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Qutline

e Introduction to LHCb detector and physics

e Selected recent measurements
LFU in b = s/’ (for LFU in b » c/v see laroslava Bezshyiko's talk)

CKM structure and CPV in beauty and Charm
W mass measurement

Antiproton production in p-He collisions
Spectroscopy

e A look into the future: the upcoming LHCb upgrade and Upgrade |l
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https://indico.cern.ch/event/1158681/contributions/5162288/

Introduction




Why study flavour physics (at hadronic machines)?

(TN %
b ;. . d(s)
It may answer fundamental questions Wé é
NP?JW
d(s) 3 " b
UG b

e Why are there 3 fermion generations? Only 3?

e Hierarchy in Yukawa couplings?

e CPV in quark sector is too small to explain the matter-antimatter asymmetry in the
universe. Are there other sources of CPV?

e Flavour physics provides a unique window into
new physics through indirect searches
(potentially sensitive to higher g
energy scales than direct searches) .= ¥
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e About 1400
scientists, engineers
and technicians

e 36 different
universities and
laboratories from 18
countries
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The LHCb detector in Run 1and Run 2 (2011-2018) ==

JINST 3 S08005 (2008)

. |JMP A 30, No. 07, 1530022 (2015)
e Excellent particle L HES Detséios

. . o . Cb Weight: 5,600 tonnes EIeCtr:omagnetiC
identification, IP and % Hoint: 10m Calorimeter

momentum resolution (~13 - ’

KLm on the transverse plane

Vertex

and Ap/p ~ 0.5% - 0.8%, Locator

respectively.) o kw 2

e Huge beauty and charm | !

0

production ‘

) Tracking RICH2
o(pp — bbX)gepes = 144+ 14+ 21pub SN 5

[PRL 119, 169901 (2017)] Magnet

T (PP — €€X)pr <8 GeV/e, 20 <y < 4.5 = 2369 £ 3 £ 152 + 118 pb.

[JHEP 05 (2017) 074]

Muon

Hadronic ~ Stations
Calorimeter

Tracking
Stations
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https://doi.org/10.1142/S0217751X15300227
https://link.springer.com/article/10.1007/JHEP05(2017)074
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.169901
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

LHCDb Trigger System
LHCb 2012 Trigger Diagram

~ > >

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
h#* H/up e/y

(Software High Level Trigger )

Introduce tracking/PID information,
find displaced tracks/vertices

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

\__selection algorithms _ y

~ > <>

5 kHz (0.3 GB/s) to storage

2 kHz = LLE 1 kHz
Inclusive/

Muon and
DiMuon

Inclusive

" Exclusiv
Topological Faauthds

Charm

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Et/Pr sighatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

of inclusive and exclusive triggers

ncite nd excuoe wise

[ Full offline-like event selection, mixture)
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Run1and Run2 data takings

e Running with luminosity levelling at

=4 x10%?cm™ s, 2x design luminosity!
e Roughly 1.5 interactions per bunch

crossing
e Total of 9 fb ' collected
:: @ o LHC Fill 2651
§ [ P
z T~ ATLAS&CMS
.é ‘\-1
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é B LHCb
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Not just a flavour physics experiment

More than 600 papers!

Published Papers
w - v (=2 ~ (o]
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2010201120122013201420152016201720182019202020212022
Date

Mixing and CP violation in B decays
Rare B/D/K decays

Charm decays

Semileptonic B decays
Spectroscopy and exotic hadrons
Hadron production

Heavy ion physics, fixed target with
SMOG

Electroweak physics, QCD

Exotics (dark matter, long-lived
particles)
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Probing NP with b » s/’

b s b S b s
W=y g, (Wt 1774 t,cou

¥ o v/Z o+ v/Z o+

= 0~ b

® Suppressed at tree level, potentially sensitive to NP at the TeV scale
e Dimuonic channels show discrepancies with SM at roughly 3 sigmas in
differential decay rates and angular analyses

0 *, 7, -
B® =»K*'u'u
LHCb Run 1 +2016 ] 0.5 LHCb Run 1 +2016
0.8} W% A sM from ASZB — A sM from ASZB | 4 4
e el 4 . E= ]
= 1 - ()+—@
i : B e 2 ]
02 - ] 2 From R. Quagliani CERN Seminar
—0.5] -
0 ; 1|0 1'5 0 § 1|0 lIS
¢ [GeV/e (GeVre K9 330 fo— sM
T T T i T T = L3
05 LHCb Run 1 +2016 7 LHCb Run 1 +2016 Y
I PASM from ASZB [ SM from DHMV ] “ K*+ - 3.10 |—0—|
e 0.5 i 3 0\
v o EE £ = o 19 —o—
| mmt 5 4 om0 i —+ ¥ +8 | 1 I
ot b e 0 2 4
0 5 10 15 0 S 10 15 v
F[GeVYch] 2 1GeVYcH) Vector coupling Cy

PRL 125, 011802 (2020)
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PRL 126, 161802 (2021)

sraded qOFT ur si

JHEP11(2021)043
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However charm
loops may mimic
discrepancies in C
in angular analysis

\

LFU tests are
theoretically a
cleaner probe

"


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.011802
https://indico.cern.ch/event/1187945/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
https://link.springer.com/article/10.1007/JHEP11(2021)043

LHCb LFU tests (superseded)

Nature Physics 18, 277—282 (2022)

e Can NP be generation dependent?
e Measure differential branching
fraction vs dilepton invariant mass

Candidates per 24 MeV ¢

Tmax dB (B—Hut ™) dg?

7. dq?
Ry = o
e dB (B—>He+e—)d )
e . dq? q
min

e Experimentally accessible through a
double-ratio measurement

P B Bt - K utu) B (Bt — Ktete™)
K

B (Bt = Jiw(— putpu—)Kt) B (B* — J/w(— ete )KT)
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LHCb LHCb
—4— Data 9 fb™ % —4— Data 9 fb™
— Total fit > — Total fit
...... B*— Kte'e 2 weeeee BY s Kty
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I Part. reco. g SU
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] ’s

he] Nle7

5 S

[¢]

5,200 5,300 5,400 5,500 5,600

m(K*u'y) (MeV ¢

H BaBar
= H 0.1<g?<8.12GeV? c™*
. Re' 15
Belle
1.0<q*<6.0 GeVic™
S U,o Ref.
€r
Sk r
Q LHCb 5 fb
o 1.1<q?<6.0 GeVic™
Ref. "'
LHCb 9 fb™
—.—i 1.1<q?<6.0GeV3c*
: This work
[ AR S ST S|
0.5 1.0 1.5
Ry

Tension with the SM at 3.1o
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https://www.nature.com/articles/s41567-021-01478-8

arxiv:2212.09153

. . arxiv:2212.09152
Improved lepton universality measur
Zo00f ) = .
e Simultaneous analysis of R, and R, 3
?100 e) ]
e Most precise and accurate LFU test in b=s// . , : - i e
. 0 5000 5500 6000 075000 500 6000
tra n S I‘tl O n S m(K*ete™) [MeV/d m(K*ete™) [MeV/c?)
e New data driven treatment of misidentified = Suof iy - L,
Z60 c 9! Towa
background 20 » _
L[ LHCb | P £
9fh-L low-g>  : ¢*> €[0.1,1.1]GeV?/c* 8 4 g, s
5000 5500 6000 5000 5500 6000
Lgil- central-g? : ¢? € [1.1,6.0] GeV?/c* m(K*n~ete”) [MeV/c] m(K*rete”) [MeV/c)
Q;lo { I ﬂf 47 e Dominant systematic from misidentified backgrounds estimation
_ from data driven method
| e Measurement still statistically dominated
[ t Data ’=16,p=0812,0=02
L — SM
Ry low-¢*> Ry central-¢> Ry low-¢> Ry central-¢° Deta'IS at r. Quagliani CERN Seminar
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https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2212.09153
https://indico.cern.ch/event/1187945/

The CKM matrix

e Describes the transition between quark flavours via weak interaction

Vad Vs Vb | Vi | | Vs | |Vuple™*
Vekm = Voo Vs Vo | = —|Vea| | Ves| | Veb |
Vie Vs Vi [Vigle ™ —|Visle's |Vio |
1 —2%jg — a%/8 A AX3(p — in)
= —X - AZANL — 2o+ )] /2 1 — 22 (2:— A M1 +4A%) /8 AN? +o(\%)
AX3 [1 —(p+in)(1 — ,\2/2)] —ANZ L AN L —2(p+in)] /21— A2X4)2

. ~
~~

Wolfenstein parametrisation

X =sin(6.) ~0.22, n~0.3

Im VgV + VeaVep + ViaVip = 0
I
|

e Unitarity conditions = unitarity triangles =+»1--x
Viua Vip + Vea Vi + Viea Vi, = 0

* * *
Vis Vi + Vi Vi + ViV = 0 o i
p(1-A12)
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The CKM matrix

e Describes the transition between quark flavours via weak interaction

Vud Vis Vub | Vud | | Vs | | Vub | e o
Vekm = Ved  Ves Voo | = —|Ved| |Ves| |Ves|
Vi Vis Vi [Vigle ™ —|Visle's |Vio |
1 — A%/2 — X4 /8 A AX3(p — in)
= —A+ A2X5[1 — 2(p + in)] /2 1 — 22 (2:— A M1 +4A%) /8 AN? +o(1\9)
AX3 [1 —(p+in)(1 — >\2/2)] —AN2 4+ AN[1 —2(p+im)] /21— A2A%)2

.~ ~

v

Wolfenstein parametrisation

X =sin(6.) ~0.22, n~0.3

e 3 quark generations allow for CPV through the phase n

e Due to the CKM structure the B system is favourable for CPV studies,
on the contrary, CPV in the Charm sector is predicted to be small since
amplitudes are dominated by the first two generations

Andrea Contu - INFN Cagliari Overview of the LHCb experiment



arxiv:2209.03692

CKM y angle from B* » D(+>Krrirn)K*

e Precision measurements of the consistency of the unitarity triangles are a
powerful tests of the SM.

® Recent LHCb measurement with the full dataset

aK \ Spring 21 —_
['(B* - D [K¥r*n*n¥| K*)  rhs, + (r5)? + 2rks«rh Risx cos(65 + Oxsr £7) E
r (Bi — D [K:tﬂ?ﬂ'q:ﬂ'i] Ki) 1+ (TKJWTB) + 27’1{3,,-7“3 RK.S‘/r COS(5B = (51(37‘» + ’)/) ol atS2 38 _g
o 3
250 . . : . | . . . . 3
2 LHCh LHCb =
E 200 I—u 9fh~? . 9fh! - \_
= | | B~ - DK~ {Hﬂ B* - DK+ A ]
2 150 ”I B } O 7 %0a w2 oo o2 0.4 08 08 10
g i i# £ oE
Zuof | : | 21" -
L =z oo y = (54.8+53(stat.) T (sy st.)87(ext.))’
Pl \ Crossfeed 1
1 Combinatorial
4 EAS e ytahis, PN 7 ’.,u.... +, 2 L H H - H H 1
g — - s - o - e — Second most precise single-channel determination!
mpi- [GeV/c?] mpi+ [GeV/c?
Andrea Contu - INFN Cagliari Overview of the LHCb experiment 16


https://arxiv.org/abs/2209.03692

LHCb-CONF-2022-003

Yy combination ——
2o

—ClL.

1

A combination of all LHCb y determinations
(+ charm mixing and asymmetries)

B decay D decay Ref. Dataset

B* 5 Dh* D — h*h™ 29] Run 1&2 [

B* — Dh* D — hta—ata™  [30] Run 1 02

B* — Dh* D — K*n¥atn—  [18] Run 1&2 B

B* - Dh* D - hth=n® [19] Run 1&2 '

B* - Dh* D — KOhth~ 31] Run 1&2 0

B* - Dh* D - KJK*n¥ 32] Run 1&2 50 60 70 80 90

B* - D*h* D — hth™ 29] Run 1&2 ¥ [°]
B* - DK** D — hth~ 33] Run 1&2(*)

B* - DK** D - htrrtas (3] Run 1&2(%) _|_3 5 o
B* — Dh*r*n D — hth™ [34] Run 1 — 6 3 8 2

B® - DK™ D —hth- (3] Run 1&2(*) ,y ( . = 3 7

B® = DK™ D = htr-ata~  [35] Run 1&2(*) =

B® - DK™ D — Kintn~ [36] Run 1

g: - g:rr;i gi = hK+ ‘hw*f (37] gun i In agreement with previous and global
B0 e = il {23} oo 805 determinations, statistically limited

D decay Observable(s) Ref. Dataset


https://cds.cern.ch/record/2838029/files/LHCb-CONF-2022-002.pdf

D»l

Observation of CPV in charm with AACP

e CPV in charm predicted small in SM O(10%
e Full Run 1+ Run 2 dataset, D* and semileptonic
tag PR T —
G o b LHCb  §
e Observable is mainly sensitive to direct CPV = % 44M s
S 5000F =
0 _ 0 —\ — : | PN
AAcp = Acp(D° = KTK™) — Acp(D° — ™) S st B con s
assuming universal ai';,d 8% E
S 2000F E
: Alt) 2 1000t ;
~ s + 20— E R
Tpo %05 2010 , 2015 2020
. . D°r*) [MeV/c?
e Experimentally robust as production and BB RS
detection asymmetries cancel to first order
e Additional measurements are needed to have a Aac

better understanding!

)

Candidates / ( 0.1 MeV/c?

NN
[0S
(==}
==}

1800
1600
1400
1200
1000
800
600
400
200

PRL 122 (2019) 211803

%05

LHCb

+ Data
Bo s
Comb. bk,

T

2010 2015 2020
m(D°zc*) [MeV/c?]

5 =(-15.4 + 2.9) x 10

CP violation observed at 5.30!

Andrea Contu - INFN Cagliari Overview of the LHCb experiment
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

arxiv:2209.03179

Time-integrated CP asymmetry in D°+K K" decays

e Measuring time integrated asymmetries of single channels is much harder
(M — f)+T(M — f) 1+ |A5/Af|?
e However the observable is the yield asymmetry, which must be corrected for
to extract the physical asymmetry
A_ is the production asymmetry in pp
) — AC’P e AP 4 AD collisions

) A, is the detection asymmetry due to the
detector

_ N(D—f)—N(
ra T N(D—f)+N(

D—f
D—f

® A_ and A, have to be determined and corrected for using calibration samples

Andrea Contu - INFN Cagliari Overview of the LHCb experiment 19


http://arxiv.org/abs/2209.03179

arxiv:2209.03179

Time-integrated CP asymmetry in D°+K K" decays

e Measurement from LHCb using the full Run 2 dataset

e N T SR S T — T ]
~ k === LHCb combination, 8.7 fb’ g LHCb
5" 0.006 - z:ram: LHCb combination, 3.0 fb™! ]
0.004 :_ + NodirectCPV e _:
0.002 [- o =
o + :
~0.002 |- — ' =
—0.004 comourq S 68% 95% CL B

L L | L L L | L L L | L

—0 004 —0 002 0 0.002 0.004
-

Acp(K~KT) = [6.8 + 5.4 (stat) + 1.6 (syst)] x 107*

In combination with AACP

v

@t o =( LT E57) % 107
6l = (B3.246.0) 51074

R
—
1 . T
-l —_—
1 i
4 _.B=
i —+—
> ! i
<i -0 0
= Acp(KK*) [107]
P . I RO (P
-5 0 5 10

A KK [1079]

Measurements statistically limited, exciting times for Charm CPV with ongoing and future upgrades
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Belle

BaBar

CDF

LHCb 3 fb’!
LHCb 5.7 fb’!
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http://arxiv.org/abs/2209.03179
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W boson mass measurement

Events per GeV"'!

Data/fit

Andrea Contu - INFN Cagliari

x10°
W . LHCb W' :
150 gﬁt region 1.7 b ;ﬁl region
: : | Data : :
v - u
i Wz > pp
- W =tV
50F - Light hadrons
- Rare backgrounds :
O -
:; Model uncertainty 1
0sf . z s
0.6 : H : . ]
-0.04 -0.03 -0.02 -0.01 0 0.01 002 0.03 004

JHEP 01(2022) 036

First LHCb measurement of W mass, 1.7 fb™ of 13 TeV data
Anti-correlation in PDF uncertainties wrt ATLAS and CMS

Muon g/py [1/GeV]

—— Total uncertainty
== Stat. uncertainty
ALEPH ———
DELPHI *
L3 e e
OPAL —————t
CDF e u——
DO ————t
ATLAS ——
LHCb 1.7 b e ——
Electroweak Fit -~

80100 80150 80200 80250 80300 80350 80400 80450 80500

my, [MeV]

Excellent prospects for a full Run2 analysis
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https://link.springer.com/article/10.1007/JHEP01(2022)036

arxiv:2205.09009

Measurement of antiproton production
SMOG: System for Measuring

Overlap with Gas

e Looks at p-He (SMOG) data in hyperon decays e Noble gas (He, Ne, Ar)
. . injected into the LHC
e Measure proton-antiproton ratio from hyperon decays vacuum around the
e Extremely useful for the interpretation of results from LHCb interaction region
i . e Energy between SPS
space-based experiments e FUTE
e Dominant A component measured exclusively
< 072—L3Cb '—IIOG\'/ | '*lglgt'oasw E L - LHCb_~  ——Dam _  pompip
o06F PHE Vo= 110Ge ~EPOS e g e e e
05 = = 5 y
“E —— PYTHIA 6 =
oappribtg L g QGSJET-1104: 2
03 SIS [T ¥ i)%

0.2
0.1

IIIIIIIIII Illl-ﬁlll

i
|

30 40 50 60 70 80 90100
P momentum [GeV/c]

[
(=
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http://arxiv.org/abs/2205.09009

Exotic hadrons, tetra/penta -quarks

arxiv:2210.10346
S 180F LHCb | <Daa -
S 160F 9 b — Nominal fit ]
— Baseline fit ]
g/ 140F + NRU/Y B)
8 120F e
S 100F ]
o | C 3
g SOF 1
) 60:— =
40F v
20F :
0 - = .
4.2 4.25 4.3 4.35

m(J/wA) [GeV]

J/YA structure at 4.338 GeV
in B™»J/YAp~ decays
Consistent with a pentaquark
candidate with strangeness
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11.0 +
10.5J,

62 new hadrons at LHCb

From a total of 70 at LHC
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penburg@cern.ch 2023-01-05

2011 2012 2013 2014 2015

Date of arXiv submission

Full list and more plots at this |ink
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http://arxiv.org/abs/2210.10346
https://www.nikhef.nl/~pkoppenb/particles.html

The LHCb Upgrade
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The upgraded LHCb

LHCb Current — Upgrade | —— Upgrade I—

4 \N- - -B-4

NN

&227 =
% .. a
S 20 300 = RICH
%18—5 /] %‘ 40 MHz readout Muon chambers
EE 50 £ . new PMTs, readout L
716 4k software trigger 2 3 more shielding, upgraded
£ 147 i 3 electronics, optics 4
EC] —200 3 readout electronics
% 23 pr b 1k
2 10 3 = —1s0 £

— E

e —|100

= E Calorimeters

2] L/_//J ] reduced PMT gain, new

Ot E = . | M i P - | =

2010 2015 2020 2025 2030 2035 ¥ - i electronics

e Aim to collect 50 fb' at
roughly € =2 x 103 cm™2s™

e Keeping at least the same
performance on Run 1&2

SciFi Tracker
new pixel detector Upstream Tracker scintillating fibres
silicon strips

From L. Dufour talk at MIAMI2022
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https://cds.cern.ch/record/2845135/files/LD_MIAMI2022_LHCb_Overview.pdf

The upgrade DAQ and trigger

Fully software trigger, overcomes LO rate limitations in Run1&2 and builds on the
successes of Run1and Run2 (e.g. real time alignment and calibration)

-----------------
................
uuuuu
. .
.- .
""""""
. .~

REAL-TIME
ALIGNMENT &

-
.
‘.
.
.
%e.
.

CALIBRATION

% | 1.6 ™.

5 TB/s | caus % :
: dl EVENTS §
30 MHz non-empty pp : ; OFFLINE

v v
0.5-1.5 PROCESSING
> (PARTIAL DETECTOR o=

FULL TB/s MHz FULL DETECTOR i :
DETECTOR . RECONSTRUCTION BUFFER . RECONSTRUCTION . 26% 5.9
READOUT & SELECTIONS ' & SELECTIONS 10 4 FULL § GB/s
(GPU HLT1) 70-200 (CPU HLT2) 8 EVENTS §
GB/s
GB/ S i i
All numbers related to the dataflow are - :
taken from the LHCb se% | ANALYSIS
: : 1 1Ureo kmpengd PROPUCTIONS &
1 events EGE USER ANALYSIS
Upgrade Computing Model TDR
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Installatlon and comm|SS|on|ng of the upgraded detector
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LHCb Current — Upgrade | ——» Upgrade I—» LHCb-TDR-023

o= 8 5 2
LHCb |n Run 5&6 ?%‘8‘ IRuns j [ 110

8163 £ L e

e Target: ~300 fb” - S LHCb

. € . UPGRADE

. Plle_up: ~4O 02(_)1.01. : 2(;1.5 ‘2020. . I20125‘ I20|30k et ‘2035 9

e 200 Tb/second data produced

e To keep the same performance in more

difficult conditions, timing will be required
in some sub-detectors

e Aot of R&D on new technologies

e Sub-detector TDRs expected after Run 3

Technical Design Report
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

LHCb-TDR-023

What could be achieved in Upgrade II?
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

Conclusions

e LHCDb brought many interesting results in Run 1&2, with world leading
measurements in the flavour sector

e LHCb showed capabilities that go well beyond its design (e.g. EW physics,
heavy ions, etc..)

e | could only show a small fraction of its physics output!

e Now focused on Run3 to get the new detector in shape to acquire an even
larger dataset (not just in size but also in physics reach!)

e We are also thinking at the far future and started R&D towards an even
more capable detector!
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Track types in LHCDb

X
Upstream track SciFi
Tl T2 T3
Z

- UT
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/I—,;;mg track
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T track
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Trigger yield vs lumi in Run 1&2
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Physics performance projections

Observable Current LHCb Upgrade 1

Upgrade II

(up to 9fb~1)  (23fb~1)  (50fb')  (300fb7 1)

CKM tests

v (B - DK, etc.) 4° [9,10] 1,59 1o 0.35°

¢s (B — Jpo) 32mrad [§] 14 mrad 10 mrad 4mrad

[Vl /|Ves| (A = pp=v,,, etc.) 6% [29,30] 3% 2% 1%

ad (B —» D~ pty,) 36 x 1074 [34] g1t HXI0Y 2RI

a3 (BY — Dy pt,) PRI WXEWE TRIE* JRW
Charm

AAcp (D° - K*K~,7tn~) 29 x 107° [5] 13510 15019 33 R

Ar (D° - K*K~,n*n™) 11%10°5[38] 5x%10~° 32%x107° 12x%10°°

Az (D° - KOntz™) 18x107°[37] 6.3x107% 41x10~° 1.6x107°
Rare Decays

B(B® — ptpu~)/B(B? — ptp~) 69% [40,41] 41% 27% 11%

Sup (B = ptp~) — — — 0.2

AD) (B - K*0cter) 0.10 [52] 0.060 0.043 0.016

Al (BY - K*0etem) 0.10 [52] 0.060 0.043 0.016

AST(BY — ¢7) Lo - 7 | 0.124 0.083 0.033

Sy (B2 — ¢) 0.32 [51] 0.093 0.062 0.025

(A9 = Ay) s 153 0.148 0.097 0.038
Lepton Universality Tests

Ry (B > K+ete) 0.044 [12] 0.025 0.017 0.007

R+ (B® = K*0¢+(0-) 0.12  [61] 0.034 0.022 0.009

R(D*) (B® - D* t*u) 0.026 [62,64]  0.007 0.005 0.002
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LFU g” regions

low-¢° region:
central-¢* region:
electron J/i) region:

muon .J/i) region:

electron 1 (2S5) region:

muon (2S5 region:

Andrea Contu - INFN Cagliari

m(Ee") —
Im(£+07)

Overview of the LHCb experiment

0.1 < ¢® < 1.1GeV?¥/ct,
1.1 < ¢ < 6.0GeV?/c?,

6 < ¢ < 11 GeV?/c?,

}D/BG| < 100 MeV/c?,

11 < ¢* < 15GeV?¥/c*,

— Mg < 100 MeV/c?,
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Analysis: strategy

Challenges in LFU tests: electrons and energy losses
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https://indico.cern.ch/event/1187945/

Analysis: fit-setup

Misidentified background in electron mode

+ Simple backgrounds from double-misidentification can be isolated inverting PID criteria

(close to nominal selection) after full selection (i.e K*%A*h~ ) on electron mode

B B S B B A N S B A B A B |
o~ LHCb central-g° o LHCb central-¢°
& 100 1 Data = { 150 '_ _1 Data _'
:? 9 fb === Total ) ? i 9 ﬂ) S T()‘tal -¢ ) ]
iy === Bt K*tntn~ 5 L == BT KKK~
= i Combinatorial - Combinatorial g
= 100 F $ .
= 507 #} # *ﬂ 12t ¥y ]
E o #, | & 50F f ]
O i X 1 # ‘t
oL bt %&ﬁ o bibatabebbpaasd | W M
5100 5200 5300 5400 5100 5200 300 5400
m(K*ntn™) [MeV/c?] m(K*KTK™) [MeV/c

+ Similar structures (see backup) also for Ry, however unknown Dalitz for K ®h™h~

+ Single misidentification background as well, often unknown

+ Developed a new inclusive data-driven treatment of misidentified background

Renato Quagliani LHC Seminar, CERN  From R. Quagliani CERN Seminar
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