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Coctas matepuu Bo BceneHHou

MPOTOHbI N HEUTPOHDI, >99%
/

bapuoHHoe TemMHas
Bewecrso aHeprus
4.9% 69%
TemHas
Marepus
26%

Ha ocHOBe YTOYHEeHHbLIX napamMeTpoB
KOCMONOrn4yeckon moaenm
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Quarks
udd )
CTpyKTypa HYK/IOHOB —
HEWTPOHA U NPOTOHA, Proton
M, =940 MeV/c> | SO W .
\Neutron
R,=10 13 cm ; o
a
Nucleus 2
T, = 8380 sec °
Ele?;tron
[ “ |
\ -'
& A}pm

/
\

\i
./ Molecule

Matter %




CTPYKTYpa HEUTPOHA U NPOTOHA

n = udd +gluons+quarks+...

["NFOOHbI B NPOTOHE - -
- pMCYHOk\ YAOXHUKA
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[1Be BO3MOKHOCTU M3y4aTb 3/IEKTPOMArHUTHYIO CTPYKTYPY HYK/IOHA

eN->e N ete-->NN
PacceaHue AaHHUTMNAUMA

Spacelike form Timelike form
factor: F(g?) 2)
N126.2 [.H...A.P. [.L.A.T. (B3MM-3)

factor G(q B3MM-2000

S.Serednyakov,n anti-n 5
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ete”

-> N anti-n cross section

o(e'e” > BB)=

aZﬂCZ

2
4mg
m2

(GM \2(1+cos2 0) +

m2

Ge \2(1—cos2 0)]

B —baryon =p,n;
60— polar angle;

m=2E, —cms energy ; [— nucleon velocity
m, — nucleon mass; Gg,G,, - two form factors

Feynman diagram of e*e  -> n'n process

b
™

21.12.2022

S.Serghbyakentiranti-n



ete ->n anti-n

CyLliecTBylolme AaHHble Mo ceyeHuto e*e” ->n+anti-n

= I ' * II ‘ ‘ * ' ' ‘ ' ' I ]

= A O Fenice
=>1.5 —
o | | ‘ A SND 2014
- A ® This work]
- SND 2017 :
- E] é =
' L
L A L
L A | l | A | | |
‘ | ﬁ | | l l T 7
B | | |
0s — & ! |* & . : .
¥ ' s ®

&g
-] |
O i | 1 1 1 1 | 1 1 1 1 | |
1.9 1.95 2

E(GeV)

SND preliminary
PhiPsiConf2019; EPJ Web Conf 212 07007 (2019)
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Konnangep B3MM-2000

VEPP-2000 e*-e- collider

(2 x 1000 MeV)

CMD-3
Cryogenic Magnetic
Detector

e e sno | VEPP-2000 parameters:

NaJ cristal ne @ ¢.m. energy E=0.3-2.0 GeV
particles Detq .
& round beam optics

& Luminosity at E=1.8 GeV

21.12.2022

1.10%2 cm sec! (project),
7.10%1 cm~?sec ! (achieved)
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SND detector (since 1995)

1 — vacuum chamber,

2 — tracking DC,

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

5 — phototriodes,

6 — absorber,
‘ | 7-9 — muon detector,
l | 10 — SC solenoids

0 20 40 60 80 100 cm

el |
{7 < b g .
v, o ||l Attenuation length
F‘!'!{{///!?Zﬁ'g/ : ’
10 | SND — good antineutron
f || detector
5 L |
* rad.length -2.6 cm |
Solid angle - 95% 4r O o0 a0 980 _ 1000
21.12.2022 S.Serednyagmnn@aktRn Eb (MeV) 9
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Habop sKcnepuvmeHTanbHbIX AAHHbIX —
2017, 2019 rr.

Epeam= 940 — 1004 MeV, (m_ =939.6 MeV)
21 energy points,

Luminosity : AL=38 pb1,

Number of nn events =2730 (recorded )
Number of nn events ~ 15 000 (produced)
IdPeKTUBHOCTb pernctpaumnm ~18 %

MoAHOE YMUCNO 3aNUCaHHbIX COBbITUIA > 107
cobbiTvit n anti-n  ~ 1 /1 000 000
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CHUMKU TUMNYHbIX
NN - coObITUN

N HIGZ 02 @ sndhw3.inp.nsk.su

ete”— n anti-n

nonnT
UJUuUL

R—Fhi projection

| O My
20 May
S0 ey
100 MeV

N HIGZ 06 @ sndhw3.inp.n... © 0O ©

N HIGZ 04 @ sndhw3.inp.nsk.su
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t=0,
$OH nyyKa

21.12.2022

PacnpeaneneHmne no BpemeHu oTobpaHHbIX COObITUN

CurHan ot anti-n
(3apeprkaH)

Kocmunyeckmnm ¢oH

S.Serghbyakentiranti-n
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U3mepeHHOe ceyeHue npotiecca
ete -> n anti-n

BbluMcaeHue ceyeHusa e*e” -> n anti-n

og=N,,/€(1+0) L

Example :
N, , — detected events number, ~100,
L - integrated luminosity, ~ 1 pb?,
e - MC detection efficiency, ~ 0.2,
1+0 - radiative correction, ~ 0.8,
op - total cross section ~ 0.4-0.8 nb,

o, - Visible cross section.

21.12.2022

[u—
T T | T

0_5+: %i +¢ H

2 R

g | [0 FENICE |
g _f A A SND 2014 -
g1 * BESII |
. - A ® This work -
72 -

o

5 [] 5

L

| | | | |

L

S.Serghbyakentiranti-n
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<
o

Effective form factor

@® SND (this work)
[ BABAR proton
A BESIII

0.4 |
M v 6 “pon - §
3MepeHHbIN B pabote | e
3 PEKTUBHbIN T b .
bopmdakTop | b
HEWUTPOHa 0 | '
0 0.2 0.4 0.6
p (GeV/c)
. __ Are® C > 2mg >
G(e e — BB) = 3m? [|G|\/|| -+ sz |GE| j

G| +|Ge[ /27
1+1/27

F* =

T =

2

4m?
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OTHOLLEHWE INEKTPUYECKOTO U MarHMTHoro popmddakTopoB HelTpoHa |GE|/|GM |

o(ete” > B§)_a4'ric (|GM| (1+cos? 9)+ B Ge | (1—cos 49))

= MC
N3mepeHHbI pesynbtat ana |GE|/|GM |
GE
1000 —2251"'\“‘-ww|w‘.‘|ﬁ
<
Q 2 :_ _:

cosO

30

20

0 7\ 1 1 1 ‘ 1 L | L J 1 | 1 L | L 1 1 | I ]
1900 1925 1950 1975

E (MeV)
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BbiBOAbI

Ha anekTpoH-no3nTpoHHOM Konnanaepe B3MM-2000 (slide 8) c
netektopom CH/J (slide 9) nsyyanca npouecc e*e” -> HEUTPOH +
aHTMHENTPOH B obnacTm aHeprum B6M3M nopora npouecca. B
pe3ynbraTe akcnepumenTa (slide 10) 6b11m 3apernctpmnpoBaHbl bonee
2500 nap HENTPOH+AHTUHENTPOH, YTO NO3BOJINNO U3SMEPUTb CEYEHUE
npouecca (0.5-0.3 HaHobapHa, slide 13), a TaKKe Bnepsble B6AU3U
nopora onpeaenntb 3dGeKTUBHbIN INEKTPOMATHUTHbIN
BpemeHnnogobHbin dopmdparkTop HenTpoHa (slide 14) n oTHoweHue
3/1eKTPUYECKOro U MarHuTHoro popmdaKktopos HenTpoHa (slide 15).

PopmPaKTOp HEMTPOHA OKa3a/1ICA MeHbLLE NPOTOHHOro dopmdakTopa.

[MonyyYyeHHbIN B AaHHOW paboTe HENTPOHHbIN GpopMPaKTop
CTbIKYeTCcsl C uamepeHusamm aetektopa BESIII npu 6onbluen sHeprum .

S.Serednyakov,n anti-n
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Abstract The proces: ¢te™ — nii is studied in the experi-
ment at the VEPP-2000 et ¢~ collider with the SND detector.
The technique of the ttme measurements in the multichan-
nel Nal(TIl) electromagnetic calorimeter is used to select nn
events. The value of the measured cross section in the center-
of-mass energy range fiom 1.894 to 2 GeV varies from 0.5 to
0.35 nb. The effective nzutron timelike form factor is derived
from the measured cross section and compared with the pro-
ton form factor. The ratio of the neutron electric and magnetic

where « is the fine structure constant, s = 4E,§ = E2, Ep
is the beam energy, E is the center-of-mass (c.m.) energy,
B = /1 —4m}2/s, m, is the neutron mass, y = E,/m,, and
0 is the antineutron production polar angle. The |G /G um|
ratio can be extracted from the analysis of the measured cos 6
distribution. At the threshold |G g| = |G p|. The total cross
section has the following form:

: s : ; ; ; 5 : 4 ac® 1
form factors is obtained from the analysis of the antineutron o (s) = e (1 e —2) | F(s)|?, @)
polar angle distribution and found to be consistent with unity. 3s 2y
with
S.Serednyakov,n anti-n 17
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[paHT PH® Neo 23-22-00011 (2023-2024rr.)

JKCNnepuMeHTaNbHOE U3yvyeHue npouecca poxKAeHuA
nap HEUTPOH-aHTUHENUTPOH B e+e- CTO/ZIKHOBEHUSAX B
noporosou obnactu

S.Serednyakov,n anti-n
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[lepcneKTusbI

Konnanpep B3AMM-2000 - “dabpuka” anti-n ! ?

B3IMM-2000 — cambi MHTEHCUBHbIN B MUPE
MCTOYHUK aHTUHENTPOHOB™

Mpouecc e*e” -> n anti-n umeeT ceyerune o, ~ 0.4 10733 cm?
CeetumocTtb L ~ 5 1031 cm2 s

Bpemsi 1 rog - T = 107 sec

Uncno cobbitmii: N = o L T = 2 10° nn /roa/neTexkTop

[MapameTpbl —
- umnynsc nn 0-350 MeV/c;
- MOHOXpomMaTu4yHoCcTb GE ~ 1MeV
- UCTOYHUK MEYeHbIX N *
- UCTOYHUK TOYEYHbIN *

- LUMPOKOYroSibHbIN AQ ~ 47

Bo3mMoOXXHOCTH :
- HOBOE U3MEepPEHME HENTPOHHOIro popmMmdrakTopa Ha rnopore;
- MOWCK Y3KNX HYKITOH-aHTUHYKMOHHbIX pe3oHaHcos , [ ~ 1-10 MaB;
- U3MepeHne cevyeHuit B3ammoaencTeme aHTu-H C pasHbiMu BeLlecTBamm

S.Serednyakov,n anti-n
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Cnacmnbo 3a BHMMaHue !
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BackUps
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Spectrometric channel in 2019 run.

The measured parameters are pulse

time and pulse hight.

v 2400
8 2200
© 2000
>
1800
0 1600
E 1400
. 1200
< 1000
800
600
400 ) o
P = - - - - b
~h Loo o bes v P s le

- PR RIS R
0 10 20 30 40 50 60 70
time, FADC clocks

Amplitude
i D e
1
&

Typical signal waveform from an EMC
channel.

* NIMA v.936 (2019) pp.117-118

The EMC spectrometric channe

Nal(TI) 71— | csa | — F12 module | _ | Z24 module | __ 8t
& VPT » (Shaper) |, (FADCs)

§x160 ‘ I

v

ELT" |« Clock (3 x Fyr)

f
N.A. Melnikova
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e*e > NN cross section

Differential cross _ ?BC? , am2
section: o(e'te” > BB)= y (GM (1+cos” @)+ sz G| (l—coszﬁ)J
Total cross > 2
: v — Ao C 2 2m 2
section: c(e'e” — BB) = 32 [|GM| + sz Ge| ]
Two measurable values:
i 1 - effective FF,
Effective form . Gy [ +6.[/2r 2 ff
factor F| = S T=—
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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Selection of n+anti-n events

Key features

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

1 -veto U system
2 - no cosmic muon track in EMC

3 - event momentum : P>O'3Ebeam

4 - EMC energy : Etot > Ebeam

5 - 3-d EMC layer energy: E3<0.7Epaam
6 - photon y?:>-2.5

Selection results:

1 — total events recorded ~2 107 events/pb -1

2 — after applying cuts ~ 100 events/pb, including
physical, beam and cosmic background and n anti-n events
Selection efficiency :

Enc ~20 % (945 - 1000 MeV)
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Systematic uncertainties in ee” ->n+anti-n cross section

1. Detection efficiency uncertainty ~ 10%

2. |GE/GM| uncertainty ~ 1-5%

2. Physical and beam background subtraction ~ 5-10%
3. Energy calibration ~ 3%

4. Luminosity and radiative corrections ~ 3-5%

5. Total systematics ~ 15 %
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ete -> n anti-n cross sections, this work

Comparison with previous

R 2012,2017, 2019,2020 i
Hns ’ ’ ’ comparison works up to 2 GeV

preliminary - preliminary
= =
= A SND 2012 = i o FENICE
0.8 ‘0 "SND 2017 23T + SND 2014
e SND 2019 A e This work
o x+ SND 2020
i AN a
| . ! l 1 T |
.ﬁ' ; T | | | | | a l a0
0.4 [Fecns l : ? d ] 4 1 | ’
| A = [ | | |
1 5, i | |3
5 0.5 T 4 ||' - _"_; ' 7 |l |
0.2 g /AR S AEEE ¥ L
I g |
|
0 ' ’
1.9 1.95 2 0 ’ ‘
Ecm(GeV) L2 L2o E(g}eV)

Runs 2012 - reanalyzed
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e*e” -> n anti-n cross sections, this work

Comparison between SND and BESIII

0.8 preliminary
-
=
=Y
‘ ® This work
0.6 | o BESIII 2021
LRIy Ls
R 5§ p' L
0.4 || | | 4 lT %I
I !
3 |
[ |
0.2 | | A
& | : |
-
O |
1.9 ) 2.1 :
E(GeV)
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CosO distributions. Extraction of |GE|/|GM]|.

Diagram of e*e"->n n JPC =17, J=L+S,
P=(-1)-*1=-1,L=0,2,

C=(-1)-*S=-1, S=1,

Form factors J

5 two form factors
Q>0 e.g. Gg, Gy

. N
/ S, D -waves,
N

m — cms energy
S— nucleon velocity

2
(\GM \2(1+(:os2 0)+ 4sz \GE\Z(l—cos2 9)) 60— polar angle
m m,, — nucleon mass

Expression for nucleon pair e+e- production, C=1 for neutrons

a2ﬂc2
4m?

o(ete” > BB)=




