
Recent Theoretical Progresses on 
Heavy Flavor Physics 

王伟

上海交通大学

4th China LHC Physics Workshop 
第4届中国LHC物理工作会议



Not	Every	Interesting	Topics	covered
Not	Every	publication	mentioned		
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ØBottom
ü Anomalies
ü Corrections
ü 3-body	decays

ØCharm
üCharmed	hadron
üDoubly-charmed	baryon

Disclaimer:	



Bottom
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B Physics

Ø Extract	the	SM	parameters:	
Vub,	Vcb,	Weak	Phases

Ø Test	the	SM:	unitarity triangle	
Ø Hunt	for	NP
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B Physics
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Ø Looks	great,	but	
can	be	deceived
(tension)

Ø O(10%-15%)	NP	
is	still	allowed



Anomalies
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RK/RK* Anomaly: FCNC
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RK/RK* Anomaly:

LHCb:	PRL,	113,	151601(2014)

2.6	Sigma	Deviation
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RK/RK* Anomaly:

LHCb:	PRL,	113,	151601(2014)

LHCb:	1705.05802

SM:	Geng,	et.al,	1704.05446	
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considerable attentions have been paid to explore new physics contributions (see Refs. [22–28] and

references therein), while at the same time, this has also triggered the thoughts to revisit the

hadronic uncertainties [29, 30].

More strikingly, the LHCb measurement of the ratio [31]:

RK [q2min, q
2
max] ⌘

R q2max

q2min
dq2d�(B+

! K+µ+µ�)/dq2

R q2max

q2min
dq2d�(B+ ! K+e+e�)/dq2

, (1)

gives a hint for the lepton flavour universality violation (LFUV). A plausible speculation is that

deviations from the SM are present in b ! sµ+µ� transitions instead in b ! se+e� ones. Very

recently the LHCb collaboration has found sizable di↵erences between B ! K⇤e+e� and B !

K⇤µ+µ� at both low q2 region and central q2 region [32]. Results for ratios

RK⇤ [q2min, q
2
max] ⌘

R q2max
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dq2d�(B ! K⇤µ+µ�)/dq2

R q2max

q2min
dq2d�(B ! K⇤e+e�)/dq2

, (2)

are given in Tab. I, from which we can see the data showed significant deviations from unity. These

interesting results have subsequently attracted many theoretical attentions [33–56].

TABLE I: Ratios of decay widths with a pair of muons and electrons in B ! K`+`� and B ! K⇤`+`�.

Observable SM results Experimental data

RK : q2 = [1, 6]GeV2 1.00± 0.01 0.745+0.090
�0.074 ± 0.036

Rlow
K⇤ : q2 = [0.045, 1.1]GeV2 0.920+0.007

�0.006 0.66+0.11
�0.07 ± 0.03

Rcentral
K⇤ : q2 = [1.1, 6]GeV2 0.996± 0.002 0.69+0.11

�0.07 ± 0.05

The statistics significance in the data is low at this stage, about 3� level. In order to obtain

more conclusive results, one should measure the muon-versus-electron ratios in the B ! K`+`�

and B ! K⇤`+`� more precisely, meanwhile one should also investigate more channels with better

sensitivities to the structures of new physics contributions. In this paper, we will focus on the

latter. To do so, we will first discuss the implications of the RK and RK⇤ anomalies in a model-

independent way, where the new particle contributions are parameterized in terms of e↵ective

operators. Since there is lack of enough data, we analyze their impact on the Wilson coe�cients of

SM operators O9,10. We then propose to study the lepton flavor universality in a number of rare

B,Bs, Bc and ⇤b decay channels. Incorporating the new physics contributions, we will present the

predictions for the muon-versus-electron ratios in these channels, making use of various updates of

form factors [58–63]. We will demonstrate that the measurements of lepton flavor non-universality

with di↵erent polarizations of the final state hadron, and in the b ! d`+`� processes are of great

value to decode the structure of the underlying new physics.

2.6	Sigma	Deviation

2.3	Sigma	Deviation

2.5	Sigma	Deviation
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RK/RK* Anomaly

ü At	low	q2,	photon	dominates
ü At	high	q2,	SM	box+Z dominates

NP	with	a	heavy	particle.	
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RK/RK* Anomaly

ü At	low	q2,	photon	dominates
ü At	high	q2,	SM	box+Z dominates

NP	with	a	heavy	particle	cannot	explain	RK*	at	low	q2.

Effective	Field	Theory	or	Many	UV	models:	….	
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R(D)/R(D*) Anomaly
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R(D)/R(D*) Anomaly

WW, R.L. Zhu,1808.10830

Huang, et.al., 1808.03565
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Higher Order/Higher Power

Ø Higher order radiative corrections: 
QCDF at leading power and at NNLO in QCD established and almost
complete. Xin-Qiang Li et.al.

Ø Higher Power Corrections: (Beneke, Y.M. Wang, C.D.Lu, Y.L.Shen,...)
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Three-body Decays

ü More sophisticated Phenomena

ü Resonant	vs	non-resonant	

ü Lack of reliable theory
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Three-body Decays

ü Factorization Approach Cheng, Chua, Fajfer, YLi,…

ü PQCD Li, Chen, Wang, Lu, Xiao …

ü QCD Factorization:  Krankl, Mannel,Virto,…

ü Diagrammatic Approach combined SU(3): 

Gronau,London

(Preliminary) Frameworks: 



Charm
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CP violation in Charm
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Lifetime of Wc

Heavy quark expansion:
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Lifetime of Wc
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LHCb 1807.02024:	
t(Wc

0)	=	(2.68±0.24±0.10±0.02)´10-13s					
Four-times	larger	than	the	world	average	of		(0.69± 0.12)´10-13s from	fixed	target	
experiments!

Cheng (1807.00916):
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Doubly-Charm Baryons

LHCb, PRL 119, 112001 (2017)

15. Quark model 13

Figure 15.4: SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The
20-plet with an SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

of the spatial part of the state function in order to make the overall state function
symmetric. States with nonzero orbital angular momenta are classified in SU(6)⊗O(3)
supermultiplets.

It is useful to classify the baryons into bands that have the same number N of quanta
of excitation. Each band consists of a number of supermultiplets, specified by (D, LP

N ),
where D is the dimensionality of the SU(6) representation, L is the total quark orbital
angular momentum, and P is the total parity. Supermultiplets contained in bands up to

October 1, 2016 19:59

JP =1/2+

𝜩𝒄𝒄##
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Doubly-Charm Baryons

Ø Study 𝜩𝒄𝒄## in more channels?

Ø Lifetime? 

Ø 𝜩𝒄𝒄# ?

Ø 𝑱𝑷 = 𝟏/𝟐#?

Ø Semi-leptonic decay modes?

Ø CP Violation?

Ø …
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Doubly-Charm Baryons: 

Ø Form factors in quark model: (Z.X.Zhao)

Ø Lifetime estimate (H.Y.Cheng) 

Ø Rescattering mechanisms for nonleptonic

decays (R.H.Li, F.S.Yu)

Ø …

Recent Theoretical Progresses on Weak Decays: 
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Doubly-Charm Baryons

𝑞+
𝑞	 Chiral Perturbation Theory

𝑞+
𝑄

HQET/SCET

𝑄+
𝑄

NRQCD

𝑄

𝑄 𝑞
?

𝑄

𝑄 𝑄

Heavy Diquark EFT?



25

Summary

Ø Bottom:		
RK*,		low	q2	vs	high	q2
Higher	Power	Corrections

Ø Charm:	New	CP;	lifetime	of	Wc

Ø Doubly-charm	baryons:	model	calculations	of	decays

ü EFT/LQCD	is	needed.	

Thank	you	for	your	attention!


