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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
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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




Indirect search for New Physics

o SM NP
* Precision measurement S s

of heavy hadron decays

— Flavour-Changing NC
— Flavour-Changing CC

* Probe New Physics at
high energy scale
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Indirect search for NP (cont.)

* Overconstrain the CKM triangle
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[PRD 101 (2020) 072004]
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[PRL 128 (2022) 041801]
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[PRL 128 (2022) 041801]

BY - utu- eff.t

* BY mixing = effective T
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ATLAS 2015-2016

—_—r

—C—
—e
——

—_——

ATLAS
=e=— | {5=13 TeV, 26.3 fb”'

145 2 25 3 35 4
Bgauu Effective Lifetime [ps]

10



BO N K*O,U-I_,Ll_

* Described by g% = m*(£7¢7)
and 8,, 0y, ¢

 Many observables!

1 d3(C'+7T) 9

dT+D)/d¢2  aa0 32
— F1, cos? Ok cos 260¢ + S3 sin? Ok sin? 6 cos 2¢

+ S, sin 26k sin 26 cos ¢ + S5 sin 260 sin 6y cos ¢

= [%(1 — F1)sin® Ok + Fy, cos® Ok + %(1 — F1,) sin? O cos 26,

- %4 pp sin? @k cos @ + S7 sin 20k sin 6 sin @

+ Sg sin 20k sin 26¢ sin ¢ + So sin? Ak sin? ¢ sin 2@‘)]
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dB/dq? [10°® x ¢*/GeV?]

dB/dq? [10°® x ¢*/GeV?]

Branching fraction of b = su™u~

Pattern of tensions seen,
theoretical uncertainty?
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[PRL 131 (2023) 151801]

Candidates / (8 MeV/c?)
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* First measurement w/ excited baryon, “milestone”
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[arXiv:2308.06162]

Candidates / (25 MeV/c?)

Searchfor B » Du*u~

Performed w/ all data,
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Upper limits at 95% CL
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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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Count blue minus red
[P. Koppenburg, arXiv:1606.00999]




[LHCb-Paper-2023-033, in preparation]

Amplitude analysis of B - K*%u*tu~

* Parametrise the decay amplitudes, choices of

parametrisation introduce model-dependence

A = Nl F (ot o) | AR
_I_me;]wB [

q

— C’é'), 61(2 float, (,’g') fixed to SM
— Local FF, constr. to LCSR+LQCD

— Charm loop parameters H;,
constrained with

e Exp. info of B® - 1, K*° decays
* Theo. predictions at g% < 0 T01,801GeV 11, 12.5) Gev? 7 [GEV/e']

(C; £ C))Fy (q* k*) — 16%2%7{,\@2, kz)] }

my

||||||||||||||||||




[LHCb-Paper-2023-033, in preparation]

AP’ b—scc
5
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* Impact of charm loops consistent
with predictions.
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With extra freedom given by
cc, a shift in Cq still prefered
* Compatibility with SM, 1.80 in

Cq and 1.40 global
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[LHCb-Paper-2023-036, in preparation]

Amplitude analysis of A) = pK ™y

v

* Contributions from \
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* . _ T
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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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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

Ry = 0.78%035 2002 [cms, BPH-22-005-PAS]

<14 [JHEP 05 (2020) 040]

06l LHCD

L] [ )
* Deviations mostly gone
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LFU in b — cfv decays
* Deviations from SM seen by Babar/BeIIe/LHCb
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[PRL 131 (2023) 111802]

R(D™) using muonic T decays

* B(t =» uX)~17.4%

3D fits
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[PRD 108 (2023) 012018]

Candidates / (1.375 GeV?/c*)

R(D™) using 3-prong T decays
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[PRL 120 (2018) 121801]

R(J /W) using muonic T decays

Run-I, 1400 == 300 signal (30) B: IRty
— Pros: 3u, B(t —» uX)~17.4% Lo
— Cros: small g(B;), no t vertex 2
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B d e C a y S B:‘ 1(JP) = o(0™) 1.J, P need confirmation.

Quantum numbers shown are quark-model predictions.

Bf MASS 6274.47 + 0.32 MeV v
mB,~mB; 907.8 & 0.5 MeV v
POLARIZATION IN B;r DECAY
TL/Tin BY - J/yD4* 0.34 4 0.09 v
AP(B;) —0.010 4 0.010 v
— Decay Modes » Expand all decays
b C_W + _|_ B, modes are charge conjugates of the modes below.
— %
’ [/ [/ Mode Fraction (r; /T) Stgéfn?fé% P(MeV/c)
ot J/(18)eT vg anything seen v
+ Ty JS)ut vy seen 20372 v
£ v 7 = A7 rs  JpaS)yrtur seen 1932 v
£ b ‘ ‘ C u T4 J(AS)rt seen 2370 v
Ts TSkt seen 2341 v
Te J/paS)rtata seen 2350 v
7 TS KT xt 2294 v
T J/p(1S)KtK— K+ 2073 v
C > C Ty J/%(15)a1(1260) not seen 2169 v
T10 Jp(1S)KT K xt seen 2203 v
IS tatete seen 2309 v
T2 P(28)xt seen 2051 v
+ T3 @S 2026 v
— C ﬁ S T4 YESK K« 1838 v
’ T1i5  JAS)DOKH seen 1539 v
_|_ Tig  J/$(18)D*(2007) K+ seen 1411 v
O + [/ [/ T17  J/%(S)D*(2010) " K*0 seen 919 v
B ’ l T1g J/H(18)DF K*0 seen 122 v
S re  J(S)D} seen 1821 v
Tag J/p(1S)DsT seen 1727 v
C ’ ’ S d Ty TSt seen 1791 v
Ty xeort 2.47 5 2205 v
T2 pprt not seen 2970 v
To4 DOK+ seen 2837 v

7 Iys  DOxt not seen 2858 v

— b 1 b Tye D0t not seen 2814 v
+ ry7 D0kt not seen 2792 v

— C b % W Ty DfD’ <72x107 C=90% 2483 v
7 - / _|_ Tz D500 <30x107" C=90% 2483 v

+ b C k/r rsy p+p’ <19x10~% Cl=90% 2521 ~

T31 ptpo <14x1074 Cl=90% 2521 v

T v r2  pi*p’ <53x10°4 Cl=90% 2425 v
T | /| / + Is3 DD (2001 <46x1074 C=90% 2427 ~

rsa  DyTDO <ox10 4 Cl=90% 2425 ~

rss Dy D*(2007)° <66x104 Cl=90% 2427 ~

36 D*(2010)" D" <38x107 =90% 2467 v

Ta7 D*(2010)7 D", D*F - D*A0 / 4 not seen v

_ Tss DD (2007 <65x10 Cl=90% 2466 ~

C S I/,r T39 D‘(ZUUT):D“ <20x107% CL=90% v

L T4  D*(2010)7 DO, D*+ - D70 / 5 not seen 2467 ~
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[JHEP 07 (2023) 066]

B(B: - Bim™)

Measured w/ Run2 data, helps

constrain I'(b — ctv)
B(B; - Bim™)

B(B: - ]/ym*)
— B(B} - Bdn™*) is 8% - 30%
depending on B(B; - J/Yym™)
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[PRL 131 (2023) 091901]

Search for B?S) — PPPP

Non-pert. + weak, threshold enhancement?

-|rst observation (ewdence) of B(S) - pppp

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

The LHCb upgrades
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St (ps)
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Upgrade II, 4D detector
Timing, O(10 ps), is essential

Please see Z. Yang’s talk

Phase-II Upgrade

L =4x103% cm2%s-1 L=2x1033 cm2%s~1 L=2x103*cm2s1



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

 LHCb upgrades

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

Prospects

Observable Current LHCb LHCb 2025 Belle IT Upgrade II ATLAS & CMS
EW Penguins
Ry (1< ¢* < 6GeV3ch) 0.1 [274] 0.025 0.036 0.007 -
Rk- (1 < ¢% < 6GeV3cd) 0.1 [275] 0.031 0.032 0.008 =
Ry, Rk, Rx - 0.08, 0.06, 0.18 - 0.02,0.02, 0.05 =
CKM tests
v, with BY — DK~ (+37)° [136] 4° - 1¢ -
7, all modes (20> Hodl 1i5° 1.5° 0.35° -
sin 28, with B® — J/yK? 0.04 [606] 0.011 0.005 0.003 -
¢s, with BY — J /¢ 49 mrad [44] 14 mrad = 4 mrad 22 mrad [607]
¢, with B — DD 170 mrad [49] 35 mrad - 9 mrad =
53 with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad Under study [608]
ag) 33 x 107 [211] 10 x 1074 - 3 x 104 -
Vsl /|Vas| 6% [201] 3% 1% 1% -
B2, B’ —putu~
B(B® — p*u)/B(BY — ptu~) 90% [264] 34% - 10% 21% [609]
TBO i 22% [264] 8% - 2% -
o = = = 0.2 -
b — ¢~y 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 — mrr) 8.5 x 10~ [610] 1.7:%:10~% 5.4 x:10™4 3.0x 1075 =
Ar (=~ zsing) 2.8 x 107" [240] 4:35¢10~° 3.5x 1071 10 X100 -
zsin¢ from D° — K+~ 13 x 107 [228] 3.2:x:10~4 4.6:%:10™* 8.0 x 107° =

z sin ¢ from multibody decays

(K3m) 4.0 x 1073

(KOnm) 1.2 x 1074

(K3m) 8.0 x 1076
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Summary

Many interesting results from LHCb

— Flavour anomalies, V., b — SU U™ BR, R0y, Rp*,
to be confirmed or refuted with more data

— Rare decays, B — pppp
With LHCb upgrade (50 fbl) & upgrade-Il (300 fbl),
much more will be done

Your continued and strong supports are always
appreciated!
— Form factors, non-form-factor contributions

— New observables?



