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Disclaimer: 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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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_all.html

L HCb detector

General purpose detector specialised in beauty and charm hadrons

LHCb MC
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

e Daughters of b & ¢ hadron decays: pr ~ O(1 GeV/c), flight distance L ~ 1 mm LHob M
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

LHCb MC

e Daughters of b & ¢ hadron decays: pr ~ O(1 GeV/c), flight distance L ~ 1 mm 5= 14 Tev
Precise vertex Excellent decay time ) M3
measurements, = fesolution ~ 43 fs for B S v
o(IP )~ 35 ym - A T3 RICH2 /e =m
! Rl =——

/ RICHI il

proton beam \ngcct' A e
- | Excellent particle
R - identification
94! ivn = o e(K) ~ 95 %
ST/ A : — misID p(x = K) ~ 5%
BYZ. 9\ ° i 5 L e(n) ~ 97 %
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

Luminosity

g 22— _ 5025 (13.6 TeV): 2.22 fb”! I
_w o iR
‘D 18 —2022(13.6TeV):0.82 fb™
o 2018 (13 TeV): 2.19 b~
£ 0 TRUEIVIOE un s
- - — e
eRun 1: 2011+2012, 7, 8 TeV g Wl 2015 (13 Tev). 033 fo-
. oV =N it
e Run 2: 2015-2018, 13 Te § 12 - A HALVEDE - /
e Run 3: 2022-2026, 13.6 TeV 5 105 ad
8 g Run 2 /
o0 - /
2 °F / cp
T 4 Run1/ LS1
@) 2 —
q) |
® Runs 1+2 : 9 fb-1 E bV | | | | | |
2009 2011 2013 2015 2016 2018 2020 2022 2024 2026

® Run 3 : 23 fb-! (expected)
® Large number of beauty and charm hadrons:

o(bb)(13 TeV) = (144 £ 1 £21) ub in2 <y <45 [PRL118(2017)052002]
o(pp — ccX)(13 TeV) = (2369 £ 192) ub in 1 < p;, <8 GeV/c & 2 <y < 4.5

Year
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LHCDb physics

1.5IIII|IIII|IIII(&|IIII

|~ | excluded area has CL >0.95 |,
1

e Precise measurements of flavour observables of CKM matrix

* Probe new physics through rare decays, FCNC, CP violation etc

=
e Hadron physics to understand the QCD
e Heavy ions & EW physics : ; :
: % ; sol. w/cos 2 <0 :
L | _ L — Spring 21 E (excl. at CL > 0.95) —
. _1.5_IIII|IIII|IIII|IIII|IIII|IIII
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_o _ p
Q* ~ m*+p; 3D 3t D*"
8.16 TeV pPb Other Collision Systems = 1200} : : THE MIRROR DID NI S<<€r 1 T
B LHCb LHCDb 110 GeV Q) - : *
109 o ATLAS/CMS B9 HERA 3 :_:ia:ta;f.t 5 LHCb BE OPERATING PROPERC .
B ALICE P T1000 oo Ce olation®
Y ALICE Muon %»,, -a | I 2 - — background VIO aflOW P
Pb c B :
i © -
S0 Seef -m || I S 800
o, Qo i
Q107 {Broad and 5
0dad a T 600
ol |poorly explorec =
S e ‘
. o 400
P as -
. Gluon :c,_afurated reglii); - *‘_1 0 (He,Ne, Ar...) 200'
10 105 10 10 10 10 10 i
X Q . i
X ~ e
\/ SNN 48

m .o [MeV]

P. Li - STCF workshop - 2025-07-05



CKM matrix

df _
VCKM — VL V

Vud
Ved
Vid

Vus Vub
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CKM matrix

| V| Vis Vuple ™" 1 0.2 0.004
VCKM — _‘ Vcdl Vcs - Vcb O()\S) ~J 0.2 1 0.04
| th‘e_iﬁ —‘ Vts‘e]’ﬁs th 0.008 0.04 1

® Key test of the SM: Verify unitarity of CKM matrix
e Magnitudes: branching fractions or mixing frequencies
e Phases: CP violation measurement - .

® Sensitive probe for new physics

VaudVp + VedVi + ViaVip = 0 sl T

ViaVi VedV VudViy
Oz:a,rg( Vt;i t’l:) ,6=a,rg (—V;l Cf) ,f)/:a,rg( VZ ’u:kb)
ua’ yb taV¢p Ca '’ ch
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Measurement of CKM matrix
d S b

Nuclear physics Kaon physics 7

Vexkm = Charm physics " Z

Complementarity between beauty and charm factories



CKM angle ﬁ(S)

q/p
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VuaVip + VedVip + ViaViy =0 Vs Vi + Ves Vi + Vis Vi = 0

%A 5 A
q/p fep . )
4%/3: (0,0) (1,0) R
c ’ A%i*ﬁ /:75 R
b J/Y = fos
> > >
q W é (130) % (ﬁs’ﬁs)
0
Bs/d _
_ S
b < < <q
$(1020)/K¢
q
CCS _
SR 2 = 0716+ 0.013 + 0.008 ¢~ =—0.031 £ 0.018 rad
— BY + D nt =— BY - BY » D_n™ — Untagged o l// >
E : (8-D;D; 3 o™ 68% CL contaur
g: 0.75;—V T . 0.13.
50}
0.25F # 0.11;
[ SM no pe
0.00 [lmmememmemmssasaosimssmnenser
_0.25; 0.09 (B2-J/ykK 9 o~
: : —0.502— LHCH preliminary 0.07] Combined LHCb
: Bt : ok
0k | | | e PP B (o O KY (- ) _
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t [ps] t [ps ¢s [rad]
Nat. Phys. 18(2022)1-5
7 ‘ ' Phys. Rev. Lett. 132 (2024) 021801 Phys. Rev. Lett. 132 (2024) 051802
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https://www.nature.com/articles/s41567-021-01394-x
https://doi.org/10.1103/PhysRevLett.132.051802
https://doi.org/10.1103/PhysRevLett.132.021801

CKM angle y

@ Weak phase in interference between b — ciis and b — ucs , theoretically

clean observable (5y/y ~ 1077) .
—10D

e
h‘
o 64% b 0 7 / e.g. DK
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CKM angle y

@ Weak phase in interference between b — ciis and b — ucs , theoretically

clean observable (5y/y ~ 1077) .
—10D

/ <
i charm —
. mixing @ h
I'B 62 (m b / e.g. D—K-mt

-------- > DO |
D*+ — DO 17+ mix D C?l wrong-sign decays
—, O KT~

Q..
Y -
--------
-----------
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CKM angle y

@ Weak phase in interference between b — ciis and b — ucs , theoretically
clean observable (5y/y ~ 107)

o w(3770)
------- inputs from
D*+ — DO 11+ .- C?‘ wrong-sign decays BZSF?II 2 Ol EO
e Y DO K+TT- = =
....... DCS .7
charm mixing e
[(B* — Dh*) o< |rpe™ "0+ rpe'"* 7|2 = rjyt g+ 26 prproracos(d5+3p+)
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Y measurements

+6. 9)
JHEP02(2024)118 !

y = (92+21y: JHEP05(2024)025 y = (63-2_81
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https://doi.org/10.1007/JHEP02(2024)118
https://link.springer.com/article/10.1007/JHEP05(2024)025
https://doi.org/10.1007/JHEP12(2023)013

Latest y combination

LHCb-CONF-2024-004

B decay D decay Ref. Dataset  Status since D decay Observable(s) Ref. Dataset  Status since
Ref. [14] | Ref. [14]
- T = —— D° — hth~ AAcp 44-46] Run 1&2 As before
B~ — Dh D — h*h 35| Run 1&2 As before DO s K+K- Acp(KTK-) 46-48] Run 2 As before
B* — Dh* D— hth ntm™ 19 Run 1&2 New D® — hth~ yop — Yep ™ 49,50] Run 1&2 As before
B* — Dh* D — K*rFata™ 36 Run 1&2 As before D° — hth- AY 51-54] Run 1&2 As before
B* — Dh* D — h*h'Fx0 37 Run 1&2 As before D° — K*n~ (double tag) R*, ()2, y™* 55] Runl  As before
Bt _s DhE D — KOhth~ :38: Run 1&2 As before D° — K*rn~ (single tag) Rgxr, Akr, cg()w, Acf,'{),r 27,56] Run 1&2 Updated
B* — Dh* D — K{K*rT 39 Run 1&2 As before Dz ~ K:ijrﬂ_ (=* +°)/4 o7 Run 1 As before
B* — D*h* D — h*h'F (PR) 35 Run 1&2 As before go : g%Wj_ n Y A A 0% fun 1 As bejore
N o 01 tp L ST Tcop, Yopr, Az, Ay :59_ Run 1 As before
B= — D*h D — Kgh™h™ (PR) 20] Run 1&2 New D’ — Kdntm~ Top, Yopr, Az, Ay 60,61] Run 2 As before
B:I: — D*hi D — th+h_ (FR) 2]. Run 1&2 New D= nta—nY AY et 26] Run 2 New
B* — DK** D — h*h'F 22]1 Run 1&2 Updated
Bj; S D K*j: D — hj: aF 7_‘__}. T 22 T Run 1 &2 Up dated Decay Parameters Source Ref. Status since
B* - DK** D — K(S)h+h_ 22]L Run 1&2 New B _s DK*E kDK LHCD 162] jzf.bijlcjle
B* — Dh*ntn™ D — hEH'T 40 Run 1 As before B® — DK™ kDI LHCb 63 As before
B - DK*0 D — hER'T 23 Run 1&2 Updated B? — D¥m* b HFLAV [13] Updated
- 0 _y DFK*(rr
B” — DK™ D — h*r¥rta™ :23: Run 1&2 Updated gsjlf:wlf ™ f;s OB sin 8™ (rEm)2 22, y ZIEEZ-C {22 stp:;zjj
B° — DK™ D — th-l_h_ 24 Run 142 Updated D— Ktn~ Agr, AT 7T cos 6™ rE7msin 6K BESIII [66] As before
B? — D¥q# DT - K—rntnt 41 Run 1 As before D — h*h~n® Fl o, Fiymo CLEO-c [67] As before
BY — DFK* D+ — hth-mt 325; 49" Run 1&2 Updated D —rtnrtn-  Fy CLEO-c+BESIII 67,68]  As before
p S ot 4 > P : D — K+*K-rtn~ Fl,. BESIII 169] New
B s 7 D s K nrm D s 7 h™h™m 43] Run 1&2  As bef ore D — Ktr—n° ST S CLEO-c+LHCb+BESIIT  [70-72] As before
D — KEgFptp—  pB3m §E3m jKsr CLEO-c+LHCb+BESIII  [57,70-72] As before
D — K{K*r¥ rggKﬂ, Jgng, nggKW CLEO-c 73] As before
D — KJK*r¥  phskT LHCb [74] As before
P. Li - STCF workshop - 2025-07-05 12


https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf

Latest y combination

LHCb-CONF-2024-004

® 19 LHCb B decay measurements + 11 D decay measurements + 27 external inputs

® 29 physics parameters of interest + additional nuisance parameters
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Direct CP violation

CP violation

CP violation in interference between
mixing and decay

T‘Q{,‘p + B '—E_QCP
-+

CP violation in mixing

B B /
-

B B /

B ‘Q"P t 3 % fer

CP violation from S- and P-wave interference
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Direct CPV IN B+ —> J/l/j]l'_l_ arXiv: 2411.12178

® O(1%) direct CP violation expected in B™ — J/wx™ [PRD 49 (1994) 5904, PRD 52 (1995) 242]

@ Important control channel to understand penguin effects in sin 2/ measurement
[PRD 79 (2009) 014030, JHEP 03 (2015) 145]

Arx A° Ap x A°
~ BBT - JlyrT) N, e

b—=< < c c % _ N
HnI\<< : %\% ‘ " "t BBt - JlyKt) Ny e
C _
i d(s) o w d(3) ¢ AA CP = ACP(B+ — ]/1//7["‘) — ACP(B'l' — ]/V/K+) !
> ‘.; |

W u .
(K7 \\ ) (K = AA,, o AA 5/ e

First evidence for direct CP violation in beauty decays to charmonium final states (3.2 o)

u >

SN LA L A R L A B — 1 ' ' T T ' T T 1
S T T T b1 RN b Run 1 5 3.830 + 0.030 + 0.030 Run 1 5 5 1.82 +0.86 + 0.14
Q - 3 QO = - 3 i *o— i . - U. o U. . } - ® { . - U. T U.
é’ 3 mB —>Jyr | é’ 3 ' mB >Jyn. | : : ;
= 10 = gozg/g{(lg ] =10 - gozg/g{(lé 2016 {————13.900 + 0.040 + 0.025 2016 | ; i 1.43+0.87+0.09
T R ~ Part bkg < [ - Partbkg = 1
102 B -— 4 30 2017 —— 3.858 +0.039 + 0.022 2017 & — 0.81+0.87 £0.11
RS g
s g 2018 ————1 3.805 + 0,037 + 0,023 2018 |  —te 4 15840804011
= = 3 = : : :
] B S 5 s s
O © Average —s— 3.846 £ 0.018 £ 0.018 Average: i 1.42 £ 0.43 £ 0.08
5100 5200 5300 5400 5500 1775100 5200 5300 5400 5500 T R T
m(Jyr) [MeV/c?] mJwr) [MeV/c?] 3.7 3.8 3.9 4 4.1 0 2 4
Branching fraction ratio [107°] AAT [107%]
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https://arxiv.org/abs/2411.12178

Charmless three-body b decays
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. s 0 G .
1.0 -0.5 0.0 0.5 1.0
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d.s
T Tl s
. § sE i LHCb (C)-Ilo-ﬁc
@ . . . ._ E E —0.6
Complex CP violation pattern in multi-body 6 decays, as 3 0f e E
large as 80% = F , 1,
_Z15F = N
. . . . l C N N 0
@ Interesting to search for CP violation in Ag decays g of 3 o2
T 104
S5t —1e-0.6
PRL 124 (2020) 031801 = | PP
PRD101 (2020) 012006 OF, ., . . . . . . ., . . . W,

0 5 10 15
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.031801
https://doi.org/10.1103/PhysRevD.101.012006

CP Violation in baryonic decays

® Baryons crucial for asymmetries in Universe, no CP violation in baryons observed yet
® CPV: b baryons O(1 — 10%), ¢ baryons ©(0.1%), hyperon ©(0.001 — 0.01%)

o
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v-é‘l

s 2

Direct CP violation (« sin(Ad¢7)sin(A¢drw))
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m(Kepr™) [MeV/c?)

)
(ot e o Aot C oo atee foe el AR ol Ad . 13 )
Triple-product asymmetry (< cos(Adsr)sin(A¢ry))

- TTTTTTTTTTTTTTTTTY
Decay parameters asymmetry

J/p - 50&0,50 - A’ P -

® Puzzling situation: similar A production as BT,
huge significance of CPV in B+, none in Ag?

arxXiv:2411.18323
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https://arxiv.org/pdf/2411.18323

A long list of searches in b baryons at LHCb

I = i 1 thes JHEP 04 (2014) 087
A) — Ahh' ACP S JHEP 05 (2016) 081
. .. 3 fb‘i Nature Physics 13 (2017) 391
6.6 fb~! PRD 102 (2020) 051101
A} - pK - utu A S JHEP 06 (2017) 108
Af - ph~h? Al 3fb! JHEP 03 (2018) 182
A% - pK~/pm~ Acp 3fb~! PLB 787 (2018) 124
A2 nhshiihe TPA 3 b JHEP 08 (2018) 039
A), - ph™h*th™ Acp 3fb~! EPJC 79 (2019) 745
B, > pK K~ Amplitude SHDEL PRD 104 (2020) 052010
EF > pKnt kNN 3 fb1 EPJC 80 (2020) 986
N DK Miranda St 9 fb~1 PRD104 (2021) 112008
A} - Ay photon polarization 3 fb~t PRD105 (2022) 1.051104
s nhis Acp Githe arXiv:2412.139358, submitted to PRD
A) > ATh™ Decay parameter 9fb~! PRI 133 (2024) 261804
AY — AhR' A 9 fby PRL 134 (205) 101802
A) - pK mtn™ A 9 fb~! arXiv:2503.16954, submitted to Nature

credit; Yanxi Zhan
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Evidence of CP violation in baryonic decays

Signal channel

Control channel

arXiv: 2411.15441

Preliminary A;p~0
K = ! A L a N I ' | |
Q - LHCb _' O [ LHCb
_~ 500 L Il B B I = N BB BB BB BB = ﬂ)(L_ Il BN B = n
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(\\]o-/ - _.:’,b_:' AK'K~ E (\\]O-/ _E(Z—) /_1K+K_
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o 200 ] i 200: """ A~ AK'K"y ]
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-

First evidence for CP violation, 3.1c

J
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Preliminary m2(AK*) [GeV?/c*]

s, = DUY/S0 o ) - T(@/R > 7
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First observation of CP violation in baryon

P. Li - STCF workshop - 2025-07-05
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First observation of CP violation in baryon
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CPC 48 (2024) 101002]

e CP violation unexpectedly small for baryons

* |s it SM or new physics? Likely SM, but
more studies needed to quantify
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CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
* Tiny weak phases in first two generations of CKM matrix (< 4.~ 0.1%)

. Oscillation and CPV ( < 107
* | ong distance contribution comparable/larger than short distance

P. Li - STCF workshop - 2025-07-05

22



CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
* Tiny weak phases in first two generations of CKM matrix (< 4.~ 0.1%)

. Oscillation and CPV ( < 107
* | ong distance contribution comparable/larger than short distance

Breakthroughs by LHCDb thanks to huge statistics:
First observation of CPV in D? - h*h~ decays
Aep = Ap(KTK™) — Acp(metn™) = (—15.4 + 2.9)x10™* [PRL(2019)211803]

Evidence of CPV in D® —» ™ decay
Acrp(mtn™) = (23.24+ 6.1)x107* (3.80)  [PRL(2023)211803]

P. Li - STCF workshop - 2025-07-05
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Direct CP violationin DT —- K™Kzt

PRL134(2025)081901

« Search for localised CP violation in the phase space of D™ — KTK " n™ (S) decay

» Control channel D;” - K™K~ n™ (C) to subtract nuisance asymmetries
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. AAéP precision up to 1077 * p-values (2.3-14.1%) compatible with absence of
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Time-dependent CP violation In DY = 1t 7Y

Phys. Rev. Lett. 133 (2024) 101803

* First measurement of time-dependent CP violation in SCS mode

glsoxm? S Ty T g 5180 >_:<—1O3' Ty
2w, R 1 S ' Dea 1 Agp(fop. 1) L pospop () = Tpos g (F)
2 F Merged 70 — Fit 1 2 Resolved 70 — Fit 1 Acp\JcCP;
gizg v Signal E S/izg ERGSOI war Signal : FDO_)JC CP (t) T F50—> fop (t)
§ 80 Combinatorial —f § 80 Combinatorial —; dir _|_ AY t
S 60 3 ] 6 = ~
2 E B for IO 1o
S 2 EER R E
(1)40 145 150 - 155 ?40 145 150 — 155 NZ 0o — N?'—
Am (MeV) Am (MeV) Ameas(<t /TD0>7;) — D DO
Ni, + N&,
— ] — —
R , LHCb ~ : _ _
0.5F il 17107 4 Ay, A Mor QAP rsing — (19 p oS
g E # 1Ml T E Jer 2 L\ |P | q ¢ p q d gb_
0 $1 ' - . . . .
E - Ll e }—f- | ] *No evidence for time-dependent CP violation,
7)) = - .
<-0.5F T constant with world average
;: ., Pommm AY = nepAY, =(-1.3£63+24)x 107
0 2 4 6 8
t/ T

P. LI * Ol Ul WUIROSIIVUP ®* 2cUZLO"VU /U9 25


https://doi.org/10.1103/PhysRevLett.133.101803

Rare decays
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— e Jesting different couplings than b and s quark systems




Test of lepton flavour universality
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Angular and CP asymmetries of AT — pu™u~
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Angular and CP asymmetries of AT — pu™u~
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Observation of X7 — pu™u~

B(XT = ppu”) =

e No structure Is seen in the dimuon invariant-mass

distribution

 Compatible with expectations from the SM
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QCD: Hadron spectroscopy
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Spln parlty Of (3055)+(O) PRL134(2025)081901

o J" (E,(3055)) determined to be 3/27 (6.5 0), E_(3080) favoured as 5/27 but not significant
 Favors 50(3055)“0) as a 1D 1-mode excitation of flavor antitriplet

- Quantity =.(3055) =.(3055)

/ ﬁ / m [MeV/c?]  3054.52 4 0.36 £0.17  3061.00 & 0.80 £ 0.23
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Study of B = DY Dh(h)
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Study of D_,(2460)"

» Unexpected properties for D* (23 17)" and D,,(2460)7

D n ™

e Masses ~100 MeV below predictions

e ISOSpPIN-

violating decay D

(*)+ 70

» Double-bump line shape m(zx) if D (2460)™ is a D*K

molecule

K°(K™) 7f+ il
e / 7 [Commun. Theor. Phys.
D, l’ \I// ~ pt 75055203]
> D*—|—()D*O) =

« D (2317)" as tetraquark: isospin partners proposed
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StUdy of DS1(246O)+ —> D;_ﬂ'_l_][_ Sci.Bull. 70(2025)1432-1444

Two model describe data equally well!

O .
s f,(500) + f,(980) + £,(1270) m f5(500) + TLT + T (new exotics)
o Large contribution from f;(980) and l 1
f>(1270) despite beyond phase space limit Dim*t  Dim-
S
, : : :
o Can’t be rejected, but implausible Consistent with isospin symmetry
. * + . .
Resonance Mass (MeV) | Width (MeV) FF (%) T.s masses ~ Dgg (2317)7, but different widths
f0(500) 376 +9 + 16 175+23+16 | 197+ 35+ 23 .
£ (980) Resonance | Mass (MeV) Width (MeV) | FF (%)
945.5 167 187 + 38 + 43
0 + 38+
f2(1270) 1275.4 186.6 29 +2+1 f0(500) 472+32+19 | 226+24+18 | 23751 +42
______ f (500) 2 . . — —
15(980) T.. 2328+ 12+12 | 96+16*17° | 15131 425
------ £(1270)
]§ackground
Total it e TC}_+
+ Data ()—LI_iCbIII‘ §100I--rlul"]""l""|" e S ——— TC(;-
o - - Z ' > 120 | 1 5 1 fo(500)
&) 1 p O a LHCb = O § % ’ Back d
S wp 2 ; OF 9! | (b) =2 100 (a) - g : Total fit
S 80;‘ “ S 60fF e T + : § 80 F 1 S - + Data
% 60F 1 I : > 6of . E -
Q i ] @ - 8 - {1 9 7
S 40f . _% 1 S 40F | 1 :
g Lo 1 - B 0f [ 1] % ]
S 20F - = < - ;4 <
8 i g L I I T i T O L I-'hl...l....l....l...:: O [ b ————
8 . 1|d:- N TP e S ——— . - T &) T ———T" 825 - 030 0.35 0.40 0.45 0.50 9.10 2.1 Z2.20 2.2 2.30
25 030  0.35 O.Eto+ 9)4§G \(I)jso . . . 21)2'5* " 2[.(3}0 v m(m 1) [GeV] m(D+ 1) [GeV]
m(n ") [Ge m(D} ) [Ge
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https://www.sciencedirect.com/science/article/pii/S2095927325001872?via=ihub

Run 3 In data taking

Vel Feadorl Takiny  otaripadss

Lo New Scintillating Fibre
Tracker (SciFi)

New Upstream Tracker
SciFi
Tracker

RICH?2

(UT) Silicon Strips

ECAL HCAL

M2

/

and readout RICH 1 & 2
upgrade

Major upgrade of all sub-detectors and readout

P. Li - STCF workshop - 2025-07-05

%4 New RICH1 optics + new PMTs

M4 M3
M3

The LHCb Upgrade | arXiv:2305.10515

Efficiency (1 — K)
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Production asymmetry of charm hadrons in Run 3 _x..2505. 14404

e In pp collisions, ¢ and ¢ produced in pairs BUT the symmetry

disrupted in the hadronisation. .
 Test hadronisation models to tune event generators (Lung - . .
string model, cluster hadronisation model...) G oot
o(X,) — o(X,)
Aprod(Xc) — — =ch(\/§’pT ’ ’7 ) | .
o(X,) + o(X,) First result using Run 3 data!
_ —.I: . -1 T T T T | T | p— | | T T T T T T T T | p— T T
X LHCh X3 LHCb o
= j /5= 13.6 TV =~ 9oF 5=136 TV * No significant asymmetry
s} 1 S observed
O 2 () Peersmssssmssnsnsunfussnsnssnnsnsnnnns o
= ol < * e Comparable statistical
1 ; weked  UNcertainty as Run 1 with
, B % i HIA 8 (CR2 . " . .
2 4 | e Bl s ~1/15 integrated luminosity
-3 5 PYTHIA 8 (Monash) . PYTHIA 8 (Forward)
N 5 10 15 20 25 2 2.5 3 EE 4 4.5
pr(DY) [GeV /c] n(D°)
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https://arxiv.org/abs/2505.14494

Looking at Run 3 and beyond

~&L  ~2%x10% cm™2s7! ~&L_ ~15%x10** cm™%s7!
~9 visible interaction/Xing ~40 visible interaction/bunch-crossing

~ZL . ~4x10°% cm™%s7!
~1 visible interaction/bunch-crossing

9 b1 ————> <+——(Goal: 50 fb! —m—p <+— Goal: 300 fb-! —>»
rade I Consolidation Upgrade 11
Runl | LS1 Run 2 Run 3 Run 4 LS4 Run 5 LS5 Run6
2011 2012|2013 2014|2015 2016 2017 2018J2019 2020 2021 /2022§2023 2024 20252026 2027 202812029 2030 2031 2032§2033 2034)2035 2036 2037 203920402041 2042
T Now

gz;elgzl;l;ums Current LHCb LHCb 2025 Belle 11 Upgrade II ATLAS & CMS LHCb_PU B-201 8_0_09
Rk (1 < q% <6GeVict) 0.1 [274] 0.025 0.036 0.007 -
Ri+ (1 < ¢? < 6GeV3c?) 0.1 [275] 0.031 0.032 0.008 y
Ry, Rpx, Rr ~0.08, 0.06, 0.18 ~0.02,0.02 0.05 - Great OppOrtU nities for many nNnew
CKM tests - -
32 with BY - DY K- (17)° [136] ’ ; e ~discoveries and NP searches
7, all modes +2-9)° [167] 1.5° 1.5° 0.35° -
sin 23, with B® — J/y K} 0.04 [609] 0.011 0.005 0.003 -
¢s, with BY — J/+¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610] .
b5, with B — DF D 170 mrad [49] 35 mrad — 9 mrad = Uncertalnty reduced by faCtor Nl O

s8s with BY — ¢¢ 154 mrad [94] 39 mrad E 11 mrad Under study [611]
ad) 33 x 1074 [211] 10 x 1074 — 3x 1074 — o
Vallval % 201 % 1 1 - 1% level precision for CKM elements

s A0
B(BY — putp™)/B(BY — ptu) 90% [264] 34% - 10% 21% [612]
TBO syt pu— 22% [264] 8% - 2% -
Suu = - - 0.2 =
b — cf~p; LUV studies
R(D*) 0.026 [215,217] 0.0072 0.005 0.002 =
R(J /) 0.24 [220] 0.071 - 0.02
AAcp(KK — 1) 8.5 x 107* [613] 1.7 x 1074 5.4 x 10~* 3.0 x 1075 -
Ar EZ sin ¢) 2.8 x 104 [240] 4.3 x 1075 3.5x 1074 1.0 x 103 - lg preCISIOn 1n charm p YSICS,
zsin ¢ from DO — K+~ 13 x 10~ [228] 3.2 x 1074 4.6 x 10~4 8.0 x 1075 - )
z sin ¢ from multibody decays — (K37)40x107° (K%7m)1.2x107% (K3w) 8.0 x 107° = up tO 1 O S
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https://cds.cern.ch/record/2636441

Summary

v LHCDb pushes flavour physics to new frontier
v World-leading precision measurements of CKM matrix: f), v, | V|

v Rich hadron spectroscopies to understand QCD

v New physics searches in rare decays

Run 3 is running, a lot of new results to coming!

0.7 N I L L B A —
0.6 ?é\ LHCbe(:OtOIfbr _:
- (/2] —

0.5 [ § —
- |2 Upgrade Il =
04 [—5 —
= E8 HL-LHC =
0.3 — -
02 [ =
0.1 =
p -

0.0 e >
-0.4 0.6 0.8 1.
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Integrated Recorded Luminosity (fo™)

—
o

6_

— 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 fb™’
— 2017 (13 TeV): 1.71 fb™
2016 (13 TeV): 1.67 fb™
— 2012 (8 TeV): 2.08 fb™"

— 2011 (7 TeV): 1.11 fb™

May Jul

Nov

Month of the year

42


https://lhcb-outreach.web.cern.ch/2024/10/18/end-of-successful-proton-proton-collision-data-taking-period/

LHCb Experiment at CERN
Run / Event: 255623 / 300064
Data recorded: 2022-11-25 09:40:16 GMT
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%, Oce, acceptance, trigger efficiencies

%

Hadron (pp)

Charm factory
Background-free
Lowest statistics
No boost

Quantum coherence

Inclusive charm, neutrals and neutrinos

Absolute branching fractions

P. Li - STCF workshop - 2025-07-05

Js Yield D° = KK Coverage Flight distance Ot
. 3fb™: 0.06M . .
Charm factory (e*e) BESII| 3.7 - 4.6 GeV @20 b1 0.5M* Almost full / / extrapolations

Run3: 13 TeV @23 fb™: 500M* 4% of solid
Run2: 13 TeV = Run2: 60M angle; catching 0.4 -1cm
Run1: 7,8 TeV Runi: 8M ~40% of oqq
B factory Hadron collider
® | ow background e High background
® | ow statistics ® High statistics
* Low boost e High boost
e Good for neutrals and neutrinos e Challenging for neutrals and
e (Some) absolute branching neutrinos
fractions e Complex and biasing triggers

credit: Tara Nanut
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Observation of )(61(3872) —> )/l//(ZS) arXiv:2406.17006

e 7.1(3872) = yy(2S) observed in BT — y.,(3872)K™ with 9 fb=! pp collision data
* In tension with the upper limit set by BESIII
« Inconsistent with pure DD* molecular hypothesis for y.,(3872) but agree with many others

T
Rl e d sl SRR SR REREE) 1 D REE 1Y)

L1 (3872)=1
XCl( )_> /llﬂ/ . | BaBar 2008
-~ 0 - . - . = 20 - ware 0y
NQ - ¢ Data LHCD - N& s Dai LHCb § = | Belle 2011
=" 100 Bl B* — x.1(3872)K" 9fb~' 7 = 100 Ml B* - . (3872)K* o
— B | B— P(2S)KTX i E B— P(25)KTX . Bl LHCb/Run1 2014
- 80 __  Combinatorial s = 80— __  Combinatorial -
— B Total + i B Total i e BESIII 2020
F 60F i WL 17 6oF - } -
: | 1 e ! R
g=h LU s = { =
g B 5 i B . . LHCb/Run1 2024
S 20 e AN . =
UANAEARVANFANNANUAREAAISSTSIVARRARS. N H O: NN \..\i\v e +_ == S __ | LHCb/Run 2 2024
5 5.1 510, D) 3D 3.84 3.93 4.02

_JSJ]
™~

myesy  [GeV/el 0 1 2 3 4 3
By = DXalBET200S)y

Ui (387205 30y

Myesyyk+  |GeV/c?
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https://arxiv.org/pdf/2406.17006

Amplitude analysis of BT — w(2S)Kt n n~

Xe0(4475) — Toz1(4200) 7 0.50+ 0.25+ 0.39
Xe0(4475) — Tz (4200) "7~ 0.50+ 0.25+ 0.39
Sum X (4475) 100.03+ 0.02+ 1.42
T.z51(4600)° — 19(2S) K*(892)  50.87+ 7.79+11.55
Toes1(4600)° — Tizr (4200)" K+ 16.53+ 3.79+£12.75
Toz51(4600)° — Tozs1(4000) 7~ 9.84+ 3.28+ 5.34
Sum T .z5(4600)° 77.23+ 5.22+17.80
T*1(5200)° — ¢(28) [K+7 ]y 66.28+15.03+17.35
T* 1 (5200)° — Tiz51 (4000) 7~ 9.37+14.12413.23
Sum T, (5200)° 75.65+ 9.18+13.39
Ties1(4900)° — 1(2S) K*(892)° 100
1.4:----|""|""|': L R L TG U T B R | EEEEEG Eaana Ranas nbis
b LHCb 9 b~ ;155’ LHCb 9 fb" : _ LHCb 9 fb-
o Lo
06? é 05; - 053
04 . i i
02F 3 oF 8 ;
ok ; : T
02t ) T.:5:(4600)° 1 | T, (4200)*
. e S B o B B! s e S S T
. Re A Re A Re A
P.Li - S1ur wurksnop - zugo-urs-ud

arx

\v:2407.12475

o First full 7D amplitude analysis of BT — 1//(2S)K+7z+7r_ with 9 fb~! pp collision data

o T..,(4430)* resonance confirmed, JE(T ' +1(4200)7) = 17 with a significance > 50

» Hidden-charm exotic states to w(2S)K 7z~ final sates observed for the first time
o Four XU — w(2S)z 7~ states identified and shows similarities to X(J/y)

Xc0(4475) = p(770)%(2 S)

99.04%= 0.49+ 1.66

= LHCb 9 fb™
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= 0.02F
0.015F
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https://arxiv.org/pdf/2407.12475

arxXiv:2407.12475

Amplitude analysis of BT — w(2S)Kt n n~

o First full 7D amplitude analysis of BT — 1//(2S)K+7z+7r_ with 9 fb~! pp collision data
o T..,(4430)* resonance confirmed, JO(T ' +1(4200)7) = 17 with a significance > 50

» Hidden-charm exotic states to w(2S)K 7z~ final sates observed for the first time

o Four XU — w(2S)z 7~ states identified and shows similarities to X(J/y)

Resonance JE mqo [MeV] I'o [MeV] Sign. [o] | Res. PDG mqo [MeV] I'o [MeV]
X c0 (4475) 0t 44754+ 7 +12 231+19432 > 20 (19)| Xc0(4500) 447444 77112
X c1 (4650) 1T 4653+14+27 227+264+22 15 (13) | Xc1(4685) 46847 12 126440
X c0 (4710) 0T 4710+ 4 +5 64+ 9 +10 14 (10) | xc0(4700) 46947 2© 87T 18
nc1(4800) 1~ 478514374119  457+93+157 17 (12) | X (4630) 4626737, 1747 gg°
T* ,(4055)T 1~ 4054 (fixed) 45 (fixed) 8 (7) T.z(4055) ™" 405443.2 45413
T.z1(4200)™" 1T 4257411417 308+£20432 > 20 (> 20| Tez1(4200)7T 41967 35 SOl Eo
T.z1(4430)7" 1T 4468421480 251+42+82 15 (8) | Tez1(4430)T 44787 13 181+31
T.z51(4600)° 1T  4578+10+18 133+28+69 15 (12) |
T.z51(4900)° 1T  4925+22447 255+55+127 12 (8)
T .1(5200)° 17 52254864181  2264+76+£374 10 (8)
T.z51(4000)T 17T 4003 (fixed) 131 (fixed) > 20 (14)| Tees1(4000)T 400377, 131+30

Li - STCF workshop - 2025-07-05
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https://arxiv.org/pdf/2407.12475

C ) 4+ —
Angular analysis in B, — ¢e™e
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« FCNC process involving b — s
transition
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https://arxiv.org/pdf/2411.10219

b — s decays

 Anomalous tensions with SM 1n differential rate  Are these anomalies new physics?
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Understanding non-local contributions o0s 1737

» A model combines the local and nonlocal amplitudes (w, p, @, v, DD, t7) across )
. % _ .
whole c]2 spectrum (0.1-18.0 GeV2/c4) in B’ - K O/ﬁ,u BO K™
» Simultaneously determine the nonlocal contributions and Wilson coefficients 'ﬂ
seives large
d5 F)(BO _ K+7T_[L+,U,_) 9 o n ‘charm-loop’ Pt
= = — J; (%) f;(cos 8y, cos Ok, &) g;(m? - .
T ) SRR )gu(mies) :
©9: 2.10 deviation from SM, a slight dependence on
e e e e s T AR | | local form factor constraint
LHCb 8.4fb~1 —S3r ' '
104_ e Data i ;
~ 250 F Total —
I —— Signal g :
T 200H T e . : A Wilson Coefficient results
8 H - Lpuclcnoloca : | | ; ] Cy  3.56+£0.28 £0.18
S " Bl fes 2 paricl nonlocl : S d b 00 —4.0240.18 4 0.16
g 190 '&i --------- Interference G G, 0.28 + 0.41 4 0.12
3 s0f AR AR SRR A } =TT AR A 1 C,, —0.0940.214+0.06
E b | osan 7} | wovsan? 4 oo (21,0 4£2.6+1.0) x 102
O 0 a ....................................... "' ! ] : E :
00 25 5075 oo s 150 175
q*% [GeV?/c?]

* Interference with nonlocal contributions has a minor impact on the Wilson Coefficients
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Lepton flavour anomalies in charged current

. WH couples equally to three generations of leptons, tested through R(H:) measurements

f%
W /
b F\c

R(Hc) —

B(H, — H. " v,)

H.=D®* DO D+ AL T/ ...
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f

b < <
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B°\ —

d > >

\

P. Li - STCF workshop - 2025-07-05

- D*t

PRL131(2023)111802
(%) . PRD108(2023) 012018
R (D ) With T = uvv, T = 3nV xi09406.03387
0 W s ' " " 68% CL tontours -
: Moriond 2024 Belle? BaBar E
0.35 B LHCb* .
: lleII :
03 '_ Belle’ ( | _'
E \ LHCH b
0.25 |= \\ -
o \——-—/ —
= SM -
0.2 —  4HFLAV SM Prediction R(D)=0.342 £0.026_, -
B R(D) = 0298 +0.004 R(D*) =0.287 £0.012,,, -
B R(D*) =0.254 +0.005 p=-0.39 -
.
0.2 0.3 04 0.5
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https://arxiv.org/pdf/2406.03387

