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VEPP—-4M collider

sc. sC.
| depolarizer |
| —praes |

\ Beam energy 1+6 GeV
I Number of bunches 2x 2

J Beam current, E=1.8 GeV 2.0 mA
Luminosity, E=1.8 GeV 1.5-10%°_2

cm?-s

CO, laser, A=10.59 um

@ Resonant depolarization technique:
Instant measurement accuracy ~ 1 x 10~°
Energy interpolation accuracy (5 + 15) x 107° (10 = 30 keV)

@ Infra-red light Compton backscattering (2005):
Statistical accuracy ~ 5 x 107> / 30 minutes
Systematic uncertainty ~ 3 x 107> (50 + 70 keV)
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Resonant Depolarization Method

scC. scC.
| arizer |
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Energy monitoring using IR-light Compton bac

@ R. Klein et al., NIM A384 (1997) 293: BESSY-I, 800 MeV
@ R. Klein et al., NIM A486 (2002) 545: BESSY-II, 1700 MeV

150m| HPGe electron beam
detector b .
amma ray beam
)?b S

. inside VEPP-4M vacuum chamber
4x4mm lead collimator

Cryostat

|Lcoplaser €W 30W) J———

/ E2

w = -
max E+ m2/ 4w/ aser

o COy — laser (A =10.591 pm, wjaser = 0.12 &V, W), ~ 6 MeV)

max
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Compton backscattering spectrum

20050607 | 185910 | beam __Whole spectum
2 E .
ER: 7 < unlike BESSY-II, only
O 35004 9
> ¥0h 2712.005 + 46,254 :
ool is6s s oo standard isotopes are used
H p2 847 0. - :
o e Faolbrail for the detector calibration
H pa 1177.243+ 6,871
2000H} p5 -0.248 + 0.316
1500
=y [Average stat. error: 70.1 keV | h2
1000
r ol W Entries 360
500 [— 90F g
£ E X2/ ndf 8.686/11
05566 4000 6000 8000 10000 12000 80 Prob 0.6509
Channels 70F Constant  83.19+5.34
20050607 | 185910 | beam Edge spectrum E \ Mean  -0.682+4.836
Entries 4020671 = "
P e TR 60F Sigma  93.28+3.78
8 140 Prob 0.301 L
z PO 11117.704£ 0.710 50F
120 [0 + [
] p1 9.180+0.781
= A “\ p2 -0.017 £ 0.030 pros
100/ p3 114.283+3.171 E 7 3‘_
E \ pa -0.014 + 0,005 20k
= | p5 11.490+ 0.725 E
5 ‘t 20F
- 10F
. F
i oy, el =
- el rorlecy] 9
Rosb—iT006 {7056 iTIed " iTiso im0 - i1s0  i1300 " 113s0 -500 -400-300 -200 -100 0 100 200 300 400 500
Channels E_RDP - E_CBS, keV
o Final CBS calibration with resonant depolarization 0

@ Energy determination accuracy: 50100 keV (stat), 60 keV (syst)

o Energy spread determination accuracy ~ 7 % (syst)
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Recent results from the KEDR Detector

Q

66600000000

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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¥(3770) mass , [z and e measurements

Tobs [nb] Oobs [Nb]
600F -
F 24—
s00f10(2S) (scan 2006) N
aof- b 1/)(3779) (scan 2006)
300; 8
g 16F
200 s
g 14F
100;7 12f
675 3676 5080 3062 3054 3086 308 3690 3002 S - R —
W [MeV] W [MeV]

Three scans in region ¢(25) — ¢(3770).
Scans 2004 [ L dt ~ 0.6 pb~*
Scan 2006 [ £ dt ~ 1.8 pb™*
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Parameterization of hadronic cross section

01i(W) = 0qq + eyizs) - [ dW' dxays)(w') F(x, w') - G(YTH)
+epp - [ dw dx (oy@rro) (W) + ofpre(w)) Z(x, w') - G (=)

G W) — Gaussian function, .Z(x, W) — radiative correction function:
E.A.Kuraev and V.S.Fadin, Sov.J.Nucl.Phys.41(1985)466.

o 3_71' Teeln
oyr0) (W) = 3 (W(A—x)—M)2+T(W)?/4
(Ro*PDo(W))3 (Ro*pD:l:(W))3
1+(Ry*ppy (W))? ' 1+(Roxpp, (W))?
(Roxppy(M)F _ (Ro=pp (M)
1+(Ro*ppy (M) " 1+(Ro*pp | (M)

r(W) = rtot

Parameters of the fit:

045(w) — light quarks cross section
ey(2s) — P(25) efficiency r
5 — DD efficiency fot

M — (3770) mass
— 9(3770) width parameter

€pD s . .
— at ¥(25) Ro — interaction radius

A.E.Blinov Recent results from the KEDR Detector PHIPSI09, Beijing, 13/10/2009 9/31



Nonresonant DD cross section and interference

nonreS(W) =c (W)—I—O':I:(W)

(W) =0pp - Fpox

In “standard” parameterization of o:(w) interference between 1)(3770)
and nonresonant DD production is absent. We tried to include it
parameterizing DD cross section also as:

opp(w) = [dw' dx|Ayrro)(w) + AmIres (w) - e 2.7 (x, w') - G(W=),

where |Ay(3770)(W)? = ayarro) (W), AR (W) =\ Jo e (w)

A.E.Blinov Recent results from the KEDR Detector PHIPSI09, Beijing, 13/10/2009 10/31



O obs [n b]
20

Scan 2006

without interference x? = 28.2

19

18 o 2
with interference x* = 22.2

17
16 . . - . .

s Fitting region limit
14

13

R
12

il
57505800~ Seso. -~ 3500 5950

W [Mev]
Black line - fit without intererence (parameterization is identical to one
used in MARKI,MARK2,DELCO,BES(2005) experiments):

o10es (3770) = 0.12 4 0.03 nb .

Red line - fit with interference of resonant and nonresonant amplitudes:
Ug"b”res(3770) =0.39+0.09nb, ¢=3.4+0.3.
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fit without interference

M(3770) [MeV]

rtot [M eV]

e €V

2004 year

37725 £1.0+£0.7

21.2+£6.0+11

256 £ 37 £ 40

2006 year

3773.4£06+£05

243£24+10

315 £28+25

3773.2+£05£0.6

239+£224+11

294 £22 4+ 30

fit with i

nterference

2004 year

3778.6 £1.5£0.7

27.1£55+16

367 £+ 50 £+ 40

2006 year

3777.0+£1.5£0.7

28.7£3.7+27

276 £40 £ 22

3777.8 £1.1+£0.7

282+£31+24

312+ 314+30
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Comparison with other experiments

A.E.Blinov

DKCnepuMeHT My (3770 [MeV] I y@3r70) [MeV]
MARK-I 3774.1+3 28+5
DELCO 3772.1£2 24 £5
MARK-II 3766.1 £2 24 £5
BES-I1 2007 - 285+1.24+0.2
BES-I1 2008 37720+ 1.9 30.4£85
BELLE 2004 3778.4+£3.0£13 -
BABAR 2007 3778.8+1.9+09 | 235£3.7+£0.9
BELLE 2008 3776.0 £5.0£ 4.0 27 £10£5
BABAR 2008 37755+ 24£05 -
PDG2008 FIT 3772.92 £0.35 27.3+£1.0
PDG2008 AVERAGE 37752+ 1.7 27.6 £1.0
KEDR (without interference) | 3773.24+05+0.6 | 23.9+22+1.1
KEDR (with interference) 37778 £1.1+0.7 | 282+£3.1+£2.4
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Experiments results for 1(3770)mass

12+ KEDR(preliminary):
u wihout interference with interference
- —— —_————
10'_ PRG 2008 FIT
: PDg 2008 AVERAGE
sl BES 2008
B BABAR 2008
6_— BELLE 2008
i __| BABAR 2007
4~ PDG did not use for average BEGLE 2004
B MARK-II
o DELCO
B MARK-|
0'...|...|...|...|...|...|...|.. RIS PR R

3764 3766 3768 3770 3772 3774 3776 3778 3780 3782 3784
My3770[MeV]
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D mass measurement: formalism

The process et e~ — ¢)(3770) — DD is used
A One of the D mesons is fully reconstructed

Tpp (Nb)

DO — K—xt B=38+01%
/\ Dt - K ntat B=92+06%

The mass is measured as
0
1860 1870 1880 1890 1900

Eqeam (MeV) bec = \/ beam Z p ’)

BN W A~ G

Near-threshold production pp = 260 MeV =

a?(Mp) = oy /4 + (§)?05, = oy /4 +0.0207

The contribution of momentum resolution is reduced.

[ Ldt ~ 900 nb™! . Data accumulated in 2004
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D mass measurement: formalism

Signal selection variables:

My = m and AEZZ,-\/P,-Z‘f’m,? — Epeam

Signal events: AE ~ 0.

Simulation of D® — K—7t:

S, 2200F
300F
5 2000 900
1w 200f 1800 800
< 1600 700]
100p 1400 600
ob 1200, 500
1000]
: 4
-100F 800) 322
600)
200 - 200 200]
soof 200 100
1800 1820 1840 1860 1880 1800 1820 1840 1860 1880 1900 07200 0 200
M,, (MeV) M,, (MeV) AE (MeV)

Kinematic fit with AE = 0 constraint = better mass resolution,
reduced momentum calibration uncertainty.
(AE) = 0 gives the absolute momentum calibration.
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D° mass measurement: D° — K7t

Expected M, resolution of two-body decay D® — K~7* depends on
decay kinematics (along or transverse to DO flight). We use variable
Alp| = |pk| — |p=| to separate events with different M, resolution.

890F
Q

b3
~1880F

350F
300F
250F
200F
150F
100F

50F

350F
300F
250F
200F
150F
100F

50F
1830p 1 L N .\ L 1 0 0
-400 -200 0 200 400 1840 1860 1880 1900 1840 1860 1880 1900
alpl (Mev) M, (MeV) M, (MeV)

Alp|<50 MeV

=
1870F Alp|>150 MeV

1860

1850

1840F

The A|p| was added in minimized inverse log. likelihood function:

Ney
—2InL = =23 Inp(Myci, AE;, Alp|;) (where p = psg + ppek, [ p=1)
i=1

It allows to improve statistical precision of the D® mass measurement by a
factor of ~ 1.5 (0.55 — 0.35 MeV).
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DO mass measurement

w
vl

F (525 DD bek

'I]]]]]]]]]] Signal
_|:| uds bck

Events/2 MeV
N W
a o

N
2

15
104

1 1 1 1 i
1800 1820 1840 1860 1880 1900 800200100 0 100 200 300 1700 1750 1800 1850 1900
M, (MeV) AE (MeV) M, (MeV)

Number of D® — K~ 7t events: 98 + 13.
Mpo = 1865.30 + 0.33 = 0.23(syst)MeV

0

Dominant systematic errors:
Radiative corrections (o(eTe™ — DD) uncertainty) 0.16 MeV

Momentum resolution 0.13 MeV
Signal PDF shape 0.07 MeV
Background PDF shape 0.05 MeV
Absolute momentum calibration 0.04 MeV
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D:t mass measurement

4 mm] Signal
sk 228 DD bek
|:| uds bck

sl P

1 1 1 1 1 1 1 1 1 1
0’1800 1820 184BSB60 1880 1900 -300 -200 -100 O 100 200 300 1700 1750 1800 1850 1900
M, (MeV) AE (MeV) M, (MeV)

Number of events DT — K—xTxt: 110 + 15.
Mp<« = 1869.53 + 0.49 -+ 0.20(syst)MeV

Events/2 MeV
G N (B;J‘ w W

Dominant systematic errors:
Radiative corrections (o(eTe™ — DD) uncertainty) 0.11 MeV

Momentum resolution 0.10 MeV
Signal PDF shape 0.05 MeV
Background PDF shape 0.11 MeV
Absolute momentum calibration 0.04 MeV
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D mass measurement: comparison with other results

DO mass measurements | D+ mass measurements I
ROG: 1864.84 0.17 PDG: 1860.62 £ 0.20 (fit)
1864.70 + 0.60
MARK 11 —_——— 1869.40% 0.60
MARK [l| ==———————p—
1864.60%1.04
ACCMOR
187000+ 1.12
- ______________J]
1864.85+ 0.21 ACCMOR
CLEO ———
1869.53+ 0.53
1865.30 0.40
KEDR KEDR
Il Il Il Il Il
1864 1865 1869 1870 1871
0 +
D" mass (MeV) D" mass (MeV)

PDG average is dominated by CLEO [PRL 98 (2007) 092002]
and D%-D* mass difference.
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Search for narrow resonances below J /4

In W region between 1.4 GeV and M, no limit on narrow resonances in
eTe™ annihilation cross section was available.

A region from 1.85 GeV to 3.1 GeV has been scanned by KEDR with an
Epeam step ~ (0.7 — 1.0) MeV'.

[ Ldt ~ 280 nb™! is collected.

The data are accumulated in 2009 and the result is very preliminary.
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Event selection

Three sets of event selection cuts with &/, paq,=0.43-0.63 are used.
The one with highest &:

@ >2 tracks from event vertex
>1 "good” vertex tracks (with cluster in barrel calorimeter)

there is vertex track acoplanar to “good” one (A¢>0.15 rad)

aplanarity: sum of momenta transverse to “event plane”’> 0.1 - Epeam
<3 hits in Muon Chambers
|Pevent/Eevent| < 0 5

g :
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Parameterization of resonance cross section

Uhadr(W) — UqE] + Ehadr * deI dx UR—>hadr(WI) ,?(x, WI) : G(Wo-_—WVVl)y
where

47T R .Br(R— hadr)-6(w— Mg
TR hadr (w) = LB Mz b :

With the op.q(w) a likelihood fits were done in Mg 4+ 5MeV region

with 0.1 MeV Mg steps to get a best fit and 90 % upper limit for
MR . Br(R — hadr).

For each set of event selection cuts £p,4, was estimated from J/v
pass in the beginning of the scan, using known

2. Br(J/i — hadr)=4.9 keV.
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Fit results

cent results from the KEDR Detector

leB rhadr(ev) 90 Z c.l.
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Conclusions: Limit on narrow resonances below J/4).

All three event selection yield 90 % upper limit for

MR . Br(R — hadr) ~ 100eV, assuming € hadr =€ J yp— hadr, OWever:
° EJ/w—>hadr/Ee+e*—>hadr ~11
& 5e+e*—>hadr(3~1Gev)/5e+e*—>hadr(1~9GeV) ~1.2

@ variation of o, could further increase the limit

therefore, combining all the factors we set a limit for
IR . Br(R — hadr) < 150eV
in W range between 1.85 GeV and J/.
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Conclusion

@ The parameters of 1)(3770) are measured using the data collected by
KEDR detector at VEPP-4M collider in 2004 and 2006:

o Fit without interference:

o Tiom =23.94+22+1.1 MeV
o Tee =294 422+30eV

o Fit with interference:
o M¢(3770) = 37778 +1.1+ 07 MeV

0 Tiore) = 28.243.1+2.4 MeV
0 Tee=312+31+30eV

o Interference angle is about 7
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Conclusion

@ The masses of D and Dt mesons are measured using the data
collected by KEDR detector at VEPP-4M collider in 2004.
[arXiv:0909.5545 (submitted to PLB)]

@ The values of the masses are:

@ Mpo =1865.30 + 0.33 + 0.23 MeV

o Mp+ = 1869.53 £ 0.49 & 0.20 MeV

@ The D° mass is consistent with the more precise CLEO measurement,
obtained with the different technique (D° — K2¢).

@ The measurement of the D mass is the most precise direct one.
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The main systematic uncertainties for ¥(3770) mass (fit

without interference) in scan 2006

o Conservative estimates of 1(3770) mass error

Detection efficiency variations

Including background from G(3943) resonance
Luminosity measurement instability

Fitting form (Ry variations)

Fitting energy limit variations

Absolute energy determination

Sum in quadrature

: 0.4 MeV

: 0.3 MeV

: 0.2 MeV

: 0.1 MeV

: 0.1 MeV

: <0.1 MeV
1 0.57 MeV

A.E.Blinov Recent results from the KEDR Detector PHIPSI09, Beijing, 13/10/2009 28/31



The main systematic uncertainties for ¥(3770) mass (fit

with interference) in scan 2006

o Conservative estimates 1/(3770) mass error

Fitting form (Rp variations)

Including background from G(3943) resonance
Detection efficiency variations

Luminosity measurement instability

Fitting energy limit variations

Absolute energy determination

Sum in quadrature

: 0.5 MeV
: 0.3 MeV
: 0.3 MeV
: 0.2 MeV
: 0.1 MeV
: <0.1 MeV
: 0.7 MeV
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Experiments results I ot

10_KEDR(preIiminary) with interference
B without interference
= — e
sl PDG 2008 AVERAGE
i BES 2008
6 B BELLE
B BES 2007
= — e
4 B BABAR 2007
i MARK-II
2 B DELCO
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Scan 2004

O obs [nb]
17

Scan 2004
classical fit x*/ndf = 0.7

16

15

a4 fit with interference x°/ndf = 0.2

13
12 l/‘/
11
.
10 P T TS R S S
3750 3800 3850 3900 3950
W [MeV]

Fit without interference(black line)
Nonresonant opp = 0.189 + 0.086 nb.

Fit with interference. (red line).
Nonresonant o5 = 0.368 + 0.203 nb, ¢ = 2.583 £ 0.845
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