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SND detector

SND collected data at the VEPP-2M (1996-2000) and
VEPP-2000 (2010-2013,2016-¢ )

| : Main goal ofSNDexperiment isstudy of all possible
e T -= processes og'e” annihilation into hadrons belo& GeV.

V The total hadronic cross section, which is calculatec
a sum of exclusive cross sections.
V Study of hadronization (dynamics of exclusive

processes).
o 0 @ s lom AProperties of excited vector mesons of theaw,f
17 beam pipg 217 tracking sys"tem 3i families
aerogel Cherenkov counter, 41 Nal(Tl) . ]
crystals, 51 phototriodes, 61 iron ADevelopment of MC event generator fefe" -
muon absorber 7i 91 muon detector 10 hadrons below? GeV.

I focusing solenoids
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VEPR2000e*e collider

—— Transfer line K-500
95“'-' 'l"’ )

VEPP-2000 F z ry
' % VEPP-5
VEPP-2000 parameters ' inject
e c.m. energyE =0.3-2.0GeV D ARSEE '-J HRJeeror
e circumferenceq 24.4m 2010- 2013¢ experiments70 pb?

@ round beam optics

@ LuminosityatE =1.81 'H®
13 1032 cnr? sect (project)
43 10°t cmr“sec! (aChieved) Since2013¢ beamenergymeasurements with laser

& Two detectors: SND and CMID Compton backscattering
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2013- 2016¢ upgrade, new injector
2016- now ¢ experiments300 pb*



SND data

~20 hadronic processes are currently under analysis
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The proces®) 'Q © “ “ gives the largest contribution inta,had.LGVP
and its error.

V There are many measurements of tieQ
g had.LGVP a,hadlOvPerror squared © “ “ process, some of them have
KKn(r)_  other systematic uncertainty less thédixo.
KK V The most precise measurements with a

4n/\\‘ systematic uncertainty of abolt6% were
Sn/’ .I

done by BABAR and KLOE using the ISR
2n
21

technique.

V However, the difference between the BABAR
KLOE cross sections reaches several %.

Experiments at VEPE)OOuse direct scan approach and may provide fully independ
measurements with a su¥ accuracy.
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L § €
O separation parameter Q Q O ‘ JHER021113 (2021)

0.4 o }1400:
: The analysis is based -
0.3 1200
: 4.7pb*data recorded -
_ IN 2013 (/10 full SND ™
T data set) a00f-
: :-:-::(.;'5'-&:#-6-'::=-'.o'=5¢='-'='-1' L 6005_
Systematic uncertainty on the cross section (%) woF
Source <0.6GeV  0.6-0.9GeV _ N
Trlgger 05 05 — I55i0I - I6('i)OI - Iséol - I7'Ci)0I - I7.."i'>0I - I8Ci)OI - I8.':i)0I - Igréd\_;
Selection criteria 0.6 0.6
o s D e
QI separation 0.5 0.1
Nucl interaction 0.2 0.2 M, MeV  775.30.5°0.6 775.6 0.4 0.5 775.30.3
G,MeV  145.60.6°0.8 146.°0.8 1.5 147.80.9
Theory 0.2 0.2 B.210°  4.8%0.204 4.880.20.6 47205
Total 0.9 0.8 B, 5 % 1.770.08° 0.02 1.66°0.08° 0.05 1.530.06
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I ' : 1 1 QA f b e —
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,0_042 70_05: 3 : E : : -
“oosf
: o b VEPRM/(SND fit)

550 600 650 700 750 800 850 900
\s, MeV

™o Vi T uGeV
- | +zz

SND & VEREOOO  409.8° 1.4° 3.9
SND & VERPM 406.5° 1.7° 5.3
BABAR 413.6° 2.0° 2.3
RIS U R PO P U P | KLOE 403.4° 0.7° 2.5
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Direct scan vs ISR

BABAR report at EPSHEP21
| ISm ‘Q O (13 (13 (14 |-)

S 107

Energysca Q © « «  C In both methods, the integral
equation should be resolved tos
obtain the Born cross section
| C The function WX,B is well
known theoretically

| C The resolution function ok
RM,,,M,) is determined using

—_

Born
Visible

1000

Cross section (nb)

Events/(5 MeV
=
I

500

2 "
simulation and tested at narrow | A true
i resonances. The dataMC o & —=- measured
)0 w0 s o differencein the tails of the e e
E (GeV) resolution is hard to be tested. M, (GeV/c?)
. : — . Q0 o e QO
\ w o, JOp wWQw O YO B o
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This process near threshold was
previously measured by FENICE 1
and SND using thH&011-2012
dataset.

The new measurement is based->
on the2017,2019data and uses
time measurement in the
calorimeter.

The time distribution is fitted by

a sum of distributions for signal,
cosmic background, and beam +
e*e” annihilation background.

Our new result is lower than the
previous. The reasons are
underestimated beam

background and incorrect MC
simulation.
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Neutron electromagnetic form factors

- . . TQ ..
(QQ 0 £8) 'T—Ti[rm (0 AT 9 -rol oa}

From the measured cross section, we
determine effective form factor

0 'O —1 |
p—
= .
£0.6 preliminary
= | O proton FF (BaBar)
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From analysis of the antineutron polangle distribution we
determine the ratio of the form factors

1.89,1.9GeV
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o (nb)

Cross section

¥ SND(2011)
A SND(2012)

% +J( ﬂ; O BABAR
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The previous SND measurement [J. Ey@or Phys121, 27 (20159] is based or2011data

set. The2012data set has been added.

EPJ 80(2020 993

V Both SND measurements are
consistent with each other and
with thethe BABAR measuremen

V Two peaks in the cross section
correspondstothe k7 pt1 QT
and] K71 p @ v msonances.

V The systematic uncertainty on the
Cross section i4.4%.



QQ O “ * % dynamics

KNO-S @ T I @ [T T I
5200 | Vs=1.65-1.68GeV a S L s=1.65-1.68GeV
- > I
M ' 1 0
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A We analyze the twalimensional distribution of the chargeaion momenta and thé *
mass spectrum.
A These distributions are fitted with a model including the” “ k ” p T v“mandw f states.
A A significant fraction of the “ intermediate state is observed in the energy regiob51.75
GeV.
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Q Q O * “ % dynamics
' Total cross section "o, V Theisovectorintermediate statev [ gives
°l Y %2 | sizable (up t@0%) contribution to the
T QQ o« “ “ crosssection.
4 1V The cross section for the intermediate
state” “ differs significantly from zero in
: | the rangel.55- 1.75GeV, where the
resonance Is located.
} +* I 'V Inther pross section the resonance
ol xx 2 & 1 * +« «+ % ¢ +% 3] structure nearl650MeV is not seen.
1200 1400 1600 1800 2000
Vs (MeV)

We conclude that thé “ intermediate state gives a significant contribution to the decay

17 o* “ “ "andthatthe © *“ * * decayis dominated by the pntermediate
state.

30.08.2021 wSOSyi {b5 SELISNAYSYy(l NB&adzZ ia 2y SbSt | YYAKAtHMGEGAZY



o, (nb)

T A Theanalysiss basedon 26

EPJ®0(2020 1139 pb'datarecordedin the
g | .. | cmenergyrangel.27¢2
£ T L, tm D ABAR Ko - GeV
E 2 I A The cosssectiondor the
15

z

0.1 | 4 0° 0" and%s

' | intermediate states are
| measured separately.
| A TheQQ © 0° 0" cross
sectionis dominated by the
%0 K %0p @TQresonance.

0.05

1.2 1.4 1.6 1.8 2
Vs (GeV)

Theisovectomrocess2 Q © %o Is suppressed by the Okukfweiglizuka (OZhule. Three
measurements of the cross section are fitted simultaneously. Tihg tsum of the (and Q C
contributions cannot describe data nea GeV. The inclusion ahunknownresonancewith
m=1585,15 MeVandm 75530 MeVimproves fit. The significance of the structure is ab8sit
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[ 2E=1.320-2.000 GeV | eData [Jon Hay,y [JQED [Had. . C g 0L
_ 22 V There is a significant contributic
toop- . 3 of thew hintermediate state,
sol ‘ of which is seen as a peak in the
: 14} p°g mass distribution.
= + 2 V The nonw hsignal is observed
aok | o with significance 05.6s. It hasa
: 6 wide— mass distribution and
i ): may arise from the processes
oLavanet il Wasdoa, o QQ O 3g4(1450gand g(1320g

m_,, MeV

A The proces® Q © — | abovel.05GeV is studied for the first time.
A Data set with 12100 pb recorded in2010-2012and 2017
A The fivephoton final state is used.
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s QQ 97— . oMD-3 of- NOM - — —FIT
3 - BaBar = - ]
= FIT - o T E
2.5— ] — ]
- = 30— =
2E E = T ]
1.5/ = = E
1; é m; _+d é
0.5;— y _i Of— _f
B 1.|3I - I1.4I - I1.5I - I1.6I - I1.7‘I - I1.8I I I1.9I I Iél L I 1.|2 — 1.|4 — 1.|6 — 1.|8 — é |
2E,GeV 2E,GeV
The measured Q © 7 —crosssectionisin  The nonVPQ 'Q © — 7 process is
good agreement with the SND and CNAD observed with significance &f6s.
measurementsinthe © “ “ * decay This is the first measurement of this cross
mode. section.
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Cross section &'sSmy | A TheS &% ' ' eross section is measured for
g the first time in the energy rangk.17¢ 2.0GeV.
A The main intermediate state is .
A The measured cross section is consistent with
CMD3resultonS 2% . = Y. YayYe d
A The contribution from intermediate states other
than. 'is not seen.

? This work preliminary
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| e*e’—¢n (CMD-3)

Cross section [p

— e'e’ = Vnonny

—{— preliminary
| 2E,GeV  95% CL Upper limit,pb
B RN R T B VR R T kA Y R T e 1.17-1.32 9
1.32-1.57 5
Upper limits on possible contribution of radiative 1.571.80 11
iIntermediate states ({1500 ¢ X15ZH0Q 0 A a & c§2%0¢ A
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A The analysis is based 86 pb*! data
collected in2011¢ 2012

A The measurementofth@ Q 07 *
process is the first step in the study of the
QQ O “ * “ % reaction.

A Allows to study all sources of systematic
uncertainties

A The. “xcontribution is separated from
other intermediate states (@, r*r~ by v
fitting the ™ 4 € xinvariantmass spectrum
In the range650¢ 900 MeV.



QQ o7«

preliminary

O

A ¢ K S xcross section measured with
the restriction M@p) <0.9GeVis
expected to be independent of the
Y2RSf F2NJ G4KS . f]

A The measure® ®28S xIH ™~ ax xé
Cross section is in agreement with
previous measurements but has better
accuracy.

A The cross section is fitted with the VML
model including three-like states



