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Introduction

A) Search for CP violation is very active in charm sector.

X Only CP violation in decay D+ → KSπ
+ is observed by BABAR [1],

Belle [2].
X LHCb probed on ∆Acp = Acp(K

+K−)− Acp(π
+π−) attracting lots of

attention.
−0.82± 0.21± 0.11, 2012 [3]
0.49± 0.30± 0.11, 2013 [4]
0.14± 0.16± 0.08, 2014 [5]
−0.10± 0.08± 0.03, 2016 [6]

B) Recently: ACP(π
+π0) = (2.31± 1.24± 0.23)% Belle [7]
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CP-violation in SM

X Two typical amplitude

A(D+ → π+π0) = Ttree + Tpenguine
iδw+iδI (1)

Ā(D+ → π+π0) = T ∗

tree + T ∗

penguine
−iδw+iδI

X CP-violation asymmetry:

∆A ∼ sinδw sinδI (2)

D+ π0

π+

D+

π0

π+s, d , b
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Beyond SM

A) The CP-violation in charm system is small( 10−3) within SM [8].

B) Yuval Grossman, Alexander L. Kagan and Jure Zupan suggest to probe
violation in decay D+ → π+π0 [9].

X theoretical uncertainty is small
X provide strong signature for new physics ( NP ).
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Method

A) Observable:

Araw =
Nobs(D+ → π+π0)− Nobs(D− → π−π0)

Nobs(D+ → π+π0) + Nobs(D− → π−π0)
(3)

B) Two parts: True CP-violation and efficiency asymmetry.

Araw = ACP + Aπ±

ǫ (4)

X The Aπ
±

ǫ
is obtained by control sample

D+ → K 0
Sπ

0

C) Mainly two sources of systematic uncertainties:
X efficiency asymmetry for pions mesons
X Fitting

D) Blind analysis method
X The event selection criteria, background study and systematic

uncertainty are based on MC sample.
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BESIII Detector

X momenta resolution: 0.32%pt
⊕

0.37%/β
X Eγ resolution: 2.3%/

√
E
⊕

1%
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Event Selection

X Good charged track

X Vertex: Vr < 1 cm, Vz < 10 cm

X Polar angle: cosθ < 0.93

X Good photons

X Barrel: cosθ < 0.8, Eγ > 25 MeV
X End Cap: 0.86 < cosθ < 0.92, Eγ > 50 MeV

X pion candidates:

X prob(π) > 0, prob(π) > prob(K )

X π0 candidates

X χ2 < 200
X [115, 150] MeV/c2

X KS candidates

X χ2
vex < 100

X mass: [0.487, 0.511] GeV
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Select Best candidate

X There may be more than one combinations (π+π0) that fall into the
signal region in one events.

X Select: |∆E | = min

∆E = E (D)− E (beam) (5)

MBC =
√

E (beam)2 − ~p2 (6)
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Study on D+ → KSπ
+
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Introduction

A) Perfect control sample

X Angular distribution is same as the signal mode (D+ → π+π0).
X Momenta distribution is similarly as the signal mode.

B) ACP(KSπ
±) is well measured

X BELL [2], CLEO [10], BABAR [1] and FOCS have measured Acp(K
0
Sπ

±)
X The average value is [11]

ACP = −0.41± 0.09
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D
+ Yields

X Signal: MC shape ⊗ Gaus

X Background: Argus function

)2  (GeV/cBCM

1.84 1.86 1.88

E
v
e

n
ts

 /
 0

.4
 M

e
V

2

4

6

8

310×

238±#sig=51296

135±#bkg=12884

188±=274.12χ

)2  (GeV/cBCM

1.84 1.86 1.88

E
v
e

n
ts

 /
 0

.4
 M

e
V

1

10

210

310

238±#sig=51296

135±#bkg=12884

188±=274.12χ

12/ 24 Search for CP violation in D+ → π+π0 and π+η



D
− Yields
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Peak background

X Peak from D+ → 3π
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A
π
±

ǫ

A) Aπ±

ǫ is determined by

Araw
cp (K 0

Sπ
+) = Acp(K

0
Sπ

+) + Aπ±

ǫ (7)

B) MC:

Aπ±

epsilon = (0.022± 0.15)% (8)

C) Data:

AKπ
raw = (0.09± 0.33)% (9)

Aπ+

ǫ = (−0.32± 0.34)% (10)
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Study on D+ → π+π0 and π+η
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Background study

X No obvious peak background
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Some example of plots
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Study on MC sample

X Perform same procedure to the 10 MC samples.

X No obvious bias
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Data

???
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Summary

A) Efficiency asymmetry is determined to be:

Aπ+

ǫ = (−0.32± 0.34)% (11)

B) The sensitivity could reach 1.8% and 1.4% for π+π0 and π+η
channels, respectively.

Thanks !
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