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Introduction

Motivation

wm® mechanism conftribution dominates in 0 cross section in energy
range 1 - 1.5 GeV and gives some contribution to hadronic vacuum
polarization and anomalous magnetic momentum of muon

v*owr® form factor is used for studying excited resonances, in particular, for
measuring parameters of p’.

In decay w — prumd, significant discrepancy of y*wn® format factor was found
in respect to VMD model predictions (NA60 experiment).

Tasks

Measuring ete” — wm® — O Cross section

Determining efficiency corrections and systematic uncertainties
Obtaining y*wm® from the measured cross section

Fitting the form factor in VMD model



Experiment SND
at VEPP-2000 collider

VEPP-2000 Spherical Neutal Detector

CMD-3

W SND 1 — beam pipe, 2 — tracking system, 3 —aerogel cherenkov counter, 4 — NaI(Tl)
crystals, 5 — phototriodes, 6 — iron muon absorber, 7-9 — muon detector, 10—
focusing solenoids.

oty [,

MHAD2011 1.05-2.00 GeV 22 pb!
MHAD2012 1.28 - 1.98 GeV 16 13 pb?



Selection criteria and detection efficiency

| Detection efficiency of n*n'n"n’ |

5000F
4000
3000
2000

1000

R

e experiment B
[ 4n simulation 4
[ 3= simulation
I 5= simulation ]
Il 6= simulation -

« 22 charged particles

« 24 photons
|do| <1 cm
|zo| <15 cm

Kinematic reconstruction in 4m

hypothesis:
« 70 < M,y <200 MeV
« x2,<40
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Detection efficiency for wn® and other
mechanisms of 4nt

Detection efficiency accounts for radiative
corrections and is calculated using iterative method.
Efficiency depending on the number of iterations:
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Determination of w7® contribution

Point 2E =1520 MeV, Selection: yz, < 40

RoofFit:
« Ubinned fit T 800
 PDF by Kernel Em
Estimation % co T (4531 events)

Contribution of mechanism :>:

interference to the cross
section: 400 |
0.5-7% 300 non-4mt
(upper estimate using MC) (334 events)
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To obtain wn® contribution, the distribution of the mrn~n® invariant mass
is fitted by signal — background model.
Signal and background distribution shapes are obtained from MC.
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Background processes

In each energy point for each background process:

Npig(E;) = Opgg * IL - Epig

Conftributions of different background
processes to events selected by )(Z,, <40

0

Contribution to systematic
uncertainty
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Detection efficiency corrections

MHAD2011 MHAD2012 Mean
Lost track 08+04% 08+04% | 0.8£04%
Lost photon | 1.1+05% 224+08% | 1.4+0.4 %
¥ 1.14+£09% 18+14% | 13+07%
Total 3111 % 48+1.7% | 3.6+0.9 %
of 1.5:
~ 14/ [ e MHAD2011
= = MHAD2012
1.3 Fit (3.6 + 0.9 %)
12 [ I (1 + N4TL', lost)
3 ; \ Ny
) 3 SR SRR S L . l lq.? + 1+5= T DATA
1I:L * T L l f 1 1 ] * l N4-T[, lost
= T I 1 i [ l 1 +N—
0.95— 41T MC
o8- Correction: 8=3.6+0.9 %
0.7;—
0.6;—
0.5 I121]0I — I13I(Ii0I — I14‘00l — I15|l]lilI — I1l:’||l.'1‘l.')I — l1'J’|00I —

2E, MeV

We has used kinematic reconstruction recovering a lost frack or a lost

photon.
- Selection y2, < 40 is extened to yZ, < 100.



T ete” — w7 cross section

0 0 20
m c

. [e'e” — wn® — 1t mOnd fit visible
E 18 ’ — fit born
VDM(3,PDG¥) VDM@3,PDG) & [ .
3.42 +0.04 3.1010%5 16— L
1.24 4+ 0.01 1.28 + 0.87 14:_ 0’
1.465 * 1.526 4+ 0.013 * - SND (2009)
T, GeV 0.400 *  0.51610031 * 12— SND (2000) |
B © 235.2111 205.5152, 10 = MHAD2011/12
Ay | 0.36+0.00 0.40 4 0.60 -
My, GeV 1.720 * 1.72240018 * 8
[, GeV 0.250 * 0.26815 020 * 6 ~
by, © 105.2+18 44.0+178 -
2. | 1343 /61 949 /61 4
Plotan 1.96-1077 3.56-107* 5 =
Crapuz | 1138 /56 746 /56 - . | | | | .
0., y L I 1 1 1 1 1 ] ] 1 1 1 1 1 1 1
R 7| 105 Mev 072 Mey 1000 1200 1400 1600 1800 2000
X param 9.8 /4 2E, MeV
* - fixed parameters
. phase space
ISR correction: AT o2 ,
€ o E) = |F(E)|“Ps(E
Born( ) E3 H(H) f( )

avis(E) = /F(I’E) Fhorn (EV1 — z) da, Form factor
. Vec’ror['] Meson Dominance (VMD) model: p, p’(1450), p”(1700)
F(E) = VAD,(E,mp.T,) + VA1 Dy(E, mpn, Tpr)e®! + VA2 Dy(E,my2, Tpo)e'®
o °9
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Comparison of ete” — wmt° cross sections

The measured ete- — wmn? cross section has following uncertainties:

2E, MeV 1050 - 1600 1600 — 2000

systematical 2.6-4.0% 44-14.0%
statistical 2.6 -3.8% 4.0-21.7 %
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Joint description of the form factor in
ete” — on’ and o — p*p~n° processes

Model | VDM(3,PDG) VDM (Sneid, PDG)[2]

A, 3.427509 2.41 4 0.02
Ay 2.5010:12 —0.24 £0.01

My, GeV | 148673026 * 133010056 *

Ty, GeV | 0.5831004 * 0.82670 04 *
G © 231.6742 —13294+175
Ay 1.1379% —0.15 + 0.01

My, GeV | 1.680700%8 * 172150013 *

T, GV | 0.43175:052 % 0.54170 030 *
Gy © 74.1755 4204725
X | 270.8 /84 379.0 /84
P | 1.69-1072 4.53-107%
Coaoi | 777/ 56 116.8 /56
Xae | 153.1 /22 163.3 /22
Coram | 173 /4 884 /4
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[1] R. Arnaldi et al. (NA60), Phys. Lett. B757 437-444 (2016),
[2] S. P. Schneider, B. Kubis, and F. Niecknig, Phys. Rev. D 86, 054013 (2012).



Conclusion

The ete” — wm® — T nOn® Cross section is measured with high precision and is
in agreement with previous measurement but has befter accuracy.

v*w® form factor is obtained and fitted by VMD model taking into account
p(770), p(1450) and p(1700) in several variants of VMD model.

It is found that VDM is not capable to jointly describe e*e™ — on® and o —
uwu~n® processes, even if p’ and p” are taken into account

Parameters of p’ and p” mesons differ in different channels.






Intermediate states of
ete” — 1t v 10 Y
for 1 <+/s < 2 GeV

G’e'—>(o(782)7:0—>7:+7:'n071:0 \

ete” —a;, (1260)n — n* n~ n° n°




Systematic uncertainty

2F, MeV 1000 — 1200 1200 — 1400 1400 — 1600 1600 — 1800 1800 — 2000
Statistical (MHADI11) 26-45% 21-27% 21-38% 40-108% 9.8-54.9%
Statistical (MHAD12) 20-30% 18 -29% 40 70% 86 16.1%
Luminosity 20-20% 20-20% 20-20% 2.0-2.0% 2.0-2.0%
Eff. correction 1.7 -1.7% 1.7-1.7% 1.7-1.7% 1.7 -1.7% 1.7 -1.7%
Background 0.1-09% 01-04% 03-18% 2.1-49 % 2.8 - 8.1 %
Interference 00-03% 04-11% 13-25% 2.7 -4.5% 48 -7.0%
Rad. correction 01-01% 01-02% 02-05% 05-19% 1.9 -87%
Systematical 26-28% 26-29% 29-40% 4.4 -74% 6.6 -14.0%




VMD model

Schneider [2]:

]\/[2 + s(fye”” + (58"’)2)
' B =35 s) &P 962F2 _
0 Goliyor My €790 p T S 4
Foonl8) =
i=0 -5 3\/_FP(??)( ) B yse't oxc ST Ax(
M2/ s g2 \ 32 MZ—s—iM;T,(s) 7TM3,03 M2
[ 0 (S) =T P ( u )
ok "5 \ M2 —dm2 dse'?z ST Ar(
M2, — s — iMyT () WJLF,,UW(Mg,,)
, Mo SME o5 1+ 04(s)
; A.(s) =1n ul 3(s5)1 u
Kozhevnikov [1] (s) = MQ it o3(s) In ———< T on3)’
1+ (Rm,)? M,
C W E) = L 3 1 ® 8
peom (B 1+ (RE)? Lols) = 067 2 on(5),
Lp(E) = Cpon(E)L,(E) 4M?2
o:(8) =1/1— T
[1] AMHOMMYECKME DDA EKTLI B PEAKMX U 5 \ 32
MHOTOYACTUYHBIX PACTIAACX BEKTOPHbIX P (s) = My [ s—4M; \
ME3OHOB. / A. A. KOXXEBHMKOB. // AMCCepTaLms g Vs \ M7, — 4M? 8
HO COMCKAHME YYEHOU CTEMEHM AOKTOPA dOU3.- _ : _ _
MAT. HOYK. HOBOCM6MDCK. 2004 [2] S. P. SChﬂeIder, B. KUb|S, Gﬂd F. NIeCkﬂIg,

Phys. Rev. D 86, 054013 (2012).
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Radiative correction (ISR)

€

o) = f oo (EVT —2)F (2, E) da,

0

_ Bt a(m 1\ 38 B(E) (L 37
Fla, B) = pz 1+}(§_§)+Z_ 24 (§+2W2_Z)]_

5(1—5) B [4(2—:6)1nl+1(1+3(1—:c)Q)ln

r 1l —=x

+(% { ( —me) (21n———)2[2—2$—|—3:2+§(21 %—g)]-f-
(

ST e e (),

2F 2x0
me 78

—6+x]+

L=2In

[*] 2. A. Kypaes, B. C. PaAAMH. BblHMCAEHME PAAMALMOHHbBIX MOMPABOK K
CEYEHUIO OAHOMDOTOHHOM AHHUTMAALLMM C MOMOLLLBIO CTPRYKTYPHbIX
ADYHKUMN. [penpuHT NAP 84-44,



Approximation without p”(1700)

VDM(2b)

Model VDM(2)
A, Al 3.06 +0.03
Ay 0.6870-0% 0.60 +0.01
My, GeV | 1.51540.005  1.517 4 0.005
[, GeV | 0.444£0.017  0.470 £0.008
dps ° 197.2%41 180.0 *
A‘)IF
My, GeV
Fpn, GeV
9%”: 0
X2 | 1048 /61 107.7 /62
Piotal 4.17-107% 2.90- 1074
X¥mapu e | 879 /56 95.0 /56
[(w — 7%7) 0.85 MeV 0.81 MeV
X]%ara,m
F(E) = VAD,(E, m,,
()

born’
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