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Outline of the talk Joint measurement between LHCb and BESIII

v = (71.3 £ 5.0)°,

* Introduction DK Srn 0.008¢ D 0.0021
rg. = 000497 05s, Th = 0.008475 00

B 0.0085 ° 0.0019 °
* Precise measurement of theICKM angle vl'vith a novel approach ,S!’;" = (121 '(;ff,:{; e ,5[’;"' = (31 1*_1"" |
. - - - - + + + — e -
lCP violation studies in B* - K" n"n Pecays most precise smgle measurement to date on )
_ A, 1y -
* Prospects and conclusion <U 0.8 ]
Disclaimer: results are selected based on personal taste 6 E
0 | N E
R FHCb preliminary :
202 2 A p 1 Qiar Z 0.4 I -
[ =
0.2 E
Three different approaches to build the =z S-wave model 0 ) -III ----------------- - -l- ) -I ------ i T _:
CP violation -0.2 I =
Good agreement of CPV between S-waves obtained from different approaches _0 4 l. —:
Observe CP violation in B* — p(770)°K* and B* — £,(1270)K* decays , while evidence for l =
CP violation in B* — p3(1690)°K* decay and low-mass S-wave-dominated region of 7"z~ -0.6 LHCbS
for the first time 1 =
Observe CP violation in B* — (S-P)K"* interference and find evidence of the same in -0.8 3{b” _:
B* - (S-D)K" interference for the first time 1 ] ] | ] | | 1 | | 1 -
Implications for hadronic modelling (strong interaction physics) T2 =TS 8 8 5 8 8 8 K
mplications for hadronic modelling (strong interaction physics S QX oo Q§ 98 8 2 8 < B >
Measured branching fraction of B* — K3(1430)°7r+ now favours QCDf, resolving =~ v Qo a n QA v AN N "~ ! 1
longstanding puzzle — (=) o 5
Improved K« S-wave model also means fx(1300) is no longer needed: standard f,(1370), Q \a \a g,\‘\‘ TN S g\C’ Q\O g,\c’
f0(1500), tensor components and their interference describe the data well S Q
Ten new intermediate processes are observed for the first time d 1 ' s
etailed amplitude analysis
4 4




5‘&54: LHCb, BESIII, Belle (II). CMS. ATLAS ......

CM 140 o' (13 TeV
Recent CMS BPH reSUItS qM?I I i ERES I | a:n _| T | LI L L B B B T ( T |e\2
L —4— CMS (this result) ] 1 -+ Data —
+ Production & properties 1 ATLAS JHEP10 (2018) 047 _] - [_]ABCDMN EOS ]
— Y(nS) cross section measurements at 13.6 TeV (submitted to JHEP) E f e Zi:: :j;: ((:g:;; ;11;801 E g (] flavio HEPfit g
— Full angular analysis of B — K*0uu (PLB) [ | —+— LHCb PRL125 (2020) 011802 _| 0.5 5_ % _E
— Differential B measurement and angular analysis of B% — ¢pup L + ] F ]
« Search for new rare decays oL J_ % [ oF E
— Observation of n — p*p-ete- L + ‘ I g + ]
— Search for BY (B%) — 4u o + ; B - E :
— Search for T — 3p C —I By e 1 -05 3 ! E
- Spectroscopy 1:_ | E : — -
— Observation of X(6600) and X(7100) in J/Y J/Y — 4 C ] -1 f— —E
il - Observation of X(6900) — J/{ Y(2S) — 4 (submitted to Sci. Adv.) I I AN PSS I IFUATIN AN PN B SRR R SRR IR Lol =
] : 0 2 4 6 8 10 12 14 16 18 O 2 4 6 8 10 12 14 16
— JPC measurement of the tetraquark family X(6600),X(6900),X(7100) > >
(Nature) q2 (GeV?) q2 (GeV?)
X(71 00) CMS 135 fb™' (13 TeV) + 180 fb™' (13.6 TeV) .
Zhen Hu ; s --xes00 |  MOSt precise measurements of the angular observables
> S00 6.70  —ruimodel o X(6900)
S 7, B —x700 | valuable contribution to our understanding of the b — slli
; 400F Interfering Xs
g 3007
§ 200
100 - =
VAL S - CMS paints a full picture of fully-charm tetraquarks
9
552 +s+++#++++¢w w W M it
1 ! ! ! 5 3)

6.5 7 8 8.5 9
my, sm [GeV]
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PhyS|cs program and Belle Il China

bbb Yosy, o B
Bottomonium|.. e, P

New hadrons|

-|Charm physics =H18

Belle Il ttau-charm#3E5# &
4826H =7l

Br(BT — Ktvi)gy =

SM prediction:

(4.6 £0.5) x 107°

QCD o oty RES
pnFragnns o, %"’e " Lm"’“\‘ Review of bottomonium results on Belle Il <—> 3 5 0 Wrt nUII
" ez 4A268 £
Dark seotor | < —> 2.7 owrt SM
(new in Belle Il) _——— LHCb: ~50 papers/year SM \\ erage
s S, : 7 4 0.037 L.
s S B physics = . -
S_— gs %g%* 84 papers submitted & 76 accepted as of last week S —— Belle II (362 fb l- (‘()“1])1“(‘(1)
- & L 1 2.3+ 0.7 This analysis
- pipole Jﬁ\(’ eay, Total Submitted Paj pers (Belle Il ) - Quarterly. |
5\/'7:“;2{:2:32@:13@3 g we” —1 O 3elle II (362 fb!, hadronic)
- 1.1+ 1.1 This analysis
(under development) E—' Fl:-ll /z-F\ : ) )
N o Belle II (362 fb!, inclusive)
Belle Il China Group: : : 27407 This analysis
e 15 institutes, ~150 members (incl. Postdoc, students) 1~ Belle II (63 fb™!, inclusive)
e Charm, Bottomonium dominate contribution : : 1415 ERLL2E 18150
* B, 1, detector development, etc. is developing I ( - Belle (711 fb'!, semileptonic)
L . 1.0+£0.6 PRD96, 091101
Belle Il preliminary : :
0.451 : L Py Belle (711 fb'!, hadronic)
’ This work World average - 1 2.941.6 PRDS87, 111103
. ~— Bellellhad.tag 2024 4 gy : BABAR (418 i 1 etonie
Belle Il sem.tag 2025 s exp. " o—— : D™, semileptonic
‘/ th nee R(D( )) 0.401 &= Belle Il had. R(Xz) e s : 0.2+0.8 PRDS82, 112002 P
1 .
. - e BABAR (429 fb'!, hadronic)
measurements 0.35 - Sem“ep. tag. C i 15413 PRDS7, 112005
b l L l L l 1 L L l 1 1 1 I L L 1 l 1 L L
) 0 2 4 6 8 10
& 0.30

v’ performed the
first R(XC) 0.251
measurement

: 10°x Br(BT—K " wp)

0.20{ PRD 110 072020 other b —» svv decays in preparation (stay tuned)

0.20 0.25 030 0.35 0.40 0.45 0.50 0.55 6 6
R(D)
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° + .
Stlldy on the Charmed Baryons m AC BF studies P-R.Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)
the BESIII Experiment

PTEE AT ARGUSGD] [ AL o pioetre 018N BESME] Table 2. Measurements of the BFs for the CF decays of the A} (in units of %)
Afshety,  20SEB1090T  CELOMSIRS [ AF S AQOSIT e, (oo e o Mode BF Experiment__| Mode BF Experiment
36.3+4.3(12%) BESIII(2015)[30] A(1405) = pK Nucleon-involved
BESIIN2022)[31] | A - A(1520)e* e 1.0%0.5(50%) x A +pKD 1522000 BESHIQOONEO] | 1824025  BESII(2017)[90]
bt BESII(2017)[32) | A —pK3n—etu, <0.33 A S pKY 1672007 BESII(2024)(89] | ¢ " "KST 1.864£0.09  BESIII(2024)[91]
Ao AT gy g1 7(4.9%)  BESIIN(2023)(34] | A¥ - Artr—etve <0.39 3 Af - pK3(700)° - pK -t 0192006 LHCb(2023)[86] | AL »nKZnta® 0.85£0.13  BESIII(2024)[92]
_— 39.5+3.5(8.9%) SI11(2018)[35] | AL —netwe 3.57+0.37 (10%) BFsm(zoza)[m] AL - pK;(892)° - pK =t 1.384£0.08  LHCb(2023)(86] | AL »nK -t 1.90+0.12  BESIII(2023
NS 40.6+1.3(3.2%)  BESIII(2023)[37] Af = pK;(1430)° — pK -~ =+ 0924018 LHCb(2023)i86] | . K2R 1874014  BESII(2016)[80]
. T = = - = L L i~ s
=. Mode BF(x10—%) Experiment = Mode BF(x10-%) Experiment : )ii::n‘z;‘z : Z ‘:;:i:?" ::::ZZ:::E?: oo Z;::: Brnr“l)(mn],[“.”
7 = S 2 “ AL A6 = ; 3)(86]_| A > pKyr +
el— On l * l.&71|:17(.)ﬁ/")’ A 992 =0 5Eptuy 10.1£2.1(21%)!  Belle(2021)[38] AZ > A(1700)** K~ —prt K- 024+0.06  LHCb(2023)(86) 2 ' 0.41£0.09  BESII(2021)[145]
=0, + 44.37153(40%) 1 9 2 = 220t 67+39(58%) CLEO(1995)[27] Al = pKgn Siiaas Bele(2023)(146]
G © 19.7453(27%)!  ALICE(2021)[39] A S pKOntw 1534014 uusm(mu,;[gd;
- N 10.4+2.1(20%) Belle(2021)[38] A —»il\’in’w L69+011  BESHI(2020)(89]
Lanzhou University o
Q0 0t 2.4:+1.1(47%) CLEO(2002)[28] | 02— Q%utu, 1.94+021(11%)  Belle(2022)(40] 5814035 3 )
‘ ©  198+0.15(7.7%)  Belle(2022)[40] A o pK-rt0 4533038 BESIII(2016)[80)
4.4240.21 Belle(2017)(147)
A-involved
+ d d [ Table 3. The determined BFs for the CS decays of the A? (in units of 10-*). Upper limits are set at 90% i 1244008 BESII016)(80] | AL A *x® 7.01:£042 _ BESII(2016)(50]
confidence level. e 1.31+0.09  BESIII(2023)[126] 1.84+026  BESII(2019)[94]
A ¢ decay asymmetry studies
o o B [ o T A Aao(050)° 1234021 BESII@025) ] 194013 BESII(2025)
5 = e et AY w\(mn') + 5 pK -+ 0.48+0.19  LHCb(2023)[86] | A} - Axtx—n+ 3.8140.30 S| |
P-R. Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022 S - T T o e T T YT 0
- <027 AT nxtad 0612009 BESIN(2023)(129] 1 (u,mnr‘ > pK-—nt 0324012 LHCb(2023)(86] | © % 0.31+0.05  BESIII(2025)[108]
iy 039751 BE: |\_»u.'n«4| Al %\(lhlk))ﬂ‘%ph x* 0.07£0.02  LHCb(2023)[86]
Mode @ Experiment Mode « Experiment = 0.45£0.05__BESIN(2023)(129] r : N 0274006 Belle(2021)(95]
" " — . - T91040  BESHI2016)127] AZ = AQ6TO)t — An Saios0). AaTria)]
Nucleon-involved A& — A(1600)7 0.2£0.5 LHCb(2023)[91] 7 LHCh(2018)[135) T 0oTZ00 LACH(202){54]
ST LHCL(2018)139 a -5 2 L
N 0 —0.75+0.10 LHCb(2024)[160] N — 0.82+0.08 LHCb(2023)[91] Atapm Ay OM 10w EEmGN] AZ > A@0O00)TF 5 pK 0.60+0.07__ LHCh(2023)[86]
Ae —#Pis —0.927014  BESIII(2025)[159) A —RA{eM)s 0214043  BESITI(2025)(153] T O e LisEom BESm@OR | ST
F = ¥ - AL+ (PKY K x')yn <006 Belle(201 041020 BESII(2018)(96] | ¢ Belle(2018)(149]
AT — pK(700)° —0.1+0.7 LHCb(2023)[91] | A$ — A(1690)7+ 0.958£0.034 LHCh(2023)[91] AL T 165007 Bello(2016)157 i comb 0912008  Bele(aozn)ss] | AF o BT} 10]
-~ S g 2 010£001 _LHCH2018)138 2 s
AT —pK((892)° 0.87+0.03 LHCb(2023)[91] | A$ — A(2000)7+ —0.574+0.19 LHCb(2023)[91] - TZ0% LECH AN . [0y terisy ey BeBa(018)1 8]
AT = Kz (1430)° 0.34+0.14 LHCb(2023)[91] | S-involved A osszon  Bawfaanlias A Sty Gaizove tmasim [T T:i:?: Sesii a0 )10
c 0 < ¢ - A Li1£021 2023){120) b o(2022 AL = [105]
¥ — = y - 098+ LHCb(202 . 0.57+0.18  BESIIN(2025)[97) | A7 2.11+0.36  BESIII(2017)[105]
A AG2) K- 0555004 LHOOO®)OY | o ., 0455003 Bello(2023)[103] smiss o e s [
AF — A(1600) T K~ —0.50+0.18 LHCb(2023)[91] ¢ —0.59+0.05  BESIII(2025)[159] AT+ oark000  BEStzso0] | A7 nong 020004
T A 2 AKHR 20 BESII(2020)(107) i 127009 BESII(2016)(80] | AZ »S°KSK* 0.080.03
Af = AQ1700) K~ 0.22+0.08 LHCb(2023)[91] | Af =%ty —0.9940.06 Belle(2023)[103] 1494029 BESII(2020)(135) Sele 1224011 BESII(2023)[126]
- T o - — " - o AT ARG 1735020 BESII(2025)(131) AT 5 5(1385) 70 0.59+0.08  BESIII(2022)[93]
A-involved Af - Tty —0.46£0.07 Belle(2023)[103] Moat s N SAK x 041015 BESIN@000)135] 0512020 BESTII(Z019)(84]
—0.785+0.007  LHCb(2024)[160] —0.46+£0.02 Belle(2023)[137] T R - A2ty LaLE013  {Baletzoii){ic]
+ 5 _ ) e AY - 20+ T GIow  BESHEOR [ Al SETK T0050n  BESHIGNIW] S 060008\ BESIII(3028) 145)
Af = Am —0.75540.006  Belle(2023)[137] —0.504£0.08  BESIII(2025)[159] ALK %L 08 e T L S (1385)07 0.65£0.10 _ BESIII(2022)[93]
—0.790:£0.033 _BESIII(2025)(159] | AT > £(1385)7n® _—0917:£0.089 _ BESIII(2022)[95] L [ - T T
- - T p——— — ; T s s ; 374006 BESII(2025)]
AF > AK* 0.59+0.05 Belle(2023)[137] | AF — £(1385) "y 0.61+0.16  BESIII(2025)[153] LoEN TR Af 5 E(1530)0K ssale Ezz::gg:ﬂm) 0374006 BESIII(2025)(108)
—0.52+0.05 LHCb(2024)[160] | AT —2(1385)%7F  —0.7940.11 BESIII(2022)[98]
A = Ap(770)* —0.7634+0.070  BESIIN(2022)[98] | A —X0K+ —0.54+0.20 Belle(2023)[137]
AT — Aa(980)+ —0:91+2:20 BESIII(2025)[153] involved
A = A(1405) 7+ 0.58+0.28 LHCb(2023)[91] | Af -=0K+ 0.01+£0.16 BESIII(2024)[161]
A = A(1520)7+ 0.9340.09 LHCb(2023)[91]
. .
e Opportunity in charmed baryons, and plan to take data
i 0.37840.015  LHCb(2024)[160] P 0.4914£0.012  LHCb(2024)[160)] >
AF = Ant +0.17 AF = Ant e
08T 0% BESIII(2025)[159] 0.6410 BESIII(2025)[159]
AF 5207+ 0.7075° 18 BESIII(2025)[159] | Af — X0x+ BESIII(2025)[159]
AF 5 50 076753 BESII(2025)159] | AF 5570 & eesmeosns P to 5.6GeV to cover all ground-state charmed baryons
A 5=0K+ —0.644+0.70  BESIII(2024)[161] | A -E0K+ —0.774£0.59  BESIII(2024)[161] 7 7
AF = AK* 0.33+0.08 LHCb(2024)[160] | Af —AK*+ —0.799+0.041  LHCb(2024)[160]
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Evidence of Higgs to dimuon decay from ATLAS

FROE apas T ¢ Dam
fooo E {s=13/13.6 TeV, 140/165 fb" — Total pdf 235k
12835 H—uu —— Signal pdf S ES G A S 1 (%@¢:$ Ma*— )
E . : ---- Background pdf * .?. %
1400 Inclusive, In(1+S/B) welghted g P PHYSICAL REVIEW LETTERS 135, 231802 (2025) a'Vln a’ am * ,

1200
1000 -
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600 £

[ — * HopplFEOERRSE — BT

pp Collisions with the ATLAS Detector

Weighted events / 2

Significance: 3.40

FREXRBETZ#EE

400 E
200 F

1 AT e e e e P e

-
oo
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|

(8]
T

Data - Bkg.
(weighted)

a1 o
T

L R R “as we now realize, the top quark is simply

110 115 120 125 130 135 140 145 150 r:]iS[Ge\}]GO tOO Short-llved tO fOI"m bound States-
apparently there are no top baryons and
mesons.” -- Section 1.9, David Griffiths,

Toponium from ATLAS Introduction to Elementary Particle Physics,
« An excess of events is observed over the NNLO perturbative QCD prediction, with Second Edition
8o observed (60 expected) near the tt production threshold by ATLAS with LHC Run 2
data. [ , Accepted by Reports on Progress in Physics (IF 20.9)], [ATLAS
Physics Briefing], [ ] “The top quark is too short-lived to form
. This excess is consistent with color-singlet, S-wave, quasi-bound tZ states predicted  °PServable hadron states and its mass is again
: : inferred indirectly, from observations on the
by NRQCD with cross-section of 9.3 + 1.3 pb - ,
decay products of tt pairs, as we shall see.” --
« CMS 2L results ( ) and also 1L CMS PAS TOP-25-002  gection 3.1, B.R. Martin and G. Shaw, Particle
« Observation of toponium opens a new field to study NRQCD with top quarks Physics, Fourth Edition
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BESIII, LHCb, Belle-II, CMS. ATLAS... + #Z55QCD + IHitH

1.5 cEGEEE T T L 200 e e e S e e e | 15 S— . —
o e ]hgsCL 095! l ] | ? —V ILJWHPL HCVLII‘L\! T T Ty ] R\ l T T l—
[ Amy . C Y/ %
1.0 = j 1.0 E % Am, & Am, ]
F-sin 2 Amy & Amg - - sin2p
- 0.5 =
E I= oof
] 05|
-1.0 € 1
SK A 2025 (o a16L5 03
J swzs (excl. at CL > 0.95)
1 ,1.5 Ay | |
g OO il '1.0 '0-5 0.0 13
1.5 2.0 ﬁ
T — T T —
[ € 10 LHCb 300fb™ ]
p 2050s v 57 Belle-1l 50ab"]
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E\:::Z:(:ié)/

FCC-ee 6x10'4]

\\\\‘ | Vvub | / | ‘/('b‘ W
. E
0.4 0.6 0.8 1.0

2.0

B(B* — K+t~
B(B* — K*ete™
B(B) — ¢pu*p~
B(B? — ¢ete”
B(B] — p*p~)

B(B® — ptpu~)

B(B* = K*+up)—

P/(BY — K™ty
PUB® — K*0* ™) [4.0, 6.

vvvv

Muon g — 2 (WP) —
Muon g — 2 (BMW) —
R(D)

R(D*)

R(J/¥)

R(AD)

B(BT — ttv) T

patrick.koppenburg@cern.ch 2025-10-27
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Example: how to test SM and probe NP?

- EW interaction scale > ext. mom’ain B rest frame > QCD-bound state effects

| mw ~ 80 GeVv

J my ~ 91 GeV > my ~ 5 GeV > Aqcp ~ 1 GeV

$
- 4Gy

10
Heg = \/5 ‘/;(D‘/;’b <01Q11) + CQQI; + Z CZQZ + C77Q77 + C8gQ8g>
. p=u,c =

=3

electroweak
parameters

A(B° — 7r+K)f;/_1;\

related to exp.
Br & CPV

WCs due
to NP

\

> Vexm (CM + ) [

non-perp.
parameters

/Oldu T (1) () A\ (7 4 K) O W <§ %ﬂi O .

+/1 dédud'vTiH(S,u,v) 1 A
0 v

WCs from SM, also perp. calculable
perp. calculable in QCD & QED

10
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Symbolic Reduction of Multi-loop Feynman Integrals via

Generating Functions New Strucutes in Feynman Integrals

April 25-27, 2026, Chongging Xing Wang (E £)
iIng Wang

The Chinese University of Hong Kong, Shenzhen

Based on 2506.09124 (PRL accepted), 2507.23594 (JHEP), 2511.15381 with &-collaboration,
Bo Fen g and 2603.18576, 2605.xxxxx, with Yefan Wang and Jian Wang

April 24, 2026

Recent developments and applications of NeatIBP

First bootstrap computation of A package for IBP reduction of Feynman integrals

EEEEEEEEEEEEE

Bootstrapping Six-Gluon QCD Amplitudes

Sérgio Carrdlo and Dmitry Chicherin and Johannes Henn and Qinglin Yang and Yang Zhang %%%

Phys. Rev. Lett. - Accepted 20 March, 2026

DO https://doi.org/10.1103/k237-8ccq

Carrolo, Chicherin, Henn, Yang, YZ > EEEE‘ E{E‘ Btf‘wiﬁt‘ %Iw‘ gkiﬁ

arXiv:2510.20565, Phys. Rev. Lett. accepted 30y, PO, #DIBES. HIEK. FEHEM.

arXiv:2602.02783 2Fi, 3E. Hongyang Han .,
{8%F. Chengtai Tan. .......

analytic computation of all planar massless integrals =




5RQCD: FITEHE. WIREF. LCDAs

Toward the First-Principle Calculation of Heavy Meson LCDAs Inverse and inverse-logarithmic moments
Before 2025 LQCD result, 2025 i Reference (Method) A5 (GeV) o)
251 ) 1 GeV  This work 0.347(21)  1.723(69)
—:= Model I —:= Model IV Pry(@, 1) Model 111
—— —- Model —+ Model IV
201 e Model v 121 Mol — ModelV Ref. [18] (LQCD) 0.376(63)  1.66(13)  PRDI11 (2025), 034503
Ref. [29] (Experiment) >0.24 - PRD98 (2018), 112016
' Ref. |15] (QCD sum rule) 0.34373:583 1.4(4)  PRDI01(2020), 074035
Ref. [6] (QCD sum rule) 0.46(11) 1.4(4) PRD69 (2004), 034014
! Ref. [30] (QCD sum rule) 0.383(153) - JHEP10 (2020), 043
®
Ref. [14J (OPE) 0.48(11) 1.6(2) PRD72 (2005), 094028
* Only models * LQCD, but still preliminary Ref. [5] (Asymptotic behavior)  0.35(15) - PRDSS (1997), 272290
LPC, Phys.Rev.D 111 (2025), L111503; PRD111 (2025), 034503 Ref. [31J (Global Flt) 0338(68) _ PLB848 (2024), 138345
Qi-An Zhang Precision HQET LCDAs from Lattice QCD for Tightening B Decay Uncertainties 7
A Term:
Light meson ® O¥le
Su m mary & e ‘H - Lambda LCDA, A, u=2.0, Norm = 1.11, Ansatz:¢=¢phy+§y+(m,z,—m,fvp,,y)3+azcl
nght baryon ° C24P29, Pz=1.96 GeV
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