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Outline
• Recently, LHCb exciting obs of ΔACP
• Naturalness reasoning strongly suggests other BSM-CP 

phase(s) must exist
• CPV represents an imp. avenue for searching new pheno

but precise calculations are highly desirable
• Crude estimate of ΔACP
• Propose a specific mechanism for understanding ΔACP
• This mechanism points to new lattice difficulties for 

addressing ΔACP
• Suggest mode for precision testing the SM-CKM
• Lattice feasibility
• Summary + Outlook
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Alas, we cannot compute!

• Sadly calculations of Direct CP remain a 
challenge for theory; we are not able to 
calculate with any precision [eps’ an exception 
as a result of over 3 decades of concerted lattice 
effort].  As a rule, we can just give crude (QCD) 
model-dependent estimates..

• Essential ingredient is CP-conserving scattering 
phases & usually complicated non-perturbative 
effect on weak decays….difficult for the lattice in 
general
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CRUDE ESTIMATE
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SM expectation…DCP
• Dir CP….. See Bander, Silverman + AS, PRL 1979 for DCP when
mq >> lamda_QCD…anticipate large corrections for charm from s-quark[K-decays]
• Key points: Penguin-Tree interference; SCS modes……Hall mark of BSS’79
• Need suitable simple changes
• SM-dominant CKM phase either in Vub or in Vtd
• For charm decays relevant is Vub
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Lattice difficulties for ΔACP
• mD~1.865 GeV; Br [D=> K^+ K^-] ~0.4%
much larger Br to multiparticle states…difficult on 
the lattice….see Hansen and Sharpe, PRD’12.
• However, strictly speaking ΔACP requires only 

difference between KK and pipi states.
• Therefore, optimistically, one may hope for 

appreciable cancellation between multiparticle
states; i.e U-spin or SU(3) may provide a basis 
for such a cancellation.

• But  unlikely to be  viable  as will be explained.
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Interplay with resonances 

• Charm region has many resonances 

• Resonances that have appreciable Br to KK & 
pi pi are relevant

• In particular  (ps) scalar resonances
• These can enter the weak decay dynamics via 

the penguin H_eff

Lattice-2019;  soni-BNL-HET 10



b-penguin
• b-penguin fig

• Penguin operators: 
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Penguin Hamiltonian
• Since mb>>Lambda_QCD, we can integrate it 

out along with W and get the familiar, H_eff:
• Heff =  Ci Oi
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Resonance model fig
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S,P Glueballs & their SU3 breakings
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PDG gives Br’s of D0
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New understanding of an old issue
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f0 decay to KK & pi pi

• PDG live gives

• Br [f0 => pi+ + pi-]/Br[f0 => K+ + K-]  ~ 0.4

enhancing the SU3 breaking decays of the D0 
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WHEN DEALING WITH FINAL STATES THAT ARE DOMINATED 
BY RESONANCES, THEN THE WIDTH OF THE RESONANCE 
PROVIDES THE “STRONG”-CP-EVEN PHASE NEEDED FOR 
COMPUTING PRA…1ST ILLUSTRATED BY EILAM, HEWETT + 
AS, PRL’91
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CANDIDATES FOR PRECISION TEST:
NEEDS TO BE EXPERIMENTALLY 
ACCESSIBLE AND BE ALSO AMENABLE 
TO PRECISE LATTICE CALCULATIONSLattice-2019;  soni-BNL-HET 23



Candidate for precision test: CPV in 
D0=> gamma + [phi => K^+ K^-]

• Requires KK scattering phases for CM energy 
below around 1 GeV

• Dfferential photon energy spectrum can be used 
for precision test

• Integrated BR ~ 2.74 pm 0.19 X10^-5   well 
measured

• Belle-II expected ~10^10 D’s/yr …precise 
measurement of differential spectrum is clearly 
feasible
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Production mechanisms   

• Dominant production: Tree ~ Lambda

• Interfering penguin ~Lamda^5
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Feasibility of lattice extraction of KK 
phases in ~ 1 GeV energy region

• Good reason to expect that this is doable: see 
works of JLAB [Briceno et al PRL 2017], RBC-
UKQCD [Tainle Wang, Chris Kelly, Aaron Meyer, 
Mattia Brown, Dan Hoying, David Murphy et al, 
Lat2018 & 2019 presentations] paper(s) in 
preparation; see also G. Rendon et al Lat2018

• At ~ 1 GeV or below, relevant to radiative D0 
decays, error due to KKpipi, 4 pi contamination 
likely small                                                                                               
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• New class of radiative decays…interesting 
nearby resonances relevant for radiative 
transitions: [see PDGLive]:

• Best candidates for precision tests of the SM
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Another important resonance nearby
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Summary + outlook
• Charm region is rich with resonances
• Some of these are expected to play an important role in driving CP 

asymmetries, PRA, energy (3 or more particle FS), TCA (4 or more 
spin-less)

• New class of radiative decays with photon energy < ~300 MeV to 
resonances which cascade down to several diff FS, such as KK, pi pi, 
eta’(eta, pi0) pi pi….

• Mixing of D0 weak decays with f0 accounts roughly for the observed 
size of ΔACP & large SU3 breaking seen for long. Resonances 
complicate addressing of ΔACP by lattice methods.

• Important target should be precise CP-tests for SM-CKM. For this 
purpose, it is suggested that the best candidate for lattice is CPV 
asymmetries (O .1%), Br ~10^-5:  D0=>γф with ф => K+ K-
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XTRAS
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