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Proton energy: up to 7 TeV (102 eV)
speed: 0.999999991-c




The LHCb experiment

[JINST 3 (2008) S08005]
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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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[PRL 128 (2022) 041801]
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[PRL 128 (2022) 041801]

BY - utu- eff.t

* BY mixing = effective T
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* Measured by LHCb, CMS,
ALTAS, not-yet sensitive to A,

Ty = 2.07 + 0.29 + 0.03 ps

1.831923 1+ 0.04 ps [CVS, PLB 842 (2023) 137955]

0.99%0-32 4 0.17 ps [ATLAS, arXiv:2308.01171]
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[De Bruyn et al., PRL 109 (2012) 041801]
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BO N K*O,U-I_,Ll_

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

 Many observables!
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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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[arXiv:2308.06162]

Candidates / (25 MeV/c?)

Searchfor B » Du*u~
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[PRL 125 (2020) 011802]
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, less form-factor dependent
\/FL(]‘_FL) [S. Descotes-Genon, et al., JHEP 01 (2013) 048]
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[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, const. to LCSR+LQCD

— Charm loop parameters H;,
constrained using info

e Exp. info of B® - 1, K*° decays . :

bt

* Theo. predictions at g% < 0 T11,801GeV  [11,125] Gev? 1[GV

(C; £ C))Fy (q* k*) — 16%2%7{,\@2, kz)] }
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[LHCb-Paper-2023-033, in preparation]
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[LHCb-Paper-2023-036, in preparation]

Amplitude analysis of A) = pK ™y
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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~*) uncertianty

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]
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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

— Signal yields: 44 OOO

2
Mmpiss =

E,, energy of u

(ppRec

(P2 —pyy — pL)

2
pD(*))

z K
2\
D’ 4
B ,

PV
P ’: P

7t ‘B”—)D"r’v,

— Systematics: Simulation size, form factors, ...
R(D*)=0.281 +0.018 £ 0.023
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[PRD 108 (2023) 012018]

Candidates / (1.375 GeV?/c*)

R(D™) using 3-prong T decays

+

B(t - 3mTX)~9%+4%(>1n) | ll/
Normalized to B® - D*~3m . '\

B(B°— D* 7Fv,)

B(B’— D* ntn—n™)

B(BO— D-rtr-rt) DY) = Ruaal D) X =grgs 5 =S

3D fits, R(D*)=0.247 + 0.015 + 0.015 + 0.012

Rpaa(D”) =
— Signal yields:
— Systematics:
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[=3
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[PRL 128 (2022) 191803]

Candidates / (0.33 ps)

R(A?) using 3-prong T decays -

Noramalized to A} - A} 3m
B(A) - Atp~

V,) = (621 1.4)% by DELPHI

P\'

3D fits, R(A})=0.242 + 0.026 + 0 040 * 0. 059
— Signal yields: 349 + 40

— Systematics: D — 37X template, A) > AYDX

1600 |
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: AAAAAAA
0 5

, 120
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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

* R(J/Y)=0.71+0.17 £ 0.18
= 0.177515 7952 + 0.19 (theo.) s sizroiemg

1 & 4000
2000

o 3 16000 =
g . a14000 1
. \O -
3 8 :
& 4000 212000 =
O — NS B
d 3 10000 3
< 3000 1 2 ]
Z 1 £ s000 —
] ] ko] 3
£ 2000 1 F 6000 3
e = 3
2 -
8 E
@)

—
(=]
(=]
(=]

5 10 : 15 2 S T
m?_ [GeV?*cH] decay time [ps] Z(g°,E )
miss u



[PRL 131 (2023) 041804]

D® — ptu~
* Very rare decay: FCNC+helicity
suppression, contributions in SM
—SD, B(D® » utu=) ~ 10718
- LD, B(DO—>,u ,u )~1O 1

3 60 —— Total ) o —— Total E
S LHCb N S i > [ LHOGb — D ]
S 50:_ 367! Combinaorial 5 & 40F 3 Combinatorial *:
~ E 0666<BDT<10 D - B < [ 0666<BDT <10 D - ]
S 40 = D’ - K x* E : 30 D’ - K 7
~ ] (=) C
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B(D° - utu~) < 3.1x107° @ 90% CL

24



[EPJC 83 (2023) 666]

D*(2007)° » u*tu~
* Complementary to D — utu™ (same operators),

no chiral suppression, but can decay via EM
and strong interactions, BR in SM 0(10~1%)

e Searched in B~ » m~u*tu~ decay, no signal
vet, upper limit at 90% CL
B(D*(2007)° - utu™) < 2.6x1078

18 L B B
16 LHCb e Data .
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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
§ 25_ |:I Data . LHCb E
° — Total PDF 9 fb! ]
S 20: ........ B — pppp |\ Tight selection
S b - Bl pppp i E
— T e Comb. bkg
§ 15— -
< -
=
2 10}
<
O
b < < :;: 5 5
u 5100 5200 5300 5400 5500
W < ~ m(pppp) [MeV/c?]
<:<:75 B(B® - pppp) = 22+ 0.4+ 0.1 +£0.1)x107®
; w» B(BY - pppp) = (23 £ 1. 0 +0.2+0.1)x1078
' 2
Bd — pppp higher than ~5% ?
Vud
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[CERN-LHCC-2018-027, 2021-012]

The LHCb upgrades

B I T [ 1

N v ) ™ » © A ) ) QO N %)
& 4% 4% v W% v Qv v v %) o) ) ]
I S A U S\ I S A T S S S S

. ! ! ! ‘' ‘! ‘- ‘- ‘. | [ [ |

Upgrade | Upgrade Il
9 fb-! 50 fb?! 300 fb-!
. < > <

St (ps)

' - Side View Tungsten
Magnet & Neu!;g‘AL M3

Magnet Stations SciFi TORCH Shielding
&Silicon ,
:\T racker

- -

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, b = su™ ™ BR, R0, Rp~,
to be confirmed or refuted with more data

— Rare decays, D™° - u*u~, B - pppp

 With LHCb upgrade (50 fb?) & 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?



