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Introduction

. . b > .
* Indirect search for new physics ot
via measurements of b-decays %LLL< -
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Effects of New Physics

. b > > 0
* New Physics can change
. . LQ
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Proton energy: up to 7 TeV (102 eV)
speed: 0.999999991-c




Beauty/charm production

* Large production cross-section @ 7 TeV
— Minibias ~60 mb
— Charm ~6 mb

]- Flavour factory!
— Beauty  ~0.3 mb cf. 1nb @Y (45)

* Predominantly in forward/backward cones
e b
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Beauty/charm signature

Beauty Charm
M= 5 GeV M= 2 GeV
LAY A e

e~ e

& [P
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« Compared to minimum bias (background)
— Relatively high mass -2 high transverse momentum

— Relatively long lifetime = large impact parameter (IP)

* Requires excellent vertexing, tracking, particle-
identification



The LHCb experiment

[JINST 3 (2008) S08005]
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The LHCb trigger 5

SR - L0, Hardware

~ > I+
LO Hardware Trigger : 1 MHz — Pt (:ul) XPr (MZ) >(15 GEV)Z

readout, high Et/P+ ignatures — D1 (,U) > 1.8 GeV
— ET(e) > 2.4 GeV
Software High Level Trigger — ET (]/) > 30 GEV

Partial event reconstruction, select

[ displaced tracks/vertices and dimuons ] — ET (h) > 3 . 7 GeV
" Buffer events to disk, perform online K H |gh Level T”gge I

450 kHz 400 kHz 150 kHz
h# H/HH | e/y

detector calibration and alignment

:( Full{offiine-like event selection) mixturej _ Stage 1’ pT’ I P

of inclusive and exclusive triggers

r I b — Stage?2, full selection

12.5 kHz (0.6 GB/s) to storage
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BY - utu- eff.t

* BY mixing = effective T

1.0
. _ 7B, 1+ 2A ys + ys »
KrUT T 1 2 0.6}
1 —yg 1+ A £y, = o
whuT _ putus s i
R - R . T o0 PP =’,’7r
AR = L A,=1in SM 5 '
A utu~ utp~ AT e Non-scalar
Ry " +R; < -4 NP (G, Of)
—0.6
y, = AFS —0.8 ! == |S], ps free; [P|=1; pp =0
§ _ J op=1/2 1 op free; |S| =0;|P| =1+ 10%|]
2FS 10 |P|=1,|5|=0 Excluded at 95% C.L.

Measured by LHCb, CMS,
ALTAS, not-yet sensitive to A,

T4, = 2.07 + 0.29 + 0.03 ps

1.831923 4+ 0.04 ps [cvis, PLB 842 (2023) 137955
0.99%0:32 4 0.17 ps [ATLAS, JHEP 09 (2023) 199]

[LHCb, PRL 128 (2022) 041801] LHCb2011-2018
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R= BRexp(Bs — ,u+:u'—)/BRSM(Bs — /1,+,Uf)

[De Bruyn et al., PRL 109 (2012) 041801]
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BO N K*O‘u+'u—

“Poster-child” decay of b —» su*tu~
Described by g2 = m?(£*£7) and
O, Ok, @

Many observables!

1 d*(r'+T) 9
dTC+T)/dg2 4 = 32w
— F1, cos? 0k cos 260¢ + S3 sin? Ok sin? 6¢ cos 2¢

[3(1 — F1,)sin® @k + Fj, cos® Ok + 3(1 — Fy,) sin® 9k cos 26,

+ S, sin 20k sin 260, cos ¢ + S5 sin 20k sin 6 cos ¢
+ %4. pp sin? @k cos O + S7 sin 20k sin 6 sin @

+ Ss sin 26k sin 26 sin ¢ + Sg sin? @ sin® @ sin 2(2‘)]
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dB/dg? [10°® x ¢*/GeV?

dB/dg? [10°® x ¢*/GeV?]

Branching fraction of b = su™u~

Pattern of tensions seen,
theoretical uncertainty?
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[PRL 125 (2020) 011802]

.PSI—

P: with B°

Ss

K*u*u~

, less form-factor dependent
\/FL(]‘_FL) [S. Descotes-Genon, et al., JHEP 01 (2013) 048]

e Also measured by BeIIe ATLAS CMS
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|l [rad]

Count blue minus red
[P. Koppenburg, arXiv:1606.00999]




Candidates / (0.1GeVZ2c™)

Impact of charm loop

e Model of local and nonlocal A’

contributions to extract Wilson
CO-EfﬂCie N Cy [PRL 132 (2024) 131801]
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Lepton flavour universality

* In SM, three lepton families (e, u, T) have identical
couplings to the gauge bosons

q -« q q < q
b > > C h —>»
W~ £~
V¢

— which means, e.g.,
B(B+ N K+,u+,u_) 0(10~*%) uncertainty

1 [C. Bobeth et al., JHEP 12 (2007) 040]

B ‘B (B+ - K"' e + e _) 0(1%) QED correction
[M. Bordone et al., EJPC 76 (2016) 440]

e Lepton flavour universality violation? New Physics!

Ry

IR
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Experimental test of LFU

* Well established in SM, e.g. W — {v
W Leptonic Branching Ratios

— Some tension at LEP,

addressed by ATLAS/CMS

[ATLAS, NP 17 (2021) 813; CMS, PRD 105 (2022) 072008]
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LFU in b —> Sf"'{_ decayS before Dec 2022
* Deviations from SM seen by LHCb
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LFU in b = s£7 £~ decays

Precision at 5-10%

climb will be steep

O(1%) LFUV still possible
KE2HBIns, B LTMmKE

The road ahead will be long and our
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<14 [JHEP 05 (2020) 040]
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Deviations from SM seen

LFU in b — cfv decays
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 Some tension between
exclusive/inclusive
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[PRD 101 (2020) 072004]
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[PRL 131 (2023) 041804]

D® — ptu~
* Very rare decay: FCNC+helicity
suppression, contributions in SM
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Charged Lepton Flavour Violation

[PRD 108 (2023) 012021]
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https://indico.cern.ch/event/1055780/contributions/4454307

[CERN-LHCC-2018-027, 2021-012]

The LHCb upgrades
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[CERN-LHCC-2018-027, 2021-012]

 LHCb upgrades

(2025: 23 fb1, Upgrade-II: 300 fb1)

Prospects

Observable Current LHCb LHCb 2025 Belle I1 Upgrade II ATLAS & CMS
EW Penguins
Rk (1< ¢® < 6GeVic?) 0.1 [274] 0.025 0.036 0.007 -
Rk (1 < ¢* < 6GeVZch) 0.1 [275] 0.031 0.032 0.008 =
Ry, Ryk, Ry — 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 =
CKM tests
v, with B — DF K~ (33)° [136] 4° - 1° -
7, all modes e ol 14 1.5° 1.5° 0.35° -
sin28, with B® — J/¥K? 0.04 [606] 0.011 0.005 0.003 o
¢s, with BY — J /¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [607]
¢s, with B — DD 170 mrad [49] 35 mrad - 9 mrad -
5%, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad Under study [608]
ad 33 x 1074 [211] 10 x 1074 - 3x 1071 -
| Vsl /| Ves| 6% [201] 3% 1% 1% z
BY, B'—putp~
B(B® = utu)/B(B% — ptu~) 90% [264] 34% = 10% 21% (609]
TBO s utpu- 22% |264] 8% = 2% -
g = = - 0.2 -
b — ¢~y LUV studies
R(D*) 0.026 [215,217] 0.0072 0.005 0.002 =
R(J/Y) 0.24 [220] 0.071 - 0.02 —~
Charm
AAcp(KK — mr) 8.5 x 10~* [610] L.75%:10~* 510~ 3.0x107° -
Ar (= zsin @) 2.8 x 107 [240] 4.3 x107° 3.5 x 104 1.0 x 107° -
zsin¢g from D° — Kt~ 13 x 10~ [228] 3:2510~* 4.6 x 1074 8.0 x 107° -

z sin ¢ from multibody decays

(K3m) 4.0 x 1073

(K97m) 1.2 x 1074

(K3m) 8.0 x 1076
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Summary

* The Flavour anomalies are still there
— b - su*tu-,BR, Ps
—Rp»
o Vcb» Vub
* Efforts from both theoretical and experimental
sides needed to understand whether they are
— Sign of New Physics?
— QCD effects?
* Muon collider may be needed to find NP directly
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LHCb Trigger

25~ HB - rta
A B° — (=KK™ )y

VB - (= iutu)o(— KHKT)
O B® = D] (& K*K~ 77 )K+

Trigger yield (Arb. unit)
N
I

Run /11

olelo by Libil | P
1 15 2 25 3 35 4 45 5

------------------------------------

. Software High Level Trigger

[ Partial event reconstruction, select ]

displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

; V.

( Ful‘offline-like event selection) mixtureJ

of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage

7 N\

The LHCb trlgger (Run3)

30 MHz inelastic event rate
(full rate event building)

-Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Buffer events to disk, perform online
detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

\, J

L~ L I

2-5 GB/s to storage

29




The turbo stream
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Turbo stream, uDST, event size 10 times
smaller, maximize physics output!

30



LHCb luminosity prospects

— Luminosity: 7 fb~1 (2024) + 7 fb~ 1 (2025)
— Yields, compared to Run 1+2

* Muon modes ~2
* Hadronic modes ~4 (2 x 2 due to higher trigger eff.)
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The upgraded VELO

* Hybrid silicon pixel (55 x 55 um?)
— Thinner RF foil, 185 um
— Inner aperture reduced from 5.5—3.5 mm

* Incident in 2023, RF foil replaced now

Cos ARRRRRRARERREEE B U ST s s ss s e
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The upgraded RICH

* RICH-1, Aerogel removed; RoC of Spherical mirror increased
— Cherenkov angle resolution improved

— Radiator length increased => increased photon yields (b ricure-2023.019]
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[LHCb-Conf-2022-003]

1I-CL

CKM-y combination

e Simultaneous determination of
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[PRL 132 (2024) 051802]
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Flavour tagging?
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