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Motivation

• To measure Branching fraction:
Br(J/ψ→ΛΛ)

※This measurement supersedes the current world           
average!

• To observe direct CP violation:
→comes from CP violating part of the decay         

amplitude
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※Measuring CP violation in 2 body decay
decay mode：

e+e-→J/ψ→Λ(s1)Λ(s2)    s1,s2: spin vector

Phenomenology

To measure CP violation
→the information of spin      

polarization is important!!

※CP-odd observables are used 
by analyzing secondary decay:

Λ→ｐπ－ （Ｂｒ＝63.9%)
Λ→ｐπ＋



Method of calculating CP-odd observable
Decay mode:

J/ψ→ΛΛ
The decay amplitude M：

a,b,c,d : complex parameter

εμ=(0,ε) : a polarization vector of J/ψ

The decay matrix Rij：

ｉ，ｊ＝ｘ,ｙ,ｚ



The spin density matrices
• Λ decay:
Λ→pπ－ (Br=63.9%)

Spin density matrices:
ρΛ=1＋α－ｓ１・ｑ１
ρΛ=1－α＋ｓ２・ｑ２

α－(～α＋)=0.642

• e＋e－annihilation
e＋e－→J/ψ

Spin density matrix:
式貼る



• Expectation value of a general experimental 
observable O:

Trace is done to average about unobserved 
spins.

• CP-odd observable:
Λ（ｐ）→ｐ（ｑ１）＋π

－

Λ（-ｐ）→ｐ（ｑ２）＋π＋

A=θ(p・(q1×q2))－θ(－p・(q1×q2))
B=θ(p・(q1×q2 ))



• The expectation values of A and B:

• The averaged observable A is equal to

where
N＋, N－： the number of events which have

sgn(p・(q1×q2 ))=＋andー

<Ａ>＝
Ｎ＋－Ｎ－

Ｎ＋＋Ｎ－



The d-parameter
• The origin of CP-violating d-term

electric dipole moment  of Λ, dΛ
CP violating coupling between Z and Λ
etc.
→※only dΛ is considered

• d parameter is described as

d ＝－
２

３ Ｍ2
gV
edΛ



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:

• The present value (PDG)
|ｄΛ| < 1.5×10-16（ecm)

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



The ＢＥＳ-II Detector
A multi-purpose detector operated at the BEPC(Beijing

Electron-Positron collider), IHEP, Beijing, China.

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

This detector is designed for charm and τ physics.



Event display
BES-II parameter

•2.86×107(hadronic events): collected from 1999 to 2000.

•Reconstructed tool: DRUNK

•Monte Carlo event generator: GENSIM
GEANT3 based

100000 J/ψ→ΛΛ was generated.



Event selection
1. Nch=4:   with good charged track fitting.

|cosθ|<0.8:   for all charged track.
2. Combination cut
※due to decay kinematics, momenta of p and 
p are larger than those of momentum π＋ and 
π－.

Ppmin=0.767 GeV
Pπmax=0.309 GeV

4 particles are unambiguously identified!
→Combining a charge and momentum 

comfigurations.



Combination cut
Comparison of the mΛ peak 
before and after combinational cut

Effectively reduces 
combinational background!



3. 2.95 GeV≦Esum≦3.20 GeV
lower energy cut must be treated 
carefully!
→other dibaryon decay modes :
J/ψ→Σ０Σ０ (Br=1.27×10-3)
Σ０→Λγ (Br=100%)

J/ψ→Ξ０Ξ０ (Br=1.80×10-3)
Ξ０→Λγ (Br=99.51%)
→Λπ０ (Br=0.118%)

※these are ΛΛ events associated with photons!



4. 1.49 GeV≦EΛ,EΛ≦1.60 GeV
→EΛ and EΛ are one half of the J/ψ mass in the J/ψ rest 
frame.

5. 1.10 GeV≦mΛ, mΛ≦1.13 GeV
→pπ－(pπ+) invariant mass

correspond to Λ(Λ) mass.

peak: 1.1152 GeV (data)
1.1150 GeV(MC)



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):
※0.2m at the inner surface

of the shower counter.

→More than 0.4m far from 
any charged tracks.

Ephoton≦0.1 GeV



7. φ≦2.0°, where φ is  a decay angle between 
Λ and Λ.

→Λ and Λ are decay
back-to-back.

※The initial radiation makes
an angle fall out from 180°!



The obtained events

Monte Carlo：1.0×105

J/ψ→ΛΛ→all events         

NMC=9587

data：N=4973

Minimum momentum

Maximum momentum

→as expected by the     
kinematics!



The measurement of Br(J/ψ→ΛΛ)
• Br(J/ψ→ΛΛ) is calculated to be

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

simulation 
N0: total number of J/ψ events.

• Branching fraction
Br(J/ψ→ΛΛ)=1.34±0.02×10-3

ＰＤＧ： 1.30±0.12×10-3

Br(J/ψ→ΛΛ)=
εN0Br(Λ→pπ)2

N



Systematic errors

•Total systematic error: 2.5%

•Result

Br(J/ψ→ΛΛ)=1.34±0.02±0.03×10-3



Total number of J/ψ events
• Decay mode:

J/ψ→μ－μ＋

• Back grounds:
e－e＋→μ－μ＋

e－e＋→e－e＋

J/ψ→e－e＋

※50000 MC event samples are generated and are 
analized.

NJ/ψ=
εtrgεμμBr(J/ψ→μμ)

N－NB.G.



Total number of J/ψ:
NJ/ψ=3.39±0.07×107

error: 2.0%

• Cuts
Nch=2
|cosθ|<0.6
1.0 GeV≦p+, p-
≦2.1 GeV
vertex:
|ｒ+,-|<0.015

|z+,-|<0.15

tof:
|T+－T-|<1.0 nsec
|T－Texp|<0.7 nsec



The analysis of CP violation
• Asymmetry A

• Analysis
N＋=2571,     
N－=2402

→<A>=3.40×10-2

<Ａ>＝
Ｎ＋－Ｎ－

Ｎ＋＋Ｎ－



Systematic errors

•Total systematic error: 1.1%
•Result

<A>=3.40±1.43±0.3×10-2

|<A>|<5.78×10-2 CL=90%



Results
• Branching fraction

→This measurement supersedes current world  
average.

• Asymmetry
|<A>|<5.78×10-2

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

Br(J/ψ→ΛΛ)=1.34±0.02±0.03×10-3



Discussion
• Asymmetry A is 2.5σ above zero.

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

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

• Advanced analysis
① Using whole the BES J/ψ events.
※5.0×107 J/ψ events are already collected (from 
1999 to 2002).
→the upper limit of dΛ will improve.

|ｄΛ| < 1.5×10-16（ecm)



② Using other CP-odd observables.
→constructed from momenta k, p ,q＋ , q－.
ex.) tensor observable

※But it is difficult to evaluate the consequence
in this case.

This problem needs to analyze more precisely.


