving in time will report 1 cluster:

— | 2|2 1“‘\\ 1122
.3 3 —> | 3 3
-

T=0ns T=4ns T=8ns T=12ns T=0ns, E=19, N=6, X, Y



Count per 50 MeV?
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Projection

* Proposal approved (C1) with 55 days
» 15 days for each of 2.2/4.4/11 GeV
» 10 days for calibration and commission

Assuming 2 =1x 1077 o
in the interval M,,;ss = 35 & 1o, Events in 15 days {Dﬁ
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Potential DPS with LEEPP Program

* In fact, ideas of using e+ beam at low
energy have been around for decades,

though mostly not realized:
> A search using JLab FEL proposal in 2006 10°
(AIP Conf.Proc. 1160 (2009))
» VEPP-3 A’ search proposal in 2012
(JINST 13 (2018) 02, P02021)
o

» A’ search using very asymmetric e+e- collider ¢,
(NIMA 1049 (2023) 168035)

107

10°°

1077

* Only realized by PADME/INFN, but with 1078

limited luminosity

« Searching for A’ in the ~MeV region with /10_9
100-500 MeV high lumi. e+ beam
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VEPP-3 Proposal - 2012

A proposal to use e+ storage ring and internal target at Budker institute,
Novosibirsk, Russia

Positron beam up to 500 MeV, with 30 mA current

Internal target with areal density ~ 5x10'°> atoms/cm?

Luminosity ~1x103%3 /cm?/s
JINST 13 (2018) 02, P02021

/// W LY B PEY  HEE  H //
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VEPP-3 Detector Concept - 2012

JINST 13 (2018) 02, P02021
Experimental setup highly similar to the JLab C12+24-005 proposal

» A sweeper dipole magnet
» A High resolution Csl(Tl) EM-Cal: dimension 5x5x30 cm?3, dE/E ~ 4%/sqrt(E), dx ~ 12mm

» An additional veto detector (scint. strips + Shashlik EM-Cal) to reject backgrounds from
bremsstrahlung and radiative Bhabha

* S (alorimeter
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VEPP-3 PrOJected Results 2012

Positron beam up to 500 MeV, 10°*
with 30mA current

1055 .

Internal target with areal

density ~ 5x10"° atoms/cm? _ i

107 [0~ TPADME o il -

Luminosity ~1x1033 /cm?/s - s /Ny 3
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JLab FEL Proposal - 2006

AIP Conf.Proc. 1160 (2009)
Positron beam ~ 200 MeV, with

50 nA current

/- OoS1tron source
1cm LH2 target ~ /P t D,

\>’; 160 MeV
Luminosity 1-2 x 103 /cm?2/s / _ ¢*
€

Can be done with existing

Electron Dum
PRIMEX/PRad setup . Y P
Positron beam  Magnet /% v =
One month for data taking 50nA =
. , . Luiquid Hydrogen Photon Dum
Sensitive to A" in mass range Lem :&% /. ’
. NN\
between 2-1 2 Mev, Wlth - Segmented Gamma Detector

- Positron Dump
sensitivity ¢“~1 x 107°
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Potential New Proposal 2026

New proposal similar to VEPP-3 and 104
JLab FEL can be developed quickly

Similar technique, based on existing 107°
PRIMEX/PRad HyCal

Positron beam 100-500 MeV, with 50 nA 10~

current .
w

1-5cm LH2 target 10”
Luminosity 1-7 x 1034 /cm?/s 8

10°
~4 months of data taking

-9
Sensitive to A’ in mass range between 1- 10

20 MeV, with sensitivity ¢2~5 x 107°
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Summary

* A method to search A’ using positron beam will be productive:
* Require positron beam annihilating with atomic electron of hydrogen
» Searching for A’ independent of its decay mode
« Detectors mostly based on existing apparatus from PRIMEX/PRad

* Proposal (C12+24-005) for CEBAF based experiment approved by PAC52
with rating A- for 55 days

« C1: depending on e+ beam availability

« 3 beam energies, 2.2/4.4/11 GeV, each with 15 days of beam time
« Sensitive to A’ in mass range 15-90MeV

- High sensitivity e2~1 x 1078

« Same idea can be extended to lower mass region (i.e. A’ mass 1-20MeV) with
positron beam at a few hundred MeV
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events

VEPP-3 Proposal — 2012

Missing mass resolution better than 2 MeV for A’ mass in range 5 -20 MeV
Could be improved with HyCal PbWO4 modules, ~2 times better energy and

positron resolution

o Assuming £ = 0.01
Missing Mass M,= 5 MeV M,= 10 MeV
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