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o(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, o
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-IIl, KEDR

R(s) =

o(ete”™ - hadrons)

o(ete™ - pu*u7)
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Aa,(exp — th) = (287 + 80) - 10~'* (DHMZ'12)

corresponds to

(4.15 + 1.15)% - a,;°**°
FNAL expected precision of 140 ppb

corresponds to 0.25% -

had,LO
Ay
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VEPP-2000 (2010-2013)

Beam energy CMD-3
ILV by Compton .
3 MeV backscattering a N
Linac ‘

B-3M
250 MeV BEP
synchro- et.e
petatron booster &
825 MeV SND
2m
e —>e' Talk at ICHEP16 by D.Shwartz
converter

C.m. energy range is 0.32-2.0 GeV; unique optics — “round beams”
Design luminosity is L = 10321 /cm?s @ +/s = 2 GeV
Experiments with two detectors, CMD-3 and SND, started by the end of 2010
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Detector CMD-3

Mu

L Xe

DC

ZC

TOF

1.3 T magnetic field

Tracking: og, ~ 100 @, 0, ~ 2 mm
Combined EM calorimeter (LXE,
Csl, BGO), g5 ~ 3% — 8%

Csl
BGO
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Detector SND
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Collected luminosity (CMD-3)
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The Iuminosity was limited by a deficit of
positrons and limited energy of the booster.
The VEPP-2000 upgrade has started in 2013.

After upgrade we expect to reach the project
luminosity.
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CMD3 collected Luminosity as of 07.07.2013

0.35< §__<2.4rad, L_BaBar=47015 '

| ===e= BaBar eﬁéctive Luminosity
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About 60 pb-1 collected per detector

w(782) 8.3 1/pb
2E < 1 GeV (except w) 9.4 1/pb
©(1019) 8.4 1/pb

2E > 1.04 GeV 34.5 1/pb
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Collected luminosity (CMD-3)

10%
- VEPP-2000 upgrade (2013-2016)
o | 250 m
£ 107 & ;
& beamline \
é 10 - * X10 more intense
3 F positron source o
* booster up to 1 GeV e /e
0 (match VEPP-2000) souree
Detectors modifications: electronics, TOF (CMD-3), DC (SND)
The Restart of data taking by the end of 2016 lor
positr - WT78Z) 83" I7Pb
The VEPP-2000 upgrade has started in 2013. 2E < 1 GeV (except ) 9.4 1/pb
After upgrade we expect to reach the project ®(1019) 8.4 1/pb
luminosity.
2E > 1.04 GeV 34.5 1/pb
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Exclusive channels under analysis

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

- 2 charged
ete” »ntn~,K*K~,KsK,,pp
- 2 charged +v's
ete~ —>n nnlntn 77 K+K_T[ K+K_77,KSKLT[ w07,
0.0 .+

ntn n’no ntr nn, ntr nnnY, et om0 On®

- 4 charged
ete” ontn ntnT,K*K ntn~,KK*
- 4 charged +v's
ete" st ntn oty ntnw,ntr %7, KTK n, KT K~ w
- 6 charged
ete” s ntn ntn ntn~
- y's only
ete™ -» %, ny, n%n, nny, n°nn O, nnOny

- other

ete” > nn,nlete ", nete”
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Published results from 2011-2013: CMD-3
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Published results from 2011-2013: SND
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ete™ - 6m @CMD-3

o
=

c(e'e’ = 2(n'mn?), (

o
TTTT l
it
.

»—.:—|
-

Sl

-

O veshod
o2kt | ppthreshold L I EE—E G

mr(?‘?;\l ? L1 | L1 | Lo b | L1 | T | Omi L1 | | | L1l | [ | L1 | L1 | [
1500 1600 1700 1800 1900 2000 2100 1400 1500 1600 1700 1800 1900 2000 2100
Ec.m., MeV Ecm.: (MeV)

Preliminary studies of dynamics of ete™ — 3(ntn™):
« Main production mode: p(770) + 4 (phase space or f,(1370))
« Hint of energy dependent dynamics in 1.7-1.9 GeV energy range
Possible contributions to e*e™ - 2(rtn ) %n°:
p(4m), pfo, pao, w(3m), n(3m), wn
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Preliminary: eTe™ — 4x

35
30
25

IMI
20

15

10

ICHEP2016

IIII|IIII|IZI|IIII|IIII|

=:u|-‘|r|||

O g

= 0))
+
S|

>

Z
O

O BaBar
= DM2

A CMD9%9
v SND2001
® SND2010
® SND2011

800 1000

Ililllilllilllil
1200 1400 1600 1800

L L | L L L I L
2000 2200
Ec.m. (MeV)

-

12

1.4

1.6

18 | Gev)?

Dominant channels above ¢ meson. Need to measure these channels to a few %.

The dominant source of systematic error is the model uncertainty. Detailed
understanding of dynamics (wn°, a;m, a,m, pfy, ...) in necessary to reach precision.
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CMD-3 preliminary: ntn~(w,n), K™K~ (w,n)
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(data - Fit)/Fit
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K.K; @CMD3 and KK~ @SND
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Recent result from CMD-3: KsK; at ¢
Best systematic precision (1.8%)
K*K~ is under internal review

Preliminary result on K*K~ from SND
Good kaon ID using aerogel Cherenkov

ICHEP2016
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New results from SND: wn, wnm®

arXiv:1607.00371
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Analyzed in 7y channel
First measurement
Consistent with p(1700) - wa,
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VEPP-2M is still alive: %y @SND
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Analysis of ete™ - 1y
in the whole VEPP-2M
energy range.
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Dominant channel: ete™ - 7~ @CMD-3

Very simple, but the most challenging channel due to high precision requirement.

Crucial pieces of analysis:

« e/u/m separation
« precise fiducial volume
* radiative corrections

P~ vsP+@\/_—OSGeV

CMD-3: events separation either by
momentum or by energy deposition

“Cleaner” momentum approach
can be used up to /s = 0.9 GeV

(0.6 GeV at VEPP-2M)

Main background:
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ete™ - v~ : radiative corrections

Measurement of e*e™ — ¥~ requires high precision S

. . . . 5 L
calculation of radiative corrections. o2 ”
E -
: : .. g T
Several MC generators available with 0.1-0.5% precision. 5 .
o
= [
CMD-3: MCGPJ generator (0.2%) p- pt 0.6; 102
VS g
. . 0.4
« 1realy +y jets along all particles Ep Ep ) 10
_ _ o All 2013 data a1
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eTe” - T statistics and systematics

e/u/m separation 0.5-1.5% (0.2%) comparison of two methods; correlated to r.c.

fiducial volume 0.3-0.5% (0.1%) two independent measurements; angular
distribution

beam energy 0.1% (0.1%) continuous monitoring via Compton

radiative corrections  0.2% (0.1%) working on improving MCGPJ

Detection 0.5-1.5% (0.1%) mainly at lowest energies due to pion decays;

efficiencies working on studying decay events

= CMD3
- CMD2
7| BaBar
— KLOE
—BES

« For most sources of systematics there
is clear way how to bring it down

e For 2013 data we aim at sub-%
accuracy

= (=

o o

(=2l ~
. /—_.—

e
=
o

A ofc,, per 20 MeV

o
o
B

« Statistical accuracy matches or better
the current world-best

Statistical accuracy
of 2013 data
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eTe” -» ntn~: CMD-3 preliminary results

|Fn | 2 50 :T 1 I 1 Ll I I T Ll I | I I T I l I T I T I 1 Ll 1 Ll I I I Ll I | I I T I I I T:
45 - e/u/m separation f 2013 data 3
= ® by momentum é CMD-3 ]
40 A by energy deposition 2 L —
o 1.1 2/ ndf 16.78/ 16 e ! prellmlnary -
g:ogg ( Nyll // Nee ) exp gBGb 0.9961 ++o.oodjggg ¢ \ g
~oab (N Yoo ] =
1.04 1 1N -
%1.025 N ee/QEDT ] .lr + l | E
g LA |
C 4 I 3
0.98F | 1.2 + * ...’ 7
oo 11 + l .
“E I ] =
0.941 —]
0s2f- By product: o(eTe™ = utu~) ]
083 035 0.4 045 05 055 DL 065 07 =
5 - 2E,GeV -
0 —, | |.|.|.|.P|.| e Jdey e 4y Jde g dly ey e el g

03 04 05 06 07 08 0.9 1

Vs, GeV

Some corrections are not applied (result is “blinded”)
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Conclusion

- In 2011-2013 CMD-3 and SND have collected 60-70 1/pb
per detector in the whole energy range 0.32 < +/s < 2.0
GeV, available at VEPP-2000. Collected integral is similar
to the total integral available before.

- Data analysis of exclusive modes of ete™ — hadrons is in
progress. Many results have been published.

- In 2013-2016 the collider has been upgraded. We plan to
finish commissioning this year.

- We plan to resume data taking by the end of 2016 with
the ultimate goal of collecting O(1) 1/fb below 2 GeV



