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> Optimized for beauty and charm physics at large pseudorapidity (2<n<5)
» Trigger: ~90% efficient for di-muon channels, ~30% for all-hadronic

» Tracking:  o©,/p 0.4%-0.6% (p from 5 to 100 GeV), G, < 20 um
» Vertexing: o_.~45fs
» PID: 97% W ID for 1-3% m—u misID
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> Analyses presented today based on the Run 1 dataset
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Delivered / Recorded Luminosity
2.21/2.08 [fb™], in 2012
1.22/1.11 [fb™), in 2011
0.04/0.04 [fb™), in 2010
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> Due to luminosity levelling, same running conditions throughout fills
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> b—sll decays proceed via FCNC transitions that only occur at loop order
(and beyond) in SM

> New  particles — cans S CORERBESEss=tG= 00D or tree |evel
enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles

> Goal
» Make precise measurements of rare FCNC decays as precision tests of the SM

» Make null tests of the SM, e.g. look for LFV or LNV decays that are essentially
forbidden in the SM
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> Differential branching fractions of B°—K™Mopy, B*—K™M+uu, B, —duy,
B*—mn*up and A,—App decays
» Large hadronic uncertainties in theory predictions

> Angular analyses of B—>K®)up, B.—¢up, B>—K*ee and A,—App
» Define observables with small theory uncertainties

> Test of Lepton Flavour Universality in B*—K*l|
» Cancellation of hadronic uncertainties in theory predictions

Bl

Long distance
contributions from C*C
above open charm
threshold
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> Results consistently lower than SM predictions despite large theory

uncertainties from form-factors
BN .CSR Lattice —e—Data
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> Results consistently lower than SM predictions despite large theory
uncertainties from form-factors
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> Four-body final states

> System described by three angles |
(helicity basis) and the di-lepton
invariant mass squared, g2 |

> Complex angular distribution that |
provides many observables
sensitive to different types of NP

> Each observable depends on |
different  Wilson  coefficients
(underlying short-distance physics) ¥
and form-factors (hadronic matrix |
elements) |
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> First full angular analysis of B°—K™uu: full set of CP-averaged angular
terms and correlations as well as full set of CP-asymmetries

Can construct less form-factor
dependent ratios of observables

LHCb
Il SM from ABSZ

SM from DHMV

® LHCb Run 1 analysis
PRL 118 (2017)
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2.8 and 3.0 o from SM g [GeV?/ ¢4
[Descotes-Genon et al, JHEP 05 (2013) 137]

Belle result consistent with LHCb

15
JHEP 02 (2016) 104 g2 [GeV?/c4]
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> Results consistent with SM predictions
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LHCb A,—App

> Low-g%: 0.0004—1 GeV?
> Challenging due to Bremsstrahlung
> Sensitive to photon polarisation
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0 5
JHEP 06 (2015) 115

> Ay: gives access to different 10

combinations of Wilson coefficients

20
g* [GeV?/c4]
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> Several attempts to interpret results by performing global fits to

b—s data (e.g. , and )

> Take into account ~80 observables from 6 experiments including b—pp,

b—sll and b—sy transitions

> All global fits require an additional contribution with respect to the SM

to accommodate the data, with a preference for NP in C, at ~4c
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branching fractions, angular observables and combination

> Or is this a problem with our understanding of QCD?
(e.g. are we correctly estimating the contribution for charm loops?)
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> LHCb tested Lepton Universality using B*—K*ll decays and observed a
tension with the SM at 2.6c

--LHCb -m-BaBar —a—Belle

10 15 20
PRL 113 (2014) 151601 q* [GeV?/c4]

> Consistent with decay rate if NP does not couple to electrons

> Since then a lot of interest and expectation has grow around similar
ratios (see talk by G.Wormser)

> Observation of LFU violations would be a clear sign of NP
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> Test of LFU with B°—K™up and B°—K™ee

> Extremely challenging analysis due to differences between pand e
»Bremsstrahlung

»Reconstruction
»Trigger

> Measured relative to B°—K*J/y(ll) in order to reduce systematics

m(Krpp) [Mev/c?] 5 m(Knee) [Mev/c?]

> Blind analysis
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> Rare b decays place strong constraints on many NP models allowing to
probe energy scales higher than direct searches

> Alarge number of analyses have been performed using Run 1 data

> While there is no significant evidence for NP from a single
measurement, a clear tension with the SM have been seen in global fits
to rare decay observables

> Rare decays will largely benefit from the increase of energy (cross-
section) and collected data (~5 fb" expected in LHCb) in Run 2

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016
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Photon pole | I
enhancement J/¢(1S) -
(doesn'’t exist for i’ — lccs I ,J
| B~ P¢¢ decays) | 1 ree level (1)
Cé,) "/)(2 )
dl’_
dg?
/ /
} e\ ¢y C§” ana Cig
interference Long distance
contributions from CC
above open charm
threshold
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> First full angular analysis of B>—K™puu: full set of CP-averaged angular
terms and correlations as well as full set of CP-asymmetries

—¥— BaBar = Belle
I SM from ABSZ

Can construct form-factor independent
ratios of observables

SM from DHMV
® LHCb Run 1 analysis
0 Belle [arXiv:1604.04042
15
2 /
7 [GeVZc!]
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[Descotes-Genon et al, JHEP 05 (2013) 137]

New Belle result consistent with LHCb

JHEP 02 (2016) 104 7 [GeVY/cH
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* Even after Bremsstrahlung recovery there are significant
differences between dielectron and dimuon final states:
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In the Fermi model of the weak interaction, the full electroweak
Lagrangian (which was unknown at the time) is replaced by the
low-energy theory (QED) plus a single operator with an effective

coupling constant.

Eyi——)}{ Lew — cQED + %(ﬂd)(eﬂ)

Can write a Hamiltonian for the effective theory as

Hert = 4GFthVts4 Z@ul’a(m)

(integrating out different Lorentz structure

Wilson coefficient Local operator with
scales above L) (vector, axial vector current etc)
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M rator | Beyond SM operators

(photon penguin

(07 T 501 PRbE,, O, = 255" PLbF,,
e e
mb = v a a mb = v a a
Og = gse—zsa”’ PrT*bG?,, O = 936—230“ PLT*bGY,,
|(99 = 87y, PLblyH e, Oy = 57, Prbly" L,
O = .§7“PLbl7'7“75€ : | Ol = §'yuPRbl7'y“’y5€.
vector and axial-vector CurrentsJ right handed currents
(suppressed in SM)
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« Complex angular distribution:

1 d3(T +7T)
d(C +T)/d¢g* dQ

9
= 5o |30 () sin® 0xc +{Fikeos? 0xc +
P

+%(1 — E} sin? 0 cos 26,

fraction of longitudinal
polarisation of the K* os2 Ok cos 20; + Sssin? O sin? ; cos 2¢

+8, sin 20 sin 26, cos ¢ +in 20 1 sin 6; cos ¢

forward-backward
asymmetry of the + % sin2 Ok cos 0; + S7sin 20 sin 0, sin ¢

1 n m
d eptO SYSte +58 sin 29}( sin 291 sin ¢ + Sg sin2 9[( SiIl2 01 sin Qd)]

The observables depend on form-factors for the
B — K* transition plus the underlying short
distance physics (Wilson coefficients).
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Optimist’s view point ~ Pessimist’s view point
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Vector-like contribution could Vector-like contribution could
come from new tree level point to a problem with our
contribution from a Z’ with a understanding of QCD, e.g.
mass of a few TeV are we correctly estimating

the contribution for charm
loops that produce dimuon
pairs via a virtual photon.

More work needed from experiment/theory to disentangle the two
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* Thisis the
physics we are
Interested in.

* We also get
long-distance
hadronic
contributions.
Included in the
SM but are the
predictions
correct?
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