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Introduction

The CLEO Collaboration has observed the h. and measured
its mass and product branching ratio B(y'>p%h, )XB(h.>vh.).

The absolute branching ratios of y'>n%h. and E1 transition

h.>ym. are very important for the further study of h_, but
neither has been measured

High luminosity and very dgood low energy photon detection of
5 SIIII permit us to study h, in inclusive y'->n%h_ process
irectly.
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Introduction

CLEO's Result - h,>yn, inclusive
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CLEO's Result — h_22(n*n)n°
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Mode efficiency (%)  Yield Bi x By x 10°
mtr=ad 27.0 16157 <0.19
oAntr)r® 188 92133 (18870 51050)
3(rtr)n® 115 35426  (1.24009+03) (<25)

The product branching ratios
Br(y(2S)>n°h.) XBr(h.2>m.),

Br(y(2S)>n°h.) XBr(h >n(rtn)no)

and M(h,)
have been measured by CLEO

The absolute branching ratios
Br(y(2S)->nh,)

Br(h,>m,) and I'(h,)

Have NOT been measured yet
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TDC time
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Event selection - for y(2S)->n°h,

#® 10 candidates selection

* Photon polar angle: |cos6/<0.8

* Photon energy: E§>4OMeV

« FEach photon belongs to only one n°

. MWEE[0.12,0.145]GeV/c2

* Perform 1C kinematic fit for each n® candidate
(no %2 requirement)

® Background Veto

o wn]/y:  |Mrec(mtro)=3. 097 ]>0. 007GeV/c?
o On0J/y :  |Mrec(nOn0) 3. 097 >0. 030GeV/c?
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Events

Events

Distributions of n° candidate and nn recoiling mass
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Event selection — for h_ =2yn.

® 1 selection similar to the inclusive analysis
v (2S) 2 7%h,

€ El-photon tagging in h,2>yn,

. 45OMeV<Ey<540MeV
* Veto m%(0.100-0.145GeV/c?)
* Veto m (0.530-0.560GeV/c2)

If the invariant mass of the E1 photon and any other photon in
the event is compatible with either a n° or a 1, the E1 photon
candidate is rejected.
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Tagged photon energy vs M o, .
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Signal Shape
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= 1500 Double Gaussian
= -
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ST IST s as as s Modeling of h, signal is very good
7° recoil mass(GeV/c?)
Input Output

M(h_)(MeV) 3525.28 3525.28+0.02
T'(h_)(MeV) 0.9 0.87+0.03
N 24678 24677122
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On the Fits

h. signal described by Breit-Wigner functions convoluted
with the instrument resolution from MC

When fitting to the E1-photon-tagged spectrum, the mass
and width of h_ are free. The shape of background modeled
by sideband of the E1 photon.

When fitting to the inclusive n® spectrum, the mass and
width fixed to results of the E1-photon-tagged case. The
background parameterized by a 4th-order Chebychev
polynomial.
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INnput/Output checking in MC

® Mix 100,000 y(2S) —n‘h, h,—~anything with 100M
inclusive y(2S) MC
* No peaking background
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B(hc—>ync)(%) 50 45.1x+4.7
B(w(2S) —n°h,) XB(h,—~yn_.) (X10+4) 5.0 4.54+0.50 13
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Fit of h.,2>yn,

El-tagged spectrum
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Fit of y(2S)>n%h, in DATA

Inclusive n® recoil mass spectrum
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Background modeled
by MC + Continuum
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Calculation of Branching
fractions

NE1 2540 + 261
(%) 5.06
N(W(25))(108) 107.0

By(¢(2S) — w°h,) x By(h, — ~m,) (107%)  4.69 & 0.48

Ntot 9233 4+ 235
NEL 25404261
e2 (%) 11.15
er?(%) 9.10
€12(70) 5.06
N (¢(25))(10°) 107.0
Bi(v(2S) — 7°h.)(107%) 84241.29
Ba(he — yne) (%) 55.68 + 6.3
Sep.21-26, 2009 The 5th International Conference 17
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Systematic errors

e Sources
— Background shape, fit range, width of bin
— Absolute energy calibration
— Instrument resolution shape
— E1 photon efficiency
— n% efficiency
— Number of charged track
— Number of #f
— Veto XJpsi
— N(25))
— Mass of y(2S)(in the calculation of recoiling mass)
— Modeling of signal shape

Sep.21-26, 2009 The 5th International Conference
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Summary

M(h,) Ine= 3525. 16 £0. 16 0. 10 MeV
(3525.2840.19+0. 12 arXiv 0805.4599v1, CLEOc)

[ (h,)e= 0.8940.57+0.23 MeV

(First measurement) - Resonant parameters and some
Br(y’'>nh, ) branching ratios of h, have been

=(8.42+1.29+0.93) X10™* measured

(First measurement)
- Consistent with the results of

Br (y'>nlh, ) XBr (h,2yn, ) CLEOc

=(4.6940.484+0.46) X10™*

((4.2240.4440. 52) ><10:11 inc * TheT of h, and the two absolute
(4.16%0.30£0.37) X10™ avg ) branching ratios are the first

Br (h,>yn.) measurements

=(55. 746.3+4.4)%

(First measurement)

Sep.21-26, 2009 The 5th International Conference 19
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Thanks a loft!
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Branching Buxts
fractions

?\,Tto t

(e7 B2 +(e1?9(1 — Ba)) x N(4(25))’

By =

N El

B By =
LT X N(@(25))

B x By =

From El-tagged spectrum directl

o Bi = Bi(¢(25) — 7°h,)

e By = Bg(ha — q-’nc)

® 81 x JBQ = [gl(ﬂ,‘(QS) — '_'.‘Toh.c) b'e BQ(hC _ ﬁ;‘nc)

e c72d js the event selection efficiency of P(28) — 7Ohe, he is taken to decay to hadronic final

states (simulated by PYTHIA).

. f’l is the event selection efficiency of #/(2S5) — 7Che, he is takend to decay to yn..

® €12 is the event selection efficiency of #(25) — mhe, he — AN

E1l - Due to the efficiencies of y(2S)>n’h, are different for h, >yn,
e N is the fit number of h-c — V7Nc and h_>other final states, we considered them separately.
Then we calculate B1(y'>n%h,) and B2(h.,>yn.) from the four

e N*°t is the fit number of /(2S5) — 7°h, formula.



Uncertainty of absolute energy calibration

From radiative Bhabha

B L.10 ; 3 )
L Tl e — .......... , ........ =D.UU =
@% t_gi ......... .......... ........ Emm
LTJE 1.02 7 0.002
L.oo b @ S ':i T T (? . e 0.000 s
vosb S A
0_95 ......... .......... ........ 0.0z
vl TR R 0.004 -
090 D.ii 1_.0 0.0&%_2 l::u_i4 2 LL
Eneasure(GeV) Eneasure(GeV)
~y
: 0
From w(2S)>Yc1 Systematic  0.5%
MC DATA MC DATA
E,(MeV) [ 127972036 | 128112035 | | E(MeV) [ 171332017 [ 17080 £0.19
op(MeV) | 3992018 | 401402 | | op(MeV) | 4624012 | 48840.12
og/E.(T) | 3122009 | 313005 | |og/E,(h) | 2704002 | 286£0.02

OCM.£L72V, LUVT

The 5th International Conference
on Quarks and Nuclear Physics

23



Uncertainty of signal resolution
Photon resolution y(2S)2vy,;
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Y efficiency

Obtained from y(2S)>n’x’ Iy, Iy 171"

Expected-Observed n°
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Absolute photon efficiency (Radee) 100%
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MC Study

» Signal
® y(2S)>n’%h, , h,~>hadronic
PYTHIA

® y(2S)>n’h, h 2yn.

h,2>yn,. Angular distribution of El photon:

1+cos?0
n. (known part) : EvtGen
n. (unknown part) : PYTHIA
»background

@& Inclusive y(2S) MC (100M)

Sep.21-26, 2009 The 5th International Conference
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Events / ( 0.001 ) Events / ( 0.001)

Events/ ( 0.001)

Fit by polar angle of E1 photon
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Mixing continuum and inclusive MC
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Contribution of Continuum

Inclusive E1l tagged
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7? Efficiency
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Summary of syst.

M(h_)(MeV) I'(h,.)(MeV) B1(10%) B12(104) B2(%)

Order 0.01 0.10 0.55 0.11 3.38
Bin 0.01 0.16 0.06 0.02 0.58
Range 0.08 0.10 0.05 0.11 1.14
Calib. 0.04 0.02 0.33 0.10 1.89
Ins. Res. 0.00 0.07 0.08 0.02 0.78
Veto XJpsi 0.03 0.02 0.02 0.02 0.36
El eff 0.00 0.00 0.00 0.11 1.30
n°0 eff 0.00 0.00 0.26 0.14 0.00
Ntrk 0.00 0.00 0.24 0.16 0.38
N(79) 0.00 0.00 0.52 0.33 0.53
N(psi(2S)) 0.00 0.00 0.22 0.12 0.00
M(psi(2S)) 0.03 0.02 0.00 0.00 0.00
Beam 0.00 0.01 0.00 0.01 0.1

MC 0.03 0.02 0.00 0.00 0.00
Sum 0.10 0.23 0.93 0.46 4.41
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