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Undisputable triumph of the Standard Model: Higgs 

ōƻǎƻƴΣ 9² ŀƴŘ v/5 ǇƘȅǎƛŎǎΣ ŘŜŎŀȅǎ ŀƴŘ ƳƛȄƛƴƎǎΧ

and still nothing beyond

At the same time we are sure that there is physics beyond the SM:

ÅNeutrino masses and oscillations
ÅDark matter
ÅBaryon asymmetry of the Universe
Å...

Besides that, there are many ζwhyηand ζhowη in the SM:

ÅHow is EW scale so smaller than UV scale? 
ÅWhy 3 generations (the enigma of flavour)?
ÅWhy are lefts doublets and rights singlets?
ÅWhy is this CKM matrix structure & CP? 
Å ... QFTHEP 2019 V.Shevchenko3/35



Large Hadron Collider beauty (LHCb) experiment 
addresses many of these deep questions via: 

Åprecision studies of b- and c-hadron decays
ÅCP violation in decays and mixing
Åhadron spectroscopy
Årare and forbidden decays
Åindirect searches of New physics
Å...

Main requirements to the detector:

Complementary to
direct searches in

ATLAS & CMS 

ÅIƛƎƘ ȅƛŜƭŘ Ҧ ŜŦŦƛŎƛŜƴǘ ǘǊƛƎƎŜǊ ŀƴŘ ǎŜƭŜŎǘƛƻƴΣ ƭŀǊƎŜ ǇǊƻŘǳŎǘƛƻƴ ŎǊƻǎǎ ǎŜŎǘƛƻƴǎ 
(b-production: 110 ˃b @13 TeVin LHCbacceptance, arXiv:1612.05140)

Å[ƻǿ ōŀŎƪƎǊƻǳƴŘ Ҧ Ƴŀǎǎ ǊŜǎƻƭǳǘƛƻƴΣ ǇŀǊǘƛŎƭŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ
Å±ŜǊǘŜȄƛƴƎ ϧ ¢ǊŀŎƪƛƴƎ Ҧ ŜȄŎŜƭƭŜƴǘ ǊŜǎƻƭǳǘƛƻƴǎ
ÅParticle identification: ̄ / K / p (RICH), e / (ɹE/HCAL), ˃ (MUON)
ÅTrigger: L0 (high pTcandidate particles), HLT1 & HLT2 (software)
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2008 JINST 3 S08005Int. J. Mod. Phys. A30 (2015)1530022

Operating at inst. luminosity

Run 1: 

Run 2:
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490+ papers

LHCb: detector, data taking, scientific output:

Excellent resolution:
momentum: 0.4 ς0.6 % at 5ς100 GeV
muonID efficiency: 97 %
electron ID efficiency: 90%
kaonID efficiency: 95%  



CP violation

CP violation is described in the SM through one parameter in 
the CKM matrix ςcomplex phase and it was established 
experimentally in K and B meson decays since many years.

New physics beyond the SM could contribute to CP violation.
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The conventional way to parameterize CKM matrix is the 
Unitarity Triangle. To over-constrain it is a way to search 
for New physics.

All of the available measurements agree in a highly nontrivial way to the current level 
of precision ςtremendous success of the CKM paradigm!

Mixing and CP violation in the quark flavoursector is generally well described 
by the CKM mechanism ςwe must look for small discrepancies.
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First observation of CP violation in 
D0 meson decays

Strong suppression of the systematic 
uncertainties by measuring the difference

The result (including LHCbRun 1):

5.3standard deviations. The first observation of CP 
violation in the decay of charm hadrons.

the mean 
decay time
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Phys. Rev. Lett. 122 (2019) 211803

The asymmetry

is sensitive to both direct and indirect CP violation.

Time integrated measurement: huge statistics from 
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Phys. Rev. Lett. 122 (2019) 231802

D-mesonsoscillatelike their K- and B- counterparts. It is worth remindinghowever,
that despitethe correspondingFeynmandiagramslook similar,the physicalpicture of
mixingisverydifferent.

For K and B mesonsthe dominant contribution comesfrom the heaviestup-type
quark propagatingin the loop, correspondingto the external down quarks,so the
oscillation frequency provides information about άǘƘŜƴŜŀǊŜǎǘέheavy degree of
freedom.

But for D0ƳŜǎƻƴǎ ǘƘŜǊŜ ƛǎ ƴƻ ǎǳŎƘ ǘƘƛƴƎ ŀǎ άǘƘŜ ƴŜŀǊŜǎǘ ƘŜŀǾƛŜǎǘέ Řƻǿƴ-type quark, 
since b-quark belongs to another generation. 

In other wordsDƛǎ άƛƴǾŜǊǎŜ ŀƴŀƭƻƎέ ƻŦ Koscillations: c-quark dominating Koscillations 
is heavy d.o.f. for Kwhile s-quark dominating Doscillations is light d.o.f. for D.

D oscillations are dominated by long-distance physics.

Precision measurement of D0 ςD0 mixing 
ς
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HFAG, Eur. Phys. J. C77 (2017) 895

Physical mass eigenstates are a mixture of flavor eigenstates:

Old world average:

if CP is conserved

Phys. Rev. Lett. 122 (2019) 231802

Use self-conjugate multibody decays

The result (CP-averaged) 
is the most precise single measurement:

New global average:
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Measurement of ˒ s Phys. Rev. Lett. 122 (2019) 211803

Neutral Bs mesons can oscillate to its antiparticle via box diagram

Mixing induced time dependent CP violation: 

Results use 1.9/fb Run 2 data combined 
with previous LHCbRun 1 measurements
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QFTHEP 2019
(M.Romero, at KAON 2019) 
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Measurement of ˒ s
sss-

The decay                    can proceed only via gluonic penguin diagram

The SM prediction: Phys. Rev. D80 (2009) 114026

Measuring a larger value would be a clear indication of NP

arXiv: 1907.10003
Time-dependent tagged and angular analysis 
similar to that for 
Different CP eigenstates contributing
Background contribution suppressed thanks 
to excellent PID and mass resolution
Excellent decay-time resolution ̀ t ~ 43 fs
Efficiency to tag the initial flavour 5.7%

Results:

Consistent with SM

expectations
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