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The CLEO-c Experiment

2

Data Samples:
3.97 - 4.26 GeV   ~ 60 pb-1

4.17 GeV             ~ 300 pb-1

ψ(3770)               ~ 800 pb-1

ψ(2S)                   ~ 3M (1.5M CLEO-III) + 
                            ~ 24.5M events

Next (last) run will be at 4.17 GeV

2003 - present
e+e- collisions at √s ~ 4 GeV 

CESR at Cornell University, USA

Watch for many new results from the 27M ψ(2S) sample.
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The Importance of ψ(1S,2S)→γηc (I)

3

•  They serve as a laboratory for the study 
of relativistic and non-perturbative effects 
in QCD.  (e.g., why is B(J/ψ→γηc) small?)

•  The first Lattice QCD calculations were 
recently performed at Jefferson Laboratory.  
(PRD73, 074507 (2006))

•  There are few previous measurements:
•  Crystal Ball (PRD34, 711 (1986)):

•  B(J/ψ→γηc) = 1.3 ± 0.4 %
•  B(ψ(2S)→γηc) = (2.8 ± 0.6) × 10−3

•  CLEO (PRD70, 112002 (2004)):
•  B(ψ(2S)→γηc) = 
          (3.3 ± 0.4 ± 0.6 ± 0.2) × 10−3

Eγ ~ 640 MeV
(THIS TALK)

Eγ ~ 115 MeV
(SOON)
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Γ
(

ρρ
)

/Γtotal Γ2/ΓΓ
(

ρρ
)

/Γtotal Γ2/ΓΓ
(

ρρ
)

/Γtotal Γ2/ΓΓ
(

ρρ
)

/Γtotal Γ2/Γ

VALUE (units 10−3) CL% EVTS DOCUMENT ID TECN COMMENT

20 ± 7 OUR EVALUATION20 ± 7 OUR EVALUATION20 ± 7 OUR EVALUATION20 ± 7 OUR EVALUATION (Treating systematicerrors as correlated.)
18 ± 5 OUR AVERAGE18 ± 5 OUR AVERAGE18 ± 5 OUR AVERAGE18 ± 5 OUR AVERAGE

12.6± 3.8±5.1 72 35 ABLIKIM 05L BES2 J/ψ →

π+π−π+π− γ
26.0± 2.4±8.8 113 35 BISELLO 91 DM2 J/ψ → γ ρ0 ρ0

23.6±10.6±8.2 32 35 BISELLO 91 DM2 J/ψ → γ ρ+ ρ−

• • • We do not use the following data for averages, fits, limits, etc. • • •

<14 90 35 BALTRUSAIT...86 MRK3 J/ψ → ηc γ

Γ
(

K∗(892)0K−π++ c.c.
)

/Γtotal Γ3/ΓΓ
(

K∗(892)0K−π++ c.c.
)

/Γtotal Γ3/ΓΓ
(

K∗(892)0K−π++ c.c.
)

/Γtotal Γ3/ΓΓ
(

K∗(892)0K−π++ c.c.
)

/Γtotal Γ3/Γ
VALUE EVTS DOCUMENT ID TECN COMMENT

0.02±0.0070.02±0.0070.02±0.0070.02±0.007 63 35 BALTRUSAIT...86 MRK3 J/ψ → ηc γ

Γ
(

K∗(892)K∗(892)
)

/Γtotal Γ4/ΓΓ
(

K∗(892)K∗(892)
)

/Γtotal Γ4/ΓΓ
(

K∗(892)K∗(892)
)

/Γtotal Γ4/ΓΓ
(

K∗(892)K∗(892)
)

/Γtotal Γ4/Γ

VALUE (units 10−4) EVTS DOCUMENT ID TECN COMMENT

92±34 OUR EVALUATION92±34 OUR EVALUATION92±34 OUR EVALUATION92±34 OUR EVALUATION (Treating systematicerrors as correlated.)
91±26 OUR AVERAGE91±26 OUR AVERAGE91±26 OUR AVERAGE91±26 OUR AVERAGE

108±25±44 60 35 ABLIKIM 05L BES2 J/ψ → K+ K−π+π− γ

82±28±27 14 35 BISELLO 91 DM2 e+ e− →
γK+K−π+π−

90±50 9 35 BALTRUSAIT...86 MRK3 J/ψ → ηc γ

Γ
(

K∗0K ∗0π+π−
)

/Γtotal Γ5/ΓΓ
(

K∗0K ∗0π+π−
)

/Γtotal Γ5/ΓΓ
(

K∗0 K∗0 π+π−
)

/Γtotal Γ5/ΓΓ
(

K∗0 K∗0 π+π−
)

/Γtotal Γ5/Γ

VALUE (units 10−4) EVTS DOCUMENT ID TECN COMMENT

150.±63.±43.150.±63.±43.150.±63.±43.150.±63.±43. 45 36 ABLIKIM 06A BES2 J/ψ →

K∗0 K∗0 π+π− γ

Γ
(

φK+K−
)

/Γtotal Γ6/ΓΓ
(

φK+K−
)

/Γtotal Γ6/ΓΓ
(

φK+ K−
)

/Γtotal Γ6/ΓΓ
(

φK+ K−
)

/Γtotal Γ6/Γ

VALUE (units 10−3) EVTS DOCUMENT ID TECN COMMENT

2.9+0.9
−0.8±1.12.9+0.9
−0.8±1.12.9+0.9
−0.8±1.12.9+0.9
−0.8±1.1 14.1+4.4

−3.7
37 HUANG 03 BELL B+ → (φK+ K−) K+

Γ
(

φφ
)

/Γtotal Γ7/ΓΓ
(

φφ
)

/Γtotal Γ7/ΓΓ
(

φφ
)

/Γtotal Γ7/ΓΓ
(

φφ
)

/Γtotal Γ7/Γ

VALUE (units 10−4) EVTS DOCUMENT ID TECN COMMENT

27 ± 9 OUR EVALUATION27 ± 9 OUR EVALUATION27 ± 9 OUR EVALUATION27 ± 9 OUR EVALUATION (Treating systematic errors as correlated.)
27 ± 5 OUR AVERAGE27 ± 5 OUR AVERAGE27 ± 5 OUR AVERAGE27 ± 5 OUR AVERAGE

25.3± 5.1± 9.1 72 35 ABLIKIM 05L BES2 J/ψ → K+K−K+K− γ

26 ± 9 357 ± 64 35 BAI 04 BES J/ψ → γK+K−K+ K−

18 + 8
− 6 ± 7 7.0+3.0

−2.3
37 HUANG 03 BELL B+ → (φφ) K+

31 ± 7 ±10 19 35 BISELLO 91 DM2 J/ψ → γK+K−K+ K−

30 +18
−12 ±10 5 35 BISELLO 91 DM2 J/ψ → γK+K−K0

S
K0

L

74 ±18 ±24 80 35 BAI 90B MRK3 J/ψ → γK+K−K+ K−

67 ±21 ±24 35 BAI 90B MRK3 J/ψ → γK+K−K0
S

K0
L
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Γ
(

π+π−pp
)

/Γtotal Γ26/ΓΓ
(

π+π−pp
)

/Γtotal Γ26/ΓΓ
(

π+π−pp
)

/Γtotal Γ26/ΓΓ
(

π+π−pp
)

/Γtotal Γ26/Γ
VALUE CL% DOCUMENT ID TECN COMMENT

<0.012<0.012<0.012<0.012 90 HIMEL 80B MRK2 ψ(2S) → ηc γ

35The quoted branching ratios use B(J/ψ(1S) → γ ηc (1S)) = 0.0127 ± 0.0036. Where
relevant, the error in this branching ratio is treated as a common systematic in computing
averages.

36ABLIKIM 06A reports [B(ηc (1S) → K∗0 K∗0 π+π−) × B(J/ψ(1S) → γ ηc (1S))] =

(1.91 ± 0.64 ± 0.48) × 10−4. We divide by our best value B(J/ψ(1S) → γ ηc (1S))

= (1.3 ± 0.4)× 10−2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

37Using B(B+ → ηc K+) = (1.25 ± 0.12+0.10
−0.12) × 10−3 from FANG 03 and B(ηc →

K K π) = (5.5 ± 1.7) × 10−2.
38ABLIKIM 06A reports [B(ηc (1S) → φ2(π+ π−)) × B(J/ψ(1S) → γ ηc (1S))] =

< 0.603 × 10−4. We divide by our best value B(J/ψ(1S) → γ ηc (1S)) = 0.013.
39We are assuming B(a0(980) → ηπ) >0.5.
40ABLIKIM 04M reports [B(ηc (1S) → f2(1270) f2(1270)) × B(J/ψ(1S) → γ ηc (1S))]

= (1.3 ± 0.3+0.3
−0.4) × 10−4. We divide by our best value B(J/ψ(1S) → γ ηc (1S)) =

(1.3 ± 0.4) × 10−2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

41Determined from the ratio of B(B± → K± ηc ) B(ηc → K K π) = (7.4 ± 0.5 ± 0.7)×

10−5 reported in AUBERT,B 04B and B(B± → K± ηc ) = (8.7± 1.5)×10−3 reported
in AUBERT 06E.

42Average from K+ K−π0 and K±K0
S

π∓ decay channels.
43 Estimated using B(ψ(2S) → γ ηc (1S)) = 0.0028 ± 0.0006.
44ABLIKIM 06A reports [B(ηc (1S) → K+K− 2(π+π−)) × B(J/ψ(1S) → γ ηc (1S))]

= (1.21 ± 0.32 ± 0.24)× 10−4. We divide by our best value B(J/ψ(1S) → γ ηc (1S))

= (1.3 ± 0.4)× 10−2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

45Normalized to the sum of B(ηc → K±K0
S

π∓), B(ηc → φφ), B(ηc →

K+K−π+π−), and B(ηc → 2π+ 2π−).
46ABLIKIM 06A reports [B(ηc (1S) → 3(π+π−)) × B(J/ψ(1S) → γ ηc (1S))] = (2.59±

0.32 ± 0.47) × 10−4. We divide by our best value B(J/ψ(1S) → γ ηc (1S)) = (1.3 ±

0.4) × 10−2. Our first error is their experiment’s error and our second error is the
systematic error from using our best value.

47WU 06 reports [B(ηc (1S) → pp) × B(B+ → ηc K+)] = (1.42± 0.11+0.16
−0.20)×10−6.

We divide by our best value B(B+ → ηc K+) = (9.1 ± 1.3)× 10−4. Our first error is
their experiment’s error and our second error is the systematic error from using our best
value.

48WU 06 reports [B(ηc (1S) → ΛΛ) × B(B+ → ηc K+)] = (0.95+0.25
−0.22

+0.08
−0.11)×10−6.

We divide by our best value B(B+ → ηc K+) = (9.1 ± 1.3)× 10−4. Our first error is
their experiment’s error and our second error is the systematic error from using our best
value.

49Not independent from other ηc → ΛΛ, pp branching ratios reported by WU 06.
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The Importance of ψ(1S,2S)→γηc (II)

•  ALL ηc branching fractions are 
currently tied to ψ(1S,2S)→γηc.
(example page from PDG 2007)

•  These transitions (especially using
exclusive ηc decays) are also a source of 
ηc mass and width measurements.
(more later)
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This Talk:  ψ(2S)→γηc

1.  Measure the line shape (empirically) 
using exclusive decays of the ηc.

5

2.  Use this shape to fit the inclusive 
photon energy spectrum from ψ(2S).

B(ψ(2S)→γηc)  =   (4.02 ± 0.11 ± 0.52) × 10−3

We find a non-trivial and unexpected ηc line-shape. 

⇒ Prevents (for now) ηc mass and width extraction.

⇒ Forces us to resort to empirical methods.

We measure: 

(CLEO preliminary)

DATA DATA
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I.  The ηc Line Shape in

ψ(2S) → γηc

using Exclusive ηc Decays
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Exclusive ψ(2S) →γηc Reconstruction

7

•  All modes from the PDG are 
included (except p+p−).

•  A few new modes were chosen from 
a comprehensive search.

Use the measured photon energy:
→ The resolution (14.6 MeV) is 
independent of X.
→ Modes can be added.
→ Modes can be compared to the 
inclusive spectrum.

Technique:
Perform a kinematic fit of γX to the 
ψ(2S) 4-momentum.  Use χ2 to select events.

ηc Decay Modes

ψ(2S)
γ ηc

X
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Exclusive ψ(2S)→γηc Signals

8

= new observationPhoton Energy (GeV)0.64 GeV
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Sum of Exclusive ηc Modes
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Measured Photon Energy

3 peaking backgrounds:
ψ(2S)→γχcJ;  χcJ→γJ/ψ
ψ(2S)→π0J/ψ
ψ(2S)→π0hc;  hc→γηc

1.  Good, qualitative agreement between data and MC.
2.  Smooth backgrounds above 550 MeV.
3.  Small peaking backgrounds around 500 MeV.
4.  Signal shapes are apparently different...



0.40 0.60 0.80 1.00
0

2000

4000

6000

MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  4-OCT-2007 14"11
Plot Area Total/Fit   2.12149E+05 / 1.42239E+05
Func Area Total/Fit   2.06414E+05 / 1.42186E+05

Fit Status  3
E.D.M. 4.226E-06

!
2
=    50.0 for  48 -  5 d.o.f., C.L.= 21.6#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM  2.63668E+05 $   1646. -   1651. +   1635.
CHEB01 -0.28728 $  1.0777E-02 -  1.0678E-02 +  1.0842E-02
Function  2" COMIS bwcbl.for
AREA   22387. $   653.2 -   644.3 +   659.0
MEAN  0.63703 $  3.6409E-04 -  3.6448E-04 +  3.6355E-04
WIDTH  2.33999E-02 $  1.5707E-03 -  1.5510E-03 +  1.5784E-03
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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Fits Using a Non-Relativistic BW

10

0.40 0.60 0.80 1.00
0

500

1000
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"10
Plot Area Total/Fit    37539. / 27690.
Func Area Total/Fit    35700. / 27539.

Fit Status  3
E.D.M. 3.201E-06

!
2
=   150.1 for  54 -  5 d.o.f., C.L.=0.346E-09#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM   42718. $   676.6 -   714.3 +   695.0
CHEB01 -0.20392 $  2.2081E-02 -  2.2282E-02 +  2.3243E-02
Function  2" COMIS bwcbl.for
AREA   5976.8 $   278.1 -   286.7 +   300.3
MEAN  0.64985 $  7.1323E-04 -  7.1193E-04 +  7.1969E-04
WIDTH  2.98426E-02 $  2.8204E-03 -  2.9775E-03 +  3.1016E-03
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000

Mass - PDG Mass

≈ -14 MeV

fit clearly
misses, high
and low

1.  Try a non-relativistic Breit-Wigner convoluted with a resolution 
function (Crystal Ball) with parameters fixed from signal Monte Carlo. 

MC DATAMass - PDG Mass

≈ 0 MeV

Photon Energy (GeV) Photon Energy (GeV)

(arrows
indicate fit
range)
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"16
Plot Area Total/Fit    37539. / 27690.
Func Area Total/Fit    35255. / 27585.

Fit Status  3
E.D.M. 2.395E-07

!
2
=   104.2 for  54 -  5 d.o.f., C.L.=0.738E-03#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM   40937. $   920.1 -   866.5 +   840.0
CHEB01 -0.18667 $  2.5594E-02 -  2.3866E-02 +  2.4884E-02
Function  2" COMIS bwcbl_e3.for
AREA   6661.7 $   373.8 -   335.4 +   350.9
MEAN  0.64604 $  7.0810E-04 -  7.0350E-04 +  7.0411E-04
WIDTH  3.56389E-02 $  3.6685E-03 -  3.2262E-03 +  3.3422E-03
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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A non-relativistic calculation of the partial 
width has an Eγ3 dependence...

... assuming no energy dependence in the
matrix element.

DATA Mass - PDG Mass

≈ -10 MeV

2.  Try a Breit-Wigner with an Eγ3 term convoluted with a resolution 
function (Crystal Ball) with parameters fixed from signal Monte Carlo. 

Fit Using a BW × Eγ3

fit still
misses, high
and low

Photon Energy (GeV)
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"18
Plot Area Total/Fit    37539. / 27690.
Func Area Total/Fit    35238. / 27624.

Fit Status  3
E.D.M. 1.475E-06

!
2
=    65.8 for  54 -  5 d.o.f., C.L.=  5.5#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM   37919. $   1132. -   1156. +   1094.
CHEB01 -0.31046 $  1.7690E-02 -  1.7652E-02 +   0.000
Function  2" COMIS bwcbl_e7.for
AREA   6804.6 $   324.2 -   315.0 +   329.8
MEAN  0.64077 $  8.2888E-04 -  8.3849E-04 +  8.1843E-04
WIDTH  3.64207E-02 $  2.9780E-03 -  2.8900E-03 +  3.0087E-03
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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A non-relativistic calculation of the partial 
width has an Eγ3 dependence:

Expanding the spherical Bessel function:

DATA Mass - PDG Mass

≈ -3 MeV

3.  Try a Breit-Wigner with an Eγ7 term convoluted with a resolution 
function (Crystal Ball) with parameters fixed from signal Monte Carlo. 

Fit Using a BW × Eγ7

decent fit,
but infinite
area

The first order term vanishes when n ≠ n’.
The second term gives another Eγ4.

⇒ We are yet to find an adequate, physically meaningful description of the line-shape.
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 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"12
Plot Area Total/Fit    37539. / 27690.
Func Area Total/Fit    35600. / 27636.

Fit Status  3
E.D.M. 1.019E-06

!
2
=    54.2 for  54 -  5 d.o.f., C.L.= 28.4#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM   42354. $   694.3 -   707.5 +   0.000
CHEB01 -0.22548 $  2.1192E-02 -  2.0768E-02 +  2.1690E-02
Function  2" COMIS bwcbl_fd.for
AREA   12996. $   533.3 -   523.1 +   547.4
MEAN  0.63319 $  6.5931E-04 -  6.5883E-04 +  6.5987E-04
WIDTH  4.13692E-02 $  2.4179E-03 -  2.3607E-03 +  2.4990E-03
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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f(E) = 

Fit Using a BW × f(E)
4.  Try a Breit-Wigner × f(E), where f(E) is an empirical function, 
again convoluted with a resolution function from signal Monte Carlo. 

DATA Mass - PDG Mass

≈ +6 MeV

good fit,
carry this to
the inclusive
spectrum

f(E) is an empirical function,
i.e., no physics inspiration:

Photon Energy (GeV)

where E0 and Γ are BW parameters.

Photon Energy (GeV)

f(E) 
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Checks (I):  Sharpening the 
Resolution with a Kinematic Fit

14

Constrain particle 4-momenta in ψ(2S) → γX to the 4-momentum of the ψ(2S).

the “tail”
becomes
more
apparent

hadron mass is
a reflection of
the photon
energy
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Checks (II): Artifact of Kinematic Fitting?

15

Measured γ energy with and without χ2 cut Measured mass with and without χ2 cut

Tail appears independently in measured photon energy and measured mass.

→ not an artifact of kinematic fitting
→ not something peculiar to γ measurement
→ not something peculiar to tracking

Replace the χ2 cut with cuts on total mass and hadronic recoil mass (i.e. photon mass).

difference

without χ2

with χ2



Hadron Mass (GeV)

2.6 2.7 2.8 2.9 3 3.1 3.2
0

200

400

600

800

1000

1200

1400

NoEta

Hadron Mass (GeV)

2.6 2.7 2.8 2.9 3 3.1 3.2
0

20

40

60

80

100

120

140

160

180

200

220

HasEta

Hadron Mass (GeV)

2.6 2.7 2.8 2.9 3 3.1 3.2
0

200

400

600

800

1000

1200

1400

1600

NoKShort

Ryan Mitchell  (Indiana University)         --        ψ(2S)→γηc(1S) at CLEO-c       --        QWG 2007

Checks (III): Is it due to π0, η, KS.... ?

16

→ e.g. not due to a
KS systematic problem

→ physics bg would
have to be peculiar

The tail appears in all combinations of modes, with and without χ2 cut.

No χ2
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Line Shape Problems in the Past?  

γγ or p+p−

ψ(1S,2S) → γηc

γγ or p+p− (used for width, but not mass)

PDG 2006 Mass PDG 2006 Width
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II.  Measurement of

B(ψ(2S) → γηc)

from the Inclusive Photon Spectrum
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Inclusive Photon Energy Spectrum From ψ(2S)

19
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• Use loose criteria to select photons:
• Reject events from ψ(2S)→π+π−J/ψ.
• Reject photons that pair with another photon to create a π0.

• Smooth backgrounds, plus nice agreement between MC and data.
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"32
Plot Area Total/Fit   4.93433E+06 / 2.33126E+06
Func Area Total/Fit   4.48906E+06 / 2.33098E+06

Fit Status  3
E.D.M. 3.542E-08

!
2
=   288.5 for 270 -  6 d.o.f., C.L.= 14.3#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 4
NORM  7.28914E+06 $  4.1000E+04 -  4.0982E+04 +  4.0992E+04
CHEB01  -1.0384 $  4.5000E-03 -  4.4743E-03 +  4.5229E-03
CHEB02  0.39403 $  5.9595E-03 -  5.9899E-03 +  5.9255E-03
CHEB03 -0.10437 $  4.2706E-03 -  4.2467E-03 +  4.2918E-03
CHEB04  1.11329E-02 $  2.0285E-03 -  2.0383E-03 +  2.0178E-03
Function  2" COMIS bwcbl_fd.for
AREA  1.32326E+05 $   3704. -   3703. +   3704.
MEAN"  0.63319 $   0.000 -   0.000 +   0.000
WIDTH"  4.13692E-02 $   0.000 -   0.000 +   0.000
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 10"35
Plot Area Total/Fit   4.93433E+06 / 2.33126E+06
Func Area Total/Fit    60604. / 60516.

Fit Status  3
E.D.M. 1.071E-05

!
2
=   288.5 for 270 -  6 d.o.f., C.L.= 14.3#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 4
NORM  7.28919E+06 $  4.1001E+04 -  4.1037E+04 +  4.0937E+04
CHEB01  -1.0384 $  4.5000E-03 -  4.4691E-03 +  4.5281E-03
CHEB02  0.39403 $  5.9595E-03 -  5.9959E-03 +  5.9196E-03
CHEB03 -0.10438 $  4.2706E-03 -  4.2429E-03 +  4.2958E-03
CHEB04  1.11348E-02 $  2.0285E-03 -  2.0402E-03 +  2.0159E-03
Function  2" COMIS bwcbl_fd.for
AREA  1.32322E+05 $   3704. -   3699. +   3708.
MEAN"  0.63319 $   0.000 -   0.000 +   0.000
WIDTH"  4.13692E-02 $   0.000 -   0.000 +   0.000
SIGMA"  1.47000E-02 $   0.000 -   0.000 +   0.000
ALPHA"  0.89000 $   0.000 -   0.000 +   0.000
N"   138.00 $   0.000 -   0.000 +   0.000
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Fit to the Inclusive Spectrum

Measured Events = 60500 ± 1700
Efficiency = 61.7%
Number ψ(2S) = 24.45 million

B(ψ(2S)→γηc) = (4.02 ± 0.11) × 10−3

Use a BW × f(E) with all parameters fixed from the exclusive fit.

(CLEO Preliminary, statistical only)

Original Fit

DATADATA

After Background 
Subtraction

Photon Energy (GeV)Photon Energy (GeV)

(arrows
indicate fit
range)
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 11"40
Plot Area Total/Fit    37539. / 8164.0
Func Area Total/Fit    28710. / 8073.7

Fit Status  1
E.D.M.  1.00

!
2
=    30.2 for  22 -  0 d.o.f., C.L.= 11.4#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM"   41014. $   0.000 -   0.000 +   0.000
CHEB01" -0.17461 $   0.000 -   0.000 +   0.000
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Evaluating a Fitting Systematic

21
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 11"40
Plot Area Total/Fit   4.93433E+06 / 2.33126E+06
Func Area Total/Fit    87773. / 65269.

Fit Status  3
E.D.M. 9.402E-08

!
2
=   316.3 for 270 -  6 d.o.f., C.L.=  1.5#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 4
NORM  7.28267E+06 $  4.1689E+04 -  4.1655E+04 +  4.1691E+04
CHEB01  -1.0391 $  4.6119E-03 -  4.5871E-03 +  4.6333E-03
CHEB02  0.39520 $  6.1241E-03 -  6.1518E-03 +  6.0921E-03
CHEB03 -0.10599 $  4.4034E-03 -  4.3812E-03 +  4.4226E-03
CHEB04  9.94962E-03 $  2.0594E-03 -  2.0684E-03 +  2.0491E-03
Function  2" Smooth Histogram    500   0( 1) Normal errors
NORM   2.0283 $  6.1200E-02 -  6.0971E-02 +  6.1425E-02
OFFSET"   0.0000 $   0.000 -   0.000 +   0.000
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 11"40
Plot Area Total/Fit    37582. / 8098.0
Func Area Total/Fit    28710. / 8073.6

Fit Status  3
E.D.M. 2.837E-08

!
2
=    24.4 for  22 -  2 d.o.f., C.L.= 22.6#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 1
NORM   41014. $   817.7 -   817.5 +   817.7
CHEB01 -0.17461 $  2.4552E-02 -  2.4164E-02 +  2.4969E-02
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MINUIT !
2
 Fit to Plot 1!0

hmnf
File" mnfonline.root  1-OCT-2007 11"41
Plot Area Total/Fit   4.93433E+06 / 2.33126E+06
Func Area Total/Fit   4.51067E+06 / 2.33094E+06

Fit Status  3
E.D.M. 2.081E-05

!
2
=   316.3 for 270 -  6 d.o.f., C.L.=  1.5#

Errors Parabolic                     Minos
Function  1" Chebyshev Polynomial of Order 4
NORM  7.28259E+06 $  4.1688E+04 -  4.1569E+04 +  4.1778E+04
CHEB01  -1.0391 $  4.6119E-03 -  4.5952E-03 +  4.6252E-03
CHEB02  0.39519 $  6.1241E-03 -  6.1422E-03 +  6.1016E-03
CHEB03 -0.10599 $  4.4034E-03 -  4.3872E-03 +  4.4165E-03
CHEB04  9.94672E-03 $  2.0594E-03 -  2.0655E-03 +  2.0520E-03
Function  2" Smooth Histogram    500   0( 1) Normal errors
NORM   2.0284 $  6.1200E-02 -  6.1055E-02 +  6.1342E-02
OFFSET"   0.0000 $   0.000 -   0.000 +   0.000

Use the exclusive histogram to parameterize the line shape.

1.  Fit the background shape from
the fitted photon energy spectrum
from exclusive modes.

2. Carry this shape to the
measured spectrum and
subtract to get a signal shape.

3. Directly use
the exclusive
histogram to
fit the inclusive
spectrum.

4.  After bg-
subtraction.

⇒ Vary background shapes and ranges.
  ⇒ Assign a 10% systematic error.

Photon Energy (GeV)

Photon Energy (GeV)



CLEO Preliminary:
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Other Systematic Errors

22

B(ψ(2S)→γηc)  =   (4.02 ± 0.11 ± 0.52) × 10−3

i.e., modeling unknown
decays of the ηc.
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Summary
• The ηc line shape in ψ(2S)→γηc is non-trivial.

• Extracting the mass and width of the ηc from this process requires 
theoretical help.

• Perhaps this is one factor causing the wide variation in measurements of 
the ηc mass and width.

• We resorted to empirical methods to count events.

• We measure (CLEO preliminary):

• B(ψ(2S)→γηc)  =   (4.02 ± 0.11 ± 0.52) × 10−3

• Compared to (2004) CLEO’s (3.3 ± 0.4 ± 0.6 ± 0.2) × 10−3 using 
1.5 million ψ(2S) and assuming the PDG ηc width.

• Compared to (1986) Crystal Ball’s (2.8 ± 0.6) × 10−3.

• These techniques will carry over into our measurement of B(J/ψ→γηc).

23
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Backup Slides
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B(ψ(2S)→γηc) from CLEO (2004)

25


