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Ikaros I. Bigi

I know she invented fire,
but what has she done recently?



what are we looking at?

FIT

PREDICTION
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hence we need a parameterization…
the weak Hamiltonian:

the operator basis:
the U-spin components:

CP conserving

CP violating
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weak amplitude + rescattering + small SU(3)f breaking amplitudes
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parameterization of the DU = 1 part

ü we would like to introduce the minimal SU(3)f breaking through FSI but enough to give a coherent 
picture of the branching fractions. In the SU(3)f limit the only reduced matrix elements are:

CA and DCS

SCS

T	→ colour connected, C	→ colour suppressed, D → SU(3)f conserving contribution from annihilation



Ayan Paul	-- LHCb Implications	2017 6

parameterization of the DU = 1 part
once SU(3) is broken:

CA

DCS

SCS

24 and 42 transitions are not generated by SU(3)f breaking

K and K ’are SU(3)f violating contributions to 
annihilation

: should be different in CA and DCS
so 𝛋 is introduced.

No exotic resonances in 27: FSI phase small and set to 0

singlet-octet mixing

phases	for	the	
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parameterization of the DU = 0 part

vanishingly small since it requires the simultaneous creation 
of strange and down quarks pair. Suppression similar to OZI 
suppression but stronger. 

P and D3 cannot be disentangled

All phases in the DU = 0 part are determined by the DU = 1 part and extracted from the 
branching fractions
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the solutions

negative phases positive phases

LhCb Imp ’17: Cooked specially for 
this workshop since it did not rain in 

Rome.

NOT measures of goodness of fit!

The Gell-Mann-Ne’eman-Okubo mass 
formula sets a direction for the choice 
of the sign of the phases based on the 

hierarchy of the phases since they 
correspond to resonances of 

particular isospin 

The negative solution is favoured if 
we accept that the phases are 

generated by FSI due to a nonet of 
scalar resonances 
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an estimate of SU(3)f breaking

Note: All SU(3)f breaking amplitudes are small in consistency with the hypothesis that the breaking of the 
symmetry is brought about by the strong phases from FSI.

These parameters encapsulate annihilation contributions which can be expected to be much smaller than 
the tree contributions (T and C).
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dKp

negative phases positive phases

HFLAV: assuming no CPV in DCS decays. Belle II will measure it to a few degrees.
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rate asymmetries

no measurement as yet

however… from Belle (used in the fit):



CP Violation
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negative phases positive phases

LHCb: PRL 116 (2016) 191601 [arXiV:1602:03160]

fit to DACP (LHCb)
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negative phases positive phases

HFLAV

fit to DACP (HFLAV)
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LHCb: PRL 116 (2016) 191601 [arXiV:1602:03160]

HFLAV

predictions for CP asymmetries

errors in the prediction are comparable, the predicted values depend on the sign of 
the phase in a few cases
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the case for CPV in KSKS

The difference stems from the fact that the exchange contribution (which is not OZI supressed) is 
generated by rescattering in our work and is treated as an independent contribution in Nierste et. al.
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correlations amongst CP asymmetries
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future prospects

-- fit predictions from DACP have comparable or smaller errors than what Belle II will probe with 50 ab-1

-- predicted errors do not depend on the sign of the phases

-- hence predicted errors do not depend on the size of (P+D3)/T but only on the precision with which it 
can be determined.
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Measurement of (P+D3)/T

assuming the phases are negative

(current)
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summary

ü We are reasonably successful in fitting the branching fraction of multiple decay modes applying SU(3)f

breaking through large Final State Interactions and small shifts in the amplitudes.

ü Since all CP asymmetries in the SCS sector, depend on one combination of parameters, they can be 
predicted from current DACP measurement.

ü The fits to the branching fractions offer both positive and negative values of the phases leading to 
some differences in the predictions of the CP asymmetries.

ü The precision with which the CP asymmetries can be predicted from the current DACP measurement is 
equal to or smaller than what can be probed by Belle with 50 ab-1.

ü The sign ambiguity in the phases leads to an ambiguity in the prediction of the penguin contribution 
which can only be resolved by extremely precise CP asymmetry measurements.

bottomline: {weak amplitudes + rescattering + small SU(3)f breaking amplitudes} gives a good 
description of the D ⇾ PP system and allows us to make predictions of CP asymmetries and strong phases
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epilogue
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a word on asymmetries in charmed baryons

ü Three body decays are richer than two body decays since they provide more handles to be probed.

ü Local asymmetries can be probed in amplitude analyses in cases where the global asymmetries 
might be washed out.

ü In the DCS channels SM no ‘background’ in the CP asymmetries, leaving the playground open for 
new dynamics. 

ü In the SCS channels SM leaves an effect, so one must be more careful here.

ü One can compare DCS and CA decays to study the impact of FSI.

ü Very little theoretical work has been done. (possible?)



Thank you…!!
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