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> Optimized for beauty and charm physics at large pseudorapidity (2<n<5)
» Trigger: >95% (60-70%) efficient for muons (electrons)

» Tracking:  o,/p 0.4%-0.6% (p from 5 to 100 GeV), G;p < 20 um
» Calorimeter: o./E ~10% [ VE © 1%
» PID: 97% w,e 1D for 1- 3‘7 T—Lu,e misiD
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> b—sll decays proceed via FCNC transitions that only occur at loop order
(or beyond) in the SM

by enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles

energy scales higher than direct searches
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> Differential branching fractions of B°—K®M°puy, B*—K®pu, B.—duy,
B*—n*up and A,—App

» Presence of hadronic uncertainties in theory predictions

> Angular analyses of B—K®uu, B.—~¢up, B>—>K*ee and A,—Aup
» Define observables with smaller theory uncertainties

> Test of Lepton Flavour Universality in B*—K*ll and B°—K™I|
» Cancellation of hadronic uncertainties in theory predictions
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interference Long distance
contributions from CC
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> Results consistently lower than SM predictions
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> First full angular analysis of B°—K™uu: measured all CP-averaged
angular terms and CP-asymmetries

> Can construct less form-factor dependent ratios of observables

e LHCbdata o ATLAS data

m Belledata © CMS data
| SM from DHMV
SM from ASZB

M S S—

15
q? [GeV?/c]

5
2.8 and 3.0 ¢ from SM

 JHEP 02 (2016) 104 * ATLAS-CONF-2017-023
* PRL 118 (2017) CMS-PAS-BPH-15-008
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> LHCb tested Lepton Flavour Universality using B*—K'll decays and
observed a tension with the SM at 2.6

B(B*— Ktutu™) / B(BT— KTete)
Ri = B

B(BT— KTJh(— utu)) BT — KT Jhp(— ete))

-&-LHCb -m-BaBar -a—Belle

0 5
 PRL 113 (2014) 151601
* PRD 86 (2012) 032012

 PRL 103 (2009) 171801

> Consistent with observed BR(B*—K*up) if NP does not couple to electrons
> Observation of LFU violations would be a clear sign of NP
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> Several attempts to interpret results by performing global fits to
data

Branching Ratios

i Angular Observables (P;)
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arXiv:1510.04239 arXiv:1703.09189 arXiv:1611.05060

> Take into account ~90 observables from different experiments,
including B—pp and b—sll 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

> Or is this a problem with the understanding of QCD?
(e.g. correctly estimating the contribution from charm loops?)

Simone Bifani IFAE 2017 8



> Two regions of g

»Low [0.045-1.1] GeV?/c4
»Central [1.1-6.0] GeV?/c4

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

B(B°— K*u*u™) B(B°— K*%ete™)
RK*O — B(

BY— K*0Jh)(— ete™))

B(B°— K*J/) (= ptp~))

> K* reconstructed as K*r within 100MeV from the K*(892)°
> Blind analysis to avoid experimental biases

> Extremely challenging due to significant differences in the way muons
and electrons “interact” with the detector (bremsstrahlung and trigger)
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> In total, about 290 (90) and 350 (110) B°—K™uu (B°—K™ee) candidates

at low- and central-g?, respectively
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> R+ determined as a double ratio
» Many experimental systematic effects cancel
» Statistically dominated (~15%)

central-g?
Trigger category LOE LOH LOI
Corrections to simulation
Trigger
PID

Kinematic selection
Residual background

Mass fits

Bin migration

Ty flatness

> Total systematic uncertainty of 4-6% and 6-8% in the low- and central-g?
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2 central-g*
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> The measured values of Ry« are found to be in good agreement among
the three trigger categories in both g2 regions
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® LHCbH
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LHCb Preliminary @ SM from JC LHCD Preliminary
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10

> The compatibility of the result in the low-q> with respect to the SM
prediction(s) is of 2.2-2.4 standard deviations

> The compatibility of the result in the central-g> with respect to the SM
prediction(s) is of 2.4-2.5 standard deviations
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Towards the discovery of new physics with lepton-universality ratios of b — s£f decays

Li-Sheng Geng', Benjam nGnn cin’, Scbastian Jiger”, Jorge Martin Camalich'
ngineering and Inter nal Research Center
the Cosmos, Belhang L ersity, Ii«ulnr 100191, China
s, University of California, San Diego, Gilman Drive, La Jolla, CA 92093.0319, USA
of Sussex, l)(;ur'm(ﬂ! of Physics and -\Jmm\m. hm—lv Bruh n BNI VQH UK
‘CERN, Theoret

“lnstinust fiir Theoretische Physik I, Ku’v Universisar Bochum, D-44780 Bockum, Germany

Tests of lepton-universality as rate ratios in b - £ trassitions can be predicted very accurately in the

P y in the context of effective
interplay of the different operators in Ry and Ry and provide predictions for R.

and in new- s that can explain Ry We also provi

observables in bins of interest as functions of the relevast Wilsos

fits to Ry and Ry-. The SM disagrees with these measurements at 3.70 sig

soenarios with combinations of Fy"b £y, (7)€ operators, with pulls relative o the Standard M

in the region of 40. An important conclusicn of our analysis is that a leptoa-specific coatribution to C
essential 10 understand the data. Under the hypothesis that new-physics coupies selectvely to the muoas, we
also present fits t0 other b —» sy data with a

sceaarios. Finally, we discuss new lepion universali

discrepancy, sho 2

ju-Lei Ren™® and Rui-Xiang Shi'

Interpreting Hints for Lepton Flavor Universality Violation
Wolfgan, f and David M. Straub® ¢
‘Dr;.:rtm nt of Physics, University of Cincinnati, Cincinnati, Ohio 45221, USA

lence Cluster Universe, Boltzmannstr, £, 85748 Garching, Germany

Altmannshofer,'+* Peter Stangl,?

‘We interpret the recent hints for lepton flavor universality violation in rare B meson decays. Based on
ive Hamil roach, e regions of new physics parameter
experimental data on Rx and Rk-, which is in tension
st further measurements that can help narrowing down
new physics explanations. t the measured values of Ry and Ry- are fully
compatible with new physics explanations of other anomalies in rare B meson decays based on the

BT XiVit704.05435

independen
space that give a good description
with Standard Model predictions.

perturbative unitarity implies new phenom

Guido D’Amico’, Marco Nardecchia®, Paolo Panci®,
Francesco Sannino®’, Alessandro Strumia®®,

Riccardo Torre?, Alfredo Urbano®

@ Theoretical Physics Department, CERN, Geneva, Switzerland

b CP*-Origins and Danish IAS, University of Southern Denmark, Denmark

¢ Dipartimento di Fisica dell’Universita di Pisa and INFN, Italy
Theoretical Particle Phys

Lausanne, Switzerland

Abstract
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> Using the full Run 1 data set the Ry ratio has been measured by
LHCb with the best precision to date in two g2 bins

> The compatibility of the result with respect to the SM
prediction(s) is of 2.2-2.5 standard deviations in each g2 bin

> The result is particularly interesting given a similar behaviour in R¢

> Rare decays will largely benefit from the increase of energy

(cross-section) and collected data (~5 fb" expected in LHCb) in
Run 2

> LHCb has a wide programme of LU tests based on similar ratios

> Future measurements will be able to clarify whether the
tantalising hints we are observing are a glimpse of NP

Simone Bifani IFAE 2017 15
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> Composed of a Scintillating Pad Detector (SPD), a Preshower (PS), an
electromagnetic calorimeter (ECAL) and a hadronic calorimeter (HCAL)

> The SPD and the PS consist of a plane of scintillator tiles (2.5 radiation
lengths, but to only ~6% hadronic interaction lengths)

> The ECAL has shashlik-type construction, i.e. a stack of alternating slices
of lead absorber and scintillator (25 radiation lengths)

> The HCAL is a sampling device made from iron and scintillator tiles being
orientated parallel to the beam axis (5.6 interaction lengths)

Q® ECAL HCAL

HDE:E-

S
i+ - I Sl
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> Analysis presented today based on the full Run 1 dataset
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> Due to luminosity levelling, same running conditions throughout fills
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> Electrons emit a large amount of bremsstrahlung that results in
degraded momentum and mass resolutions

> Two types of bremsstrahlung

» Downstream of the magnet

- photon energy in the same
calorimeter cell as the electron

- momentum correctly measured

Upstream e ~ Downstream

» Upstream of the magnet brem ~_brem

- photon energy in different
calorimeter cells than electron

- momentum evaluated after
bremsstrahlung

Simone Bifani IFAE 2017 19
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> Arecovery procedure is in place to improve the momentum reconstruction

> Events are categorised depending on the number of recovered photon clusters
> Incomplete recovery due to

» Energy threshold of the bremsstrahlung photon (E; > 75 MeV)
» Calorimeter acceptance

» Presence of energy deposits mistaken as bremsstrahlung photons

[\
(@)

LHCb Preliminary

¢ [GeV*/ ¢4
> =

[—
N

5500 6000 4500 5000 5500 '_
m(Kruu) [MeV/c?] m(K ee) [MeV/c?]

> Incomplete recovery causes the reconstructed B mass to shift towards lower
values and events to migrate in and out of the g2 bins
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> Due to higher occupancy of the calorimeters compared to the muon
stations, hardware thresholds on the electron E; are higher than on the
muon p; (Lo Muon, p;>1.5,1.8 GeV)

> Trigger system split in hardware (Lo) and software (HLT) stages

> To partially mitigate this effect, 3 exclusive trigger categories are
defined f - *

» Lo Electron: electron hardware trigger fired
by clusters associated to at least one of the
two electrons (E; > 2.5 GeV)

» Lo Hadron: hadron hardware trigger fired
by clusters associated to at least one of the
K* decay products (E; > 3.5 GeV)

» Lo TIS: any hardware trigger fired by
particles in the event not associated to the
signal candidate
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> R¢+ determined as double ratio to reduce systematic effects

B(B°— K*utu™) B(B°— K*ete™)
/B(BO—> K*Jh)(— ete))

~ B(B'— KXJfp (= ptp))

> Selection as similar as possible between up and ee
» Pre-selection requirements on trigger and quality of the candidates
» Cuts to remove the peaking backgrounds
» Particle identification to further reduce the background
» Multivariate classifier to reject the combinatorial background
» Kinematic requirements to reduce the partially-reconstructed backgrounds
» Multiple candidates randomly rejected (1-2%)

> Efficiencies
» Determined using simulation, but tuned using data
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> Four-step procedure largely based on tag-and-probe technique

1. Particle identification

» PID response of each particle species tuned using dedicated calibration
samples

2. Generator

» Event multiplicity and B° kinematics matched to data using B°—K™J/y(up)
decay

3. Trigger

» Hardware and software trigger responses tuned using B>—K*J/y(Il) decays

4. Data/MC differences

» Residual discrepancies in variables entering the MVA reduced using
Bo—K*J/y(ll) decays

> After tuning, very good data/MC agreement in all key observables
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> Fit signal MC to extract initial parameters

> Simultaneous fit to resonant and non-resonant modes

> Electron data split in three trigger categories

> Signal
» U
» ee
» Free parameters

> Backgrounds

» Combinatorial
»

»

» B°—K"™J/y Leakage
» Part-Reco

Hypatia [NIM A, 764, 150 (2014)]
Crystal-Ball (Crystal-Ball and Gaussian)

mass shift and width scale

exponential
simulation & data, constrained using muons =

. : BO—K™J/y
same as signal but shifted by mg-mg,, only

constrained using muons
simulation, yield constrained using data | B>—>K™ee
simulation & data only

Simone Bifani
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> Simultaneous fit to resonant and non-resonant data allowing (some)
parameters to vary

> Fit signal MC to extract initial parameters

> Signal
» Hypatia [NIM A, 764, 150 (2014)]
» Free parameters mass shift and width scale

> Backgrounds

» Combinatorial exponential
» simulation & data BO—>K*J s
» same as signal but shifted by my_-mg, only
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> Simultaneous fit to resonant and non-resonant data split in trigger
categories allowing (some) parameters to vary (bremsstrahlung
fractions fixed from MC)

> Fit signal MC to extract initial parameters

> Signal
» Crystal-Ball (Crystal-Ball and Gaussian)
» Free parameters mass shift and width scale

> Backgrounds

» Combinatorial exponential
» simulation & data, constrained using muons
: . BO—K*J\y
» same as signal but shifted by mg.-mg,, =
y

constrained using muons
» B°—K™J/y Leakage simulation, yield constrained using data | B°—K*ee
» Part-Reco simulation & data only
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> Partially-reconstructed backgrounds arise from decays involving higher
K resonances with one or more decay products in addition to a Kn pair
that are not reconstructed

> Large variety of decays, most abundant due to and
B—K, (1430)ee

| Primary Vertex

K,(1270)
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> Modelled using two independent methods

»Create a K +K, cocktail from simulation and use B—XJ/y(ee) data to
determine their relative fraction

»Re-weight B*—K'n*mee simulated events using background
subtracted B*—K*n*muu data

i1500 2500
m(K z+r) [MeV/c?]
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= Leakage due to LHCb Preliminary
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> Precision of the measurement driven by the statistics of the electron
samples

B° — K*0¢te~

2
o

B°— K*J/p(— £17£7)

> In total, about 90 and 110 B®—K™ee candidates at low- and central-g?,
respectively
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> Control of the absolute scale of the efficiencies via the ratio

B(B°— K*Jpp(— ptu™))

YT B(BYS KO gk (— eten))

which is expected to be unity and measured to be

1.043 & 0.006 (stat) = 0.045 (syst)

> Result observed to be reasonably flat as a function of the decay
kinematics and event multiplicity

> BR(B°—K™pup) in good agreement with [arXiv:1606.04731]

> If corrections to simulations are not accounted for, the ratio of the
efficiencies changes by less than 5%
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> BR(B°—K™pup) in good agreement with [arXiv:1606.04731]

> If corrections to simulations are not accounted for, the ratio of the
efficiencies changes by less than 5%

> Further checks performed by measuring the following ratios

R BB’ K*%9(28)(— ptp7)) /B(B°—> K*9(2S)(— ete™))
e BB KR (5 )

B(B°— K*J/)(— ete™))

B(B°— K*9y(— ete™))
B(B°— K*Jh)(— eTe™))

ry =

which are found to be compatible with the expectations
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> Relative population of bremsstrahlung categories compared between
data and simulation using B>—K™J/y(ee) and B°—K™y(ee) events

LHCb Preliminary LHCDb Preliminary
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B’ — K" (Simulation{]

]
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> A good agreement is observed
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> The sPlot technique is used to statistically subtract the background from
the selected data [NIM AS555, 356-369 (2005)]

LHCb Preliminary
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> A good agreement is observed in both g regions between muons and
electrons, data and simulation
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> No attempt is made to separate the K* meson from S-wave or other
broad contributions present in the mass peak region

LHCb Preliminary
7 B > K ,u,u (Data)
B’ - K"%e (Data)
—— B’ > K"y (Simulation)

LHCb Preliminary
7 B > K *“yy (Data)
B’ - K"%e (Data)
—— B’ 5K ,u,u (Simulation)

B’ — Ke (Simula ton)/

B’ — K"%e (Simulati on)

o
ol S
[\ )] W

_

) //////// S : G55

L LLLLLLLL.

Normalised distributions
I
O

G555
777747777

900 950 900
m(Kr) [MeV/c2] B central-q> m(K ) [MeV/c2]

> A clear K™ mass peak is visible, and the muon and electron channels
manifest a very good agreement
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> The opening angle between the two leptons

LHCb Preliminary
2 B — K uu (Data)
B’ 5 K%e (Data)
—— B’ > K"y (Simulation)

LHCb Preliminary
224 B — K™up (Data)

B’ — K ee (Data)
—— B? - K"uu (Simulation)

¥ K"ee (Simulation) B” — K"ee (Simulation)
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> The distribution is different between muons and electrons at low-g?
because of the difference in the lepton masses

> Even very close to threshold a good description is observed (insert,
0.045<g?*<0.1 GeV?/c4)
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> Corrections to simulation: besides the uncertainty due to the size of the samples, an
additional systematic is determined using different parameterisations of the corrections

> Kinematic selection: a systematic uncertainty for Data/MC differences in the description
of the bremsstrahlung tail and the MVA classifier is determined by comparing simulation
and background subtracted B°—K*J/y(ll) data

> Residual background: both data and simulation are used to assess a systematic
uncertainty for residual background contamination due to B°—K™J/y(ee) events with a
Ke—e or nt<—e swap

central-g2

Trigger category LOE LOH LOI | LOE LOH LOI

Corrections to simulation ‘ 2.5

Trigger
PID
Kinematic selection
Residual background
Mass fits
Bin migration

Ty flatness
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> Mass fit: a systematic uncertainty is determined by running pseudo-experiments with
different descriptions of the signal and background fit models

> Bin migration: the effect of the model dependence and description of the g2 resolution
in simulation are assigned as a systematic uncertainty

> 1, flatness: the ratio is studied as a function of several properties of the event and
decay products, and the observed residual deviations from unity are used to assign a
systematic uncertainty

Trigger category
Corrections to simulation . . . 4.2 34
Trigger . . . 0.8 0.2
PID . . . 1.0 0.5
Kinematic selection . . . 2.1 2.1
Residual background . 5.0 5.0
Mass fits . . . . 09 1.0
Bin migration . . . . 16 1.6

Ty flatness . . . . 21 0.7

Total 4. 6.1 b5 | 64 75 6.7
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> Differential branching fractions of B°—K®opyp,

B —K® pup,  B—dup,
B*—n*up and A,—App

» Presence of hadronic uncertainties in theory predictions

> Angular analyses of B—K®uu, B.—~¢up, B>—>K*ee and A,—Aup
» Define observables with smaller theory uncertainties

> Test of Lepton Flavour Universality in B*—K*ll and B°—K™I|
» Cancellation of hadronic uncertainties in theory predictions

Different g2 regions probe
different processes
In the OPE framework the
short-distance contribution is

v(7) v(/) . . . .
L described by Wilson coefficients

contributions from C.C
above open charm
threshold

[C:0; + C;0;]

Simone Bifani IFAE 2017
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" Photon pole h |
enhancement J/¥(1S) -
(doesn't exist for f — Iccs I J
\ B~ P¢¢ decays) | 1 ree level (1
Cé’) ¢(2 )
dl’_
dg?
} ey C§” ana Cig
interference Long distance B
contributions from CC
above open charm
threshold

dimuon

mass

4 [m(p))? ('removed from analysis ) 7® sauared
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* Inthe 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.

K——)>< Lew — LQED + %(ﬂd)(eﬂ)

* (Can write a Hamiltonian for the effective theory as

Hert = 4GFthVts4 D2 #))

Wilson coefficient Local operator with

(integrating out different Lorentz structure

scales above L) (vector, axial vector current etc)
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M rator - Beyond SM operators

(photon penguin

;)= ™ 504" PrbF,, 0, = "5eH PLbF,,
e e
My _ . my_ v
Oy = gse—;sa“ PrT*bGY,, Og = gse—zbsa“ PLT*bGS,
|(’)9 = 5y, PLblv*e, Oy = 57, Prbly"L,
O = §7MPLb£7'y“’75€ : | Ol = §'yuPRb£7'y”'75€.
vector and axial-vector Currents] right handed currents
(suppressed in SM)
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 Complex angular distribution:

1 d3(T +71)
dT +T)/d¢g®> dQ

9
= 5o |31 ~[FL) sin® Oxc +{FuJeos” 0xc +
P

—i—%(l —@ sin? 05 cos 20,

fraction of longitudinal
polarisation of the K* os2 Ok cos 20; + S5 sin? O sin? ; cos 2¢

+8, sin 20 sin 26, cos ¢ +in 20 5 sin 0; cos ¢

forward-backward
asymmetry of the
dilepton system

RS % sin2 O cos ) + S sin 20 sin 6, sin ¢
+Sg sin 20 sin 260, sin ¢ + So sin? O sin? §; sin 2¢]
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

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

Simone Bifani
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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?

Simone Bifani

g N m
(a) e (b) ¢~ | Short distance part
/ ‘- }f< - integrates out (as a
; . s b i w Wilson coefficient)
L )
4 -
(c) et (d)
b\ s b\ B
(f) et (g) et
i‘ -
- — - f
v,
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