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https://indico.inp.nsk.su/event/140/

ete -> N anti-N

e+e- -> nn annihilation JPC=1" J=L+S,
P=(-1)*1=-1, L=0,2

2 fC? C=(-1)*5=-1, S=1,

4m*

2
4mg

o(e'e” > BB)= -

(GM \2(1+<:os2 0)+ \GE\Z(l—cos2 9)]

S, D — waves,

two form factors

B —baryon =p,n; e.8. Gg, Gy,

m=2E, — cms energy ;
B —nucleon velocity,
B @-polar angle;
m, — nucleon mass ;
Gg ,G,, - form factors

Gg , Gy, = 9NeKTpUYEeCcKMn n MarHutHbin popmdaKkrTopbl HEUTPOHA
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ete -> N anti-N

Recent SND nh measurements
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ete -> N anti-N

Ronnangep B3IMM-2000

VEPP-2000 e*-e- collider

(2 x 1000 MeV)

CMD-3
Cryogenic Magnetic
Detector

. _cxioN 3
““‘ecjo, Ja sno | VEPP-2000 parameters:
s Nal cristal ne @ ¢.m. energy E=0.3-2.0 GeV
particles Dets

& round beam optics
& Luminosity at E=1.8 GeV

B pa6ote — ¢ 2010 ropa 1.10% cm2sec™ (project),
(since 2010) 7.10%1 cm~?sec ! (achieved)
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ete -> N anti-N

SND detector (since 1995)

1 — vacuum chamber,

2 — tracking DC,

3 —aerogel n=1.13, 1.05
4 — Nal(TIl) crystals,

N
MR
RN
RN

20 40 60 80 100 cm

5 — phototriodes,

6 — absorber,

7-9 — muon detector,
10 — SC solenoids

Solid angle - 95% 4~n

09.03.2026

rad.length -2.6 cm

|| _Attenuation length

SND - good antineutron
detector

940 960 980 1000
E, (MeV)
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ete -> n anti-n

Typical view
nn - events

N HIGZ 02 @ sndhw3.inp.nsk.su

N HIGZ 04 @ sndhw3.inp.nsk.su
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ete -> N anti-N

JKCnepumeHTa/ibHble AaHHble
(experimental data)

dKkcnepumeHT 2020 - 2021 rr.
obnactb Bbiwe nopora e*e” -> n anti-n

E =
beam
939.6, 945.5, 950.3, 960.3, 968.8, 970.8, 980.3, 990.4, 1003.5 MeV
AL=83 1/pb
nopor 8 ToueK No sHeprumn

[My6anKauma no U3SMepeHUo CeYyeHmns:
AnepHaa ¢unsmka, 2023, 1.86, N6, c.664-671
[paHT PH® : No. 23-22-00011
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ete -> N anti-N

BblaeneHme HEMTPOHOB MO 33a4epPKKe BPpeEMEHMU

dut BpemeHHOro cnekrpa (time fit):
N(t)=N_ g, *H(t) s + N *H(t),o + N, *H(1),,,

csm

; i Delayed
— Z - anti-n signal
t=0, S 20 [Fit histogram
beam and = s :
phys. bkg |
\10 -
. I
|
O L 1 L I L I 1 1 1 1 L I 1 L L
-10 O 10 2 30
\ / TeEMC (ns)

Cosmic bkg
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ete -> N anti-N

Beam energy (MeV)

Ti t +anti-n MHAD2020,-2021
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ete -> N anti-N

Yrnosble pacnpeaeneHusa n+anti-n no cos 0

Fit shown by red line

Eb=945 Eb=950 Eb=960 Eb=970

80 Epim=970Mev

60 |

z
-

b

g— P

Eb=990 Eb=1009

Shigiid It
T g =
‘i; o 05 o(e) 0.5 *1
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ete -> N anti-N

OnpepeneHune GE/GM u3 yrnosoro pacnpegeneHusa
Bbl/1IeTa HEUTPOHOB

a,BC

o(e'e” - BB)=
nn

(\GM\ (1+cos’ 8) + \GE\ (1-cos 6’))

Ha nopore
|GE|=|GM|

HGI\/I

N(GM) = 2 N(GE) !

HGE

Fit function H(x): (x=cos0)

800

“t

6001 yhebl

-

990MeV, MC, GEGM=1.03+-0.07

~— A 0.1
H

H(x)=par[0](Hgn +par[l] Hege)

0.5
0.4
0.3

0.2_.....

par[1] ~ |GE/GM|2

S.Serednyakov,n anti-n
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ete -> N anti-N

Tabnnua pe3ynbTaToB

N E

1 945.5
2 950.3
3 960.3
4 968.8
5 970.8
6 980.3
7 990.4
8

p L

51 9.38
6/ 9.44
86 9.17
101 8.78
122 5.99
133 8.17
140 9.40

1f17 22k5 1562+\_61 1.530+-Q.340+-O.115

N
882+-41
978+-40
062+-38
009+-38
625+-37
764+-37
811+-39

|Ge|/| Gy
1.321+-0.401+-0.099
1.473+-0.388+-0.184
1.371+-0.332+-0.225
1.122+-0.293+-0.139
0.523+-0.440+-0.203
1.064+-0.337+-0.151
1.352+-0.398+-0.306

JdHepruma

/

(M3B)

Umnynbe
(MaB/c)

CBeTMmMoCTb
1/pb

\

N\

GE/GM — stat — syst err

Ymucno
cobblTUM
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ete -> N anti-N

Pe3ynbTtathl namepeHua GE/GM

24— 2.4
2.2 o This work 2.2 e This work
2 » SND (2019) 2" » SND (2019
ot - BESII g - BESII
=14 | | ¥ : -
<12k 2 L
|(5 15 II 1 *'--T d; I ! ﬁ"""‘-v
o | L LI —~ 5 N
0.60- . LE ¢
040 A
0.2;_..|....|....|....|....|....|....|....|....|....| .UE"'l"""'"'""l""l""l""l""
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E. (MeV) p(MeVic)

CpegHee 3HayeHue GE/GM = 1.21+-0.13

CpaBHeHue ¢ moaenbto: Milstein, Salnikov Phys.Rev.D, 106 (2022) 7, 074012
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ete -> N anti-N

Cucrtematnyeckme HeTOYHOCTMU

1. YchoBue oTcyTCcTBUA TPEKOB B ApendoBon Kamepe ~0.06
2. YcnoBue Ha nonepeyHbin pasmepe Knactepa B
Kanopumetpe ~0.11
3. Bapmauum spemeHHOro cnektpa pusmndeckoro ¢oHa ~0.08
4. BhamaHne acummeTpumn B yrnosom pacnpegeneHmm ~0.11
Total : 0.10 -0.30
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e*e” -> N anti-N
3aK/to4yeHune

1. [lpoBeaeH skcnepumeHT Ha Konnangepe BIMM-2000 B
2020-2021 rr. no U3y4eHUto npouecca e*e -> n anti-n

2. W3mepeHuna nposoanamnce 86113M nopora npouecca B 8
TOYKAX MO 3HEPTrNUnN C MHTErpPasibHON CBETUMOCTbIO 83
1/n6. 3apernctpmpoBaHo okoso 10 Tbic.cobbiThit N anti-n

3. [lo pacnpeaeneHuto cosO aHTUHENTPOHOB
onpeaenanacb BennumHa |Gel/|Gu| - oTHoWwEHNE aneKTp.
N MmarH. popm@PaKkTopoB HENTPOHaA.

4. W3mepeHHan BenmuunHa |Ge|/|Gu| HaxoauTca B npegenax
1.0-1.5, TouHOCTb M3mepeHuna ~0.3-0.4. CpegHee 1.21+-

0.13. 24

2.2 o This work

2 ~ SND (2019
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anti-

Cnacubo 3a BHMMmaHue !

S.Serednyakov,n anti-n
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Backups
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ere- > NN cross section

Differential cross

2 2 2
section: o(e’'e" > BB)= a4'ri(2: (GM "(1+cos?6) + 4r:]28 G| (1-cos? H)J
Total cross 2 >
: v — Ao C 2 2m 2
section: c(e'e” — BB) = 32 [|GM| —+ sz G| ]
Two measurable values:
i 1 - effective FF,
Effective form . Gy [ +6.[/2r 2 ff
factor F[ = , T=—F
1+1/2¢ am:  2-6g/6py

C=1 for neutrons
At threshold : s=4mg? — |G¢| = |G| = |F]
Fhn=-F,/2
Asymptotic prediction: F(+%°) = -F(-® ) ~ 1/s2
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e+e- 2 N+anti-N

BbiaeneHue n anti-n cobbiTnn

YcnoBua otbopa

1 -veto U system

3 - no charged tracks

4 - event momentum : P>O-2Ebeam
5 -EMCenergy : Eiot > Epeam

6 - photon y2:>-2.5

(No tracks*, no photons*, no kinematic xz )

2 - no cosmic track in EMC, incl. cosm. showers

OEKTUBHOCTb perTcTpauumn : €, ~20 %

BpemeHHOMU cneKTp

600 |-

400

200

Doto,Eb=945 MeV

beam bg

n anti—n

2

time(ns)

UCTOYHUKU POHa:

1 — Kocm. $OH — NJIOCKUIN MO BPEMEHMN,
2 -- Ny4KOBbIN GOH - NuK npu t=0;

3 - dusnyecknii doH - e+e-> ng(QED), n0, nO, .

09.03.2026

n+anti-n (S.I. Serednyakov)
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ete -> N anti-N

McTorpammbl no cos® ana GE/GM
no cymme Bcex sHeprun MHAD 2020,-2021

CBepHyTaAa rucrorpamma

D Enlrie:sum 144
600 = : Mean  0.04033
- " ‘ Std Dev  0.4893
: Ebim=945-1000 MeV -
400 i+
=
200—
0._- | ||||||||| |

D hsum

Entries 164
Mean -0.4232
Std Dev 0.249

1000 | Ebim=945-1000 MeV

GE/GM =1.221+-0.118

GE/GM = 1.184+-0.116

Syst. & = -3.1%
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e*e -> N anti-N .
Bo3HMKHOBeHMe 3apaaoson acmummetpuum (B.Ap.)

F
e-,e> o 0T dN ~ A(1+ocosO)dcosH

F
: _ Yrnosoe pacnpegeneHue aHTUHEUTPOHOB,
e-e+ p,n.p,N Eb=990 MeV (MHAD2021)
e-e+ <1To,?l

60 ; Mean 0.1536
f2(1950,2010,2030)

Std Dev  0.4518
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ete -> N anti-N

Tpu BMAa NepBOro B3anMoaencTems aHTUHENTPOHA B AieTeKTope

1 - aHHUrMNALMUA 2 — ynp. pacceaHne + 3 _ yeynp. paccesHue +
aHHUrMNALMA aHHUIUAALMSA

S.Serednyakov,n anti-n 22



ete -> N anti-N

JKcNnepumMeHTanbHble ANna popmPaKTopa HENTPOHA
NaHHble B NPOCTPAHCTBEHHO-NOAOOHOM 0bnacTH

lEdlen | I-Iuleyle;-llxlaﬂo l] GE/GM

" & Ostrick ¢ Becker AN

1072 10T IO Tor 102 0= 100 o
Q? [GeV?] Q? [GeV?]

0.20

0.00
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ete -> N anti-N

CoBmecTHaA perncTpaumm aHTUHENTPOHA N HEUTPOHA
B COObITMAX e+e- =2 n+anti-n (Run 2017 data)

300 H

AB (dgs)

Figure 3. The distribution of the angle between
the neutron-candidate direction and the reverse

" antineutron direction for data (points with error
bars) and simulated (histogram) cvents.

EPJ Web of Conferences 212 07007 (2019)

V.P. Druzhinin, S.I. Serednyakov

Measurement of the e+e—>n"n cross section with the SND
detector at the VEPP-2000 collider
https://doi.org/10.1051/epjconf/201921207007

The recoiled neutron can be also observed in EMC in the direction
opposite to the antineutron direction as a photon or several photons. We
construct the distribution of the angle between the photon direction and
the expected neutron direction .for photons with energy greater than 20
MeV. The .distribution for the energy range E,= 970-1000 MeV is
shown in Fig. 3. The peak in the distribution near zero is clearly seen.
The data and simulated.distributions are in good agreement. The
efficiency of the recoiled neutron detection is about 30%.
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ete -> N anti-N

HepasHue ny6amkauuu CHA no npoueccy e*e” -> n anti-n
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ete -> N anti-N

S.Serednyakov,n anti-n
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