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Motivation

« To measure Branching fraction:
Br(J/yp —AN)
This measurement supersedes the current world
average!

e To observe direct CP violation:

—~comes from CP violating part of the decay
amplitude



Phenomenology

decay mode )
ete - JIP A (s)OA (S,) s1,s2: spin vector
( ) To measure CP violation

e’ ) 0 - the information of spin
1T polarization is important!!
P i Rij 7

CP-odd observables are used
W RE) by analyzing secondary decay:
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Method of calculating CP-odd observable
Decay mode:

JU A A

The decay amplitude M
M(J[p—=AN) = e"up(p)[v,(a+bys)+H(pri—pai ) (c+idys) vg(p2),
F1
a,b,c,d : complex parameter

¢ ¥ =(0,e ) : a polarization vector of J/y

The decay matrix R;

Rij =us(p1, s1)[vu(a + bys) + (pri — pai)e + i_d’lfﬁ)]”x(ﬂz; 52)
XOx(p2, $2)[Vu(a” + ™) + (p1j — Poy)(c” + id"y5) Jun(py, 81),



The spin density matrices

N\ decay: e ¢ e annihilation
A -prt (Br=63.9%) e e -JY

Spin density matrices: Spin density matrix:
pPA=l a 1 1

1 . . n
p —=1 a Pij = gtﬂ'j + Efijkkkc — {kgkj — gﬁij}ﬂ,
A=

a ( a )=0.642



e EXpectation value of a general experimental
observable O:

1 5 1

<0>= N8 (4m)

5/dQpdQ1dQg2OTr[R;pjippLR]

Trace Is done to average about unobserved
spins.

e CP-odd observable:
N\ - Tt
N - S Tt

A=0 (p (0:x dy) O ( p (9% 0y))
B=0 (p (q;x q;))



e The expectatlon values of A and B:
< A >= —CPN20m Re(da*) + (M2 — 4m?)Re(dc*))

< B >=—

_ b1

< A>

 The averaged observable A is equal to

where

< >

N ,N

the number of events which have
sgn(p (;x g,))= and




The d-parameter

e The origin of CP-violating d-term
v’ electric dipole moment of A, d,
v CP violating coupling between Z and A
v etc.

—

e d parameter iIs described as

d I eda

2




Expectation value of A

 The observable A has the terms Re(da*) and Re(dc*).
Since the relative contributions of these two terms cannot
be determined. Therefore two cases must be considered.

 The upper limit of A:

5.6%1073ds/(10"%ecm),  (a-term dominant)

| <A>[= 1.25%1072d, /(10" %ecm),  (c-term dominant).

 The present value (PDG)
| o] <1.5% 10-1® ecm)

It Is expected that interesting result is acquired if
one has 107 J/y events!!



The -l Detector

v A multi-purpose detector operated at the BEPC(Beijing
Electron-Positron collider), IHEP, Beijing, China.

v'The beam energy range of BEPC is from 1.5GeV to
2.8GeV.

v'This detector is designed for charm and T physics.
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| Detector |Major parameter | BESI | BESIT |

VC Ty (i) N0 100
Ervk{70) no a7
MDC Eumirel 70} 96 96
T g} 200-250 190-220
Apfp (%) 1761+ p? | 1.78/1+ p2
T e (70) 7.9 84
BTOF ay (ps) 375 180
Dogtien (1) 10-12 35-55
ETOF ay (ps) 720)
BSC AEE (%) 24 21 |
a{cm) 4.5 2.3 i ~
ESC | AE/NVE (%) 24.4 22.1
it counter k) a5 95
a.(cm) 5.5 5.5
DAQ | dead time (ms) 20 8

Event displa
BES-II parameter Py

«2.86x% 107(hadronic events): collected from 1999 to 2000.
*Reconstructed tool: DRUNK



Event selection
1. Nch=4: with good charged track fitting.
lcosO |<0.8: for all charged track.

2. Combination cut

due to decay kinematics, momenta of p and
p are larger than those of momentum m and
T

P,..=0.767 GeV
P 12x=0.309 GeV
4 particles are unambiguously identified!

— Combining a charge and momentum
comfigurations.

pmin



Combination cut

Comparison of the m, peak

S N before and after combinational cut
S N

I ; ™

- Jf

... |vVEffectively reduces

e (cOmbinational background!




3. 295GeV E_, 3.20 GeV

lower energy cut must be treated
carefully!

- other dibaryon decay modes :

Jp -3 2 (Br=1.27x 107
> SNy (Br=100%)
JY -= = (Br=1.80x 107

= LAYy  (Br=99.51%)
SAT (Br=0.118%)

these are A A events associated with photons!



149 GeV E,,Ex 1.60GeV

-~ E, and E, are one half of the J/y mass in the J/Y rest
frame.

1.10GeV m,,my 1.13 GeV

S p1t (p1t *) invariant mass
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6. The events with photons must be eliminated.

— The charged hadrons create energy clusters with
larger size due to the nuclear interactions.

Analysis(Bhabha events): - e
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/. @ 2.0° ,where @ Is adecay angle between
A and A .

/A and A are decay

back-to-back.

number of svenls
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The obtained events

Monte Carlo 1.0x 10°
JP A A - all events
Nyc=9587
data N=4973
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The measurement of Br(J/yy - A A)
Br(J/& — A A ) is calculated to be

Br/y — A N )=

€ NoBr(\ - pr )?

N: The number of observed events.
. The efficiency of Monte Carlo

_ _ value number
simulation N 4973

. Ny 3.30x 107
N,: total number of J/ events. ) 0.935

Br{A—=pm)?) 0.639
Br(J/i¥—AA) 1.34x1073

Table 1: The list of the values which are used for calculating branching

Branching fraction rction
Br(J/y —A A )=1.34% 0.02x 103
1.30+ 0.12x 103



Systematic errors

souree cyst. errors( %)
Monte Carlo statistics 1.0
background 0.53

E 0.28

ma 0.63

© 0.008

Ny 2.0
Br(A—pr) (0.5

Total systematic error of Br(J/{—AA) 2.5

Table 22 The list of the sources of the svstematic error

*Total systematic error: 2.5%
*Result
Br(J/yy -~ A N )=1.34+ 0.02+ 0.03x 103



Total number of J/ events
e Decay mode:

JY -y
e Back grounds:

e e -4Ju [
e e -e e
JyY -e e

50000 MC event samples are generated and are
analized.

N Ns.oc.
€ trg€ v Br@d/Y -y p)

Nary =



e (Cuts

v
v
v

Total number of J/y :

N.,=2

1.0 GeV p+, p-
2.1 GeV

vertex:

| ,|<0.015

|z, |<0.15

tof:

T, T.]|<1.0 nsec
T Texp|<0.7 nsec

decay mode obs. events
Jlv—=pp  8.26x10°
ete"—pp  5.84x10°
Jiv—pp  1.38x107
Bhabha 50.8
Ny 3.39x 107

Table 1: The list of the number of observed events.

N, =3.39+ 0.07x 107

error: 2.0%



The analysis of CP violation

« Asymmetry A
2| f
< > Wﬂﬂ

* Analysis Lr [

N =2571, I J\[

N =2402 wf |

Ny J 1-

— <A>:3.4OX 10-2 I:—IIII.:IIIIEI I—::-IDI‘EI I—I{II.IIII'I —III:ZIIIE I IZI? I :IIIIH:IE- I IIIIII-L-I-L':H-.':Ilﬁ I ;}Di‘




Systematic errors

source syst. errors(%)
background (.53

E\ 0.28

A 0.63

@ 0.008
angular resolution 0.48
momentum resolution ().56
Total systematic error of asymmetry 1.1

Table 3: The hist of the sources of the systematic ervor

*Total systematic error: 1.1%

*Result

<A>=3.40+ 1.43+ 0.3x 10

<A>|<5.78x 10 CL=90%
10.3(x107"%ecm),  (a-term dominamt)
4.62 (%107 %ecm)

d;.l| <

(c-term dominamt)

[
Jd



Results

e Branching fraction
Br(J/W —A A )=1.34+ 0.02+ 0.03x 103

— This measurement supersedes current world
average.

e Asymmetry
|<A>|<5.78% 107

- It seems to have a sign of CP violation?
this problem needs to analyze more precisely.



Discussion

« Asymmetry Ais 2.50 above zero.

A| <1.5x 1016 ecm)

— This upper limit is restricted electric and colour
dipole moment of strange quark?

(c.f. hep-ph/0010105(2000))

Advanced analysis
Using whole the BES J/y events.

5.0x 107 J/Y events are already collected (from
1999 to 2002).

—the upper limit of d, will improve.



Using other CP-odd observables.

— constructed from momenta k,p,qg ,Q
ex.) tensor observable

Tij = (g-—qy)ilq-Xqy)i+{q-—q4)j(g-Xq4);.

But it is difficult to evaluate the consequence
IN this case.

This problem needs to analyze more precisely.



