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Why flavour physics

* Flavour physics is crucial in establishing the SM

» Difficult questions of flavour physics

o

why are there so many different fermions?

what is responsible for their organisation into generations/families?

why are there are 3 (only 3) generations/families each of quarks and leptons?

why are there flavour symmetries?

what breaks the flavour symmetries?

what causes matter - antimatter asymmetry?

29/08/2024

Corfu2024, Menglin Xu



Flavour in the SM

* Inthe SM, the vacuum expectation value of the Higgs field breaks the electroweak symmetry
* Fermion masses arise from the Yukawa couplings of the quarks and charged leptons to the Higgs field
 The CKM matrix arises from the relative misalignment of the Yukawa matrices for the up- and down-

type quarks

* The only flavour-changing interactions are the charged current weak interactions

* CKMis a3 x 3 complex unitary matrix
* Without unobservable phases which appear in any quantum
Vud Vus ‘/ub
Vekm = | Ved Ves Vb theory, CKM can be written in four free parameters
th V]:s th o three Euler mixing angles parameters

o the fourth makes the CKM matrix complex, CP violation
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Parameterization and the unitarity of CKM matrix

* Using Wolfenstein parameterization( , , , ):

° =sin = measured precisely in  semileptonic decays
Vid Vs Vi 1-2%/2 A AX(p—in) )
ViV Ve | = -2 1-2%2  AA? +o (1)
3 . 2
Via Vis Vi AL (1—p—in) —AA 1

* The CKM matrix must be unitary
o provides numerous tests of constraints between independent observables
2 4 2 4 2 —

+ + =0
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The Unitarity Triangle

* In SM, all measurements must agree on

the position of the apex of the Unitarity
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_SS pion < CERN/LHCC 95-5

? . 7;'1' K SS proton = LHCC/ 18
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* High statistics of mesons 05 cham H

* Trigger sensitive to final states with leptons and only hadrons R ——

* Excellent proper time resolution to measure the CP violating A Dedicated LHC Collider Beauty Experiment

for Precision Measurements of CP-Violation

oscillation amplitudes of the  system

Abstract

* Good / / / separation to reduce the combinational

The LHC-B Collaboration proposes to build a forward collider detector dedicated to the study
of CP violation and other rare phenomena in the decays of Beauty particles. The forward
. . geometry results in an average 80 GeV momentum of reconstructed B-mesons and, with mul-
ba C kg ro u n d a n d Ot h e r m eso n d ecays . - I d IS a |SO Ve ry u sefu I tiple, efficient and redundant triggers, yields large event samples. B-hadron decay products
are efficiently identified by Ring-Imaging Cerenkov Counters, rendering a wide range of multi-
particle final states accessible and providing precise measurements of all angles, a, 3 and v
. of the unitarity triangle. The LHC-B microvertex detector capabilities facilitate muiti-vertex
fo r fl avo u r ta ggl N g event reconstruction and proper-time measurements with an expected few-percent uncertainty,
Dpermitting measurements of By-mixing well beyond the largest conceivable values of z;. LHC-
B would be fully operational at the startup of LHC and requires only a modest luminosity to
reveal its full performance potential.

* Good momentum and vertex resolution to reduce background
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The Run2 LHCb detector

Excellent PID allows to suppress

Excellent tracking system,

Excellent vertexing allows efficient momentum resolution = 0.5%

heavy quark hadrons selection, high background dramatically and

explore many decay modes
. ()>95%
e MisID( - )<5%

decay time resolution of = 45 fs, Muon system - nice tagging &

prompt-secondary separation for

charm () =235

great potential to search for rare

decays with di-muons
ECAL HCAL
SPD/PS

()>97%
Magnet RICH2 M1

_________ A e MisID( - )<3%

M4 M5 .

LHCb MC
Vs =8 TeV

JINST 3 (2008) S08005
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https://lhcb.web.cern.ch/speakersbureau/html/bb_ProductionAngles.html
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Run2 luminosity and trigger

* LHCb operated in constant instantaneous luminosity mode,

1.1 visible interactions per bunch crossing

* Two stage trigger, which is efficient for hadrons and muons

Run 2 (2015-2018): 6 fb™1

Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. 2018 (6.5 TeV): 1.00 /fo
2017 (6.5+42.51 TeV): 1.71 b + 0.10 ffb 8

2016 (6.5 TeV): 1.67 /o ’
2015 (6.5 TeV): 0.33 /fo

2012 (4.0 TeV): 2.08 /fo
2011 (35 TeV): 1.11 /o

2010 (3.5 TeV): 0.04 /fb I
y |

LS1 J

/

TTTTITTTTTTTTTTITITTITTT IHIl””l””l”'

72010 2011 2012 2013 2014 2015 2016 2017 2018
Year

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Etr/Pr signatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

displaced tracks/vertices and dimuons

( Partial event reconstruction, select ]

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

T T I

12.5 kHz (0.6 GB/s) to storage
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Recent LHCb results on CKM (selected)



measurement

* The only angle that can be measured purely from tree-level,
theoretically clean observable

* Discrepancies between the direct and indirect measurements
would be a sign of beyond SM effects

o 2024 W.A. for direct measurement: (66.4“::2),;8 )

o CKMfitter 2023: (66.373%)"

= arg(-——)

10
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measurement

. can be determined by exploiting the interference effects in type decays

o 0L 0 L+ -(* ) =(617£89) [1]

o 0 0 L 0+ = combinationwith - * ~( * 7). =(63.27§)) [2]
o firsttimefor * - L 0+ = =(63+13)"[3]
o 0 *, combination of Run1 and Run2 yields: = (81%1%)" [4]

> the most precise measurement of in © decays from a single experiment

[1] JINST 02 (2024) 118 [2] Eur. Phys. J. C 84, 206 (2024)
[3] LHCB-PAPER-2024-023, in preparation [4] LHCB-PAPER-2024-020, in preparation
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file:///C:/Users/34419/Downloads/JHEP05(2024)025.pdf
https://link.springer.com/article/10.1140/epjc/s10052-023-12376-z#citeas
file:///C:/Users/34419/Downloads/JHEP05(2024)025.pdf

2024 LHCb

LHCb-CONF-2024-004

. I T T T | T T T

o [ LHCb
| | Preliminary
— 0.8} Summer 2024

20 0 60

[1] LHCb-CONF-2022-003

T T T | T T T I
W B — DFK*ntn

Wl B° - DFK*
W B+ - DKt

B B+ - Di
I All Modes

Combination of
o 19 LHCb decay results
o 11LHCb decay results
o external constrains: a new measurement of the CP-
even fraction and updates to the and
e 20% improved precision compared with LHCb 2022
combination [1] and consistent with global CKM fit

predictions

e Statistically limited, Run 3 will be even better!
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https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
file:///C:/Users/34419/Downloads/JHEP05(2024)025.pdf

arg(— ) * Involving top quark, loop processes required

* The particular type of loop process that is used is the

07 fr——— ——

T
Am & Am

Y d S fitter

06 Amd £K Summer 23

oscillation ofa 9 into ~ © and back

05 5 sin2B
sol. wi cos 2B < 0
(excl. at CL > 0.95)

0

* Fora meson known to be or Oattime =0,

0.4

excluded area has CL > 0.95

03

then at later time

0.2

L(B(t)— f) —T(B°(t)— f)  Ssin(Amgt) — C cos(Amgt)
T(BO(t)— f) + D(B(t)— f)  cosh(3Al4t) + Aarsinh(3ATt)

0.1

.ACP(t) —

]
o II|I|II IIIIII|IIII|IIII|IIII|IIII
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0.0 0.2 0.4 0.6 0.8

'
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S
[

0 « For L / O =sin(2 +A +A NPy
A penguin contributions are small: A =05’

—0 _ sin(2 )#0 - CP violation

29/08/2024 Corfu2024, Menglin Xu \/\/T



New LHCb measurement of sin(2 )

* Most precise single measurement of sin(2 ) to date

0.716 + 0.013 (stat.) + 0.008 (syst.) HFLAV

Phys. Rev. Lett. 132 (2024) 021801

sin(2B) = sin(2¢,) FZEH

_ PRELIMINARY
BY-BY yield asymmetry BaBar J/y Ky 0.657+0.036 + 0.0112
1 Total fit PRD 79 (2009) 072009 bt :
Si n( BaBar JAy K, ) ) 0.694 +0.061 + 0.081
PRD 79 (2009) 072009 ' g
BaBar (2S) Kg 0.897,+0.100 £ 0.036
PRD 79 (2009) 072009 '
Belle Jiy K, 0.670 +0.029 + 0.013
PRL 108 (2012) 171802 =k ]
Belle JAy K 0.642 +0.047 + 0.021
PRL 108 (2012) 171802 = ]
| Belle y(2S) Kq , 0.718 +0.090 + 0.031
| PRD 77 (2008) 091103(R) 1
| LHCb JAy K 0.724 +0.014
0.5 L H Cb PRL 132 (2024) 021801 - :
il 1 LHCb Run 1 (2S) Kg 0.840+0.100 + 0.010
0 b JHEP 11 (2017) 170 ;
| _ _ LHCb Run2 w(2S) Ks. . 0.649 +0.053 £ 0.018
BO_“?(—%*'E )Ké’(—> wtrT) PRL 132 (2024) 021801 :
_1'% O. - .2|5. - .5|0. - .7|5. - 1(;0 - 12|5 L 15| 0 \Schir;l\%Average bl 0-709t0-0§11
' ' ' : ' ' ’ 0.4 (0}5) 0.6 0.7 0.8 0.9 1

t [ps]
LHCb dominates the average!
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https://hflav-eos.web.cern.ch/hflav-eos/triangle/moriond2024/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

Doubly Cabibbo

CPV In charm sector o

@\ Mix (:v'mhbomg '
. _ 4 _ 3 S @ Favoured “ngh
* In SM, charm CPV effects are predicted to be very small, (10 —107>) Omi=mp@
* Direct CPV in charm has been observed by LHCbin © - *+ —, (" )- (" D) =#0[1]
« 0. % ~allows us to measure mixing and all types of CPV ArXiv: 2407 18001
« Measure the time dependence of WS/RS yield ratio £ ¥ Lico e
& 500F 6 fb! | 3
+ () = D) = Kn7) _ o T(D(t) = Kxt) o F 7=
e = T Do) > Ka) Bl = T ooy = K £ 20 R
400 ;— ﬁ-‘-'*ﬂ; Baseline —;
R () =R, 1+ A, )+ VR, (LEA ), £Ac,, )t+ (AL )t 3502_1».#""# No CP violation
:
R, ~(3431420)x107| A, (-7.1£6.0)x 1073 | —> CPVindecay ¢ ﬁ%ﬁ: ﬁﬂr :
Chr  (BLAE35)x 107 Ac,  (3.0£3.6)x 10~ CPV in mixing -to; E
d. (131£3.7)x107° Ac,~ (-1.9+£38)x107° = of ]
‘ ' ‘ h 0 2 4 6 8

D decay time / T

no evidence of CPV
[1] PRL 122 (2019) 211803
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file:///C:/Users/34419/Downloads/JHEP05(2024)025.pdf
https://indico.cern.ch/event/1439876/contributions/6059164/attachments/2899876/5085102/LHCb-PAPER-2024-008.pdf

First measurementof CPVin ¢ . + — 0

FDD_*fCP (t) — F50—>f (t) SO | | " LHCb ]
Acp(fep,t) = e > 0.5F 7767
il Al e o e g%t ! o ;
. t o T z
& afg e AYfCPT—v <-05F H .
DO E D'—r'rn’ ]

o 2 4 6 f?f

* Neglecting direct CP violation, gradient becomes independent of the final state ’
« The gradient of the time-dependent CP asymmetry = /’\
° : the CP eigenvalue of the final state o

» For muti-boday decays, due to a mixture of CP-even and CP-odd contributions from intermediate
states, =2 ,-1)
o + =0.974+£0.017 [1], is the CP even-fraction of the © -
= (—1.3+6.3+2.4) x 104, constant with W.A, no CPV

[1] arXiv: 1504.05878
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https://arxiv.org/pdf/2405.06556
https://arxiv.org/abs/1504.05878
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Recent LHCb results on Flavour anomalies (selected)



~ 7 7 decays

* Decays mediated bythe ~ = ~ quark transitions are suppressed in SM due to the absence of
Flavor-changing neutral current (FCNC) process

* Measurements of the properties are sensitive to new particles with masses up to around 100 TeV

* branching fraction

14L LHCh Ry lowq® = 09944004

o _ + + 4+ — / + + 4+ — [ 9fh!t Ry central-g° = 0.94010048
- - - - Ry low-¢® = 0927409

19 K 0.093

. 0 + — Ry central-¢*> = 1.027+9007
* angular analysis of the decay N

= 1of — -
= p 1
b (i S 0.8 C
W:‘ N\ wt [ t PI?IM \2=16,p=0812, 0 =0.2
S BT 0.6F ?
,IJ,_ Ry low-¢> Rp central-q> Rpe. low-¢> Ry central-¢°

Phys. Rev. D 109 (2024) 052009
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.052009

+ —_—
0, decays
* In Effective Try: Hwrr = %%Z%ch’)( 100" (),

o Wilson coefficients [observables], depending on their flavour structures, correspond to an

energy scale well above the beauty hadron masses and are where NP might manifest itself

o non-local hadronic contributions

N@ :
* Itis found a 3.40 tension with the SM value of g, which =
3
. o:“
reflects the interference effect between transverse and 9
T I
longitudinal polarizations [1] 21 co_co martow & Broad oz and \
o ‘:'interference DD thresholds\_
e The nonlocal contributions manifest as resonances in the 2 S T S T —
q2 [GeV2 / c4]
spectrum
[1] Phys. Rev. Lett. 125, 011802 (2020) Phys. Rev. D 109 (2024) 052009
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.052009
https://arxiv.org/abs/2003.04831

New approach to account of non-local form factors

* Simultaneously determine the nonlocal contributions and O

* 9 exhibits a 2.10 deviation from the SM, other coefficients are in better agreement with the SM

) 0 e B R B I B A by I I N S R
_1 I . : 7 < b LHCb8.4fb !
100 | LHCb 8.41b 1 3 _ Yy
e Data i s @ )
~ 250 Total ' - Y I . -eee Aeen
ﬁ'u . Signal ] : Q&é ; ’ o
m> 200 : Background ] ! g s - ik s -
> C
&} u ] sk )
— 150 ¢ ; 3 4 5 6 = 3 4 5 6
e [ Cy Cy
> 100 F " 52
Q Fid 2 S
% 503 h . i sixadihc ,' ':‘ ] © i LHCb 8.4fh ! 1 e * LHCb 8.4fh ! ]
"g E A b ..'," ] 3 % M re o T — . .
< - = CER i S Nt o 3 s T |
(08 s s i s e v s s e e Tss e d T e el o TRlN Tl i g b ‘ ‘ . 5 . s
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 - - - = o - -t 0 ! C/ﬂz
g [GeVci] Phys. Rev. D 109 (2024) 052009

29/08/2024 Corfu2024, Menglin Xu m


https://arxiv.org/pdf/2405.17347
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.052009

Angular analysis of

* Allows the extraction of the angular observable in the central

—

2 region

* Most precise determination of angular observables and no sign of

lepton flavour violating effects are observed

4l L R
N
! \ Partially Reconstructed
‘\{_ +  Data
by
\

Tv“}*f*fii by ]

Events / (20.0 MeV/c?)
¥ P
=
Sy

5000 5200 5400 5600
(K*?r ete” [I\IGV/(:?]

Events / (0.05)

+#

LHCb-PAPER-2024-022 in preparation

lepton flavor universality observables

Observable value

oaf e
NE [
_0'2_
_0.4_

Or, Q1 Q4 Os O Os 0Og O3

: the fraction of longitudinally polarised

1.0

o
n

o
=

Observable value

-1.0

: P-basis angular observables

LHCb ABCDMN
Sy I GRVDV
L i 9fb E Data
7 1
£ /%/' % } /I/// “Iﬁ' o E
| £, ] {4{:/;

29/08/2024

Corfu2024, Menglin Xu



New LHCb measurement of ( ()%) s

D= / D*‘—Kn"
R(D+) = B T - E“\””_
* First LHCb measurement using the ™ ground statewith = - — * 7, ot 7
P =ty 5 2y N
muonic-tau decay RO*)=| =2 S e
o Primary goal is to measure () "o
o Feed down from ¥ + 0/ with not reconstructed 9/ gives also arXiv: 2406. 03387

x10° . x10° i
LHCb 2 fb!

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

accessto () inthe same final state

: 5
9.44<¢2<11.8GeV¥c*  LHCb 2fb! 3

« Datasample: 2 fb™1 at 13TeV

o
)
a~
%
&)
0
=
=
8
&
=
2
3
&}

5

« 3D template fitto 2, the energy of the muon in the B

10 10
¢[GeV/ch m2, [GeVZc!]
x10° . .
E944<q@<118GeV¥c*  LHCb 2f" 3

o
=3
&

meson rest frame () and the squared invariant mass B0 Ty
B 3 ->D*' v

o
1=
5
S
T

BoD'X X

missing from the visible system (2. ) —— ety
B B->Duv
B 3->D*uv

e

> 2

= o

[P}
T

Candidates / (130 MeV/c?)
= <
=

o
=3
=3
S

2000
E,[MeV/c?]
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https://web3.arxiv.org/abs/2406.03387

New LHCb measurement of ( ()%)

Results compatible with the SM at the 0.78

level

(

( ") =0.249+0.043 (stat.) + 0.047 (syst.)
*) = 0.402 + 0.081 (stat.) + 0.085 (syst.)
-0.39

arXiv: 2406. 03387

Combination with other

LHCb measurements

( *)=0.335+0.052

*) = 0.279 1 0.019
-0.30

(

Results compatible with the (previous) World Average (W.A.) at the 1.09

level

Main systematic uncertainties from form-factor parameterisation & background modelling

This result
[LHCb preliminary]

! y T T T T T 689 CLEontours

LHCB-PAPER-2024-007

Phys. Rev. Lett. 131 (2023) 111802 ]

[ Phys. Rev. D108 (2023) 012018

—  $HFLAV SM Prediction
R(D)=0298 = 0004
R(D*)=0254 =0.005

LHCb Average

R(D)=0339 =0052,
R(D*)= 0272 +0018,,,

| T TR T T N T

0.2

03 04

R(D)

29/08/2024

Corfu2024, Menglin Xu

\VAVARR


https://web3.arxiv.org/abs/2406.03387

New ( ©))w.A.

HFLAV HFLAV

;{:\ 0.4 B T 1 ] L L) I T 1T 1T 71 I T 1.1 7T I T T 17T I L L I T T T 7T I T T 1T 7T I T i ;—\ 0.4 ‘ Y . I U ! 6é% I(:L l:on{ourls .

2 N HFLAV 68% CL contours ] e ]

E B = [ B Moriond 2024 Belle® BaBar _

0.35 - - 0.35 — LHCbH* ]

[ Bellell ] [ Bellell .

03 Beueb< il 03 Beﬂe"( 7
£ C LHCb®

025 LHCb® ] 025

0.2 ; ¥ R e : - -

< HEL Y SN hredieion e ] 021 HFLAV SM Prediction R(D)=0.342 £0.026,,  —

B ﬁEBlTB&Z?: 0004 g(zlago)i(;.czsa,_o.olzm.,. ] - t RD) 0% 13‘504 };(:1333:90.287 £0.012,,, ]

-I 11 I 11 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 11 1 I()(‘IJ : LI /:\ 1 I 11 1 1 I 11 7] - I R(D )_ 0254 - OOOSI I P(xz) = 35% I -

02 0.25 03 0.35 04 045 05 O%S(D) 02 0.3 04 05
R(D)
Previous W.A. New W.A.
Tension with SM at the level of 3.34 Tension with SM at the level of 3.17
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https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/summer23/html/RDsDsstar/RDRDs.html

LHCb: a general purpose detector

LHCb Physics

Ilhcb publications, link Heavy ions and Fixed target physics

Forward physics
Publication luminosity plot (public) Electroweak, QCD and exotics

Mixing and CP violation in b and c decays
Spectroscopy and exotic hadrons

Hadron production

Charm physics

Semileptonice decays

-# Submitted -+ Published

L X X X X < X X

Rare decays
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Recent LHCb results on Spectroscopy (selected)



Spectroscopy

* LHCis anideal laboratory to study spectroscopy

L I L 1

11.5 L L L L -
11.0 4 75 new hadrons at the LHC ® bb ® ccqq m  baq
' ® bg ® ccécé cqq
Xb(3P) Xb2(3P) ce i i
10:5 2 e ®..(3P) ® cc ® oG [ ] qqq |
) cé(qd) ® cgqq
7.5 -
7.0 A Bc(25)* BI(25)* Teece(6900) L
o Bo(25) ®
6.5 Ap(6152)° 8”?2328;* @ ==(6600)
D _ b ) -
=(6227)g Aoe1a6)0 W =b(6227)° . 6005)"
6.0 4 Fb(5945) (g Ny(5920)° =p(5955) g B)(5970)"° u L | M- 6100)~ W=, (6087)° L
’ W), (5012)° = (5935)! ‘5/(5340)+,c 35(6097)*  Ap(6070)° B (6114)°
T 55 -k 5,(6097) ~ B (6063)°
o~ = | -
(€]
&
2 5.0 L
) Xc0(4700) _ Xc1(4685)
— a5 Pcz(4450)* Xco(4500) Pce(4457)* D yp(4630) —
=2 Pcc(4440)* czs he(4300)
a Xe1(4140)  p _(4380y+ Xc1(4274) Pcf£4312;+ Tees1(4220)* = __ he
2 « 59 ' Tees1(4000)*  Tees1(4000)°  _ Xc1(4010)
= 4.0 w(3842) A ® @®7:(2000) L
== ® T.(3875)+ X(3960)
3.5 1 Q.(3327)° r
[
D(3000)*° b (2860y" LTINS <2930y Q.(3185)°
.0 A1 D;(3000)° A(2860)* | Q(3066)° =c T.:0(2900)° i |
>0 Dj*(z7so);. ¢ " (9 ) g:(z050k s.z02300  @TEH(2900)° @ e Sa00r
251 S8 ojareo A3 s I
) )
2.0

2012 2013 2014 2015
patrick.koppenburg@cern.ch 2024-07-22
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Spectroscopy

* LHCb’s unique detection capability has led to a wealth of remarkable discoveries
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Probing the nature of the {(3872)

Run 1 & Run2 average — 1(3872)- (2)
1(3872)- /
= 167 + 0.21(stat.) + 0.06(syst.) +004( ( - 7))
S
\
| BaBar 2008 [20]
« Generally inconsistent with the calculations based on the Bele 2011 [26]
— . f—— LHCb/Runl 2014 [46]
pure molecular hypothesis for the ;(3872)
~ BESIII 2020 [32]
e Likely sign of conventional ¢~ charmonium,
tetraquark and molecules mixed with sizeable compact p——t LHCh/Run1 2024
component d LHCb/Run?2 2024
0 1 2 3 4 5 arXiv: 2406.17006

B — Do (38720 (28)y
Sl v —
Xe1(3872)=JAby
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https://arxiv.org/pdf/2406.17006

First observation of muonic Dalitz decays of mesons

Radiative transitions between different J°C levels have been intensively studied in the past
*  LHCb firstly reports the muonic Dalitz decays from the  levelstothe (1 )
*  The measured masses and mass difference between different ~ energy levels forming the

bottonium system are competitive and in agreement with the world averages

4 A ] — 60—
= [ ¢ Daa LHCh 7 = [ 4+ Daa LHCb
= 350 EO xu(1P)= T(1Sjutu- IR % [ EE x.,(2P)— TOS)u*p- 5
= TF B (P TSy 9fb™" 3 = so- = w7 el 9fb™ Myap) = 989250 £0.26+0.10 +0.10 MeV/c,
— . ——— Background - = P o—— ackgroune B _ 1 2
5 305 Rk : 5 F Bectarsmosd ] Myoap) = 9911.9240.2940.1140.10 MeV/c?,
Z 250 f 5 = 40:_ B My, (2p) = 1025397&0.75&0.22&0.091\%\//02,
s LE n! i q . E Myaep) = 10269.67£0.67£0.2240.09MeV/c,
& 20F ] & 30F .
155 | e - + 3 Parameter PDG22[69]  PDG24 [57]
_ I - C ]
o ‘ 'i E 101 H JF JF * ﬁf * mrgs) MeV/]  9460.30£0.26  9460.4£0.1
sE | : ;H_Jr ‘Hr + % M) MeV/e?]  10023.26+0.31 100234405
C # L] H # Wl # | HLHHH ET ol «H»I 1 mres) MeV/2] 103552 +£05 103351405
Gmgl_lésl INEEEINES! = 79.9- = MR 19,“9;' 1{}0_2 E—— T65 ' ' 103 my(s) — Mrgs) [MeV/e’] 33150+ 0.13 331.50 £0.13
arXiv: 2408.05134 Mg G/ Mragune - [GV/E]
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https://arxiv.org/abs/2408.05134
https://arxiv.org/pdf/2406.17006
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https://arxiv.org/pdf/1512.06666.pdf

LHCB-FIGURE-2022-003

mass measurement

mw = 80354 & 234tat & 10exp + 17theory & 9ppp MeV/ | | FOBETS:
PRL 108 (2012) 151804
LEP combination L e
Phys. Rept. 532 (2013) 119
*  First measurement of from LHCb using 2016 data | AT ous 1o i
JHEP 01 (2022) 036
with 32 MeV uncertainty is consistent with the prediction s .t i
Elcct\ro;a;eléiol;lg )%’ cie Blas et al.) -
* A more precise measurement with a total uncertainty of IO SO0 0 eV
20 MeV looks achievable with Run2 data Eur. Phys. J. € (2024) 84
Tevatron 08
* The determination in the forward acceptance strongly 08
0.4
. . LHCb i
suppresses the PDF uncertainty in an LHC average !
ATLAS W' -0.2
due to complementary geometry 04
-0.6
ATLAS W™ 0.8

o LHC combination: 80369.2 + 13.3 MeV (CT18)

ATLAS W~ ATLAS W' Tevatron
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https://cds.cern.ch/record/2806574
https://epjc.epj.org/articles/epjc/abs/2024/05/10052_2024_Article_12532/10052_2024_Article_12532.html

The effective leptonic weak mixing angle

* A fermion of charge ( ) and third weak-isospin component ( 3) has both vector and axial-

vector couplings to the boson

. . _ _ =2
o vector coupling: = 3—2 sin LHCb-PAPER-2024-028 in preparation
. . 2 (.10 FrT T T T T T T T T
o axial-vector coupling: = 3 < [ LHCb 5.3 o, Preliminary —
r — sin 95“_-0 228 ]
. . s - —  sin?g%=0.235 __
* Presence of vector and axial-vector couplings L —  Fitresult
0.06 . ¢ Data ]
introduces pg = —— [ —L ]
F* B 0.04 .
. . .. .2 lept . . i —+—-—
* The linear term ( gg) is sensitive to sin® g, since it Y T — _
. . (13 29 b B
arises in the “cross term” between vector and axial- ==
OO0 b sl omeu T ooolisn o bamuaiog maunpionsul e o e

. 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
vector couplings A
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ept

",
LHCb sIn off

measurement

—

o FB 1n /

> < <

within2.0< < . | and

2 Lefl;t 1s extracted using predictions at NLO in the strong and EW

* sin
couplings
* The result is consistent with other direct measurements and with

predictions from the global EW fit

I+
~
-

I+
~
~

I+
~

* 7 is measured using LHCb 2016-2018 data

N

Direct

Indirect

Measurements

Determinations

LHCb-PAPER-2024-028 in preparation

Total uncertainty

Statistical uncertainty

SLD, A

PRL 86 (2001) 1162
LEP combination, Ag;b

Phys. Rept. 427 (2006) 257
ATLAS 7 TeV

JHEP 09 (2015) 049

LHCb 7 and 8 TeV
JHEP 11 (2015) 190

Tevatron combination
PRD 97 (2018) 112007
CMS 8 TeV
EPJC 78 (2018) 701
ATLAS 8 TeV preliminary
ATLAS-CONEF-2018-037
CMS 13 TeV preliminary
CMS-PAS-SMP-22-010
LHCb 13 TeV preliminary
This analvsis
‘Electroweak Fit (J. Hallereraly
EPJC 78 (2018) 675
Electroweak Fit (J. de Blaser al.)
PRD 106 (2022) 033003

0.228 0.23
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Recent LHCb results on Heavy

ions (selected)
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New area of physics with heavy ions and fixed targets

* The observation of antihelium in Cosmic Rays could be a signature of physics BSM

* LHCb can measure helium production in the forward region that is unexplored by other experiments

LHCb-DP-2023-002

PoS EPS-HEP2023 (2024) 254

ol 1 1 T I “I 1 1 I T T | I T T I 1 T |
o 10— T L0 s | e a0y —
d A C LHCb 5.5 fb—l H 6 x 104 . 100 > | /3 \\ /f\ 00 ) Esk Antihypertriton decay as seen in LHCb ) v 03
- - : 4 L {@ 6) \@// b = 7F v T 16OTE=_
< 5 - s -] E = \\0\1/ \0 6k < v ik i;gg -
C ] i o g
B A - LHCb preliminary 3 1005
0 ===~ s 840 =55 fp-! shid111 g 0]
- D C ] 5 B 2F B 40 T
- 7 = o 1Ex™ 20 -
~3 1 |H 10 S | . N (R
vU | Data Z |mm |
—10 ! ] % 20 Background
i . O B estimate l
’ ] ' | | | '
—-15 — 1 . L
- Positive charge E ] 0 &iﬁﬁ#:i}tr ri— *W‘Hﬁi*#ﬂ##i.u}ﬁ%q***;i
_ PR TR SR S I TR SR S U N N1
2055 ~10 0 T 2960 2980 3000 3020 . 3040 32060
ALD LHCb-CONF-2023-002 m(°*He ) [MeV/c?]
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https://arxiv.org/pdf/2310.05864
https://cds.cern.ch/record/2867390/files/Hypertriton_CONF_v1.0.pdf?version=1

Antihelium productionin  decays . ...

= C LHCb preliminary ]
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15000 Total model -
~ 11 0 0 & 8 _. NN
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L =2x10%3cm 25!
u=5

LHCb Upgrade |

New VELO Pixel detector
leads to improved
vertexing resolution

. the average number of visible pp interactions
per bunch crossing

—&— 2024, pu=3.5 —— 2024, pu=5.9
50 —%— 2018

43 4, LHCb Preliminary
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065/pdf
https://lbfence.cern.ch/alcm/public/figure/details/3583

LHCb — FIGURE — 2024 — 016
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https://cds.cern.ch/record/2904659/files/Figure-2024-016.pdf?version=1
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065/pdf

LHCb Upgrade | o

New readout for

New Richl optics + new PMTs Calorimeters
readout RICH 1 &2

New readout for Muon
System

JINST 19 (2024) PO5065
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065/pdf

Better particle identification

LHCb-Figure-2023-019

muon ID performance maintained at higher pileup

LHCb-Figure-2023-019

LHCb-Figure-2024-010
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https://cds.cern.ch/record/2898816
https://cds.cern.ch/record/2868904
https://cds.cern.ch/record/2868904

LAUD Integrarea Hecoraea LUMInNosity In pp Dy years 2u1uU-zuz4

New triggering and processing

s °© BT
< s -
_ 7 48 IR EHAC
* Removal of LO hardware trigger, readout at full 30MHz rate £ 2 /oL s
3 36
3 F
« HLT1 based on GPUs g zj
. . . . . . % 1-8 ,‘—/ o
o align and calibrate in real time and partial reconstruction g . / el
e HLT2 based on CPUs B e

Jul Sep “Nov
Month of year

o full reconstruction and selection lines

5T8/s
30 MHz non-empty pp ¢
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5 (PARTIAL DETECTOR -
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GB/s
All bers related to the dataflow are
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https://lbgroups.cern.ch/online/OperationsPlots/index.htm
https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04006/pdf
https://lbgroups.cern.ch/online/OperationsPlots/index.htm

Run3 is here
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https://cds.cern.ch/record/2898804/files/LHCb-FIGURE-2024-006.pdf
http://cds.cern.ch/record/2898806/files/LHCb-FIGURE-2024-007.pdf?version=1

Upgrade Il

| — 1.5)(103401'11'25'1 LHCH
Lin; = 300 fb-! UPGRADEI

u =40
* Timing Cherenkov improve resolution LHCb-TDR-023
* Timing calorimeter improve reconstruction
 Timing Pixel detector e ;TE"A‘L““

Mu;nct Stations SciFi rOR(H . Nseh':éﬁ?ng
e Time-of-flight detector for low- PID asilioon B v
LIE

e Add tracking stations in the magnet to 5

increase efficiency for low-momentum tracks

Phase-II Upgrade
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http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf?version=3

Conclusion

* LHCb pushes flavour physics to a new frontier

* The LHCb programme is in constant evolution, more

LHCB-PUB-2018-009
arXiv:1808.08865
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fitter
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than a flavour detector g ain2p
* Run3is coming, detector is stably operating, more e T
results are on the road
. 0.1 ‘3 ]
* Already preparing Upgrade Il ) S

Very good opportunities to join!
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https://cds.cern.ch/record/2320509/files/LHCb-PUB-2018-009.pdf?version=2
https://arxiv.org/abs/1808.08865
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Categories of CP violation

e CPviolation in mixing

* CPviolation in decay

(°- )= (7-)

* CPviolation in interference between mixing and decay

guixiw
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SMOG

LHCb-FIGURE-2024-005

* LHCb can inject gas into the beam pipe to act as a fixed target collision experiment

» Successfully collected samples in different fixed-target-configurations
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https://lbfence.cern.ch/alcm/public/figure/details/3593

