NEWS FROM
CMD-3, SND EXPERIMENTS AT
VEPP2000

Evgeny Solodov
on behalf of CMD-3 and SND collaborations

Budker Institute of Nuclear Physics
Novosibirsk State University

June 2018



E. Solodov. CMD-3, SND Overview June 2018
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During 2010-2013 the Positron source converter 6-—se*
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Energy measurement

Starting from 2012, energy is monitored continuously using Compton backscattering
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_ General purpose magnetic detector
DeteCtOr CM D 3 With excellent tracking and calorimeter
M
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| SIS ——
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1 = vacuum chamber, 2 - tracking DC, '? Dtk s S

3 - aerogel n=1.13, 1.05 4 - Nal(Tl) crystals,
5 - phototriodes, 6 — absorber, 7-9 - muon

detector, 10 - SC solenoids

High-resolution Nal calorimeter
with excellent tracking and PID




Collected luminosity in 2011-2013

CMD3 collected Luminosity as of 07.07.2013
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About 60 pb-1 collected per detector

The luminosity was limited by a deficit of

positrons and limited energy of the booster. w(782) 8.3 1/pb
2E < 1 GeV (except w) 9.4 1/pb
©(1019) 8.4 1/pb

The VEPP-2000 upgrade has started in 2013.
2E > 1.04 GeV 34.5 1/pb
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VEPP-2000 upgrade (2013-2016)

_____________ i e 250 m beamline
Storage Ring \
= VEPP-2000

Bldg.4 Bldg.20 \Kk‘&\\‘:b@
New injection complex Be s
Collider upgrades: CMD-3 upgrades:
* x10 more intense * New electronics for
positron source Lxe calorimeter
* booster up to 1 GeV  New TOF system

(match VEPP-2000)

« DAQ and electronics
upgrades

Detectors resumed data taking by the end of 2016



2017-2018 data taking

VEPP-2000 Luminosity CMD3 collected Luminosity as of 10.06.2018
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In 2017: big improvement in luminosity, still
way to go. Above 1 GeV: ~50 pb-' collected

4*1031 at E = 550 MeV has been achieved!
D0(2007)* 4 pb-1

Below 1 GeV - 2017-2018:
66 pb and pp, nn threshold 14 pb-1
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At VEPP2000 - we do exclusive
measurements of
e*e  -> hadrons and study production
dynamics.



Luminosity determination
Overall runs systematic uncertainty is about 1%
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CMD-3 published results from 2011-2013
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Correction to K*K- at ¢

- We observe large c Bl : : : :
discrepancy between o 8 1Y
CMD-2and CMD-3 data. & g | | rr &N GMD-2(2008)

. CMD-2 has trigger DC+Z- | | 1l GYID=2QO17).
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Trigger correction (1+9),,;,= 1.094+0.040 (cucr.)

Cross check for Bhabha events €,,;, = 0.9949+0.0001



Dominant channel ete- -> gt

2013 data CMD-3 preliminary
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CMD-3 preliminary: t*n~ (w,n), KK~ (w,n)

Q F o F a F
= - [ - -
- C| o BaBar +___— - 6 T + T - O BaBar < s T T[ —_ O BaBar
£ 3 + T w £ F n + :§6: n O SND
3 F c O SND r
A F| ® CMD-3,2(x*n)a® channel = Ael
2. ¥ - a-ln —
o 5 ‘° r’ 371- ®  CMD-3, 2(x*x)a” channel ‘z T’ zy O CNBE) fr=yy Ciemie]
° oF * §+ ° 4 °
t ? i3
1.5

Ml it %ﬁ%%

N Uk IS 4) i
o Yol

b b b b b o L s b e b L 1 PRI IR IRFIFITN IFTRFIT NAATIFE I AP I I
1200 1300 1400 1500 1600 1700 1800 1900 2000 1200 1300 1400 1500 1600 1700 1800 @5/% 1200 1300 1400 1500 1600 1700 1800 1900 2000

's, MeV @ \s, MeV

T
———i—
.
%_.
—
g
—e——
——e—

- 2
1 BaBar @ °E + pr—
s N I K*K™n (¢n)
" |—— CMD3 2011 S g
08— [ C
- |—+ cMD3 2012 = asf l
ool | = fit cMD3 3, A
i o =
- © 15—
04— -
L 1=
0.2_— [ E
- + 05—
oA L Ps —be"la.g\f;"'“?”'i.ln'”'1!8”'4.}35'"'1!9'”%.lgélllzll'”

Ecm, GeV Ecm. GeV



More preliminary CMD-3 results

ete -> KKV
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NEW! e*e -> 3(t*mt)a

Based on 56 pb-' in 1600-2000 MeV
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‘ﬂb SND@VEPP-2000 summary of results, (journal articles)

Published: Published, cont’d :
1.e+e- > 1'%, Ph.Rev.D, (2013,2016) | 8.e+e->mn,  JETP Lett.,(2015)
2. ete- -2 nn, Phys.Rev.D,(2014) 9. ete- > K*K, Phys.Rev.D,(2016)
3. e+te- 2> NN-6m, JETP Lett.,(2014) 10. e+e- 2 oma’, Phys.Rev.D,(2016)
4. e+e- > vy, Phys.Rev.D,(2014) 11. e+e- > wm,  Phys.Rev.D,(2016)
5. ete- 2>, Phys.Rev.D,(2015) 12. e+e- > 1y, Phys.Rev.D,(2016)
6. ete- > nu'n”, Phys.Rev.D,(2015) 13. e+e- >NN-nzn, Phys.At.Nucl, (2017)
7. ete- > i, JETP,(2015)
In print: In analysis:
1. ete- > KK n¥, Phys.Rev.D, 1. e+e- > ',
2.ete- > nntn, Phys.Rev.D, 2. ete- > Nl
3.e+e- > nK'K, JETP, 3. e+te- 2 A a'xO,

4. e+e- > KK,

5. ete- 2> on'n?,
6. ete- 2 6n
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Some SND results overview
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e*e” — wnn, Phys. Rev. D 94,032010 (2016) (ND
7 photon final state _
ete — Oy — 7 Cross section: a, dominance
] ~ 5% of hadr. cross sect. o7t
i ] at 1.8-2.0 GeV
25_7 N 5

W

e'e” —wrn

20— —

Cross section (nb)
~
|
|

w
°
®

P
®
|

n% mass

1600 1800 2000
E (MeV)

* First measurement of the e*e- — wn cross section.
» The dominant mechanism is wa,(980).
= The cross section is about 2.5 nb, 5% of the total hadronic cross section

Intermediate structures are studying in every final state
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e'e -> - SND (preliminary)
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2017. e*e -> pp at NN threshold

In 2017 CMD-3 and SND has performed the scan at the NNbar threshold with a
step smaller than c.m. machine energy spread (1.2 MeV). The e+e- -> ppbar
cross section demonstrate exponentially fast rising in about 1 MeV interval.

S Y S — T 3
e =T O N S ]
e T ' BaBar ]
2) ) I S— 1 I CMD-=3 ! R R A N
O CMD3(2017)
1_. .................... al SR N R NN { ........... :
- : —{—{ iy i
- i _(HLP— —{>—i | ]
0.5 __ T v ; | E
. 9 ey ]
of— i 'I"I'Ill ....... e e S~ \ : _ ; e T TS T i
1850 1900 1950 W 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20|00 1 =
ﬁ eV Ec.m., MeV

:; Figure 2: The ete™ — pp visible cross section measured with the CMD-3 detector. Solid

curve shows a fit with Gaussian-rised Born cross section (dashed curve) convoluted with
1.2 MeV energy spread and radiation function. The vertical lines show the pp and
nn thresholds.
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2017:ete™ - 3(nr*n™) at NN threshold

CMD-3 has confirmed fast drop of the cross section, and new scan shows
the scale of the drop consistent with ppbar cross section rise ~1 MeV.
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Figure 1: The ete™ — 3(mT7~) cross section measured with the GMD-3 detector at Figure 3: The ete~ — 3(ntn)
VEPP-2000 in 2017 run (squares). The results of previous CMD-3 measurements [6] are Solid curve
shown by dots, when BaBar measurement [4] are shown by open circles. The lines show
the pp and nn thresholds.

visible cross section measured with the CMD-3 detector.
shows fit with Born cross section (dashed curve) convoluted with 1.2 MeV
energy spread and radiation function. The vertical lines show the pp and nn thresholds.
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No indication of NNbar threshold in
the e*e” -> 2(;t+mt—) reaction!
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Figure 4: The ete™ — 2(7m 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



NEW! Structure in ete- -> K*Kttm™
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One more channel, where NN threshold structure has been observed!



Milstein-Salnikov prediction (fit?)

Theoretical calculation well describes the

experimental data for ppbar production in e+e-

N

c(e'e— pp), nb
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T T T T
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ol- J
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Using predicted shape convoluted
with radiative effects and beam
energy spread we fit visible XS:

Good agreement in shape

— theoretical prediction should be
increased by 10% to fit our 2017 data
Note NON-ZERO XS at the threshold.
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Milstein-Salnikov prediction (fit?)

Theoretical calculation not so well describes the
experimental data for nnbar production in e+e-,

but not in contradiction.
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We are eagerly wait for the result of
nnbar analysis from SND and CMD-3
at the threshold

Should be later this year.
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e+e- -> nn SND (preliminary)
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o SND 2011-2012
e SND 2017

The difference:
-- Incorrect zn simulation
-- beam background
-- cosmic background

Systematic uncertainty ~20%, mainly due to MC
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Milstein-Salnikov prediction

Large contribution to total hadronic cross section!!: 7 nb to ~40 nb total

o(e*e'— hadrons, nb

E.Soodov VEPP2000 at NNbar
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Present accuracy in R is too poor

BBarR 19
BESR 162
BESR 162
KEDR R, 35
CRBALLR 103

DASP R 72
GG2R 31
LENAR 99
M3NR 11
MARK2 R 24
MD1R 31
MEAR 14

ol x OMEO 4 ok

PLUTOR 51
CLEOR 21
CUSBR2
DHHMR 2

- MARK1 R 22+37+21+78+109
-MUPIR 443

- BCF R 6+85+3
-TASSOR
-VENUS R 2+11+2
-TOPAZR 12
-MARKJR 18
-AMY R 13
-JADE R 20
-CELLORS

OmMO4r = @

o4 ox

Vs, GeV

Green line and band — sum of exclusive channels

Points — inclusive measurements

Blue line(s) — Milstein-Salnikov prediction — about 15% of total XS is due to NN
interaction !?



Conclusion

* The goal of two experiments CMD-3 and SND at VEPP2000 is to
provide exclusive measurement of e+e- -> hadrons reactions in
the energy range 0.32 — 2.0 GeV

 In 2011-2013 both detectors have collected about 60 pb-! each in
the whole 0.32 — 2.0 GeV energy range, available at VEPP2000

* During 2014-2016 machine and detectors have been upgraded
and at the end of 2016 detectors resumed data taking

 In 2017 both detectors have collected 50 pb-' in 5 months with
c.m. energy scan from 1.68 to 2.0 GeV. At the end of 2017,
beggining of 2018 - 66 pb-! have been collected in 0.55-1.0 GeV

 Many analyses have been published. Many more are in the line.
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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

— ¢

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 /

40

scintillator '5“@

I;Xe outer shell

WLS fiber optical gel
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Search for ete- —» 1 (958)

Phys.Lett. B740 (2015) 273-277
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Etotal, MeV

@ ©

0. .
+ 7l—7

+ FAR
e 700; SN -

_— 600fi. (3 A NS -
C-even resonances can C=+1 g

be produced via 2y oo

é(‘b)A. .......

— 3003

e 2oc : --------------
_ roofii Data oo Slmulatlon ........
Theory: assuming real IR : .

5(777’ —el+ el— ):3_7,10 —11 % 100 200 3\00 500 600 0 1<l)o 200 300 400 500 600

myy), MeVic? m{yy), MeV/c?

:Nn

—
o
o
o

y virtuality and transition form factor can
enhance it

800

Events/5 MeV/c*

New limit:
B(n'—ete’) <5.6x10° (90%CL) - SND+CMD-3 L NI

Events/5 MeV/c?

o}

o

S
|

400} o

RIS
Bebicated aata taking at' vids L~/ NY E Sy m(,

. ] . 200} i g S S SRS SR
Continuous beam energy monitoring i A |

is crucial % 100 200500 ~200 500600
m(yy), MeV/ic?




