
MAURO VALLI 

University of California, Irvine

Hints for BSM from B-physics

 Irvine, CA 09 / 28 / 2019 

SoCal BSM 2019



No tree-level flavor changing neutral currents 
in the Standard Model (SM).

SENSITIVITY TO NEW PHYSICS (NP) !

b —> s ll transitions

~ X = 3.5 σ

EXCITING EXPERIMENTAL PICTURE

Angular analysis of B —> K*𝜇𝜇

~ 2.5 σ
R K, K*

+ deviations in BR of several modes
measurements
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ANGULAR ANALYSIS  
OF  B —> K* 𝜇 𝜇

DISCREPANCIES ALSO
IN BRs, SAME q2 BIN!
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- SHORT DISTANCE @ DIM 6
SM Wilson coeffs @ ~ mb : C7 ~ -1/3 , C9 ~ 4 , C10 ~ -4

H
(V )
� (q2) / 2

mbmB

q2

⇣
C

e↵
7 +�C

QCDf
7,� (q2)

⌘
T̃�(q

2) + C
e↵
9 (q2)Ṽ�(q
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HELICITY AMPLITUDES :   � = ±, 0 .

ANATOMY  OF B —> K(*)𝓁𝓁

FOCUS ON LFUV —> NP IN SEMILEPTONIC OPERATORS
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SHIFTS OF SM  WILSON COEFFS @ LOW ENERGY
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- FORM FACTORS FOR B —> K (*)

- SHORT DISTANCE @ DIM 6
SM Wilson coeffs @ ~ mb : C7 ~ -1/3 , C9 ~ 4 , C10 ~ -4

state-of-the-art from LQCD & LCSR computations

- QCD CONTRIBUTIONS FROM C x C & PENGUINS
QCD factorization for leading effects of O(!QCD/mb) , 
but non-factorizable power corrections also present.
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ANATOMY  OF B —> K(*)𝓁𝓁



Similar results more recently found in: 
Blake et al. `17,  Bobeth et al. `17 

Khodjamirian et al. `10

i = 1, 2, 3

—> Phenomenological Model Driven (PMD)

KNOWN UKNOWNS IN  B —> K * 𝓁𝓁

i) LCSR estimate based on small q2

ii) Single soft gluon approximation

iii)  Dispersion relations

“OPTIMISTIC” VIEW = TRUST LCSR COMPLETELY!

i = 1, 2, 3



KNOWN UKNOWNS IN  B —> K * 𝓁𝓁

DO NOT HAVE C7,9 SHORT-DISTANCE COUNTERPART!

�C9 �C7

“CONSERVATIVE” APPROACH = TRUST LCSR RESULTS ONLY AT q2 ! GeV2.

REQUIRE ALSO  |h+/h-| << 1 AT LARGE RECOIL (Jager & Camalich`14).

up to k = 2 , 
16 real coeffs 
are involved

Phenomenological  
Data Driven (PDD)

h̃�(q
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X

k
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�

✓
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◆k

(e.m. dipole operator)(V semi-lep operator)



- FIT AVAILABLE EXPERIMENTAL INFO. IN PARTICULAR, FOCUS ON:

- BAYESIAN MODEL COMPARISON WITH INFORMATION CRITERION:

57 TO 77 PARAMETERS
VARIED IN b—> s 𝓁𝓁 FITS
(PRIORS: GAUSSIAN/FLAT)

LHCb CP-CONSERVING ANGULAR OBS + BRs FOR K(*) MODES AT  LARGE RECOIL  
+ CMS & ATLAS MEASUREMENTS, BELLE DATA ON P’4 & P’5 , UPDATE ON Bs —> ! !

IC ⌘ �2lnL+ 4�2
lnL

BAYESIAN ANALYSIS  OF B —> K(*)𝓁𝓁

(BEST MODEL <—> LOWEST IC VALUE)



THIS IS NOT ABOUT LIVER PROBLEMS …







ABOUT  THE  ANGULAR  ANALYSIS  

OF  B —> K*𝜇𝜇



ANOMALIES  IN  B —> K * 𝜇𝜇 ?

Phenomenological  
Data Driven (PDD)

Phenomenological  
Model Driven (PMD)

IC = 125

IC = 102

lnL = �48.7

�2
lnL = 6.9

lnL = �38.5

�2
lnL = 6.1

P 0
5 =

S5p
FL(1� FL)

IC = 125

IC = 101

Descotes-Genon et al. 2013

 JHEP 1606 (2016) 116 
arXiv:1512.07157

http://arxiv.org/abs/arXiv:1512.07157
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arXiv:1809.03789

QCD 
DEGENERATE 

WITH NP!

NP

QCD
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PROJECTIONS @ 50 fb-1

Scaling LHCb stat 
errors roughly of 1/6

(Hurth et al.`17 + Albrecht et al.`17) 
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PREVIOUS 
DEGENERACY  

BROKEN!



A  GLOBAL  ANALYSIS  FOR   

NEW  PHYSICS  IN  b —> s ll



1)   P’5 in K* angular analysis very sensitive to

3)   Ratio of LFUV ratios can spot handness of b-to-s current

4)   B(s) —> ll  good probe of axial leptonic coupling

C9,𝜇

see discussion in 
Ciuchini et al. 2019

Tension in  Bs —> 𝜇𝜇, see discussion in Aebischer et al. 2019

EDUCATED GUESSES FOR NP

2)   LFUV ratios essentially constrain (𝜇 - e) combination

2) and 3) originally from
Hiller & Schmaltz 2014 C(’) 9, 10, 𝜇 - e

D’Amico et al. 2016
Mauri et al. 2018

Ciuchini et al. 2018

Altmannshofer & Straub 2015, Descotes-Genon et al. 2015, Jager & Camalich 2016
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Kass and Raftery `95

�IC = ICSM � ICNPICNPIC

Kass and Raftery `95

RESULTS  IN  THE  WEAK EFFECTIVE THEORY  
EPJC 79 (2019) no.8 ,719 
arXiv: 1903.09632
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SMEFT —> SU(2)L ! U(1)Y CORRELATIONS

ABOVE THE EW SCALE ONE MAY ENFORCE LINEARLY REALIZED SM GAUGE SYMMETRY

CAPITAL CASE 
SU(2)L Doublets

LOWER CASE 
SU(2)L singlets

E [ GeV]

~102
!

mb

- +- +

OLQ(1,3) —> C9  =  -  C10   ,   OLd —>  C’9  =  -  C’10    
OQe —> C9  =  + C10    ,   Oed —>  C’9  =  + C’10  

Scalar operators are well constrained by B —> ll . They cannot address RK* . 

See, e.g.:
Alonso et al. 2014, 

Aebischer et al. 2016, 
Celis et al. 2017



b —> s  ANOMALIES :  C9 vs C10 

𝛥IC = 50 𝛥IC = 21 𝛥IC = 12

EPJC 79 (2019) no.8 ,719 
arXiv: 1903.09632



!F = 2 CONSTRAINTS ON  
!F = 0 , 1 FROM SMEFT RGE !

arXiv: 1812.10913

K - K mixing
D - D mixing

—

—

Bd - Bd mixing—

Bs - Bs mixing—



b —> s  ANOMALIES :  SMEFT@  1-LOOP

with .

—> INTERESTING SCENARIOS: NP AROUND TEV COUPLING TO TOP QUARKS!
(See also Celis et al. 2017, Camargo-Molina et al. 2018, Coy et al. 2019)

EPJC 79 (2019) no.8 ,719 
arXiv: 1903.09632



What To Bring Back Home

AT PRESENT

EFT analysis points to NP in 

C9,𝜇 together with C(’)10,𝜇  

—  LFUV measurements are golden channels to spot NP

—  Hadronic uncertainties do matter in the b to s ll global fit

—  Forthcoming updates / new data from B-factories / LHCb 
     will have a final word on this pattern of FCNC anomalies

… “NP IN ELECTRONS” CANNOT 
BE DISREGARDED IN LIGHT OF 

HADRONIC UNCERTAINTIES

b

s

ℓ

ℓ
?

+

-
tree-level: Z’ or  leptoquark
loop-level: which SM extension?

BUT …



BACK-UP



HINT  FOR  b—>s RIGHT-HANDED  CURRENT  
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ANALYSIS IN PMD
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~ 6" evidence for contribution from 
 OLQ(1,3) in the muon channel. 

~ 4.5" evidence for OQe

𝜇-flavoured as well.

All rest compatible with  
the SM within 1!.

C9,𝜇

SMEFT ! = 30 TeV

OUTCOME POINTING TO
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~ 3.5" evidence for contribution from 
 OLQ(1,3) in the muon channel.

~ 1" evidence for OQe and  
OLd both 𝜇-flavoured.

Slight preference also  
for e-flavoured OLQ(1,3). 

C9,𝜇= - C10,𝜇

! = 30 TeV

ANALYSIS IN PDD
SMEFT

OUTCOME POINTING TO



About the inferred q2 dependence from the “charm-loop” effect.
update of Ciuchini et al.2016

 THE OUTCOME DEPENDS ON OUR THEORY INPUT FROM LCSR AT q2 < GeV2 :



credit to  
B. Grinstein

Instant Workshop on  
B Physics Anomalies  
CERN, 17 May, 2017




