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Introduction

CP violation and electric dipole moment

@ CP violation in standard model is far too small to explain the
matter and antimatter asymmetry. Searching for new CP
violation source is one of the most interesting projects in particle
physics.

@ New theories beyond SM can induce new CP violation terms, At
low energy, they could generate electric and color electric dipole
operators in loop diagrams.

I n v
Lepy = _5 cwauﬂst“

o Electric dipole moment of charm quark may provide new CP
violation source and constrain the parameters of new physics.
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Introduction

Chromoelectric dipole moment of charm quark

Experiment status

o Electric dipole moments of some element particles are found to
be very small. [PDG 2012]

d, < 0.29 x 10”%¢ - cm(90%CL)

@ BESII has accumulated large data sample of
O —Jp+atr.
e BESIII will collect more data with higher accuracy.

The study of this transition process may provide some information
about the color electric dipole moment of charm quark.
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Theoretical Framework

Potential model

@ Initial and Final charmonium states without CEDM. 6 is mixing
angle, determined from leptonic decay rate.

V' = cosh|23Sy) + sinf| 13Dy )
J/ = [1°81)

o CEDM will modify the potential.
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Theoretical Framework

Potential model

o Energy shift

AE =0 <I’125+1LJ’ VCEDM‘n2S+1LJ>O =0
@ State mixing

\n3S1> = CZS’I’!SS1>0 + C;é’llpﬁo 4+ ...

113Dy) = C13113Dy)o + C13[11P1)g + ...
@ Order of Coefficients

CY=1+0(d?) Cl3=1+0(d
Cyp = 0(d.) Ci3 = O(de)
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Theoretical Framework

The decay process described by QCDME. Amplitude contains two
factor: MGE + H [PhysRevD.24.2874]
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Theoretical Framework

For W(2381) — J/U(13S1)7m and ¥(13D;) — J/ U (138;) 77, the
decay channel is E1E1.

M = My |EE0)

And we parameterized the hadronization factor as

1
(n7|EiE;|0) = \/ﬁ[(l‘l‘ﬁ%u + Bwiws)dy
2,
+C(q1:99; + 91792 — 391 - 4205)]

3
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Theoretical Framework

QCDME of CEDM

o CEDM induced new decay channels. The effective vertex in
non-relativistic limit

CEDM : —i%(a -&)-E
@ New decay channels
MICEDMI : [238;) — |138;)
EICEDM2 : cosf|23S1) + sinf|13D;) — |135;)
o Amplitude of M1CEDMI1:
Myncepmn = Mi(mm|BiE;|0)
(mm|BiEj|0) ~ Kancepmn [(G1 — G2)i(G1 % Ga);
+ (41 — §2)i(d1 % 4)i]

@ Remain Problem: How to calculate Ky cepa
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Theoretical Framework

Calculate the K1 cepan

e Hadronization factor: insert a complete set of intermedia states

V)

(wr|EiEj|0) = ) _(mm|N){(N|EiEj|0)
N

@ 2GA assumes that the 2-gluon state |N) = |g°g¢) dominate.
(| Eif]0) =~ (mm|g°g") (¢"¢"|Eik;|0)

(rm|gg”) ~ constant

wiw2 o o o
(g°¢°|EiE;|0) = —m[ﬁlvi@\l)%()\z) + €1,i(A1)e2,i(A2)]
o At last, we can calculate Kyncepan by comparing with E1E1

process
Canepmileca — TE1E1]264

Canepmilspa  Trig|spa

QWG 2013, April 22-26, IHEP, Beiling



Theoretical Framework

Total decay channels

o EIEL: CX,C12,C10 =1+ 0(d?)

cos§C2(2381) + sinfCI3|13D,) — C1313Sy)
e EIMI: Ci} = 0(d,)

(cosOC3h + sinfCip) |11 Py) — Cip[1°S1)

cosfC301238) + sinfCI3[13D;) — CR2[11Py)

o MICEDMI: O(d,)
cosf|2381) — [135)
e EICEDM2: O(d,)
cos0|2381) + sinf|13Dy) — |138;)

o Interference: EIM1--E1ICEDM2, MICEDM1--E1CEDM?2
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Numerial results

CEDM contribution

e tOta
dr/dMnx = =E1CEDM2
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Numerial results

Fit with data
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Events:N = = (th-order
Total

12000

10000 —

8000

6000

4000

2000

T T T
0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60
Mnn(GeV)




Numerial results

Fit with data

| de=(0.11+£1.85) x 107 e - cm (20) pra
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Numerial results

Result Analysis

o Fitting result:

1. Central value: 1.10 x 10~ *%¢c.cm
2. 20 bound: 1.96 x 10~ ¢ - cm

@ Analysis
1. Still consistent with zero.

2.

Model dependence: 12%. Comparing result of Cornell potential
and Chen-kuang potential [PhysRevD.46.1165]
Soft pion coefficients K lead to 34% ~ 40% uncertainty.
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Numerial results

Result Analysis

o Fitting result:

1. Central value: 1.10 x 10~ *%¢c.cm
2. 20 bound: 1.96 x 10~ ¢ - cm

@ Analysis
1. Still consistent with zero.
2. Model dependence: 12%. Comparing result of Cornell potential
and Chen-kuang potential [PhysRevD.46.1165]
3. Soft pion coefficients K lead to 34% ~ 40% uncertainty.

@ Conclusion: First experimentally determined upper bound
(95%C.L.)

d.| <3 x 107%e - cm
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CP odd observable

CP odd operator

e Construct CP-odd operator for process ete™ — ¢/ — J/ihntn™

S va 41 X942
)P 1 % Go
@ The exceptation value of operator O is zero for E1E] channel
because it violate CP. The lowest non-zero contribution comes
from interference between E1E1 and CEDM channels.
@ Numerical result
Ad.

e
(9) =500 {2.5349<M1CEDM1 — 0.964K pacepurz + 7 [0.0123Kgaan

+ 0.0715K y1EDM1 + 0-3213<E1CEDM2]} =0.63 x 10_2dc

O:f?‘(‘]l

@ This test is much more sensitive, BES will try to measure the
asymmetry observable 4¢

A0 = [Nevenss(O > 0) = Nevenss (O < 0)]/ [Nevenss (O > 0) + Neyenss (O < 0)]
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Conclusion

Conclusion and outlook

@ We get the upper bound of |d.| < 3 x 10~ !4e - cm at 20 C.L.

@ This result is very large compared with other particles. It is still
possible to find non zero CEDM in charm quark.

e BESIII will accumulate more events with higher accuracy,
especially at the low momentum region, this could greatly
improve our result in future.

@ The measurement of the CP-odd operator could determine the dc
to a higher precision.
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Conclusion

The End

Thank You
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