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(g-2)/2 of muon (Motivation)
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VEPP-2000 Collider

- 30— 00 - Thermionic gun G
e & 300 MeV Linac
¥ Dampin , S SRR - IR
to VEPP-2000 P 3 Conversion. [ )
Subharmonic buncher Speactrometer Systam
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COMPLEX

to VEPP-4M & c-t-factory =

Parameters at 1 GeV
Design Achieved
Circumference 24.388 m
Beam energy, MeV 150-1000 160-1005
N of bunches 1K)
N of particles / bunch | 1 x 10" 0.9 x 10"
Luminosity, cm%s™* | 1x10* 0.5 x 10*

@ Round beams concept
@ 13T solenoids for FF

@ Epeam controled by CBS

(0’\/; =81 MeV)
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Energy measurement

Starting from 2012, energy is monitored continuously using Compton backscattering
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M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012
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Detector CMD-3

Na, Tl)| 4 135x
A o /E~
s ionization layers 0.034/JE
with strip readout | [6eV] ©0.020

160 cm

DC

A in 1.3T magnetic field
A 0,/P~ [0.62+(4.4%p[GeV]), %

,k_ TOF (O-T<1ns)
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Experiment 2011-2021
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0*= 2011 20122013 20142015 2016’ 2017 2018--2019 2020~ 2021

date
Luminosity Integral collected in 2011-2021 is 370 pb-! and doubled in 2022




International Conference on QFT, HEP, and

Peter A. Lukin Recent results from CMD-3 Cosmology

Luminosity collected in 2011-2021
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Exclusive channels ete™ — hadrons

At VEPP-2000 we do exclusive measurement of a(eTe™ - hadrons).

2 charged published
ete” »n*n™,K*YK~,K.K;,pp in progress

2 charged + y's
ete” s ntn nl,ntn n, K"K n°, K*K n, KK, n®, ntnnn,

1t nn, % n'n°, nt O n OO ©

4 charged

ete” »ntn ntn T ,K*K ntn~,KsK*

4 charged + y’s

ete sontn ntn O

yqatnn,ntn o, ntn ntn %m0 KK n, KYK~ w

- 6 charged
ete" s n ntn ntn”
- y's only
ete” - %, ny, 77, nny, n°n°n°y, n°nOny
- other

ete” > nn,mlete ", nete”
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Dominant channel ete- -ttt

/5 =500MeV

!

T8 B
(@] : 10°
S g =
Analysis strategy =" L S = e
v 2 tracks with 1< 0 ¢m-1 £
v Separation of e/p/m/cosmic % o 10
v Two independent £
approaches: = et M, Lo

Eer'y depsmon MeV, +

A Separation by momenta Momen‘rum MeV/c 3
A Separation by energy Vs = 920 MeV
depositions . G

e e

v Binned likelihood
minimization:

Ml = — Zn,ln ZNxfo p )+ZNX

bins X=ee,
Hp, TR,

bg kr' -:-2:"" .,,

360 e k0 460 550 500

Momentum, MeV/c, +

Ener'gy deposition, MeV,- Energy deposition

Ener'gy deposmon MeV +
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2 45_ ................................................................................................................
. Sak D- .s.e ....... aratlon ................ N I
Separation by momentum EE
v take e'e”, 'y, " and s S'ep‘a;ratlon"'- """"""
1T+1T_Tl'o PDFS fr-om MC genera-rorus g 30;_ .....................................................................................................................
smeared by the detector f; | S I S— l‘
resolution. iy | SN S S N Fo S T
v cosmic PDF from data w' . L
15:_ ......................................................................................... B l‘. ...... .........................
Se ar‘Cl‘I'ion b ener de OSition 102_ ..................... ............................................... ——— s ‘ .........................
= EXe  f gy dep | - p.cgl_lmmqny ................ ‘uh
v No need for PDFs from MC 3""1"""- AN I I S
v Energy deposition includes W 8 BB % W W s, GeV
FSR
v Fit data by analytical The analysis on its final stages. Additional
functions local consistency checks should be fulfilled.

The aim systematic uncertainty is 0.5 %.
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Dominant channel ete- -ttt
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Analysis of e*e” —4r

_ = w— alx
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Study of internal dynamics
[ & o WP ' it T St =
\ intermediate state  |1-- 1-- 1-- 1-- 1- 1+ I++ 1++ 0+ 0+ 0—+
final state (fs) p'w' .. p(770) w(782) [p(1020) | K*(890) [K1(1270)|al(1260) | f1(1285) [fO(980) [a0(980) |n, n'(958)
T+TT- fs fs fs fs
71 s 21 s s s
n+n-nOn0
M+ T-T+T-
o¢ fs 2m 3n fs, m+-m0O
6m fs =10, T+7- 3n +m-m0
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2Km0, 2Kn fs 2K K
2K2n fs 2n 2K Kn K2n 2n
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T+T-1 fs fs, 2n fs fs fs
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Analysis of e*e > 3(n' 7 )n?

Phys.Lett. B 792 (2019) 419-423
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Analysisof eTe™ > mn
First measurement of total ete™ - "7~ 7% cross section. Systematic error is 15%.
Phys.Lett. B773 (2017) 150-158
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Analysis of eTe™ - KK T m™
CMD-3
BaBar

-
e
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o(e*e~— KZKgn*), nb
o
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T i
0.2 _
det =56.7pb~! 7
0.1 + l Ecm =16 —2.0GeV —
I_QL—O— : | Syst. Error = 10% i
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Phys.Lett.B 804 (2020) 135380
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Analysis of eTe™ - KK T
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R(s) at nucleon antinucleon threshold

v VEPP-2000: unique ability for detailed scan of ppbar and nnbar threshold.

PLB 794 (2019) 64

2 off = st BEID O CF ‘ ! i
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'215' frbmﬁ' G j_ﬁ ol -l-!.- ¥ .
e | | . T : 2 i ol
i i o O S i i .
: | Aty | e KKt
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. I =
- observed the sharp change of e*e™ —» pp, 3(n*n™), o tf 2@'m)
K+ K_TT+7T_ 59.55 B S
o °F TR 1
« width is ~1 MeV — consistent with energy resolution  2.s- —
* puzzle — why there is no change ine*e™ — ] L‘—M&{ 1
+7-)? EL T T 4l
2(r*m™)" 13 - T?_H

v We plan to do comprehensive study of this energy TR e 00 e ot
range



Peter A. Lukin Recent results from

CMD-3 International Conference on QFT, HEP, and Cosmology 22

Search for e'e~ — D(2007)*

We are trying to probe also charm-physics
A. Khodjamirian et al, JHEP11(2015)142 :

. ' . 2
s _ rie 1o But, they didn't take into account 10°-
= SM: ,Iir';( D" e eh)Z>' ‘5é 8 1(1 oy 3 B IR 10*factor: detection efficiency and
3 New Physicswith Z' : Br( D* >e'e’)< 2.5 x beam energy spread
£ They did estimation
for e+e- colliderwith JL = 1fb1:Br( D* Se'e’)> 4 x 10713
VEPP-2000 was able to jump above 2 GeV design machine limit:
At 2017 scan: E=2007 M3B, L=3.4 nb™!
ean  All 4 tracks events R o After filtration
400 :_(ex er‘lmenf + Slm) ) A S:::i 5:;? _)é .:9: % 400 Entriesh 266
b s . Cppatmetina R, o ot ». .— Mean y _13420691 ~ ) E— r
200 i L we| L 9 §200 .. .. .
gl : : e ~ [ é - -
B £ 2 Of. :
: < S W i a
_zoo_' v o = -200F % . L !
—400F o2 =2 _400- nd= .
- 8 o ‘Q B ) . 5 & 2. . -'. i °.
—~600} < & o -600- € C PhaEnt Eeted]
C R SO . ; . o — @ Pl e ol o vp g e il 4 g 1o binlug. Sl
0 50 100 150 200 250 300 350 X 1 © 0 50 100 150 200 250 300 350
PAIl ) e — P,.MeV/c

D*, > Doy : Br(D*->ee)<«5.2*107°

D*. > Do n®%  Br( D*-ee)< 1.7%10-6 First time UL measurement
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Conclusion

O The VEPP-2000 collider delivered about 370 pb-! of integrated luminosity in the
energy range 0.32 — 2.01 GeV to the CMD-3 detector from 2010 — 2021 and
doubled the integral in 2022. Today VEPP-2000 is only working on direct scanning
of the region for measurement of exclusive o(¢*e- — hadrons).

0 The VEPP-2000 results will help to reduce error of the hadronic contribution to
vacuum polarization and it is independent cross check of ISR data, future lattice,
space-like.

U The e*e- — ntn~ cross section is measured with systematic uncertainty better than
1%. Publication of a largenumber of precise measurements are expected soon.
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Thank You for Your attention!
Stay tuned!
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Beam energy

VEPP-2000 (2010-2013)

backscattering

ILU
3 MeV
Linac

B-3M
250 MeV BEP
SynChr'O" e+'e—
Detatron booster
825 MeV
e —>e'
converter

C.m. energy range is 0.32-2.0 GeV; unique optics — “round beams”
Design luminosity is L = 103%1/cm?s @ +/s = 2 GeV
Experiments with two detectors, CMD-3 and SND, started by the end of 2010
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2017-2018
2017 data taking ™"
VEPP-2000 Luminosity, 1/cm?s CMD3 collected Luminosity as of 15.05.2018
10% =
SR s [ w\ > F
- | @ 20112013 ale .a ----- \ o pe° é |
A LA Yo I I - o vy vt
O s »®e® ® a® £ N -
10°" = ® 4 ° ?‘ o - =
= T W L AP R . )
- ."sto. o, R . %o ~. % 103 = - B o oY RELE o o
L . ® ) .o ® = - -
L ..~" - ) o :
» (9] .
1030__ L] |]
- ¢ & 10%E
B ® < =
L L - B
] o -
e L o -
e o -1 :
102 10t § 1 Bl ! |
T T T T e 400 600 800 1000 1200 1400 1600 1800 2000
400 600 800 1000 1200 1400 1600 1800 2000 2E, MeV
Beam energy, 2E, MeV Above 1 GeV: ~50 pb collected
In 2017: big improvement in luminosity 2.007 GeV (ete™ —» D%) 4 1/pb

5 and nft threshold 14 1/pb
Below 1 GeV: >50 pb™' collected and pp andnn fhresho /p

counting Overall:
0.55 — 1.00 GeV > 50 1/pb 1.28 — 2.007 GeV 50 1/pb
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Overview of CMD-3 data taking runs
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CMD-3
- ot - +. -
Dominant channel: e™e™ » n™m
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Some corrections are not applied (result is “blinded”)
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“Open box”, when systematics of both methods < 1%
Our goal is to have systematic error at the level ~ 0.33%
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R(s) at NN threshold

Cosmology

Ke] _

; 16_ ...................... _) ...... ( ....... n ) ............. .g 2 5 3
@ 1.4F PLB723(2013)82 ....... . ‘3‘ M pp —— CMD-3
(ep] C : (7] L
T 12__ ......... BaBar .................... + ............... - UU; 2 : —— BaBar
2 L CMD3... g g
© oF b
b
0.5¢ PLB.759.(2016).634
1880 1900 1920 1940 1960 1980 2000
E.,., MeV

L1 1 IIII' 1 1 1 1 | 1 1 1
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One of first results from CMD-3:
« Sudden drop of ete™ - 3(ntm™) cross section at NN threshold
« Confirmed, that pp production cross section increases quickly at threshold

 Preliminary studies of dynamics of ete™ — 3(n*7m ™), hint of energy
dependent dynamics in 1.7-1.9 GeV energy range



Peter A. Lukin Recent results from CMD-3

International Conference on QFT, HEP, and

Ky

Cosmology

2017: ete” — 3(mw*m™) at NN threshold

In 2017, CMD-3 collected 13 1/pb in
the narrow energy range around NN
threshold

 the sharp rise of e*e™ — pp cross-
section is confirmed

« the sharpdropofete™ - 3(ntn™)
cross-section is confirmed

 we see the similar cross-section
drop in other channels
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NN threshold in 2(r"r-) reaction

arXiv:1808.00145 [hep-ex]
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Figure 4: The ete™ — 2(7"7~) cross section measured with the CMD-3 detector. Lines
show the pp and nn thresholds.

We continue search for the NNbar threshold indication in other multi-hadron reactions


http://arxiv.org/abs/arXiv:1808.00145

International Conference on QFT, HEP, and 34

Peter A. Lukin Recent results from CMD-3

Cosmology

Conclusion

- The goal of the CMD-3 experiment at the VEPP-2000 is to
provide exclusive measurement of ete™ — hadrons from
0.32t0 2.0 GeV

- In 2011-2013 CMD-3 has collected 60 pb' in the whole
energy range 0.32 < +/s < 2.0 GeV, available at VEPP-
2000.

- In 2013-2016 the collider and the CMD-3 detector have
been upgraded and the data taking was resumed in 2017
and > 100 pb-! were collected so far.

- Data analysis of exclusive modes of e*e™ — hadrons is in
progress. Many results have been published.
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og(eTe™ - hadrons) and the hadronic

contribution to a,

So far, the hadronic contribution
to a,is calculated by integrating

experimental cross-section
o(ete™ - hadrons).

Weighting function ~1/s, i
therefore lower energies
contribute the most.

Many sources of data:

* Novosibirsk;: CMD-2 and SND
(VEPP-2M), CMD-3 and SND
(VEPP-2000)

* Factories: Babar, KLOE
« BES-Ill, KEDR

o(ete™ - hadrons)

o(ete” »putu7)

m Crystal Ball

# KEDR O BES
—= exclusive data 12 A PLUTO
E == }‘ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1  § 1 I 1 1 1 1
0.5 1 5 2 2.5 3 3.5 4 4.5 5
Vs (GeV)
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Phys.Lett. B760 (2016) 314-319 Phys.Lett. B779 (2018) 64-71
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cm.

Recent result from CMD-3:

* KK, at ¢, systematic precision 1.8%
« K™K~ at ¢, systematic precision 2.0% (2.8%)
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K*K~: comparison with other
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KsK; at ¢ is consistent between different experiments, but there is discrepancy
in K*K~ channel.

New CMD-3 K*K~ cross-section is above CMD-2 and BaBar, but is consistent

with isospin symmetry: e Rsyp = 0.92 £0.03(2.60)
9, xktr—
R = PK"K =0.990 + 0.017 *® Rcmp—2 =0.943 £0.013(4.40)
IpKK] /Z(mq;) ® Rgagar = 0.972 £ 0.017(1.50)

Possible explanation: CMD-2 trigger correction was underestimated; due to
different trigger configuration there is no such correction at CMD-3
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K.K; and K*K~: p — ¢ interference

p — ¢ interference can be directly observed:

p,io(S)>< 1
poi(s) Z(s)
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test of systematic errors 202_ d I i é
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More CMD-3 preliminary results from 2011-2013

e*e -> K*K-nt
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Analysis in progress
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eTe” - ww: systematics

Source Goal Current estimation Comment
Radiative 0.2%  0.2% (cross-section) To-do: more MCGPJ
correction 0.0-0.4% (mom.separation) improvement,

Event separation 0.2%

0.1-0.5% (mom.separation)
~1.5% (energy separation)

comparison to data

To-do: improve
energy separation

Fiducial volume 0.1% ok Two independent
subsystems to fix
fiducial volume

Beam energy 0.1% ok Continuous
monitoring via
Compton
backscattering

Pion corrections 0.1% 0.1% - nucl.interations To-do: improve

(decay, nucl.int.) 0.6-0.3% - decays al low reconstruction of

energies decay events

Combined 0.33% 0.4-0.9% (mom.sep.) open box when

1.5% (energy sep.)

both <1%
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CMD-3 Performance (2011-2013)
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New TOF system -
New” TOF (2017-)

“‘Old” TOF e
2012-2013

Beam axis

—=) v

A

In 2013-2016 the TOF system was completely replaced

* More granulated (16 counters — 175 counters)

» 0.8 ns resolution per counter

Strip scintillation counters /
scintillator 3@%
LXe outer shell 4
(— | — — — — — — —— WLS fiber optical gel
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Search for e+e- — n (958)

Phys.Lett. B740 (2015) 273-277 3 b
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