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O VEPP-4M/KEDR

O J/4, 9(2S) mass measurement

© J/v ete” /utp~ widths comparison

@ Study of (2S) — utpu~ decay with KEDR detector
© Measurement of main parameters of the 1)(3770)
O B(J/v = ~ne)

@ Summary
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VEPP-4M collider

H

o Beam energy 1+ 6 GeV
@ Number of bunches 2 x 2
Ol VEPPAM | o For £ 15Gev

o Beam current 1.5 mA

e 30 _1
o Luminosity 10°° 5~

VEPP-3

Beam energy measurement:

@ Resonant depolarization technique:

Instant measurement accuracy ~ 1 x 107

Energy interpolation accuracy (5 = 15) x 1076 (10 = 30 keV)
o Infra-red light Compton backscattering:

Statistical accuracy ~ 5 x 1075 / 30 minutes

Systematic uncertainty ~ 3 x 107° (50 + 70 keV)
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KEDR

Vacuum chamber

Vertex detector

Drift chamber

Threshold aerogel counters
ToF counters

Liquid krypton calorimeter
Superconducting coil
Magnet yoke

Muon tubes

Csl-calorimeter

Compensation solenoid
VEPP-4M quadrupole
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Narrow resonance mass definition

Resonance cross section in soft photon approximation:

(W) = 22 (14 6,0) eel s, m F(W) — 22V Rleelh ) go (W)
W2 v 3IW 1-Mp |’
M 1-8
7'(',3 > 4o w 1
where F sinmwf3 (—W-I—M—%) , B T (nme 2

o(W) must be convoluted with energy distribution:

G(W W/)_ (W—W/)exp<_w>’

V2row 20y
1 A+ bA?
where g(A) = —i—a—+2
1+boy,
= Rrﬂﬂ
[h
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Narrow resonance mass definition

Resonance cross section in soft photon approximation:

(W) = 22 (14 6,0) eel s, m F(W) — 22V Rleelh ) go (W)
W2 v 3IW 1-Mp |’
M 1-8
7'(',3 > 4o w 1
where F sinmwf3 (—W-I—M—%) , B T (nme 2

o(W) must be convoluted with energy distribution:
w—-w' wW—w"?
G(W, W')— 8 )exp —% ,
V2mow
1+aA+bA?
1+ bo?,

RT 1 (s)
A=\ / r, + T, ; \ bl i’ (cos dm),y

204y

where g(A) =
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J /1) mass measurement

KEDR 2013
KEDR 2003
E760 1993
ing My(2s) by KEDR)
SPEC 1987
OLYA 1980
l l l
96.85 96.90 96.95 97.00

[M (J /) — 3000], MeV

M3902-2013 — 3006.900 -+ 0.002 = 0.006 MeV (6 scans),
A= 0.45 4+ 0.07 + 0.04, Aexpected = 1/ RT /T = 0.38
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Systematic uncertainties in the J/¢) mass (keV)

Uncertainty source 2002 2005 2008 common
Energy spread variation 3.0 1.8 1.8 1.8
Energy assignment to DAQ runs 3.7 3.5 3.5 2.5
Energy calibration accuracy 1.6 1.9 1.9 1.6
Beam separation in parasitic |.P.s 0.9 1.7 1.7 0.9
Beam misalignment in the |.P. 1.8 1.5 1.5 1.5
e'-, e -energy difference 1.2 1.3 1.2 1.2
Symmetric dL/dE shape distortion 15 13 21 13
Asymmetric dL/dE shape distortion 2.1 19 19 1.9
Beam potential 2.0 2.0 2.0 2.0
Detection efficiency instability 2.3 1.7 1.8 0.0
Luminosity measurements 2.2 1.7 1.7 1.1
Residual machine background 1.0 0.7 0.7 0.0
Interference in the hadronic channel 2.7 2.7 2.7 2.6
Sum in quadrature 77 70 72 5.8
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1(2S) mass measurement

KEDR 2013
LHCB 2012
KEDR 2012
KEDR 2003
E760 1993
sing M, by KEDR)
—_— OLYA 1980
I l | |
85.9 86 86.1 86.2 86.3

[M (¢(25)) — 3600], MeV

M:09%)>°" = 3686.100 - 0.004 + 0.009 MeV (6 scans),

A =0.17 +0.05 + 0.05, Aexpected = \/ RT 1u/Th = 0.13
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1(2S) mass measurement

KEDR 2013
LHCB 2012
E760 1993
sing M, by KEDR)
—_— OLYA 1980
I l | |
85.9 86 86.1 86.2 86.3

[M (14(25)) — 3600], MeV

M:09%)>°" = 3686.100 - 0.004 + 0.009 MeV (6 scans),

A =0.17 +0.05 + 0.05, Aexpected = \/ RT 1u/Th = 0.13
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Systematic uncertainties in the ¢(2S) mass (keV)

Uncertainty source 2002 2004 2006 2008 common
Energy spread variation 2.0 1.5 1.5 15 15
Energy assignment to DAQ runs 3.9 3.9 38 24 1.5
Energy calibration accuracy 1.9 2.3 2.3 2.3 1.9
Beam separation in parasitic IPs 0.5 1.2 1.7 1.7 0.5
Beam misalignment in the IP 5.1 3.3 3.3 3.3 2.5
et-, e‘—energy difference 16 21 21 16 1.6
Symmetric < dE shape distortion 1.8 1.6 1.6 1.6 1.6
Asymmetrlc shape distortion 2.1 1.9 1.9 1.9 1.9
Beam potentlal 2.0 2.2 2.2 2.2 2.0
Detection efficiency instability 2.1 1.6 1.6 1.6 0.0
Luminosity measurements 3.0 2.1 2.1 1.5 1.2
Residual machine background 1.0 0.9 0.9 0.9 0.0
Interference in the hadr. chan. 4.1 4.1 4.1 4.1 4.1
Sum in quadrature 9.7 8.7 8.6 84 7.0
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J/1 — eTe™ (resonance) counting

ete” — efe (res)

50000

2 _
40000 X?/ndf =20.6/16

ete” = ete” (QED)
30000
20000

Experiment

10000

dN2bs hsim 200 do
40 = aNO ReS(e) + Wee <Fres(E)> |nt(9) + Lres % QED

aN(S)im 5NJ/1ZJ—>ee

= 0.33%

NJ/w—>ee =

6J/1p—>ee7 NJ/d;—)ee
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J/v — T counting

T/ = ptp”
R

BRI

o, nb

T N ——
o ’——_~\

5--\~_——
\

T\
o ")
10 4 A\
. J
N ~J
1542 1544 1546 1548 1550 1552 1554
W, MeV
exp th Lres exp th
{Nres o Nint o Leont X (Ncont o Nint)} 5NIMU 0
Ny = =0.29%
EJ/p—pp
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Systematic uncertainty [ee /T, (J/%) (1)

Source Err, % Source Err, %
Interference Trigger
Relative luminosity 0.01 1st level 0.20
Energy measurement 0.02 2nd level 0.11
Radiation corrections 0.10 Event selection
Background tracking system 0.10
J/1 — hadrons 0.10 calorimeter 0.10
Cosmic 0.07 muon system 0.04
Simulation 0 angle cuts 0.10
Bhabha 0.11 0 angle determination 0.14
PHOTOS 0.02 Selection asymmetry 0.14
ToF inefficiency 0.26
to be continued Total 0.48
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J/v ete” /utp~ widths comparison

KEDR 2013

BESIII 2013

KEDR 2010

CLEO 2005
BES 1995

MARK I 1975

FRAM 1975

SPEC 1975

0.9 0.95 1

1“05 1
FeE(J/w)/ FI—LN(J//l/})

Feve (J/0)/T s, (/1) = 1.0022 £ 0.0044 -+ 0.0048 (0.65%)
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Study of ¥(25) — pu*p~ decay with KEDR detector

scan 4
%S, nb

o

o
3

&)

»
3]

I

ol
n
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N
o

N

e
2]
] = A A AR A AR AR AR AR AR

| | T T T
59‘2 : éeg4 14 16 18 20 22
W,

T x T/ T, &V

w

Fee X Tu/T = (1944044 1.1)eV. (preliminary)

No direct measurement of I'ee x I,/ T is listed in the PDG tables. For
comparison the product of the two world average values I'ee and 3,,, is

shown.
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Conditions of analysis near of 1(3770) region

o Data analysis takes into account interference between the resonant
and nonresonant DD production.

@ The nonresonant form factor can be obtained with an application of
the Vector Dominance Model (VDM) to charm production. In this
work we employ VDM in a simplified form:

nonresonan 2S5
Fponresonant () = FU2S (W) + Fy
$(2S) . : .
where F " 2=7’(W) is the main part of the form factor corresponding to

D
the 1[1(2S$Dand Fo is a real constant representing the contributions of
the 1)(4040) and higher ©'s.

o To evaluate the model dependence of the 1)(3770) parameters we
tried a few nonresonant form factor parameterizations, which do not
assume VDM.
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Measurement of ¢)(3770) parameters

a’f]lzi , nb 001 nb
L = 12 4 Scan 1
i s Scan 1 = i v Scan 2
| v Scan 2 10r e Scan 3
e Scan 3 8;
L — VDM fit
A Ignore interference
[ — BES 1, anomal form
a4 » BES 2, anomal form
2
E | | | | 07‘ . A SRS I A N
3700 3750 3800 3850 3740 3760 3780 3800 3820 3840 3860 3880
W, MeV W, MeV
o +1 8 +0.5 +0 3
M = 3779.2 +18 +0.5 +0.3 \jey
_ +4.6 +0.5 +0 2
=249 7,5 "0 ~0ig MeV
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Ambiguity of ¢(3770) resonance parameters

60 nb

12; 4 Scan 1

10 v Scan 2
I o Scan 3 Excess of the multihadron cross

sl section in the 1(3770) region. Solid
ei . — Contributions Sol. 1 and short-dashed curves correspond
C — Contributions Sol. 2 .
: e to two VDM solutions. Resonant

ar and non-resonant parts are presented

i separately.

) O O O AR B 7
3740 3760 3780 3800 3820 3840 3860 3880
W, MoV

(1) Tee=154TR17 3V, ¢=(171+17)°,
(2) Mee =414 —_’—;g tgg t?g eV, ¢= (240 + 9) °.
Details in Phys. Lett. B 711 (2012), 292-300

Poster session: An attempt of a joint analysis of BABAR, BELLE, BES,
CLEO and KEDR data for determination of (3770) parameters.
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J /1 — n. measurement

@ 7). mass, width and B(J/v¥ — yn¢)
have been measured in the inclusive
photon spectrum of multihadron J/1
decays

@ M1 transition between 1S states of
charmonium — rate can be easily
calculated in potential models in the
limit of a zero width of the
resonance. In this decay I'(7c)/wo ~
30MeV /114 MeV =- photon line
shape deviates from Breit-Wigner

o w3 factor near the 7). resonance and

interference with J/¢ — vgg and
FSR process were taken into account

x10°
> 200 n A 0
2 180k = fit function
< 1605 e | ——exp(P2)
@ E 22/ ndf 553780
- 140 p1 10.6+0.0
o 1206 2 -1.283 + 0.001
> E p3 0.03001+0.00142
w700~ M_etac 2981+ 1.2
E Branching 0.03538 + 0.00381
SO MIPConstant 0.008621+ 0.002054
el phi -3.677 + 50210
405
20
Ea
4000 3 data, backgr. subtracted
resonance
3000 % interference
2000

1000

-1000

50 100 150 200 250 300 350 400 450 500
o, MeV

arXiv:1309.xxxx
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Results on B(J /¥ — y1n¢)

@ Photon line shape in the radiative

\ BWy->m), %

J/,(IZ} — VM decay was taken in the KEDR (this result) —
form dI/dw ~ W3 f(w)BW (w), Dot 2 -
- BES 12 —_—
where correction factor f(w) =1 cueom —
ichten 08* -
near the 7). resonance and falls i -
quickly far from resonance Drambin 00 .
) Crystel B.al.l 86 ——
@ Our result on B(J/¢ — ync) is Khodjamiien 4 =
. T T S T S (S IS
higher than the old Crystal Ball R S

and CLEO results and is consistent
with the new Lattice QCD
theoretical predictions.

direct experiment, theory,
indirect experiment

B(J/p — yne) = (3.58 £ 0.38 + 0.20)%
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o M2l = 3006.900 + 0.002 + 0.006 MeV,

o Minal = 3686.100 + 0.004 + 0.009 MeV,

o Toro (J/0)/T v, (/1) = 1.0022 £ 0.0044 £ 0.0048 (0.65%)

0 lNee x T/ T =(19.4+0.4+1.1)eV for 1(25) (preliminary)

e (3770) parameters
M = 3779.2718 02 03 MeV
M= 249745 155 105 MeV
i) =154 3117 +12 ev

(2 _ +72 +24 490

o B(J/¥ — yne) = (3.58 + 0.38 & 0.20)%
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o M2l = 3096.900 + 0.002 + 0.006 MeV,
o 3096.916 + 0.011 MeV (PDG fit)

o Minal = 3686.100 + 0.004 + 0.009 MeV,

e 3686.1097%912 MeV (PDG fit)

o Mere—(J/9)/T i+~ (J/1p) = 1.0022 £ 0.0044 £ 0.0048 (0.65%)
o 0.998 +0.012 (PDG fit)

0 lMee x T/ T =(19.4+0.4+1.1)eV for 1(25)
o (18.2+2.2)eV (PDG fit x PDG fit)

@ (3770) parameters
M = 3779.2718 02 03 MeV
M= 249745 155 105 MeV

(1) _ +79 +17 +13
Mee’ =154 T8 19" T35 eV

(2 _ +72 +24 490

o B(J/ — ync) = (3.58 £0.38 + 0.20)%
o (1.7£0.4)% (PDG average, scale factor 1.6)
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o M2l = 3006.900 + 0.002 + 0.006 MeV,

o Minal = 3686.100 + 0.004 + 0.009 MeV,

]
0 Teve (J/U)/T e, (/1) = 1.0022 + 0.0044 + 0.0048 (0.65%)

° 1.0017 + 0.0017 + 0.0033 (BESIII 2013)
0 lMee x T/ T =(19.4+0.4+1.1)eV for 1(25)

@ 9(3770) parameters ~ all published data fit
M = 3779.2718 02 03 MeV M = 3779.2 + 1.0 MeV
[=24.9730 132 153 MeV M=26.4+1.0 MeV
rl) — 154 179 17413 oy r) — 202418 eV
r) — 414172424490 oy r —346+£19 ev

o B(J/¥ — yne) = (3.58 + 0.38 & 0.20)%
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Theory (misc)

The formulae used in this analysis are based on the analytical expression of
radiative correction integral in the soft photon approximation (SPA) first
obtained in Y. |. Azimov et al., JETP Lett. 21 (1975) 172.

The accuracy improved using E. A. Kuraev and V. S. Fadin, Sov. J. Nucl.
Phys. 41 (1985) 466. as described in V. V. Anashin et al., Phys. Lett. B
711 (2012) 280

In the SPA the formulae are equivalent to that of R. N. Cahn Phys. Rev. D
36 (1987) 2666 corrections beyond SPA are not essential for this analysis.
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Cross section (J/v)

ee—ee 1 r
(ﬂ) :W(1+5,c){9 Fr (14 cos?0) Im F—

dQ 4 T™m
3l gte 5 (1 + cos )2 do\ 7
e 1 g) - =TT IR @
2 M [( + cos™0) (1 —cosf) ef} v dQ? ) qep

ee—r [l I— 7r B
(E) :i(l_,_grc){gwm}"_

dQQ M? 4 rM
3ay/TeteT - ’ (do)ee_)““
————F———F————ReF;(l+cos°0)+ | —=
2 M } ( ) dQ? ) qep
M 1-8
5 4 w 1
where F = % , ,Bz—a(ln———) ~ 0.077
-W+M-5 m me 2

Corrections to the vacuum polarization are omitted in the interference terms.
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3 a7 1 5 (37 7w L
6rc—1+zﬂ+;(?_§>+ﬁ( ————— )7
where L = In(W?2/m?2).

[Kuraev and Fadin, Sov. J. Nucl. Phys. 41, 466472, 1985]
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J/1 — eTe™ (resonance) counting (misc)

1+cos6)?
(Fey = SR FE) () ey 9(cos0)
2 L}”Im F(E) ~ [1+cos26 d(cosb) |’

S L7 F(E))
1
2L

where L1, — integrated luminosity by single bremsstrahlung.

» J/¢ — ete™ event counting

+

(b(E)) =

I

rete” e

e~ (continuum)
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Results on 7. mass and width

WEIGHTED AVERAGE
WEIGHTED AVERAGE 29.742.1 (Error scaled by 2.0)
2981.0+1.1 (Error scaled by 1.7)
Values above of weighted average, error,

and scale factor are based upon the data in
this ideogram only. They are not neces-

i sarily the same as our ‘best values,
KEDR (thls reSUIt) 2 Oblmrynéd from a least-squares constrained fit
BES 2012 - %__ utilizing measurements of other (related)
. DEL.AMO-SA._.11M BABR 1.2 quantities as additional information.

 VINOKUROVA 11  BELL 3.2 KEDR (this result) 2
“tEES 19 gonth 06 EELSAQI\?K;ZSA 11M BABR 55
AUBERE DHABZBADE; (20 . VINOKUROVA 11 BELL 24
UEHARA 08 BELL 36 = i R s
ABE 07 BELL 2.0 AUBERT 08AB BABR 1.3
Cwu 06 BELL 76 UEHARA 08 BELL 0.2
- WU 06 BELL 09 wu 06 BELL 45

wu 06  BELL
BENETE WM e e ASNER 04 CLEO 1.0
- AMBROGIANI 03 E835 1.8 AMCHOCIANeE tass. 4
i BAI 03 BES 4.9 i = BAI 03 BES 24
...... BAI 00F BES 32 —e— e BAI 00F BES 4.2
- - ARMSTRONG 95F E760 0.3

BAI 90B MRK3 45

- GAISER 86 CBAL _ 04

36.1

(Confidence Level = 0.0006)
1 J

1 |

2050 2060 2970 2980 2990 3000 3010 S5 W B B B G G0

BAGLIN 87B SPEC 9.2
BALTRUSAIT..86  MRK3
- GAISER 86 CBAL _16.4

47.7
(Confidence Level <0.0001)

M(nc) = (2981.4 + 1.0 + 2.5) MeV,
M(ne) = (29.5 + 3.0 + 4.9) MeV.
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Results on '(J/¢ — vn,)

4 T — T T — T T T
Experiment Theoretical predictions PDG upper limit —— -
PDG lower limit — — -
Crystal Ball [49]
i . CLEO [50] —@—
i\ v {% _ ngR[51] —
; Disp. relations [52] >—‘—|
5 Sum Rules [53] -~
S22 @ L — 17 Sum Rules [54] -]+

T

. Latt. QCD [48] - w1
= | N T " . HPQCD [55] —
i ] Eff. theory [18] £
Eff. theory, This work 2
KEDR, this result —ll—

L L L 1 1 L L L

1 1
[491 (501 [511  [52] [53] [54] [48] [55] [18] ours

FIG. 9: Comparison of different theoretical and experimental predictions for T’ Iy

F(J/1 — yne) = (2.99 4 0.32 £ 0.21) keV.
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Results on '(J/¢ — vn,)

Our new result on '(J/1) — ~nc) decay is higher than our 2010 year
result, because we use another model for 7). resonance description, take
into account interference effects and measure photon efficiency with better
accuracy. Possible reasons for discrepancy of our result with Crystal Ball
and CLEO results are: background subtraction in the Crystal Ball analysis
may be incorrect (polynom degree in fit is too high), and the fact that
CLEO does not take into account the effects of interference, although it is
necessary for exclusive processes.
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