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THEORY SUMMARY

Luca Silvestrini
INFN, Rome

● Impossible (due to my limitations) to do 
justice to the >20 theory talks presented at 
this conference

● Will give a personal view, so forgive me if I 
under/misrepresent your work
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INTRODUCTION
● Spectacular exp. progress is leading us into 

the precision charm physics era, calling for 
substantial theoretical advances

● Charm physics at the forefront of NP 
searches, ample room for exp and th 
improvements

● Complementarity between K and D physics 
allows to fully exploit the constraining power 
of flavour physics
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● Charm properties
– production
– spectroscopy
– mass, Y, decay constant, form factors

● NP-sensitive, th. clean observables
– CPV in mixing
– few rare decays

● Potentially NP-sensitive but requiring 
significant th. improvements

– CPV in nonleptonic decays
– more rare decays
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CHARM PROPERTIES
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SPECTROSCOPY
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● Exotics as loosely bound charmed meson 
molecules:

– economic description of several exotic 
states very close to threshold

– challenged by prompt production at LHC
● Exotics as compact tetraquarks:

– many predictions of additional states, dep. 
on diquark interactions (type I & II)

– supported by observ. of new charged states
– diquark dynamics rich and very interesting

● Decays in specific channels could 
discriminate between models   

R. Lebed

A. Esposito
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CHARMONIA ABOVE D-D
● Maiani-Testa no-go theorem: correlation 

functions on the lattice always dominated by 
state with lowest energy, prevents study of 
interacting multi-meson states

● Finite volume effects allow to overcome this 
difficulty for two-meson states.

● Three-particle case being explored, but still 
need substantial progress

_
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● At high-pT, expect factorization in v exp. :    
≈QQ x pdf) x (QQquarkonium)

● Proven only at NLO
● predictions depend on LD matrix elements
● Combine w. L (1/pT

4) and NL (mQ
2/pT

6) fragm. 
to get dominant effects at large pT

● J/ hadroproduction well described, 
problems with photoprod. and w. c hadropr.

Quarkonium Production
G. Bodwin

See also H. Zhang, A. Luchinsky
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Quarkonium production in matter
J. Qiu

See M. Nahrgang for
open HF prod. in matter
and W.K. Lai for prod.
asymmetry in vacuum
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Charm coupling to the Higgs

F. Petriello

See also Z. Zhang
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NP-sensitive, th. clean
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CPV IN MIXING AND NP

● CP violation in F=2 
processes is the most 
sensitive probe of 
NP, reaching scales 
of O(105) TeV

● CPV in D mixing gives 
best bound after K

● How far can we push 
it?
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D MIXING
● D mixing is described by: 

– Dispersive DD amplitude M12 

● SM: long-distance dominated, not calculable
● NP: short distance, calculable w. lattice

– Absorptive DD amplitude 12 
● SM: long-distance, not calculable
● NP: negligible

– Observables: |M12|, |12|,12=arg(12/M12)

_

_

See F.S. Yu
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GIM  SU(3) (U-spin)
● Use CKM unitarity 

VcdVud
* + VcsVus

* + VcbVub
* = d + s + b = 0 

● eliminate d and take s real (all physical 
results convention independent)

● imaginary parts suppr. by r=Im b/s=6.5 10-4

● M12, 12 have the following structure:

s
2 (fdd+fss–2fds) + 2sb (fdd-fds-fdb+fsb) +O(b

2)
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GIM  SU(3) (U-spin)

● Write long-distance contributions to M12 and 
12 in terms of U-spin quantum numbers:

s
2 (U=2) + sb (U=2 + U=1) + O(b

2)         
~ s

2 2 + sb

● CPV effects at the level of r/ ~2 10-3 ~ 1/8° 
for “nominal” SU(3) breaking ~30%
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● Given present experimental errors, it is 
perfectly adequate to assume that SM 
contributions to both M12 and 12 are real

● all decay amplitudes relevant for the mixing 
analysis can also be taken real

● NP could generate a nonvanishing phase for 
M12

● Fit all data with universal parameters x, y,    
|q/p| and arctan((1-|q/p|)x/y).
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CPV IN MIXING TODAY
● Summer14 UTfit average:

x = (3.5 ± 1.5) 10-3, y = (5.8 ± 0.6) 10-3,          
|q/p|-1 = (1.5 ± 1.9) 10-2,             
=arg(q/p)=(-0.44±0.59)°  

See next talk for updated 
HFAG averages
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CPV IN MIXING TODAY II
● The corresponding results on fundamental 

parameters are
|M12| = (4 ± 2)/fs, |12| = (14 ± 1)/fs          
and 12 = (2 ± 3)°   
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BEYOND THE “REAL SM”

● CPV contributions to 12 are enhanced by 1/, 
while this is not the case for f

● can go beyond the “real SM” approximation 
by adding one universal phase 12 and fitting 
for and 12 or, equivalently, for M12and 
12

See A. Kagan's talk for details
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● Expected errors w. LHCb upgrade:
– x=1.5 10-4, y=10-4, |q/p|=10-2, =3° (from 

KsyCP=A=4 10-5 (from K+K-)

● Allows to experimentally determine 12 with 
a reach on CPV @ the degree level:

– M12 = ± 1° (17 mrad) and                         
12 = ± 2° (34 mrad) @ 95% prob.

– >105 TeV

CHARM CPV @ LHCb UPGRADE
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CHARM CPV @ HI-LUMI
● XFX: “Extreme” flavour experiment (LHCb 

upgrade L x 100) 
● Naïve extrapolation, scaling LHCb upgrade 

estimates:
– x=1.5 10-5, y=10-5, |q/p|=10-3, =.3° (from 

KsyCP=A=4 10-6 (from K+K-) 

– M12 = ± 0.1° (1.7 mrad) and 12 = ± 0.2° 
(3.4 mrad) @ 95% prob.

– >3 105 TeV, close to the bound from K

see e.g. talk by G. Punzi @ 
1st Future Hadron Collider Workshop
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Improved by 2-3 orders
of magnitude 

Atre et al. '09

S. Fajfer

Search for Majorana
's in LNV D decays



37S. Fajfer
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NP-sensitive, th. challenging
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Decays with hadrons in the f.s.
● Evaluation of (nonlocal) matrix elements 

problematic:
– Not heavy enough to apply QCDF
– Extremely difficult on the lattice

● Aim for order-of-magnitude NP that could 
emerge on hadronic uncertainties or

● Use some symmetry argument to get rid of 
hadronic matrix elements



40S. Fajfer

These operators induce
nonperturbative LD 
contributions 

Obtain a bound on
NP from LHCb 
upper bound:
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CPV IN SCS D DECAYS
● CPV in SCS D decays suppressed by Im 

(VubVcb/VusVcs) P/T = 6.5 10-4 P/T

● Need an estimate of P/T to give a bound on 
SM CPV and search for NP, unless ACP

exp >>10-3

● or use symmetry arguments to get rid of 
hadronic matrix elements
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● Cannot isolate NP in I=1/2 with isospin
● Could SU(3) provide an estimate of P/T?

– Exact SU(3) does not describe BR's
– Beyond exact SU(3), all reduced matrix 

elements generated  no prediction 
(except for few sum rules valid to O(2))

● SU(3) might help in identifying a hierarchy 
of amplitudes, but more dynamical info 
needed to predict CPV

See also A. Paul
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No th. assumption  no prediction

Bold th. 
assumption
 prediction 

Notice
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CONCLUSIONS
● Constantly improving experimental results 

are challenging our theoretical understanding 
of charm physics

● Interesting open problems in spectroscopy 
and production in vacuum and in matter could 
lead us to a much deeper understanding of 
QCD dynamics
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CONCLUSIONS II
● The ever-increasing samples of D decays at 

LHCb, BESIII, BelleII, LHCb upgrade and 
possibly /c and XFX might provide us with 
evidence for NP

● A combined attack to seemingly impossible 
problems such as nonleptonic D decays using 
all possible tools will eventually allow us to 
fully exploit their potential NP sensitivity
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