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upshot

• b→sll flavor anomaly

• theoretically clean, ~4σ excess

• does it make sense?

• reasonable scale for NP models*
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*mostly face the I. I. Rabi's, "Who ordered that?", muon question
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• at present two significant anomalies in B physics
• b→cτυ : excess of more than 4σ

• no easy model building
• b→sll : focus of this talk  
 
 
 
 

• in the SM b→see the same as b→s## 

•  Lepton Flavor Universality in the SM

experimental situation
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b→sll : experiment

• three clean observables: RK and RK*  
 

• 2.6σ anomaly in RK
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RK =
Br(B ! Kµµ)

Br(B ! Kee)

����
[1,6]GeV2

RK = 0.745± 0.082
LHCb,1406.6482 (3.0 fb-1 @7+8TeV)

RK = 1.00± 0.01
Bordone, Isidori, Pattori, 1605.07633 

two bins

exp:

SM:
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• 2 bins in RK*  
 

• 2.2-2.5σ deviation in each
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b→sll : experiment

experiment:

LHCb, 1705.05802

LHCb, 1705.05802 (3.0 fb-1 @7+8TeV)
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Altmannshofer, Stangl, Straub, 1704.05435; D'Amico, Nardecchia, Panci, Sannino, Strumia, Torre, Urbano, 1704.05438;
Capdevila, Crivellin, Descotes-Genon, Matias, Virto, 1704.05340; Hiller, Nisandzic, 1704.05444;

Geng, Grinstein, Jager, Martin Camalich, Ren, Shi, 1704.05446; Chobanova, Hurth, Mahmoudi, Neshatpour, Santos, 1705.10730

see, e.g., Alonso, Grinstein, Martin Camalich, 1407.7044

what do we learn?
• RK can only be explained by NP in  
 

• scalar currents constrained by BS→ll 
• RK and RK* different parity, complementary info, e.g. for central bin  
 

• NP can be either in muons or electrons

• in both cases (sb̄)L ok

• for electrons also (sb̄)R(ēe)R possible (from quadratic dep.)
• combined signif. from "clean" observables >4σ
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see, e.g., D'Amico et al., 1704.05438
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6

D'Amico et al., 1704.05438

see, e.g., D'Amico et al., 1704.05438

D'Amico et al., 1704.05438
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global fits

• in principle much more info

• Br(B → K(∗)##), Br(Bs→φ##), 
Br(B→Xs##)

• angular obs. in B0 → K∗0##,  
Bs→φ##

• these are "dirty" observables

• require form factors predict.  
(QCD sum rules), charm  
loops, nonfactor. contribs.

• prefer NP in muons
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LHCb, 1403.8044



2017 CERN-CKC workshop, Jeju, Jun 2 2017J. Zupan   On LFU violation

global fits

• in principle much more info

• Br(B → K(∗)##), Br(Bs→φ##), 
Br(B→Xs##)

• angular obs. in B0 → K∗0##,  
Bs→φ##

• these are "dirty" observables

• require form factors predict.  
(QCD sum rules), charm  
loops, nonfactor. contribs.

• prefer NP in muons

7

S.
 Ja

ge
r, 

M
ay

 2
01

7

LHCb, 1403.8044

Altmannshofer, Stangl, Straub, 1704.05435 



2017 CERN-CKC workshop, Jeju, Jun 2 2017J. Zupan   On LFU violation

what kind of NP?

• from now on will assume that NP in b→s## 

• what is the NP scale?

• the Wilson coeffs. in previous slides  
 

• types of NP

• tree level (heavy or light)

• loop level
8

CINP~O(1)
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tree level

• two distinct types:
• mediated by a Z'

• SU(2)L singlet  
or triplet

9

• leptoquark

• spin 0 or 1

Altmannshofer, Straub, 1308.1501;
Altmannshofer, Gori, Pospelov, Yavin, 1403.1269;

Greljo, Isidori, Marzocca, 1506.01705;
+many refs.

see, e.g., Hiller, Nisandzic, 1704.05444;  
Hiller, Schmaltz, 1411.4773; +many refs
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• nontrivial constraint from Bs mixing  
 
 

• bounds from ATLAS, CMS from  pp→Z'→##

• e.g., for MFV ansatz

Altmannshofer, Straub, 1308.1501; 1411.3161

general considertations 
about Z'
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gbsZ0

mZ0
. 0.01

2.5 TeV
compare: Vts≃0.04

Greljo, Marzocca, 1704.09015

Greljo, Marzocca, 1704.09015



2017 CERN-CKC workshop, Jeju, Jun 2 2017J. Zupan   On LFU violation

loop level

• three distinct options
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• Z' w/ loop  
 to bs

• Z' w/ loop  
 to ##

• box w/ NP 
fields

Kamenik, Soreq, JZ, 1704.06005 Bélanger, Delaunay, 1603.03333 Gripaios, Nardecchia, Renner, 1509.05020;
Bauer, Neubert, 1511.01900;

Becirevic, Sumensari, 1704.05835
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top-philic Z'
• where is the flavor structure coming from?
• why the  (sb̄)V-A chiral structure?
• automatic for top-philic Z'

• b→s due to SM  
W in the loop

• avoids contraints from dimuon  
resonance searches

• MFV structure: all FV due to CKM

• there is a correlated signal in K→(νν
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Kamenik, Soreq, JZ, 1704.06005 

B(K+ ! ⇡+⌫⌫̄) ' (8.4± 1.0)⇥ 10�11 ⇥ 1
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cf. NA62 reach:  
10% of the SM

SM value

X

see also Bordone, Buttazzo, Isidori, Monnard, 1705.10729
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minimal U(1)' model
• new U(1)' gauge symmetry

• scalar Φ∼(1,1,0,q′) 

• vectorlike fermion T′∼(3, 1, 2/3, q′)

• all the SM fields singlets under U(1)'
• interactions with the SM through only three terms  
 
 

• assume alignment with the SM up Yukawa  

• for us the interesting limit |yT
t |≫λ′,ε 
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Kamenik, Soreq, JZ, 1704.06005 

SU(3)xSU(2)xU(1)xU(1)'
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size of b→sµµ 
• t−T mass matrix  
 
 

• the mixing angles for the two chiralities  

• main effects due to mixing with tR

• the induced b→sll 
 

• fits the anomaly for mZ'~O(500 GeV), g̃q'~O(1)

• couplings to muons due to mixing with vectorlike leptons

• depending on the details could explain (g-2)#
14
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direct searches

• important contraints from  
dimuon searches

• production channels:

• tree level pp→tt̄Z', 

• 1-loop: pp→ZZ′,jZ′ 
• depends on Br(Z'→##)

• e.g. below tt̄ threshold:

• coupling to #L       ⇒ Br(Z'→##)=0.5

• coupling to #L,τL ⇒ Br(Z'→##)=0.25

• interesting possible searches at CMS, ATLAS: 

• pp→tt̄(Z'→##), tt̄(Z'→ττ), tt̄(Z'→tt̄)
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Kamenik, Soreq, JZ, 1704.06005 
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conclusions

• LFU violation anomaly in b→sll stands at 
present at ~4σ

• reasonable NP models can explain it

• showed a top-philic Z' as a 
representative of a new class of NP 
models
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backup slides
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b→cτυ
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RK vs. RK*
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Geng et al, 1704.05446
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low q2 bin
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D'Amico et al., 1704.05438
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leptoquarks
• RK vs. RK* selects only three leptoquarks

• scalar S3  and vectors 
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Hiller, Nisandzic, 1704.05444


