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Outline of .the talk

- Highlights of the proposal

- PACSH1 review

* Theory review

* TAC review— the reply was submitted, also shown in backup
*  Overview of the existing/proposed A’ searches
- Experimental method

- Layout in Hall B

- Radiation and neutron dose

* Geant4-based MC results

« Detector response calibrations and uniformity
- DAQ rate capability

* Projected results

- Beam time request
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A dark photon search

* We propose an experiment to search for a new particle, the U/A’-boson,
by measuring the missing mass spectra in the positron annihilation in flight
with an atomic electron with one final particle (photon) detected.

* The missing mass reconstructed from the energy and angle of the detected
photon will provide the means for the search for any type of secondary particle
produced in the reaction -“production experiment”.

* The projected statistical sensitivity for the reduced coupling constant g?=f_%/e?
reaches 2 X 10~ with 55 days of run at a positron beam current of 50 nA.

* Experiment is in the same physics category which at Jefferson Lab includes
several related approved experiments — HPS, APEX, DarkLight, X17. The important
complementarity of this proposal is due to the ability to observe A’ which decays
dominantly to the invisible particles.
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PAC51 review

PR12+23-005

Scientific Rating: N/A

Recommendation: Deferred

Title: A Dark Photon Search with a JLab positron beam

Spokespersons: A. Gasparian, N. Liyanage, B. Raydo, B. Wojtsekhowski (contact)

Motivation: The proposal aims at a search for the A’-boson in the mass range from 15 to 90
MeV using the missing mass method. The A’-boson is the kinetically mixed dark photon.
Knowledge of the A’ boson mass and its coupling to an electron (or an upper limit on this
coupling) is of large interest to the dark matter research field. The proposed sensitivity might
allow the collaboration to resolve the question whether there is a connection between the
hypothetical X17 particle and the A’-boson.

Measurement and Feasibility: The proposed experiment is to be carried out in Hall B using
detectors and equipment that have been employed with success in the PRAD experiment E12-11-
106. A positron beam with energies of 2.2, 4.4 and 11 GeV and a current of 50 nA will impinge

on the atomic electrons of the target material. The signal process is ¢" ¢~ — y A’ and the main

background comes from e" €~ — y y. The experiment will detect a single photon and search for
the A’ in the missing mass spectrum.

Issues: While some physics background has been simulated for the proposal, the committee feels
that a full Geant4 simulation of the measurement is needed to assess the sensitivity of the
experiment. This should include a study of how the foreseen veto will exclude possible signal
events. In addition, a more detailed discussion of the reach in comparison to competing
experiments is needed.

Summary: The PAC finds that the proposal presents an exciting and important search
experiment. It encourages the proponents to resubmit this proposal after addressing the issues
noted above.
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Theory review

PR12-24-005: A Dark Photon Search. ..
Y.-T. Chien, D. Richards

This is a resubmission of the proposal last year with additional simulations requested by
PAC5H1. In that sense, there are no additional theory comments other than to note that
the updated simulations leading to increased sensitivities for the dark photon coupling for a
slightly decreased runtime request. We reiterate the “discovery” potential of this proposal,
and its advantage as a “missing energy” experiment that does not rely on the details of
the dark-photon decay. We list the theory report of last year, by Kostas Orginos and Ian
Balitsky, below:

This proposal aims to utilize a possible positron beam at JLab to search for
dark gauge bosons using positron anihilation on atomic electrons. The proposal
describes well the state- of-the-art in this area and makes the case that this
project fits well with current and future activities in the searches for dark gauge
bosons. The discovery potential of this project is significant, in the sense that a
non-zero signal will have profound implications to our understanding of particle
physics. However, the risk of a null result is also very high. It is a high-risk /high-
gain project and perhaps one should carefully weigh the risk of failure with the
potential discoveries. Certainly, if a positron beam becomes available at JLab
this project may be an interesting addition to the physics JLab can do.
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Replies to TAC review

Answers/reply to TAC review of PR12+24-005

For the section Findings:

4. A new GEM tracker is planned for installation in front of HyCal to act as a charged
particle veto to reduce backgrounds and enhance sensitivity to possible signal events. This
new tracker will be built by the UVa Group for the PRad-II experiment and should be

considered as existing basic instrumentation.

As it is presented in the current proposal, the GEM detector will be used for
coordinate calibration of the calorimeter with elastic scattering events and in off-
line analysis for rejection of the remaining charged particles but not as a veto in

the trigger.
Most of the charged particles will be removed from the calorimeter acceptance by

the sweeper magnet. The off-line analysis uses the tracker for veto of the charged
single clusters, which reduces the background rate by a factor of 1.5.

Please see the full reply in the backup slides and slides 31-32
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Dark matter 1s an elephant 1n the room

NASA Finps DiIRecT ProoF oF DARK MATTER

Motivation
from 2006

Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScl; Magellan/U.Arizona/D.Clowe et al.;
Lensing Map: NASA/STScl; ESO WFI; Magellan/U.Arizona/D.Clowe et al.

7/9/2024 PAC52 B.Wojtsekhowski

slide 8



The processes which could have a U-boson

C.Boehm, P.Fayet, Nuclear Physics B 683 (2004)

AA4. Constraints from g —2
ge_2’ gu_z y .
n,m decays to Uy
9,y decays to y +invisible U -
1 / f J
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 |f,y|* <2 107 (m)?

2 4
A.6.1. Direct U boson production g2 <10 at 10 MeV

et ——\VWWWVW\, 7 et —— 04
. Lﬁ’:
e * U B e U
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2012 summary of the searches
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2012 summary of the searches
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A’ parameter space summary in 2017
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NAG64 recent analysis NA-64 more analysis

arXiv:2307.02404 .2 Eur. Phys. J. C (2021) 81:959
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First Search for Dark-Trident Processes Using the
MicroBooNE Detector, PRL 32, 241801 (2024)
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A Direct Detection Search for Hidden Sector New Particles
1n the 3-60 MeV Mass Range , X17
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Belle-1I recent analysis 1nvisible decay

arxXiv:2212.03066v3  e+e- --> y* + Z’ with invisible decay of Z
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Current summary of A’ invisible decay

ete- - -> y+ A with invisible decay of A’
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The experimental method

photon
\ electron
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» A positron beam on a hydrogen target (e*e
annihilation)

» Selection of the one-photon final state events

« Search for a bump in the missing mass

spectrum = | =
» Connection between A’ and the dark matter is 05 1 15 LAZB 25 3 35 4
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Layout of the experiment 1n Hall B

= NEW Yor PAC52 —

» (Geant4-basgd MC
—' = sweeper
= dump
= 50 nA positron beam on 5 cm long LH2

= High resolution part of PRIMEX HyCal calorimeter
= fADC - based DAQ with programmable trigger, 20 MHz
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Calorimeter parameters
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Calorimeter radiation load and resolution
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Neutron radiation impact

Radiation Damage to Materials/Electronics

"1 A Rough Overview Only !!!
commerdal COTS: o hardeneg electronics

1E3 1E4 18 10" - -187" 18 19 1E10 1E11 Gy

1" Assumption !!!
(depends on particle energy spectra)
1 neutron (1MeV) /cm? ~ 3.3E-11 Gy

© Lockheed Martin

101 n/cm?2

7/9/2024 PAC52 B.Wojtsekhowski

1E14 1E1S5 1E16 1E17 1E18 1E19 1E20 1E21 1E22 n/am?

slide 23



Typical neutron radiation in Hall B

Another estimate was made By using a calculation made for the recent experiment, see Fig. 35.
The fluence at the entrance of the solenoid was found to be close to 3 x 10? n/cm?, so at a distance

t

FIG. 35. Neutron dose after the recent experiment in Hall B according to calculations by L. Zana.

of 5 meters the estimated level is 107 — 10® n/cm?. The upper value (10* n/cm?) is 2000 times below
the value reported in Ref. [67].

Using the value 10°® n/em? as a benchmark, we come to the first level of design/calculation of the
beam dump for the proposed experiment, see Figs. 18 and 32.
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Geant4 model of A’ experiment

5 cm LH2 target Detector

Sweeper, Bdl ~ 2 T-m Beam dump

h power < 550 W
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Neutron radiation expectation

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 an 11-GeV 50-nA 15-day run,
the dose is below 0.7 x 10® n/em?, so it is below the benchmark level. Additional contributions from
2.2 and 4.4 GeV runs will increase the budget to 0.9 x 10° n/em?.
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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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Expected rate 1n the calorimeter
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counts

10°

10*

10°

10?

Mass resolution

the photon energy and angle allow us to calculate
the missing mass:

Mi/ = 2m? + 2m, *

E.. =22 GeV

(Ey

M, =35 MeV

A_15 MeV 0—1 1 MeV
6—2 0 MeV :

0 5 10 15 20 25 30 35

A_42 MeV
0—0 3 MeV

................ S MA""25 MeV .......... .6_06 MeV....... 27

.
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reconstructed missing mass, Me
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Projected detector rates

TABLE I. Statistics for Ecy = 11 GeV, £ = 7 x 10**¢m™2/s, 15 days, E, > 0.5 GeV, § = 0.5° —2.5°, ¢ =1 x 10~ ".
Whole M,,iss acceptance, Total rate [Hz]

in the interval M,,;ss = 80+ 1o, Events in 15 days
Physics MC | Geant4-based MC Background| A’ Signal //Background
Sweeper OFF 1.9e+-07 2.6e+07 Sweeper OFF 4.3e+10 [1.3e+06| 6.1 (resol. corrected)
Sweeper ON 1.8e+06 1.5e+-06 Sweeper ON 1.1e4+10 |[1.3e+06 11.9
Single ~y-cluster| 1.3e406 1.4e+06 Single «-cluster| 0.9e4+10 [1.3e406 13.2

E., =11.0 GeV M,=50 and 80 MeV, single y-cluster E,, =2.2 GeV M,=15 and 35 MeV, single y-cluster

e : I All background b .......................................................... - All background
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FIG. 16. Results of the Monte Carlo simulation for the missing mass distribution. The mixing constant is taken to be
€? = 10~? to simplify visualization on the plot. Left — for E.y = 11 GeV beam energy, M4 = 50 and M4, = 80 MeV. Right
— for E.4+ = 2.2 GeV beam energy, M o, = 15 and M 4, = 35 MeV. Vertical dashed lines indicate the width of a sliding search
window (f10, ,). Each spectrum corresponds to data taking for 13 milli seconds with a luminosity of 7 x 10%* cm™

2g1,
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Detector non-uniformity estimation-I

E.. =11.0 GeV M, =50 and 80 MeV, single y-cluster

121 —10®
| I All background i 3
10° e'+e oy +y 10l -
Blec+e o>y +A - 7
g ............................. 8__ ‘ _: 102
= 102 % i
(0] i =
= L [
g ...................... =
41—
S 10 B
o
1 - _I 1 | 1 1 L | L 1 1 | 1 1 1 | 1 1 1 | 1 L 1 | 1 1 L | L 1 1 1
—2000 0 2000 4000 6000 8000 10000 8.4 0.6 0.8 1 1.2 14 16 1.8 2 1

Mf/lissing [Mevz]

6 [deg]

13 milli seconds with a luminosity of 7 x 10** em~ 2L,
2 2 . 2,6,
M=, = 2mg + 2m, x (B — Ey) —4E; x E, xsin”(3)

Mass spectrum quality contributions:

* Photon angle, 6 - calibrated using GEM chamber with 1x10-° radian steps
« Detector efficiency - calibrated using e*-e- rate and the photon angle, 106
* Photon energy - calibrated using e*-p and e*-e- elastic locus/band and 6
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Detector non-uniformity estimation-11

E.. =11.0 GeV M, =50 and 80 MeV, single y-cluster

B = [l All background -
) GOOO h—errrrrerseriineens
10° = s e'+e >y +y
- o Bllc+e >y+A
N - A seee
s F a
o 10 ="
0 I =. C
g [ o soool U B
I (=] i
g Lo T [ displaced
S 104 coool- _locus
I N o
1 ﬂ -
—2000 0 2000 ) 4000 ) 6000 8000 10000 ol—t——1 - - L =
MMissing [MeV ] - ®I_AB
13 milli seconds with a luminosity of 7 x 10** ¢cm 251, Y

» Relative size of the statistical fluctuation of background in the spectrum for a 200 MeV?
interval (at My=80 MeV) is 1x10-. The fake bump with the amplitude essential for the A’
search corresponds to fluctuation by two sigma or 2x10.

* The locus width of E, vs. 0 in 2D plot is 2%. The shift by 2x10-5 of the width size will create
a fake bump. However, the whole plot is calibrated by using the locus of M,=0 whose
statistics is 1.8x1012=> one sigma fluctuation is 0.8x10-6-.

» So, displacement of the locus by 2x10-°/0.8x10-¢ = 25 sigma will lead to a sufficient
amplitude of the fake bump. At high M, the length of the locus is a few times shorter, so the
estimate of probability of the fake bump: A fake bump is suppressed at least by 10 sigma.
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High rate capability DAQ

FADC Trigger path: Pulse detector/integrator
NSB

<ADC -

ADC Counts

NSA

Time

.
>

Threshold crossing
(Time Reported for Trigger)

Pedestal Subtract

\V/

ADC -> MeV Conversion Factor
0 to 8191MeV, 13bit

Energy

(Reported for Trigger)
Parameters:
1) NSB (Number of Samples Before)
2) NSA (Number of Samples After)
3) Detection Threshold
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 \\ 11212
. 3 3 —> | 3 3
—_ P
T=0ns T=4ns T=8ns T=12ns T=0ns, E=19, N=6, X, Y
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High rate capability DAQ

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 1
T=0ns T=4ns T=8ns T=12ns T=0ns, E=19, N=6, X, Y
ClusterEvsTheta ClusterEvsTheta

2500 2500

2000 2000

1500

1500

1000

1000

500 500

» Calculated DAQ capability for single cluster events is certainly above 20 MHz.
* Expected event rate is 1.5 MHz for 11 GeV run and 10 MHz at 2.2 GeV run.
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Projected sensitivity of this proposal

Uniqueness of the
missing mass method

1. Sensitivity does not rely on
specific decay mode of A’ : e+e-,
or hadrons, or semi-dark ...

100 times more sensitive than

(gu'z)

2. Good mass resolution allows
us to make a productive search
for a signal with a 55-day run in
mass range 15-90 MeV.

7/9/2024 PAC52
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Beam time request

1. Sensitivity does not rely on specific decay mode of A’ : e+e-, or hadrons, or semi-dark ...

100 times more sensitive than (g,-2)
2. Good mass resolution allows us to make a productive search for a signal with a 55-day run
3. Does not require new detector development
4. The sweeper dipole has been designed in OPERA (2x of the existing CPS magnet)
5. The beam dump was calculated in FLUKA and Geant4

7/9/2024

Kin. #| Beam energy, GeV |Beam, uA |Mass range, MeV | Time, days
C1 2.2 0.050 e™ 15-40 15 + 1
C2 4.4 0.050 e 40-60 15 + 1
C3 11 0.050 e™ 60-90 15+ 147

Total requested time 5O
PAC52 B.Wojtsekhowski
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7/9/2024

Summary

. We propose a search for the A'-boson in the process of e+e-

annihilation using the upcoming JLab positron beam.

. This experiment will be sensitive to the A’ coupling constant €2 on

the level of 2x10-8 in the 15-90 MeV mass range.

. The experiment will based on the existing PRAD experimental setup

in Hall B. Required beam line development is well understood.

We are requesting 55 days with 50 nA positron beam time for this
experiment.
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Replies to TAC review, page 1

Answers/reply to TAC review of PR12+24-005

For the section Findings:

4. A new GEM tracker is planned for installation in front of HyCal to act as a charged
particle veto to reduce backgrounds and enhance sensitivity to possible signal events. This
new tracker will be built by the UVa Group for the PRad-II experiment and should be

considered as existing basic instrumentation.

As it is presented in the current proposal, the GEM detector will be used for
coordinate calibration of the calorimeter with elastic scattering events and in off-
line analysis for rejection of the remaining charged particles but not as a veto in
the trigger.

Most of the charged particles will be removed from the calorimeter acceptance by
the sweeper magnet. The off-line analysis uses the tracker for veto of the charged
single clusters, which reduces the background rate by a factor of 1.5.
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Replies to TAC review , page Il

For the section Comments

3. Downstream of the HyCal system a new compact beam dump is planned. Given the
space constraints and loading requirements on the Target Level of the Space Frame in Hall
B, a detailed model with the Hall B engineers needs to be developed. The dump should
be carefully developed with the appropriate experts to be sure that it is properly designed
for the most extreme running conditions and should include tight shielding not only for
neutrons but also for the EM background. Collaboration with the JLab Radiation Control
Group will be required. Shielding of local electronics from the high doses expected from
neutron radiation should be considered. The cited work on the tagger yoke beam dump is

not a good comparison as conditions are very different.

We calculated the total energy flow of EM particles, see the Figures below.

The total flux in the downstream direction is E =2x10°MeV/c => 3x10-2 Joules. The
distance to the equipment is about 5 meters. The typical absorption depth is about 10
gram/cmZ2. The radiation absorbed in the mass of M = 2.5 103 kG.

The dose rate is Energy/Mass = 1x106 Gray/s; integrated over experiment beam time 45
days -4x108 s. The total dose is 4 Gy or 400 Rad, which is too low to worry about for
typical electronics. The estimated safety factor is on the order of 100 or higher.

Collaboration with the JLab Radiation Control Group has already started.
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Replies to TAC review , page 111
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Replies to TAC review , page 1V

For the section Comments

4. The engineering of the beamline must incorporate a vacuum line to the dump not

only for the primary beam but also for bremsstrahlung positrons. The presented pipe as
an extension to the PRad vacuum vessel should be a flat vacuum chamber to allow a large
fraction of bremsstrahlung positrons to reach the dump without interacting with the flange

or the vacuum vessel.

Thanks for the recommendation. In fact, since submission of the proposal, we have
updated the MC model, which now has a beam line profile similar to the one you
suggested, see Figure below in the area of the red dash-line ellipse.
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Replies to TAC review , page V

For the section Comments from others ...

1. In Eqn 1, the differential cross section for dark photon production should be propor-

tional to o? rather than o!.

Thanks for the note. Eqn 1, as shown in the text, has a typo because it uses the ¢
instead of f,, a coupling between a U/A’ boson and an electron. The ¢ is normalized to
the EM coupling, so a should be power 2. In the MC of the experiment we used the

Geant4 cross section for e*te- = y+y process and a factor 2xg? for the rate of A'+y
events, so the results are not affected by the typo.

7/9/2024 PAC52 B.Wojtsekhowski slide 43



7/9/2024

Replies to TAC review , page VI

For the section Comments from others ...

calorimeter. The collaboration should clarify whether the background from these off-

energy e+ (which is likely time-consuming to simulate) has been included in the GEANT4

simulations in Table I.

We developed a full Geant4-based MC with the beam line and added the shielding.
The resulting distribution of the neutron sources is shown below. Yes, this result is
Included the “off- energy” positrons interacting with the beam line (see below for vz < 4000).
The contribution from the beam dump is dominant.

600

500

400

300

200

100

Dump htemp
— = _ Entries 4357
— Mean 2508
— \ Std Dev 3257
— Beam line entrance
: 1 1 1 1 1 1 1 1 1 1 1 Il 1 1 1 1 ‘
—4000 —2000 (0] 2000 4000 6000 8000
VD.VZ
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Replies to TAC review , page VII

For the section Comments from others ...

3. Downstream of the HyCal system a new compact beam dump is planned. Given the
space constraints and loading requirements on the Target Level of the Space Frame in
Hall B, a detailed model with the Hall B engineers needs to be developed. The dump
should be carefully developed with the appropriate experts to be sure that it is properly
designed for the most extreme running conditions and should include tight shielding not
only for neutrons but also for the EM background. Collaboration with the JLab Radiation
Control Group will be required. Shielding of local electronics from the high doses
expected from neutron radiation should be considered. The cited work on the tagger
yoke beam dump is not a good comparison as conditions are very different.

The Hall B engineers are already involved in development of the conceptual

design, see the CAD model in Fig. 18 in the proposal.
RadCon collaborators have already made several key contributions to the
radiation analysis as shown e.g. in Figs. 35-36 in the proposal.
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Replies to TAC review, , page VIII

For the section Comments from others ...

4. Vertical or horizontal (inconsistent in Figs 11, 18 and 27) ray of positrons, away from the

beamline at the calorimeter, will interact with the vacuum chamber window and frame,
and with detector supports (this can and should be mitigated with a new support and
calorimeter arrangement). There is no discussion of the impact of this BG on the
detector operations. (Note: In CLAS-6GeV, we had to pile up a lot of shielding at the exit
of the tagger vacuum chamber and eventually build a bunker to be able to operate
CLAS).

7/9/2024

We made a study by using Geant4 and added a tungsten shield on the beam line
side of the calorimeter. Sorry for a typo in the caption of Fig. 11: It should be “side
view”.

In Fig. 27 the picture of the equipment is rotated for better visibility.

PAC52 B.Wojtsekhowski

slide 46



Replies to TAC review, , page IX

For the section Comments from others ...

5. The radiation on the CLAS12 detectors, especially CTOF, CND, and the solenoid from the
dump, is not considered. High flux of high-energy charged and neutral background will
degrade scintillators and possibly damage thermocouples in the solenoid.

The collaboration plans to measure the radiation at such detectors in the
CLAS12 experiment and compare the results with FLUKA. See Fig. 35 in the
proposal, also shown below. The level of radiation during a typical CLAS12
experiment is much higher inside and downstream of the solenoid. For the
A'prime experiment radiation analysis, we used the level of radiation in the
upstream exit of the solenoid as a reference. It is much lower than that in the
downstream area.
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Replies to TAC review, page X

For the section Comments from others ...

6. No details on how one will measure the non-uniformity of detector efficiency at the 1E-
8 level. With a 3 MHz cluster readout rate, the number of 1150 crystals, it will be about
2E8 clusters per-day. Is this enough?

Thanks for the suggestion. Section VII-A needs clarification of the subject and more details. The
detector uniformity discussion is supposed to show what detector parameters are required for the
projected sensitivity of the A’ search on the 10*{-8} level of the \epsilon*2.

The value of non-uniformity of the detector efficiency vs. the A’ mass value is an important
parameter. The bump search relies on the smoothness of background distribution which is
discussed below:

Using data with the sweeper magnet OFF, the calorimeter cluster coordinates will be

calibrated using the GEM detector to the level at least 50 micron (systematics), which
corresponds to a polar angle of < 10-° radian or 4x10 relative to the cluster average polar angle
1 degree. After that, the energy calibration of the crystals will be done (using the beam energy
value and the scattering angle) with the relative systematic uncertainty of energy calibration of
1.5x10. Using results from e*-p and e*-e- elastic processes at three different positron beam
energies the energy-amplitude response for each crystal will be calibrated to the level of 106 in
the six energy ranges.
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Replies to TAC review, , page XI

For the section Comments from others ...

To evaluate the impact of the detector imperfections on the probability of a fake bump, let us use
the formula for the mass $M_A~2 = S \times (1-\frac{E_{cluster}}{E_{annihilation}}$, which is
included in the proposal text on page 9. The event spectrum of E_{cluster} will be made with the
events in each small \theta interval (0.02 degree), and the value of E_{annihilation} will be
calculated from the annihilation peak position (with a relative accuracy of 10-7). Then, the
M_{A}*2 will be calculated using such a local value of E_{annihilation}. The value of
E_{annihilation} will also be compared with calculations based on the polar angle value and
detector energy calibration. Finally, the event spectrum vs M_{A}*2 with all events will be made.

A non-statistical “fake” bump can appear as a result of a problem in a small region of M_A"2:
large local variation of linearity with the same sign in “many” crystals. Such a problem can be due
to imperfection in the crystal, or PMT, or DAQ electronics. The calibrations discussed above
allow us to correct for most such imperfections.

The final check will be done using events from an annihilation peak. The events will be selected

by using a peak in M_A”2 distribution as above. Selected events will be plotted vs E_{cluster}.
Using MC simulated data we got the following:
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Replies to TAC review, , page XII

Non-uniformity in Ma? and in E, are related, so we can used the E, spectrum

E. (0
Mi — 2meE+ X (]_ — <E77((9))>)

Cluster Energy Spectrum

all y events
14000

annihilation y events

12000

10000

8000

count/MeV/s

6000

4000

2000

dD

500 1000 1500 2006 5500
E' [MeV]

« The relative size of statistical fluctuation in the spectrum above for a relevant interval Mx2
width (200 MeV? for M,=80 MeV) is 1.8x10-6, so a fake bump with an amplitude essential
for the A’ search (with relative amplitude - 2x10-°) will be detected in the E, spectrum on
the level of 10 sigma.
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