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The past 



The past 



The present

• 3 main areas of interest in flavour physics:

1) Standard Model (this morning, talk by Ciuchini, Polosa)

2) Lattice (next talk)

3) New Physics (briefly now)





New Physics



Flavour physics as NP probe 

 On-shell effects @ colliders

 Model dependent part

C= (loops) x (couplings) x (flavour)cij
⇤2

• What can we probe indirectly?

Luca Silvestrini 16

 

La Thuile 2018

GENERIC STRONGLY-

INTERACTING NP
● Best bound from eK, dominated 

by CKM error

● CPV in charm mixing follows, 
exp error dominant

● Bd and Bs behind, error from 

both CKM and B-params

● Non-perturbative NP:

– � > 4 105 TeV

● Weakly interacting:

– � > 104 TeV

[L. Silvestrini, UTFIT, La Thuile 18]
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IV. NP CONTRIBUTIONS TO ∆F = 2 PROCESSES

The most general effective Hamiltonians for ∆F = 2 processes beyond the SM have the

following form:
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where q = d(s) for Bd(s) − B̄d(s) mixing and
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Here qR,L = PR,L q, with PR,L = (1 ± γ5)/2, and α and β are colour indices. The operators

Q̃
qiqj

1,2,3 are obtained from the Q
qiqj

1,2,3 by the exchange L ↔ R. In the following we only discuss

the operators Qi as the results for Q1,2,3 apply to Q̃1,2,3 as well.

The NLO anomalous dimension matrix has been computed in [6]. We use the

Regularisation-Independent anomalous dimension matrix in the Landau gauge (also known

as RI-MOM), since this scheme is used in lattice QCD calculations of the matrix elements

with non-perturbative renormalization.

The Ci(Λ) are obtained by integrating out all new particles simultaneously at the NP scale

Λ.6 We then have to evolve the coefficients down to the hadronic scales µb = mb = 4.6 GeV

(mb ≡ mb(µ = mb) is the RI-MOM mass) for bottom mesons, µD = 2.8 GeV for charmed

mesons, and µK = 2 GeV for Kaons, which are the renormalisation scales of the operators

used in lattice computations for the matrix elements [46, 47].

6 Clearly, without knowing the masses of new particles, one cannot fix the scale Λ of the matching. However,

an iterative procedure quickly converges thanks to the very slow running of αs at high scales.

• “Large” effects still possible

• To progress we need extra theoretical input

����
ANP

ASM

���� . 20%

⇤?

• No evidence of NP in ΔF=2 processes

⇤ >

8
>>><

>>>:

4.3 · 105 TeV⇥ |csd|1/2 ✏K
4.5⇥ 104 TeV⇥ |ccu|1/2 D mixing

3.5⇥ 103 TeV⇥ |cbd|1/2 Bd mixing

7.9⇥ 102 TeV⇥ |cbs|1/2 Bs mixing

Ai!j = ASM
ij +

cij

⇤2



Flavour Anomalies
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⇤RD = 3.7 TeV
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 1) Angular observables in 

 2) Branching ratios

 4) LFU violation in          (2 bins)

 3) LFU violation in RK

RK⇤

⇠ 4� (?!)

& 3.5� (?!)

b ! sµµ (LHCb from 2013)

2.6�

2.3�, 2.6�

b ! c⌧⌫ Babar+Belle+LHCb from 2012
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B ! K⇤µ+µ�

“clean” only ⇡ 4�
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Figure 1: Examples of b ! s loop diagrams contributing to the decay B0
s ! �µ+µ� in the SM.

The T-odd CP asymmetries A8 and A9 are predicted to be close to zero in the SM and
are of particular interest, as they can be large in the presence of contributions beyond the
SM [12].

2 Detector and simulation

The LHCb detector [13,14] is a single-arm forward spectrometer covering the pseudorapidity
range 2 < ⌘ < 5, designed for the study of particles containing b or c quarks. The
detector includes a high-precision tracking system consisting of a silicon-strip vertex
detector surrounding the pp interaction region, a large-area silicon-strip detector located
upstream of a dipole magnet with a bending power of about 4Tm, and three stations
of silicon-strip detectors and straw drift tubes placed downstream of the magnet. The
tracking system provides a measurement of momentum, p, of charged particles with a
relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200GeV/c. The
minimum distance of a track to a primary vertex, the impact parameter (IP), is measured
with a resolution of (15 + 29/pT)µm, where pT is the component of the momentum
transverse to the beam, in GeV/c. Di↵erent types of charged hadrons are distinguished
using information from two ring-imaging Cherenkov detectors. Photons, electrons and
hadrons are identified by a calorimeter system consisting of scintillating-pad and preshower
detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified
by a system composed of alternating layers of iron and multiwire proportional chambers.
The online event selection is performed by a trigger [15], which consists of a hardware
stage, based on information from the calorimeter and muon systems, followed by a software
stage, which applies a full event reconstruction.

Simulated signal samples are used to determine the e↵ect of the detector geometry,
trigger, reconstruction and selection on the signal e�ciency. In addition, simulated
background samples are used to determine the pollution from specific background processes.
In the simulation, pp collisions are generated using Pythia [16] with a specific LHCb
configuration [17]. Decays of hadronic particles are described by EvtGen [18], in which
final-state radiation is generated using Photos [19]. The interaction of the generated
particles with the detector, and its response, are implemented using theGeant4 toolkit [20]

2

SM
SM

|CNP
µ | � |CNP

e | |CNP
⌧ | � |CNP

µ |, |CNP
e |

Test of Lepton Flavor Universality in (charged current) b → c transitions 
[τ vs. light leptons (μ, e) ]:

LFU tests in b → c transitions 

Hc = D or D*

Γ(B → Hc
 τν)

Γ(B → Hc
 ℓν)

  R(Hc) = 

 bL           cL

τL                 νL

NP

 bL           cL

W

τL , ℓL  νL

SM prediction quite solid: hadronic uncertainties cancel (to large extent) in the ratio 
and deviations from 1 in R(X) expected only from phase-space differences

Consistent results by 3 different exps. → 3.1σ excess over SM (D + D*)

 G. Isidori –  Flavor Physics                                                    2019 CERN Academic Training 

⇤RK = 37 TeV
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Theoretical input / bias

Experimental input

Simplified 
Models

Introducing explicitly New Physics,
in the simplest way as possible

Bottom-up path

“Motivated”
 Models

Address more questions/open 
problems: naturalness, origin of 
flavour, renormalizability/accidental 
symmetries..… 30

Colour octet vector at the LHC
pp→ jj @ 13 TeV, 37 fb-1

ATLAS Bckg fit
ATLAS observed

MG' = 1.9 TeV, ΓG' (25%)

MG' = 2.2 TeV, ΓG' (34%)
MG' = 2.5 TeV, ΓG' (43%)
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More phenomenology to come:  
[Di Luzio, Fuentes-Martin, AG, Nardecchia, Renner], 
work in progress

‘4321’: Phenomenology

Explicit models 
full of surprises!

1 Use Typeset/TeX and DVI

τ−

τ+

b

b̄

b

b̄
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G’ j

j
q
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EFT New Physics in a model 
independent way
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LL

LL

Two classes of (tree-level) mediators, giving rise to different correlations 
among the anomalies, other low-energy observables, and high-pT physics 

EFT-type considerations

Anomalies are seen only in semi-leptonic (quark×lepton) operators

RR and scalar currents disfavored → LL current-current operators

Necessity of  at least one SU(2)L-triplet effective operator is we aim to a 

combined explanation (as in the Fermi theory):

G. Isidori – B-physics anomalies: model building & future implications         LHCb implications, CERN, 10th Nov 2017 
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b → s

μμ (ee) ττ

b → d

s → d

νν

Bd → μμ

B → π μμ

Bs → K(*) μμ

K → π νν

B → K(*) νν

B → π νν

B → K(*) ττ

B → π ττ

τμ μe 

O(20%)

RK, RK*

O(1)

O(1)

O(1)

→ 100×SM

→ 100×SM

long-distance 
pollution

NA NA

B → K τμ

→ ~10-6

B → π τμ

→ ~10-7

B → K μe

???

B → π μe

???

K → μe

???

E.g.: correlations among down-type FCNCs [using the results of U(2)-based EFT]:

If the anomalies are due to NP, we should expect to see several other BSM effects 
in low-energy observables

Implications for low-energy measurements

G. Isidori – B-physics anomalies: model building & future implications         LHCb implications, CERN, 10th Nov 2017 

O(20%) [RK=Rπ]


