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VEPP-2000 eTe~ collider

LU
3MeV COMD, 2
LINAC

B-3M
250 MeV
Synchro-
betatron

Booster

VEPP-2000 parameters

o c.m. energy E=0.3-2.0 GeV

o Luminosity at E=1.8 GeV
10*2cm—2sec™! (project)
4x103tcm=2sec™! (achieved)

o Beam energy spread - 0.6 MeV
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VEPP-5
injector

o 10 times more intense positron
source

o Experiments at upgraded
VEPP-2000 was restarted by

the end of 2016
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SND data
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15 hadronic processes are currently under analysis

o ete™ — nuly o ete” — wtm™
o ete™ = ntra0p e ete” — £1(1285)
o efe” — nh °efe” =
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SND detector

Main physics task of SND is study
of all possible processes of eTe™

annihilation into hadrons below 2
GeV.

@ The total hadronic cross
section, which is calculated as a
sum of exclusive cross sections.

o Study of hadronization
(dynamics of exclusive
processes).

Lol a1l 11
0 20 40 60 80 100 cm

1-beam pipe, 2-tracking system, 3- Analysis is based on the 4.6 pb—!
aerogel Cherenkov counter , 4 - Nal(Tl) e :
: . statistics, collected in 2012 — 2013,
crystals, 5 - phototriodes, 6 - iron muon 6
absorber, 7-9 - muon detector, 10 - that corresponds to the 2.3 x 10
focusing solenoids. collinear events, with 10°
ete” = wtn~, utpu~ and
1.3 x 100 ete™ — ete~
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Events selection

Q@ N, > 2. The events can contain neutral particles due to nuclear
interactions of charged pions with detector material or due to
electromagnetic showers splitting

|AO| = |180° — (01 + 62)| < 12° and |A¢| = |180° — |1 — ¢2l| < 4°,
where ¢ is the particle azimuthal angle

E1 2 > 40 MeV, where E; is the ith particle (i = 1,2) energy
deposition

50° < 0y = (01 — 62 + 180°) x 0.5 < 130°

|d01| <1 cm, |dO2| < 1 cm, where |dO;] is a distance between the
ith particle track and the beam axis

© 00 o o

|z01] < 8 cm , |z02| < 8 cm, where |z0;| is a distance from the center
of the detector to the primary vertex of the ith particle track along

the beam axis
@ The muon system veto = 0 m
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The output signal of the trained BDT network R is a value in the
interval from -1.0 to 1.0

The ete™ — ete™ events are located in the region R < 0, while
ete” = nrn,utu~ eventsin R > 0.
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Non-collinear and cosmic bac

N cosm[veto = 0]

Neosm = Nexp[veto = 1] x

N osm[veto = 1]

Nexp|veto = 1] — number of data events selected with 27 cuts but with
veto=1; Ncosm[veto = 0(1)] — number of special cosmic events

Two types of cosmic events are used:

o Non-central (|d01| > 0.5 cm , |d02| > 0.5 cm, |z01| > 5 cm and
|z02| > 5 cm) events from the same data sample.

o Events from special cosmic runs without beams

Both give the same 2.5% ratio between Ncosm[veto = 0] and

Ncosm[veto = 1] in the whole energy spectrum sm
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Non-collinear and cosmic bac

Background from the ete™ — w770 is subtracted directly in the

w(782) region, with a number of background events estimated
according to the formula:

N3y [27]

Np = NoP
o = VBT e

0

N®P[37r] — number of eTe™ — 77~ 7% events in the same data

sample selected with a special 37 cuts:

Nepa > 2, Nj > 2, ’Am > 10°, ’A(z)l > 10°,
40° < 0; < 140°,Xfr+7r_27 <50, x2. o <30

Contribution of this background to the total eTe™ — w77~ cross section
is less than 0.15%, due to the strong suppression
by |Af| and |A¢| cuts.
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ID efficiency

__N*(Re[-1,0) __ N"(Re[01])
O Ne(Re[-L1) T N(RE[-L1])

=
c

¢ Nee(R e [-1;1))

Ne&™™ (R € [a; b]) are the numbers of eTe™ — ete™ or 77~ events with
R in the interval [a; b]

0.,,,,,,2 [
0998 R Identification

= . SAe . .
0.097F . R R efficiencies  for
0.996F T : * etem — ete™
0,995 e and ete™ —
0.904F 7~ simulated
09935 events
0.992F
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Vs, MeV
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ID efficiency correction

x = e(m), ex” and €7¢ are identification efficienties for experimental and
simulated pseudoevents respectively. The 0. does not depend on energy,
and its average value is 1.0006 £ 0.0001

0:(v3) = a((Ve = b7 +10- (v - ) e

0> = 0.9990 + 0.0002 at the energy region /s > 0.65 GeV and below d

changes upto 0.9950 4 0.0006 at /s = 0.52 GeV

i
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ID efficiency correction

Correction coefficients for ID effi-

PR ] f ciencies of the ete™ — eTe™ and

{ M ! { ete” — wfn™ events. 4 ob-

M tained using pseudo 77 events con-

R structed from ete™ — 77~ and

ete™ — w,¢ — 7Tr 70 events.
3 Y U NN DUV S DUV FUUN PO Lines are the fit results.

850 900
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| events
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Contribution to the cross section uncertainty

Error e, % Or Or
at /s > 0.65 GeV, % at /s < 0.65 GeV, %
ostat 0.01 0.02 0.02 - 0.06
oD 0.02 0.01 0.02
Ohig  0.02 0.02 -
Otot 0.03 0.03 0.03 - 0.06
% 6

Contribution of the
ID efficiencies to the
relative error of
ete™ — 71~ cross
section is less than
0.2% for the most

T : ener oint
—— gy p m
Od‘“50“"600"HGOH"700‘“‘70‘”‘800”“80””900‘
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12 > 40 MeV efficiency

The pseudo—n7 events are used to check the validity of efficiency for

the E;», > 40 MeV cut, derived from the simulation

Obtained average correction is equal to 0.992. The maximum difference
between corrections derived from the different types of pseudo-events is

0.5%
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Efficiency of the |A¢| < 4° and |Af| < 12° cuts

In order to study the differences between simulation and experimental
data at each energy point, an efficiency correction is introduced:

67XP(X) P _ Ni(X € [Ax; Bx]) (me M,’(X € [AX; BX])
em(x) T Nilxe[Ca D) T Mi(x € [C; Dy])

1

Ri(x) =

351015 YrooeE

==
N [

Kupich A. Recent results from SND detector at VEPP-2000 collider. Measurement of pion formfactor. 14/38



Efficiency of the |A¢| < 4° and |Af| < 12° cuts

1] lxux ; 1l ! by %

The average values of day = Rrr(A¢P)/Ree(A¢) and

dno = Ren(A0)/Ree(A0) differ from 1 by 0.1 % and
0.2 %, respectively

The overall contribution to the systematic uncertainty from

the conditions on the A¢ and A# is equal to
0.001 & 0.002 = 0.002 ‘ﬂb
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Efficiency of the 50° < 6y < 130° cut

€7(2) _ewm ) _ Milbo € [xi 180° — 2))

- meg oy Mi(6o € [x;180° — 2])
Ri(z) = N6 € 505 130°]) P T “My(6p € 0% 130°])

7(2) ©

The statistically significant deviation of dg, = Rz /Ree from unity does
not exceed 0.5 %

H

W
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Track reconstruction efficiency

Probability of the 7 (e) track loss due reconstruction inefficiency is

estimated from the R, (Ree):

the ratio of the number of events with one track, but the total number of
particles > 1 and loosen A¢ and A# cuts, to the number of events with
two or more tracks

The ratio of R,

' ’m‘ to R.. is taken
po 1+ 0.0001311

1.004

as a correction
to the measured
cross section

1.002

It does not show
a significant

- s e deviation from
unity
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Muon system veto efficiency

: Orn((1 + @2 — 180°)/2 > 166°0r < 14°; veto > 0)

Jveto —

0rn (01 + d2 — 180°)/2 > 166°0r < 14°; veto = 0)

In case of the veto > 0 selection the certain number of the residual
cosmic background events, derived from the fit of the (z0; + z0,)/2
with a sum of uniform and normal distributions, is subtracted from the
total number of the ete™ — 77~ events

Oveto ShOWS
no significant

energy
dependence

QF T T T [T TTT [T T[T T[T T [TIT[TTT[ITT[H

09 Averaged
0.94 X2/ ndf 61.83/36 N
value is
0.92 po 1+ 0.0004879 . .
o applied and it
08 is consistent
o‘”‘sso““eo““sso‘”‘vo‘”‘75&”&6”556‘\‘@“9%\/ with 1
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Systematics
The main sources of systematic uncertainty

e A, A¢, Oy cuts: 0.00140.00260.005 = 0.55%

e Ej5 > 40 MeV condition: 0.5 %

e e/m—separation for the /s < 600 MeV: 0.3 - 0.5%

@ muon subtraction for the /s < 600 MeV: 0.3 — 0.7%

Additional sources of systematic uncertainty

@ 0.2 % is taken as a systematic error from modeling of the
pion loss due to nuclear interaction

@ Contributions from the N.,, > 2 and veto = 0 cuts are
considered to be negligible

o Calculation of the radiative correction gives 0.2 %
@ 0.1 % from variation of the trigger cuts
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Systematics

Source | /s > 600 MeV | /s < 600 MeV
ID e/x 0.1-0.2 0305
" 0.0-0.2 0.3-0.7
Af 0.1
A 0.2
fo 0.5
Eia 0.5
rad 0.2
trig 0.1
nucl 0.2
total 0.8 [ 0012
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Calculating ete™ — 777~ cross s

N, = L(orrel, + opuss

+ O_ee‘ee) + Na

a = 1,2 correspond to the R,/ € [0,1] and R,/ € [- 1,0] respectively; o;;
and €7, with jj = 7777, u*p~, ete™ in the final state; Nj is the number
of non-collinear and cosmic background events; L is the IL collected at s;.

[t

From these equations ete™ — 77~ cross section and

L can be deduced:

(N — N3 )err — (M — ’Vl e

Uee(ggeg}m - €£e€$r ) + Uﬂﬂ(s L 7r7r - 5;1Lu52r7r)

L(S,’) =

Ny — Nr%c - L(Si)o-ﬂﬂg;ltu(sf) - L(S,')Ueeé‘ée
L(si)ern

wa(si) =
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Born cross section

1+ 6,24(si) is a radiative correction, that accounts for radiation from the
initial and final states, calculated using the MCGPJ code.

T T T T

Ratio

drad(si) has to be

g —C .3V (ET ) ¢ .
. e (143,)/(143) N calculated itera-
: e (143)/(143)

tively, by fitting
measured cross
sections with a
model from the
MCGPJ

1.002

-

0.996

500 550 600 650 700 750 800 850 900
Vs, Mev

JHEP 9710, 006 (1997)
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042 2
orn(s) = 5557P7,7T(s)|A,m(s)|

Prr(s) = a2(s),  ar(s) = %\/s —4m2

2 31 I-Vm?/ \/mva(V — tnT) elPpv 2
A=r(E"= 1y 50 2 D 3
o /) )
Dv(s) = my —s—iVsTy(s), Ty(s)=> T(V—F,s)
f
[o(s) = 9x(s) BUH7T+7T_+C7’T7—(S)rwa_mov_F or(s) g

s qi(my) ¢ q;”w(mw)

m?, q3(s ,
o= Ffo v (D
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Fit results

Cross section values in the
Vs =352.02, 375.85 and 389.36
MeV energy points shows non-
statistical deviation from the fit

'
an
/A,

o1

The relative difference between the
ete™ — w7~ cross section, measured
by SND and fit of the SND experimental
data. The green bar depicts system-
atic and statistical errors of the SND
fit, folded quadratically.

N
e
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0 900
15, Mev
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Fit results

parameter SND VEPP-2000 SND VEPP-2M
m,, MeV 7754 +05+04 7746 +04+£05
[, MeV 1458 +£0.7 £ 1 146.1 + 0.8 + 1.5
olp — 7T+7['_), nb 1189.25 + 4.6+ 9.5 1193 £ 7 + 16
o(lw— 7r+7T_), nb 313+ 13+0.3 203+14+1.0
Dpw, deg. 1109+ 15+ 0.7 1137+ 13+ 20
o(p — 7T+7T_), nb 23 +0.6 1.8 4+ 0.2
Xz/ndf 43/30 -
parameters SND VEPP-2000 SND VEPP-2M

Bp—)e*&‘ X Bp—>1r+7r_

- X B

w—Ttr—

Bw—>e+e

(4.88840.02+0.04) x10~°
(1.31240.064-0.01) x10~°

(4.876+0.02+0.06) x10~°
(1.2254-0.064-0.04) x 10~°
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Fit results
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Calculating bare ete™ — w7~ cross section

bare(s) — 0' (S) X |1 — I'I(s)l2 x (1+ —a(S))

2 _ _
a(s) +IB |:4Li2<1+§) +2Li2(—%>—

30— In li;§_2|5| ‘+5] —31n 3[(1+5%2 4

4
1+p B B 1-p82

1+3 31+52
1—5+§ 32

Liz(x) = —/dtln(l —t)/t, B=1/1- 4':7%
| W
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Contribution to a,

2
am
a/,L(ﬂ-ﬂ-a Smin S\/g S smax) = <3IL)
iy

K(s) is a known kernel ( J. Phys. G 38, 085003 2011) and

[ R,

s2

~ Smin

bare 2
o 4o
R(s) = T ete” - utp™) =
(s) P o( wRT) = 5

Trapezoid integration allows to compute a, using measured cross sections

SND VEPP-2000 SND VEPP-2M BaBar
au(mm) x 10" 410.88 4 1.02+ 3.75 408.88+1.30+5.31  414.93+1.024-2.07
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The relative difference between the eTe™ — 77~ cross

section, measured by BABAR and fit of the SND experimental
data

@ 0sys @ Ostar errors are shown for the BABAR data

@ The green bar depicts systematic and statistical errors of the SND
fit, folded quadratically
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The relative difference between the ete™ — w7 cross
section, measured by KLOE and fit of the SND

experimental data

:e 0.08f—- -
E‘: 0‘062 1 z
0.04 I =
soobbb ) L L -
0

—0.02~1" || | I .| =
ST TS TR B S
—voef E
—o.osf —— KLOE 2010 E
0af —— KLOE 2008 =
0, [
550 600 650 700 750 800 850 - Megvoo

Phys. Lett. 2009. Vol. 670B 4-5, P.285-291

Phys. Lett. 2011. Vol. 700B 2. P.102-110
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The relative difference between the ete™ — w7 cross
section, measured in experiments at VEPP-2M and fit of

the SND experimental data
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ete” — w1~ summary

@ The difference between the value of
a,(mm,525MeV < /s < 883MeV) obtained from the SND
data, and ones derived from the previous measurements < 1o

@ The parameters of the p and w mesons in this analysis are
consistent with ones obtained by SND in experiments at
VEPP-2M

o Comparison with VEPP-2M results indicates no significant
contradictions in the whole energy spectrum

@ In the 0.6 > /s <0.7 GeV energy range there is a 3%
discrepancy between the SND and BABAR data, but for the

rest of the spectrum SND data is in agreement with the
BABAR results

o There is 1-3 % deviation between KLOE and SND data for

V5 >0.7 GeV ‘ﬂb
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ete” — nn

' ‘ Il Cross Section measurement

O  Fenice
A Revis. 2012 @ The new measurement is based on

] the 2017 dataset and uses a different
4 method. The
calorimeter-trigger-time distribution
is analyzed.

G,(nb)

0 ® This work

| R previous SND measurement. The
TI B ® reasons are underestimated beam
| background and incorrect MC
simulation.

It | l @ Our new result is lower than the
+ ]
®

0t @ The systematic uncertainty on the

E(GeV)

cross section is estimated to be
about 20%, mainly due to MC
simulation.
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" — . — —_
206 |- o Thiswork
‘E 5‘5& @ Babar-ppbar
Eoa | Movo g0 Bl Formfactor
= F * To——o-_, o o
0.2 L o @ The cross section depends on two
otk ! L . form factors.
19 1.95 Ez(GeV) @ From the measured cross section we
- S . R determine the effective form factor
=}
350.6 - o This work B
S bl o Babar-ppbar @ Near threshold_ the proton and
50,4 =S o neutron effective form factors are
“‘02 [ - close to each other. The neutron
’ form factor become lower than the
[ —— proton one with increase the energy.
1.88 1.89 1.9 1.91 .
E(GeV) @ The ratio of the form factors can be

determined from the analysis of the
cos(#) distribution

@ The cos(#) distribution is well
described by 1+ cos(6)?, i.e. Ge=0.

@ For proton |Gg/Gpy| ~ 1.5 in this
energy region.

-1 05 0 05 1
cosf
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o(ete” — 3mm) (nb)
=)
——
P

E (GeV/c?)
The total efe™ — ntan— 70
cross section measured by SND
is, in general, consistent with
the CMD-3 result. The ~ 15%
difference in the cross section
maximum is within the system-
atic uncertainties, which are 7%
for SND and 11% for CMD-3.

(e > om) (nb)

(e - on) o)
(e"e — apsnres) ()
M
8

0

-
IF 1

L
4 6 8 2

E (GeVI)
Exclusive chanels

@ The obtained wn cross section
agrees with the CMD-3
measurement. Both the SND and
CMD-3 results lie below the
BABAR data.

@ The SND and BABAR ¢n
easurements are in reasonable
agreement.

@ The significant difference between
the SND and CMD-3 measurements
is observed for the
agp-+strucrureless final state.
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Cross section e'e— on

2 T T T T T ]
4 e SND (00— n%)
+ SND (w— 3r)
35 = CMD-3 = - -
] " Basar ete™ — wn — nry

The measured ee™ — wn cross section is
in good agreement with the SND and
CMD-3 measurements in the w — 37
decay mode.

k3

@ The value of the cross section is
about 15-20 pb in the region 1.4-1.9
GeV.

Cross section e~ non-on — N’y @ The radiative ete™ — nn%y process
2 w;‘ ‘ T " DATA E was studied .previously only in the
af e ] ¢(1020) region.
wf- E @ We perform the first measurement
wof- E in the energy range 1.05-2.00 GeV.

N

w

H
N
by
2
b3
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ete” — nand ete” — £(1285)

@ The 650 nb—! data sample was recorded in 2018 at

s
S Vs =my

- @ The decay mode 1 — 370 is used, in which the

1 single photon annihilation background is absent.
f,(1285) @ Zero signal events have been selected.
@ The upper limit B(n — ete™) <7 x 1077 at 90%
CL has been set.

et

ete™ — £(1285)
@ About 4 pb—! of data were collected in the resonance maximum.

@ The £,(1285) — ©%7%) — 6+ decay mode is used.

@ The main background sources are ete™ — wr? — 7070, ete™ — 7y

and ete™ — m0710w.

@ After applying the selection criteria, two events have been observed at the
peak.

@ These two events correspond to B(f1(1285) — ete™) = 6.1t32"66 x 1079
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Conclusion

o The ete™ — w7~ cross section is measured with systematic
uncertainty better then 1%

@ The accuracy of eTe™ — nii measurement is significantly improved
o The ete™ — 77770 cross section has been measured

o Rare radiative process ete~ — 7%y have been measured for the first
time in the energy range 1.05-2.00 GeV

@ Search for production of C-even resonances, n and f1(1285), in eTe™
annihilation is performed. The first indication of the process
ete™ — £1(1285) is obtained
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/s, MeV o, nb 09, nb [F(s)? Obare, Nb
525.3 203.3£12.3 210.3£12.7 4.4+0.3 209.6+12.7
545 223.5+10.1 231.7£10.4 540.2 231.2+10.4
565.1 235+12.3 244.4+12.8 5.5+0.3 243.9+12.8
584.9 254.74+10.7 265.84+11.2 6.24+0.3 265.5+11.1
604.8 328.54+8.7 344.449.1 8.34+0.2 344.5+9.1
624.7 366.5+11.1 386.24+11.7 9.74+0.3 386.7+11.7
644.6 438.24+8.2 464.54+8.7 12.1+0.2 465.8+8.8
664.4 526.4+3.5 561.5+£3.7 15.3+0.1 56443.7
6384.2 642.1+8.4 689.4+9 19.5+0.3 693.1£9.1
704 797.34+10.2 859.8+11 25.4+0.3 | 864.6+11.1
724.1 1029.34+9.5 | 1111.24+10.3 | 34.2+£0.3 | 1115.24+10.3
739.1 1146.54+5.6 1233.5+6 39.1+0.2 1233.7+6
743.8 1197.949.8 | 1285.8410.5 | 41.1£0.3 | 1284.54+10.5
T47.7 1212.14+14.4 | 1298.2+15.4 | 41.9£0.5 | 1295.3+15.4
751.7 1195.5+13.7 | 1277.2+14.6 | 41.54+0.5 | 1272.4+14.6
755.7 1243.9410.8 | 1324.7+11.5 | 43.4+0.4 | 1318.2+11.4
759.5 1291.24+17.3 | 1370.7+18.4 | 45.34+0.6
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Vs, MeV o, nb 00, nb [F(s)]? Obare, Nb
763.5 1263.7+5 1336.7+5.2 | 44.5+0.2 1328.945.2
767 1251.946.9 1320.24+7.3 | 44.3+0.2 | 1312.947.2
771.6 1289.84+22.2 | 1355.64+23.3 | 45.9£0.8 | 1350.9423.2
775.6 1291.34+17.2 1353.9+18 46.2+0.6 1353.5+18
778.7 1251.645.3 1304.3+£5.5 | 44.84£0.2 1300.74£5.5
780.7 1198.1+18.4 1229+18.9 42.440.7 | 1212.9+18.6
781.9 1105.1+11.2 | 1111.4+11.2 | 38.44+0.4 | 1081.6+10.9
782.8 1056.24+4.8 1041.3+4.7 3640.2 1001.44+4.5
783.9 1000.84+11.6 | 967.2+11.2 | 33.5+£0.4 | 917.7+10.6
784.9 957.3£12.8 915.34+12.2 | 31.8+£0.4 | 862.6+11.5
787.1 911.3+5.1 872.1+4.8 30.440.2 818.7+4.5
789.5 933+14.1 901.8+13.6 | 31.6+0.5 | 849.84+12.8
793.4 891.7£10 868.5+9.7 30.74+0.3 823.34+9.2
797.8 856+10.1 833+9.8 29.74+0.4 792.84+9.3
804 818.3+10.4 789.9+10.1 | 28.5+0.4 754.14+9.6
821.6 654.4+5.6 608.4+5.2 22.74+0.2 582.6+5
843.6 496+5.8 436.945.1 17+0.2 419.5+4.9
862.7 383.4+4.6 322+3.9 13+0.2 309.84+3.8
882.9 303.2+6.7 242.3+5.3 10.2+0.2 233.745.1
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