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QCD & new hadron states
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New Physics
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New Physics (beyond TeV)
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B—up | branching fractions

UL improved upper limit
patible with SM

* fragmentation fraction ratio
» a dominant systematics
» studied in Brunos’ thesis

arXiv:1910.12127, subm. JHEP
CERN-THESIS-2019-25

Run2 (2016) + Runldatasets
UU: 5.60 observation (CMS alone)
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B—ouu | effective lifetime

* effective Bs— L lifetime provides complementary sensitivity for NP

» in SM only heavy eigenstate decays to lepton pair

» methods established in more abundant channels
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On time dependent measurements (analysis
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Competitive precision b-hadron
lifetime measurements:
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Bs—J/W®, Bs—)/wrmt, Av—) /PA?
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Entries / 0.04 GeV

B—-uu | HL-LHC projections
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* LIP delivered the CMS B— Ul
HL-LHC sensitivity studies

» LIP’s contribution to Flavour Physics WG M e

* Submitted as input to the Update on the Onportunities in Flavour Physie
European Strategy for Particle Physics at the HL-LHC and HE-LHC

Report from Working Group 4 on the Physics of the HL-LHC, and Perspectives at the HE-LHC
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New Physics
hiding here?
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What elephant?

T

Taken together, the flavor anomalies
are most significant deviation from SM,
and the strongest indication of NP in
current collider data !
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Flavour Anomalies
First hints of New Physics at the LHC?

Nuno Leonardo

Over the last few years, a persistent set of deviations from the
Standard Model (SM) predictions has emerged from the data.
These have been detected in decays of b-quark hadrons. While the
deviations are not sufficiently significant if considered individually,
whentaken together they are. These so-called “flavour anomalies’
stand currently as a most exciting indication of New Physics (NP)
and a hottest topic in the field of HEP at the moment.

New phenomena beyond the standard theory of particle physics
are pursued in a multitude of paths. At the LHC, a main path,

which explores the energy frontier, aims at directly detecting

new heavy particles, beyond those of the SM. These NP particles
may be produced in the collisions, and their presence detected
through the products of their decay. Another path, which explores
the luminosity frontier, aims at detecting the presence of NP
indirectly, through precision measurements. Here, NP particles
may virtually contribute to the amplitude of SM-allowed processes,
and be revealed through measured deviations relative to the SM
expectation, in observable particle properties. The two approaches
are complementary and each is actively pursued by exploring a
large variety of processes.

Hints of the presence of NP may accordingly be revealed through
excesses indistributions (e.g. a bump in the mass spectrum) or
measured deviations (e.g. on a particle's decayrate). And as it
happens, several such hints, of both kinds, have turned up in the
LHC data. However, so far, none of sufficiently high statistical
significance, so as to unequivocally exclude possible background
fluctuations as their source. Nonetheless, in the case of certain
b-hadron decays, several such deviations from theory expectation
seem to conspire together — while each individual deviation is
still not significant per se, the coherent pattern displayed by their
ensemble is.

Each deviations is associated to one of two underlying b-quark
transitions: (i) b—sll, i.e. bottom to strange quark plus pair of
opposite-charge leptons, and (ii) b—clv, i.e. bottom to charm quark
plus charged lepton and neutrino. The former can occur only at loop
levelin the SM (flavor changing neutral current, that is forbidden
inSM, at tree level), with high sensitivity to NP (where NP particles
canrunin the loops). The latter (charged current) occurs at tree
level.

The neutral-current transitions, b—sll, are
realised in various rare B decays, both
leptonic, e.g. B.—p*y, and semileptonic,

e.g. B> Sp'y, where S stands for a strange- 3

quark hadron(e.g. K K", @, A). In addition 2

todecay rates, the latter class offers many

NP-sensitive observables associated to 1

the angular distributions of the decay 83 o
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probing the QGP with Heavy Flavor
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Events / (0.1 GeV)

Particles IN QGP (sequentialiy)
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- Joao’s summer project confirmation exploring Run2 PbPb vs pp data
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Particles in QGP
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partons loose energy as they traverse the QGP medium ... but heavier quarks loose less!

N.Leonardo



B mesons observed In nuclear collisions

JSilva (2017), NL G.Crupi (2019), NL
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- latest is
(5.20) in Giuseppe’s internship

« more future PbPb runs / data
= probe rarer processes
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- Fit to fs/fu data

from Julia’s thesis, CERN-THESIS-2018-274
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* investigate mass / flavor
dependence

* competing effects:
® energy loss mechanism
® recombination

* preliminary conclusions

e B;and B"are by QGP
= expected from energy loss

e B production wrt B*
in PbPb wrt pp collisions.
= expected from strangeness
enhancement in the QGP

e more PbPb data needed
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https://cds.cern.ch/record/2649927
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H coupling to beauty & charm?

H couplings to light generations challenging at LHC

iInclusive H—qq

» drawn in overwhelming QCD background
» requires sophisticated flavour tagging

exclusive H—Qy

» clean signature, but rare
» requires dedicated triggers

»can probe several quarks, H—Y/Q/d/p+y

pursuing H—Qy and Z—Qy

» 2016 analysis complete
» targeting full Run2
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