
Stefano Bianco HADRONIC CHARM DECAYS FROM FOCUS -  CHARM2010 Beijing 1

Stefano Bianco

Laboratori Nazionali di Frascati dell’INFN

Daniele Pedrini

INFN Milano Bicocca

Alberto Reis

CBPF Rio de Janeiro

On behalf of the FOCUS Collaboration

Presented at CHARM 2010 - IHEP Beijing

Selected topics from
FOCUS CHARM HADRONIC DECAYS RESULTS



Stefano Bianco HADRONIC CHARM DECAYS FROM FOCUS -  CHARM2010 Beijing 2

Motivations and Outline

•  A retrospective discussion of selected FOCUS
hadronic decays results which have interest and
implications for ongoing and future studies in
charm and beauty decays
– ycp  parameter in D mixing J.M.Link et al. PL B485, 62-70 (2000) First

evidence for nonzero mixing, followed by measurements from B-
factories. Algorithm and selection used by FOCUS may be used
by LHCb with much larger statistics very soon.

– T-odd correlations J.M.Link et al. PL B622 (2005) 239–248. First limit on KKπ
π. New limit from BABAR in 2010 using same formalism.

– 4 body amplitude analysis J.M.Link et al. PR D75 052003 (2007); PL B610 (2005)
225–234;  PL B575 (2003) 190–197 . First study with a complete 4-body
formalism of KKππ, KKKπ , ππππ. Direct connection to decays
used for extraction of CKM parameters in B decays.

• Conclusions and Outlook
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Successor to E687. Designed to study charm particles produced by ~200 GeV
photons using a fixed target spectrometer with updated  Vertexing,
Cerenkov, EM  Calorimeters, and Muon id capabilities.  Member groups from
USA, Italy, Brazil, Mexico, Korea.        DATA COLLECTED IN 1996-1997

Over 1 million
reconstructed!

Spectrometer at FERMILAB Wide
Band Photon  Beam
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1. yCP: A RETROSPECTIVE
J.M.Link et al. PL B485, 62-70 (2000)
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ycp master formulas
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D→KK signal for several cleanups

Y=10331
S/N=2.7

l /σ > 5 Wπ
-WK>1

l /σ > 5 W
π-WK>4

l /σ > 9 Wπ
-WK>1 l /σ > 9 Wπ

-WK>4

Y=7151
S/N=5.7

Y=11528
S/N=4.3

Y=16532
S/N=2.3

Kπ
reflection

J.M.Link et al. PL B485, 62-70 (2000)
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KK

Kπ

back+signal
background

Fitted time evolutions

• Background subtracted
and f(t’) corrected time
evolution of Kπ and KK
events in the final fit.

l/σ > 5  Wπ
-WK>4

Kπ

KK

J.M.Link et al. PL B485, 62-70 (2000)
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FOCUS

yCP = 3.42 ± 1.39 ± 0.74 %

Summary plot from 2003,
many more measurements
available now

S.Bianco, F.L.Fabbri, I.Bigi,D.Benson,
 A Cicerone for the physics of charm,
 Riv. Nuovo Cimento 26, 1-200 (2003)

Similar analysis algorithms and
selection cuts likely to be used
by LHCb soon

J.M.Link et al. PL B485, 62-70 (2000)
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2. T-odd CORRELATIONS
 J.M.Link et al. PL B622 (2005) 239–248.

A search for T-violation in the D system which,
 assuming CPT holds, is equivalent to CP-violation
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Discrete symmetry P and T
 TP
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T-odd correlation

CT = v1 • (v2 × v3)

where vi is can be spin or momentum of a final state particle
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T-odd correlation
Physical motivations 

(where vi is a spin or a moment of a final particle)

T- odd correlation
(CT → - CT under time inversion)

BUT

To find C T 
 ≠ 0  doesn’t imply CP violation

because
C T 

 ≠ 0 can be produced through:

Weak phase
(which violates CP)

Strong phase from F.S.I.
(which doesn’t violate CP)

SOLUTION

CT = v1 • (v2 × v3)

Assuming
CPT invariance

If C T 
 ≠ (CT)CP =-CT there is CP violation (if CPT holds)

To study the CP conjugated process and to build C T 
 and (CT)CP 
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T-odd correlation
Physical motivations 

How to compute CP asymmetries?
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We build T-odd asymmetries using decay rates for a certain process
and its CP conjugated process, as following:
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We build a T-violation asymmetry, as following:

To find ATviol ≠ 0 implies CP VIOLATION !

where

where

where

NOT TRUE SIGNALS
OF CP VIOLATION
(because of F.S.I.)

 TRUE SIGNAL
OF CP VIOLATION

(even in presence of F.S.I.)

2.

1.

- W.Bensalem and D.London
ArXiv:hep-ph/0005018 v1 (2000)

- G.Valencia Phys.Rev.D 39 (1989) 3339
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T-odd correlation

“ Consider,e.g., D0→K-K +π-π+ ,where one can form a T-odd correlation with the
momenta:

Under time reversal T one has CT → - CT hence the name ‘T-odd’.

Yet CT ≠ 0 does not necessarily establishes T violation.

Since time reversal is implemented by an antiunitary operator, CT ≠ 0 can
be induced by FSI. While in contrast to the situation with partial width
differences FSI are not required to produce an effect, they can act as an
‘imposter’ here, id est induce a T-odd correlation with T-invariant
dynamics.

This ambiguity can unequivocally be resolved by measuring in D0→K-K +π-π+ .

Finding CT ≠ - CT establishes CP violation without further ado.”
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From I.I.Bigi ‘Charm physics - Like Botticelli in the Sistine Chapel’

 arXiv:hep-ph/0107102 v1 (2001)
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D*-Tag

We can distinguish the
particle from the
antiparticle using the
D*-Tag

J.M.Link et al. PL B622 (2005) 239–248.D0

D0bar
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T-odd correlation in the decay m
ode

D
0 →

 K
-K

+π
-π

+
J.M

.Link et al. P
L B

622 (2005) 239–248.

D0, CT>0 D0, CT<0

D0bar, CT>0 D0bar, CT<0
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Systematic error
J.M.Link et al. PL B622 (2005) 239–248.
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RESULTS
table and average from D.Pedrini, in arXiv:1010.1589v1 [hep-ex] 8 Oct 2010

www.slac.stanford.edu/xorg/hfag/charm/cp_asym/charm_todd_asym_29mar10.html

BABAR P.del Amo Sanchez et al., PHYSICAL REVIEW D 81, 111103(R) (2010)

800evts
4.7x104evts

FOCUS J.Link et al., Phys. Lett. B622, 239 (2005)

Now at the 10-3 sensitivity with B-factories
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•3. 4-BODY AMPLITUDE ANALYSIS
 J.M.Link et al. PR D75 052003 (2007);  PL B610 (2005) 225–234;  PL
B575 (2003) 190–197.

 First study with a complete 4-body
formalism of KKππ, KKKπ , ππππ.

Discuss here  ππππ (6.3k events).
Direct connection to decays used for
extraction of CKM parameters in B decays
such as the angle α from B--> ρ0ρ0
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The   D0 -> π+π−π+π−        decay

1.D--> R1 π
• R1 --> R2 π

• R2--> π π
2.D--> R π π

•  R--> π π
3.D--> R1 R2

•  R1--> π π
•  R2--> π π

J.M.Link et al. PR D75 052003 (2007)
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J.M.Link et al. PR D75 052003 (2007)
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J.M.Link et al. PR D75 052003 (2007)
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J.M.Link et al. PR D75 052003 (2007)
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J.M.Link et al. PR D75 052003 (2007)
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J.M.Link et al. PR D75 052003 (2007)



The D0 --> π+π−π+π−  decay - Conclusions

•The dominant contribution to the π+π−π+π−  state
comes from the  a1

+(1260)π-  mode, accounting for over
60% of the total decay rate.
•The remaining part of the decay rate is equally divided
between the ρ0ρ0 and the nonresonant-like modes,
D-->Rππ
• Although fit on projections are good, the 5D fit
confidence level is not good. FSI must play an important
role.
•A better description of the data would require the
inclusion of FSI terms, besides what is already built in
the isobar model
•There is the need to find a model for these FSI terms,
based on χ-PT.

J.M.Link et al. PR D75 052003 (2007)
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EPILOGUE

ON THE IMPORTANCE OF
DALITZ

ANALYSIS IN THE
EXTRACTION

OF CKM PARAMETERS
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CONCLUSIONS
• Discussed a few old FOCUS hadronic decays results

which have implications on upcoming new results from
the contemporary charm and beauty experiments

• Algorithm and selection used by FOCUS in the study of
ycp in D mixing may be used by LHCb with much larger
statistics.

• T-odd correlations. First limit on KKππ. New limit from
BABAR in 2010 using same formalism.

• 4 body amplitude analysis. First study with a complete 4-
body formalism of KKππ, KKKπ, ππππ. Direct connection
to decays used for extraction of CKM angle α in B
decays. Poor 5D fit quality emerges in high-statistics
studies --> need better understanding of nonresonant
component

• Importance of studying the resonant structure of
hadronic decays.  S-waves often cannot be taken out
with a simple mass cut.
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Question Slides


