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So far, no significant signs for NP from direct searches at the LHC while a (the SM?) 

Higgs boson has been found with a mass of ~125 GeV/c2.

Before LHC/LEP, expectations were that “naturally” the masses of the new particles 

would have to be light in order to reduce the “fine tuning” of the radiative corrections to 

the Higgs mass.  

However, the absence of NP effects observed in precision measurements implied some 

level of “fine tuning” in the flavour sector.  Why, if there is NP at the TeV energy scale, it 

does not show up in precision measurements?

NP FLAVOUR PROBLEM →

Minimal Flavour Violation (MFV).

As we push the energy scale of NP higher, 

hypothesis like MFV look less convincing

→ chances to see NP in flavour physics 

have increased when Naturalness (in the 

Higgs sector) seems to be less plausible!

N.Arkani-Hamed, 

Intensity Frontier 

Workshop (Nov 

2011, Washington)
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The gauge component is the “elegant” part. There is no distinction between 

different generations and has a huge degree of symmetry. We only need to 

know α,θW, MW and αs and everything is determined by the local gauge symmetry 

group: SU(3)CxSU(2)LxU(1)Y

The Higgs component, however, breaks 

the flavour symmetry. It is the origin of 

the flavour structure of the model. It is 

also the component that is not stable to 

quantum corrections. To describe this 

part we need a total of 14 parameters! 

SM flavour problem

The origin of masses and mixings, together 

with the origin of family replications is 

probably the most pressing problem of the SM.
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The quark flavour structure within the SM is described by 6 couplings and 4 CKM parameters. 

In practice, it is convenient to move the CKM matrix from the Yukawa sector to the weak 

current sector. But don’t be confused, in the SM quarks are allowed to change flavour as a 

consequence of the Higgs mechanism.

Using Wolfenstein parameterization (A, λ,ρ,η):

CKM

A = 0.80±0.02

λ= 0.225±0.001λ= sinθc ≈Vus measured precisely in K semileptonic decays. Notice that all Vij

couplings can be accessed experimentally using tree-level decays, with the 

exception of  Vtd and Vts
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CKM parameters (A,λ,ρ,η) are not predicted by the SM. They need to be measured!

If we assume NP enters mainly at loop level, it is interesting to compare the determination 

of the parameters (ρ,η) from processes dominated by tree diagrams (Vub ,Vcb , γ,…) with 

the ones from loop diagrams (ΔMd&ΔMs, β(s),εK , …).

NP allowed at O(30%) in b→d transitions (accuracy in tree level measurements) 

and O(20%) in b→s transitions (accuracy in loop level measurements). 

Loop measurements

=ρ(1-λ2/2)
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Map of Quark FCNC transitions and type of loop processes:

b→s (|VtbVts|αλ
2) b→d (|VtbVtd|αλ

3) s→d (|VtsVtd|αλ
5) c→u (|VcbVub|αλ

5)

ΔF=2 box ΔMBs, ACP(Bs→J/ΨΦ) ΔMB, ACP(B→J/ΨK) ΔMK,  εK x,y, q/p,Φ

QCD Penguin ACP(B→hhh),B→Xsγ ACP(B→hhh), B→Xγ K→π0ll, ε’/ε ACP(D→hh), ΔaCP

EW Penguin B→K(*)ll, B→Xsγ B→πll, B→Xγ K→π0ll, K±
→π±νν D→Xull

Higgs Penguin Bs→μμ B→μμ K→μμ D→μμ

H

ΔF=2 box                  QCD Penguin          EW Penguin        Higgs Penguin
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Rule of thumb: 1ab-1 at Belle-II ~ 1fb-1 at LHCb
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Tree Level 

Measurements:

Recent LHCb results 

on γ≅arg(Vub) and

LNU in CC 
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tang »
h

r Combined likelihood from all 

measurements including charm.

LHCb precision dominates world 

average,

before LHCb was:  70±28°

to be compared with the CKM fit 

indirect determination:

Theoretical uncertainties are negligible.

LHCb can reach better than 0.4°

precision with Upgrade II.

γ(CKMFITTER )=(65.5+1.1
-2.7)°

γ(LHCb)=(63.8+3.5
-3.7)°

LHCb-CONF-2022-003

CERN-LHCC-2017-003
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Babar (2013) 

Belle(a) (2015)

Belle(b) (2017)

Belle(c) (2020)

LHCb(a) muonic (2023)

LHCb(b) hadronic (2023)

Belle II (2023)

Two new results from LHCb

using part of RUN-2 with hadronic 

τ decays:

and simultaneous RD&RD* RUN-1 

muonic τ decays:

PRD108, 012018 (2023)

3.3σ

PRD108, 012018 (2023)

arXiv: 2302.02886 (2023)

R(D*)=0.247±0.015±0.019

R(D)=0.441±0.060±0.066

R(D*)=0.281±0.018±0.023

Most recents results in better 

agreement with SM for RD*.



14

ΔF=2 Box  

Measurements
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New measurement from LHCb using full RUN-1 and 

RUN-2 statistics including electron and muon final state 

and ψ(2S):

wich improves on the precision achieved at the B-

factories!

LHCb U1 and Belle-II will each reach ~0.8% while 

LHCb U2 potential is ~0.4%! . Statistics should allow 

to control penguin contributions.

sin(2β) = 0.716 ± 0.013 ± 0.008

tanb »
h

1- r

LHCb-PAPER-2023-013

(2% precision)



Combining RUN-1 and RUN-2 LHCb: Bs→J/ΨΦ+ Bs→J/Ψhh + 

Bs→D+
sD

-
s:

With a current w.a. of ϕs = (-50±17) mrad to be

compared with ϕs = (-36.8+0.9
-0.6)mrad from 

CKMFITTER (±2 mrad using only tree 

measurements). Although, there has been 

impressive progress since the initial 

measurements at CDF/D0, the uncertainty needs 

to be further reduced.

LHCb sensitivity with U2 expected to be better 

than 3 mrad.
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Angular analysis is needed in Bs→J/ΨΦ
decays, to disentangle statistically the CP-

even and CP-odd components. 

LHCb new results from Bs→J/ΨKK with 

full RUN-2 statistics.

fs » -2hl2

ϕs (LHCb)= (-31±18)mrad

arXiv: 2308.01468
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Need to increase precision to 

disentangle NP in Bd(Bs) mixing

No significant evidence of NP in Bd or Bs mixing . 

NP contribution to amplitudes in box diagrams 

constrained @95%CL to be  <35% (<30%) for 

Bd(Bs). 

NP phases in box diagrams constrained @95%CL 

to be  (-6<ϕNP<2)° ((-1<ϕNP<1)°)  for Bd(Bs).
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ΔF=1 EW 

Penguins and 

LNU in NC  
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αQED suppression helicity suppression



B→K*μ+μ- is the golden mode to test new 

vector(-axial) couplings in b→s transitions. 

K*→Kπ is self tagged, hence 

angular analysis ideal to test helicity structure. 

Results from B-factories and CDF were very much limited by the statistical 

uncertainty. 
20
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LHCb « Tour de force » full angular analysis performed using

RUN-I data + 2016 data.

Most of the distributions are in good agreement with the 

expectations, with some hints for deviations, for example the 

CP-averaged measurements of S5.

Complementary analysis using B+
→K*+ μ+μ-, shows similar

behaviour using full RUN-1 and RUN-2 stats.

Similar angular analysis of Bs→ϕ μ+μ- using full RUN-1 and 

RUN-2 data shows consistent behavior in terms of Wilson 

Coefficients.

-

PRL 124, 011802 (2020)

PRL 126, 161802 (2021)
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While NP could induce lepton non-universality in b→s ll

transitions, hadronic uncertainties cannot do so.

RUN-1&2 LHCb measurement (2022) of RK (1.1< q2 < 6 

GeV2) and RUN-1 measurement (2017) of RK* (1.1< q2 < 6 

GeV2) indicate a discrepancy (3.1σ and 2.5σ) with the SM.

Rather than just update RK* in 2022, LHCb took the approach to come up with a new approach:

- Simultaneous measurement of RK and RK* in four q2 bins.

- Work with higher purity sample (tighter e-PID).

- Optimized trigger strategy.

- Cross-feed between K*ee and Kee backgrounds automatically taken into account.
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Simultaneous measurements allowed to uncover problem in previous analysis:

- wrong assumption: exclusive B hadronic decays (f.i. B→KKK) with two missid electrons, 

not explicitely simulated, thought to be absorbed by combinatorial bkg. Notice that because

they don’t have bremstrahlung peak is very narrow!

As some of these bkg are poorly understood, decided to use data-driven method to estimate

missid bkg. In fact, the RK central q2 measurement is the less affected by this problem!
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These decays are well predicted theoretically, and experimentally 

are exceptionally clean.  Within the SM,

BRSM(Bs→μμ)  = (3.66±0.14)x10-9

BRSM(Bd →μμ) = (1.06±0.05)x10-10  

The pure leptonic decays of K,D and B mesons are a particular interesting case of 

EW penguin. The helicity suppression of the vector(-axial) terms, makes these 

decays particularly sensitive to new (pseudo-)scalar interactions →Higgs penguins!

The combined RUN-1&2 analyses from LHCb results:

Compatible with the SM. PRD105 012010 (2022)

BR(Bs→μμ) = (3.09+0.46+015
-0.43-0.11)x10-9

BR(Bd→μμ) < 2.6x10-10 @95%C.L.

LHCb U2 could bring precision down to 4% (compared with ~12% 

from GPDs). Next goal is the observation of the decay Bd →μμ.  LHCb 

U2 could reach 9% precision (compared with (15-25)% from GPDs).

In addition, the large stats in U2 would allow O(100) effectively flavor 

tagged Bs→μμ decays and allow new observables like time dependent 

CP asymmetry. 

(16% precision)

(70% precision)

LHCb new obs.

300 fb-1 LHCb

arXiv:1702.05498
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The D0
→μμ decay is dominated by long-distance 

contributions and the SM prediction is less precise:

BR(D0
→μμ)SM < 2x10-11 using u.l. from Belle in BR(D0

→𝛾𝛾) 

The combined RUN-1&2 analyses from LHCb results:

BR(D0
→μμ) < 3.5x10-9 @95%C.L.

LHCb U2 could bring limit down to 10-10.

PRL 131 041804 (2023)

The Ks→μμ decay has also important long-distance 

contributions which dominate the precision of the SM 

prediction:

BR(Ks→μμ)SM = (5.18 ± 1.50LD ± 0.02SD)x10-12.

The combined RUN-1&@ analyses from LHCb results:

BR(Ks→μμ) < 2.4x10-10 @95%C.L.

LHCb U2 could bring down the precision to the SM level.

PRL 125 231801 (2020)
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ΔF=1  

penguins in c→u

transitions
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So far LHCb measured ΔACP=ACP(KK)-ACP(ππ) to reduce the effect of 

production and detection asymmetries. New approach is to use control 

samples, Cabibbo favoured decays, where no CP violation is expected to 

measure these nuisance parameters.

arXiv: 2209.03179 (2022)
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Not only flavour
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First Observation of a Doubly Charged 

Tetraquark and its neutral partner, in a combined 

amplitude analysis of B→anti-D Ds
+π- and 

B+
→D-Ds

+π+.

PRL 131, 041902  (2023)

First Observation of a Pentaquark with 

strangeness in B-
→ J/ψ Λ anti-p decays.
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LHCb-CONF-2023-002  
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Conclusions
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The SM has no explanation for flavour. FCNC is one of the most powerful tools to get 

indirect information about NP, that ideally should provide an explanation for the quark 

and lepton masses and mixings parameters.

There are few interesting anomalies in flavour physics to be followed up, mostly 

in b→sll transitions, but also in semileptonic B decays.

Currently precision measurements of FCNC processes still allow O(30%) 

NP contributions. LHCb upgrades program will test NP at the few % level in 

both b→d and b→s transitions. Will reach SM sensitivity in the indirect CPV 

in charm decays. 

There is a priori as many good reasons to find NP by measuring precisely the couplings 

of the new scalar boson, as by precision measurements in the flavour sector! They 

both are proving the Yukawa sector of the SM. 

We don’t know yet what is the scale of NP→ cast a wide net!


