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Outline

• Strong decays

impact of  open charm mesons

• Search for new physics in rare D decays

• Semileptonic decays

This talk does not include:                         mixing, 
electromagnetic decays, weak hadronic decays, leptonic charm 
decays…
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Mass spectrum of open charm mesons

Question: what is their impact on strong and weak charm meson 
decays?
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Strong decays of positive and negative parity charmed mesons

There are many studies : quark models, QCD sum rules, HMChPT, lattice…

a) average of Belle and Focus values;
b) average of Belle and CLEO values;

S.F. and J. Kamenik hep-ph/0606278 (Phys. Rev D):

Strong couplings are investigated including chiral loop corrections 
within  Heavy meson chiral perturbation theory 
(I.W. Stewart, NP B529, 62 (1998), T. Mehen and R. Springer, PRD 72, 034006
(2005).
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Framework

The leading order of HMChPT in chiral
and heavy quark expansion 

One is free to set

But, in the loop calculations enter:

Note, that previous calculations extracted g coupling  without positive 
parity states   and h only at tree level.

These three couplings are 
Being discussed within this study
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Wave function renormalization Vertex  corrections 

residual masses of the final and inital states

Scale dependence of the loops 
cancelled  by the counterterms. 
However, many  new parameters 
appear in counterterms which 
cannot be fixed by existing data. 

Extraction of bare couplings
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Wave function renormalisation

Vertex corrections
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We assume:

Then  Monte -Carlo randomized least –square fit  for all three 
couplings is performed using experimental values for the decay rates to compute 

. It is found that g =0.66, |h|=0.47 and 

Next we study effects of counterterms

We take counterterm couplings entering our decay modes to be randomly 
distributed at                        in the interval           and  5000 values of  

are generated near original fitted solution by 
minimizing           at each counterterm sample. 

For each solution the average absolute value of the randomized couterterm
couplings                  is computed. It is assumed that counterterm
contributions do not exceed values of the  order                .
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The inclusion of counterterms spreads
the fitted values of the tree couplings.

Extracted bare couplings:
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• We could not include                     terms due to very large number of new 
parameters,  however lattice studies indicate that they do not contribute 
significantly;               

• The result is in a way complementary to the study of renormalization scale 
dependence. Both are important since although it is possible to trade the 

counteterms contributions for a specific choice of the renormalization scale,
the latter will be different for different amplitudes where the combination 
of  counterterms will be different. 

at 



11

Chiral extrapolation

Lattice QCD performs calculations using large light quark masses and then 
makes chiral limit.

The inclusion  of heavy excited mesons in the chiral loops introduces 
large scale dependence into the renormalization of the coupling constants.
It looks as excited states dominates loop contributions.

The  loop integral  depends on two scales: 
• the mass of pseudogoldstone boson (its value can be as large 
as 1 GeV in the lattice calculation,  small in CHPT);
• the scale          contains the splitting and it is not protected either by heavy 
quark  or chiral symmetry  to be small;

Note that pions in the loops can be real, what introduces 
uncontrollable FSI.

1/                    
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These contributions
dominate the chiral
limit 

If we instead use the loop integral expansion we effectively replace 
by                         . Furthermore, these terms then become of the 

order                            and formally contribute only to next-to-leading chiral log 
running. 
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region where       
expansion is valid
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• We found that for the chiral extrapolation of the coupling g full loop
contributions give sizable effects in modifying slope and curvature in the case 
when            

• If we instead use                       expansion the effect is reduced;  
h coupling contributions are reduced to be of the order 5%.

• Since we consider only pions in the final state we do not expect large 
counterterms contributions;

• Due to large number of parameters (Mehen&Springer) in 1/M corrections 
and chiral loop corrections it is not possible to determine them all;
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D meson semileptonic weak decays                  

S.F. and J. Kamenik
Phys. Rev. D 71, 014020 (2005),
Phys. Rev. D72, 034029 (2005),
Phys. Rev. D 73, 057503 (2006).
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There are new experimental results on D semileptonic decays (FOCUS,  
CLEO  and Belle collaboration):

Experimental results on D meson semiletponic form factors

Usually in D semileptonic decays a simple pole parametrization has been 
used in the past.

FOCUS:  hep-ex/ o410037; Phys Lett. B607, 233 (2005)
CLEO: hep-ex/0407035; Phys. Rev. Lett. 94, 011802 (2005)
BELLE: hep-ex/0510003;
BaBar:hep-ex/0607077

They investigated form factors in 

In the case of  K meson in the 
final state the pole masses are 
inconsistent with physical 
masses of the vector  meson 
resonances.

These  experimental results suggest the existence of contributions beyond the lowest 
lying charm meson resonances!
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A fit to modified pole is done using:

(here  are given results of 
Belle  collaboration; CLEO 
and FOCUS results are  
rather close to these)

These results show that in the case of                    decay mode there is significant deviation 
from the prediction of simple pole.  

FOCUS  (hep-ex/0509027) presented the first measurements of the helicity basis form 
factors free from the assumption of spectroscopic pole dominance in the case of ,

BaBar recent study (hep-
ex/0607085) still has single pole 
dependence for form factors in 

Becirevic – Kaidalov
parametrization
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In static limit of HQET

Becirevic – Kaidalov parametrization:
includes  all HQET and QCD sum rules, 
as well SCET limits 

S.F and J. Kamenik Phys. Rev. D  followed this ideas for H -> V semileptonic decays

HQET limit
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SCET limit

Both limits impose parametrization:
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Framework for light vector mesons

leading order interaction
for heavy even and odd parity
fields and light vector fields 

Weak interactions

We include also another odd parity heavy meson multiplet field  H’.



21

(1/MD  corrections might be important!)

Results  D semileptonic decays

We fix the parameters a and b by the
next-to-nearest resonances and we use 
physical pole masses of  excited charmed mesons

our model

by fitting  PDG data on branching ratios 

we determine

Two pole behaviour of the relevant form 
factor agrees well with recent experimental
result and the branching ratio are very close 
to the measured once.

We use tree level values for 
g  and h.
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Vector and axial form factors within HMChL
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helicity amplitudes
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two-poles

single pole

FOCUS data

Helicity amplitudes
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Search for new physics in rare D decays

Search for new physics in the up-like sector is not very attractive due to:
• FCNC at loop level in SM suffer from GIM cancellation;
• most of charm processes , where                        and     transitions
occur are dominated by the SM long-distance contributions. 

Experimentally is only seen 

1)                         

QCD corrected  SM gives 

MSSM (gluino exchange diagram)

2) 

QCD corrected  SM gives 

New  physics effects investigated by  authors:
G. Burdman et al., PRD 66, 014009 (2002),
S.F., S. Prelovsek, P. Singer, PRD 64, 114009 (2001), S.F. S.P. PRD 73 054026 (2006).
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With an additional up-like quark  there is a 
tree level  FCNC for the up-like sector   

Z

extended CKM

FCNC and new physics coming from an extra up-like quark singlet

S.F. and S. Prelovsek, ICHEP 2006, hep-ph/0610032, 
Littlest Higgs Model in Phys. Rev. D 73 054026 (2006)
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This corresponds to  the maximal effect that any new physics possibly have on 
rare D decays given  by model independent constraints on Z mediated flavor changing 
currents.

The stringent limit comes from 

Exp. Result (PDG):

0.0004Maximal value is 

Using unitarity limit  one gets                                                (we use the lowest value of 
CKM as given in PDG to 
get maximal effects )
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New Physics model modifies Wilson coefficients:

for inclusive decays
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CLEO’s and FOCUS upper upper bounds 

This is consistent  with 

It already indicates that resonant decay channels               
with intermediate resonances                            constitute an important long-
distance contribution to the charmed meson decay, which may shadow  
contribution induced by                            .
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Instead of using  theoretical model we take full advantage of the 
experimental input that is available to  determine long distance contribution.
The dominant contribution is:
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Due to the lack of experimental data we 
are forced to use a model:( we use 
heavy quark symmetries for D and D* 
and chiral
symmetry for light pseudoscalar and 
vector mesons)

in SM it is 0!

New physics produces  nonzero forward-backward asymmetry!

The dilepton mass distribution and 
the forward-backward asymmetry
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Table 1: Branching ratios for the hadronic decays, which are most suitable 
to probe                           transition experimentally. The total rates in 
Standard and New Physics models are completely dominated by the 
resonant long-distance contribution of D decays . We also provide the 
short-distance contribution in SM together with its maximal modification 
in NP model . The SM short distance contribution  is not shown since it is 
completely negligible in comparison to the long distance contribution.
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Summary

• contributions of positive and negative parities charm mesons  
are very  important in understanding of  their strong decay dynamics ;

• form factors describing  semileptonic decays have to contain 
contributions of open charm mesons;

• there is still tiny chance to see presence of new physics in rare 
charm meson decays.
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Appendix

Counterterms
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• rather simple solution to the gauge hierarchy problem;

FCNC in Littlest Higgs model

• this  mixing induces new tree level flavor changing charged and neutral 
currents in which parameters are: 

• new massive gauge bosons  and new heavy quark states;

• model Lae Yong Lee, JHEP 0412  (2004) 065, hep-ph/0408362;
(there is an extra vector –like  heavy quark,  which is a single of SU(2) group 
and which mixes with the third  generation) ; 

the quadratic divergences 
• the spin ½ contribution of  the top quark is cancelled by the new fermion;
• the spin 1 contributions are cancelled by new gauge bosons;
• the spin 0 quadratically divergent contributions are vanishing due to 
the fact that all scalars in the model are Goldstone bosons at tree level.
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• c → u γ transition in SM

QCD enhancement

C.Greub, T.Hurth, M.Misiak, D. Wyler, Phys. Lett. B 382 (1996) 415

GIM cancellation at one loop level 
and QCD enhancement 

Additional slides
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Theoretical framework  
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Inami Lim result recovered!

Dominated by the 1-loop insertion of the 
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- dubious Selex results! we use  for scalar resonance 

instead we used theoretical prediction 

( )

We use 

We fix the parameters a and b by the next-to-nearest resonances and we use physical pole 
masses of  excited charmed mesons 
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SM

MSSM

R- parity
the branching ratio 
distribution 

invariant dilepton mass square 

FSZ EPJ C27 (2003) 201,  BGHP, PRD66 (2002) 014009, 
FPS PRD 64 (2001) 010633

Intensive searches of  exclusive rare D decays at CLEO 
and FERMILAB;
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References for extra up-like quark

- for a general framework:
V. Barger, M.S. Berger and R. J. N. Phillips, PRD 52 (1995);
P. Langacker and D. London, PRD 38  (1988)  886;
J. A. Aguilar-Saavedra, PLB 625 (2005) 234;
K. Higuchi and K. Yamamoto, PRD 62 (2000)  073005; 
J. Alwal et al, hep-ph/0607115.

-up-like quark from extra dimension: 
F.del Aguila and J. Santiago, JHEP 03 (2002) 010

-intersecting brane models 
S.A. Abel et al., JHEP 04 (2003) 057

-Little Higgs Model 
-Jae Yong Lee , JHEP 04 (2004) 065

- GUT approaches: R. Barbieri and L. Hall, NPB 319 (1989) 1;
E. Ma PLB 322 (1994) 363
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The  SM short distance contribution is dominated by the 

We use experimental information on 

and D* pole dominance of the form factor 

(this holds strictly in the heavy quark limit!)
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The success of narrow width approximation allows to write 

That indicates that the amplitude for a cascade via resonances can be written as

comes from the 
experimental data

overall phase is unknown
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We argue that the relative sign of              amplitudes can be determined by 
considering the cascade decays (using  vector meson dominance of the 
electromagnetic  current).  
The remaining part of the difference I
s due to the weak transition                         
which is induced by the operators              
and can proceed via three  
ways (detail in appendix) 
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The long distance contributions in D →P (V) γ *


