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1. Motivation

Sensational data from the 2-m propane
bubble chamber of JINR LHE
irradiated by 10-GeV protons:

~7000 stereophotos from the chamber are

viewed. Analyzed are events of y —» ¢+ €,
presumably formed in the matter by photons ey

from =0 decays.
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9 anomalous events are found with the mass \ N S

of a single lepton ~ 9 MeV.

(V.A. Nikitin, JINR, Dubna, May 2017)
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3aKOHOMEPHOCTH PacIpe/IeJIeHIsI MAaccC JIENITOHOB €, [, T
yKa3bIBAae€T Ha CYyIIECTBOBaHNE HOBOIO JIENITOHA ¢ Maccou ~ 10

MbsB. IIpocmotpeno 7 Thic. crepeodororpaduiic 2—m
IPONIaHOBOM MY3BIPHKOBOM KaMephl. AHAIU3UPYIOTCS co6blT1151
Yy = It + 7. O6napyxeHo 9 aHOMaIBHEIX COOBITHIA C Maqcon
OJHOIO JIenToHa ~ 9 M»>B. ¥




Positive lepton

Negative lepton, decays with emitting electron




Mass of the particle is found through curvature of the trajectory and range

At every point of the trajectory in the magnetic field B~ 1.5T
p=(e/c)BR
p?=E°-m? —  dp/dx = (1/8) dE/dx
Mass m=p/(By)

Ef
The energy is found instead through the range [(Ek, m) = ClEc2+m
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V.A. Nikitin: parameters of found anomalous tracks

Tﬂa:; range, cm r;a/r::iez mo:ln:?!t/l::m charge

114 20 | 10 35 -

9,2 44 22 58 - decay
11.4 24 12 38 + decay |
7.5 26 13 42 -

8.9 26 13 40 -

8.1 35 18 50 -

7.4 25 3 45 -

10.3 49 25 88 -

9.0 63 32 05 ~

(m)=9.4+2MeV

Sum of all track lengths = 312 cm and 2 decays are seen.

One may expect to have twice as much at the lepton momentum ~20 MeV/c
hence with the average length (“length of life”) ~ 70 cm (— size of the set up!)



Quantum numbers of the “anomalous lepton”

Decaysareseen £ >e+? ie. €—>e+v or (€(—>e+y

Simplest possibilities for spin of € :

spin=0
spin = 2
spin=1

Due to their electric charge, pairs ¢* ¢ can be produced
by photons on nuclei through the Bethe-Heitler mechanism
(pair production in the nuclear Coulomb field)

Relatively small cross section
o(t* &)/ o(ere’) ~ (mg/ my)? ~ 1/ 400

might be the reason why such pairs are not easily seen In
every day experiments ?7?



2. Standard model and limitations on ¢+ ¢ from the muon a.m.m.
Almost no space in SM for additional particles !
g— 2

a — ; — aQED € G.EW € alladr

PDG-2018

| _ 9\ SM
a™M = (g_) = 0.001 165 918 23 (lyeak) (34 L0hadr) (26 NLO hadr)

ED o | | a2 a3
qQED — (—)+0.?6585?425(1?)(—) +24.05n50996(32)(_)
27T T T
\ 4 N\ 5
+130.8?96(63)(E) +?53.3(1.0)(5) +... = 0.001 165 847 19
m m

a™¥[L,O] = 0.000 000 069 31(34) <« Here might be anomalous leptons

Aa = a™ — a™™ = (2.68 + 0.63.,, + 0.43,,) x 1077 :



Complexity of the calculation:
Kinoshita group (borrowed from A. Nyffeler)

Pure QED (for electron)
1-loop 1 diagram
2-loop 7 diagrams
3-loop 72 diagrams
4-loop 891 diagrams
5-loop 12672 diagrams

Electroweak
1-loop 3 diagrams
2-loop 1678 diagrams

Hadrons

Light-by-light scattering
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2a. Contribution of anomalous leptons to a.m.m. (“hadron”)

y — + i’ Il — + _
¢ ¢ 7 7’ (1 —
L.
A.m.mm. = / z I psrsr)
g
Unsubtracted dispersion relation is usually applied:
2
If TI(¢)/t — 0 at t — o0 H(E’):l[h“n(ﬂ dt |
Then q° t—q®—1i0
Im H{f:l E :EE(]_ . 'E) dr

1
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Polarization operator and contributions of ¢*+ ¢ to the muon a.m.m.

o AM?= . 3/2
spin 0: ImII(t) = F( — T)
o AM?\ 12 2M?
spin 1/2:  ImlII(t) = E(l — T) | (1 T )
. a AM?\ 32 t
spin 11 ImII(1) = 15 (1= =) (3+ 33)
Blue =spin 0
Red = spin %2

a.m.m. of the muon (in ID'E’J
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Available space from (Exp — SM) < 4.2x107° (within 2c)

Hence the limits on the “lepton” mass M:

Spinofé=0 M > 190 MeV
Spin of £ =/ M > 550 MeV

(update of Dedenko, Domogatsky, Zheleznykh, Petrunkin. 1973)



Special case: spin 1.
Integral is divergent (since effective theory with vector particles is not renormalizable).
So the contribution to a.m.m. depends on high momenta

where the used effective vertices and interactions (actually it was the Proca theory)
may not work for evaluation of the polarization operator...

Additional information on the polarization operator at high energies is needed
(= need a further analysis)

Conclusion is that
1) “anomalous leptons” of the mass of order 9 MeV cannot be scalar or spinor particles.

2) the option of vector particles is not fully excluded by the muon a.m.m.
3) so, adirect check that such particles are not produced in photoproduction makes sense.



3. An early experiment on photoproduction of “anomalous leptons”

(LPI, synchrotron S-25, 265 MeV. 1959)

. Xypraa sxcnepumenmanvrol u meopemuueckoii pusuxu
T. 37 1959 Bon. 6(12)

NMOUCKH YHACTHULL C MACCAMH OT 6 10 25 IJIEKTPOHHBIX MACC
A. C. beaoycos, C. B. Pycakos, E. H. Tamm, I1. A. Yepenroe

OnucbiBaoTcs 9KCNEpHMEHTH!, OCTABJAEHRbIE C e/1bI0 BEISICHHTD, T€HePHPYIOTCS JH v-KBaH-
TaMH yacTHIb ¢ MaccaMH M oT 6 10 25 5/1eKTPOHHBIX MacC C CEeYeHHSIMH, CJAelYIOUHMH H3
S/IKTDOMarHUTHOW Teopuu o6pasoBaHusi mnap. Jlna 3Toi Lead, € nNoMOILbIO GHICTPHIX CXeMm
COBNAJEHHH, H3MEPsJIOCh BpeMsi MpoJieTd YaCTHUAMH C 3a1aHHBIM HMMYJbCOM PacCTOSTHHS
MEXLYy ABYMSI CUHHTHJJIAUHOHHBIMH cueTydHKaMH. YacTHUBI redHepHpoOBajHMChb B CBHHLOBOI
MHLUEHH, TMOMELIEHHOH B MYYOK TOPMO3HOTO H3Jy4YeHHs] CHHXPOTpoHa. CpaBHHBAJINCh PacCyH-
TaHHbIE TEOPETHYECKH H IIOJYYEHHbI€ 3KCIEPHMEHTaJbHO CKODOCTH CYeTa COBNAaJeHHH AN
ftapaMeTpoB YCTAaHOBKH, OTBEUAIOIIMX PErHCTPaLMH YaCTHL C OXKHAaeMOoi Maccoil. B kaxnoi
CCPHH OMNBITOB H3MEPSJOCh TaKKe OTHOLIEHHE CKOPOCTH CYETa 3JEKTPOHOB K CKOPOCTH Cyera
(poHa. IlonyuenHbie pe3ysbTaThl MOKa3blBAIOT, YTO MNOJ JE€HCTBHEM Y-KBAHTOB YaCTHIbI C
CAHHHYHBIM 3apsiAoM, CnHHOM 1/ M Maccamu ot 6 g0 25 m, He 00pasyioTCs € Ce4eHHSAMH,

CJeAYICIUHMH H3 SJIEKTPOMaI‘HHTHOI:'{ TEOpHH.
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CYeTYHK, &—BakyvymHasi Tpyba,
9 — pokycHpyoule JHH3H, /0 —

CUHHTHANSAUHOHHBIH CYETYHK
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4. Present experiment:

photoproduction of lepton pairs at the bremsstrahlung photon beam

LPI electron synchrotron
C-25R In Troitsk

In the energy regime

up to 300 (500) MeV.

|dentification:
TOF, magnetic field,
Nal

Aim: among particles
with selected
momentum identify
slower (heavier) ones.
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Synchrotron S-25R |
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Special kinematics

1) Produced e+e- pairs are
mainly emitted at forward angles,
whereas heavier “leptons”

have bigger angles.

Example of simulation of yields of e+e-
and 9-MeV leptons (of spin %)
produced by 300 MeV

bremsstrahlung photon beam

(108 photons/sec)

off a 1mm copper target.

Red cures = electrons,

Blue curves = 9-MeV “leptons”.

At medium angles
“leptons”/electrons ~ 10%.

Py = 12-14 Me¥ic Pp= 1&-1E MV
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Pion background

This is background of charged
pions produced off the copper
target at angles of order 40 deg.

Here is an estimate in the Fermi gas model.

The simulation predicts that the fraction of
soft pions with momenta below 50 MeV/c
Is not large and the pion background

Is less than the expected yield of

heavy leptons.
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The layout of a very simple
experimental setup.

The detector arm is set at 40 deg
with respect to the photon beam.

FPb-wall

Magnetic field of 1.6 kGs is made of NP NT.
permanent magnets. It is optimized to ™ N
trace positive-charge particles with the 1_:(.\ s1-
momenta near 20 MeV/c. TEX \
(Such a low momentum Is chosen in | : S eM6

order to have a better TOF
discrimination of positrons and heavier particles |

Nal of J20x10 cm is used to select particles

having (at the same momentum) lesser kinetic ~————>

energy.
The setup includes start/stop counters and coordinate hodoscopes.



The setup as of September 2018.
Unfortunately we don’t have yet final results to the moment to show.
Currently test and calibration runs are only carried out.

9
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2 - copper convertor 1x50x50 mm3. 3,9,14 — TOF start/stop (5mm thick).
5,13 — coordinate hodoscopes. 16 - Nal
15 — trajectory of a 15 MeV/c particle 18



Energy losses AE (MeV) in Nal
vs TOF (ns) [S1-S2 = 85cm]

TOF = 2.8 ns for B=1.

Electrons (left) and heavy leptons (center). Simulations vs test run
e:dE(Nal,Mev)-vs-TOF(ns) h:dE(Nal,Mev)-vs-TOF(ns)
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Conclusion

The experiment on searching for pair £+ ¢ photoproduction s under way.

Everything is working (including the synchrotron itself). The setup is improved to reduce
backgrounds...

Chances to find new physics are minimal but -
we hope to establish at least better (more reliable) limits

for “heavy” particle photoproduction cross sections
in comparison with older experiments...



