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Outline

Study  D at B factory

D mixing 
 Wrong sign decay of D0

Kπ
 DKS

0hh decay
 Dπ+π-π0 decay

Direct  CPV in D decays
Radiative  D decays

D0
KSKS decays

Summary of mixing and  CPV at B factories2
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Why  study D at B factory ?

Based on which one can also call B factory to be a charm factory !

Strength:
Excellent particle identification.

 γ, π0 and KS reconstruction can be done easily.
Good background reduction and  high signal 

efficiency (5-10%)

No of  (in x 109)*

bb̄ cc̄

Belle 0.77 1.3

BaBar 0.46 0.65

*s(bb̄) ~ 1.05 nb and s(cc̄) ~ 1.3 nb

General purpose detectors, built to test Standard Model mechanism for 

CP violation in B decays.

9 GeV e- on 3.1 GeV e+8 GeV e- on 3.5 GeV e+



4

D0 - D̄0 mixing
c ū

D0

c̄ u

D̄0

Mass : (1864.83±0.05) MeV   τD0 = (410.1±1.5) x10-15 s  

Time evolution  : | ൿ𝐷1,2 𝑡 = 𝑒−𝑖𝑚
1

,
2
𝑡𝑒−

Γ1,2𝑡

2 | ൿ𝐷1,2(𝑡 = 0)

Phenomenon of mixing can be described as a decaying two-component quantum state.

Mass eigenstates (D1, D2)  ǂ Flavor eigenstates (D0, D̄0).

𝑚1 𝑚2 and Γ1 (Γ2) are the mass and decay width of 𝐷1(𝐷2)

Flavor states

| ۧ𝐷0 𝑡 =
1

2𝑝
[| ۧ𝐷1 𝑡 + | ۧ𝐷2 𝑡 ] and | ۧഥ𝐷0 𝑡 =

1

2𝑞
[| ۧ𝐷1 𝑡 − ۧ𝐷2 𝑡

At t=0, states are produced as pure D0 or D̄0

| ۧ𝐷0 𝑡 = ۧ|𝐷0 cosh
𝑖𝑥+𝑦

2
തΓ𝑡 −

𝑞

𝑝
| ۧഥ𝐷0 sinh

𝑖𝑥+𝑦

2
തΓ𝑡 𝑒−𝑖𝑚𝑡−

ഥΓ

2
𝑡 | ൿ𝐷0 𝑡 =

ۧ|ഥ𝐷0 cosh
𝑖𝑥+𝑦

2
തΓ𝑡 −

𝑞

𝑝
| ۧ𝐷0 sinh

𝑖𝑥+𝑦

2
തΓ𝑡 𝑒−𝑖𝑚𝑡−

ഥΓ

2
𝑡

At later time can be 𝐷0 or 𝐷0, depending on the value of mixing parameter x, y:

𝑥 ≡
𝑚1 − 𝑚2

തΓ
; 𝑦 ≡

Γ1 − Γ2

2തΓ
; തΓ ≡

Γ1 + Γ2

2
; ഥ𝑚 ≡

𝑚1 + 𝑚2

2

* under CPT  conservation assumption: |p|2+|q|2 = 1
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D0

c

ū 
d,s,b d,s,b

u

c̄ 
D̄0

W+

W-

D0

c

ū 

u

c̄ 
D̄0

K+K-,π+π-π0,
K+π-, π+π- , 
etc

In SM, D0 meson can change to D̄0 via 

Double weak boson exchange
(Short distance effects)

Intermediate state common to both 
(Long distance effects)

SM predictions for 𝑥 and 𝑦 suffers from larger uncertainties.
Generally, Mixing in charm system strongly suppressed : |𝑥|, |𝑦| ~ 1%  

Sensitive to New Physics effects :  𝒙 ≫ |𝒚|
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 
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yix
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fDdN
ff

t 



 

Observables at B factories :

dN(D0 f)/dt is different function of 𝑥, 𝑦 (and 𝑞, 𝑝) for different Af, Af

Decay time distribution of accessible states D0, D0̄ are sensitive to  mixing 
parameters (𝑥 and 𝑦), depending on the final state.

D0 - D̄0 mixing



6

CP violation in charmed mesons
Direct CPV (neutral and charged, mode dependent)

D
f

D̄
f̄

2 2
≠𝐴(𝐷 → 𝑓)

𝐴(ഥ𝐷 → 𝑓)
≠ 1

CP violation in decay appears on the amplitude level. Occurs if two different amplitude 
contribute to a single decay 

Indirect CPV (neutral, common for all decay modes)
In Mixing : 
CP violation in mixing occurs if a particle D0 can’t decay into a final state f̄ buts CP-

conjugate D̄0 can.    𝑫𝟎 ⟶ ഥ𝑫𝟎 ⟶ 𝒀+𝑿− ↚ 𝑫𝟎 ഥ𝑫𝟎 ⟶ 𝑫𝟎 ⟶ 𝒀−𝑿+ ↚ ഥ𝑫𝟎

𝒓𝒎 = 𝒒/𝒑 ≠ 𝟏

In interference  of decays with and without mixing: 
If mixing followed by decay and direct decay interfere. Final state must be common to D0

and D̄0.
Two conditions :

𝒙 =
∆𝑴

𝜞
≠ 𝟎

𝒂𝒓𝒈
𝒒ഥ𝑨𝒇

𝒑𝑨𝒇
≠0

D
f

D̄f̄
2 2

≠D̄ D

D f D̄ f
2 2

D
f

D̄
≠

fD̄ D̄

q/p
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D0
K+π- wrong sign analysis

D0 K+π-

DCS

D̄0
Mixing CF

ū

uc

s̄

W-

d

ū

D0 K+

π-
V*

ud

Vcs

u

c̄
D̄0

ū ū

c d

W+
u

s̄

D0 π -

K+
V*

us

Vcd

Doubly Cabibbo Suppressed (DCS)

Mixing

Cabibbo Flavored (CF)

𝑅 𝑡 =
𝑁𝑊𝑆(𝑡)

𝑁𝑅𝑆(𝑡)
= 𝑅𝐷 + 𝑅𝐷𝑦′Γ𝐷0 𝑡 +

𝑥′2 + 𝑦′2

4
(Γ𝐷0 𝑡)2

𝑅𝐷 =
𝐴𝐷𝐶𝑆

𝐴𝐶𝐹

2

𝑥′ = 𝑥 cos 𝛿 + 𝑦 sin 𝛿 , 𝑦′ = −𝑥 sin 𝛿 + 𝑦 cos 𝛿

𝛿 = 𝑎𝑟𝑔
𝐴𝐷𝐶𝑆

𝐴𝐶𝐹
𝑥 =

∆𝑚𝐷0

Γ𝐷0
𝑦 =

∆Γ𝐷0

2Γ𝐷0

d  strong phase not directly measurable at B-factories

Same initial-and final state
Interference between the two amplitude will occur

In the limit of CP conservation

y’ and x’2 accessible

D0 K-π+

CF

D̄0
Mixing DCS

Right sign CF 
dominates the Right 
Sign decay amplitude

Normalize wrong sign rate to the right sign to obtain
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D0-D̄0 mixing at B factories

200 mm

100 mm

Experimental method

Tag and suppress background
 D*+

D0π+
slow

Flavor of D
0
using charge of πslow

 pCMS(D*)> 2.5 GeV/c to eliminate D0 from B decay

Measure D0 proper time 𝑡, its error 𝜎𝑡 by 
reconstructing D0 momentum and flight length 𝑙

𝒕 =
𝒍𝒅𝒆𝒄

𝒄𝜷𝜸
𝜷𝜸 =

𝒑𝑫𝟎

𝑴𝑫𝟎

σt calculated from vtx error matrices

Mixing parameters (x’2,y’) extracted by the fit to the  time-dependent ratio of 
wrong sign to right sign decays

𝑅 𝑡/𝜏𝐷0 =
∞−׬

+∞
Γ𝑊𝑆 𝑡′/𝜏𝐷0 ℛ 𝑡/𝜏𝐷0 − 𝑡′/𝜏𝐷0 𝑑(𝑡′/𝜏𝐷0 )

∞−׬

+∞
Γ𝑅𝑆 𝑡′/𝜏𝐷0 ℛ 𝑡/𝜏𝐷0 −𝑡′/𝜏𝐷0 𝑑(𝑡′/𝜏𝐷0 )

ℛ 𝑡/𝜏𝐷0 −𝑡′/𝜏𝐷0 is resolution function of the real decay time t’.

D0
K+π-
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2980710±1885 events 11478±177 events

Gaussian + Johnson SU

WS decay D0
 K+π-

D0
 K-π+ D0

 K+π-

RWS: (0.385±0.006) %

976fb-1

Belle, PRL 112, 111801(2014)

ΔM=M(D*+
D0(Kπ)πs

+)-
M(D0

Kπ)

with mixing
without mixing

τ = 1/Γ𝐷0

Divide sample into N bins of decay 
time and fit M

Fitting ratios less sensitive to resolution 
function

Belle, PRL 112, 111801(2014)

N=10
N=5

BaBar, PRD 98, 211802(2007)

3.9σ5.1σ

384fb-1

976fb-1

1229000 RS
6400 WS
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5σ

2σ

No-mixing

PRL112, 111801 (2014)

976fb-1

PRL 98, 211802 (2007)

PRL 111, 231802 (2013)

No CP Violation hypothesis

Belle, PRL 112, 111801(2014)

WS decay D0
 K+π- : Results

Test 
hypothesis 
(χ2/DOF)

Parameters Fit results 
(10-3)

Mixing
(4.2/7)

𝑹𝑫

𝒚′

𝒙′𝟐

3.53±0.13
4.6±3.4
0.09±0.22

No mixing
(33.5/9)

𝑹𝑫 3.864±0.059

No-mixing hypothesis is excluded at 5.1σ

Test 
hypothesis

Parameters Fit results 
(10-3)

Mixing 𝑹𝑫

𝒚′+

𝒙′𝟐+

𝒚′−

𝒙′𝟐−

𝒚′

𝒙′𝟐

3.03±0.19
9.9±7.8
-0.24±0.52
9.6±7.5
-0.20±0.50
9.7±5.4
-0.22±0.37

No mixing 𝑹𝑫 3.53±0.1

No 
CPV

with 
CPV

BaBar, PRD 98, 211802(2007)

No-mixing hypothesis is excluded at 3.9σ

B factories results are competitive to that of Hadron colliders!

384fb-1

Expt RD (x10-3) y’ (x10-3) x’2 (x10-3)

Belle 3.53±0.13 4.6±3.4 0.09±0.22

BaBar 3.03±0.19 9.7±5.4 -0.22±0.37

CDF 3.51±0.35 4.3±4.3 0.08±0.18

LHCb 3.533±0.054 5.23±0.84 3.6±4.3LHCb-PAPER-2016-033 
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CP eigenstates decays D0
 K+K- / π+π-

Mixing in D0 decays to CP eigenstates, give rise to an effective lifetime τ that differs 
from that in the decays to flavor eigenstates such as DK+π-.
Observables

𝑦𝐶𝑃 =
𝜏 𝐷0 → 𝐾−𝜋+

𝜏 𝐷0 → 𝐾−𝐾+ − 1

𝑦𝐶𝑃 is equal to the mixing parameter 𝑦 if CP is conserved.
Otherwise, effective lifetimes of ഥ𝐷0 and 𝐷0 decaying to the same CP eigenstate differ 
and the asymmetry 

𝐴Γ =
𝜏 ഥ𝐷0 → 𝐾−𝐾+ − 𝜏 𝐷0 → 𝐾+𝐾−

𝜏 ഥ𝐷0 → 𝐾−𝐾+ + 𝜏 𝐷0 → 𝐾+𝐾−
≠ 0

In absence of direct CP violation,  𝑦𝐶𝑃 and 𝐴Γ are related to 𝑥 and 𝑦 as

𝑦𝐶𝑃 =
1

2

𝑞

𝑝
+

𝑝

𝑞
𝑦𝑐𝑜𝑠𝜙 −

1

2

𝑞

𝑝
−

𝑝

𝑞
𝑥𝑠𝑖𝑛𝜙

𝐴Γ =
1

2

𝑞

𝑝
−

𝑝

𝑞
𝑦𝑐𝑜𝑠𝜙 −

1

2

𝑞

𝑝
+

𝑝

𝑞
𝑥𝑠𝑖𝑛𝜙

where 𝜙 = arg(
𝑞

𝑝
)

PLB 486, 418 (2000)

PLB 486, 418 (2000)
JHEP 0705, 102 (2007)

We measure:
Difference in proper decay time distributions of D0

f and D̄0
f̄



CP eigenstates decays D0
 K+K- / π+π- 976fb-1

Tag D0 flavor by charge of πS from D*
Belle, PLB 753, 412 (2015)

Proper decay time distribution summed over cosθ*
where θ* polar angle of D0 in CMS with respect to the direction of e+

Measure 𝑦𝐶𝑃 and 𝐴Γ in bins of cosθ*

𝑦𝐶𝑃 = +1.11 ± 0.22 𝑠𝑡𝑎𝑡 ± 0.09 𝑠𝑦𝑠𝑡 % (4.7σ)
𝐴Γ = −0.03 ± 0.20(𝑠𝑡𝑎𝑡) ± 0.07(𝑠𝑦𝑠𝑡) %

Open (full) circle for 3 (4)-layer SVD 

Least Square fit

32% C.L. 40% C.L.

Fitted D0 Lifetime:
(408.46±0.54)fs
(stat only)

World Average:
(410.1±1.5) fs

12
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CP eigenstates decays D0
 K+K- / π+π- 468fb-1

BaBar, PRD 87, 012004 (2013)
Measure the lifetimes 

τ+ : 𝐷0 → 𝐾
−

𝐾
+

, 𝜋
−

𝜋
+ τ̄+: ഥ𝐷0 → 𝐾

−
𝐾

+
, 𝜋

−
𝜋

+ τKπ : 𝐷0(ഥ𝐷0) → 𝐾∓𝜋±

Use their inverse to compute 𝑦𝐶𝑃 =
Γ++ഥΓ+

2Γ
− 1 and ∆𝑌 = −

𝐴Γ

2
=

Γ+−ഥΓ+

2Γ

Only tagged 
for D0

ππ
due to poor 
S/N in 
untagged

𝑦𝐶𝑃 = 0.72 ± 0.18 ± 0.12 % (3.3𝜎)

∆𝑌 = −
𝐴Γ

2
= 0.09 ± 0.26 ± 0.06 %

pCMS(D
0)> 2.5 GeV/c

65430

136870

4780748* 1487000

331200*

*I roughly subtract combinatorial background
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Mixing in three body D0
KS

0π+π-

CF    : D0
K*-π+

DCS : D0
K*+π-

CP   : D0
ρKS

0

𝒜 amplitude for | ۧ𝐷0

Interference between intermediate resonance provide sensitivity 

to  both magnitude and sign of the mixing parameters.
Allows for probes for indirect CP violation

K*-

K*+

Powerful decay mode for flavor-tagged time-dependent D0-D̄0 studies ρ

ℳ 𝑚−
2, 𝑚+

2, 𝑡 = 𝒜(𝑚−
2, 𝑚+

2)
𝑒1 𝑡 + 𝑒2 𝑡

2
+

𝑞

𝑝
ҧ𝒜(𝑚−

2, 𝑚+
2)

𝑒1 𝑡 − 𝑒2 𝑡

2

ഥℳ 𝑚−
2, 𝑚+

2, 𝑡 = ҧ𝒜(𝑚−
2, 𝑚+

2)
𝑒1 𝑡 + 𝑒2 𝑡

2
+

𝑝

𝑞
𝒜 (𝑚−

2, 𝑚+
2)

𝑒1 𝑡 − 𝑒2 𝑡

2

ҧ𝒜 amplitude for | ۧഥ𝐷0 𝑚 ±
2≡ 𝑚2(𝐾𝑆0𝜋

±
)

Time dependence contained in  terms  𝑒1,2
𝑡 =exp[-i (m1,2 – iΓ1,2/2)t]

𝒜(𝑚−
2, 𝑚+

2) = ෍ 𝑎𝑟 𝑒𝑖
𝜑𝑟𝒜𝑟(𝑚−

2, 𝑚+
2) + 𝑎𝑁𝑅𝑒𝑖

𝜑𝑟

Sum of intermediates states

ҧ𝒜(𝑚−
2, 𝑚+

2) = ෍ 𝑎 ത𝑎𝑟 𝑒𝑖
𝜑𝑟 ҧ𝒜𝑟(𝑚−

2, 𝑚+
2) + 𝑎𝑁𝑅𝑒𝑖

𝜑𝑟

Simultaneous determination of x and y via t-dependent amplitude analysis

CPV

Quasi two body intermediate state
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Signal selected :

M(KS
0π+π-) and

Q=M(KS
0π+π-πs)-M(KS

0π+π-)-m(πs)

|M-mD0| < 15 MeV
5.75 MeV < Q < 5.95 MeV

1231731±1633 signal events
with purity of 95.5%

921fb-1D0
KS

0π+π- decay

Dalitz model
 For P- and D-wave decays, include  12  

relativistic BW
 Blatt-Weisskopf penetration factors as 

form factors
 Zemach tensors for the angular 

dependence.
 ππ S-wave dynamics : K-matrix 

formalism with P-vector approximation
 KS

0π S-wave : LASS parameterization

χ2/ndf=1.207 for 14264-42 degrees of freedom

ρ/ω

K*(892)-

K*(892)+

K*
X(14XX)+

Belle PRD89, 091103 (R)(2014)
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Measurement of x, y and q/p
Fit projection for CP conserved fit

D0 mean lifetime = (410.3±0.6)fs

Consistent with PDG:  (410.1±1.5)fs

𝒙 = (𝟎. 𝟓𝟔 ± 𝟎. 𝟏𝟗−𝟎.𝟎𝟗−𝟎.𝟎𝟗
+𝟎.𝟎𝟑+𝟎.𝟎𝟔)%

𝒚 = (𝟎. 𝟑𝟎 ± 𝟎. 𝟏𝟓−𝟎.𝟎𝟓−𝟎.𝟎𝟔
+𝟎.𝟎𝟒+𝟎.𝟎𝟑)%

Significance : 2.5σ

CP conserved
CPV allowed

Also search for CPV in D0/D̄0
KS

0π+π-

|q/p|= 𝟎. 𝟗𝟎−𝟎.𝟏𝟓−𝟎.𝟎𝟒−𝟎.𝟎𝟓
+𝟎.𝟏𝟔+𝟎.𝟎𝟓+𝟎.𝟎𝟔

𝒂𝒓𝒈(𝒒/𝒑) = (−𝟔 ± 𝟏𝟏−𝟑−𝟒
+𝟑+𝟑)

∘
Value of x and y consistent with CP conserved fit

921fb-1

No hint for indirect CP violation

Belle PRD89, 091103 (R)(2014)
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Using D0
 KS ππ and D0

KS K K decays
BaBar, PRL 105 081803 (2010)

469fb-1

D0
 KS ππ D0

 KS KK

540800±800 79900±300

𝒙, 10-3

𝒚, 10-3

+ Non Mixing

Disfavor non-mixing hypothesis with C.L. equivalent to 1.9σ
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BaBar, PRD 93, 112014 (2016)Using D0
 π+π-π0 decay468fb-1

Signal identified as :
∆𝑚 ≡ 𝑚 𝜋+𝜋−𝜋0𝜋𝑠

+ − 𝑚 𝜋+𝜋−𝜋0

𝑝𝜋0 > 350 MeV
𝑝∗ 𝐷0 > 2.8 GeV

𝒙 = 𝟏. 𝟓 ± 𝟏. 𝟐 ± 𝟎. 𝟔 %
𝒚 = 𝟎. 𝟐 ± 𝟎. 𝟗 ± 𝟎. 𝟓 %

No CPV

D0 mean lifetime = (410.2±3.8)fs

Consistent with PDG:  (410.1±1.5)fs

𝒎
𝝅+𝝅𝟎
𝟐

𝒎
𝝅−𝝅𝟎
𝟐

𝒎
𝝅+𝝅𝟎
𝟐

𝒎
𝝅−𝝅𝟎
𝟐

Diff b/w data 
and fit model 
prediction

𝒎
𝝅+𝝅𝟎
𝟐

𝒎
𝝅−𝝅𝟎
𝟐 𝒎𝝅+𝝅−

𝟐

First measurement of mixing parameter of time dependent amplitude analysis.

Background from:
𝐷 → 𝐾−𝜋+,𝐷 → 𝐾−𝜋+𝜋0,
𝐷 → 𝐾𝑠𝜋+𝜋−and 𝐷 → 𝐾𝑠(→ 𝜋+𝜋−)𝜋0

Fit with isobar model of relativistic BW line shape
~138000 events
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B factories results quite competent with hadron machines

D0-D̄0 Mixing : Summary

No mixing (𝒙, 𝒚) = (0,0)
χ2= 450, excluded at  > 11.5 σ

𝒙 ≤ 𝟎 excluded at 1.9σ
𝒚 ≤ 𝟎 excluded at 9.1σ
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Time integrated CPV measurements

Asymmetry of time-integrated decay rates: 

𝐴 𝐶𝑃=
Γ 𝐷→𝑓 −Γ( ഥ𝐷→ ҧ𝑓)

Γ 𝐷→𝑓 +Γ( ഥ𝐷→ ҧ𝑓)
≃ 𝑎𝑑𝑖𝑟 +

<𝒕>

𝜏
𝐷

𝑎𝑖𝑛𝑑

Charged D meson: 𝐴𝐶𝑃 = 𝑎𝑑𝑖𝑟

Neutral D meson: 𝐴𝐶𝑃 = 𝑎𝑑𝑖𝑟 + 𝑎𝑖𝑛𝑑

Indirect CPV is universal
𝒂𝒊𝒏𝒅 = 𝟎. 𝟎𝟓𝟔 ± 𝟎. 𝟎𝟒𝟎 %

Δ𝐴𝐶𝑃 = 𝐴𝐶𝑃 𝐾𝐾 − 𝐴𝐶𝑃 𝜋𝜋

≃ 𝐴𝐾𝐾
𝑑 −𝐴𝜋𝜋

𝑑 +
Δ < 𝑡 >

𝜏𝐷
𝑎𝑖𝑛𝑑

This way, one can cancel the indirect component and experimental systematics to large extent. 
SM estimate

Δ𝐴 𝐶𝑃
𝑆𝑀~

𝛼𝑠

𝜋

𝑉𝑢𝑏𝑉𝑐𝑏
∗

𝑉𝑢𝑠𝑉𝑐𝑠
∗ ~10−4

But can also be as large as

Δ𝐴 𝐶𝑃
𝑆𝑀~few − several × 10−3

Latest HFAG average      𝜟𝑨 𝑪𝑷
𝑬𝑿𝑷~ −𝟎. 𝟏𝟑𝟕 ± 𝟎. 𝟎𝟕𝟎 % Agreement with no CP violation CL = 6.5 x 10-2

Belle and Babar provide competitive results.
Further, neutral modes not easy for LHCb.
Only limited results from CLEO.

A CP (D0 → π0π0 ) = [−0.03±0.64±0.10]%

A CP (D0 → KS
0π0 ) = [−0.21±0.16±0.07]% Belle,PRL 112, 211601 (2014)

B factories play important role here



Search for CP violation in FCNC D0
V,  V=φ, K̄*0, 0

Radiative charm decays are dominated by long-range non-perturbative processes
enhance B.F. up to  10-4, 
whereas short -range interactions are predicted to yield rates at the level 10-8.

Belle, PRD 92, 101803 (2004)

BaBar, PRD 78,071101(2008)

Decay  D0
 has not been observed

No  ACP measurement in D0
V

Expt. Lumi., fb-1 Decay B.F., X 10-5

Belle 78 D0
φ 2.67−0.61−0.17

+0.70+0.15𝑎

BaBar 387 D0
φ 2.73 ± 0.30 ± 0.26

BaBar 387 D0
K*̄0 32.2 ± 2.0 ± 2.7

In some SM extensions sizeable CP asymmetry expected in radiative charm decays:

𝐴 𝐶𝑃
𝑉𝛾

> 3 % signal of New Physics

PRD 52, 6383 (1995) arXiv:1509.01997

PRL 109, 171801 (2012), arXiv:1210.6546

Decay chain                                   Normalization mode

D0 → φγ → K + K − γ                      D0 → K + K −

D0 → K∗0 γ → K − π + γ                  D0 → K − π +

D0 → ρ 0 γ → π + π − γ                     D0 → π + π −

Signal extraction : Simultaneous 2D fit of MD0 and cos(θ H )

ACP
sig = Araw

sig - Araw
norm + ACP

norm

𝐴𝑟𝑎𝑤 =
𝑁 𝐷 → 𝑉 − 𝑁(ഥ𝐷 → 𝑉)

𝑁 𝐷 → 𝑉 + 𝑁(ഥ𝐷 → 𝑉)
= 𝐴𝐶𝑃+𝐴𝐹𝐵+𝐴 𝜖

𝜋𝑠 𝑎

𝐴𝐹𝐵, 𝐴𝜖
𝜋𝑠 eliminated through relative measurement of ACP .

ACP : independent of all kinematic 
variables
AFB : due to -Z0 interference; an odd 
function of cosθ* in CM frame
𝑨𝝐

𝝅𝒔 : independent of final state,

θH

K+

K-

D0 

21
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D0 D̄0 D0 D̄0 D0 D̄0

Search for CP violation in FCNC D0
V,  V=φ, K̄*0, 0

First measurement of  ACP. 
Results consistent with no  CPV

First observation

Yield : 524±35 Yield : 9104±396 Yield : 500±85

arXiv:1603.03257
Submitted to PRL

943fb-1

Dφπ0

ρ0π0

ρ+π-
K*0π
K*0η
K-π+π0

(1.77±0.30±0.07)x10-5(4.66±0.21±0.21)x10-4(2.76±0.19±0.10)x10-5B

9.8% 7.8% 6.8%
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Search for CP violation in D0
 KSKS

SM limit  ≤1.1 %(95 C.L.) for direct CPV in D0 → KS
0KS

0

SCS decays (such as  D0 → KS
0KS

0 ) are special interest: possible interference with 

NP amplitude could lead to larger nonzero CPV

Previous measured ACP (D0 → KS
0KS

0 ) by:

CLEO       (−23±19)%                      13.7 fb−1

LHCb      (−2.9±5.2±2.2)%               3 fb−1

CLEO, PRD 63,  071101 (2001)

LHCb, JHEP 10, 055 (2015)

Method:   

𝐴𝐶𝑃 𝐷0 → 𝐾𝑠𝐾𝑠 = 𝐴𝑟𝑎𝑤 𝐷0 → 𝐾𝑆𝐾𝑆 − 𝐴𝑟𝑎𝑤 𝐷0 → 𝐾𝑠𝜋0 + 𝐴𝐶𝑃 𝐷0 → 𝐾𝑆𝜋0 + 𝐴𝐾0/ ഥ𝐾0

𝐴𝐾0/ ഥ𝐾0: Asymmetry originating from the different strong interaction of K0 and K̄̄0 mesons

with nucleons of the detector material =  (−0.11 ± 0.01)%

ACP (D0 → KS
0π0)  = (−0.20 ±0.17)%             [PDG]

Ko et al PRD 84, 111501 (2011)

Nierste, Schacht PRD92,054036 (2015)

Peaking background D0
KS

0ππ (D0
πππ0) in D0

 KSKS (D0
KSπ

0) estimated in the KS mass 
sideband.
0.470 < Mππ <0.478 GeV/c2 and 0.516 < Mππ<0.536 GeV/c2

Araw extraction : Simultaneous fit of M for D0 and D̄0
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Search for CP violation in D0
 KSKS

D0 → KS
0KS

0 decay mode

D0 → KS
0π 0 decay mode 

Efficiency = (11.04±0.02)%

Signal Yield = 5399±87

Araw = (0.45±1.53)%

Efficiency = (12.60±0.02)%

Signal Yield = 531807±796

Araw = (0.16±0.14)%

D0 D̄0

Preliminary 921 fb-1

Preliminary

ACP (D0 → KS
0KS

0 ) = (− 0.02±1.53±0.17 )%  

Consistent with no CPV.

Improve precision of previous best measurement 

(LHCb) by more than a factor 3 !

arXiv:1609.06393

Preliminary



Mixing & CPV in D : Summary
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Mixing in D0 – D̄0 system is established with high confidence
Belle (BaBar) measured  mixing parameters :

x’
2 and y’ in WS decay of D0

K+π- with 5.1σ (3.3σ)
 yCP and AΓ in D0

 h+ h- with 4.7σ (3.3σ)
x,y (Dπ+π-π0), |q/p|, arg(q/p) using D  πππ and DKShh

B factory results comparable to the LHCb !

ACP measurement in B factories 
Strength lies in  , π0 reconstruction 
and clean environment.

CPV in D decays challenge for the LHCb 
and Belle II.

No significant CP violation been 
observed so far in the search carried 
out in variety of D mesons decays.

For more details regarding charm 
prospects in Belle II, please look at 

Belle II Prospects for Time -Dependent CPV and Mixing  
by Alan Schwartz
Belle II Prospects for Time -Integrated CPV
by Seema Bahinipati

Both provide competitive and complementary results.
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