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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), 5, < 20 um
» Calorimeter: 6./E ~10% | VE ® 1%
» PID:

Magnet
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> Analyses presented today based on the full Run-1 dataset

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016
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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
(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

by probing energy scales higher than direct searches
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> FCNC effective Hamiltonian described by Operator Product Expansion

Tree

4G * / / : - , uon penguin W
‘} Heff = — 72,: th Vts Z[C,(II,)O,(M) -+ C,‘ (,U/)O, (,Ll,)] i l(j:wton peiguin

N, et SN—— i=9, Electroweak penguin
left-handed part  right-handed part [ Higgs (scalar) penguin |
suppressed in SM [ Pseudoscalar penguin

> C; (Wilson coefficients): perturbative, short-distance physics, sensitive
tocE=siee

> O; (Operators): non-perturbative QCD, long distance physics, depends
on hadronic form factors
0.2GeV 4GeV
Aacp Ao

(non-perturbative (b mass)
regime)
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> New Physics can

» alter the SM operator contributions (Wilson coefficients)
» enter through new operators (right-handed O, Os ;)

> Different g? regions probe different processes

Cé/) and 01(6)

interference

Long distance
contributions from CC
above open charm
threshold
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> New Physics searches in three main areas

1. Differential branching fractions of B>—K®°uu, B*—K®uu, B.—duy,
B*—rm*up and Ay,—App
» Presence of hadronic uncertainties in theory predictions

2. Angular analyses of B—>K®)uy, B.—~dup, B>—K*ee and A,—Apup
» Define observables with smaller theory uncertainties

3. Test of Lepton Universality in B*—K*ll and B°—K™II
» Cancellation of hadronic uncertainties in theory 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 © ATLAS data

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

— P N
Y v
——— 1 4

15

2.8 and 3.0c fi SM
an c from qz [Gev2/c4]
« 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

Rk =

B(BT— Ktutu™) / B(BT— Ktete™)
B(B™— K" Jpp (= wrum))/ B

-&-LHCb -m-BaBar -a—Belle

0 5 10
 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 LU violation would be a clear sign of NP
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> Test of LFU with B°—K™uu and B°—K™ee  arXiv:1705.05802 |

central-q?

> Two regions of g

»Low [0.045-1.1] GeV?/c4
" 7 Cs(),) and C1(E))
»Central [1.1-6.0] GeV?/c4 X

interference Long distance

contributions from CC
above open charm
threshold

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

» Upstream of the magnet brem

- photon energy in different
calorimeter cells than electron

- momentum evaluated after
bremsstrahlung
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Event 27196644
Run 116153
Tue, 22 May 2012 09:02:21
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> Arecovery procedure is in place to improve the momentum reconstruction
> Events categorised depending on the number of recovered brem-clusters

> Incomplete recovery due to the calorimeter acceptance, the energy threshold
(E; > 75 MeV), and the presence of energy deposits mistaken as brem-clusters

—_ DD
oo O

p—

q? [GeV?/c4]
SR o

1

m(K* 7w~ utu) [MeV/c?]

> Incomplete recovery causes the reconstructed B mass to shift towards lower
values and events to migrate in and out of the g? regions | arXiv:1705.05802 |

Simone Bifani University of Liverpool - HEP Seminar 14



= i

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

> 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)

> To partially mitigate this effect, 3 exclusive trigger categories are
defined for the electron sample = , ,

» Lo Electron: electron hardware trigger fired
by clusters associated to at least one of the
two electrons (E; > 2.5-3.0 GeV)

[
Electron ‘/ Hadron
(LOE) .| (LOH)

» 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(B0—> K*Jh)(— ete))

"~ B(B'— K*Jp (= ptuo))

> Selection as similar as possible between pu and ee
» Pre-selection requirements on 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, which is tuned with data

» Final-state radiation corrected for with PHOTOS
(residual QED effects O(%) )
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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
» R
» 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 2

. : B°—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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> 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

K,(1270)

Simone Bifani University of Liverpool - HEP Seminar 19
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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*mree simulated events using background
subtracted B*—K*n*muu data

i1500 2500
m(K z*r) [MeV/c?]
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at low- and central-g?, respectively

Simone Bifani

5500 6000
m(K*n—ete™) [MeV/c?]

Pulls Candidates per 10 MeV/c?

LHCb

Combinatorial

1.1<¢%<6.0 [GeV*/¢*]

5600
m(K*nutu-) [MeV/c?]

LHCb

Combinatorial
B—>Xev e
B B°—>K )y

1.1<¢%<6.0 [GeV?/¢4]

Pulls Candidates per 34 MeV/c?2

-5
4500
central-q? ee

5000

5500 6000
m(K*n~ete™) [MeV/c?]

University of Liverpool - HEP Seminar

LHCb

gombinatorial
Bl A, —>K'pJly
B B’ —>K )y

m(K*mutu™) [MeV/c?)

LHCb

gombinatorial
B A -K'pJly
B B'—>K )y

5500 6000

m(K*nete™) [MeV/c?]

21



{ish

> Control of the absolute scale of the efficiencies tested via the ratio

0 *0 +,,—
BB = KZJA & b17)) 1 043 4 0.006 & 0.045

"W = BB KO (o ere))

compatible with unity and independent of the decay kinematics and
event multiplicity

> Further checks performed by measuring the ratios

B(B°— K*y(— ete™))

B(B®— K*°(2S5)(— ;ﬁ,u_))/B(BO—) K*%(28)(— ete™))

v = BB KU ) | BB KO (o e ) B(B'— K™ JJ (= eTe?))

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

> Relative population of bremsstrahlung categories consistent between
data and simulation

> When corrections to simulations are not accounted for, the efficiency
ratio changes by less than 5%

I

| arXiv:1705.05802
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Fraction of candidates [%]

Fraction of candidates [%]

e

> The sPlot technique is used to statistically subtract the background from
the selected data [NIM A555, 356-369 (2005)]
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> A good agreement is observed in both g regions between muons and
electrons, data and simulation ]
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> Rg+ determined as a double ratio

» Many experimental systematic effects much reduced
» Statistically dominated (~15%)

arXiv:1705.05802 AR+ /Ry (%)

Trigger category LOE LOH LOI | LOE LOH LOI

Corrections to simulation

Trigger
PID

Kinematic selection ) . . . . : — Description of brem-tail
Residual background ~ : : : «— Residual background
Mass fits . _ , _ _ , contamination due to
B°—K™J/y(ee) with a
Ke—e or nt<—e swap

Bin migration

T Jnp ratio

> Total systematic uncertainty of 4-6% and 6-8% at low- and central-g?
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0.66 © 057 (stat) 2 0.03 (syst) for 0.045 < ¢? < 1.1 GeV?/c*
0.69 © o957 (stat) £0.05 (syst) for 1.1 < ¢? < 6.0 GeV?/c?
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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

> About half of the systematic uncertainty is correlated between the two
q> regions arX1v71705 05802 |

Simone Bifani University of Liverpool - HEP Seminar



syst) for 0.045 < ¢* < 1.1 GeV?/c?
syst) for 1.1 < ¢*<6.0 GeV¥c!

BIP
v CDHMV ]
EOS ]
® flav.io ]

e JC ]
T R

@® LHCb 7
BaBar -
Belle ]

o 6
q2 [Ge\/2/04] * PRD 86 (2012) 032012
* PRL 103 (2009) 171801

> Compatibility with the SM prediction(s)
» low-q? 2.1-2.3 standard deviations
» central-g>  2.4-2.5 standard deviations
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| 15I — I20
¢’ [GeV?/c']

arX1v71705 05802 |




{ish

> Several attempts to interpret results by performing global fits to
data

] —— LFU observables
b — spup global fit

NP —20 -15 -10 -05 00 , 5 - -3 -
Y |
o) " Re Cy 6Cq

arXiv:1704.05340 arXiv:1704.05435 arXiv:1704.05446

> Take into account O(100) observables from different experiments,
including B—up, 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 3-5¢

> Or is this a problem with the understanding of QCD?
e.g. correctly estimating the contribution from charm loops?
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> Good consistency among different fits
» BFs and Angular Observables
» Different modes
» Different g2 regions

[t Only large recoil J
[} -Only bins within [1,6] region  _
I"~1I ~ Only low'recoil

NP
CQ

arXiv:1510.04239

> n.b. Different theory issues in each case
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> Models containing a new heavy gauge boson or leptoquarks have been
proposed to explain the anomalies in the flavour sector

27T Gyt =-Cygt € (-0.76,-0.04) | £ s £ N
Cgpz_pre(_O.70’ -0.16) | S : 0.85 0.9 22 S : 0.85 0.9 0.95

"G TE b oF BE B8 T R~ (central bin) Rk (central bin)
Rk arXiv:1704.05835
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> “Relatively soon” updates to confirm any discrepancy independently of
combination with BF and angular analyses

> R¢
» Improvements to offline processing
» 2015-2016 data (0.3+1.6 fb™)
» Can expect stat error to go down by a factor ~1.8
» Add high-g?

> Rgso
» 2015-2016 data (0.3+1.6 fb)

» Can expect stat error to go down by a factor ~1.5

» Add high.q2 06 0.8
arXiv:1704.05446
> R¢

» Analogous measurement with B.—¢ll

» Cons: signal suppression (f/f; and BF=1/2)
» Pros:narrow ¢ mass and less part-reco background
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> Several additional final states under study
» Kg
» K™
» Higher K* resonances
» Knm

» pK

> Remainder of Run-Il will add further ~2 fb/year
— Run-II total integrated luminosity ~6 fb”

> Twice cross-section in Run-1l than Run-|
— Run-I + Run-Il will effectively have ~5x statistics than Run-I

> Analyses most likely to still be statistically dominated but will start to hit
systematics in some areas

> More details can be found at

Simone Bifani University of Liverpool - HEP Seminar 31
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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 g? bins

> The compatibility of the result with the SM prediction(s) is of
2.1-2.3 and 2.4-2.5 standard deviations in the two g? regions

> The result is particularly interesting given a similar behaviour in R¢
and several other anomalies in the flavour sector

> Rare decays will largely benefit from the increase in energy and
collected data of Run-II

> 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 University of Liverpool - HEP Seminar 32
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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

Q® ECAL HCAL

v - DI%E-

il
i E]
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low-q?
central-q?

> Two regions of g

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

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

B(BY— K*utpu™) B(B'— K*%ete)
Rico = grsnss BT i/ B

B(B°— KX Jh)(— ptu~)) BY— K*0J/)(— ete™))

> K* reconstructed as K*rt 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)

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*0J
» same as signal but shifted by mg;-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 M()

> 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,, =
b

constrained using muons
» B°—K"J/y Leakage simulation, yield constrained using data | B°—K*oee
» Part-Reco simulation & data only

Simone Bifani University of Liverpool - HEP Seminar )
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> Precision of the measurement driven by the statistics of the electron
samples

B® — K*0¢t¢~
. B — K*OJh)(— £147)

low-¢® | central-g*

e 8

43468 T 222
3388 * &
11505 * 113

> In total, about 90 and 110 B°—K™ee candidates at low- and central-g?,
respectively

Simone Bifani University of Liverpool - HEP Seminar 38
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> Control of the absolute scale of the efficiencies via the ratio

B(B”— K*J/p (= p"p”))

"W = BB KOJjp (= e )

which is expected to be unity and measured to be

1.043 4+ 0.006 (stat) £ 0.045 (syst)

> Result observed to be independent of the decay kinematics and event
multiplicity

> Extremely stringent test, which does not benefit from the cancellation
of the experimental systematics provided by the double ratio

Simone Bifani University of Liverpool - HEP Seminar 39
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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 _ B(B°— K*¢(28)(— ptu7)) /B(B°—> K*%(25)(— ete™))
Ve T B(B Y K i)

B(B°— K*Jh)(— ete™))

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

Ty =

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

]
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B’ 5Ky (—e*e)

~]
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B Data

Simulation

D
()

only one
bremsstrahlung
cluster at most
is resolved
due to very
small opening
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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 A555, 356-369 (2005)]
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B' K Ceter Data Simulation B' 5K Ceter Data Simulation
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J—

=

i
)

> A good agreement is observed in both g regions between muons and
electrons, data and simulation

Simone Bifani University of Liverpool - HEP Seminar 42



o~ s

> No attempt is made to separate the K™ meson from S-wave or other
broad contributions present in the mass peak region

S
LHCb 0.045<¢?<1.1 [GeV?/c*] 45 LHCb 1.1<¢?<6.0 [GeV*/c*]
B’ >K ;O,u *u- 7y Data — Simulation . B’ >K ;O,U *u~ 7y Data — Simulation
B' K Ceter Data Simulation B' 5K Ceter Data Simulation

—
IS
7 0]
O]
~—
<
o
o v—
o
a
<
Q
Gy
o
)
o
=
Q
<
=
e

m(K*n~) [MeV/c?] central-q? m(K*n~) [MeV/c?]

> A clear K*® mass peak is visible, and the muon and electron channels
manifest a very good agreement

Simone Bifani University of Liverpool - HEP Seminar 43



e

> The opening angle between the two leptons

S
LHCb 0.045<¢?<1.1 [GeV?/c*] 45 LHCb 1.1<¢?<6.0 [GeV*/c*]
B’ >K ;O,u *u- 7y Data — Simulation . B’ >K ;O,U *u~ 7y Data — Simulation
B' K Ceter Data Simulation B' 5K Ceter Data Simulation

Fraction of candidates [%]

low-q

> The distribution is different between muons and electrons at low-@?
because of the difference in the lepton masses
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e
e

> The distance between the Kt and Il vertices

e
9

S
LHCb 0.045<¢?<1.1 [GeV?/c*] 7E LHCb 1.1<¢?<6.0 [GeV*/c*]
B’ 5K ;O,u *u- 7y Data — Simulation B’ >K ;O,U *u~ 7y Data — Simulation
B' K Ceter Data Simulation : B' 5K Ceter Data Simulation

Fraction of candidates [%]

> The hadron and lepton pairs consistently originate from the same decay
vertex
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¢

> R+ determined as a double ratio
» Many experimental systematic effects cancel
» Statistically dominated (~15%)

arXiv:1705.05802 AR+ /Rgo (%)

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

Kinematic selection
Residual background

Mass fits

Bin migration

T Jphp ratio

> Total systematic uncertainty of 4-6% and 6-8% at low- and central-g?
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{ish

> 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 m«—>e swap

arXiv:1705.05802

ARK-U/RK.U [%]
low-g? central-¢?

Trigger category LOE LOH LOI | LOE LOH

Corrections to simulation | 2.5 4.8 4.2
Trigger 0.1 1.2 0.8

PID 02 04 1.0
Kinematic selection 21 21 2.1
Residual background . 5.0
Mass fits 14 21 . . 0.9

Bin migration 1.0 . 1.6

Tp Tatio 1.6 14 . 2.1

Total ‘ 40 6.1 . . 7.5
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{ish

> 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 g? resolution
in simulation are assigned as a systematic uncertainty

> 1), ratio: 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

arXiv:1705.05802

ARK-U/RK«U [%]
low-g? central-¢?

Trigger category LOE LOH LOI | LOE LOH

| Corrections to simulation | 2.5 4.8 R . 4.2
Trigger 0.1 1.2 . 0.8

PID 02 04 . . 1.0

Kinematic selection 21 21 . . 2.1
Residual background . 5.0
Mass fits 14 21 . 0.9

Bin migration 1.0 1.6

Tgp Tatio 1.6 14 2.1

Total . 40 6.1 7.5
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e

> What about NP?

LHCD
o CDHMV :

CDHMV : C§iF = —Cfil = —0.65

CDHMV : Cgf = —Cgll = —1.07

CDHMV : Cgf = —Cgl" = —1.18 and Cfy) = CJ}};, = 0.38

EOS: benchmark point C’;;\LP =-1.0
EOS: data driven Cg“lip from P} and Rx
flav.io: C'g\l‘zp =-11

flav.io: C'étlp = —C—%fl) = —0.65
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_Phys. Rey. Lett. 11 (2013

+ Extremely performant in LHCb: T
- dedicated muon chambers '
- very efficient tracking system.

« A muon is a clear trigger signature:
g(LO+HLT)= ~90% for di-muon channels
g(LO+HLT)= ~30% for multibody hadronic states

* Very good di-muon resolution

s a2 2 1 4 4 . 1 . . .1
6000 8000 10000 12000
m,. [MeV/c?)
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llllllllllllllllllll

All

3050 3100 3150 3600 3650 3700 3750 10500
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4G,

3 i=1,2 Tree
Hy =~ N VoV, 2 C(“)O(“)+C(“)O(“) ] i=3-6,8 Gluon penguin

left -handed part right -handed part 1=17 Photon penguin

sunpressed in SM i=9,10 Electroweak penguin
Operators O;: non-perturbative long-distance effects Higgs (scalar) penguin

Wilson coefficients C;: perturbative short-distance effects Pseudoscalar penguin

| .
Photon pole J/¥(1S) 4

(not in B->Pl)) / b->ccs
(tree level)

i
C-(,I) U(‘Zb“/

e Cy” aa Cig

interference Long distance

contributions from CC
above open charm
threshold
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o~ s

> Different observables are complementary in constraining NP

> Leptonic decay uniquely sensitive to scalar operators
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Phase difference in B* = K*"u*u~ decays

¢ Fit of to full dimuon mass distribution
- Sum of relativistic Breit-Wigner amplitudes to describe resonances
- short-distance contribution in terms of an effective field theory description
- B+— J/P(— ptp-)K+ as normalisation channel

¢ Magnitudes and relative phases between the resonances and the short-distance
contribution allowed to vary in the fit

¢ Model includes: resonances (p, w, ¢, J/b, P(2S)) , charmonium states: (P(3770), Pp(4040),
P(4160), P(4415)) [Eur. Phys. J. C (2017) 77: 161]

—e— data

total
short-distance

LHCb

(3 Signal
[ Specific backgrounds

@@ Partially reconstructed resonances

background

interference

O Combinatorial background background

¢4 Data

L
I

Candidates / (5 MeV/c?)

N | N N N N l PR R N T TR SN TR AN TR T T T B I TR
6000 6500 1000 2000 3000 4000
My IMeV/c?] 27 miss [MeV/c?]

LTt

Candidates
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. [Eur. Phys. J. C (2017) 77: 161]
Sensitive to Cg and Cio: y (2017)

dl' _ GRa?|ViVii|? 2 2a2 (0 o2 | dmy(mp —mi)? 2y |2
T =gl SIS Qo () + T ()

2
q-mp

T kP [1 - %5] @u(cﬁ 20T () }

BF of the short-distance component:

B(BY - K ptp™) = (4.37£0.154+0.23) x 107

In very good agreement with the old result
[JHEP 06 (2014) 133]

Measurement of the Wilson coefficient:
- |C1o| < [C105M] and |Cg | > |CoSM| if both free
- |Co | < |CeM| if C10 constrained to the SM

Exclusion of C9 =0 hypothesis >5 0
Compatible with previous measurement

Working on measurement in B¢ =K*0u+u-
28
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« Complex angular distribution:

1 d3(T +7T)
dT +T)/d¢g*> d$

9
= oo |31 ~[F) sin 0xc +{FiJeos? 0 +
P

+%( —:FE sin? O cos 26,

fraction of longitudinal
polarisation of the K* os2 Ox cos 20, + S3 sin? O sin? 6; cos 2¢

+8, sin 20 sin 26, cos ¢ +in 20 1 sin 0; cos ¢

forward-backward
asymmetry of the
dilepton system

- % sin2 O cos; + S7 sin 20 sin 6; sin ¢
+Sg sin 20 i sin 26; sin ¢ + Sy sin? 0 sin? 6; 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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