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The CLEO-c Experiment

CESR at Cornell University, USA
e*e- collisions at Vs ~ 4 GeV

2003 - present

> Solenoid Coil g |
' Calorimeter
Data Samples: Ei"glmﬁ:i%'erf"m
3.97 - 4.26 GeV ~ 60 pb-! ‘“ S ~ |, Chamber
4.17 GeV ~ 300 pb'l SC Quadrupole / | qQ y -~ | _ Inner Drift Chamber /
Pylon i '
P(3770) ~ 800 pb-! ’
Y(2S) ~ 3M (1.5sM CLEO-III) +
~ 24.5M events .
ndcap
Next (last) run will be at 4.17 GeV Quadsrﬁpoles Calorimeter

Rare Earth

Quadrupole Iron

Polepiece

Magnet ' Barrel Muon
Iron Chambers

Watch for many new results from the 27M y(2S) sample.
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The Importance of \y(15,25)—=>vyn. (I)

e They serve as a laboratory for the study
of relativistic and non-perturbative effects
in QCD. (e.g., why is B(J/y—=yn.) small?)

e The first Lattice QCD calculations were

recently performed at Jefferson Laboratory.

(PRD73, 074507 (2006))

e There are few previous measurements:
e (Crystal Ball (PRD34, 711 (1986)):
* BUWY—=2yNne)=13+04%
e B(Y(2S)—vyn.) =(2.8£0.6) x 103
e CLEO (PRD70, 112002 (2004)):

* B(W(2S)—2vne) =
(3.3+0.4+0.6+0.2) x 10-3
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The Importance of {y(1S,2S)—=vyn. (1)

e ALL 1. branching fractions are
currently tied to Y(1S,2S) =2 y1_.
(example page from PDG 2007) —

e These transitions (especially using

exclusive 1. decays) are also a source of

Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) and 2007 partial update for edition 2008 (URL: http://pdg.Ibl.gov)

VALUE (units 10~%) EVTS

DOCUMENT ID TECN

[(p)/Teotal 2/l
VALUE (units 10_3) CL% EVTS DOCUMENT ID TECN COMMENT
20 + 7 OUR EVALUATION (Treating systematicerrors as correlated.)
18 + 5 OUR AVERAGE
12.6+ 3.8+5.1 72 @BLlKlM 05L BES2 J/¢ —

ata—nta— oy
26.0+ 2.4+8.38 113 BISELLO 91 DM2 J/ip — ’ypopo
23.6+10.648.2 32 BISELLO 91 DM2 J/p — ~ptp
e o o We do not use the followingudata for averages, fits, limits, etc. e o o
<14 90 BALTRUSAIT..86 MRK3 J/¢ — 5.y
r(K*(892)° K~ 7+ +c.c.)/Tiotal rs/r
VALUE EVTS OCUMENT ID TECN COMMENT
0.02+0.007 63 @ALTRUSAIT..BG MRK3 J/¢ — NeY
I'(K*(892) K*(892))/|'tota| Fa/T

COMMENT

92134 OUR EVALUATION
91+26 OUR AVERAGE

(Treating systematicerrors as correlated.)

108+25+44 60 \3RABLIKIM 05L BES2 J/ip — KT K- ata—~
82+28+27 14 BISELLO 91 DM2 et e
. YKTK 7w
N mass and width measurements. 90.£50 o (BPALTRUSAIT. 86 MRK3 J/d — nn
(more later) M(K*ORO 7+ 7™) /M iora rs/r
VALUE (units 1074) EVTS OCUMENT ID TECN COMMENT
150.+63.+43. 45 (36 iBLIKIM 06A BES2 J/¢) —
K*0 0 o+ . — y
F(¢KT K™)/Teotal le/T
VALUE (units 1073) EVTS DOCUMENT ID TECN COMMENT
20102411 141134 (37 huan 03 BELL Bt — (¢ktK—) Kkt
r I 7/l
35 The quoted branching ratios 0.0127 + 0.0036. Where (¢9)/  total 7/
relevant, the error in this branching mon systematic in computing VALUE (units 10_7) EVIS DOCUMENT ID____ TECN ~ COMMENT
27 + 9 OUR EVALUATION (Treating systematic errors as correlated.)

averages.

36 ABLIKIM 064 reports [B(1.(15) — K*OK*0xt

(1.91 +£ 0.64 £ 0. 48) x 10~4. We divide by our best va

= (1.3 £0.4) x 10—2
the systematic error from using our best value.

37 Using B(BT — n K1) = (1.25 + 0.127519) x

KKnr) =55+ 1.7) x 102,
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This Talk:

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

Events /10 MeV

1200
1000
;
800[+
600
400

200

DATA

Photon Energy (GeV)

We find a non-trivial and unexpected 1. line-shape.

= Prevents (for now) 1 mass and width extraction.

= Forces us to resort to empirical methods.

Ryan Mitchell (Indiana University) --

P(25) 2N

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

We measure:

Photon Energy (GeV)

B(y(2S)—2vne) = 4.02£0.11 £0.52) x 103
(CLEO preliminary)

(2S)—=yn(1S) at CLEO-c
1)
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I. The n¢ Line Shape in

P(2S) = YN

using Exclusive ne Decays
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Exclusive Y(2S5) = vyn. Reconstruction

n. Decay Modes
Decay Mode Branching Fraction (PDG 2007) Notes
R S (1.2+0.3)%
aton aox® NEW
T atr T taT (2.0+£0.7)%
rto wta wOn” NEW
KtKsn™ + c.c. 1/3x (7.0+£1.2)% based on KK
KtK—7° 1/6 x (7.0+£1.2)% based on KK
KtK-ntn (1.5 +£0.6)%
KtKgntr—n~ + c.c. NEW
KtK-ntn—n° NEW

KtK ntnntn
KtK " KtK~
Moy T

Ny—om T

Ny m it

Ny ot W

(1.0+0.4)%
(0.15+0.07)%
2/3 x 0.39 x (4.9+1.8)%
2/3 % 0.23 x (4.9+1.8)%
2/3 %039 x (41+1.7)%
2/3 x 023 x (4.1+1.71%

based on naw
based on nww
based on n'mm
based on n'nm

e All modes from the PDG are
included (except p*p-).

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

Technique:

Perform a kinematic fit of yX to the
P(2S) 4-momentum. Use %2 to select events.

aCa

Ryan Mitchell (Indiana University) -

X

P(2S)—=ync(1S) at CLEO-c --

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.

QWG 2007



Exclusive Y (25)—ync Signals
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Sum of Exclusive n. Modes

Measured Photon Energy
> >
() i - Hadronic y(2S) ) - |
= = B T
o 1200__ MC Hadronic JAy (from y(2S)) o 1200__ +I:' DATA
E i - Hadronic %X, E B
; 10001 WS> : 7 1 5 1000 Ty
C Anyh D N
o b I oy, Dscey i +
- Signal :'T++ 1 t
-4 oy
600 'TL .++ 4 ++.-.
i '++ +’H++'++ +T+l+++.+.+.+
- Tt ++’|'+'+ ! .
400 - it +++~+++ g,
200
_IIII|IIII|IIII|IIII|IIII|IIII|IIII
0.7 08 0.9 1 1.1 8.4 05 06 07 08 0.9 1 1.1
Photon Energy (GeV) Photon Energy (GeV)

3 peaking backgrounds:
P2S) 2 Y%ers XYY
P(2S) = m0J /A
PY(2S)—7t%he; he—=yNe

Ryan Mitchell (Indiana University) --

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...

(2S)—yne(1S) at CLEO-c - QWG 2007
1) N



Fits Using a Non-Relativistic BW

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

- |MC Mass - PDG Mass
6000 |~

i ~ OMeV

4000

- P (arrows T

2000~ e RS N
n \ indicate fit i
i ’ ‘ range) 1
0 heoc=34--""7 | 1 ARALET T | 1 1 1 | 1
0.40 0.60 0.80 1.00
Photon Energy (GeV)

1500 1 1 1 I 1 1 I 1 1 1 I 1
[ IDATA Mass - PDG Mass |
- ~ -14 vev
o fit clearly |
t+++ misses, high |
- i and low -
i ++ ¢ :'
so0 per- Mty {1
: T ¢ ¢ T
0 I VPEPT S el 1 | PR LR R 1= I L L L
0.40 0.60 0.80 1.00
Photon Energy (GeV)
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Fit Using a BW x E.?

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

A non-relativistic calculation of the partial 1500 o ]
width has an E,? dependence... | |DATA Mass - PDG Mass
- ~ - 10 MeV 1
4 k3 00 kor\|° i i
Lrssismise = g€ | | dr 7" Ruo(r)Ruo(r)jo (%) 1000 6t still 1
hy misses, high |
... assuming no energy dependence in the | 4 / and low |
matrix element. - +*+ '
500 {=......+. htych

: T -------- W T
0 | [PY PELA 1 | 1 1 .;.--"1""1 ----- == == === L---.n..-..-

0.40 0.60 0.80 1.00

Photon Energy (GeV)
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Fit Using a BW x E,”

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

A non-relativistic calculation of the partial

width has an E,? dependence:

4

Fn351—}7n’15‘g = —CUEQ [ dTT Rn’O( )Rnﬂ(r)jﬂ (_)

3

Expanding the spherical Bessel function:

- k.r
Jn(%

(kwr)z
=1 - — 4 ...
) 24 +

The first order term vanishes when n #n’.
The second term gives another E.*.

1 500 1 1 1

500 f=-v-._. t

"'
0 L la===1"

Mass - PDG Mass |

~ '3 MeV

decent fit,
but infinite

0.40

0.60

=> We are yet to find an adequate, physically meaningful description of the line-shape.

Ryan Mitchell (Indiana University) --

P(2S)—=ync(1S) at CLEO-c
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Fit Using a BW x f(E)

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

f(E) 1s an empirical function, 1500 ————————————————
1.e., no physics inspiration: " IDATA Mass - PDG Mass T
1 : =~ 40 vev -
f(E) = E,-E 000l |
1 T good fit,
+ e A - |
hy carry thisto |
where Eop and I" are BW parameters. | H i / the inclusive -
4 Doy
LY Do -
} H spectrum
500 = My,
f(E) ' T e R
I ‘ ¢ T
0 - 1 1 1 '| 1 1 ~| ..... | RELET LT R Joooe- L L |
0.40 0.60 0.80 1.00
B T R R T Photon Energy (GeV)
Photon Energy (GeV)
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Checks (I): Sharpening the
Resolution with a Kinematic Fit

Constrain particle 4-momenta in Y(2S) = vX to the 4-momentum of the Y (25).

> 1800F % -
= ¥ t = 1400 . 4
S 1600 } R hadron massis 1,
% 14005 the “tail” o 1200 a reflection of
o B ~ -
g . becomes 2 [ the photon t
= — c -
& 1200 £ 1000f |
- ; more > [ energy s
1000 - ;.
X ; apparent 800
800+t ; - S
" " 600 A ]
600__ ﬁj‘ :‘. + T+’+++‘ . i | 4y 7‘1* s ++ ++‘T+ +++‘
- gt e, 4001 g bttt
400 PTG e ey sttt F
- +TTH [,
200/ 2000
:\ 1 1 | ‘ I | ‘ I | ‘ I | ‘ I | ‘ I | ‘ I | _\ 111 ‘ I I | ‘ I I | ‘ I I | ‘ I I | ‘ I I |
82 05 06 07 08 09 1 1.1 96 27 28 29 3 31 32

Fitted Photon Energy (GeV)

Ryan Mitchell (Indiana University) --

Fitted Hadron Mass (GeV/c?)
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Checks (II): Artifact of Kinematic Fitting?

Replace the %2 cut with cuts on total mass and hadronic recoil mass (i.e. photon mass).

Tail appears independently in measured photon energy and measured mass.

— not an artifact of kinematic fitting
— not something peculiar to y measurement
— not something peculiar to tracking

Measured vy energy with and without %2 cut Measured mass with and without %2 cut
2000; 1800
1800} 1600 Jl
16001 & 1400/
1400 -
L 1200f
1200f -
C 1000[
1000 . B
- without 2 -
; - NaQor
8007 \
- 600
600 2 -
. — with % 5
400 T
200; Hi“*‘:”}”ﬂ“i:” 200; i :mJ,_(LJ:’J“’”
:\ 111 ‘ | ‘ 1111 ‘ 111 1 ‘ I v"“\’"\“‘}}’""\ 7%’”\7 difference i"‘l”’lﬂiij livl | N I | l | N I | l | N I | l L1 1 1 l L1 11
84 05 06 07 08 09 1 1.1 896 27 28 290 3 31 32
Photon Energy (GeV) Hadron Mass (GeV)
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Checks (III): Is it due to n', n, K.... ?

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

No Ks No 70 No 1

800] 1400]

— ¢.g. not due to a 1400, 700; 200
. 12001 600" a

Ks systematic problem o] ol 1o}
800" 400F sooz

— phvsi b 1d 600, 200] 6007
p ySICS g wou 4oof 200% 4002

200F

have to be peculiar 200/

1007

oo b v v b v Ly
96 27 28 29 3 31 32

Hadron Mass Hadron Mass Hadron Mass

All Charged 7 Has Ks

300~ 180"
A 160F
2501 1407
1207
100F

200
1502 80f
100F 60;
i a0f
200

50p

Hadron Mass Hadron Mass Hadron Mass Hadron Mass |
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Line Shape Problems in the Past?

PDG 2006 Mass PDG 2006 Width
WEIGHTED AVERAGE WEIGHTED AVERAGE
2980.4+1.2 (Error scaled by 1.5) 25.5+3.4 (Error scaled by 2.0)

/

2

X

2 —@- -+ - ASNER 04 CLEO 0.0
x | le AUBERT 04D BABR 12.7

ASNER 04 CLEO 0.5 AMBROGIANI 03 EB35 0.4

AUBERT 04D BABR 2.2 Y A BAI 03 BES 1.0
AMBROGIANI 03 EB835 2.5 -+ - FANG 03 BELL 0.1
- - BAI 03 BES 3«4 0 —@— BAI 00F BES 25
- FANG 03 BELL 0.1 - - - - - - ARMSTRONG 95F E760 0.0
BAI O0OF BES 25 | —O— b BAGLIN 87B SPEC 6.1
BAI 80B MRK3 4.1 -+ - BALTRUSAIT...86 MBK3 0.5
GAISER 86 CBAL o6 |\ )/ @ GAISER 86 CBAL 9.7
15.9 331
(Confidence Level = 0.026) (Confidence Level 0.001)
| J J
2960 2970 2980 2990 3000 3010 -20 0 20 40 60 80
N(1S) mass (MeV) 1<(1S) WIDTH
+ —
e YYOrpp

vy or p*p~ (used for width, but not mass)
¢ lp(lsazs) = YN
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II. Measurement of

B(Y(25) = yne)

from the Inclusive Photon Spectrum

Ryan Mitchell (Indiana University) -- PY(2S)—ync(1S) at CLEO-¢c = -- QWG 2007



Inclusive Photon Energy Spectrum From (2S)

« Use loose criteria to select photons:
* Reject events from Pp(2S) > mr+m-J/p.

* Reject photons that pair with another photon to create a 7t°.
* Smooth backgrounds, plus nice agreement between MC and data.

> B 2 i

é, - MC - Hadronic y(2S) § 60000 DATA
s 50000 —_ :ajronic Jhp (from y(2S)) %

” = adronic L

gL B oo, :

g | WS 7, 1 9

w 400001 Any h_Decay "

L Signal
30000

20000

10000

05 06 07 08 09 1 1.1

4

84 o5 06 07 08 09 1 1.1 8.
Photon Energy (GeV) Photon Energy (GeV)
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Fit to the Inclusive Spectrum

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

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

I 1 1 1 I 1 1 1 I
60000 i— DATA -
3
'\
[
40000 — '-.' —
. \".‘ Original Fit
20000 = (arrows
indicate fit
range)
0 ] loo=gm=ep L | 1 ] ] I ]
0.40 0.60 0.80 1.00
Photon Energy (GeV)

Ryan Mitchell (Indiana University)

2500 T I I |
~ DATA | |
=T After Background |
L  Subtraction
| i Ivl *.' | +
PR s ks
0 | | 4 Pk KT TR TR
fromeys iny
| l |
0.40 0.60 0.80 1.00
Photon Energy (GeV)

P(2S)—=ync(1S) at CLEO-c

B(Y(2S)—yne) = (4.02 = 0.11) x 10-3

(CLEO Preliminary, statistical only)

QWG 2007
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Evaluating a Fitting Systematic

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

2000 ———————————————

1500 —

T
i ‘ |
1000 |- \
i ' |
!.4
[ !

1500 ————————————————
| |
- + |
I i /
4 ¢ - -
u ]
N ’*H‘.' ,‘ 4" ' ] 100 + + /
500 ...} 1 4 b gyt ML b |
I L SR a4 DT X
i LR AT 4 t + + -
| ‘L'L#"v—‘m.; t b : 1
0 ] ' f ‘ |
0.40 0.60 0.80 1.00 soof-. M H“+ h My f ]
Photenn Energy (GeV) R — ?'""“.'w"’-**ﬁ"‘mw bt
i [) T
0— ; I I
0.40 0.60 0.80 1.00

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

Ryan Mitchell (Indiana University) - P(2S)=>yN(1S) at CLEO-¢

subtract to get a signal shape.

60000 -

40000 %

20000

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

spectrum.

2500

1250

4. After bg- :
subtraction.

0.40

QWG 2007

Photon Energy (GeV)
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Other Systematic Errors

Systematic Value
Line Shape and Fitting | 10% i.e., modeling unknown
MC Modelln'g 8% T decays of the ..
Photon Efficiency 2%
Number of (25) 2%
Total 137%

CLEOQO Preliminary:

B(W(2S)—=yne) = (4.02 £ 0.11 = 0.52) x 10-3

Ryan Mitchell (Indiana University) -- P(2S)—=ync(1S) at CLEO-c -- QWG 2007 22



Summary

* The nc line shape in P(2S)—ync 1s non-trivial.

« Extracting the mass and width of the 1 from this process requires
theoretical help.

 Perhaps this is one factor causing the wide variation in measurements of
the 1 mass and width.

* We resorted to empirical methods to count events.

* We measure (CLEO preliminary):

- BW2S)=2yne) = (4.02 £ 0.11 + 0.52) x 10-3

« Compared to (2004) CLEO’s (3.3 £0.4 £ 0.6 £0.2) x 103 using
1.5 million Y(2S) and assuming the PDG n width.

« Compared to (1986) Crystal Ball’s (2.8 £0.6) x 103,

* These techniques will carry over into our measurement of B(J/y—ync).

Ryan Mitchell (Indiana University) -- PY(2S)—ync(1S) at CLEO-¢c = -- QWG 2007
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Ryan Mitchell (Indiana University)

Backup Slides

P(2S)=>yN(1S) at CLEO-¢

QWG 2007
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B(y(2S)—=yne) from CLEO (2004)

PHYSICAL REVIEW D 70, 112002 (2004)
Photon transitions in #(2S) decays to y,;(1P) and 5 (1S)

1630804-072

8500} | ]
< 6500
0
x| T 1o — 24.8 MeV
J {185) L0 IVIE
N 4500 — (0,324 + 0.008 L7
" B (Cl 324 + 0.028 49 MoV )%
o . N
3 2500 I and the errors are
a B AT, s
- = + + _ = o+ 7.(15)
° (£0.039 £ 0.055) -+ (0.{]23 = Mw)%.
a 400
&
Z | | -

bttt b by
tilht + 1Tt tIn ptd
| | |
500 600 700 800 900
Evy (MeV)
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