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The flavor physics prograrn

* New Physics evidence may appear in measurement of CP violation, rare
decays or in tree level process with final states not fully explored in the
past
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* "High intensity frontier” is sensitive to high mass scale
 Complementary to direct searches (ATLAS & CMS)

* When NP will be discovered, its structure need to be
determined: flavor physics!
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The 2010-2018 LHCb App JINST 3 (2008) S08005

« Huge bb cross section from pp collisions
o (bb)(7 TeV) = 295ub
o(bb)(13 TeV) = 560ub PLB 118, 052992(2017)

 Charm ~ 20 x Beauty JHEP 03(2016)159

Production of bb / cc mostly in the forward direction

« 2<n< 5: 4% of solid angle, 25% of bb acceptance (7 TeV)

LHCb MC , 21 m ,
Vs = 8 TeV M5
ECAL Mz M4

RICH1
LHCb: a general purpose e /
spectrometer in the forward ' -
direction (2 <n< 5) optimized for o
high-precision heavy-flavor physics TT\ ! /
SPD/PS

RICH2 HCAL

wor

* Excellent vertexing, tracking and particle identification
(K, &, p, 1, €, 7) Diagram by T.
« Low trigger threshold on hadrons, muons and photons Soeticher

* Produce all types of b- and c- hadrons

* Huge cross section and large boost

IPA 2022
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LHCb Detector Operations

 LHCb designed to run at lower

IJMP A30 (2015) 1530022

. . . = 10
instantaneous luminosity compared to o LHC Fill 2651
ATLAS and CMS 5 \
B
* pp beams displaced to reduce L > \\ ATLAS & CMS
8 e Y
- 4 x10% cm-2g-1 £ B
=}
« Mean number of interactions per bunch 3z 1
crossing ~1-2 3
£ ~ LHCb
2 oo N T
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LHCDb flavour physics progrant

Sin2B, vy, @s, [Vuw|/|Veb|, semileptonics,
CPV in B9, Bs, DY, b-baryons...

)

B S , B ,s—1TT, Bs—) ) B s—THM,
Rare decays I N B

b — sp*yr, b—osete’, Kopy, D—pp

D

Spectroscopy

.

Tetraquarks, pentaquarks,
double-heavy hadrons, excited states...

Z, W, top, H—bb, H—cc,
proton structure...

Heavy ions, p-Pb, p-Gas (SMOG) ...

Long lived particles, dark photon...

Inclusive channels, or channels with

Complementarity with
many neutrals are difficult in LHCb

Belle-ll
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Y, @s, |Vuwl/|Veo|, anomalies In b—c

{ Spectroscopy ] Status and news states

p-Pb, p-Gas (SMOG)

p
LHCDb talks

Ying-Rui Hou: Rare B decays and

flavour anomalies at LHCb
LHCDb: preparation for Run3

Upgrade |l Federico Lazzari: LHCb charm physics
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CKM and CP Violation
(and a bit of LFU)
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CKM and Unitarity Trianglée

o Single phase: responsible for all know CPV
° 6
Up to O(A®) the CKM matrix is In the Standard Model

PEANUS 4 AN (p — i)
Ve = | A+ 3NV 1—200+i)]  1- 13— (1 +44%) )
AN (L~ (p + i) AN LA 1200+ i) 1-3A%N

* Many relations from Unitarity

B Triangle”, - the - UT
1.\3 A-)\2 231
ViV, + VuaVy + ViV =0

A-\3 1.)2 \2.1 Bs “Bs Triangle”

Vus Jb + Vcsvgl; + Vts tz :0

312 . ”
1-A Al A%\ B. “D Triangle

VudVJS + VchC’; - thVt; = ()  ———

 Measure CKM quantities from loop and tree level processes —
overconstrain the UTs, check the SM

M.Rotondo
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UT. Immense progresses

2010
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p
 Crucial inputs from LHCb
* Measurements of y (P3) M. Bona’s talk
* Bs oscillations ‘CKM metrology”

M.Rotondo
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Angle vy

* From tree level processes s
A I
o ,

* Exploit interference between amplitudes + \ r | Do

fD . 7T+7T_,K+K_ GLVV }(— m
Ktr /p
T ADS
Kirtn elev b_“lwy‘ .
I DK~
« Combination of 15 B-decays and 9 D-decays Ap| e
LHCb measurements A(B~ = D'K-) _ -

- Simultaneous fit of y and D° mixing A(BT — D°K™)
parameters (x = AM/T" and y=Al/2T) JHEP 12(2021) 141

v = (65.4753)°

I-CL

~
[f)’indirect ~ (65 51_% )o/

1 e« Critical input from BES-III (CLEO-c) for D decay
i parameters

1 » Some B decays not updated yet to the full
y Run1+2 dataset

* Improved determination of D-mixing parameters!
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Angle ”y fr()m Bi—>DOKi, DO_) LHCbi;]PQZE;ft%QnQ_OW

* Analysis based on T.Evans et al. Phys.Lett.B 802 (2020) 135188 Bin Limits (dxcsr)

—180° < dgar < — 39°
* D decay hadronic parameters from CLEO-c, BES Ill, LHCb

— 39° < dkzr < 0°

1
2

JHEP05(2021)164 3 0° < dxsr < 43°
4 43° < Span < 180°
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k= i D |
= ol | I |
= | | ‘
% J’ | ! |
St | | :
10 ] | -
0 ] ++h++4#4+|++++ﬂia-¢+ i i i +J[H++H-IL-H+H+++ dbd W I Datib g tgt +++Jr L - ! ++ e m#mﬂujﬁtu’rﬁ -
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(54 8+6 .0 +0 6 +6 7) Improvement expected from incoming
—0.6 —4.3 20fb-" of BESIII data at y(3770)
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Textbook measurement: B

* Measurement of Ams = my — mv is crucial for y measurements with time dependent
Bs—DsK(21) measurements

* Crucial constraint to UT (together with L-QCD inputs) LHCb legacy
Nature 18 (2022) 1 5

2

CDF I |
Pioneering first BN 1 4~

observation : S

of Bs oscillation S }7/ j>
PRL97(2006) 242003 2~ cosine with A=1.28

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

0O 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Decay Time Modulo 2rn/Amg [ps]

— BY - D7t =— BY? - BY - D_;nt = Untagged ¢ modulo 21/ Am,_ [ps]

=y
T T T

Asymmetry

Fitted Amplitude
=]

-
T

Amy = 17,7683 + 0.0051 + 00032 ps ™

Consistent with other LHCb
determinations and predictions based
on Lattice and QCD - Sum Rules

Amg(SM) = 18.419-7ps™!

L. Di Luzio et al.
JHEP 12 (2019) 009
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. cb_| [ ) ) | ' ' _
Sides of UT S of o & Luob -
= f 5 = :
* Pioneering result on |Vul|/|Veo| using Ao > sE = = -
. . : [&3 Z
semileptonic decays . v S—— GV e
Rpp = B(Ay — puv) x | Viup| % FFy, 4[—|'V£|‘Eiclusive B ‘ilqw’q T
B(Ay — Acpv) V|2 FFa, » 5 15 GeVI¢ ]
37N, —puv-d
Nature Physics 11 (2015) 743 ]
« Only 1 LQCD calculation available! 2 | E
.. . 35 40 45
« Similar measurement with Bs decays V.| [107]
2 FF
Rpp = DB = Kpw) - Vs K Phys.Rev.Lett. 126 (2021) 081804
B(Bs — Dsuv)  |Vpl|? FFp, o o | .
0 _— ) ) 0 . > ) iscrepancy between low an
- B> Kpy, g <1GeV ~ BioKwy, q>7GeV high g? regions needs to be
S 1228:—:—?221 It HCHY =2"F understood
Elzooéff}s;i}‘ihux = For LQCD: golden mode!
SU00E— ey, B Z1s00F o
£ 800 B—ct(— uu) K Xl 5
§ 600 E_— MisID _81000:_
2 s00f | ELE LHCb also measured [V
© 200F . SO T with Bs — Ds(*)decays
5000 I3OIOO‘

5000
Moy [MCV/ (,‘2]

000 2000

m;(,n [MeV/c?]
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LFU In b — c¢ transitions

* Intriguing tension in R(D*)  pp®) = B(B~>D™®~1+vy)
* Tree-level process B(B°->DM)~ptvy)
* NP coupling to 3™ generation?
* Possibile connetions with b — s 'l anomalies

* First measurement using baryons (only Run1)

~~ T | T T T T T T T T I T T T T | T T T
* - ]
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= |
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* 1%t observation of Ab = ActVv 040
* Tau reconstructedint— 3 v - S\ Expectation (BLRS)
Phys.Rev.Lett. 128 (2022) 191803 _0.30] Exclusive [V,
= LHCb Our Evaluation
= = = _ .
= 3505 MR High S/N BDT bin 0251 | L1icb Published | [ [ "0 1M
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Exotic hadron states
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Hadron states

LHC experiments steadily deliver new discoveries of conventional and exotic hadrons

"\
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Hadron states

LHC experiments steadily deliver new discoveries of conventional and exotic hadrons
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New quark
combinations
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New naming scheme proposed by LHCb
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Hadron states

X(6900)=cc§ —Tyy(6900) ntional and exotic hadrons

T T T T T T T T T T T T T
Science Bulletin 65 (2020) 1983 —F— pana
LHCb m— Total fit
Resonance 1
s = Threshold BW1
. = = Threshold BW2
¢ Resonance 2
! J[ =3 vrs

ot 1 | l- s NRSPS
i { v
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aming scheme proposed by LHCb
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Hadron states

Tes0(2900)* (¢ s u d), Tes0(2900)° (c s U d) \X?“C hadrons

* Isospin pair of double charged and neutral tetraquark B
-
o . P+, — + -t +
5~ — D DS d BT =D DS T (6900) T
o~ L L L L B L LI LB o~ L L L L L L BN LA B I L
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- + -t
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v:2206.15233
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Hadron states

LHC experiments steadily deliver new discoveries of conventional and exotic hadrons

11000 1 1 1 1 1 1 1 1 1 1 1
10500 4 oX3” 67 new hadrons at the LHC o 2"
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New entries In the arena

 Resonant structure near Ds*Ds threshold Bt - DID_ K~

« Amplitude analysis favors exotic (c ¢ s s ) state with JPC=1**
LHCb-PAPER-2022-018 in preparation

% LHCb Prelirr;ir;bal.‘ly _ NE 11;— - LHCb Prelirr;i?ba_ll'y - ;
S ] oF T 1
2 1 5 o el EIp
5 1 % ! = s
O PUE B BT |
3 £ 1
++++ +++++++++ H +++++ 6;_ L - 0

4.2 4.4 46 48 T 1|8 o 2|0 O 2|2 |

m(D?Dy;) [GeV] m(D;D; )’ [GeV?]

* First strange pentaquark P"ws(4338) (ccu d s)? Eigg:gﬁf}“’mhn“m -

. — Baseline fit
B~ — J/1vADp Q 140F ]
_ / w p & 120F k | f
* Structure of a Jpsi/A resonance = 100f Tl
_ : 2 80F
« JP =7+ is preferred 5 col
40
LHCb-PAPER-2022-031 in preparation 20F

a2 43 435
m(J/wA) [GeV]

O
N
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Heavy ions
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Heavy ions and fixed targe

e Charmonium production in UPC PbPb at 8.16 TeV .
55 :A-s-ul,”lv”‘l ] i\!\\\l | T 1 1 1 | 1 T 1 | 1 1 1 o (1?11"(1

” N stat. .

o SN et ne
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LHCb-PAPER-2022-012
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o >, Coherent J/v production
\\,\I_Auninosity unc.
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Guzey et al.
LTA W
--=--LTA_S
— EPS09

Krelina et al.
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-—=-- GBW+POW
KST+BT
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Mantysaari et al.
No fluct. +BG

Gongalves et al.
bCGC+BG
bCGC+GLC
IP-SAT+BG
IP-SAT+GLC

e SMOG: Gas |njected system for fixed- target physics

Z production in pPb at 8.16 TeV
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arXiv:2205.09009 accepted by EPJC

* Important input for p flux calculation in cosmic

rays

* Event generators used in cosmic rays physics
consistently underestimate the data

* Consistent with pp result from ALICE and CMS
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Beyond LS2
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LHCb Upgrade |: Run3 and R

SMOG2: new gas cell
upstream of the VELO.
Up to 100x% increase in
gas pressure

Target Lpeak=20 X 1032 cm2s2 Remove the first-level

Pile-up ~ 5

hardware trigger:
Trigger-less 40MHz
readout in all sub-detectors

New scintillating

fiber detector (SciFi)

gcaL HCAL Ma MS

/ /
/ /

New silicon upstream
tracker (UT)

.....
T T
"""""

Locator

New PIXEL
vertex detector

(VELO)

SciFi
Tracker

M3 —

RICH? M2

New RICH optics and ||
photodetectors

CERN-LHCC-2011-001
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New electronics for muon

and calorimeter systems




Fully software trigger

* All sub-detector readout at 40 MHz — fully software trigger

CERN-LHCC-2014-016
CERN-LHCC-2020-006

5 TB/s
30 MHz non-empty pp
y

0.5-1.5
FULL T: /. [PARTIAL DETECTOR] "0 <> FULL DETECTOR
S
DETECTOR RECONSTRUCTION RECONSTRUCTION
READOUT > & SELECTIONS > » | & seiecTions _’1 5
(GPU HLT1) 70-200 (CPU HLT2) oy
-1

GB/s
All numbers related to the dataflow are
taken from the LHCbh

Upgrade Trigger and Online TDR

Upgrade Computing Model TDR

7 LHCb Run 5

107 LHCb Run4 .
<LHCb Run 3] & 3 CMS HL-LHC
: i . 6 ALICERun3/ g  ATLASHL-LHC
 30MHz of inelastic collisions reduced to 1IMHz "
in HLT1 EE 10° LIICh Runl/y @ “1AS/CMS
. R . GPU d % 104 HERA B .ALICE
unning on caras = ; kTev P CDF I/ DZerolII
. . . % 10 €1ro ‘
» Factor of ~10 increase expected in hadronic 5 =~ ™~ e *hon
. 2
yields at Run3 §< 0% izeus 2
58 0] g UAL ONA49 3
Highest throughput of any HEP experiment o e
1980 2000 2020 2040

M.Rotondo IPA 2022 Year



First data at 13.6 TeV

Run 236307 - eviD 184717

RICH rifigs
'@1‘36TeV :

w T
2 600 slice_py_of_bx_digitcluster
E Entries 9374
= Mean 352 1
= 500 StdDev 2344
o i
S .
3
=
4001
", o i SciFi clusters
oy i
200 L-LH‘
100}
0_-| 1 1 1 | Il 1 1 1 1 | — 1 L 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000

M.Rotondo
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Events
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1000
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SIDEC
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VELO clusters
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LHCDb Upgrade |: Physics

Observable Current LHCDb Upgrade 1 LHCC-2021-012
(up to 9fb~ 1)  (23fb71)  (50fb~ 1)

CKM tests
v (B — DK, etc.) 4°  19,10] 1.5° 1°
o¢s (BY — Jhbo) 32mrad |[§] 14 mrad 10 mrad
[Vus|/|Veb| (Ay — pu~ vy, ete.) 6% [29,30] 3% 2%
a (B® - D~ putu,) 36 x 104 [34] 8x107% 5x1074
a¥ (B? — Dy utv,) 33 x 10~4 [35] 10x107* 7x1074
Charm
AAcp (D° - KYK—,ntn~) 29 x 107° [5] 13x107° 8x107°
Ar (D° - KtK— ntzn™) 11 x 10~° [38] 5x107° 3.2x107°
Az (D° — KOr+n—) 18 x 1075 [37] 6.3 x107° 4.1 x 107>
Rare Decays
B(BY — utu=)/B(BY — putu~) 69% [40,41] 41% 27% >
Sup (B = ptu”) — — — BelledI:
AP (BO 5 K*0¢ter) 0.10 [52] 0.060 0.043 etie-i. -
Al (BO —y K*0cter) 010 [52] 0.060 0.043 1) rLfJ”'q“.e Clap?b'“ty o
ABT(BY = ¢) 041 5] 0.124 0.083 pmeeazrﬂég%ﬂz"e
S4(BY — ¢y) 0.32  [51] 0.093 0.062 D e
(A9 — A7) +017 53] 0.148 0.007 )
Lepton Universality Tests B —— 9 y
Ry (B* = K+ote-) 0.044 [12] 0.025 0.017
R~ (B® — K*9¢+¢™) 0.12  [61] 0.034 0.022
R(D*) (B® — D*~#*u,) 0.026 [62,64] 0.007 0.005

M.Rotondo IPA 2022 28



LHCb at HL-LHC (LS4)

< 9 fh-1 =——p 4= (Goal: 50 th! I +—— (Goal: 300 th'l —p
Upgrade | Consolidation Upgrade I1
 — ] |
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

2011 2012{2013 2014(2015 2016 2017 2018§2019 2020 2021|2022§2023 2024 2025§2026 2027 20282029 2030 2031 2032§2033 2034§2035 2036 2037 203920402041 2042

HL - LHC
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LHCb at HL-LHC (LS4)

< 9 fh-] ——) 4= (Goal: 50 th! P +—— (Goal: 300 th'l —p
Upgrade | Consolidation Upgrade I1
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6
2011 2012{2013 2014|2015 2016 2017 201842019 2020 2021|2022§2023 2024 202512026 2027 2028[2029 2030 2031 2032§2033 2034§2035 2036 2037 2039(2040/2041 2042

* Fully exploit the HL-LHC for flavor physics & beyond

 Upgrade Il for Run 5 and 6
Lpeak=1.5 x 10%** cm~s™
Pile-up ~40
Lint=300 fb"’

 F-TDR approved by LHCC

* Target same performances as Run3

* New detector technologies are needed
* Subdetector TDRs at start of LS3

* News collaborators welcome!

M.Rotondo IPA 202

UPGRADE I

Technical Design Report
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LHCDb Upgrade |l detector e

« R&D phase of new technologies Detector must be faster,
* Precise timing for tracking and PID ECAL harder, finer, smarter

 Extreme radiation hardness

* Low-cost monolithic pixels ’g 5D ECAL
Ve
Spatial res., |
" | —— ’
Magnet ‘if&_i._“"f Timing,
side = “IOT“ Energy
stations VI
Tungsten
VEL® I Magnet & ECAL M3 M MS

Magnet Stations SciFi TORCH ”éiﬁ'éﬁg?ng
~ &Silicon , RICH2

+  Higher granularity inthe

inner trackers allows to
Phase-IT Upgrade TO RC H
Timing/PID

fully reconstruct heavy
M.Rotondo IPA 2022 31

ions collisions (aka PbPb




The B -Triangle: LHCb + Belle

CKM 2018 arXiv:1808.08865

07 o — i T ]
06 iél ain éﬁ\\E T _;
0.5 _—g . 1 —
- 3 — -
o £ E L
e = External crucial inputs:
- ; - - - improvements from Lattice QCD
0.2 I — . .
| 1 - improvements on external inputs
v . h E Branching ratios (Ac — pKrr): Bellell, BESIII
00 L L N Strong phases over Dalitz of D decays: BESIII
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
p
Pre-HL-LHC Post-HL-LHC
0.7_|Inl L L = 'Y'/" T R - 07 T T T LY A L e e I
= © ] - e . Y _
06 Z—\_Zf‘\ . ! % o 08 Eﬁ | titter |
I @ o : ez J&m, Sl
04 Z—§ — 04 -3 =
= [8 | = I EB8 | =
03 . g 03 - | —
02 i - \ —f - = I i =
| Vy ] | v, |/ 3
o : I bI _: o : I ubI I _:
| p . | B -
oo™, . . 1 .. S T Y J) S RIS A S S — D J
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 .04 0.2 0.0 0.2 0.4 06 08 1.0
P P
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ArXiv:1812.07638

Prospects on LFU and Ano

CERN-LPCC-2018-06
* Many b — ¢ SL decays accessible « Measurement of ‘Bs triangle’
Run 2 Run 3 Run 4 Run 5 Run 6
‘ ‘ T T T T T T T T T T T T T T T T T T 1000 I T T T
14t ‘\ \ — R(D") e BYallccs % BO-DID}
\“ b == R(D) * B/ ® BI-y(25)¢
—_ 120y Optimistic — R(D{") v BOjiymtn- +  BO-¢p
§ \\ \\ SyStEmanCS SCena'f‘fO — R(AE) %‘ . ’ Bg_,j/wK+K— high mass A Bg_,K*()?*O
2 10r - R(A,) © 100 $ N .
.E R(J/T) c ¢ A >
£ OBNL N Ymmm—e — v bt A SM prediction
S Upgrade 11 - : ¥ o
g . i\ | === - v ¥ :
= 6' \b’ * v s
T 10 - L4 * $
E 4r ° v
S Se=aao *
LHCb< ------ 1 | | ?
unofficial - B ey S~ T 27 s 23 50 e
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 | 1 | 1 Integrated Luminosity [fb— ]
TSI FIFTIFIS IS TESTES
S i A S S A A A R S VR A VA
Dataset up to year
[arXiv:2101.08326, arXiv:1808.08865] = 2'5: L
- F —— sm
1.00 & 2 :_ ------- scenario Il
< F — — scenario |
N E SM [
0.75 I scenario 11 1 '5:
0.50 I scenario | 1:_
. . PRPT 025 - ‘
* With higher statistics: full 0.5F o
I I . f B K* a” 0.00} 0:_ //
angular analysis of B— el 1
in finer binning —osol ~05F o ;
075k k - Upgrade Il g
_ 1 1 1 1 1 1 1 _1_5:. A R R B
1.00 0 2 4 6 8 10 12 -3 —2 -1 0 1
q* [GeV?] AReC,
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Conclusion

* Successful Run1 and Run2: 3+6 fb-1, still many analysis ongoing
* Upgrade Phase I. commissioning ongoing

* 10 times more data (20 times more hadronic events)

* Complementarity with Belle

* Synergy between LHCDb, ATLAS and CMS on some important channels
* Upgrade Phase Il: integrate overall sample larger than 300fb-

« Several theoretically-clean observables can be drastically improved

* New Physics scale probed will be highly increased

* Widen the set of observables under study to search and characterize new
physics (semitauonic, b—sll,...)

 Many technological challenges, not all the answers yet:
— You are welcome to join the enterprise!
e Strong program beyond flavour exploiting unique acceptance

* Spectroscopy, electroweak, nuclear physics

M.Rotondo IPA 2022
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vc1(3872) in pp and pPb coll

Production mechanism provides information about the structure of exotic hadrons.

PRL 126, 092001 (2021) LHCb-CONF-2022-001

™ ' ! " cMms
T s THCE T g ] — Sk p,>15GeVic]
N C ] R |«
i }_‘: o E PP s =8TeV <+ Prompt -4 b decays . < :
> (R TE p >5GeVicd E S |2
= =8 - Py Comover Interaction Model, Esposito et al. - 1 ‘:F 1 Pr g‘l’}_lcg -
T SRS h - Molecule Compact i Molecule S |5
=~ |T = 4] (coalescence) tetraquark (geometric) - A 7
ol - - ~L| 5 i
> oo 008 _ 5| > p.>5GeVic
[e’a] N _ s [ T ]
™ _$,_
s F U, : .
Nlg oosf ‘% — O [ﬂ
= 0 - ” : 5 S |3
- . ol = 1
Sl - 004 . e
= | & - -
2|8 s —$——¢'— .
3> - ~-11 _
xlo 002 — 10 .
© - - X |:+:| ]
/1)) S P EE S [T S T —— s _ ‘ i 9. ‘
0 S0 100 150 200 2<y<d5 ) 15<y<d | -5<y<-25 | lyl<09
N VELO PP pPb Pbp PbPb

First evidence of x.1(3872) production in pPb collisions. O'Xcl(gg'?g)/ Oy (25) appears to
decrease with multiplicity in pp, but increase with increasing collision system size.
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Current status: ®s with Bs —'J

« Bs — J/y K*K-requires a full angular T
analysis because of the presence of 2 DO 8 fb-
scalar K*K-contribution 3, 0.13 68% CL contours
5 (8 log £ = 1.15)
 LHCb added also J/y 111, @(2S) K*K-, .
DS+DS_ 0.11 CMS 116.1 fb
Parameter all b — ccs BY = Jhbo 0.09
fit result scale factor fit result scale factor LHCb 4.9 fb-1
| g2 0.520 + 0.003 1.46 0.519 +0.003 1.46 0.07
A2 0.253 + 0.006 2.45 0.254 + 0.006 2.37 '
| Ag? 0.030 + 0.005 1.00 0.030 + 0.005 1.00 ATLAS 99.7 fb~*
ji 3.18 4 0.06 1.46 3.18 £ 0.06 1.46 0.05. , | | |
5, 3.0840.12 2.04 3.0840.13 2.07 0.5 0.3 0.1 0.1 03k
So—61 0234005 100 0.23 4 0.05 100 ¢5¥“[rad]
[, 0.663+0.004 ps™!  2.60 0.664 +0.004 ps! 244
AT, L0077 +0.006 ps™! 178 +0.07440.006 ps™! 172 e LHCb, ATLAS and CMS have not
ds —0.049 £0.019 1.00 ~0.070 £0.022 1.00 analyzed the full Run2 yet
a N
LHCb ATLAS
Category 5ta.g(%) D? E:tag792 (%) Tag method Efficiency [ %] | Effective Dilution [%] | Tagging Power [%]
Tagging OS-only 11.35 0.078 0.88 £0.04 Tight muon 4.50 +0.01 438+0.2 0.862 + 0.009
performances  SSK-only 42,57 0.082 1.38:£0.30 - R L STT L 00Ten | 0arss oo
OS&SSK 23.84 0.104 2.47=£0.15 Jet 5.54 +0.01 204 +0.1 0.231 +0.005
\ Total 77.76 0.061 4.734+0.34 Total 14.74 + 0.02 33.4+0.1 1.65 +=0.01
57



arXiv:1808.08865

LHCDb Upgrade |l: Physics Cée

Observable Current LHCb LHCb 2025 Belle 11 Upgrade 11
EW Penguins

R (1 < ¢ <6GeV3ch) 0.1 [274 0.025 0.036 0.007
Ry~ (1 < ¢ < 6 GeV3eh) 0.1 [275 0.031 0.032 0.008
Ry, By, Rr ~ 0.08, 0.06, 0.18 ~ 0.02,0.02, 0.05
CKM tests

~. with B - DF K~ (F17)° 136 40 - 1°
~, all modes (F29)° [167 1.5° 1.5° 0.35°
sin 23, with BY — J /¢ K 0.04 [609° 0.011 0.005 0.003
¢s, with BY — J/1é 49 mrad [44 14 mrad — 4 mrad
¢s, with BY — DI D 170 mrad [49 35 mrad - 9 mrad
¢%%, with BY — ¢¢ 154 mrad [94 39 mrad - 11 mrad
as) 33 x 1074 211 10 x 1074 - 3x 1074
Vasl/|Ves| 6% [201 3% 1% 1%
By, B"—utu~

BB - ptpu™)/B(BY — utp7) 90% [264 34% - 10%
TBO—put - 22% 264 8% _ 929
Sy - - - 0.2
b — cf~r; LUV studies

R(D*) 0.026 215,217 0.0072 0.005 0.002
R(J /) 0.24 [220° 0.071 - 0.02
Charm

AAcp(KK —7r) 8.5 x 1074 613 1.7 x 10~ 5.4 x 1074 3.0 x 1075
Ar (= xsin ¢) 2.8 x 1074 [240] 4.3 %1077 3.5 x 1074 1.0 x 1072
wsin ¢ from DY — K+m~ 13 x 1074 [228 3.2 x 107* 4.6 x 1074 8.0x 107>
xsin ¢ from multibody decays - (K3m) 40 x107°  (Kd77m) 1.2 x 107 (K37) 8.0 x 1075
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The 2010-2018 LHCb Appar: JINST 3 (2008) S08005

LHCDb: a general purpose spectrometer in the forward direction optimized for high-
precision heavy-flavor physics

MUON SYSTEM
Muon identification

/1 TRACKING SYSTEM

VERTEX DETECTOR Momentum resolution

, ~ 979
decay time resolution: 45fs Ap/p =0.4% - 0.6% (k) r ~/° a0, |\
: T — 4 mis-id ~1-3%,
IP reconstruction: 20pm gpcar HCAL M35 % N
M4 \
SPD/PS M3

—250mrad \

v A

TWO-LEVEL TRIGGER
LO hardware: 40 -1 MHz
High trigger efficiencies for
both muons and hadrons.
Low momentum thresholds.

N /

DIPOLE MAGNET
4Tm normal conducting
RICH DETECTORS Regu|ar polarity switches CALORIMETERS
K/1t/proton separation J Electrons, photons and

e(K) ~ 95% hadrons identification

T — K mis-id ~5% g(electron) ~ 97%

j e — T mis-id ~5%

M.Rotondo IPA 2022
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LHCDb Upgrade |

* Excellent results from Run-I and Run-Il physics
data analysis

* In most of the case the precision is limited by
statistical uncertainties

Trigger yield (Arb. unit)

* Hardware trigger limited @1MHz rate

* The high pr and Er cuts saturate hadronic
channels

* At higher luminosity the current LHCb could not perform
successfully track reconstruction and PID information

* Larger number of primary vertexes: much higher
track multiplicity

* Higher occupancy in the detector

* Processing time in the online farm too high

M.Rotondo IPA 2022
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