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LHCDb detector

General purpose detector specialized in beauty and charm hadrons

O Single-arm forward designed to study the b and ¢ hadrons in
forward region 2<n<5

Calorimeters i i i
HadronID MuonID O Excellent tracking, momentum resolution and particle

scaL HCAL identification.

SPD/PS

6P /P <1% for P < 100GeV /c
97% eftficiency for e/u with 3% pion mis-ID

Indirectly search for New Physics

Int.].Mod.Phys.A 30 (2015) 07

2025/4/26 F5ELHCbEEYIIEIY S 4



Luminosity and publication

O Running Condition

eRun 1: 2011+2012, 7, 8 TeV
eRun 2: 2015-2018, 13 TeV
e Run 3: 2022-2026, 13.6 TeV

Run3 data taking ongoing!

o Run 1(2011+2012): 3 fb~! + Run 2 (2015-2018): 6 fb™1
©2024: 9.6 fb™1

O Publication in 2025,

- 13 paper submitted to arxiv
- 22 papers published on journal

This talk cannot cover all the recent results; you can refer to the
publication page for a full list of LHCb publications
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Integrated Recorded Luminosity (fb™)

-
o

— 2024 (13.6 TeV): 9.56 fb™
— 2023 (13.6 TeV): 0.37 fb™'
| —2022(13.6 TeV): 0.82 fb™
— 2018 (13 TeV): 2.19 b
— 2017 (13 TeV): 1.71 ™"
6l —2016(13TeV): 167 fio™!
— 2012 (8 TeV): 2.08 fb™
— 2011 (7 TeV): 1.11 fo!
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https://lbfence.cern.ch/alcm/analysis/statistics

"KM matrix & CPV
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CPV measurements at LHCb

» CP violation arises from the presence of a complex phase in the CKM

quark-mixing matrix

» Measuring the properties of the UT allows for precision tests of the SM

assumptions

» Additional sources needed, within or beyond the SM, to explain the

observed matter-antimatter asymmetry

LHCDb plays an important role in CPV&CKM measurements:
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CPVinB* = /" Decays

» b — ccd decay penguin diagrams contribution
not negligible wrt to tree-level, expect 0(1%) direct
CP violation. [JHEP 03 (2015) 145 JPG 48, 065002 (2021)]

» Can improve understanding of penguin
contribution to transitions ( § from B° - J/YK° )

» Measured relative to control sample of BT —
J/WK* decays: cancellation of many systematics

AAcp = (1421043 +0.08) %

First evidence of direct violation in
beauty to charmonia decays(3.20)
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Candidates / (4.5 MeV/c?)
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https://doi.org/10.1103/PhysRevLett.134.101801

TD-CPVin B - DD decaE

Sf = sin(2f + A¢d + Apdnp) =

For tree-level dominated decays,
sin 28

B — DD decays can probe the loop contribution

to the measured values of )

Results for B® - D*D:

Sp+p- = —0.55 + 0.10 (stat) = 0.01 (syst),
Cp+p- = 0.13 £+ 0.10 (stat) + 0.01 (syst),

CP conservation excluded by > 60

Results for B - DI D;:

¢, = —0.086 + 0.106 (stat) + 0.028 (syst)rad,
|/1D;rDS-| = 1.145 + 0.126 (stat) £ 0.031 (syst),

compatible with CP conservation
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Candidates /(3 MeV/c? )
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https://link.springer.com/article/10.1007/JHEP01(2025)061

TD-CPV in B - DgK decays

» CPV in B; - DgK is highly sensitivity to y — 2[5 thanks to large
ratio of interfering amplitudes

"ok = |A(BS = DyK*)/A(BS —» DgK™) =~ 0.4

The CP-violating parameters are measured with a tagged decay-time
fit

C; = 0791 + 0.061 + 0.022,
A" = —0.051 + 0.134 + 0.058,
A]%F = —0.303 + 0.125 + 0.055,
S; = —0.571 + 0.084 + 0.023,

Sf= —0.503 £+ 0.084 + 0.025,

y = (74 £ 12)°,
§ = (346.9188)°,
mp.x = 0.33 £ 0.04,
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https://link.springer.com/article/10.1007/JHEP03(2025)139

New combination of v

LHCb has previously measured CKM angle y using B*° - Dh*? decays

Final combination on angle y

y = (64.6 + 2.8)°

'J 1.0 L I LI B B I‘éﬂld. T
- 0 decays 1

S TG S5 S
i ary 808 5 decays | O

— L Summer 2024
0.8 Bl Al Modes

i i = B
0.6k ]

i ] 0.6
04k ] -

: 683%: 0.4
0.2k A

... 90:4% |
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Combined precision on y
now below 3°
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CPVin Bﬂon DecaE

> CP asymmetries with A} — ph~decays

'—‘3-5 xlﬂ:! T T T '—‘3-5 KIO-‘ T T T
£ | LHCbY 1 % | LHCb9
530 F 1 Z3of
Baryon CPV could appear in decays mediated by S |t ow S f 4o
. . . . . 32-5 [ - Ak 1 Z25¢F
similar quark transition as known CP-violating ‘MR e 1§ | msoer
meson decays (e.g. B » K*m™) 5 | e 15| =,

== Partreco. bkg. | 1 T == Pan. reco. bkg.

=]
T

e

» Combined Run 1+2 results

0.

D M S SR R e = i
5.2 54 5.6 5.8 2 54 5.6 5.8

0 m(pK-) [GeV/e?] m(pK*) [GeVic?]
AN = pK™) = (—1.1 £0.7 £ 0.4) % B
CP( b p ) ( ) 53 LHCb 9 fb-! ] ;__g [ LHCb 9 fb~!
Acp(A) = pr7) = (02+£0.8+0.4) % 2200 4 pw 1 220 t pu
= B Ao pr A 1 = P Al Sprt ﬁl
S5t A B 1 Z15p S E-E i
NO CPV E EEE A} pK- ' T [ EE Alopkr |I
& -==- Comb. bkg. | 1 & [ === Comb.bke |
1.0 v —— Part reco. bkg. II . 1_0_— —-— Part. reco. bkg. ||
| |
* 3ximprovement over current PDG average B SN l '5 R '
 Statistic uncertainty dominated 52 sa s 58 S2 s s s
m(pa) [GeVic?) mipxty [GeVic?)
arxiv:2412.13958
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Measurement of AOD decaz parameters

® Decay parameters have been proposed by Lee and Yang (1957) to study hyperon decays (A — pm)

e a(A) + a(Z)
P+l P e S e CFobservabler S = Oy @)

dr 5* 2¥( 5™ 5|2 — |pl2
x 1+ aoa,+ cos by, a= 2%(s"p) 3 = S(s7p) 5| 1P|
d cos ¢, b fle

s and p denote the parity-violating S-wave and parity-conserving P-wave amplitude

® Results of angular fit
Decay o a () A,
A) - Afm  —1.010+0.011 +0.003 0.996 + 0.011 £ 0.003 —1.003 + 0.008 + 0.005 0.007 + 0.008 + 0.005
A) - ATK~ —0.933 +£0.042 +0.014 0.995 + 0.036 + 0.013 —0.964 4 0.028 +0.015 —0.032 + 0.029 + 0.006

e First measurement of A) decay parameters

e All A, consistent with zero No CPV observed
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Evidence for CPV in Ay —» Ah*h™

> CP violation in A} /Z) - AhTh™(h = 7, K) decays

« similar dynamics B — hh’h”

* possible CPV enhancement
PRI1.134(2024)101902
o ML B — T T T T T T [ —T T T T T T T T T T T
L 500 00000 fl-o----- LHCb.Qfhl o ..., ] LHCb 9 fb™! 3
Z ! ﬁ — Total fit 132 ; — Total fit 1
= 400F - — A= AKKT ] = 400f — A— AK'K" 3
S f — == AK'K" = - —Z - Ak
: 300 :— -—-Aga AK*a-(mis) —: : 300 : . ]g_, AK-7+(mis)
5 r Comb. bkg. 1 8 s
= 200 AET- acky 4 E 200f comb- ke
=t S O [ et - e S Il B
: - b : ] i R TR0

g 100f jJ 1 & 100f A=A
o i %. N 1© i 1

0 WPPTTTTTLLE . o e, 47'-"‘.‘*'—. PR o Pt e i

5400 5600 5800 6000 5800 6000

m(AK*K") [MeV/c]

m(AK*K") [MeV/c?]

o A)/E) —» Ah~h~ decays

AAY (A) = Antr™) = —0.013£0.053 £ 0.018,

AADP (A) - AKF ™) = —0.118 £0.045 £ 0.021,
AAY (A) - AKTK™) =

0.083 = 0.023 = 0.016,

AAP () = AKnt) =

2025/4/26

027 +£0.12 £0.05 ,

» CP asymmetries measured as difference wrt to

control mode A) - Af (= Ant)n ™ (null CPV expected)
> Evidence of direct violation in A} /Z) - AK*K~ decays

(3.10)

» Possible interpretation: enhancement from N** - AK*

(3.20) resonance

20F

15

10

m2(KTKY) [GeV?/ ]

Amplitude analysis
needed to clarify

SH5ELHCbRAYIE TS

25

LHCb 9 fb™!
A= AK'K™

10 20 30
n2(AKY [GeV?/ 4

= (16.5 +5.1)%
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802

Observation of CPV in A} —» pK n* 7~ decays

. . arxiv:2503.16954
» CPV arises from interference between tree -
S b S
and loop amplitudes Wﬁjéﬁ u \ é 5/
» Resonant structure may enhance CPV across p ’ g ' B A : u/d
bl U - u U > U
the phase space d > d . N ;

N(A) > K n*n~™) = N(A) > pK*tn~m™)
Acp =

Acp = (245 +0.46 + 0.10) %

—0 .
N(A) > K-n*tm~) + N (Ab - pK+7'[_7T+)

Decay topology Mass region (GeV/c?) Acp
» First observation of direct violation in baryon decays i | 4o rpK-)RE) Mpic- < 2.2 (534 1.3+02)%
b i 3 = 5 Q
(520 from0) Mgeg- < L1
Mpe— < 1.7

Amplitude analysis needed! A9 = R(pr ) R(K™7%) 08 < mpg- <10 (27£08+0.1)%

or 1.1<m g <16

The details of baryon CPV will be presented by Shanzhen 60| _ 4 - R )K"
this afternoon 4 — R(E-*m)p

Mppin < 2.7 (5.4+0.9+0.1)%
Mp—min < 2.0 (20+£1.2+0.3)%
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Rare Decays & LFU
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S

Processes mediated by b —sf{ transitions are sensitive to New Physics (NP)

tudyv of b —stt transitions at LHCDb

(Br~ 1077 —107°)
> Suppressed in the SM:

> High energy mediators can modify the amplitudes & CPV observables

dB/dq? [10°® x ¢*/GeV?]

=

W CSR Lattice -e-Data 5 =] CSR Lattice -e-Data

T T T v 3 & T T T T

B* > K'utuw | 7 B > K™ty ]

LHCb 4 ,,Q 15h LHCb A

1 o ]

T+ E 2 L + ]

1 .5 p

4 & °F ]

5 L) -

. . . LN % ok A L ]
5 10 15 20 0 5 10 15 20

JHEP 06 (2014) 133
B’ —» KOutp~

¢ [GeV¥c4]

e

T T
< OS5 LHCbRun 1 +2016
: P71 SM from ASZB

0.5~

e T
—+

0

PRL125 (2020) 011802

!
5

L
10

.
15
4* [GeV¥ ¢4

il

,l:xo

PRL 125 (2020) 011802

¢ [GeVZc4)

BT — Kt utpu~

T

LHCD

—+ Data 9fb
SM from DHMV
SM from ASZB

galt

T

10 15
7 [GeV¥/et)

dB(B? — outu-)ldg? (GeV2ct)

x107%
uE LHep | —3— LHCb oM '
- LHCb 3™
12 0 4+ = SM (LCSR+Lattice)
o B = ¢u'u SM (LCSR)
L SM (Lattice)
8k 3
E:hb Iy W(2S)
6F =
L =3 e e
sp—— 3
¢ +
) -
: 1.80 - 3.60 3
\
% 5 10 15
PRL 131 (2023), 151801 4> [GeV?/cY]
14F LHCh Rk low-g =0991*
9! Ry contral-g = 0.949*
Ry low-g? = 0.927%

Ry low-® Ry centrakq? Ry

PRL131 (2023)051803

< low-g? Ry contral-q

Neutral Current

Nz ~
RIS,

New Physics

b 4
N ann
/JUUL\I

LHCDb has performed many interesting measurements in b —st{ decays including BF, Angular
observables and LFV ratio.
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Angular analysis of A} - pKutu™

» Study BF and angular observables coefficients measured in g*and m,x bins

<& 3000 4

» BF measured with respect to A} - J/¥pK *

l(JliE)J

5004

» Decay rate described by 46 angular moments K; u

= 0.4 B
d 5 ke 7 4;“ .

an (a2, mi ) fi () T/

(I) = (q ) mpK, COSHH, COSQP, ¢) _EH‘E; sy | vas)

2.5 5.0 75 10.00 125 150 2.5 5.0 7.5 10.0 125 150

Q ( 0 9 7 [GeV2/et] 7 [GeVi/eY)
= (cos6,, cosh,, qb)
K p s LT —————T7——] & ]
07| B0 <my <1506y {1 T o F LHCb 9 fb™ K 14359 < myx < 15900 Gav/e® 3
F T 15900 < myg < 17500 GeV/e? 7 UE ¥ 1.5900 < myp < 17500 GeV/e? ]
0.50 E @ 1.7500 < m,p < 22000 GeVje2 3 os0E 0 17500 < m,p < 2.2000 GeVje? 4

1.4359 < myr < LT 500 GeV/e? E F 1.4359 < myr < LT 500 GeV/e?

* Enhancement at very low dimuon invariant mass

0.25 F

- -‘ (]2;_—

which disagrees with quark-model predictions 00 i I IRLY: % I -]
—0.25F ':%i ] —0.25F = %‘_l
» Low signal significance at high di-hadron mass (no % I JFHH %
. —075F LHCH 9 fh! . —orsEL 1T .
angular observables determined) ldsil B EXEmsiisaees N N

0 5 10 15 0 5 10 15
q* [GeV¥ e ¢ [GeV¥H Y

* Angular moments statistically limited

JHEP 12 (2024) 147
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Angular analysis of B® » K*%¢*e~

— Decay rates fully described in terms of angular

coefficients, related to wilson coefficients
— Angular observables extracted from 4D fit:
General good agreement with SM predictions

> Most precise measurements up to date

— No strong sign of LFU violation

o 1.0
= LHCb ABCDMN
< 77772
> i 9fb! 72222 GRvDV
_L; 0.5 ¥ Daa
<
2 P,
£ 00r . 7
e
o =y R
05+
1.0

FrL S3 S4 S5 A S7 Ss S
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soF LHCb 9fb!

R
sl TN
—_— R e
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n
Ry )

— T T T T
=+ Data (weighted) 301
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—+— Double semileptonic
= — Combinatorial ]
Partially reconstructed -

. Misidentification
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ey n
5000 5200

5400 5600
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=
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Angular analysis of B — ¢e*e” decay

» Angular analysis of similar decay mode in the low, central and high g regions, to extract angular

coefficients
~~ 1_‘ B 8 T T 4 Lo | 4 L [ T ] L | L 1 4 T
L;"] - - 1 ]
. . . . . ~of S SE ] LHCb 9 fb!
» Results compatible with SM predictions and previous % i ] 50 e B ep oo ]
L Dy uTu i L i
measurements on B - ¢utu~ [JTHEP 11 (2021) 43] 0.6 ’ |~ Standard Model . b CBew
04[ + i ]
Observable 0.1 < ¢* < 1.1GeV¥/e! 1.1 < ¢* <6.0GeVY/c* 15.0 < ¢ < 19.0GeV?/¢! N T
0 5 10 15 b 5 10 15
(FL) 0.25 912 +0.06 0.67 912 £ 0.06 0.43 191 +0.05 g2 [GeV¥/c4] g% [GeV?/c4]
(AL) 0.60 T3 +£0.05 0.24 7019 £0.09 —0.57 1032 £ 0.05 — I A
(Ss) 0.23+02¢ 1 .07 0.07 +9:2 4 0,07 —0.01+02 4 0.08 g e I B O :
N . [ RO 7] O[] “Bl—gpete 7]
(Ag) 0.28 7023 1 .04 —0.14 792 1 (.04 0.06 192 1+ 0.05 j, I',}g;andd:tr’:i”Model ] } By i :
0] 5 I + 0*-——? ************ %*
-0.5F . -0.5F .
Statistic limited, require more data for | S | SO
further improvement > 0 2 Bevien > 10 Bevien
arxiv:2504.06346
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Photon polarisation constraints from BY — ¢e*te™

>

Perform angular analysis at very low g region , angular

observables are sensitive to C; and C;

*First observation of By — ¢e*e™ decay

Consistent with the SM predictions

1.0
Constraints at 20

== B(B = Xsv)
=) AN . B — K*%¢te~ (LHCb)

0.5 -7 N
o > BY — K*%¢te™ (Belle)
/‘/ (- \ Y m— BY — pete
i /5 N 2 2
0.0 i a2y : B Kgn®

i v 7 f
\ \/ MiZo! / B? - ¢y
\ /)
\ / A2 - AA,
\\‘ ¢
\ / Global
N -

/ flavio

Im(C%/C7)

-1.0 T T
-1.0 -0.5 0.0 0.5 1.0

Re(C7/Cr)
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AP = —0.045 + 0.235 + 0.014,

g% €[0.0009,0.2615] GeV4/c*

JHEP03(2025)047

Foa R~ L L DL L L L R AL L L B _— 30 L 7 T N T T T N v T T v T T T T T T
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R L | S 25F 9f’ 3
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E 25F BE—? Wru(—r e ey) §
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Sensitive to photon polarisation

ATMCP = 0.002 + 0.247 £+ 0.016,
AReCP = 0.116 + 0.155 + 0.006,  Fwd-bkd asymmetry
Fi,. = (04+5.6+1.2)%, Longitudinal polarisation
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LFU ratio with B — ¢e*e™ decays (Ry)

v" First LFU test with By decay

v Measurement performed in three g* regions

» low — g*:

0.1 < g?< 1.1 Gev?/c*

» central — g%:1.1 < g% < 6.0 Gev?/c*
» high — g% 15 < g¢? <19 Gev?/c*

v" Cross checks using J /i and y(2S) region:

R;/p = 0.997 £ 0.013, Ry 25) = 1.010 + 0.026

v" Results in agreement with SM predictions

¢ [GeV?/c!]

~1
R¢

0.1<g®’< 1.1
. 1.1<¢*><6.0
First 150 < ¢2 < 19.0

1.57 1958 £0.05

0.91 1920 4 0,05

0.85 1023 £0.10

time
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LFU ratiowith Bt - K*t"nn 71" (R(KTtm))

v" Measurement performed in central-q* region and inclusive Knm system

v" First observation of B¥ - K*mw*m~"e*e™ decay

%200 -+ ?::;1 o LHCb 9fb! ‘ ;}200 ‘ LHCb 957" ]

‘/ . . E sob f—);\i;-:d:[:t:rﬁ_(‘:f_loil_ 4 E 150 _ + ?atal - _

Cross checks using J /1 and y(2S) region: = B K a - 2fgloe o) S T ]

: I Partially reconstructed ] ‘;; r ombinatoria
§ 100 i Combinatorial ] % 100 I comb l ]
R,y = 1.033 4+ 0.017, R = 1.033 + 0.017 s R TR
]/ ' - 7 P (2S) ' - gso& ot 1 & so
X TN + ] ]
........ e U I 5 i ok . ; :
. . 5000 5200 5400 5600 5200 5300 5400 5500 5600

\/ Compatlble Wlth the SM m(K atr ete ) [MeV/c? m(Ktatr ptu) [MeV/e?
Rynn = 1.3125:77 (stat) Z5;g5(syst) i
3 8fF
T
Potential to perform the measurement in St
more g* region using larger stat. af
21

0: ||
1.6 1.8
Rirr
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LFU ratio with B* - K*[*[~ in high q*(Rg)
> Measurement performed in high-q* region

» Most precise LFU test above the psi(25) mass

» Cross checks using J /¢ and Y(25) region:

R; ;= 0.997 £0.003+0.055,

» Result of Ry

Ry (q? > 14.3 GeV?/c*) = 1.081931 +0.04

Compatible with the SM

2025/4/26 F5ELHCbEEYIIEIY S

LHCb-PAPER-2024-056, in preparation

N
)

Candidates / (80 MeV/c?)

o0
)

[*))
(e)

—
o
8]

Candidates / (10 MeV/c?)

100

|
105200

4500

LHCb

-+ Data9fb!
Total fit
......... B+ - K+ e+ 2 -
Il Mis-ID
B Part. Reco.
Combinatorial _|

LIL. 1., . L1711,

5000 5500 6000 6500
m(K*e*te ) [MeV/c?]

LHCb
<4 Data9fb!
Total fit
........ B* —)K"“u""u_
Bl B' =K' YQ2S) (- ptp)

Combinatorial

—

..I..::..l..
5300 5400

5500 5600
m(K* p* i) [MeV/c?]



sz of LFU ratio measurements

[T T T T T T T ]
0:1.6_— [
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- 14l HH Ry [arXiv2410.13748]
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Search for LFV decaE

Any observation of a charged LFV decay would provide clear evidence for physics beyond the SM
Phys. Rev. D110 (2024) 7

O Search for rare decay Bd - ¢ur WETT
% 12F ;[;J(ib
» The first limit on this LFV decay Z o
B(B? - ¢pu*tt™) < 1.0 X 10~%at 90%CL, =
B(B? > ¢pu*tt7) < 1.1 X 10-5at 95%CL. E
Q

—e—Data — Total fit -
---Smooth bkg. [l D¢r* bkg.
37 signal 3r7° signal ]

O Search for rare decay B® - K*0t*e™

» Mass re-fitted including missing neutrino momentum
and kinematic constraints

— T3
LHCb Preliminary §

P T
Model Upper limit [107°] ;‘:’ ++ l
BY—y *0r—et BO_y [(*0r+e— 2 ]/">
Phase-space 5.9 (7.1) 4.9 (5.9) R
Left-handed 630 5.4 (6.4) El
Scalar 6.6 (8.0) 5.7 (6.8) S0
the most stringent upper limits placed on 07

5.4 b

™

b — stl transitions
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https://link.aps.org/doi/10.1103/PhysRevD.110.072014

Spectroscopy
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New hadrons at LHCb

2025/4/26

11.5 L L 1 L 1 1 L 1 1 1 1 1 L
® Ng ® cccc cqq
11.0 - 69 new hadrons at LHCb I i
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Doublz—charmed—bﬂon decaz

» Doubly charmed baryon £ observed in the A K n*n* mass spectrum by LHCb in
2017 [Phys.Rev.Lett.119,112001(2017)]

> Only three decay modes observed so far, additional measurements essential to better
understand the decay dynamics of doubly charmed baryons

> Bt - Elntnt mediated by the same b — sud weak transition of £}t - AK ntnt and

~cc
o+t oD+ _+

U u
(T
-
&t . ) d
at N
d Eitie > ¢ AS
ELT < d u u > u
Pa
C S C S C S
wt di 4 Wty ;d o+ Wty ;d o+
N “/ \ ”/
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Doublz—charmed bgzon decaz

> The significance of the £} —» Z2n*n* signal is estimated to be above 10 o Most of the
systematics cancel in the ratio of branching fractions

» Use Af K n*n*decay as the normalization channel

B(.’EJr > E0ntnt) x B(EOTK K~ 7T+)

-+
BE > Eem™ ™) e 018 + 009, +[035
B(:v++ SN A+K_T[+7T+) - " —_ " stat — " Syst —_ " ext
~cc (o
s ————————————— 1000 g
c"\-{j 30 —{—Data LHCbH _E § 900 +Data
% — Total fit 5.4 b E o 800F — Total fit
) e = 2 700 oAk
< 20f cm? . E S 600F T
§ ¢ ] Fé 500
5 15 = T 400
5 ; E 300
5 10 ]l E S 200
2 s ;; [ﬂ'lj{HH H_ 100
(|2 e 500 SROVTAAIN 31 S L 0 =550 3600 3650 3700
3550 3600 _3650 3700 mcand(A;K_”+ﬂ+) [MeV/CZ]

m, (E.m7m?) [MeV/
LHCb-PAPER-2024-053 ,in preparation
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SEecl:roscoEX of hidden—beaufz states

v Experimental knowledge of hidden beauty states is still limited ‘ - T e ey
v Measuring) mass using decay modes I
Y(3S) > (Y(2S) » utp )mtm™ i
Y(2S) - (Y(1S) » utu )n*m~ .
5 800 -Vw T ‘VI "”T“TI;‘;ﬂr T V‘[(‘:(.\.Y(.‘?]V
v Result: Consistent and comparable with world average 2o S e ont 3
My(15) = 9460.37 + 0.014¢5 + 2.854,5c Me V/c? My(15)ppe = 9460.40 £ 0.09 + 0.04 MeV/c? =,
My (2s) = 10023.28 + 0.03gta¢ £ 0.125y5¢ £ 0.09¢, Me V/? My (25)ppe = 10023.4 £ 0.5 Me V/c2 >
My (35) = 10355.28 £ 0.0355¢ £ 0.044y5c + 0.48¢5¢ Me V/c? My (35)ppe = 10355.1 + 0.5 Me V/c? o0t o
10.34 10.35 lf?’.:zs:n‘n 10.37 [(:E.\}“(l—?].SB
v" First observation of the muonic Dalitz decays of the yp1(1P), xp2(1P), xp1(2P), and S g T |
= b B
Xp2 (2P) mesons decay to the Y(1S5) state and measurement of the masses ;40
Significances above 50 for all the states i +
S5 102“Hlﬁ+ -

JHEP 10 (2024) 122 31
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Open-charm tetraquark in B~ — D~D°K¢ decay

» Perform Amplitude analysis of the B~ - D~D°KY{ decay
» Spin-0 open-charm tetraquark T;% (2870) observed in the D°K? final state for the first time

> No significant T2 states with /¥ = 1~ or charmonium-like tetraquarks observed
g cs0 q

( 650(2870)) = 2883 + 115 T 8gysc Me V/c?

I (7:%(2870)) = 8713252 + 17, MeV
FF(T:%(2870) - DO°K?Q) = (2.6 + 1. 250 + 0.45y5) %

§240_ L|HCb ) ngO_w I e e B B §140: — T
> L 21 —— Data i > 100 > 120
@ L 9fb L Fit w/o T7,(2870)" @ o .
O 180 (a) — Fitw/ I7,(2870)" "] O O 100F
o f D, (2573 s B
o D}, (2700 1 < L S gok
=2 1200 AN I, (2860) i =2 60k =) L
~ - 4l v NR (S-wave) ~ [ ~ 60 [
8 — - NR (P-wave) 8 3 % N
= | S8 T7,(2870) = 40[ T 40l
S 60 — - Background = = [
5 4 - T =l [
s | 1 £ 20f . S 20
[ i ‘ : i < < C
#0 ® [Gev/e 2'5\_myc v/
m e
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Measurement of weak mixing angle

» LHCD covers the forward region, with access to low and high
Bjorken-x regions of the phase-space

» Complementary coverage with other experiments has big
implications on modelling - especially with PDFs

» Extracted using Fwd-Bkd asymmetry of Z — u*u~decays at LHCb

zfy”

« 1+ cos?0* + A, cosf

q ALLO L

| w

App =544

> Results:

.5 lept
2
sin Qe o

= 0.23152 +0.00044y,4; + 0.000054,,5; £ 0.00022,p,¢,
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E |[JLHCh
* -] ATLAS/CMS
E chalmn
' | HERA

F Dﬁxcd target
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LHCb 5.4 fb-!
e SiI'l2 9:;:1::0228
—  sin?8%=0.235
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LEP and SLD combination
Phys. Rept. 427 (2006) 257
yhad
Q)—H
0,¢
AH{
0.k
A)—H
0.1
Apy
P,
A, (SLD)
ATLAS 7 TeV
JHEP 09 (2015) 049

LHCb 7 and 8 TeV
JHEP 11 (2015) 190

evatron co n

PRD 97 (2018) 112007
CMS 8 TeV
EPIC 78 (20
% | ATLAS 8 TeV preliminary
g ATLAS-CONF-2018-037
2| CMS13TeV
] arXiv:2408.07622

troweak Fit (J.
PRD 106 (2022) 033003

THEP12(2024)026
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https://link.springer.com/article/10.1007/JHEP12(2024)026

Measurement of Z boson mass

Simple fit to the dimuon mass spectrum following all calibrations

< 30000 L B S B First dedicated measurement of m, at the LHC
C *  LHCb Preliminary 1.7 fb~'
& 25000 _: —— Total uncertainty
g Statistical uncertainty
% 20000 F .
=t _z m,= 91184.2 + 9.5 MeV
[3 : E LEP Combination —
IOOOO ._ _- é Phys. Rept. 427 (2006) 257
* Data ] 5 CDF
[ — Fitresult gz Science 376 (2022) 170
5000 ¢ mz=91.0 GeV 582 | iucw Preliminary
: mz= 914 GeV LHCb-PAPER-2025-008
R T T YR “ p L P e
) ] Pimuon mass [GeV] :5 Reached the Electroweak Fit Precision!
Data correction with pseudo-mass method ST S110 w9
LHCb-PAPER-2025-008, in preparation
Source Size [MeV] v" Encouraging prospects for my at the LHC
Momentum calibration 4.1 .. .
Signal OED corrections 08 — Eagerly anticipate dedicated m  results from
Parton distribution functions 0.7
De i ici 0.1 ATLAS and CMS
{_Statistical uncertaint 8.5
Total 9.5 — An LHC average may challenge LEP soon!
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Y Eroducl:ion Vs multiE]iciEZ in pp

x10° |

v . . 250f T T
Measured Y (2S) and Y'(3S) production as a function of D LHCbpp 2o ]
multiplicity (primary vertex charged tracks) e 0cyus

- - Background 20<y<45 ]
0 <p,< 30 GeV/e T

v" Probe for Cold Nuclear Matter effects in the simplest hadronic
collision system
- Baseline for final-state effects study in pN and NN collisions

0 < Npy <200

—

=

=]
|

n
o
L L TTrrrJr

Candidates / (21 MeV/c?)
2
|

F g § AN
v' Dependencies compared with Comover model predictions [PLB 731  “ 500 9s00 1§(\}\\o\o T 2
(2014) 57] | My MeV/e?]

arXiv:2501.12611, submitted to JHEP

- Opverall trend reproduced, but for low multiplicity
- Values not fully compatible, espec1ally for Y (3S)

on T T r /(/)\13' L SR 7o T T T T T T T
s T 1 o F
2 06F + LHCb pp 13 TeV, 20<y<45 = o oy guy ~ r(28)/r(1S) E
1.2
o e . { l ] © 3 - Y(38)/T(1S) ]
7 05fF Pt [ } ] 211k & Comover for Y(28)/ 7(1S) 3
g 0.45_ I ] I} { _E bx 15_ :B: Comover for Y'(3S)/Y’(IS)_E
S ' it ] 3 C #F = ]
7 03 [ 17 -- 3 2 09F & 3
g 0. r|l. . < F LHCbpp2fb’ -H— -
© ] E (5=13 TeV -
~ 0.2 L]H —— CMS pp 7 TeV, |y| < 1.2 - g 0'8: * ¢ -H- .E.
& I —— LHCb pp5.02TeV, 2.0 <y <45 ] Z 07F 0<p, <30GeVic -
~ 0.1:— —— LHCb pPb8.16 TeV, 1.5 <y <4.0 - TF 20<y<45 E
g - LHCbepBlEiTeV—50<y<—25 aeAlMEEEe... W=
o1 ! - . 0 1 2 3 4 5
0 10 20 30 40 50 PV
Pr [GeV/c] <N trk>/ <N trk /NoBias
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Xc1 (3872) and ¥ (2S) production in pPb

» First measurement of nuclear modification factor
of an exotic hadron in J/Yr*n~ state
—Probe for exotic vs conventional hadron

» Increase of y., (3872) /U(2S) cross-section ratio with
interacting nucleons

—Suggest different y.; (3872) dynamics in nuclear

medium compared to (2S)
— Enhanced exotic production is suggested

k ' ' L oms iﬁ'l "LHCb pPb (50 =8.16 TeV |
. & 15 GeV/e | pro sy =o.10 1e

S Pz ~ 5F ]

5|3 =y (3872) > Sy n]

S S . ]

;I- T1F LHCb E 4:_ — (29 > pu ]

=18 p.>5 GeV/c 1 b p,>5GeVie 1

s ] _ ]

=F 3t ]

bi_'n m m 2 C n

L | PS5 ]
L : I === -

[ 2<p<45 | 1.5<y<d | -5<y<-2.5 | <09 ] (] e S S S

pp pPb Pbp PbPb =5 0 5

Y

i e N,
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https://arxiv.org/abs/2410.18018

A polarization in fixed-target p-Ne

> Excellent A dataset purity Measured A and A Zowof T T gRepTT T T T
. . % 5000 o Dae LHCb 3 %3000F e D LHCb 3
pOIarlsatlon = f ------- ?a%:klground Vo = 68.4 GeV pNe é = 2500 F e ?agcklground Vo = 68.4 GeV pNe _E
. . 2 4000 ota 3 2 é —— lota g
- Transverse to production plane for parity S ok 1 Sawf ;
conservation 20k ERS 2 E
3"1; ] = 1000 E_ _E
S 1000F 7 S soof =
> AnaIYSiS Of A — pﬂ decay distribution 100;0 11.00 1116 - 1120 11l30 121-40 1%;0 llJOO 111(; -1120 _ 1130 12140
1 m(pm) [MeV/cT] m(pnt) [MeV/c]
P(cos8) = 5 (1 + aPcos ) — 09_1(42024) 082
. ? ”’ A P, =0029£0019 7 ; ”’ A P =0.003+0.023 7
- @ proton polar angle in A rest frame 2t
. e e I e SR
- & fixed from PDG W N A +
» Averaged result: R et
Ps[%] = 2.9 4+ 1.9(stat) + 1.2(syst) g
0/1 — g
P+[%] = 0.3 £ 2.3(stat) £ 1.4(syst) B
Tendency of increasing negative polarisation with x compatible "} — .-
——
with current measurements " S
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spects & Conclusions
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Prospects of LHCb physics

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5| Runé6
2011]2012/2013]2014/2015]2016[2017{2018§2019]2020(2021| 2d2|2023]2024| 2023 2026 2027[202812029[2030] 2031{2032§2033 20342035 [2036(2037[2038(2039] 2040|204 1| 2042
Upgrade 1 Consolidation Upgrade 2

* Run 3 data-taking with Upgrade I LHCb detector ongoing

—higher peak luminosity in pp wrt Run 2

—Expect to accumulate 23 fb~! data in Run3 | |tk

* Phase II Upgrade for Run 5 proposed

—Huge increase in sample size expected - stay tuned

upgrade
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What could be expected after upgrades?

» More data than the expectation luminosity of Run 1 & 2 in 2024!

The gain maybe ~2 X due to removal of hardware trigger

— - T i} ~ xl0 — .
£70000- LHCb Preliminary T oo | 3 * 338— . Data B | | o | L
D F 2024 () _E_ _E 2 —f[t Mode LHCb Preliminary E
2 60000¢ > 0 ;chb. E S 3s0F NS { 0<p <l4GeVie 3
S 50000F — Data 203 reluminary - = o 300E 0@ X " 3
= g . S ook Pokw 3 & 300E wmves) \ 2<y<4s 1
940000;_ ....... Signal > . 35 § 2024 Data g : 250;_ - = Background § =
E 300002 [ ] Combinatorial g 02? :?,";ﬁ:mum E 8 200;— § —;
% 20000: B'— D+, p} :% 0;515 — Signal E § 138;_ § _é
"2 10000 00sE- 3 8 F \ 425 E
5 et —— | oF AN E o 0F N\ E —
5100 5200 5300 5400 5500 5600 50s TR O g0 es00 10000 10500
m(D™ ") [MeV/c?] m(D"rr) [MeV/c?] m,. -[MeV/c?]
D 107 g T X T T
(@]
Topic Comment £g10™*
Spectroscopy Enormous yields in gold-plated final states “ 10°
e.g. AM A) — JypK ~ decays (‘pentaquark’ mode) 2
Higgs Measure Higgs-charm Yukawa within factor 2 to 3 of SM value 10
sin? Oy Uncertainty < 1074, better than LEP/SLD 1077 x5
Proton structure Precision probes at extremely low and high Bjorken-x values, 1078 - S LHCD LL, 25 5" solid)
with Q2 > 10° GeV? N J) LHCD LL, 300 " dashe
Hidden sector Sensitivity to most of relevant parameter space for dark-photon models 107 oo \ A% oLl | | I (solid)
10 10 \(()D\{h\ - j ’ /\II‘H(‘I) TT,300 fb™! (dash
. ~11 BBN (1> 1 sec) STii
e.g. Replacing TT — SCIFI allow to probe the 10 N Ly,
. . . . . -12 \, . .
invisible using SCIFI-only tracking W e
10—13 1 o wal 1 1 r 1 gl 1
107! 1
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Conclusion

» First observation of CPV in baryon decays
» World-leading precision measurements of the CKM matrix
» Rich observations in hadron spectroscopy

» Expanding strength in heavy-ion and

electroweak measurements

» Comprehensive studies of rare decays

and LFU tests

upgrade
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CPVinB* = /" Decays

» b — ccd decay penguin diagrams contribution % "¢ b
. . . v 108 —lotal fit

not negligible wrt to tree-level, expect O(1%) direct Z " “B K
CP violation. [JHEP 03 (2015) 145 JPG 48, 065002 (2021)] > ahatbie 1
3 :

: : . E oL ¥

» Can improve understanding of penguin o
contribution to transitions ( f from B? - J/yK?) S0 5200 500 sa00 500
S L Lo ]

= LHCb 5.4 b +Daa

» Experimental measure yields asymmetry ol ;éitglgfig: ]

E L, —-Lom g
, -1Part bkg

ATaW — ACP _I_Adet +

Physical
asymmetry

E.S. detection
asymmetry

» Measured relative to control sample of BT —
J/WK™ decays: cancellation of many systematics T

Particle - anti-particle
production asymmetry

y s
10° B

Candidates / (4.5 MeV/c?)

[
|

10*

Candidates / (4.5 MeV/c?)

102 &

10° E

Candidates / (4.5 MeV/c?)

10° g——T————
[ LHCbS5.4fb!

e,
9,050,
1 03 “:"Mo

&
dceress
2R

<P
<

<

X
%

% X >
3
%

&
25
b

2
KX

o
X

%
gt
5

5

%

+Data
—Total fit |
B =J E
—Comb bkg 1
fPart bkg 3

5300

m(JAK ") [MeV/c?]

5400 5500

10
LHCb 54

detelel
107 B

SU595S
10 Eieosesescss
ooy

i, —-Comb bkg
i, = Part bkg

AAcp = (1421043 +0.08) %

First evidence of direct violation in
beauty to charmonia decays(3.20)

2025/4/26

5100 5200 5300 5400 5500 5100 5300 5400 5500
m(JAy ) [MeV/c?] m(JAy ) [MeV/c?]
— :
Runl +—e—ri 3.830 £0.030 £ 0.030 Run 1 ——————1 1.82+0.86 +0.14
2016 ————13.900 £ 0.040 + 0.025 2016 1.43 £0.87 £0.09
2017 — 3.858 +0.039 + 0.022 2017 0.81 £0.87+0.11
2018 F——e—i 3.805 +0.037 +0.023 2018 1.58£0.80+0.11
Average ——i 3.846 +0.018 £ 0.018 Average 1.42 +0.43 +£0.08
"3!9"";““4{1' 0 l

373
S5ELHCbRIGYIET &

Branching fraction ratio [1072]

4
4MA 1077



Measurement of /) decay parameters

® Decay parameters have been proposed by Lee and Yang (1957) to study hyperon decays (A — pm)
dr 2R (s"p)

———— X 1 4+ aoa,+ cos by «
d cos 0, b A ’

_ 23(s™p)
s>+ |p|2” s+ |p|*

s|> — |p|?
s+ |p|?”

s and p denote the parity-violating S-wave and parity-conserving P-wave amplitude

A} rest frame

A rest frame ¢1
hi (KS)

K - —— - ——
---------------------------------------------------- % igggg; LHCh, 9.0 fb _ % ]'}'}'}:— LHCh, 9.0 b -]
A(p) E 14{]{][?; A= ALm, A —pKy _ E EDD:— A= ALK, A —p Ky
se 12000 —— Data 3 ) - —3 Data :
Z10000F —— Taotal fit = Z 600 —— Total fit -
5 8000 0+ 1 e AlsAln 3 = - cenees AT ATK
% 6000 F gﬂ_’:f'“_{_“’li‘} E 4UD:_ '~----2!—>;}.'.r[Tnli5:
o cesees Combinatoria — N ««eees Combinatoria
2 4000¢ 2 200F 3
& 2000¢ _ : o] : o e
o 0 . . 0 e e Lo
. — 5500 5600 5700 5800 5900 5500 5600 5700 5800 5900
B m(A, ) [MeV/c?] m(A.K™) [MeV/c?]

Contain S- or P-waves and thus one can study strong and weak phases difference between them and
probe CPV inside

2025/4/26 F5ELHCbEEYIIEIY S 45



Measurement of A} decay parameters

CP violating observables: A% = a(A) + a(A)
a(A) — a(/l)
Decay a a (a) A,

Ay = Afr~  —1.010£0.011 £0.003  0.996 £ 0.011 +£0.003 —1.003 +0.008 £0.005  0.007 £ 0.008 £ 0.005

A} = ATK~ —0.933+0.042+0.014  0.995+0.036 £0.013 —0.964 + 0.028 +£0.015 —0.032 + 0.029 + 0.006

A = Ant —0.782+£0.009 £ 0.004  0.787 £0.009 = 0.003 —0.785 £ 0.006 = 0.003 —0.003 = 0.008 £ 0.002

AT = AKT  —0.569 £0.059 £0.028  0.464 £ 0.058 £0.017 —0.516 +0.041 = 0.021 0.102 4= 0.080 = 0.023

AF = pK{  —0.744+0.0124+0.009  0.765 +0.012 £ 0.007 —0.754 = 0.008 = 0.006 —0.014 £ 0.011 £ 0.008

A — pr™ 0.717 £ 0.017 £ 0.009 —0.748 = 0.016 = 0.007  0.733 =0.012 +0.006 —0.022 == 0.016 == 0.007

e First measurement of A} decay parameters

e All A, consistent with zero

No CPV observed
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F A=A —pK DT
I +Data
—Fit

A=A —pKOK
~+ Data(x10)
— Fit (x10)

Yields / 0.05
o
S
S
S
T

4000

2000}

SH5ELHCbRAYIE TS

==

05

Yields /0
2
=

L L LR L L I R R
2000 Al—Ali—AT )T Aj—AL—AK
~+ Data(x10)
— Fit (x10)

1000}

[ <+-Data
I —Fit

il ]
50“%%
- LHCb, 9.0 ! .

)T -

4

0=

. L
-0.5

0

0.5 1
{cos@ I}

46



Evidence for CPV in Ay —» Ah*h™

> CP violation in A} /Z) - AhTh™(h = 7, K) decays

« similar dynamics B — hh’h”
* possible CPV enhancement

rf\"“\ T T T T T T T T T T T I_ r:‘]“\ [ T T T T T T T T T T T T l_

= s500F 0 fbe----- LHCbO bt . oo a . F =500 e nann LHCb 9 fb™! 3

Z — Total fit 13 s — Total fit ]

= 400F — Aj— AK*K- 3 = a00f — A AKK- 3

o =0, 1 o C 0

Q —g AKK™ ) 1 a - —Zﬂa AKK™

Z 300F --- Aj— AK 2 (mis) 41 — 300 e /_ig—- AK-w+(mis) ]

v - v -

2 B C‘;'“b‘ bke. ] 2 B Comb. bkg.

S 200F . A AK:K_”O E e T A,— AK*Ky

. SR At L BB i e

< 100 4 & 100f y ;

O F 1 : ]
0 WPPTTTTTLLE . o e, 47'-"‘.‘*'—. 0 L PP PN . P et i i e
5400 5600 5800 6000 5400 5600 5800 6000

m(AK*K") [MeV/c]

o A)/E) —» Ah~h~ decays

AAY (A) = AxFx™) = —0.013 £0.053 £ 0.018,
AADP (A) - AKF ™) = —0.118 £0.045 £ 0.021,
AAC (A) - AKTK™) = 0.083 4 0.023 £ 0.016.

AAP () = AKnt) =

027 +£0.12 £0.05 ,

2025/4/26

m(AK*K") [MeV/c?]

» CP asymmetries measured as difference wrt to
control mode A) - A} (- An+)n‘(null CPV expected)
> Evidence of direct violation in A} /Z) — AK*K~ decays

(3.10)

» Possible interpretation: enhancement from N** - AK*

(3.20) resonance

20F
15}

10f

Amplitude analysis
needed to clarify

m2(KTKY) [GeV?/ ]

SE5ELHChALEYIEI=

25

LHCb 9 fb™!
A= AK'K™

10 20 30
n2(AKY [GeV?/ 4

= (16.5 +5.1)%
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Observation of CPV in A} —» pK n* 7~ decays

> CPV arises from interference between tree

S

and loop amplitudes ” ﬁ%ﬁ ﬁ
» Resonant structure may enhance CPV across p > —
b W > U

the phase space ) ik )

» Similar measurement to extract A-p

Ay
u > u
d > d

N(A) - K n*n™) = N(A) > pKtrn~m*)

Acp = (245046 £0.10) %

CP ) B
N(A) > K-n*n=)+ N (Ab - pK+T[_T[+)

14000

—
Do
e}
=}
=)
T TTT

10000

 Clean measurement thanks to control sample of /12 -
Af(»pK )~

8000

6000

Candidates / (0.014 GeV/c?)

4000

2000F

U
LHCb 9 fb™! r
1 Data

Total fit

wrveees A = pK

—_— Ef — pK ntm
<+ Comb. bkg. 3
e Ag — pK “atan’ ]
—— A = pK ()]

Al = prata -
—— A= pK K7

y—— =) — pK K~ -

« First observation of direct violation in baryon decays
(5.2 0 from0)
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Observation of CPV in A) - pK " decays

Search for local violation in selected regions of the
phase space

*Measured asymmetries up to ( resonances)

eHadronic effects preventing precise predictions-
amplitude structure investigation potentially clarifying
scenario

1800F" "7 7T

1600 i ]
1400 - ¢
1200 :
1000 F
800 ' # =
600 v
400
200f

I
.-
-

Amplitude analysis
needed!

T
-
I

Candidates / (0.045 GeV/c?)

IIIII2IIII3IIII4III 5
m(pa*n) [GeV/c

2025/4/26

Candidates / (0.014 GeV/c?)

Decay topology Mass region (GeV/c?) Acp
A - R(pK~)R(m*r") Mpii= < 22 (53£13£02% | ,
Maptr— < 1.1 O
My < 1.7
A = R(pn)R(K~7%) 08 <mpig <1.0 (27+08+0.1)%
or 1.1 <m+x- <16
A = R(prta K~ Mypptne < 2.7 (54+09+01)% | 60

A) = R(K—n*7n7)p

Mg —rt+7— < 20

(20+1.2+0.3)%

4000 F—~——
3500 F
3000 F
2500 F
2000 F
1500
1000
500

e
LHCb 9 fb~!
A - I Qo

-------- Comb. bkg.

! A} = prata
N—— A} = pK K7
i Eﬂ — pK 7" K~

—— A} = pK - mtma’

{ —— A} = pK ' (=mnty

Jd "

Candidates / (0.014 GeV/c?)
=
S
T

2500 F

[y

o=

=

=
I

3 soof

56 58

6

m(pK "7t m) [GeV/c2]

SH5ELHCbRAYIE TS

5.6

———
LHCb 9 fb!

{1 Data

Total fit _

—0
Corcrorn Ah A,ﬁK*'ﬂ—Jﬂ
—0 .
— 5, > pK
s=+=====« Comb. bkg.
—0 -
—— A, = pK*mata’

PKn (—may

58 6 .
m(pK*n—mt) [GeV/c?]

49



0

= Decay via A(1520)
@+ Published result (scaled to ky)
A This analysis in kg

12}7— .;

JHEP 12 (2024) 147 SO ;
T _
g ,F

(]_(_..JJJJJ;Jxlllllllllll..I....I...._
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> > LHCb o=
-1
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