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Motivation - |
e EW interactions [SU(2)x U(1)] described by Yang-Mills theory,
requirement of gauge invariance—universal lepton couplings

Lo . Tests of
f dI‘(B—>H,u2 p)dg”) Lepton Universality
dq
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o LHCD: Rk with 12% precision, 2.60 lower than SM [?]
e BabBar, Belle, LHCb: LU-violation in B — D*lv [3]

e LHCh: rare b—s decays (B — K*u* u=,B) — ou™p=, A} — Aptpu™)
Lower differential branching fractions than Standard Model (SM). [45.6]
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Motivation - ||

Flavour changing neutral currents (FCNC) forbidden at tree level in SM
FCNC allowed at loop level—suppressed— sensitivity to NP
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Phys. Rev. D 88, 074002, (2013) Phys. Rev. D 94, 115021,(2016)
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Motivation - |l Reduces

systematic

- Double ratio of branching fractions uncertainties
Non-resonant mode

) / BB’ — K e*e”)
W/ B(BO = KOJy( — e*e™))

Resonant mode 1020

resonance in

» Analysis performed in two bins of n
t low-g’bin j

dilepton invariant mass:

f reduce |
{ contamination }
fromJ/y }

central g?-bin

T dimuon ) low g2 - bin "

t  kinematic
{ threshold |

0.045-1.1GeV2 1.1-6.0 Ge\?
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The LHCb detector

Aimed at studying physics
involving b (and c) quarks
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—lectron Reconstruction s

Decays involving muons and electrons
require different treatment at LHCD.

- Electrons emit much larger amounts of bremsstrahlung
- Degradation of momentum resolution

- Two types of bremsstrahlung: Magnet

upstream and downstream of the

magnet !

Upstream -~~~ Downstream
brem ’/p\\ brem
. - e Y
A bremsstrahlun e SR
> Ey ‘

recovery procedure is

. E
required for electrons. ‘

Air
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Selection and

dilepton

invariant
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(squared)
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Selection consists of:
- Trigger lines
« Cut-based selection

- Multivariate neural network
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m(K ' u*u) [MeV/c?]

10

m(K* me*e”) [MeV/c?]

- m(B°) = 5.3 GeV/c? |

m(J/p) = 3.1 GeV/c?
— <q%> = 9.6 GeV?/c*

. m(y(2s)) = 3.7 GeV/c? |
t  — <q?> = 13.7 GeV?/c* }‘_
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green: B — Ktrn~J/vy
B - Ktn~ 1T~
 Further backgrounds smaller
and/or suppressible

- Bremsstrahlung degrades electrons
momentum resolution

blue:
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- Fit to simulation to extract initial parameters
- Fit the data allowing some parameters to

-1t results - g

vary

Simultaneous fit to resonant and non-
resonant modes with some shared

parameters
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isignal model
|+ Hypatia function
{background model

- resonant partially
i reconstructed backgrounds |
i from simulation .'

i+ combinatorial: exponential

S

Pulls Candidates per 10 MeV/c?

Pulls Candidates per 10 MeV/c2

Pulls Candidates per 10 MeV/c2

Slightly more complicated fit procedure for ee - see backup
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Statistics and Systematics

BY —

K*O0pty— 3

0 *0 + p—

low- ¢ | central- ¢* B = K= 707
s 285 T 18 | 353 T 31 274416 T 502
ete~ (LOE) | 55 % J 67 © 10 43468 T 222
e~ | 1371 3 19 ¢ 3388 © &
o1t 2| o257t 7 11505 * 17

Fit yields (purely statistics errors)

taken as direct input to R(K¥)

Main systematic error comes from corrections to the simulation
Total systematic error is 4-6% (6-8%) in low(central)-q? bin
Many experimental systematic effects cancel due to double

ratio with resonant mode.

Precision of the measurement driven by the statistical error on

the electron channel yields (~15%)
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Resuylts Theo.ret.ical

References

) BIP[26] :
0.922 CDHMV|[27,28,29] %
0.919 888‘31 E0S[30,31] ¢
0.925

0.920 T 306 36]

|
|
1.000 =+ 0.010 BIP[ 6] 4
. 7 1.000 =+ 0.006 | CDHMV/[27,28,29] §
Experimental 1 conral-g® | 09963 * 39%% | Eosp01
: |
C3

2

low- q central- ¢? 1}
| 0.66 ~ g7 £0.03 | 0.69 T g7 £0.05

0.004 flav io 33 34,35] §

+H H[ o+

3 0.9964 + 0.005 | flav.io[33,34,35] &
results b0 00| | che |

Results are compatible with SM predictions at:

.« 2.1-2.3 ¢ in the low-q? region

.+ 2.4-2.5 ¢ in the central-g? region

This is the most precise experimental measurement of R(K*Y)
to date.

The analysis is based on the full Run-I sample of LHCb data taken
between 2010-2012 of 3 fb".

Flavour Physics, group A 11 AEPSHEP 2018, Quy Nhon



Taken from: CERN-LHCC-2017-003

—uture Prospects

Run-I Run-II (50 fb~] (300 fb~*]
., . 12 'l:.
Based on a specific New Physics y D &

p—
~
-

model outlined in arXiv:1610.08761
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| based on two different
| _effective field operators. |
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| am® .
L | g of Belle Il with 50 ab!
0.01 0.03 0.1 0.3 1.0 3.0
0 L /
Ns?g — K" "e"e [101]

Increasing the signal yield for the ee final state will greatly improve
the precision by reducing the statistical error.
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https://arxiv.org/abs/1610.08761

Very exciting future for LFU lies ahead!
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L epto-quarks (LQ)

e Lepto-quarks are hypothetical particles that allow quarks and

leptons of a given generation to interact.

e They are color-triplet bosons that carry both lepton and baryon

number.
ot £
b . /LQ/, S
BO Lepto-quark K
) pto-q )

-
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Simulation Corrections
Simulation corrections account for the largest source of
systematic uncertainty in the analysis.

Corrections to the simulation:

- PID performance - response of each particle tuned to
dedicated calibration samples

- Charged track multiplicity - accounted for using the well-
modelled B — K*°J/vy(— pu* ™) decay.

- Trigger response tuned using resonant decay

. Residual data/MC differences tuned using B° — K*V.J /v (— [1)
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—lectron Reconstruction

Electrons emit a much larger amount of bremsstrahlung than muons —

results in a significant degradation of the momentum resolution.
Downstream beam: radiation occurs downstream of the dipole
magnet, the photon energy is deposited in the same calorimeter cell
as that of the lepton, and the momentum of the electron is correctly

measured. ECAL
Upstream beam: photons are emitted Magnet
upstream of the magnet, the electron ’
and photon deposit their energy in T .
different calorimeter cells, and | |
the electron momentum is Upstream  SERes" 0 Downstream
brem .~ - brem

evqlugted after bremsstrahlung P p e ¥
emission. e~ Ny

“& «

E,

Air
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Sremsstrahlung Recovery

- Event categorised depending on the number of recovered photon
clusters (i.e. energy deposits not associated with a charged track).
-+ These ‘photons’ are added to the electron momentum.

Limitations of this procedure:

- Energy thresholds of ‘photon’ clusters means low energy photons
are disregarded

- Calorimeter acceptance and resolution

 Presence of energy clusters wrongly interpreted as a
bremsstrahlung photon.

- Differences due to bremsstrahlung and the trigger response lead to

a reconstruction efficiency for the resonant electron decays that is
about five times smaller than for the resonant muon decays.
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-1t results - ee : pokee

Fit to simulation to extract initial parameters? ow a2 -

Fit the data split in trigger categories c | * . :

allOWing Some parameters to Vary :; 8"1'—

Fix bremsstrahlung fractions to simulation —~~°*— _

Simultaneous fit to resonant and non- : J LHCb

resonant modes with some shared 7 o aoral

parameters 0 :eBn;I;aj(w -

More backgrounds to be considered in ee g sk l 42
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Systematics-|

‘ ARK*O /RK*O [%] :
low- ¢* central- ¢* |
’ Trigger category LOE LOH LOI | LOE LOH LOI f
Corrections to simulation | 2.5 48 39 | 22 42 34
Trigger 01 12 01] 02 08 02 }

PID 02 04 03| 02 10 05 1

Kinematic selection 2.1 2.1 2.1 2.1 2.1 2.1
Residual background - - - 5.0 5.0 5.0 3§
Mass fits 14 21 25|20 09 1.0 1}

Bin migration 1.0 10 10| 16 16 1.6 |

ryn  Tatlo 1.6 1.4 1.7 | 0.7 2.1 0.7 3§

Total 40 61 55| 64 75 6.7 §
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—fficiencies

Efficiencies computed for each decay mode as the product of:

€0t = €pID X Edetector X Etrack X 8trigger X gbkg

Different efficiencies for:
Each g2 bin

Each electron trigger ( LOE, LOH , LOI)

Evte- € (e+e-)

low-q? central-g?

urp 0.679 = 0.009 | 0.584 £ 0.006

ete~ (LOE) | 0.539 +0.013 | 0.522 = 0.010
ete~ (LOH) | 2.252 & 0.098 | 1.627 = 0.066
ete= (LOI) | 0.789 £0.029 | 0.595 + 0.020
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LOE g2 independent

LOH larger due to different
requirements in the neural
network classifier.

LOI g2 mildly dependent

e AEPSHEP 2018, Quy Nhon



Magnetic field in LHCDb

: traverse the full
Eng tracking system and therefore
a_oﬁg_ they have the r_nost precise

081 momentum estimate.
LO[ are
120 . .

important for long-lived neutral
particles such as K% and A.

are low pr
particles used to understand
the background ( with
information from the RICH1
T1 T2 T3 detector)

= _—————

~§
.~
~

VELO
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Analysis binning

Low-g? region: [0.045, 1.1] GeV?
Central-g2 region: [1.1, 6.0] GeV?
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= — ]
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: b(25)
- o\ &
(/( ) .
dI’
dg*
v(7) v(/
1\ C‘y‘)(ﬂ(,” Cy ™ and ("1( 0)
interference Long distance
contributions from CC
above open charm
\‘K}iiv\

4 [m(p))? —3q>
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- The lower boundary of the low-

g2 region corresponds roughly
with the dimuon kinematic
threshold.

- The boundary at 1.1 GeV2 s

chosen such that ¢(1020)—[+I-
IS included in the low-g? region.

-+ The upper boundary of the

central-g© region is chosen to
reduce the contamination from

the radiative tail of the J/¥
resonance.
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CrystalBall p.d.f. ) pmen s

A (B — m—“)n , otherwise

o

- The CrystalBall distribution is commonly used to describe
mass peaks with a to lower energies.
Gaussian core to account tor the detector resolution.

- A and B are constants to ensure the continuity of the
distribution.

100

dN/dm

80
50
40 [\

20

_0 1 11 1 11 | 1 1 11 1
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Hypatia p.d.f. AP e

p(m) o

A (B — m_“)n , otherwise
G(m7/‘1’70-7A7C7/8) X

(m—p)? + A3(Q)0?) 2 fmmK, (¢ /14 (oK)
Ax(¢C

Jo

I(maﬂaaa)‘agaﬁaaan) X

((m— w2 + A3(Q)0?) 7% P K,y (¢ 14+ (2)?) it 254 > —a

G(#_GU,N’U’AaC»B)

. G(,J,—CLO’,[.L,O',)\,C,B) — "
(1 m/(n G,(/_L—G,O',I-L:o'yA:Caﬁ) aa))

, otherwise

Hypatia distribution is a generalised(CrystalBall distribution
suited for analysis in which the uncertainties-can vary in a
per-event basis.
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Result

Result consistent among different

trigger categories as well as the
combination of the triggers.
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LU test - [‘% L(R)b][ly @'10(10) = [y, L(R)b][lyﬂySZ]

LU tests can be performed through the study of angular observables
of the decay BY — K*[t]- L

 In the considered NP contributions ([7]), the CP-averaged angular
observables are:

4 J(q*) +J{q") dB® dBW
S(q?) = : — (a2) = @)( 2 ()¢ 2
A7) 3 dT'/dg? + dT/dg? Diq”) = dq? 5,(a”) dq? 5" (g

where: g
- Jiare angular coefficients (next slide)

- BV are the branching ratios of each lepton
- Barred quantities stand for CP-conjugation.

Deviations from the SM prediction would imply LU vio‘lation
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Decay distribution of B = K% = K=zt~

T = 2 10,0k, 0) (39)
dg? dcos@;dcosOk-dp 32w 157K ) '

where
I(q?, 6,0k, d) = If sin® O« + I cos? Ox» + (IS sin® O« + IS cos® O+ ) cos 26,
+ I3 sin? O~ sin? 0; cos 2¢ + I sin 20~ sin 26; cos ¢
+ I5 sin 260 ¢~ sin 6; cos ¢
+ (I§ sin® O+ + IS cos® O+ ) cos Oy + I sin 20k« sin 0 sin ¢

+ Ig sin 20k~ sin 20, sin ¢ + Iy sin? O« sin® 6, sin 2¢ . (3.10)
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