
Recents Charm 
Results from the

 B factories

Nicola Neri

INFN - Sezione di Milano
on behalf of the BaBar collaboration

IFAE 2012 - Incontri di Fisica delle Alte Energie 

Ferrara,  11 - 13 Aprile 2012



11 April 2012Nicola Neri - Recent Charm Results from the B factories

Outline
 Introduction:
 Charm Physics and searches for Physics beyond the Standard Model

 Recent results from the B factories:
 BaBar

 Search for CP violation in D+→KSπ+;
 Search for T/CP violation in  D(s)+→KSK+π+π-;
 Search for flavor-changing neutral current (FCNC) processes (in backup slides):

D0→γγ;
c→ul+l- transitions.

 Belle
 Evidence of CP violation in D+→KSπ+;
 Search for CP violation in D0→KSπ0, KSη, KSη’;
 Search for CP violation in D meson decays D(s)+→π+ϕ;
 Search for CP violation in D meson decays D+→π+η(‘).

 Summary
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Introduction
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Charm Physics and searches for Physics 
beyond the Standard Model
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 Recent evidence of CP violation (CPV) in D0 decays has renewed 
the  interest for searching new physics in the charm sector:
 observed asymmetries are marginally compatible with the SM but not 

conclusive for establishing new Physics.
 Some hot topics in Charm Physics:
 Search for CP violation in Single Cabibbo Suppressed (SCS) decays, 

uniquely sensitive to new physics through tree-penguin interference:
 measure CP asymmetries in individual decay modes and keep improving 

precision;
 measure additional decay modes with similar quark transitions: c→u d dbar, 

c→u s sbar.  
 Search for Flavor Changing Neutral Current (FCNC) decays, highly 

suppressed in the standard model:
 however difficult to calculate SM long distance contributions.

(in backup slides)
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Understanding origin of CPV in SCS decays

5

c u

d

d

Penguin c s

u s

Tree c u

s

s

Penguin

• Gino Isidori,  Jernej F. Kamenik  Zoltan Ligeti and Gilad Perez arXiv:1111.4987
• Enrico Franco, Satoshi Mishima and Luca Silvestrini  arXiv:1203.3131

- D0→π+π-, π+π-π0 , 2π+2π-, 2π0

- D+→π+π0, π+η, π+η’, 2π+π-, 2π+π-π0 

- Ds+→ Ksπ+, K+π+π-, Ksπ+π0, K+π0 , K+η, K+η’

-  Λc+→pπ+π-, p2π+2π-

c d

u
d

Tree

- D0→K+K-, K+K-π0, KsK-π+, KsK+π-

- D+→ KsK+, π+Φ, K+K-π+π0, KsK+π+π-

- Ds+→ 2K+K-

- Λc+→pK+K-

Decays that are accessible at the B factories, not a complete list!
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CP violation in D decays with a KS in final state
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 CP asymmetry in charm decays with a KS in the final state is expected 
to be  (-0.332±0.006)% due to CPV in K0-K0 mixing.

 Sizable difference from this value would indicate CP violation in the 
Δc transition (very small in the SM) indicating possible new physics 
effects. 

Example: D+→KS0π+
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Recent results
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New data-driven method to determine charge asymmetry 
in track reconstruction.
Use tracks from                                 process, free of any 
physics-induced charge asymmetry. 

Ratio of detection efficiency: π+/π-

New 
Idea

469 fb-1

Search for CP violation in D+→KS π+

Phys.Rev.D 83:071103,2011
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FW-BW asymmetry  due to γ-Z  interference 
and to detector efficiency asymmetry

CP violation asymmetry

Consistent with SM prediction
Phys.Rev.D 83:071103,2011 469 fb-1

Search for CP violation in D+→K0
Sπ+

911
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977 fb-1

Search for CP violation in D+→K0
Sπ+
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arXiv:1203.6409v1 1738 K

for comparison,
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977 fb-1

Search for CP violation in D+→K0
Sπ+

1111

=
arXiv:1203.6409v1

FW-BW asymmetry 

CP violation asymmetry

Systematic errors

•AD is due to different  K0-K0 interaction with material
•Asymmetry due to neutral kaons to be corrected with 
acceptance effects as a function of KS  decay time by 
(1.040±0.005) Y. Grossman and Y. Nir, arXiv:1110.3790
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791 fb-1

Search for CPV in D0→K0
SP0 decays
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Phys. Rev. Lett. 106, 211801 (2011)

KSπ0

KSη

KSη’

326K

46K

27K

D0 D0
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Search for CP violation in SCS 
D+→π+η(‘) and D+→π+ϕ decays
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Phys. Rev. Lett. 107, 221801 (2011)

D+➝π+η, η➝π+π-π0

6.4K 6.0Kπ+η’

791 fb-1

D+ Ds+

D- Ds-

237K 723K

SCS Cabibbo
Favoured

D+➝π+η’, η’➝π+π-ηγγ
D+➝π+ϕ, ϕ➝K+K- 

arXiv:1110.0694v2955 fb-1

assuming no CPV in CF Ds+➝π+ϕ
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Time-integrated CPV measurements 
at the B factories 
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)-2 10× (CPA
-6 -4 -2 0 2 4 6

Belle(2005) 0/-/+ KA 0D
Belle(2005) -/+/-/+ KA 0D
BaBar(2008) -/+/ A 0D
BaBar(2008) -K+ KA 0D
Belle(2008) -/+/ A 0D
Belle(2008) -K+ KA 0D
Belle(2008) 0/-/+/ A 0D
BaBar(2008) 0/-/+/ A 0D
BaBar(2008) 0/-K+ KA 0D
Belle(2011) dS

0 KA 0D
Belle(2011) ’dS

0 KA 0D
Belle(2011) 0/S

0 KA 0D

)-2 10× (CPA
-6 -4 -2 0 2 4 6

BaBar(2005) +/-K+ KA +D

Belle(2010) +KS
0 KA s

+D

BaBar(2011) +/S
0 KA +D

Belle(2011) d+/ A +D

Belle(2011) ’d+/ A +D

Belle(2012) q+/ A +D

Belle(2012) +/S
0 KA +D

D0 modes: direct + indirect CPV D(s)+ modes: direct CPV 

At the B factories was found evidence of CP violation in D+ ➝KS0π+ decays.
Systematic errors kept under control below the 10-3 level. 
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Search for CPV using T-odd 
correlations in D(s)

+→K+KSπ+π- decays

• It is a measurement of T violation and of CP violation assuming CPT is 
conserved.

• T-odd observable:

AT =
1

2
(AT − ĀT )

• Final state interaction (FSI) could introduce fake 
T-odd asymmetries AT≠0.

• T-violating observable, removes FSI effects:

measured on D+

measured on D -

CT = !pK+ · (!pπ+ × !pπ−)

AT =
Γ(D+

(s), CT > 0) − Γ(D+
(s), CT < 0)

Γ(D+
(s), CT > 0) + Γ(D+

(s), CT < 0)
D(s)+ rest frame

ph

I.I. Bigi hep-ph/0107102 (2001)
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D+→K+KSπ+π-  and Ds
+→K+KSπ+π- events

D+ Ds
+

Systematic errors

 520 fb-1

• Inclusive D(s)+ 
reconstruction;

• p*(D)> 2.5 GeV/c;
• use data sidebands for 

bkg parameterization; 
• 20,000 D+ Cabibbo 

suppressed and 30,000 
Ds+ Cabibbo favored 
decays; 

Phys. Rev. D 84, 031103 (RC) (2011)

Fit projections in signal region
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Final results
 520 fb-1
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Phys. Rev. D 84, 031103 (RC) (2011)
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Conclusions
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 Recent evidence of CPV in Charm decays has renewed the interest for 
searching for new physics in the Charm sector.

 The B factories are contributing in the understanding and possibly 
constraining the SM effects by measuring CPV observables and studying 
also decay modes that are not easily accessible at the LHC.

 An overview of the recent B factories results has been presented covering 
CP violation searches in Charm decays. 

 Evidence of CPV in D+➝KSπ+ was found at the B factories (3.2σ Belle, 
2.9σ BaBar).

 Present results are in agreement with Standard Model expectations within 
the uncertainties.  

19
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Backup slides

20



11 April 2012Nicola Neri - Recent Charm Results from the B factories

Physics motivations for studying D0→γγ decay 
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Search for D0→γγ and 
BR measurement of the D0→π0π0 decay 

BaBar 
preliminary

BaBar 
preliminary

comparable precision with CLEO measurement

Use D0→K0Sπ0 as BR normalizing mode 
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arXiv:1110.6480v1 470.5 fb-1
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Physics interest in searching for FCNC decays
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Standard Model predictions for signal and bkg
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Validating the analysis using control modes 

384 fb-1
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Phys. Rev. D 84, 07200 (2011)
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Fit results and comparison 
with previous limits

384 fb-1New
results 

New
results 

New Limits approach theoretically interesting region
26

Phys. Rev. D 84, 07200 (2011)
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4

The BaBar experiment

PEP-II is an asymmetric-energy B factory 
at SLAC running mostly at the ϒ(4S) 
(10.58 GeV) with a center-of-mass boost 
with βγ=0.55 

σ(z0)=65 μm@ 1GeV/c

27



11 April 2012Nicola Neri - Recent Charm Results from the B factories

PEP-II

Recorded luminosity ~530 fb-1

Peak luminosity ~12x1033 cm-2s-1

≳450 papers
Offpeak (10.54GeV) + Scan above Y(4S): 53.9 fb-1 

ϒ(1S) ϒ(2S) ϒ(3S) ϒ(4S) ϒ(5S)

BaBar - 14 fb-1 30 fb-1 433 fb-1 -

Phys. Rev. Lett. 102, 012001 (2009)

The BaBar dataset
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