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VEPP–4M collider

e-e+

HPGe detector

VEPP-4M

VEPP-3

B-4

RFRF

KEDR

s.c.s.c.

s.c.s.c.

depolarizer

plates
Beam energy 1÷6 GeV

Number of bunches 2 × 2

Beam current, E =1.8 GeV 2.0 mA

Luminosity, E =1.8 GeV 1.5 · 1030 1
cm2·s

Resonant depolarization technique:
Instant measurement accuracy ' 1 × 10−6

Energy interpolation accuracy (5 ÷ 15) × 10−6 (10 ÷ 30 keV)

Infra-red light Compton backscattering (2005):
Statistical accuracy ' 5 × 10−5 / 30 minutes
Systematic uncertainty ' 3 × 10−5 (50 ÷ 70 keV)
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Resonant Depolarization Method

e-e+↑↑e-

↑↓e-

↑↑e-

VEPP-4M

VEPP-3at E  = 1548 MeV
τp = 100 hours τp = 1.3 hours

at E  = 1548 MeV

RFRF

KEDR

s.c.s.c.

s.c.s.c.

depolarizer

plates

Ωspin/ωrev = 1 + γ · µ′/µ0

Touschek (intra-beam scattered)
electron pairs are detected with
2×2 scintillation counters (s.c.)

Ωspin ± Ωdep = n · ωrev

Scattering rates from
unpolarized ↑↓ and polarized
↑↑ beams are compared

∆=
fpol−funpol

fpol
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Energy monitoring using IR-light Compton backscattering

R. Klein et al., NIM A384 (1997) 293: BESSY–I, 800 MeV

R. Klein et al., NIM A486 (2002) 545: BESSY–II, 1700 MeV

CO   laser (CW 30W)2

gamma ray beam

4x4mm lead collimator

150ml HPGe
detector

Cryostat

electron beam

inside VEPP-4M vacuum chamber

ω′

max =
E 2

E + m2/4ωlaser

CO2 – laser (λ = 10.591 µm, ωlaser = 0.12 eV, ω′
max ' 6 MeV)
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Compton backscattering spectrum

Channels
2000 4000 6000 8000 10000 12000

Whole spectum
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⇐ unlike BESSY–II, only
standard isotopes are used
for the detector calibration

h2
Entries  360

 / ndf 2χ  8.686 / 11

Prob   0.6509

Constant  5.34± 83.19 

Mean      4.836± -0.682 

Sigma     3.78± 93.28 

E_RDP - E_CBS, keV
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h2
Entries  360

 / ndf 2χ  8.686 / 11

Prob   0.6509

Constant  5.34± 83.19 

Mean      4.836± -0.682 

Sigma     3.78± 93.28 

Average stat. error: 70.1 keV

Final CBS calibration with resonant depolarization ⇑

Energy determination accuracy: 50÷100 keV (stat), 60 keV (syst)

Energy spread determination accuracy ' 7 % (syst)
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KEDR detector

1 Vacuum chamber

2 Vertex detector

3 Drift chamber

4 Threshold aerogel counters

5 ToF–counters

6 Liquid krypton calorimeter

7 Superconducting coil

8 Magnet yoke

9 Muon tubes

10 CsI-calorimeter

11 Compensation solenoid

12 VEPP–4M quadrupole
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ψ(3770) mass , Γtotal and Γee measurements
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ψ(2S) (scan 2006)

ψ(3770) (scan 2006)
3750 3800 3850 3900 395010

12

14

16

18

20

22

24

PSfrag replacements

W [MeV]
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σobs [nb]

σobs [nb]

ψ(2S) (scan 2006)

ψ(3770) (scan 2006)

Three scans in region ψ(2S) − ψ(3770).
Scans 2004

∫

L dt ' 0.6 pb−1

Scan 2006
∫

L dt ' 1.8 pb−1
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Parameterization of hadronic cross section

σfit(w) = σqq̄ + εψ(2S) ·
∫

dw ′ dx σψ(2S)(w
′)F (x ,w ′) · G (W−W ′

σw
)

+εDD̄ ·
∫

dw ′ dx (σψ(3770)(w
′) + σnonres

DD̄
(w ′))F (x ,w ′) · G (W−W ′

σw
)

G (W−W ′

σw
) – Gaussian function, F (x ,W ) – radiative correction function:

E.A.Kuraev and V.S.Fadin, Sov.J.Nucl.Phys.41(1985)466.

σψ(3770)(w) = 3π
M2

ΓeeΓh

(W (1−x)−M)2+Γ(W )2/4

Γ(w) = Γtot

(R0∗pD0
(W ))3

1+(R0∗pD0
(W ))2

+
(R0∗pD±

(W ))3

1+(R0∗pD±
(W ))2

(R0∗pD0
(M))3

1+(R0∗pD0
(M))2

+
(R0∗pD±

(M))3

1+(R0∗pD±
(M))2

Parameters of the fit:

σqq̄(w) – light quarks cross section
εψ(2S) – ψ(2S) efficiency

εDD̄ – DD̄ efficiency
σw – at ψ(2S)

M – ψ(3770) mass
Γtot – ψ(3770) width parameter
R0 – interaction radius
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Nonresonant DD̄ cross section and interference

σnonres
DD̄

(W ) = σ0(W ) + σ±(W )

σ0,±(W ) = σDD̄ · β3
D0,±

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

σDD̄(w) =
∫

dw ′ dx |Aψ(3770)(w) + Anonres
DD̄

(w) · e iφ|2F (x ,w ′) · G (W−W ′

σw
),

where |Aψ(3770)(w)|2 = σψ(3770)(w), Anonres
DD̄

(w) =
√

σnonres
DD̄

(w)
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Two fits
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W [MeV]

σobs [nb]

Fitting region limit

Scan 2006

without interference χ2 = 28.2

with interference χ2 = 22.2

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

DD̄
(3770) = 0.12 ± 0.03 nb .

Red line - fit with interference of resonant and nonresonant amplitudes:
σnonres

DD̄
(3770) = 0.39 ± 0.09 nb, φ = 3.4 ± 0.3.
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Results

fit without interference

Mψ(3770) [MeV] Γtot [MeV] Γee eV

2004 year 3772.5 ± 1.0 ± 0.7 21.2 ± 6.0 ± 1.1 256 ± 37 ± 40

2006 year 3773.4 ± 0.6 ± 0.5 24.3 ± 2.4 ± 1.0 315 ± 28 ± 25

3773.2 ± 0.5 ± 0.6 23.9 ± 2.2 ± 1.1 294 ± 22 ± 30

fit with interference

2004 year 3778.6 ± 1.5 ± 0.7 27.1 ± 5.5 ± 1.6 367 ± 50 ± 40

2006 year 3777.0 ± 1.5 ± 0.7 28.7 ± 3.7 ± 2.7 276 ± 40 ± 22

3777.8 ± 1.1 ± 0.7 28.2 ± 3.1 ± 2.4 312 ± 31 ± 30
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Comparison with other experiments

Эксперимент Mψ(3770)[MeV] Γψ(3770) [MeV]

MARK-I 3774.1 ± 3 28 ± 5

DELCO 3772.1 ± 2 24 ± 5

MARK-II 3766.1 ± 2 24 ± 5

BES-II 2007 - 28.5 ± 1.2 ± 0.2

BES-II 2008 3772.0 ± 1.9 30.4 ± 8.5

BELLE 2004 3778.4 ± 3.0 ± 1.3 -

BABAR 2007 3778.8 ± 1.9 ± 0.9 23.5 ± 3.7 ± 0.9

BELLE 2008 3776.0 ± 5.0 ± 4.0 27 ± 10 ± 5

BABAR 2008 3775.5 ± 2.4 ± 0.5 -

PDG2008 FIT 3772.92 ± 0.35 27.3 ± 1.0

PDG2008 AVERAGE 3775.2 ± 1.7 27.6 ± 1.0

KEDR (without interference) 3773.2 ± 0.5 ± 0.6 23.9 ± 2.2 ± 1.1

KEDR (with interference) 3777.8 ± 1.1 ± 0.7 28.2 ± 3.1 ± 2.4
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Experiments results for ψ(3770)mass
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KEDR(preliminary):
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D mass measurement: formalism

0

1

2

3

4

5

1860 1870 1880 1890 1900
Ebeam (MeV)

σ D
D
 (

n
b

)

The process e+e− → ψ(3770) → DD is used
One of the D mesons is fully reconstructed

D0 → K−π+ B = 3.8 ± 0.1%
D+ → K−π+π+ B = 9.2 ± 0.6%

The mass is measured as

Mbc =
√

E 2
beam − (

∑

~pi)2

Near-threshold production pD = 260 MeV ⇒

σ2(MD) = σ2
W /4 + ( pD

MD
)2σ2

pD
= σ2

W /4 + 0.02σ2
pD

The contribution of momentum resolution is reduced.
∫

Ldt ' 900 nb−1 . Data accumulated in 2004.
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D mass measurement: formalism

e+

e−

D0

~pD =

∑
~pi

D̄0

K−

π+ Signal selection variables:

Mbc =
√

E 2
beam − p2

D and ∆E =
∑

i

√

p2
i + m2

i − Ebeam

Signal events: ∆E ∼ 0.

Simulation of D0 → K−π+:

 (MeV)bcM
1800 1820 1840 1860 1880

E
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)
∆
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Kinematic fit with ∆E = 0 constraint ⇒ better mass resolution,
reduced momentum calibration uncertainty.
〈∆E 〉 = 0 gives the absolute momentum calibration.
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D
0 mass measurement: D

0 → K
−π+

Expected Mbc resolution of two-body decay D0 → K−π+ depends on
decay kinematics (along or transverse to D0 flight). We use variable
∆|p| = |pK | − |pπ| to separate events with different Mbc resolution.

|p| (MeV)∆
-400 -200 0 200 400

 (
M

eV
)

b
c

M

1830
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 (MeV)bcM
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|p|<50 MeV∆

 (MeV)bcM
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|p|>150 MeV∆

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

−2 lnL = −2
Nev
∑

i=1
ln p(Mbc,i ,∆Ei ,∆|p|i) (where p = psig + pbck ,

∫

p ≡ 1)

It allows to improve statistical precision of the D 0 mass measurement by a
factor of ' 1.5 (0.55 → 0.35 MeV).
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D
0 mass measurement
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Number of D0 → K−π+ events: 98 ± 13.
MD0 = 1865.30 ± 0.33 ± 0.23(syst)MeV

Dominant systematic errors:
Radiative corrections (σ(e+e− → 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
± mass measurement
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Number of events D+ → K−π+π+: 110 ± 15.
MD± = 1869.53 ± 0.49 ± 0.20(syst)MeV

Dominant systematic errors:
Radiative corrections (σ(e+e− → 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

 mass (MeV)0D
1864 1865

KEDR

CLEO

ACCMOR

MARK II

 0.17±PDG: 1864.84 

 0.60±1864.70 

 1.04±1864.60 

 0.21±1864.85 

 0.40±1865.30 

 mass measurements0D

 mass (MeV)+D
1869 1870 1871

KEDR

ACCMOR

MARK II

 0.20 (fit)±PDG: 1869.62 

 0.60±1869.40 

 1.12±1870.00 

 0.53±1869.53 

 mass measurements+D

PDG average is dominated by CLEO [PRL 98 (2007) 092002]
and D0-D+ mass difference.
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Search for narrow resonances below J/ψ

In W region between 1.4 GeV and MJ/ψ no limit on narrow resonances in
e+e− annihilation cross section was available.
A region from 1.85 GeV to 3.1 GeV has been scanned by KEDR with an
Ebeam step ' (0.7 − 1.0) MeV .
∫

Ldt ' 280 nb−1 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 εJ/ψ→hadr =0.43-0.63 are used.
The one with highest ε:

≥2 tracks from event vertex

≥1 “good” vertex tracks (with cluster in barrel calorimeter)

there is vertex track acoplanar to “good” one (∆φ>0.15 rad)

aplanarity: sum of momenta transverse to “event plane”> 0.1 · Ebeam

≤3 hits in Muon Chambers

|Pevent
z /E event | < 0.5
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Parameterization of resonance cross section

σhadr (w) = σqq̄ + εhadr ·
∫

dw ′ dx σR→hadr (w
′)F (x ,w ′) · G (W−W ′

σw
),

where

σR→hadr (w) = 4πΓR
ee ·Br(R→hadr)·δ(w−MR )

M2
R

With the σhadr (w) a likelihood fits were done in MR ± 5MeV region

with 0.1 MeV MR steps to get a best fit and 90 % upper limit for
ΓR

ee · Br(R → hadr).
For each set of event selection cuts εhadr was estimated from J/ψ
pass in the beginning of the scan, using known

Γ
J/ψ
ee · Br(J/ψ → hadr)=4.9 keV.

A.E.Blinov Recent results from the KEDR Detector PHIPSI09, Beijing, 13/10/2009 23/31



Fit results
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Conclusions: Limit on narrow resonances below J/ψ.

All three event selection yield 90 % upper limit for
ΓR

ee · Br(R → hadr) ' 100eV , assuming εhadr=εJ/ψ→hadr , however:

εJ/ψ→hadr/εe+e−→hadr ' 1.1

εe+e−→hadr (3.1GeV )/εe+e−→hadr (1.9GeV ) ' 1.2

variation of σw could further increase the limit

therefore, combining all the factors we set a limit for

ΓR
ee · Br(R → hadr) < 150eV

in W range between 1.85 GeV and J/ψ.
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Conclusion

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

Fit without interference:

Mψ(3770) = 3773.2± 0.5± 0.6 MeV

Γtotal = 23.9± 2.2± 1.1 MeV

Γee = 294± 22 ± 30 eV

Fit with interference:

Mψ(3770) = 3777.8± 1.1± 0.7 MeV

Γtotal = 28.2± 3.1± 2.4 MeV

Γee = 312± 31 ± 30 eV

Interference angle is about π

A.E.Blinov Recent results from the KEDR Detector PHIPSI09, Beijing, 13/10/2009 26/31



Conclusion

The masses of D0 and D+ 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:

MD0 = 1865.30± 0.33± 0.23 MeV

MD± = 1869.53± 0.49± 0.20 MeV

The D0 mass is consistent with the more precise CLEO measurement,
obtained with the different technique (D0 → K 0

Sφ).

The measurement of the D± mass is the most precise direct one.
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The main systematic uncertainties for ψ(3770) mass (fit
without interference) in scan 2006

Conservative estimates of ψ(3770) mass error

Detection efficiency variations : 0.4 MeV
Including background from G(3943) resonance : 0.3 МeV
Luminosity measurement instability : 0.2 МeV
Fitting form (R0 variations) : 0.1 МeV
Fitting energy limit variations : 0.1 MeV
Absolute energy determination : <0.1 MeV
Sum in quadrature : 0.57 MeV
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The main systematic uncertainties for ψ(3770) mass (fit
with interference) in scan 2006

Conservative estimates ψ(3770) mass error

Fitting form (R0 variations) : 0.5 МeV
Including background from G(3943) resonance : 0.3 МeV
Detection efficiency variations : 0.3 MeV
Luminosity measurement instability : 0.2 МeV
Fitting energy limit variations : 0.1 MeV
Absolute energy determination : <0.1 MeV
Sum in quadrature : 0.7 MeV
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Experiments results Γtot
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Scan 2004
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Scan 2004

classical fit χ2/ndf = 0.7

fit with interference χ2/ndf = 0.2

Fit without interference(black line)
Nonresonant σDD̄ = 0.189 ± 0.086 nb.

Fit with interference. (red line).
Nonresonant σDD̄ = 0.368 ± 0.203 nb, φ = 2.583 ± 0.845
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