SEARCH FOR A DARK PHOTON WITH THE WASA DETECTOR AT COSY
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We present recent results on the search for the U boson based on the data collected by means
of the WASA detector and the Cooler Synchrotron COSY

1 Introduction

Many astrophysical observations indicate existence of dark matter. One of the best example is
delivered by the Chandra X-Ray Observatory which established that only a part of the colliding
galactics (1E 0657-56) emits X rays whereas the presence of the much larger galactic mass is
deduced only based on the gravitational lensing 2. If the dark matter is utterly different from
;he ?Standard Model” matter then from the known interactions it will feel only gravitational
orce.

Other experiments indicate that the present astrophysical models cannot explain magnitude
and energy distributions of electrons and positrons 3498 and a signal from 511 keV gamma
quante.a coming from the center of our Galaxy?. The origin of these phenomena may be explained
aS§Um1ng that positrons are created in the annihilation of the dark matter particles into ete™
bairs, and that this process is mediated by the U boson with the mass in the order of 1 GeV,
which may mix with the virtual photon 8. The existence of such a hypothetical boson would
affect the value of the branching ratios for the decays such as e.g.: 7% — ete™ or n — ete™.
the ga}:: n f—+ ete™ decay brancl.ling ratio has not yet been determined experimentally, and on
ey dS of the Sta.n.dard I\{I(?del it is expected? to be of the order of about 10~9. Low probability
the Stanfica):i makes it seFS{tlve to the hypothetical new .forces that may indicate physics be3-rond
e a Model. This is a very interesting opportumt-y to sea,rcl.l for 31‘1ch effects at relatively
but 1t hglsei of the order of 1 GeV. The  — ete™ decay is not forbidden in the Standard Modt'al
i Supprocy 3 p%‘oceed through an intermediate state with two virtual photons. .Therefore, ;t

EOreticalel Wlth‘l‘e_Spect to the  — 47 decay by a factor a? and the mas% ratio (me/my)°.

perimers lower limit on the branching fraction BR(n — ete™) > 1.78 x 1072 results from the
. inta Vah{e of the partial decay width I'( — ) 1°.

€rest in decays into lepton-antilepton pair is also due to the results of the KTeV

8roy ; .
P which determined the value of BR(n — e*e™) = ( 644  0.25 % 0.22 ) 107* 1}, which
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from the
e signature of physics beyond the Stang d
ar

is by about 3.3 & larger ;
lations about a possibl

This result sparked specu
Model 1314,

The U boson would manifest itself alsoas a maximum in the eTe™ invariant mass distributiou

from the reactions such as e.g. 7~ ete~yorm® — efeT. Assuming the hypothetical couplip
between the photon and the U boson (v* =+ U), such a decay can proceed via a following reactiog

chain: 7 = vy =V 2 yete™ as it is illustrated in Figure 1.
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Figure 1 - Feynman
of U vector boson to:

romagnetic 7 0 s ¢te~+y decay and possible contributions

diagrams for a) the Jowest order elect
9. The figure and caption is adapted from reference !*

b) #° — e*e " and c) lepton g —
1 ¢ indicates a mechanism which may contribute to the g-2
anomaly and therefore an existence of U boson may be also considered as a possible source of dis-
crepancy between a g-2 value measured 18, and predicted based on the Standard Model17+18:19,20,21,22
WASA-at-COSY experiment has gathered the world largest statistics of the 7 and 7 mesons.
In this presentation a newest preliminary results obtained based on about 10% of the data sample

are presented and discussed.

Diagram presented in Figure

2 The WASA-at-COSY experiment

Tgle design of the WASA detector has been optimized for the study of the n —= ete” and
70 — ete™ decays?t. Therefore, data collected with this detector, together with the world’s

biggest statistics, create advantageous capabilities for studies of these rare decays. In addition,
n and 70 mesons were produced in hadronic collisions near the threshold for their production
which significantly reduces background of the electromagnetic processes.
The WASA detector system (shown schematically in Figure 2) consists of the Forward De-
tector used for tagging of meson production, the Central Detector used for the registration of
the decay products, and the pellet target system. The proton-proton reactions occurs in the
middle of the Central Detector in the intersection of COSY beam with the vertical beam of
pellets. ‘The interaction region is surrounded by the multi-layer cylindrical drift chamber im-
mers'e_d in the axial magnetic field produced by the superconducting solenoid. The outermost
sensitive part.of the Central Detector is the electromagnetic calorimeter covering 96 percent of
the whole solid angle. Particles flying in forward direction were registered in 14 scintillating
laayers and 16 layer§ of straw tubes detectors, while decay products of short-lived mesons 77 a0
n° were measured in the cylindrical straw tube chamber, thin scintillator strips and scintillat-
ing cz:ystals of electromagnetic calorimeter. In order to identify the invest.igate’d reactions the
technique of reconstruction of four-momenta of all particles in the final state and application ©

kinematic constraints are used. Leptons ete~ and charged =7~ mesons aré identified based
determine

on the spectra of energy losses in the scintillator strips as a function of momentum
ation betweel

lied. Gamma
imeter aﬂd

ﬁloem th:. irajectory curvature measured by means of straw tube chambers. Rel
quarlx)tzz: l(rlo(?j m(;;m?ntul;n a.f]ld the energy deposited in the calorimeter is also app
produced in the ¥ meson decay are registered in the electromagnetic calor
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accuracy of four-momentum determination, Numbe
of desirable final state in the decay of 5 or 70
signal at the spectrum of the invariant mags

r of events corresponding to the production

mesons is determined from the integration of the
f this set of particles.
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Figure 2 — Scheme of the WASA detector setup installed at COSY accelerator

As a result of experiments conducted with WASA-
of about 10° events with 5 meson and about 101!

in the pp — ppn and pp — ppm® reactions wher
target.

at-COSY we have collected a data sample
with 70 meson. These mesons were produced
e proton beam collided with hydrogen pellet

3 Results

Using the data collected with the WASA-at-COSY experiment for the pp — ppn¥ reaction we
have determined an upper limit for the square of the U/ —y mixing strength parameter €2. Based
on the 10% of the collected statistics we set an upper limit of 5 x 10~¢ at 90% CL in the My
fass range from 20 MeV to 100 MeV. This result significantly reduces the My vs. €2 parameter
Space which could explain the deviation between the Standard Model prediction and the direct
Measurement of the anomaloys magnetic moment of the muon. For detailes the interested reader
I8 referred to the recent WASA-at-COSY article 15,

It is important to stress that currently, several experimental groups 2526:22829 carry gt
Investigations searching for the signal from the U boson. This year a new more stringent result
Va5 published by the HADES collaboration % and there are three other analysis reported on the
A &ive by the KLOE-2 31 MAMI32 and BABAR 33 experiments. These new results significantly
Teduce upper limits of the €2 in the range between 20 MeV and 10 GeV leaving only a small space
the low mass range from 15 MeV to 30 MeV in which a U boson can explain the discrepancy

etween Predictions based on the Standard Model and measurements of the g-2 muon anomaly.
For other T0ass region this explanation is excluded. ) .
. Olcerning the search for the 7 — e*e™ signal the best published expgglmental upper lth
5S¢t by the HADES experiment BR(n — e*e™) < 5.6 x 1076 at 90% CL2. So f.ar 'the WASA-
a-t.(?OSY °011abora,tion, based on 5% of the collected statistics, has reported a Pr?hmmary upper
bofagx 107% at 90% CL34. The analysis of the remaining data sample is in progress.

in
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