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sﬂb VEPP-2000 e*e collider

CMD-3
Cryogenic Magnetic
Detector

SND

Spherical Nal(Tl)
Neutral Detector

VEPP-2000 parameters
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» C.m. energy E=0.3-2.0 GeV @ 2010-2013 — 70 pb-!

@ Circumference —24.4 m @ 2013—2016 — upgrade, new injector

@ Round beam optics @ 2016-2021 — 300 pb"'

» Luminosity at E=1.8 GeV @ 2022—now — 790 pb™! (not processed)
= 10 cmsec™ (project) Since 2013 — beam energy measurements
~ 7-10* emsec” with laser Compton backscattering

(achieved)



SND physics program 3120

Measurement of total hadronic cross section below 2 GeV for
calculation hadronic vacuum polarization contribution into (g—2)u.

Study of hadron production dynamics, i.e. separation between different
intermediate states, for example, on, ¢n, etc.

Hadron spectroscopy: study of light-vector-meson excitations.

Search for rare and forbidden decays of the p, ®, and ¢ mesons.

Study of nucleon-antinucleon pair production, extraction of the proton
and neutron electromagnetic form factors.

Search for C-even resonances production: e'e—n, ', f, f, a , etc.

Using the radiative return technique as alternative method for
measurement of hadronic cross sections.



SND detector 4/20

1 — beam pipe

2 — tracking system

3 — aerogel Cherenkov
counter

4 — Nal(TI) crystals

5 — phototriodes

6 — 1ron absorber

7 — muon tubes

8 — 1ron plates

9 — scintillation counters

10 — focusing solenoids

Solid angle — 0.95 - 4n
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Energy E > 1.075 GeV Selection conditions

L — 746 pb_l (2010_2024 ScanS) e Ncharged - O
n' = 27°n — 7y mode N,=7

E >20 MeV
Muon system veto
0.7<E_/E<1.2

‘ ¢ I P /E<0.3
15 - — tot

i E /E-P /E>0.7
® x*(21'ny) <50
° ol |- @ 7y hypothesis:
_ = no 3 photon pairs with
/('A——'. 0 ol | |MW_ MTC0| <35 MeV
1 ® = no 3 photons with
i ee { M, =M, | <35 MeV
] M_—M | <35MeV
| Yy 0

1 | M " spectra fit

L™ ‘ R T T T T | T et @ e+e_ % n’y Simulation
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M MeV (without radiative corrections)
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- Nn’v - 25-41—%%% °

Events
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oS (E;) = % G aer(E) = fo T (B, 2)F (B, z)o(BvVI—2)dz = o(E)eo(E) (1 + 6(E))

1

o°*P(E;) = “act () e(E,z) = eo(E)e(E, x), e,(E,0) =1
7 eo(Bi)(1+ (E;)) R
t=2E,/E  Xmee=1—m’/E
3 2
s T e (M) e [
3 | . v(E) | K (mv)
> 10 - Dv(E) = m? — E* — {ETy
I Cl i ky(E) = E/2(1 — m},/E?)
L e P For systematics on & (E):
: V= ¢(1680)
S ,. - ®»(2170)
/ ° _‘_ . Total signal evidence is 4G
25 o b~ B o < 13 pb™ at the 90% CL
______ N o < 7.5 pb™! at the 90% CL in p(1450) region
N e T L (quark model prediction)
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Events

e'e” - K K, nearby ¢(1020)

Energy 1.00 <E <1.10 GeV
L =20 pb™ (2019 scan)
K, — 27’ = 4y mode
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Selection conditions

Preselection
e Ncharged - O
4 NY >4

- After KS — 21° kinematic reconstruction

@ sz <30
@ ZEK/ E<1.05 GeV

Background subtraction

@ Cosmic background: FLT time (t,, ) fit

FLT
= u = l:at each energy point

= W = 00 Neosm= Neosmt /¢y
Neosm at E =910-930 MeV
@ ¢'e” > nyand e'e” > 27’ background
-~ from simulation
+ ¢'e” — My (main background)
» checked for 100 <y* <30
» accuracy 1s 5%
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e'e” - K K, nearby ¢(1020) (2) 8/20

N; Tmaa
0. (E;) = Ovis(E) = / F(E,x)o(Ev1 —xz)dx = o(E)(1+ d(E))
1 g 0
oc““P(E;) = Tuis (F) x=2E,/FE Trae = 1 — 4m?2., / E?
1+ 6(E;) ! K
Vector meson Dominance Model (VDM):
oy 2w PRE)my myl(¢ — eten) Py (E) = /E*/4 — mg,
o(E) = % PL(imy) B2 (¢ — KsKp) D, ©"7  Dy=m? - E®—iET(E)
2 Ay =ao/(1 — E*/m?)
Vmil(w — ete) \/mﬁl‘(p — efe”) ’
—ksus - — + Ao| SU3 symmetry:
V2D, V2D,
SIJU I ‘ ‘ ’ \ ' ‘ ‘ ‘ gPKSKL — _ngsKL — gqﬁKsKL/ﬁ
=
g 2/ ndf (18) = 23.6 / 14 i Fit parameters
g w2/ ndf (15)=14.2/ 11 1xe
%100 @ (P — 1800
£ v*/ ndf (FSI) =13.7/ 14 ¢
= @ kg, =1
;ZJ FSI — final state Free
50 . .
interaction factor o m, T, a,
@ R=B(¢—> KK )B(p—>e'c)/
! - e B K.K )B e
OIOOO 1025 1050 1075 1100 [ ((I)_) S L) ((I)_) € )]PDG

E (MeV)



Data / fit m
L -

1.05

0.95

CMD-3 data / SND fit
=

e'e” - K K, nearby ¢(1020) (3) 9/20

| FSI
I I %i: i} ———————— l l
15 L R o
VDM
1000 10|25 | 1050 o 10|75 | | 1100
E (MeV)
Linear fit |
L ‘
e
FSI — _
10‘20 10‘40 10|60

¢-meson parameters (VDM)
@ B(¢— KK )B(¢— e*e)=
(9.85 +0.03 £ 0.10) x 10
PDG: (10.11 £ 0.12) x 10° (1.60)
2 M¢ =1019.443 +0.010 = 0.060 MeV

o I,=4.21+0.20+0.13 MeV
PDG: 4.25 + 0.13 MeV (1.86)

Cross section
@ k =1.034 +0.002 +£0.018

CMD-3
@ Most precise measurement:

systematic error is 0.9% at
¢-resonance maximum
@ FSI significance 1s 3.2c

Ready to submittion



{1
Energy E > 1.075 GeV
L=70 pb™ (2019 scan)
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Selection conditions
Preselection @ E_°vr <70 MeV
charged - @ Tcal <5ns
M After w2y kinematic
+|z| <10 cm .
reconstruction

+~Az<1.5cm

Ny =2 (Ey > 50 MeV)
+30° <0 <150°
~03<E_/E<0.38
EtotCharged/ E <0.6

@ 30° < en < 150°

o 18070~ )| > 10°
@ x> <200

@ XE2 <30

MW spectra fit

Signal: e'e” — 31 simulation (pn+on’+p'n)
p=p(770) p'=p(1450)

Background: simulation of

-+ 2(n+n‘)n0 - KSKL (E<1.14 GeV)
Ty ~K'Kn° (E> 1.7 GeV)
Ty -K . K (E> 1.7 GeV)

S(L)

o, = 1.14 + 0.03
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Cross section

TP (E;) = (Ea)ﬁfé)(E )
€ i i
@ o fit; °

< amplitude: o, ¢, ®(1420), ®(1650)
and complex constant
+ phase space: pm only

@ Systematic uncertainty:
= 10% for E=1.075 GeV
- 3.4% for E=1.1 GeV
+ 2.8% for E> 1.1 GeV

Intermediate states determination

Fractions of pm, p'nw and on® are measured by
the fit of Dalitz-plot (M, _,)* vs (M )?
@ 42 energy points are combined (by 3) into 14

ranges
@ additional conditions

-ia-XE2 <20
=110< MW <170 MeV
@ 25%25 bins

Fit model
g—?:|aApﬂ+BAp’n+yAm” 2
@ p'm also inlcudes p(1700)r and
p,(1690)n

@ fit parameters: o, B, ¥, Oy Pponwr

@ v (ont®) varies nearby value calculated
from PDG within its error
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e'e” > (3)
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mz(')
Py

Ap(')ﬂ ~ Z

k=+,—,0

2y _
Fp,(g’)(Qk) =L n—

qf, - mz(f) + z‘qkrp(’) (qfi)
Py, k

mz(')
Py,

p‘rr(qz-)

q;. pw(mz(f))
Pk

2

m

w

Awﬂ' ~

2 2
qO _mw

+wm, L,

D(M7s oy M7y ) = |al*Hor + |BI* Hywe + [7]* Hom
+2|a]|B] cos(¢1) Rom-pre + 2|ct||B] sin(1) Lpm-pr
+2a| 7] c08(¢2) Rpr-com + 2ltl[¥] $in($2) Lpre-com
+2|B||v| cos(¢p2 — ¢1)Ryn-wn

+28]|7] sin(¢2 — ¢1)Iymwn

2Rpn-pn = Hpripm

2Ip7r—p’7r — Hp‘rr—l—ip"rr -

(3 / | Aun(52) 2T = 00701 (55)

— H

p Hp’ﬂ
Hpﬂ- — Hpr,,
B(w — wtw™)

B(w — m0y)
[dT |aA .|

fp‘rr

~ [dU |aApr + BAyr + YAur|?
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Energy E > 1.55 GeV

- Background
L =146 pb! (2011-2021 scans) R n+n_37§) o o o
N — 2y mode . oo s
Selection conditions mn-3m0

Preselection
@ N =2o0r3

charged
= R<1]cm
= 7<1]5cm
@ NYZ6
- Ey>20MeV

= 10 most energetic are used
e E_>0.3GeV

7w 2n’yy Kinematic reconstruction
@ before 300 |
= 2 charged particles with best vertex fit -

- 100<m_, m, <170 MeV 200 [

12°

@ after _
= <30 o0 |
*Ny=6 : .

=+ 400 <m, =M, <700 MeV N

0.4 05 0.6 0.7
M, (GeV/c?)

2021 scan "

Events/0.006

Events
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_’é\ | T T ]
o I Jr + Cross section
2 _
[« sND e N;
o BABAR 2018 t Tois (Ei) = Le;
1 — 7 O vis = / F( E)O‘(Eﬂ)d(c
[ 0
=0o(E)(1+4(E))
0 T—:?— Uemp Ez — 'U’LS
+ (E) 1+ 5(E,,,)
I I I
1.6 1.8 2
E (GeV)
3/2 3/2 2
1 12 B /1 m . F /! B 7y mrF .
Fit parameters o(s) = 3/": \/ i P \/ o | Ps(s),
B., B, and ¢ s Pg(m,) Dy Pg(m2,,) Dy
p’ = p(1700), p"" = p(2150)
. . V8—my, )2 2
Submitted to Physics Py(s) = qu 22 /( " dm mIa,q(s, m, m,) ’
of Atomic Nuclei 3 3 9 Jmptmez ™ (M2—m2 )%+ (ml,,))?

a(s,myma) = —— /(s — (m — m)) (5 — (m + mw)?)

2y/s
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Energy E <1.91 GeV z i
L — 106 pb_l 600 |-
(+64 pb~! under threshold) S Eﬁan} blf%i(
1
(2022 scan) Shiain ©
400
beam bg
Selection conditions
? charged - O 200
@ No cosmic tracks and showers in EMC Cosmic bkg. o
@ Event momentum P> 0.1E _
o« E_>E/?2 . Cosmf |
@ Xy> -2.5 = 0 20 time(ns)

@ Cherenkov counter is removed
(efficiency is ~20%)

Events/(1 ns)

Background
@ Cosmic: flat over time
@ Beam: peaked att=0
@ Physical:
~ not delayed: e'e” — Ny (QED), %, n etc.
= delayed: e'e” — pp, K +X
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® The SND detector has been accumulated IL ~ 1 tb™" of integrated
luminosity (up to 2024) produced by VEPP-2000 collider in 0.3—2 GeV
energy range
» The following processes are presented:
~ e'e" = 1Ny, N’ = 2n°n — 7y: upper limit has been obtained for the
Cross section

~ e'¢” — KK nearby ¢(1020): the most precise measurement

~ e*e” > w'ww : process dynamics has been studied in 1.075-2 GeV
energy range

+ e*e” — W 27'N: cross section measurement has been measured in
1.075—2 GeV energy range
+ e*e” — nn: cross section and form factor have been measured
» Cross sections of the most of the processes are compatible with the
previous results but has better accuracy
e Results on 2022—-2024 statistics (IL=790 pb ') are coming soon



BACKUP SLIDES



e'e >Ny

Background processes

ee—=>ny
e — ninly
e — nuly
e'e— My
e'e— on’n’

e'e— onn’

ete = KK, (y), Ky > '’
e'e = KK, Ky = 7w’
ete = KK, ', Ky = n

et —=> KK n, Kg = 7w’

20/20
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