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The LHCb detector @ Run1+2

» A single-arm forward spectrometer covering 2 <n <5
» Designed for heavy flavour physics

Vertex Locator Tracking system RICHSs Muon system
op~15+ 29/py pm Etracking™~96% €(K = K) ~95% e(u-u)~97%
0, ~45 fs 0,/P~0.5% — 1% (5 — 200 GeV) mis-ID e(mr - K) ~ 5% mis-ID e(mr = u) ~1 —-3%
JINST 3 (2008) 808005
IJMPA 30 (2015) 1530022 -t HOAL e M3
SPD/PS M3

= 250mrad

Magnet RICH2 M1
I3 )

LHC: heavy hadron factory
- LHCDb: - precise vertex resolution

» good momentum and mass resolution
» powerful particle identification

|
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LHCD is highly competitive in
heavy flavour spectroscopy
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The LHCb detector @ Run 3

MUON: removed dedicated
to hardware level trigger
M1 station; new electronics

Ma M5
\\\I \\'\.l
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pixels
N L
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Excellent momentum resolution Excellent particle idenfication

[LHCb-DP-2022-002]



Contributions from China

Upstream Tracker / UT

= UT installation & operation

* |rradiation study of SALT
chip with Chinese facilities

= Control & safety software

\

Side view
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/ Scintillator Fiber Tracker / SciFi \

= FE board design and production
(>2500 PCB)

= Quality assurance system

= Study of radiation damage on SiPM

.........

Taken from Yiming’s talk



https://indico.ihep.ac.cn/event/28363/contributions/217517/attachments/101954/136725/20260426_LHCbupgrade_LiYiming.pdf

LHCb Run 3

> H|g her |uminosity Total recorded luminosity — pp — 32.7 fb™
— 40
® 5x larger instantaneous luminosity S Run3-23.58/1b .
33 o 1 2 355 ——— 2026(136TeV): 102/1b %
2x10°cm™"s I 2024 (136 TeVy: 956/b !
P | = 2023 (13.6 TeV): 0.37/1b
. . . = | — 2022 (13.6 TeV): 0.82/fb
® Run 3: >2x integrared luminosity g o R
'U o — ev) <.
of Run 1+2 ST — T
L — Y
> Fully software-based trigger g Run 1323/
= | ——— 2012(8TeV): 2.08/fb
: aQ | ——— 2011 (7TeV): L1
® Removal of the hardware trigger T ) —— W00ty oo e
3 LS2
. . o L
improves trigger efficiency for fully & L7 /
| LSI -
hadronic final states by > 2x ol— ~ 4
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% and CKM matrix



Testing the CKM paradigm

» Yukawa couplings break the symmetry between different flavours

f'SM — f'gauge ('Iji: Acc) + »{-:Higgs ({1'9: Ac:r:r ‘I’i)

Yukawa basis # weak interaction basis

Vua Vus Vi Vud Vus Vb
Voekm = | Vea Ves Vb Verm = | Vea Ves Ve
Via Vis Vi Via Vis Vi
Unitarity VudViy + VeaVi + ViaVip = 0 B° meson
ViaVed
VJchb\i o
V.V ViisVes

(0,0) (1,0)

D% meson
(not to scale)

Precision test of the consistency ~ probe (CP-violating) NP Not just B decays: test consistency across all generations

2026/5/22



3 new inputs

I

l
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New CKM angle y combination

B decay D decay Ref. Dataset
B* — Dh* D — h=R'T [29] Run 1&2
B* — Dh* D > hth-mta- 0]  Run 1&2
B* —» Dh* D — h*h-xta- 20]  Run1&2
B* —+ Dh* D — K=n¥Fxtn— [24] Run 1&2
B* — Dh* D — h* kTl [31] Run 1&2
B* — Dh* D — KSh*th™ [32] Run 1&2
B: — Dh* D = KOK*r 33  Run 1&2
BT = D™h* D — h*=Kh'T (PR) [29] Run 1&2
B* — D*h* D — K%*h- (PR) 3  Run 1&2
B* — D h* D — Kih*th~ (FR) [35] Run 142
B* - DK** D — h*h'F 3]  Run 1&2
B 4 DK** D - hEaFata— [36] Run 1&2
B* - DK** D — KOhth~ [36]  Run 1&2
B* = Dh*rtx D — h=h'™ [37] Run 1
B® — DK D = h*hF [38]  Run 1&2
BY —+ DK*° D — h¥nFate- [38] Run 1&2
B' — DK D — K&hth- [39] Run 1&2
B" 5 D¥g* D* = K-ntat [40] Run 1
BY - DFK* Df — hth—xt [41,42) Run 1&2
B! - DFK*n*n- D} = h*h ot [43] Run 1&2
D decay Observable(s) Ref. Dataset
DY = hth- Adcp [14-46] Run 1&2
D" — K+K- Acp(K* K- [46-48] Run 2
D" — hh- vep — V&R " [49,50] Run 1&2
DY — hth- AY [51-54] Run 1&2
D" — K*x¥ (double tag) R*, ()2, y'* 21,27 Run 1&2
D° — K*x¥ (single tag)  Ricny Akms Cole, A" [55,56) Run 1&2
DY s KtgFqty- r, ky', (2* 4+ 9%) /4 (28] Run 1
D' S K=xFrta- ri, (ky'®);, o + ¢+ [22] Run 2
D" = Kirtn T, Y [57] Run 1
D" — Kirto~ e, Yop, Az, Ay [58] Run 1
D" — Kinto Top, Yop, Az, Ay [59,60] Run 2
DY xta—a® Ayt [61] Run 2

T T —r—r—r
- ¢ Only ]
c.l) - #8 B° Only LHCb |
— - @88 B* Only Preliminary

0.8 - I All Modes Autumn 2025 _

| [LHCb-CONF-2025-003]
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v = (62.8 £ 2.6)°
2024 LHCb average: y = (64.6 + 2.8)°

Precision brought to below 3°, not using LHCb
Run 3 data



> 5.8fb~! data in 2024

1000

800

600

400

Candidates / (5 MeV/c?)

200

..............

—3%— Data
—— Total fit ]
— B* = DK* —
—— B* = Dn* K
B B’ - D'(— D[r')K* A
B B* — D*(— Dla’DK* 7]

B* — D*(— D[yDK*

B — D'K*[x] -
- B — D°K*(x"] ]
B Mis-ID part. reco. ]

Combinatorial =1

5200

5400

LHCb 5.8 fb ]
s=13.6 TeV

5600 5800
m(DK*) [MeV/c?]

:

g

Candidates / (5 MeV/c?)
B (o))
8 8

g

5200

..............

—— B* - Dr* ]
B B° - D'(— D[x' DK™
B B* — D*(— Da"DK*

. 5, — D'K*(x")
@ Mis-1D part. reco.
Combinatorial

5400

LHCb 5.8 fb'
(s=13.6 TeV A

5600 5800
m(DK*) [MeV/c?]

[LHCb-PAPER-2026-010]
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CKM angle y with Run 3 data

Candidates / (5.0 MeV/c?)

Candidates / (5.0 MeV/c?)

600 -

—3— Data LHCb ]

500 — B*—DK* 9 fb! =

—— B*—Dax* E

400 I Partially reconstructed —

I MisID partially reconstructed 3

300 [ ] Combinatorial E

Total ]

200 3

100 -

0
5200 5400 5600

m(DK*) [MeV/c?

1400 L e

1200 3 Dana LHCb

—— B*—>DK* 9fb! 1

1000 B—Dr* E

800 I Partially reconstructed .

I MisID partially reconstructed

600 [ ] Combinatorial -

Total ]

400 -

200 ]
0 L

5200 5400 5600

m(DK*) [MeV/c?]

» Method: Classic binned Dalitz-plot

approach (same strategy as Run 1+2)

* D> KJntn~ (optimal binning), D -
KJKTK~ (2-bin)

« External strong-phase inputs ¢;, s;
from BESII|

CKMFitter UTFit |

Preliminary

y = (68.1 £6.7)

Huge potential for LHCb Run 3

primarily hadronic modes, large gain by new trigger



Unbinned measurement of CKM angle y

> Joint analysis between BESII and % experiment [LHCb-PAPER-2025-063]
[LHCbh-PAPER-2025-064]

> In B - D(- K2hh)h* decay:

3 BESIN (a) | 310" L8f “w, BESHI (b)
25k RIE: Sl = i e _-'-f’_‘%;'\?ﬂ’_l
. 4 A= 1 A A % ek ik S
B™: pg(z) < pp(z) + (xZ +y2)pp(z) + 2[x_C(z) + y_S(z)] T T
vy o $ L e = 2 .":7‘°
B*: pp(@)  pp(2) + (2 + YD)y (2) + 2[x,C(2) = 7,5 (2)] By
= S | . % %
S SR ; 10 o e,
Sof F =2
0770 0p, +J,— i — = " 3 s
D"/D" —» K/h*h~ decay density {C,5} = \/ppppicos,sin}(¢) 6B - s Bl PN g T
1 2 1.00 1.25 1.50 1.75
03 £ - ; ” Mo+ [GeV?el] Mg [GeVZe']
— Komt . T E
025 = o N ' LHCb 10" W Y LHCb
02 - Pemnay e s, one O L 25 =
E - Fit to data Bt © 4 o, a
015 = — Model prediction «f 20F 4 10 {f |'6:
= > Tk ¥ [
VE S G . 8 F
Strong Phase pata 1 15 0t ® M BERE
0 %_ ) E 1.05 ¥, ‘»;.';v:,‘:‘ . g 12 :_ . .._.,.; -. A '
005 £ : ; w& F" s i i T
T E : 4 R, Rl .. & ) R R R w2 % L
0.1 TR T TN T T N T M - MY YT SN T T N 1 2 1.00 1.25 1.50 1.75
CGCGGCCGCCS S S8 8 585 6GC GEGCCECES, S S5 5,55 Mo [GeV¥el) mi—;l,‘»« [GeVZ/e!

> Unbinned Fourier (novel):

« Improved statistical precision than binned methods (~5% improvement)

2026/5/22 10



Observation of CPV in B° - J/yp° Decays

> First time-dependent CPV observed in charmonium

12000
LHCh 6 tb™!

E 10000 f_ —— Data and fit -]

+ vector final state via b — ccd transition (Run 2 data) < st T

& 6000 :— P;rlially Rec. Bkg. ]

. . . %‘ 4000 f_ e Combinatorial Bkg. _f

» Full 6D amplitude analysis: decay time +m(n*n™) S 200f E

+ 3 helicity angles S50 00 S0 S0 s4s0 500

m(JpataT) [MeV/c?

ot
[

. ] 1.20 LHCbH
LHCb 6 fb™ ] 68% CL contours
i 1.15 RN 1+ Run™

~C

J/p 9fb~!

]
—

1.10 J/¢p 3fb~"

Al

Weighted CP asymmetry
=]

1.05] \J/¥p 6"
0 1.00
_0_20’ — L 0.95
' modulo ZJt/Amd [ps] 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Parameter Value 2B [rad]
26°% [rad ] 0.710 =+ 0.084 = 0.028
A 1019 =+ 0.034 = 0.009 Penguin-induced phase shift: A¢g = 5.0 £ 4.2 mrad

2026/5/22 [LHCh-PAPER-2025-059] 11



CPV Iin b baryon to charmonium decays

» Penguin contributions expected to enhance asymmetry In A0 —>]/1,bp7r

e ] e
» Observable: ~ 0 G Tow ] gop 6 Fow
= 7000 94 = 3 E
¢ Mep = Acp (A0 ) — Acp (A 2 —ran ] Zawp T 3
cp = Acp - J/Ypr~ CP - J/Ypr” S sonof. BV I — Rk’ 3
o dd [N(CT>O) N(CT<0) N( CT>O) N( CT<0) 0)40002_ <. Comb. bkg. _g g;‘zzz; ----- Comb. bkg. :E
i ®) 2 |[N(c7>0)+N(C720)  N(—C7>0)+N(-C7<0) g 0E ERGE E
© 20005_ E 10005— —E
1000 - 3 E L
05 | N . 3 055500 5600 5700
5500 5600 ) 5700 mJIYpK*) (MeV/c?)
> Run 2 results A4 p = (4.03 +1.18 + 0.23)% mUNpK") (MeVie) e
: . . "F  LHCb i 1 ™ LHCb E
» Combined with previous LHCb result: - wof 61 Fow ] g o
. % 500-— — Total fit E 5()0;
AMcp = (431+1.06+0.28)% = 3.90 First 2 .: B IR
E — Comb. bkg. 3 § 3005
% 300 - Aﬂ—ﬂ/wpK‘_é :% 200
© 100
L PR, S s 0 SSOOI —= 5600I ' I5700 ]
5500 5600 5700 m(Jppmt) MeV/c2)

m(Jppr-) (MeV/c?)

S [Science Bulletin 71 (2026) 547] 2



CPVin A}(ZEp) - pK{h Decays

> New observations (both 80):
A) - pKd K~, ) - pKIK~

» Integrated A.p(all consistent with zero)
Acp(AY - pKd~) = (3.4 +£ 1.9+ 0.9)%
Acp(AY > pKIK™) =2+ 13+ D%
Acp(EY » pK2K™) = (22 + 15+ 11D)%

m(pm™) m(KJn™) Yield AL (%]
Bin 1 - <1.1GeV/c?  821+34 —06+40+1.9
Bin 2 ; [1.1,1.7]GeV/® 870440 124+42+18

Bin3 <24GeV/®  >17GeV/c2 2200450 0.5+24+1.1
Bin4d >24GeV/®  >17GeV/c2 840450 3.3+55+2.0

2026/5/22

77) [GeV?/c*]
k= DN DN

0
S

m3(

2F o

O:— a LHCb
8E © 9 fb~!
6F

4_

2_ 3 4

o0F

SE

6F _
4F :
2__ 2- R e
| T

0 10 20

[LHCb-PAPER-2025-016]
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CPV in B > KOh*(SM Null-Test)

80—

80

> Data: 5.4 fb™lat 13 TeV (Run 2) i; 70 LHCb 5.4 15” +bu ‘g 0 LHOb 5.4t 0w
g 605— _B+_’K§K+ g 60 :;(’)ilgtg](* =
o wee BY— Koot _ B ]
S sl R “hh
> Key channel: BY - Kdn* g o g
= O = 30§
T 20F =
< r % 20
© O

« Pure penguin b - sdd

10E R 10 -
S A g e o o5 E !
. . . CP 50000 5200 5400 5600 9000. ' 5200 I 54(;.0#1 * '5600I -
o ~
SM predlCtlon. dq 0 m(KSK*) [MGV/CZ] m(KgK‘) [MGV/CZ]
~ 1600 ———————— 3~ 1600 ]
2 - LHCb 5.4 fb! -+ Data 4 =2 - LHCb 5.4 b —+ Data 3
cp N 0+ % 14005 ﬂ — Total fit ] % 14005 H — Total fit ]
AP (B - K{n*) = —0.028 £0.009 £0.009 2% e g A
= - s Comb.bkg T = - w Comb. bkg
AP (BT > KIK*) = 0118 £ 0.062 £ 0.031 S F R ] P by
2 C . 8 C ]
_,5 600;— — 5 600F =
E 400F g 400 F
© 200F O a0
D00 5200 300 5600 oo 5200 TR0 3600
m(K$ ) [MeV/e?] m(K¢) [MeV/c?]

[LHCb-PAPER-2025-049]
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Raw asymmetry/(0.04)

Observation of CPVs in B - K*n*n~ decays

T 0; ] ' §. 038 ('b)ll?;lfibgill o Im;,rle[.l.S('),llﬂi;] Gevie?
> : =
N fit 4 > o |
+ 01+ g 3'3 Jf + 'H'Jf, 1, E 02
CPV INB™ - f2(1270) K % .0 _.:_/;-:____i__ _______ Zl}zl-:'l"iri_#}ii‘{"- ? _0(2)
—02F . B
£ ouf LHCb Preliminary e B T ||
S o6 +Data - p(770): 06 ata ) A1O0)
;_o,gf— — Model S-W&V&:E—SXP,Wr _O'E; _ .—l\flocllell—]_)-vya\{el IS><D o
L L - e = 0.5 0 05 o 1
- ' © My, (GeVicd) N__N+C°Smr
0.8f-(HLHCH —+Data  — Model 1505_(c)u'1c1) ' ' O Raw asymmetry = YR
osf 3 S-wave — f,(1270) E 3 1
04 Sxf,(1270) t O CPVin B* > p3(1690)°K*

A(P }(0.0029 GeV/c?)

0.2
4)2 _______________________________________ O Different of Legendre moment
04 ) = (Bu)g- — (Py)p+
0.6 My €lm,.m,, ] GeV/c?
08 e interference

B P T U TR : . . waves

-1 0.5 0 05 1 0.5 1 1.5
cosf . m,.. (GeV/c?)

[LHCb-PAPER-2025-067/068]
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FCNC & LFU



FCNC decays as sensitive probes for New Physics

In the Standard Model Possible contributions from NP

Forbidden at tree level Must occur via loops Supersymmetry Leptoquarks

W b—o>—y-------- b > - > -
b > s L i ’ ‘
b P A LQ
ZO/}?7‘< P Zu/_/zz 7+ ﬁ/ £~ I
£ ’{ .
4 o+ 8

New heavy gauge bosons

[Look for deviations] e
> FCNC forbidden at tree level in the SM {rom SM predictions Z ‘iqﬁ
.

» FCNC decays heavily (loop) suppressed in the SM
» New heavy particles can significantly contribute and affect branching fractions,

angular distributions, and rate asymmetries

b — sff QObservables

Increasing precision of SM prediction

2026/5/22 17



Consistently low 8 found in b - suu

LHCb BY— ¢putp~ [PRL 127 (2021) 151801]

dB/ dg? (107" x Gev™

dB(B; — ¢u'p)ldg? (GeV e

wE e —F— LHCh9fb!
E © LHCh 3™
12 [ SM (LCSR+Lattice)
10 = [ 1 SM(LCSR)
£ SM (Lattice)
B —
s Iy Wy(28) ]
6 ! =
4 f :_!_. N — =
2F =
L 1 L
00 5 10 15
q* [GeV¥e']

CMS B — K*0utpu~ [PLE 753 (2016) 424]

CMS 205" (8 Tew)

-
[

- —4— Data
-_(SH,LCSR)
77 ( SM, Lattice )

=

\“

-k
[=]

LHCb B?— K*0yt+pu— [JHEP 11 (2016) 047)

—0.15512 .
> LHCb

) j
§ 0.1 .
3 1
0.05 L e
———

G 1 1 [

0 5 10 15

¢ [GeV¥ e

B%— K%~ [HPQCD, PRD 107 (2023) 1]

A&  CDF'11 -().6
® LHCb'12A
®  LHCb'144

0.4

-0.2

=(.0

5 10 15
7'[GeV7]

T
20

Branching

fractions
B+ — K+utu~ [HPQCD, PRD 107 (2023) 1]

0.5 A CDF1L Lp g
a— & Bl
! ® LHCE12B
% 0.47 o Licha |04
9, & LHCh'LC
= 0.3 e e 0.3
= ot
:% 0219 Ly =0.2
k-
= 0.1 -0.1
0.0+ . . . : -0.0
0 5 10 15 20
¢*[GeV]

LHCb A — Agtp~ [JHEP 06 (2015) 115]

— |87
= E 3
= 16 SM PRI BT (2013) 074031
£
SM PRD 93 (2016] 074501
3 1af aos)
=2
LH —— [gin
= 12
= | —+— Datn + [Xiv:2509 12605]
=k
=

LHCb mnfﬁcial—%

PR — PR B— PR
(IR 5 J 10 15 20
¢ [GeV¥cd]

» Consistently below SM, tensions at 1 — 3¢ level (significant hadronic uncertainties)

> BT - Aputu~ explored recently, in agreement with the SM

2026/5/22

[arXiv:2601.06878]
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Angular analysis of B —» K*[— Kr|utu~ Anouer

distribution

> Fit of 5D PDF to determine CP-symmetries S; and CP-asymmetries A4;

™, ™, | K- <—>
N [ﬁ 1 d°T A9 =
NN : _ = =(1—-Fs)—— Y (8; % A)f:(Q)|BW A P-wave
\"\. 5\3\ . d(I' +T')/dq? dg2dm g ,dQ ( S)G4W ;( JFi()|BWp (micx) e
‘\__l‘ E\l‘“ 7 1 N . .
\+ \ + +8_7r Z(Sj + A;)fi(Q)F(mg,) S-wave+tinterference
BN J
A RN ——- LHCb4.7 fb!
C LHCb 8.4 fb! ] — a1
- [ |SM from ABCDMN:2024 ] 801 LHCb 8.4 T
P‘; — Ss 0.5 B8 SM from EOS (GRVDV:2022) -
C e g 0.18
3 s & P Significance 4.1 0
o B o N = - g
o S > ; or underestimated hadronic effect?
0 5 15 N e o &
q* [GeV¥ '] ARe(Cy)

> Local deviations 3.1 (2.7) o in [6, 8] GeV for EOS(ABCDMN)
> Legacy analysis of B » K*°u*u~ sees tension of around 4¢ [arXiv:2512.18053]
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Time-dependent CP-asymmetry in B? — Kngzt

asymmetries
— 1 © ' I 4 & F T+ r - 1 - 9

Iglll

:E.* : LHCh 9 fi! . - LHCh _é 5 E_ ];I;Ihﬂ;h 68.3% Confidence Levels _
=-l . L — _:| N = _’..___... —— n
‘:_:‘Sﬂ: —{—Data,ﬂ'tag 2 AL E L5k ,..--‘""f ‘H] E
£ 0oF 4 Data, B tag sE E . — Y, ]
S F — Fit, &° tag : : IE - e e
EEU: Fit,Fﬂtag - E - P .
s s . 0.5 7/ — -

~ .k - \ 3 * s
20 i ] 0 E | o — Total region 3
- E L~ ' — ‘region 3
10 3 + ;uminﬁt, d 3 0.5 S S.hrprer;jctinn —]I:.]?;'n ;Tﬂg;;::rr; =
0 “F 8 yielid aymmetry 3 “F  #Best fit point ]
i L L ) l L 3 l P T T TR R S " 1 P, o

[ . 0 5 10 -1 0 1

Decay time [ps] Decay time [ps] C

> First time-dep. measurement of CPV in b — sll processes using Run 1+2
> Legacy Time-dep. CP-asymmetry Aq.p = S X sin(Amyt) — C X cos(Amyt)
» Resulting in § = 4+0.32 4+ 0.29 + 0.05 and C = +0.13 + 0.32 + 0.04; in good agreement

with SM prediction
[LHCbh-PAPER-2025-062]
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Lepton flavour universality (LFU)

> In the SM, weak interactions towards three generations of leptons are identical

. . _ B(Xp—X T+VT}
» Interesting measurement:  R(X:) = 35X/

o 04 ] T T T T T
e A 68% CL contours ]
. o N CKM2025 Belle® ]
» Recent LHCDb results using Run2 data: 035 - th 3
Muonic: R(D**) = 0.402 4 0.081 + 0.085, o3 \[Pr'( K =
Hadronic: R(D*7) = 0.260 & 0.015 £ 0.016 & 0.012, N _ SN Cba}
: g iemomomm Bele IT ]
» Recent 3.80 in R(D*) measurements HFLAV 2025 o2  idsds v
L T e BT ]

0l.2 0.3 0?4 0.5

R(D)
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R(J/Y) measurement

CMS 1o 41ie |
0.49 + 0.11 + 0.24

LHCb Run 11, |
0.71+0.17 = 0.18

Muonic t decays

Source of uncertainty on R(J/))

Value (x10°9)

BB, — Jlyw) | b | E Simulation statistical uncertainty 5.9
BB, — Jlyuv) B = ¢(25)¢*v modeling 2.6
Average | MisID composition estimation 2.5
0.54 + 0.12 ; . . '
| Simulation corrections 2.0
M prediction B{ — Jhp f_+ v forlm factors I 1.8
PRD 112 (2039) 3, 034503| B = X p" v scaling 1.5
HFLAV Efficiency ratio 1.3
L W - - 12 Fragmentation background modeling 1.3
' ' ' Ry ‘ ‘ ' MisID decay-in-flight correction 1.1
. i (J/ + ) combinatorial modeling 0.6
Final value: 0.51 £ 0.12(stat) = 0.08(syst) Mol decsy<in-Right smessing 03
NIT . Bl — (25) £"v scaling 0.3
1.86 compatibility with Standard Model (0.26) Birt = ptu,p,) 9.2
Trimuon effect 0.1
> World |eading Result! Systematic uncertainty 7.9
Statistical uncertainty 11.9
Total uncertainty 14.3

» Consistent with world average
> Statistically limited [LHC Seminar, 19 May 2026]

2026/5/22 22


https://indico.cern.ch/event/1685950/

Candidates /(25 MeV/c?)

2026/5/22

B(B~ Dyt~ 7,)
B(B~—D; %5 n= )

(D**U) _

o Slgnal extracted from binned fit to: Am = m(D* ) — m(D* ) anti- Ds BDT, ¢° = (ps — pp*+)*

2 %
= a
| o
: 3
© 3
1} 0
200 300 400 500 600 T00 0.1 0.2 0.3 0.4 0.5 4 [ 8 10
Am [MeV/c?] BDT-antiD, output g [GeViet]

B(B~ —D; 30t~ v,)
~ B(B=—=D;3uwy,)

R(D;%) = = 0.13 £ 0.04

> In agreement with SM prediction 0.09 + 0.02

. B—=D TV, - B fake D ma ot
. B D,(2400) 17, - B=D D)
I:I B =0 05X . B—D (DK
I:l B D, (2400)" D 3(X) - B0 "raa® prompt

[PRL 135 (2025) 021802]
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A - pu~v, decay measurement

» LFU test in hyperon decays:

RH/e — B(A—pp™ Du)

B(A—pe— g) oy
> Run 2 data: _ )
g‘i?{m LHCh 541 —— Total i
%ﬁ-{]{]ﬂ : i:iﬁ o
éa{“) b Selected Data
&
3 4o @ R*/® compatible within 1.5¢ with SM
& 3000 prediction arXiv:2507.09970
2000
R/ —0.17540.012 J
measured : :
0 ST L L TS

1090 1100 1110 1120 1130 1140 1150 1160

Mepr(pm) [MeV /]

B(A — pp~7,) = (1.462 £ 0.016(stat) + 0.100(syst) &+ 0.011(norm)) x 10~* [arXiv: 2511.15681]

in agreement with BESIII (B(A — pp~7,) = (1.48 £ 0.21) x 10~%)
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https://arxiv.org/abs/2511.15681

B’ —» D*uv angular analysis

> Differential decay rate as function of the decay angles and g¢“ is sensitive to NP

dr(B°—D* v G2 | Vg2 25|24 m
(E= 0 ) _ G “Jsﬁi%'p' (1—?&) [(|H+| + |H-? +|Ho|)( 2qz) 2q2|Hr|] J

@ Helicity amplitudes H. o ; can be parametrized in terms of function of q°, i.e. form factors

B — D* v BGL PRL 74 (1995) 4603 CLN Nucl. Phys. B 530 (1998) 1 BLPR PRD 95 (2018) 115008

0 ]
D* — Knm LICh Preliminary 3 fb-! 14
04 CLN this work

LHCh Preliminary 3 fb~!
CLN this work

BGL this work 0.4 4 BGL this work
. BLFPR this work EBLFPR this work
Belle + lattice Belle + lattice
E o E Belle ang. coeff. ty 61 I Belle ang. coeff.,
=T

n 3 1 f & m 0 3 1 a & m

72 [GeV? /et ¢*[GeV?/c?] [LHCb-CONF-2026-001]

» Angular observables in agreement with previous works

2026/5/22 25


https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://cds.cern.ch/record/2957157
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.131801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.115008

Spectroscopy



New hadrons observed at LHCb

11'5 L 1 L 1 1 1 1 L 1 1 1 _l L 1 I 1
11.04 74 new hadrons at LHCb o be ® 99 W bag
' ® bg @® cccc cqq
105 4 https://www.koppenburg.ch/hadrons//Masses_LHCb.pdf ® cc @ Cr,';f B ccg _
- ® cilqd) @ cGgg M ciqqq ~
7.5 [ -
= Tcﬁcf 6900 -
7.0 ° [ ) kB,tmmr
6.5 Ao(6152)°0(6340) - B(6700)*
il T} - _ b b = 0 - 0 B
:bu:ﬁzz_}:] Abl'6145}l] . -b(6227} .%b 6327 o = (6095 0
6.0 - Ap(5920)0  =b(5955)— _ B;(5970)*° . [ ] L ' 'bEEBBB lE::anavg'ﬁ I — L
" .I\b{5912]° = {5935}_.'3;{584(}:]4"0 Zb{E{Jg?:‘+ :’\b{60701055: [6114}0 -
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o I :
S the previous conference
857 Xeo(4700) X:1(4685)
— pP(aas0y @y (4500) P.:(4457)* 0 x(4630) .
n 4.5 0%1(4274) Pe:(4440)* Toota2z0) @ ce4338) he(4300) -
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patrick.koppenburg@cern.ch 2026-03-17 Date of arXiv submission

Details in Da Yu'’s talk
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New doubly charmed baryon

w++

observed by LHCb in 25 - Af K n*n*

[Phys. Rev. Lett. 119 (2017) 112001]

> A subset of data collected in 2024, a structure is observed in AYK~n* state
- Enabled by the LHCb upgrade, trigger efficiency ~2.5x higher than in Run 2

m(EL) —m(ELY) = —1.77 £ 0.84(stat) £ 0.15(syst) I135 (lifetime) MeV

[ LHCb

2026/5/22

4000
~ — Data
o [ fs=136TeV — Total fit
> - 6.91b -- - Signal
?/3000 N E.—=AKn~ Background
~
8 &
= 2000 7 =
%
=
O
1000 — _
i 1 1 1 L I 1 1 1 L _I 17 1 L I 1 1 1
3500 3550 3600 3650

3700

=) [MeV/c?]

[arXiv:2603.28456]
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https://arxiv.org/abs/2603.28456

New excited charm-strange meson D (2933)"

» A long-standing puzzle about the nature of D;,(2317)* and D, (2460)*

« ~100 MeV below quark-model predictions for P-wave states
[LHCb-PAPER-2025-07 3]

> Search for excited Df in B® > D*D " K*n~

~ :

> :

Model with D, (2933)* = 3

o ET ' ' T y T ' ' y ' T e ]
2 20p Lo LHCb 5.4 b § =
S 00E =) eswer =

IS E —D,(2590) o E _E D'K
5 1600F  pimi Preliminary 3 1 ox
8 140 —p o33y E =
"g 120 :_ ‘-foc _E 2000 - D, _-
'E lggz_gfg[f: E 1800 b, Prediction from Phys. Rev. D93 (2016) 034035 E
= sl E E =
@) 60 i — Total Fit :g 1600 1 1 ] ] 1 1 1 ] I 1

;g“ E 2541, = 'S, S, °p, P, °p, °D, D, °D, ’F, F, °F,

0 3 JP= 0" 17 0t 1t 2 1= 2= 3= 2F 3+ 4%

2500 3000 3500

m(D*K*-) [MeV]
- Mass and width: M = 2933*8(stat.)*3(syst.) MeV; I = 72*18(stat.)*7,(syst.) MeV

« Spin-parity: J¥ = 1%, other J* hypotheses rejected at > 50
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Candidates/(0.019 GeV/c?)

New excited states: £.(2900)° 2.(3200)°

» Search for 2 in the Afn~ system of B~ —» Afpn~ using LHCb Run 1+2 data

» Amaplitude analysis:

« 2.(2900)° and £.(3200)° found with siginificances of 7.5¢ and 120 respectively

\ BN Der S Jems TWR W DONR vIR DRI N SYYY (WY NEE. [RCL LT pm DO

900+ , B
- -1 q
800 - L LHCb 9.0 fb -
700 [ + .+ ]
L t —_ 9
600 - | ' Preliminary -
= ? 1
500 T
a00f [ 2
300+ " Lo Al
200 "' L . "! e =
100 s,
0. b 3 [--1'.-- sissaduaiiiiiiiaied. o
25 3 35 4

m,, [GeV/c]

Solution group A
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o888

Candidates/(0.019 GeV/c?)

~f yrrrergreer,rTy/mrT o roDnmexrmyry

I§v§v§v§'§'§

LHCb 9.0 fb! 1

{ Preliminary o

Parameter Group A Group B

Mg, asony0 [GEV/ ] 2.8192 £ 0.0060 £ 0.0020 2.8483 £ 0.0037 £ 0.0055
I Ecllgaﬂml}[GEV] 0.0326 + 0.0068 £+ 0.0080 0.0990 + 0.0072 £ 0.0209
M, (20000 [GeV/ ] 2.9077 £ 0.0048 £ 0.0087 2.9143 £ 0.0032 £ 0.0081
[ -, (2000)0 [GeV] 0.1754 £ 0.0082 £ 0.0225  0.0921 £ 0.0061 + 0.0234

M £, (320070 [GEV,-" c* ]
I <. (3200)0 (GeV]

3.1859 £+ 0.0059 £ 0.0144
0.1331 £ 0.0176 £ 0.0267

3.1898 + 0.0054 £ 0.0107
0.1001 £ 0.0154 £ 0.0323

+ t ,r" m
4, )
¥ ‘o‘ Yt b o i, Al
‘e ".'.u. i, .
+ L 7Y
A —
.

- . . - R

...... Lila s | N, |

25 3 35 4

m,, [GeV/c?]

Solution group B

[LHCb-PAPER-2026-001]
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Observation of orbitally excited B/ states

> The B} meson is the only meson with two different heavy quarks bc

> Search for B.(1P)* - By where B} - J/yn* and y is reconstructed from calorimeter

240

3<103

- SF )
220 |- -5t 4 Deta LHCb 9 fb
> b — Total
200 |2 4F
- [ B—>Jlyn* —+— Data
180 -<°F [BI>JIyK* — Total
r 2 r
160 - £ 2F Backgoond | ... Background
140__51;_ ittt | |Peak1
E ot | Peak2

1 1 1 1
6200 6300 6400 6500
M(B?) [MeVic?]

120

Candidates / (20 MeV/c?)
53 8 3

[ve]
(=R ]
TTT [T T T[T TT[TTT

[Phys. Rev. Legt. 135 (2025) 231902]

200 . I 400 600 I 800
M(By) - M(B?) [MeV/c?]

M; = 6704.8 + 5.5(stat) + 2.8(syst) + 0.3 (B, mass) MeV
M, = 6752.4 + 9.5(stat) + 3.1(syst) + 0.3 (B, mass) MeV
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Electroweak: Stress test of the SM

LHC 13 TeV Kinematics

T ¢ v T

> To test consistency of Standard Model

T T T T T
o[/ m= ATLAS/CMS
C| @ LHCb
].31:- 21Ld 31'1:' generation Goldsdomne outadde 10’ : CDF/m
stamdard maiter IJIIEL-HL]:‘JDHHH o iﬂnﬁem bosons ulu.m.:lu.r_:\l merabil . E [ HERA
10° [| =] Fixed Target
-‘ -
" Simplified
z : we
g2 . g
=4 - * /
'E- g< - 10'L c.. 2
e ﬂ o o.
g 3 s [ -
g Q‘ 103 B '.O '..
C .o’ 'o'
= g . S
L . -
. 10° - S, ; f92e / H
_.-'—-\_ E ™ '. ; ‘. A" :
; - s. 10, : y TER | =2 =0 y=2 ] w0 |
£34 =
£ g
g T 10°k
E B >,
, -
LNJ
10'E
12 fermions 5 basons N o
12 anti-fermi 1 ite o W . - - - - -
t - eeamlons) (+1 oppasite charge W) 109 10 10 10 10 10 107 10°

» LHCb's forward acceptance is complementary to ATLAS and CMS
2026/5/22 [aerv0808 184 7]



Model-independent m;y measurement

[JHEP 03 (2026) 148]

> pp » WE(- uv)X cross-sections

+++  Total uncertainty
Statistical uncertainty
at V S — 5 . O 2 TeV Tevatron I combination
Phys. Rev. D 70 (2004) 092008
Do 11 ————
Phys. Rev. Lett. 108 (2012) 151804
LHCh, 100 pb~!, 5 =5.02 TeV : ' 1
; 25 wry T Tor LI I TFT I LI I rrr I wra I LI § I LI S I LI ) I TFT I L=t LEP CDmhinatiDn
N i g W"' 3 #'Fv'u ] " Phys. Rept. 532 (2013) 119
g ] g LHCb
=9 B g JHEP 01 (2022) 036
[Sw— =
5I5 82 CDF II "
== as Science 376 (2022) 170
] ATLAS —
! EP]C 84 (2024) 1309
I b CMS ———
10 - Best fit model ! 7 arXiv.2412 13872
i |:_| Fit result ] LHCb do/dpr
------ my + 500 MeV LHCb-PAPER-2025-031
SEL my =500 MeV JUR S S—
- Data g
Sy g Gfitter
ﬂ sl loaslasalanaly e ﬁ'E EPJC 78 (2018) 675
35033 34736 38 40 43 34 46 48 50 53 EE | mEem
Pr [GeV] E 2 Phys. Rev. D 106 (2022) 033003
T T T T T T T T
80100 80150 80200 80250 80300 80350 80400 80450 80500 80550
my [MeV]

= 80369 * 130(exp) * 33(th) MeV

Consistent with previous measurement
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https://arxiv.org/abs/2509.18817

Axion-Like-Particles searching

» Axion-Like-Particles can solve the strong CP-problem and be a DM candidate

ALP— yy searching at LHCb using Run 2 data

10775
|
[0 BaBar (B—Ka) I LHCb 2.1fb~! %
BaBar (2018) I ATLAS 10760
&  Upper limits at 95% CL:
10—5 b%

> fa vs. mg (left) using
c1=c=c3=10.

104

> B(B° - yy) <0.83 x107>.

-3 0 _5

000 7500 10000 12500 15000 l?SOOI I 10 > B(BS — yy) < 2‘68 X ]‘0 *

m M 0.01 001 > o(pp — np(1S)(yy)X) < 765pb.
-3
10 5 10 15
mg [GeV]
Best limits on f; in m, € [4.9,10] GeV. [arXiv: 2507.14390]

First measurement of purely neutral final-state at LHCb.
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LHCDb ion mode at Run2

pPb(Pbp)

pPb: 1.5 <y* <45
Pbp:—5<y*<—25

PA
o —

A = (He, Ne, Ar)

PbA

-8

A = (Ne, Ar)

p(Pb)A : —2.77 < y* <0.23

LHCb-PUB-2018-015

3

.. ‘/SNN = 5.02ch
B /vy =816 TeV

pPh Pbp Pbi’h

-
o

recorded luminosity [nb]
a .
w7 "" ! lll'l‘ T ”l"‘ T Hlﬂ"

-
(=}
~

pPb Pbp PbPh
2013 | 2015 | 2016 | 2018
10° Beam Energy
i - BRYOY = 68.6 GeV

B \/vn = 87GeV
.. VINN = 110 GeV

o

-
<
~

I ||I I 1

pNe pHe pAr pAr PbAr pHe pHe pNe pNe PbNe
2015 I 2016 | 2017 | 2018

protons (Pb) on target [10%]
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LHCDb ion mode at Run 3

PO 00 LHCb official operation page
= 10
—_ . N = = LH(_h . e
. ” E - [ = 5.36 TeV
. = I =
Z = . [ = 9.62 TeV
=1
£ L
NeNe PbPb 3 =
=
2
)
4
S 1wt
PP
2024 2“25 2026
= T
7 - am 1 JH:.e". - 2024, "mu.e'u
IJ;, Iﬂn IHCh . 2005, .x 113 GeV 2025, E 09 GeV
s 10 B 1026, {5y, = ]I1&V—ZIPLS.E=IIIJG¢\'
- e b, i, = 11 GeV LG, iy = BT GV

— T, gy = 6B GEW = 2OLT, i = 110 Y

_oE
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Collision system
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A polarization in fixed target pNe and collider pPb

» Probe for heavy-quark spin-dependent physics and QCD dynamics in non-

perturbative regime

JHEP 09 (2024) 082 PRD112 (2025) 112022

< 0.4 e < 02
“ - R~ ' :
03¢ LHCb E 0.1F ]
0.2F Vsn = 68.4 GeV pNe 3 +¥ ]
0.1F = Of---#---g---F g™ ' lp} ““““ .
-+ = i e :
0 —_i% -------------------- — _o. 1|~ LHCbRPb forward Vg = 5.02TeV H [T I%L E
. . "'} e~ LHCb pPb backward {5y = 5.02 TeV t} 3 [ S
0.1 E &~ LHCb-SMOG pNe \s,p; = 68.4 GeV I l L
_onE E —02F = ATLASpp 5=7Tev T %l
“F e A . [ « HERA-BpC |5 =42 GeV ]
_03 E — A _: = E'?'g‘_‘}ch \%= 39 GeV Il :
] A (a) . 0.3 == NA48 pBe \f@:?&" GeV o =0.746 l ]
—0.40——1— — [ ——M2pBe {5y = 27 GeV L ]
500 1000 1500 ™ wz(iﬁo ol PPs Voo

ev/iC .
Pr 107 107 107 10™" 1

A polarization cannot be explained by QCD

LHCb data agrees with HERA data and follow world trend
No apparent difference between A and A

Results from A, coming soon ....
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LHCb Upgrade I

Mighty Tracker MT

Quter: improved SciFi

Inner: CMOS pixels
:qﬁh'g:ﬂgg r:;zlasr ut E:E:E g{mtinﬂs TORCH PicoCal

Mighty _ RICH2
Tracker
RICHI

\y ¥ ¥

|

Muon

VELO pixel Scintillation + SiPM to
detector with improve low-p tracking

New readout, FE, ASICs, event

timing capability _ g builders, HLT1 & HLT2 farms ...

L e Linst = 1.0 X 103*cm 2571

Taken from Yiming’s talk
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https://indico.ihep.ac.cn/event/28363/contributions/217517/attachments/101954/136725/20260426_LHCbupgrade_LiYiming.pdf

LHCb-China contributions to Upgrade Il

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels

Upstream Tracker UT
with CMOS pixels

N N*wx4
PEASED kB U%

Institute of High Energy Physics
Chinese Academy of Sciences

K
niver: iltyinf Chinese Academy of Sciences ¢ iz i

"WVEL O DIXe]

RICH1 & RICH2 with SIiPM/MCPs
and timing capabilities
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1933

Fhorii k¥

Linet = 1.0 X 10%*cm™2%s™1
( Run 3)
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Summary o7\

» World-leading precision measurement of CKM

Total uncertainty [%]
=

matrix: v, s

~
______

Optimistic

Run 2 Run 3 Run 4 Run 5 Run 6

=== R(A}) ]
R(J/D)

SRR

\'h.
. LHCb unofficial T========"oo==

» CPV in both beauty and charm sectors S e s S T 5555

PRD 94 (2022) 015003

TITITIFIFFFIFTSSY
vy Ny Dy Oy Oy Oy Oy
. . Data sample up to year
> Latest b - sll and b — clv in good agreement with g = =
0.6 TN, 5
SM prediction S /
. . . 0.4 §
» Various observations in hadron spectroscopy = |2 [
0.2 -4 |
» Explorations in W/Z measurement and Heavy-ion Y :
o-04 —Ol2 (I) 0I2 B O.l4 O.IG 0I8 1.0
P
G Q) " —rp G (G0al: 50 fb1 =—p <+— Goal: 300 fb! =—>
Run 1| LS1 Run 2 Run 3 Run 4 LS4 Run § LS5| Runé6
2011]2012]2013[2014]2015]2016]2017|2018§2019]2020{2021| 24@2[2023] 2024|2029 2026 2027|202 zozu[:mo]zm1[3032035]20,\(»]2037]:03x]203o 2040{2041]2042
Upgrade 1 Consolidation Upgrade 2
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Thank you for your attention!
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Evidence for Bt - Apu*u~

branching fractions

2026/5/22

Candidates/( 8 MeV /")

AL

B* — ApJj

LHCh
5.4fh!

m— Tutal Fit

———e BT Ny T
Combinatorial 1
Diata ]

adnn _ LN LR
m{ Appt =) [MeV /e

s

Bm(ﬁp)<2.8 GeV — (1-70J_r

m(Ap) < 2.8GeV

0.56

.i.\!:'\_';_. 15 . — .]-I..I‘IFI] |1|| ._-

- LHCh === B _"jl"“-.“

—_— Coanhinatogial

T: '-i"' Data

___:"'_ 1 =

E- L

k: } !
[ +. L J+=;. . :‘, . +. +. T

L] S0 2N LA _ an aan S
m{ Appt ) [MeV /]
0.65

+0.17+0.14) x 108

Bm(f_\p)>2.8 GeV < 2.8 X ].0_9 at 90% CL

[arXiv:2601.06878]
m(Ap) > 2.8 GeV
g L L R B R B I 1
2L LHCb T o O Mt |
é’q 54 ﬂj_l B Expected CL, + 1o ]
0.5 Expected CL, + 2o

LRY 1.5 10 20

25

Byig(B* — Apptp~)

1.5 3.0

(3.5 o significance)

In agreement with, but 2 o below SM prediction

I =10-#
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W production cross-section

. [LHCb-PAPER-2025-070]
» W - uv decays using 5.1 fb~! Run 2 data

£ e 70T 111 ; -1 ) _
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= 1000 | FEE g | £ oy ! ﬂﬂ' T
S L H' = 02 .
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400 | o esnoss st Wom, e : 01l = RESBOS2MSHT20
300 [ —— ressosz cTis -"""S::::. H | 1 015+ ~ RESBOS2 CT18 n
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] i i i i i i i i i i i 1
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" "?Iu
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Au) =
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A lot of analysis and Physics exploration from Run3

o : . .
'l'g 10° - Ei?lllslon data i EE&E Fixed-target data B -6ty
- 10 B su =962 TeV - LHCb-FIGURE-2025-017
]
= 106 L W s =s36Tev LHCb preliminary === B~ = D'z~
E £ . [Su = 113 GeV E 100- 2025 OO B Comb.
+r 10° - . e =70.9 GeV - /3nN = 5.36 TeV, 5.5 nb™! B Partial reco.
g 4 T . L = — Fit
et 10 3 e ® .8 *-® S TH1 { Data
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2
el -5 50
o 10°E . =8 = 3
o =
- 10 5 251
s &}
© 1
i
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C

ollision system
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Upstream Tracker / UT

= UT installation & operation

* |rradiation study of SALT
chip with Chinese facilities

= Control & safety software

\

LHCb Run 3

Side view

2026/5/22

Side View

SciFi
Tracker -1

Top view

/ Scintillator Fiber Tracker / SciFi \

FE board design and production
(>2500 PCB)
Quality assurance system

Study of radiation damage on SiPM

Taken from Yiming Li’s talk
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LHCb Upgrade Il

Mighty Tracker MT

Outer: improved SciFi By Fahicy

Inner: CMOS pixels
Upstream Tracker UT
with CMOS pixels

(ﬂ JNF*( M )
YOHETDE fil i f

Institute of High Energy Physics
Chinese Academy of Sciences

= Muon detectors uRWELL (inner)

oD s + MWPCs (outer)

Uniwersiltyinf Chinese Academy of Sciences

L O nixe|

— Linet = 1.0 X 10%*cm™2%s™1
RICH1 & RICH2 with SIiPM/MCPs
and timing capabilities ( Run 3)
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