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Cross-section e+e- —» hadrons
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Measurement of the cross-section e+e- - hadrons
in VEPP-2M energy range is interesting for:

¥ measurement of parameters of light vector
mesonsp, w, 9, p,p , W, w"
X measurement of R(s) :

o (e"e —y"—hadrons)

R<S>: 0/ + -— * S
g {efe, oG o i)

X comparison with spectral functions of the
hadronic tau decays




R(s) measurements at low s
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At low s R(s) has to be measured in each channel.
The value and the error of the hadronic contribution to muon's (g-2)
are dominated by low energy R(s).
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VEPP-2M collider

ILU 3 MeV
LINAC CMD-2 Detector RF

B-3M 200 MeV
Synchrobetatron

BEP 900 MeV
e' e~ booster

Detector

Electron-positron convertor

¥ VEPP-2M collider: 0.36-1.4 GeV in c.m., L*10°° 1/cm?s at 1 GeV
x Detectors CMD-2 and SND: fLdt & 60 pb™ collected in 1993-2000
X Precise energy: AE/ E ~ 107 with depolarization method:;
10 from field in magnets

X All major hadronic modes were measured:

e+e- - 2w, 31, 4m, KK, ..

ere- o p, W, P
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\“%@ Cryogenic Magnetic Spherical Neutral SM

Detector- 2 (CMD-2) Detector (SND)
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0 210 46 l60 80 L10‘0 cm
1 - vacuum chamber, 2 - drift chamber, 1 - vacuum chamber, 2 - drift chambers,
3 — Z-chamber, 4 - superconducting 3 — scintillation counter, 4 - light guides,

solenoid, 5 - compensating magnets, 5 - PMT, 6 — Nal(Tl) crystals, 7 - VPT,

6 - BGO end cap calorimeter, 8 —iron absorber, 9 - streamer tubes,
7 — Csl(Tl,Na) calorimeter, 10 - iron plates,

8 - muon system, 9 - magnet yoke. 11 - scintillation counters

o |

B cMD-2 & SND

1y APRIL 8, 2008



lusive Hadronic Cross-Sections with CMD2&SND

% CMD2 |F [~ 118
CMD2 *r'n*n 65
CMD2 m+rn® 96
CMD2 *mn°n° 19
CMD2 K'K™ 15
CMD2 K*K" 21

CMD2 K°K' 66
CMD2 1y 84

CMD2 n°y—3y 51
CMD2 nr*n 6
CMD2 n°e*e” 19
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SND °y 44
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Cross-section e+e-—T1T1+TT-

Events signature:
two collinear tracks are almost back-to-back
vertex located near interaction point

Data sample includes events with:
e+e-, U+|-, TT+1-, cosmic muons

Mostly doesn't have any other
background at /s <1 GeV
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: , Likelihood minimization: : ,
* e/n/w separation using * e/n/ 7 separation using
3 b + - i
particles momentum J——eve%s In WZP N of . B E ) +>. N,.. energy deposition

A  N(up)/N(ee) is fixed

- can measure N(up)/N(ee) SRR TN :
TYRESESE IS TE T eRING according to QED

and compare to QED
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Event separation (SND)

Event separation is based on neural network:

x 7 input parameters: energy deposition in each layer for both clusters
and polar angle

x 2 hidden layers 20 neurons each

x 1 output parameter - R,

X Trained on simulated events

x Checked on experimental 3m Distribution by separation

and e+e- events Al

®\ E_ I ee — ee

o Z 03

= - ee — T, U

o i

::1 02 J" ° EXP

LL{ Re/n :

~~ —_—

- 01 - M

4 i

N i

Ll\f' NET,=2w,x;, OUT,=F(NET,-0,) Xy,,,,=OUT, 0 Lo—o—o—s- T

-0.5 0 0.5 1 15

R

e/n

Misidentification ~ 0.5--1%
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Pion formfactor

CMD2 - 96 data
CMD2 - 97 data
CMD2 - 94,95 data
CMD2 - 98 data :

- | %7/ ndf 6.942/9
101 Prob 0.6431
[ | po -1.999 = 1.295
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B 1=_2+13+0.7%

QED Systematic error

S 07%  0.6% (95)/ 0.8% (98)
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A Comparison of CMD-2 and SND

Js5<0.55 GeV 0.6</s<1 GeV

o
—

F(SND)/F (CMD296)-1
o
N

F.(SND)/F (CMD298)-1

0.2f --------------------------------------- ---------------------------------------- S ys’r.err'ori
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| | | | | | | | | | | | | | | | | | | | | | | | | | |
400 450 500 600 700 800 900
\'s, MeV \'s, MeV

A(SND-CMD2)*1.2%+3.6% A(SND-CMD2)%-0.53%+0.34%
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Cross-section e+e- — TT+TT-TT+TT-

c(e'e —m*n ), nbarn

1y APRIL 8, 2008

* CMD-2 (preliminary)
1-CMD-2 (2000)

x - BaBar

A-M2N

' /chiral model
/ (hepph/0203075)
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Systematic error #5-7%

Efficiency determination gives main contribution to the systematic error
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Systematic error \s.GeV . . \'s, GeV
SND = 8% Systematic error: 5.6% (>16eV),

CMD2= 15% (discrepancy 15-25%) 1.3% on omega,

blem with efficiency determinati derstood 2.5% on phi
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e+e- - T+1-10 at @ (CMD?2)

Jladt =12 b

0
c
~600- = 16-10°
: N = 1610
.1__,
] B.B,=(4.35 + 0.27 + 0.08)x10-5
172)
°“4qan- VX
g 400 PDGO04 average
CMD-2(this work)
l:BaBar£2004):
200 : SND.(2001):
9MD2(1998) :
4 425 45 475 5
980 1000 1020 1040 1060
2E, MeV 037[:(637 + 23 £ 16) nb
CMD2(1998) 5% Fq, =(43O + 0.06 + 017) MeV
Systematic error:  SND(2001) 5% b= 167° £ 14° £+ 10°

CMD2(2006) 2.5%
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Cross-section e+e- —» 2K

e'e > KK, e'e2>KK-

10°

10

Hfﬁ%

N S R T R ST SR A e e i i i
1 105 14 1145 1.2 125 13 135 14 1 1 105 11 115 12 125 13 135 1.4
\s, GeV \s, GeV

Systematic error: SND = 3%
CMD2 = 8-9%
Systematic error is # 2% at ¢ resonance

—

=
=
[

Systematic error 24-6%

For data description the ¢, p, o, ¢ resonances are required.
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wEY Cross-section e+e- — K+K- (CMD2)

1.0 pb of integrated luminosity, collected in E_, = 1010 — 1034 MeV

Idea of selection

Kaon from @ meson decay is a low momentum track with big
dE/dx value, coming from the beam.

: Kaons
We determine “"good” kaon as: . 31D V4
P... < 200 MeV/c = 10000 |
dE/dx > 2 dE/dX;,;,p 16000
R.,<04cm 14000 |
1.0<0,<m-1.0. 12000
N., > 6, N, >3 10000
Oge < 0.07 cm, 0, < 3.0 cm el
6000
We select events with 0T
one or two “good” kaons. 0
’ 0 200 400 600 800 1000
P, . MeV/c
542 000 events with one or two "good" kaons were used in the analysis
By Aprir s, 2008 & CMD-2 & SND




wEY Cross-section e+e- — K+K- €D

s VT T T Systematic errors CMD2 (2008)
= ' ;
50— :%#: — E Source . %
R R R R Selection criteria 1.4
2 A Trigger efficiency 1
© * f Luminosity 1
CMD-2(1995)
2000 — -
SND (2000) Acceptance 0.7
CMD-2(2008) Radiative corrections 0.5
Total 2.2
1000
o (¢ — K'K)
. CMD2 (2008)
” SND (2001)
e N CMD2 (1995)
1010 1020 1030 1040
Bem: (MeV) 1800 2000 2200,
K K'), nb
CMD-2 (2008) PDG(2006) %% 5"
B..B, = (14.29%0.05 +0.31)-10 B eBKK = (14.60£0.33)-10°
m, = 1019.441+0.008+0.080 MeV/c? = 1019.4551+0.020 MeV/c?
0o = 4.24%0.02£0.03 MeV 2 rg = 4.2610.04 MeV__
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o A The e+e- > KK Cross section
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o 1600 -
The cross section o ﬂ ¢
{ anii
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— 1000 %
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usive Hadronic Cross-Sections with CMD2&SND

= [ |

% CMDZ|F F118
® CMD2 n*n'n*n” 65
CMD2 n*r'n® 96
¢ CMD2 n*n'n®2® 19
CMD2 K'K™ 21
¥ CMD2 K'K 21
CMD2 K°K" 66
- CMD2 1y 84
O CMD2 n% —3y 51
& CMD2nr'm 6
* CMD2 n%*e 19
SND |F |* 45
* SND r*n'n*n 48
SND n*n'n® 125
* SND n*nr'n’n? 35
SND K'K’ 62
SND K°K" 66
+ SNDny 95
%  SND n% 44
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Combine precision of R(s) from CMD2&SND Js
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Systematic error: ~0.6-0.7% 10% 06% 15% 15--35%
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(& Conclusions

x Despite decades of experiments, precise studies of e‘e
annihilation into hadrons at low energies are still interesting and
provides a lot of important information.

¥ In the 1995-2000 the experiments with CMD-2 and SND
detectors at VEPP-2M were fulfilled.

¥ CMD-2 and SND data analyses are nearly completed.

¥ Cross sections of all major modes of e+e- — hadrons are
measured in the energy region /s = 0,36 - 1,38 GeV.

x Results of these experiments determine nowadays the accuracy
of the light vector mesons parameters knowledge. Them are one
of the main sources of information about particle physics at low
energies.

¥ In a few years new high precision data from CMD-3 and SND
working at VEPP-2000 are expected
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ere2>1 1 in CMD-2 e'e2>K'K in SND

T 92/6 0/20/00
Run 1 Typ 5 LRec 861
EvMT 1135 EvF 125
MeV E(Nal)/2E= 0.479

L :

TRy R-Theta projection

T 9/2/6 0/20/00
50 MeV Run 1 Typ 5 LRec 861
100 M

QU Ev MT 1135 EVF 125
E=509.4MeV E(Nal)/2E=0.479




1994-1995
114k 1r+711-

1996
4Kk Tr+TT-

1997
33k m+m-

1998
~IM TT+T1-

2000
~2M TT+TT-

SND




Systematic errors

Source of error CMD-2 SND CMD-2
Js<l GeV /$>1.0 GeV
Event separation 0.2-0.4% 0.5% 0.2-15%
Fiducial volume 0.2% 0.8% 0.2-0.5%
Energy calibration 0.1-0.3% 0.3% 0.7-11%
Efficiency correction 0.2%-0.5% 0.6% 0.5-2.0%
Pion losses (decay, NI) 0.2% 0.2% 0.2%
Other 0.2% 0.5% 0.6-2.2%
Radiative corrections 0.3-0.4% 0.2% 0.5-2.0%
Total 0.6-0.8% 1.3% 1.2-42%
s APRIL 8, 2008 B CMD-2 & SND
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All modes except 2n

NH—Nb9
L-(1+6,)¢,

ogle'e -oH)=

* Luminosity L is measured using
Bhabha scattering at large angles

» Efficiency ¢ is calculated via Monte
Carlo + corrections for imperfect
detector

- Radiative correction & accounts for
ISR effects only

2m

ee

|F |2 TTTT O-ze.<1+6ee).g
T N O'io:Tnﬂike'(l‘Fann)‘Enn

ee

» Ratio N(nt)/N(ee) is measured
directly = detector inefficiencies are
cancelled out

» Virtually no background
- Analysis does not rely on simulation

- Radiative corrections account for
ISR and FSR effects

- Formfactor is measured to better
precision than L



Definition of G(e‘e-—hadrons) depends on the application

* Hadron spectroscopy: vacuum polarization (VP) is the part of the cross-
section ("dressed"), final state radiation (FSR) is not

* "Bare" cross-section used in R: vice versa - FSR is the part of the cross-
section, VP is not

* Measured number of events include VP and part of FSR allowed by the
event selection

CMD-2 published 2 cross-sections ere—2:

‘radiative correction take into account part of FSR, allowed by the
event selection (thus remove FSR completely from the measured
cross-section); VP is left untouched.

“Used to get rho-meson mass, width, ...

N

O

v/

(70 {VP is removed, all FSR is added.

7 (7) Used for R calculation _— FSR VP

<
0 iy =0 (14 AT (5) | 1=P(s)

e (y



—o— 94,95 data
—-08 data

IF_[*/Fit-1

0.1

Lo —

600 700 800 900

AF  |F.[ (exp)

Plotted 1s = 5 —
F  |F.| (CMD-2 fit)

A(95-98)~0.7%+0.5%
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Dalitz diagram
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e'e—>K K, K—=>n'n (CMD-2)

e 2E=1.0-1.04 GeV
L=2 pb-', N=2.7x105
0,(@— K K )=1413£6+24 nb
m,=1413+6+24 MeV/c?
r,=4.280+0.033+0.025 MeV

systematic error
ino(eter - KK )1.7%

e 2E=1.05-1.38 GeV
L=5.8 pb-', N=103
systematic error

in g(e*e - K K ) 5-10%

o, nb

10

10

10

10

solid curve is VDM with
p(770),0(783),$(1020) + X

dash curve is VDM with
p(770),w(783),6(1020) only
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The e'e” — NY cross section

60

E ;
| l ¢ -gh 0 ® SND
o
10 ¢ @ ' e CMD-2
: 40 - &
1 ; e SND | ! } ® CMD-2
BVEE h __ | }i
Al }} 1 iﬂ) l& ¢ CMD-2 20 | %
10 4 T ) I
s ] -
J1 |
10y _t of o8 %+ % i;
N — L 3 1000 1010 1020 1030 1040
300 1000 200 003 -5, MeV

U, T, Yy decays. -or aata aescription tne Tollowing

states are required ¢, p, o, p The systematic errors in the
vicinity of the q)—meson peak are 3-7%



c, nb

Inclusive Hadronic Cross-Sections

CMD2 |F_|* 118

800

CMD2 n+nn® 96

CMD2 ny 84
CMD2 n%e*e” 19
SND |F |* 45
SND nt+n-n® 125
SND =’y 44
SNDny 5
SND n°n% 45

CMD2 n’y—3y 51

2500

c, hb

2000

1500

CMD2 K*K™ 15
CMD2 K*K 21
CMD2 K°K" 66
CMD2 n+nn? 96
CMD2 ny 84
CMD2 ny—3y 51
SND K*K 62
SND K°K" 66
SND n+n-n? 125
SNDny 5
SND =’y 44

L P 1000
T RO CISSONS UROR SORSO SORSEE SRR ORe

tof oo B

500

200 . .......

ol i i : i | ! i ] i

0.74 0.75 0.76 0.77 0.78 0.79 0.8 0.81 0.82 0.83

\'s, GeV

M,,=782.68+0.09+0.04 MeV
[,=8.68+0.04+0.15 MeV

I =0.653+0.003+0.021keV

---------------------------------------

b1 R

0 L0 e 1 0 el LA m
1 1.0051.011.0151.021.0251.03 1.035 1.041.045

\s, GeV

M ,=1019.30+0.02+0.10 MeV
I',=4.280+0.033+0.025 MeV

Br® =2.88+0.09-10 ‘keV



