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to VEPP-4M & c--factory _— 250 m beamline

Linac . VEPP-2000
Storage Ring \
Bldg.13 VEPP-2000

Bldg.4 Bidg.20 \\Q@

Injection complex (2017-) Bidg. 1R

Round beam optics

Energy monitoring by
Compton backscattering

VEPP-2000 (@5 = 0.1 MeV)

Design parameters @ 1 GeV

Circumference | 24.388 m

Beam energy 150 = 1000 MeV

N of bunches 1x1

N of particles Ix101
Betatron tunes 4.14/2.14
Beta* 85 cm

BB parameter 0.1

Luminosity 1x1032 cm2s’!
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CMD-3

detector

Ivan Logashenko

Status of CMD-3

Advantages compared to CMD-2:

new drift chamber with two
times better resolution, higher
B field

better tracking

better momentum resolution

thicker barrel calorimeter
(8.3Xy, — 13.4 X))
better particle separation

L Xe calorimeter
measurement of conversion
point for y's
measurement of shower
profile

TOF system
particle id (mainly p, n)



CMD-3

detector
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SND detector
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1—beam pipe

2 —tracking system

3 —aerogel

4 — Nal(TI) crystals

5 — phototriodes

6 — muon absorber
7—9 —muon detector
10 — focusing solenoid

Status of CMD-3
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Advantages compared to previous SND:
e new system - Cherenkov counter (n=1.05, 1.13)
e/rt separation E<450 MeV
/K separation E<1 GeV
e new drift chamber
better tracking
better determination of solid angle



Final states under analysis
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2207.04615 [hep-ex]
PLB 804 (2020) 135380
JHEP 01 (2020) 112
PLB 798 (2019) 134946
PLB 792 (2019) 419
PLB 794 (2019) 64

(M D-3 PLB 779 (2018) 64

published data PLB 773 (2017) 250
PLB 768 (2017) 345
PLB 760 (2016) 314
PLB 756 (2016) 153
PLB 759 (2016) 634
PLB 740 (2015) 273
PLB 723 (2013) 82
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-8?: M, = [ + 0.01 + 0.12 Mev w3y, - CMD3
E ACE oo rr o - CMD2
- . ~SND
- .. BESIII
i " . —BaBar
CI\/ID -3 update i : i
7 tm 0 102 |- - Preliminary .
- f »
B *
S 1 CL CL C L C L
0.76 0.77 0.78 0.79 0.8 0.81
E.m, GeV

2013, 2018 data, 2.6 - 10° 37 events, ~54 1/pb

Results are systematics-limited
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CMD-3 update:

K*K~
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CMD-3 update:

K KEmt
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_ e Contributions from f(1285)7 7,

f1(1420)7 "7~ and f{(1510)7 "7~ are seen
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CMD-3 update:
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In order to measure hadronic cross section, you have to understand the dynamics of
the process. High statistics is crucial!
J1Vi-Hi (Q)?d®

Four pions at CMD-3 Ri(s) = 713, VL (DPd + Oonomta—(8)
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150 000 t*r~mOn® 5 25F .4 o T gf“;‘.gao)*"’
events and 250 000 % 20F- it Y—hin
: n*n T~ events. .
Understanding 315F
f Amplitudes accounted 10E-
O for in the likelihood 5
: : function: e
intermediate Tz 74 16 B, (Gev) 2
- . 1710+ 1270 Intermediate resonances observed in data:
dyna m ICS w[l ]T[ [O ] (only e ) Vs =[1.7:1.8] GeV f,(980)
* a;(1260)[1"]m[07] £ 1 | o) ’

10001

* pl1771f%/0f07*]
© pf(1270)[277]
« ptp™ (only n*m2m0)

Entries 7452

500

100§

f
b
g
) |
20 ‘
P
0

e h (1170)[177 ] (only m+m27m0) Chwni)Givic | migw) Gevic
1

0

? St oD

Ivan Logashenko Status of CMD-3



: : : 2 | | :
Detailed study of hadronic cross sections near 5 *_MW\ Ll N i
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CMD-3
ete” - m'm

analysis below
1 GeV

Ivan Logashenko
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CMD-3

ete” st~
analysis

Ivan Logashenko

Very simple kinematics, but the most challenging analysis due to -
high precision requirement: need to take into account many effects 0
(which can affect result by 0.1% or more). High statistics is crucial! —

e e
Measurement at CMD-3: T

Main background:

* several scans of the whole energy ete~ > ete uwtu

region below 2 GeV (took data in
p energy region in 2013, 2018, 2020) P~ vs P* @35 = 0.5 GeV
* employ correlations of the final 5280r TR
particles:ete™, utu~, ntm~ i
separation either
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: 2000 5 .
independent measurements! B cosmics

10

* many things to study: fiducial volume, 1801~

pion decays, pions interactions in T LW, s
{ B I |-.| .'J ? i 'I. I|l 1= : .I L1 :
detector,backgrounds, ... 160 180 200 220 240 260 280
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E-vs E* @5 = 0.78 GeV

E 39148 MsB

Separationof e*e™, u*u~, m* " final states is
based on binned likelihood minimization:

1714
164.6
x 1058
109.7

10°

102
* using energy deposition (in LXe only) il . 0 e
—InL 10
ree met 0ds bins X=ee,upmm,bg X % 50 100150200250300350400 4505001
of separation of - et
. p . o * using momentum P~ vs P* @5 = 0.5GeV
e'e ,uu MM —InL i e e W
= - z n; ln[ Z Nefx(p*,p7)| + z Ny % . |
bins X=ee,uu,nm,bg X 5240

N
n
o
T T
et

+ sign reflects energy deposition and momentum
of particle with corresponding charge

2001 "%+ "

130_ g el 4 e

Independent method: by angular distribution

180 4

oo | i
240 260 280
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Separation by momentum Separation by energy deposition

PDFs are based on MC PDFs are mostly empirical

- “Ideal” p.d.f.s are generated using * fx(E™,E™) are partly constructed
ete” - X*X ™ (y) MC generator using the data:

— tagged electrons and positrons

Where to get .
- “ldeal” p.d.f.s are smeared with
p.d.f.s

detector resolution function to get

fX(p'l"p_) and fx(@*.p7)
fx(ET,E7)?

— Ccosmic muons

{ S.Mg)

E+
s = 840 MeV

g

Events /

7 slice

P+, MeV/c
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AII pom’r at 350 - 410 MeV

x‘l _ % ¢ ndt 131.05/ 167
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Efficiency corrections

RHO2013/RHO2018 .. N
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[ Enties 6443442407
Nean 0.002455
) 2991

2013 and 2018 data were taken in the

same energy range, but with 10°

significantly different detector

conditions:

* luminosity integral in 2018 is factor 10°
2-5 larger

 data rate (luminosity) in 2018 was
factor 2-5 larger

oo [— experiment
— mixed sim
_— T

: — Hu

e IS
cosmic

T |||||II'! T |||m'l'! T |||||II!_

3,
T |||||II]

Difference

between 2013 * drift chamberin 2013 operated -

without 4 middle layers (out of 19) S N

and 2018 data e Z-chamber (important for 105; 2013 ///\\ ean s

precision determination of fiducial % \’\ T ixedsin
volume) broke before 2018 run _ fo N —

—  e+e-
e 7 beamsizein 2018 was twice

wider 3 | A\S
* calorimeter electronics was : B
significantly updated before 2018 \.\\ ‘I'".-
SRSIENT0RE S - 20

4

averaage? cm

Z beam size

Ivan Logashenko Status of CMD-3

23



Dependance

on theta cut
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i sep By B RHORO e A
- RH02018§ 5 '

- by B RHO2013!
C e RH02018§

—0.001
—-0.002

0,003 S TR —T— T
: : : : : :(C

_0_004_ .............. ................... ................... ................... ................... ................... ...................
0>1 0 0>1.1 9>1 2 9>1 3 9>1 4 9<Tc/2 9>TC/2
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asymmetry in
ete” >mtwT
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"%A 0.016F
Z 0.014f

. %0.012F

Charge 2

Charge asymmetryine* e - n* ™ is due to interference between ISR/FSR and

between one- and two-photon exchange

A= (Ng<n/2 _ Ng>7r/2)/N
0.018

0.0
0.008F
0.006F
0.004F-
0.002F
o
-0.002

- X @ F(s)

T

300 400 500 600 700 800 900 1000 1100 1200

Vs, MeV

The theoretical model by Lee, Ignatov, PLB 833 (2022) 137283 (GVDM) describes

well the CMD-3 data

Recent calculation in dispersive formalism Colangelo et al., JHEP 08 (2022) 295
confirms the effect. Talk by Jacobo Ruiz de Elvira today.

Status of CMD-3
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Internal checks
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—— CMD3 2020

Y2/ ndf 2028 /12 |[ x2/ndf 117/ 81
Prob 0.06193 || Prab 0.005454
p0 0.005594 + 0.003237 || p0 —0.0004639 + 0.000712
| —=— cMD3 2013 | %%/ ndf 99.88/111

Prob 0.7668

|7 CMmD3 2018 0.0001223 + 0.0004262
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11 1.2
/s, GeV

|F_|? RHO2013/RHO2018 A = -0.06 + 0.08 %

RHO2013/LOW2020 A = +0.36 + 0.6 %

N, /QED

Status of CMD-3

A=+0.25+0.16 %

Comparison between different data sets

ole'e =Pt Yo,

Y fndf 27.005/ 12 |[ 7 Tt 19754/ 18
o 1.1 Prob 0.0077134 || Prob 0.34683
ol e p0 1.0032 + 0.0028674 || PO 0.99795 = 0.0036588
©1.08 z z : 2 ndf 12521/ 16
~ Prob 0.70744
*21 .06 : : p0 0037 + 0.00226
.21.04 T ;
21.02 1 {i e et el %
& JI! RN Nk kt H'T_ J-HI
L [ ] 4 " L ]
D.m H H
0.92 :
0.9l PN N Y PR P T P
03 035 04 045 05 055 06 065 0.7 7S

Beam energy, GeV

ED

¥/ ndf 61.188/48
Prob 0.095764
po 1.0025 + 0.001597

3 F b T
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SR E88 D
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i

n.52f

5 s o
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0.9
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Beam energy, GgV

Comparison of measured
o(ete”™ -» utu~)toQED
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Radiative

corrections

Ivan Logashenko

beal
—
N

w

€ 4
Measurementofete™ - wtm~ €
requires high precision calculation of £0.8
radiative corrections. =

We use two high-precision MC

generators forete™ —» ete”

* MCGPJ generator (0.2%) 0.2

* BaBaYaga@NLO (0.1%)

With high statistics we've observed

06 0.8

Momentum/E

1

II12II

beam

inconsistencies in tails of distributions,

Original MCGPT

. : _E_ version 0.3 <P1< 0.45
Wh I Ch were traced tO pa rtICU |a rs Of 10 I R
MCGPJ generator e 16
P2/Ebeam
After improvements, tails of eTe™ ¥ v -
which limits the precision 10
- 3 <P1< 0.45 ,/
“\\‘-—‘/
10° S S S N
BabaYaga
Status of CMD-3 IR . s
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82.4/35
1.077e-05
019+ 0.001726
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For the calculation of cross sections,
there is very good agreement
between MCGPJ and
BaBaYaga@NLO.

o i n_.‘ e [
=] =]
TTT T T rTT

spectra. 090.3"'0.35 0.4 '0.45 0.5 '0.55 0.6 0.65 0.7 6.75
Beam anerqy, Me¥

Rad |atlve BaBaYaga@NLO shows better i 1.1WI1'hE BOEBGYEOQ?@IE\]LOwndf 43.02/ 35

: = | Prob 0.1654
ag reeme nt Wlth the d ata . We c°1.08 pgo 1.002 + 0.0017

COI‘I’ectlon 5 adopted it as the default MC E“‘“ﬁ

T1.0aF
’1‘-‘3 C
©1.02F

Difference between spectra of MC 09;

generators leads to systematic error 3
O(0.1%) (depends on energy) 0.94F

NNLO MC generator fore*te™ — A TR TR TN FUUUT TR TUUUE FOUR POV

+ - . . . 03 035 04 045 05 055 0.6 0.65 0.7 <0

e e” isneeded for higher precision Beam enerqy, MeV
Comparison of measured and calculated
og(ete™ —» u*tu~) for different MC gen.
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Statistical

precision of
CMD-3 data

Ivan Logashenko

A olo,, per 20 MeV

0.4 . . 1.2

(s, GeV
Relative statistical accuracy Ao /o of various data sets in 20 MeV energy bins

The publication is in preparations. As soon as it ready, we'll announce results.
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JHEP 2021,113 (2021)

e T T r T T Ty r T T T T T T T T T T T T T T T T T T T
c ! ! | ! ! ! |

First measurement of & 1400 A S S SR O S R
ete” -mm” 1200 b
at VEPP-2000 - T 2 T O

1000 b R S— o R S — A— :

800

The analysis is based on -

4.7 pbidatarecordedin2013 |

+ 4 (2/20 full SND data set) 400f-
e e —T T 200 et

| i | i L1 1 | i | - i | i | i L1 1 | i L1 1 1 L
500 550 600 650 700 750 800 850 900

at S N D (2021) 1t /e separation using ML (BDT) Vs, Mev

: [~ Systematic uncertainty on the cross section (%)
" . Source <0.6GeV  0.6-0.9GeV
“F Trigger 0.5 0.5
°a Selection criteria 0.6 0.6
o2 e /T separation 0.5 0.1
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Summary

Ivan Logashenko

- VEPP-2000 collider is under operation, reached luminosity of 8 -
1031 cm~2571, 80% of design

- CMD-3 and SND detectors collected >600 1/pb each in the whole
available energy range

- Data analysis is in progress, many result were published (mostly
above 1 GeV)

- First pion formfactor data was published in 2021 by SND using
~10% of total available data set

- CMD-3 pion formfactor publication is under preparations; will be
based on full data set

* The focus for near future is to collect record data set above 1 GeV

Status of CMD-3
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