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§&: LHCb. BESIII. Belle/BelleII. CMS. ATLAS

Nature 643 (2025) 1223

¥

CKM angle y with BX - [ATh T r~]pht

. 0 e
P N -
C V I Ab pK nm decay + Model-independent measurement of CKM angle y in B* > [K+K_7[+7[_]D h* and

 Using Runs 1-2 dataset (9 fb') Ab E¥Cpﬁ&ﬂ;ﬂg§;x£im B [ﬂ+ﬂ_ﬂ+ﬂ_]D i b= B el

« Use BESIII measurement of strong phase in phase-space bins of the Do’ decays

» Corrections for production & detection asymmetries as measured in A2—> A:(—> BESIIL PRD 112 (2025) 012015

pK~ )~ control channel - Analysis based on 9 tb™! from Run1+2

* Phase-space integrated A¢cp =(2.45 + 0.46 + 0.10) % (5.20) T op O 1f (ke -
z ! - [ | Plugin p
» CP asymmetries also & 4000k ‘ "1 % ismf ' ! ' 5 p o 7
y < 14000  LHCbom 1 2meob [ hopopm 3 08F Lo .
. . > (a) > {b) = [PRELIMINARY. ]
measured in different 2 15000f e 3-8 oo~ - I paa E T ]
= F _ = — 3 0.6 B
= F Total fit oy Total fit 2 2 4
PHSP reglons Z10000F ] e A —=pk a4 T10000F T e A —pK'aat o ]
ol (a) ‘ % soof B —pm 2 s0m —EopKna = MoV =
5 o (@) oo _f~ g F - Comb. bk 7 2 P -+ Comb. bk E y )‘
\ g F bkg g mb. big. E=
O = 6000F Mpwma 42 e000f A PRt - E !
S g r — A~ pK Ty g — A, = pK'may
v o 4000E s~ prae O 4000 ?;” prors Oo s 50 i =
S B Shos o
5 & W v L PSR T B . L PRELIMINARY
e GV oo Tse0 5800 6000 oo Seoo  ss00 6000 B e S - i ) v = (53 9+9.5)o
(539 £ 086 £0.10)%) ((’ ()" m(pK ~mta) [MeV/c?] m(PK'm ) [MeV/c?] R oK) E;«?;‘Vr’cl] o 0 D) eI < —8.9 13

5 0 *0 , ,+,,— e
CPV in B+ — J/ym*: first evidence Legacy Runs1-2 B* - K*" u™ u~ measurement

Dﬂisﬁijﬁii%. %E’_‘jiﬂﬁ& » Two different theory packages are used, which take different

approaches, e.g. different non-local form factors

* Using Run 2 dataset

NS: LhC 54 " Tg(al fit ; Lo 541" R
* CP asymmetry measured Z o 2" rerr P
wrt the control channel F H, Z 6.C ARe(Cy) = —0.937018  ARe(Cy) = —0.947 35
B* - J/YK™: z g , ‘ Significance: 4.10 Significance: 4.00
o o
P _ ACP / P LI+ —— 1 — b4.7 fo
AA = A% (B* = Jppn*) — AT(B* = JWK™). R ST M sty | — Unaam’ | LHCb Prliminay
. = ~ 10f i LHCb Prelimina
« Combined Runs1-2 9fb™ ¢ e ] E » : 2
. 2 ;C‘())lmb‘::kg 1 S 75('"—,1/::”(' 3 2 - > A $
result B Lo =3 i MiEcharming 10@pAIIAIR
P R " .- = )
AACP = (142+043+£0.08) x 102 }§ { fw : Cy = vector-coupling |, P 4
T o N \ b "
First evidence (3.20) of DCPV in beauty ~ © [ 2 ] , o L
decays to charmonia A VI W R e g & O S R R
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SE0&: LHCb. BESIII. Belle/BelleII. CMS. ATLAS

BF of D°, D*, D} hadronic deca
S+ FBrAICPIR OIS

& D%, D™ decays:

REFHIEHMVNE
(2, 2. HERE)

® DS decays:

JHEP05(2024)335, 7.33fb~1@4.178 — 4.226GeV

PRD 111 (2025) 092005, 20.3 fb~1@3.773GeV

Mode B (%) Acp (%) L
s sawsas - Recent studies on the AY measurments at BESIII
ipy y KHE-nt 5.49 + 0.04 + 0.07 0.48 +0.26 +0.24 D" - K"K zn'ztz~ 0.66+0.11 £0.03 23412 C
DF — KOK+70 147 +0.02+0.02  —0.85+1.97 +0.46 Dt — ¢prtrta 0.54 £0.19 +£0.02
0.73 4 0.01 +0.01 L1441.58+0.44 1); s K%Kl”‘”i”n 251 0S40 T Semi-leptonic decay
00052011 —0e 001503 Z+ : z;;:;" B 2;(7) i gﬁg i 3?2 227 +0.22 £0.05 18405 v Form factors of Af—Ae*v, and Autv, PRL129, 231803 (2022); PRD108, L031105 (2023)
' 'Hi:::’:il: [:i 22“i23?i“ ” Dt — K%K*af T 2024035+0.10 v AL - pKTetv, PRD106, 112010 (2022)
e e : v Search for A} - An*n~e*v, and pK;m~etv, PLB843, 137993 (2023)
1.69 + 0.02 +£0.02 —0.44+0.89+0.19 - v A: - ne+v€ Nature Commun‘ 16’ 681 (2025)
. T PRD 112 (2025) 012001, 7.9 fb~1@3.773GeV
9.10 £0.09 £0.15 1.05+1.45+0.62 Neutron_involved ‘kcay
:;ufiu,unil»(»i 23S Signal decay By (x107%) Brocus(x107) v Af >t PRL 128, 142001 (2022)
3.95+0.04£0.07  —0.59 +0.76 % 0.20 d v Ar s nantnd notntno, nK-ntnt CPC 47, 023001 (2023) (Cover Story)
61740124014  —1.60 +2.57+0.64 D° - K3z 21~ 1.35 +0.23 £0.08 22+054+03 € 2 4 9
0.51 4 0.02 +0.01 217 +£4.65+1.10 D —» K2zt 2x° 190+1.1£1.5 e v AL - nKK* FPRD 109, 072010 (2024)
Df = Ktatnm 0.620 £ 0.009 £ 0.006  1.81 +2.01+0.45 Dt - K 3zt 70 6.57 £ 0.69 + 0.33 v At - IK*m* PRD 109, L071103 (2024)
v AL - nKatn® PRD 109, 053005 (2024)
% 3 Hadronic CS decays
% CKM matrix elements are fundamental parameters of the Standard Model (SM): ¥ A g o s JHEP11, 137 (2023); PRDO9, LO91101 (2024); PRDI11, L5110 (2025)
A v AY - pn’ PRDI06, 072002 (2022)
.VUd Vus {V“bu CKM *Eﬁﬁ)l‘ V7 A | Eg*%ﬁﬁ 1)]]% v Af - AKY, Ak, AKnrt PRDI06, L111101 (2022); PRD109, 032003 (2024); PRD111, 012014 (2025)
Vekm = V;; V;; ‘/cbz AN —p—in) - (d) v AF - ITK, SOk (n ), 2Kt PRDI06, 052003 (2022); JHEPO0Y, 125 (2023);arXiv:2502.11047
N7~ 71/ 1 N 4 v Hadronic CF decays a
'th/ Vté V;”’ 4 « 3x3 unitary complex matrix v PWA of A - Am*n® and Attty JHEP 12, 033(2022); PRLI34, 021901 (2025) . s“e
P o | i v W-exchange-only process E°K* PRL132, 031801 (2024) “\\
Charm decays + LQCD ‘ B decays + LQCD | Se e 3 n'flmn; LU C LT as? v AL - EOK*+n® PRD109, 052001 (2024) Q“
Expected precision < 1% at BESIIT | o Unitarity: > VijVit = jx and 32, Vij Vi = G v A} - pK,, pK;n® pK ntn~ JHEPO0Y, 007 (2024) o“@
Inclusive decay ‘ 5
% Any deviation of Vky from unitarity indicates new physics ¥ Improved BF of A7 —e*X R, D00 E0ed) QQ
. v’ First BF of A;—»fiX PRDI108, L031101 (2023) Q
Revised in PDG2024 Precision: (0.6-1.8)% v’ First BF of A;—>K2X arXiv:2502.20821

[Vadl?>+|Vus|*+|Vup|?=0.9984 £0.0009=1(SM)

[Vea|?+|Ves|2+|Vep)? =1.001 £0.007
P

recision: 0.7%

=1(SM)

[Veq| = 0.221 £/0.004 Y
[Ves| = 0.975 +\0.006

V.| = 0.0410 * 0.0012

% D/Dg (Semi-)leptonic decays provide direct measurements of |V.¢| and |V,4|

2025/10/27

Xin-Qiang Li

Rare decay

v AF oyt

Production and excited A}

v A} A7 lineshape and form factor
v A, (2595)* and A, (2625)*

PRDI107, 052002 (2023)

PRL107, 052002 (2023)
PRDI109, L071104 (2024); PRD109, 112007 (2024); arXiv:2503.21413
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SL3$: LHCb. BESIII. Belle/BelleII., CMS. ATLAS

I Search for CPV in B® > p+p— [PRD 111, 092001 (2025)] I R(D) and R(D*) (D) m BB’ > D9+,

Mixing-induced CPV param. B(B =y D(*)+€ Vé)

Probability distribution

» much smaller loop contribution = dominates ¢, precision

. tl\J/vo :"’; rec.ontstrufztion needed = a channel suitable for Belle 11 Pt = S0 o5 mtama) Test Lepton-Flavor Universality [Belle Il Preliminary]
. T[_{ . . . . .
e Gestamian]), * Use hadronic tagging, efficiency: 0.30%, purity: 29%
Belle II preliminary 0 B(B° o) = (2.8919037) x 1070
sl T ¢ Bhag | BB - p7p) = (28555) DiectCPVpara . . R(D*) = 0.242 + 0.019(stat) + 0.016(syst)
g “Hfeacwser ¢ B’ fu = 09217902 Signal extraction
N 2 “o029 vty e et A : , R(D) = 0.439 + 0.055(stat) + 0.045(syst)
3 y=E= L= NN v * 2D log-likelihood fit to Egcy, and M2
< a E [4¢ f) o miss Belle Il preliminary
‘E 40 +fy cos? 6. cos? , Belle Il Preliminary 365 0.45
5 512 } 'y : e T
& 20 7 | o Belle 11 preliminary B-spp (WA + Belle 11 (2024)) ‘5 of Meece ¥ 0.40 e it
o Bl DY 6 =[92.6233]° ]
b L i I L 08 | 1 B - pp world average: N 0.35
g 03 E ¢, = (91.52%3)° s S R
E 00 = 2t ] : e i
5 o5 T 1 St | B > pp world average R ek Y EET TR LA I St
6 -2 -2 o0 2 a4 & 68.3% + Belle Il p*p~ result _ Bale i prtiminary 3 —
At [ps] oz § 1 = ¢2=(92.6743) 2 ” o2 N
95.4% gl: 020 025 0.30 035 0.40 045 0.50 0.55
S = - 026 AE 019 + 008 0% 2‘0 4‘0 5‘0 alo |r‘)o 1z‘n u‘so 1(‘.0 6%' ? ®0)
4[] H Most precise determination of
. 1 1 8 . . .
C=-0.02+0.12+0.05 Dominated by systematics from $ 7 G R L L EmiE e Eei e s nm R(D™) with hadronic tagging

I First observation Of D:0(2317)+ = D;+Y I I-epton flavor VIOIatlon nTt PhYS'CS [JHEP 08 (2025) 092]

I e A e i
* Target: D},(2317)* - Dty Partial decay widths: Lepton flavour violation is only allowed by: O e i == = i A= I
. . . s . - N - N =5 1 os 0 Data [edt=428 o1 050 0 Data fcdt=a28 bt
« Control channel: D%, (2317)* - D-si-.n() (Br = (10030)%) unique in discriminating between various models e Neutrino oscillations Q(1o ) - ! T - eKg . T pKg 1
) + . far beyond current experimental sensitivities 180 : " % o . s
< 1800 g e —— o _ BD(2317)" = Di™y) o New Physics models O(10~8) s o ; ;
S L [ ota mbinatoria - * o *0 -o0s 5
g - = t P TamtiE. I ot B(D",(2317)* — Din0) e.g. Ler;toquarks for 7= — £~ V° deals with R(K*°) | > g 1
anomalies s . i
f’ =[7.14 £ 0.70(stat.) - 4 023(SySt)]% m‘ u&mﬁ&ﬂ eI L T 1S 180 19 1
£ 2w . UHEP 09 2024) 0621 "IRpAMd o1 RSB TT IR P R= -~ "= = =
[} o E Eatata | e mm s mm s mm s mm s mm s mm e omme omma e on mm oa omm s mm s mm o mmor omm o h omm s omm s mm o omm o mm o omm o omm o oo
@ 2 2 . ® cSstate " ) Data: [ ot = 364 ot Belle Il Data:[cat=364 071 |
0 T 8 Molecular state | Z | Beell y = Signal region e  Simulated bkg 0.4 — signal region o Simulated bkg |
5 5 F Lo " /[r” a2 Sideband 4 Data @| | - Sideband 4 Data (b |
% » = = *  Exp:7.13 £0.74 Yy Bt u) 6% 107 y — - . ] . E e
E g 23 232 234 236 238 © L4l P! S E0 | S 02 ' ' ! > 02 T —)AT[ o 02 T > AT .
Fi‘j- * Py (G Vips b < \n Experimental band . g To ppp .- 1% 0t / . 1. E ol i .
kS 1* 1 | + ; e ‘ p e .
Ly SENEA SR [ A=t ) %n S i R * i = *
) © [ © 1 ' . . 0.2 1
S — ey ERE Combinatora B o, . I ;
(] (b) ) C o + . L .
= 2000l Combinatorial BKG = r 3 L . -04 -0.4 1
° 55 D Sidaband s 2 .E 6 E 1 . 1 7% 175 1.80 185 170 175 1.80 185 -
= E 45_ . v |. M(An) [GeV/c?] M(An) [GeV/c?] 1
2 g E ; L e e e R
g E
Q E 1 I L I | I I . UL 0 -8 i i
I St B o Py, sy, B, L ; I B (1 - e(wKI) < 0.8(1.2)x10 The most stringent constraints
. - = . B - PR A | BUL(t - pup) < 1.9x1078 Less data, more restrictive than Belle
D 22 23 24 R T Dy (2317)* could be the mixture state of pure cs 1 My, [GeV/e?] UL o - . :
(D n°) [GeV/CZ] MD:'y) [GeVic?] state and molecular state. @~ 45 . rmrmrmr = memem = = |BY(17 - An™ (An7)) < 4.7(4.3)x10 The most stringent constraints
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SE0&: LHCb. BESIII. Belle/BelleII. CMS. ATLAS

iR, XSRS
CMS paint a full picture of fully-charm tetraguarks:

— Measured masses of 3 resonances with full Run2+3 data

— Measurement of spin-parity reveal their JPC = 2++
« CMS fully exclusively reconstruct, for the first time, B*+, B,
and B¢ signals
— Order of magnitude precision improvement in the Am values!

— 18 various measurements, including differences and ratios, are
provided for completeness

« The first CMS measurement of CP violation in charm is
performed

« Full angular analysis of B® - K*%uu
- Stay tune First observation of X(7100) CMS-PAS-BPH-24-003

L) 135 fb™' (13 TeV) + 180 fb™ (13.6 TeV)
4~ n
larger Ru_,.¢ | _p 1520 o P —
> . ¢ Data —Fit
@ 500
= - -BW, -BW,
d 8 400 7.70- —BW, Interfering BWs.
% F -+ -Background
g 300
2
8 200
** i 100
¢ LX) 9
S i wdolid
e 5 o } b B by
] 5z Wﬁaﬂﬁ*ﬂ #{Wﬁ#’ﬁ***ﬂ#ﬁﬁmﬁ X
-4

75 8 8.5 9

Figlg, Keks
Conclusions

An excess of events is observed over the NNLO perturbative QCD prediction, with
7.70 observed (5.70 expected) near the tt production threshold by ATLAS with
LHC Run 2 data. [ATLAS-CONF-2025-008], [ATLAS Physics Briefing]

This excess is consistent with color-singlet, S-wave, quasi-bound tt states
predicted by NRQCD with cross-section of 9.0 + 1.3 pb

A more complete model from NRQCD calculation is used in this analysis.
Important advantage compared with recent CMS results (Rep. Prog. Phys. 88
(2025) 087801)

This results show the strength of the LHC as a precision machine
Observation of toponium opens a new field to study NRQCD with top quarks
More work to characterize this excess and to better quantify the impact of off-shell

top-quark deca P
$ATLAS

EXPERIMENT

me = 342 GeV
Chel = 0.97
Chan = 0.94

O b-jct 2
IsSing’Er <

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 7




FS TR ﬂ*ﬂ%ﬂﬂ\jﬁ: FEIRIGISSM + SR

BESIII. LHCb, Belle-II, CMS, ATLAS... + #255QCD + IFiCHISHE

1.5 | | Tl R T\ 1 ToRlEelil T T 1 | T T T 1‘5 ‘_—’WTWYHTW' L I | o o B 71 T “I'_T_T—r Trrrprrrt j
: excluded area has CL > 0.95 | : excluded aree has C1. > 0.95 | |
: Amd : B Y -1
1.0 = =N 1.0 r -
—sin 23 Amy & Amg - r 1
0.5 - N 0.5
e =|
S o
e & 2 SN S ) o
05 N S 05
10 O 0 1 e 1.0 |- § £
1.5 i s g e l o b L) A | [N | i -1.5 11 1 1 I L.l | 1 I B | 1 ]
= -0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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FETREIERIE: FEIRIGIESM + SRR

O SmFLio+EBig+HiEmiHRE, Br(B; - p'p ) EiESHLINF SR

l v l l v l l v l . . 5
decay constant Effect of lifetime difference
W § W W W ué w of Bs and Bs-bar
\
s u,c,t b s % u,c,t §7 b s u,c,t b \
4+ o G‘% 5 o? i 2 Y(Xt)2 1
! ! ! ! ! l BR(BS — u )SM — TBS—mBSfBS 7_2| Vrs V[b| 7]
T 167 Sw — Vs
Z Z Z
u,c,t u,c,t V[:é%lf s Wéﬁf b //(
s W b s @Qu,c,t 9@ b Qoo Yoo
5 y loop CKM suppression
O(a$) QCD correction suppression
G UN
. el ,,w? Br(B, - utpu sy = (3.64 + 0.12)[(3.34 + 0.27)]x 10~°
g ! b 2 Z O fse. CKM 714 M, Qs  Mpps  Other non-
! ] ! ) ! ! ! parametric
h 2024 [this paper] 1.1% 2.3% 05% 0.5% 0.1% 0.5% <0.1% 1.5% 3.2%

O(a.) EW correction 2013 [10] 4.0% 4.3% 13% 16% 01% 00% <01%  15%  6.4%

b l Q7 0 v
b —>—hVVN——— | i ] g p
e J T <> ' v/ parameter uncertainties dominated by |V, |
s !
I ¥l S W S S & . . pole
N non-parametric uncertainty from m,
power-enhanced QED correction
9

Xin-Qiang Li  Summary of HFCPV 2025
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FETREIERIE: FEIRIGIESM + SRR

2001 [Gambino,Misiak] NLO

D Br( B =S Xsy) ﬂieiﬁ*ﬁ*uﬁ:’! gﬁ. 1~ é?g?ay}! 2006 [Misiak et al. 17 authors] NNLO, extrapolation of Qs » — Q; form large-m,
2015 [Misiak et al. 18 authors] NNLO, interpolation of Qi 2 — Q;to mc =0
2020 [misiak,Rehman,Steinhauser]  update: non-pert., input parameters, exact fermionic Qi 2 — Q;
2025 [Misiak et al. ?? authors] exact Q2 — Qy
4.00
] M theory
3.75—: B experiment
3.50 —
o ] <‘——_,=-::
3.25+ —
Bs, — 2025 prediction IT 3.00
2'75_""I""l""l'"'I""T
s 2000 2005 2010 2015 2020 2025
B(B = Xs)| = Golm™) ey, 2 [B(Eo) + N(Eo)] year
s7Y E’y>1.6GeV T 327 rot ts Vib 0 0 T
a [Misiak,Steinhauser et al.25] < 50 _: 2HDM I
o i
— i
+2.7% (parametric + non-pert.) X 45 A ﬁ
. >_ -
:|:3% (hlgher Order) 0 : NLO: [Ciuchini et al.97;
>< 4 O - Borzumati,Greub'98;
T ' : Ciafaloni et al97;
a corljelated parameters: [Carvunis,Finauri,Gambino,Jung,Machler'25] |$ Bobeth et al.99;
mlbﬂn' mc(z GeV), ui! pSD’ MZG’ piS’ Vcb m 3 5 Bobeth et al 04]
a uncorrelated parameters: [PDG; HFLAV] (2] . — — F NNLO: [Hermann et al.12]
as(Mz), M;, Tg, Tgt, .- exp
® scale variation: mEiR /4 < pe, pp < mE®; 80 GeVL py < 320 GeV 3.0 T T I

[Misiak,Steinhauser.. . ."25]

200 400 600 800 1000

m CLEO, Babar, Belle = [HFLAV'25] Mz (GeV)

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 10




FETREIERIE: FEIRIGIESM + SRR

O Some anomalies or puzzles observed in heavy flavor physics

LFU violation in R(D™)

The |V 3| and |V 4| puzzle

48

B - K®)£¢£ anomoly

BWLCSR LdlllLE +Ddld

B(BT™ = Ktu*tu
B(B* — K*ete

1.1,6.0] —
1.1,6.0] —

R(D*)

46F
a4
42F
<F
3sE
36F
34F
—— ] 32
= 3E
] 28F

7)
T 3 0 _)

) PADRIARRS _ B(B; 0—) ¢>u+,u ) [1.0,6.0] .-
S B(B® — gete) [1.1,6.0] -
5 B(B° = ptp)
E B(B® — ptu~)
E B(BT — Ktvw)
HFLAY 1 P5'(BO — K*O/L+/I,_) 2.5,4.0] 7
e Pl(B® — K*%u* ™) [4.0,6.0]
rD) *valion % 5 10 5 : Rg [0.1,1.1]
2[Gev 2/c4] Ry [1.1,6.0] 1
Ry [1.1,6.0]
Ry [0.1,1.1]
Ry [1.1,6.0]
R+ [0.045,6.0]
Rinr [1.1,7.0]
(%) R,k [0.1,6.0]
B - D, L puzzle f%q; 11.6.0]

Muon g — 2 (WP) -
Muon g — 2 (BMW) — ro-

Electron g — 2 — -e-

R(D) —

0.4 oy T . S—
HFLAV 65% CL Eontour,
elle Bt

[ Belleil

IVl [10°

IS

w

E+
E +t

P Y Y Y S P P T

LB KRR R | L L R LA LA |

—_ [~
T

dB/dq? [10°® x ¢4/GeV?]

B — m 1 puzzle B - m K puzzle B — K K puzzle

Br(B® -» n°n°) = (1.55 £ 0.16) x 10°®  AAcp(nK) = Acp(n°K~) — Acp(mtK ™)

= (11.3+1.2)%

Much larger than theoretically calculated.
90 deviation from isospin limit. ...

< anom-aly [s'nomali]

1. something that deviates from what is standard, normal, or expected:

1T T T 1T T 1
—-6-5-4-3-2-10 1

patrick.koppenburg@cern.ch 2025-10-2! Pull in o

https: //www mkhef nl/~pkoppenb/anomalies.html

1. cause (someone) to feel confused because they cannot understand something: NEW ﬂavor- & CP-Violating SOu rces?
2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 11
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https://www.nikhef.nl/~pkoppenb/anomalies.html

A, - A lv Decays Mediated by b — clv

O R(A,) = Br(4, —» A.tv,)/Br(4, = A v,):
; g ] RYT = 0.242 4 0.026 + 0.04 + 0.059

» At the quark level, also mediated by b — clv transitions I

» First result reported by LHCb with large error [arXiv:2201.03497] RJSXM = 0.324 + 0.004
exp. central value lower than SM

[see Xing-Bo Yuan'’s talk]

_ al \ e ql nal ql ql ql gl R
o = 2261V [ (14 G )OF, + CRLO%, + OO + CRO5 4 GFOR ) ey 4 o s o2 4 o108 + O + oI
P
- - Vs * T* *
0f, = (@"Pb) (huPuvi),  O%, = (@v"Pab) (FuPuv), +ap Re [(1+ 07 + ) (O + C5)] +ap"Re [(1+ OF + C) O]
0% = (gPb) (1P1y), 0% = (gPgb) (1Pru1), R
> ( _) . (1701) =it = |1+ O P+ [CF P + a3°|CE — C& P + i |CF P
0 = (g0 Pyb) (Iou Prn) LEFT Ry

O General expressions for the ratios in LEFT:

+ay” "Re [(1+CF) O] +ay Re [(1+ CF - CF) (C8 - CF)]
% :

assuming only 7 modes affected by NP £l TRe [(1+ CF) O3] + alFTRe [CF7 03] |
Ry

zar = |1+ OGP+ OGP + azp” [IC5 1 +|CGIP] + ap" [CT
H

v" light neutrinos always left-handed

¥ Re (14 CT) O] + ol Re [(1+CF) O + .08

ij : .
v’ ay calculable with FF inputs together +a¥S Re[(1+ CT) CT* 4+ CL.CT] + aS5% Re [CF O]
with uncertainties inherited from them +af" Re[(14CF) CF] + aff' Re [CTL.CIT]

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 12




Sum Rule for b — ¢ Sector ik x|

O Sum rule among R(D), R(D*) & R(A.): M. Blanke et al., 1811.09603, 1905.08253  Re[(1 + C}})C{ "]

Ry _, Rp Ry =) b+c=1&a"’b+a’Sc=a’?, sothat §4(C;) small
RSM o RSM tc SMM + 5H(C ) p |4 H H\Gj
F v m=) model-indep. & holds for any tau-philic NP

O State-of-the-art predictions: Ww. F. Duan, S. Iguro, X. Q. Li, R. Watanabe, Y. D. Yang, 2410.21384

C = 2 = CT /YCT %
Ra. Rp Rpe or. = (—0.001 £0.005) (|C|* +|CE 7)) + (—0.007 £ 0.005) Re (C§L CF)
— = (0.272 £ 0.01 0.728 F0.015) —+ + 0
RM = °) R}M * F0.015) RSI T + (—2.681 £ 6.907) [C§T|* + (—0.561 & 1.439) Re (C{7. C57)

+ Re [(1+CyT) {(0.041 £ 0.034)C{T* + (0.594 £ 1.274)C57* } |
+ (—0.002 £ 0.009)Re [(1 4 C7) CG* + CS C7*] (:

» important to properly consider correlations among FF para.s

> 0, mostly sensitive to the tensor operator Or = (¢o*VP.b)(Toy, PLv,)

O Sum-rule prediction for R(A,):

HFLAG 2024: ~ Rp? =10.342+0.026,  RpP = 0.287 +0.012 RSP R R
‘ 5SR/ exp — RSM 0.272 ‘|‘ 0.728
A. D D*
R =0.3724+0.017 vs R =0.242+0.076 = —0.39+0.23

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 3




BY - D”7L* class-I decays

O Mediated by b — cud(s) at quark level

all four flavors different from each other, no penguin operators &

no penguin topologies!

i) only color-allowed tree topology T = a,

7 A= _ A
ii) spectator & annihilation power-suppressed Q1 =dvu (1 —75) T u ey*(1 —vs5)T"b

Q> = dvu(1—ys)u ey*(1 —7s)b

iii) annihilation absent in Bg(s) — Dy K (@)™ etc. - used for factorization test!
iv) they are theoretically simpler and cleaner

<D(*)+L_‘ Q |BO> _ Z F.Bq—>Dq*) <M2)
O For class-I decays: QCDF/SCET formula much q 1 7 N
J
simpler; only the form-factor term at leading power 1 A
p / y g p X/ dUTLJ(U)QbL(U)—i—O( QCD)
[Beneke, Buchalla, Neubert, Sachrajda '99-'03; Bauer, Pirjol, Stewart '01] 0 my

O Hard kernel T: both NLO and NNLO results known;

[Beneke, Buchalla, Neubert, Sachrajda '01; Huber, Krankl, Li '16]

2025/10/27 Xin-Qiang Li

T=T9+a;TH +a2T7® + 0(ad)
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Non-leptonic/semi-leptonic ratios

O Non-leptonic/semi-leptonic ratios: [Bjorken '89; Neubert, Stech '97; Beneke, Buchalla, Neubert, Sachrajda '01]

I(B°, — DW' L) free from the uncertainties from
RET;L — _ (S)( ) (s) — G2 ‘qu|2 fi ‘al(D((t))-i-L—)IQ Xé*) & B D(*) f f
T Ar(BY,) — DU ) fde? | ooy " Vep a,s = Dy s torm tactors

O Updated predictions vs data: [Huber, Krinkl, Li '16; Cai, Deng, Li, Yang 21] [ Confirmed by Belle: 220700134

(%) L. . NL(): Bct:lckc'(QO(;O) .
R3r LO NLO NNLO Exp. Deviation (o) NNLO 7 Huber (2016) -
0.01 0.03 NNLO K~ Huber (2016) i F—&—1 &
R: 1.01 1.077 00 1.107 003 0.74 £ 0.06 5.4 NNLO o~ Huber (2016) N
/ . | P4 BGL(2,2,2), F-MILC e
R* 1.00 1.06750 1.10500% 0.80 =+ 0.06 4.5 BGL(2.2,2), JLQCD - -
' ' bl CLNnoHQS, JLQCD -
B/) 2.77 294+8%8 302+8%Z€ 2.23+£0.37 1.9 9 Belle Fleischer (2012) k "\ 1 K
................................ e —— W BaBar Fleischer (2012) *
B-D'K~ : Rg 0.78 0.8370 03 0.8500s 0.62 £ 0.05 44 ¢ -
.--:k ------------------------------ (; .E]?g---------------0-.(-):{----------------------------------:--b p_
Ry 0.72 0.76 0 0a 0.7970 05 0.60 + 0.14 1.3 N
R~ 1.41 1.507511 1537010 1.38 +0.25 0.6 ‘ ' K
I | A S N
Bs 2 D5 i Bor o DOl k0oL s OT2EOOS A -
. a;
R.x 0.78 0.8370:03 0.8570 03 0.46 = 0.06 6.3 , N ,
0.7 0.8 0.9 1.0 1.1
lay(B - D**m)| = 0.884 + 0.004 + 0.003 + 0.016 [1.071992¢] — a1 ()]

15% lower than SM  lai(B - D**K™)| = 0.913 + 0.019 + 0.008 + 0.013 [1.069*J072]

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 15




B - K puzzle =

w
- - b U
O B —» K decays dominated by QCD penguin O O
BY ™
O For direct CPV, tree & EW penguin also crucial d d
e EW penguins are colour-suppressed: — tiny contributions ... o AN Ret o AN2

MR, = 0(0.02) = | QCD penguins dominate

\/EAB——HTOK_ = Anl?[8l9” o] + &5] + Al?rr [819'4“2 + 81"’ %ag,EW]’

— — _ AP
AFogig- = AnK[‘Spu ay + 0‘4]’
e EW penguins are colour-allowed: — sizeable, competing with trees!

u,d u,d ‘

Acp(7°KE) — Acp(n TKE) = —2sin'y(Im(rC) — Im(rp ,-EW)) 4.,

AAcp(mK) = Acp(°K™) — Acp(THK™)

=(11.3 +1.2)% differs from 0 by ~9¢
Some new mechanism or power corrections or even NP to enhance C = a, (power- I

suppressed color-octet four-quark operators) or Py, = a’;’EW?

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 16




B @IS : Hadronic matrix elements

O (f10;|B)qcp,oep: how to reliably and precisely evaluate it? depending on the specific modes

> Exclusive vs. (semi-)inclusive modes? HQE/OPE, lattice, (QCD

sum rules) QCD factorization,
P - ~ (flavour symmetries)
» Hadronic decays (M;M,|0;|B): depends on (0|O|B)
; _ _ (B|O|B) (M|O|B) (MM,|O|B)
spin & parity of M, , and FSI introduces strong N
phases, and hence direct CPV Increasingly difficult
e O It | / / B - X v, Xy, X £
a difficult, multi-scale, QCD & QED problem! B 1o B—sDrv. B py Direct CP asym
Bs — ptpu~ Vi | B—K*¢ By — wK,KK,...
] AMBd,BS B — Kvv By —
n AFB.s- B, — ¢¢,K*0[_(*0
oW - Dynamical approaches based on factorization theorems: PQCD, QCDEF, SCET, - - -
B [Keum, Li, Sanda, Lii, Yang *00;
B B Beneke, Buchalla, Neubert, Sachrajda, ’00;
Bauer, Flemming, Pirjol, Stewart, ’01; Beneke, Chapovsky, Diehl, Feldmann, ’02]
(M{M,|0;|B) = (M,|ii ... b| B) M,|d .. u|0) - Symmetries of QCD: Isospin, U-Spin, V-Spin, and flavour SU(3) symmetries, - - -
[ Zeppenfeld, *81;
naive fact. approach [Bauer, Stech, Wirbel ‘87 ] London, Gronau, Rosner, He, Chiang, Cheng ef al.]

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 17




Example: how to test SM and probe NP?

- EW interaction scale > ext. mom’ain B rest frame > QCD-bound state effects
n
| L2 ”nivzv N 98? cG;:\\// > my ~ 5 GeV > Agcp ~ 1 GeV
Tt 4GF % p p 10
Hesr = _W Z VooV | C1Q7 + Cay + Z CiQi + CryQry + CgyQsgy
. p=u,c =3
electroweak WCs due non-perp.
parameters to NP parameters
\ B’ nt
A(BO — 7T+K_) = 75 Z Vekum (CiSM + CFP) l / du TlIJ('U/) 4 (77 <~ K)
ij 'y 0
1
‘ g / d§ du dv T;" (§, u, v) 1 A
0 ;
related to exp. WCs from SM, also perp. calculable
Br & CPV perp. calculable in QCD & QED

2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 18




Status of QCDF/SCET:

O For PQCD, see Ya Li, Rui Zhou, Zhi-Tian Zou,
(@ (b) () @)
Jia-Jie Han's talks;
ia-Jie Han's talks; QCD
1
(M1 Ms|Q;|B) = FE=M1(g? = 0) / du T}(w) far, s, (w) SCETI
0
+ " dudv T; (u,0,w) far, Sy (V) Fra, b0, (v) fBEB (W)
0 0
@ perturbative scattering kernels TE’H
@ convoluted with universal non-perturbative LCDAs for heavy and light mesons SC ETII
@ holds to all orders in s in the heavy-quark limit my, ~ Er g — 00
State of the art:
@ NNLO scattering kernels [e.g. Bell, Beneke, Huber, Li]
@ 3-loop (2-loop) anomalous dimension for ¢ s (¢B) [Braun et al.] - -
Q QEDF [Beneke, PB, Finauri, Toelstede, Vos] P é—)_
P P
w w

factorization of power corrections~ Apqq/my =
0.2 currently unknown, but much progress achieved!

Michel Stillger, PhD thesis, The power of factorization: resummation of
logarithms & weak annihilation amplitudes
19
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https://inspirehep.net/authors/2017976
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https://inspirehep.net/literature/2905389
https://inspirehep.net/literature/2905389
https://inspirehep.net/literature/2905389
https://inspirehep.net/literature/2905389
https://inspirehep.net/literature/2905389
https://inspirehep.net/literature/2905389
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How to improve theoretical precision

O Loop corrections: canonical
DE, AMFlow, ...

T=TO 40, TV +a2T% £ 0(a?)

0 Power corrections: SCET-

based analysis, ...

g
y
b
q
q < Y

Nomperturbative fmpuls
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R=QCD: EXEE. WIKEF. bag&#...

Lattice QCD in heavy quark physics

Offering the first-principle results of nonperturbative quantities in heavy quark physics

N

§

(0
0:0’0
0.:
‘10

Y
OO
(X
0.0.0‘

Y
)
“““

NEN
N\
N\
=
VR P

RN

NN
=

LFU violation in R(D™)

2025/10/27

B — D{v form factors at nonzero recoil:
MILC collaboration and HPQCD
collaboration, PRD 92 (2015)

Semileptonic form factors for B = D*£v at
nonzero recoil: MILC collaboration, EPJC
82 (2022)

B = D* and B — D; form factors for the
full g2 range: HPQCD collaboration, PRD
109 (2024)

v" Decay constant: (0|J|1)

vertex « Vb

v" Form factors: (1|J|1)

v’ Mixing parameter: (T)J*"=%|1)

The |V ;| and |V | puzzle

B; — D} form factors for the full g2 range
from lattice QCD: HPQCD collaboration,
PRD 105 (2022)

|Viup| from B — mfv decays and (2+1)-
flavor lattice QCD: Bailey et.al, PRD 92
(2015)

B; — D form factors form factors for the
full g2 range from lattice QCD: HPQCD
collaboration, PRD 105 (2020)

Xin-Qiang Li  Summary of HFCPV 2025

B - K®££ anomoly

*  Rare decay B —» K¢ form factors from
lattice QCD: HPQCD collaboration, PRD
88 (2013)

*  SM predictions for B - K#€ and B - Kvv
from Lattice QCD: Parrott, Bouchard,
Davies, PRD 107 (2023)

[Lei-Yi Li’s talk]
[Yu Meng’s talk] 19/30
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f322QCD: LCDAs, shape function...

Lattice QCD with LaMET

Light-cone distrioution amplitucle

* Matching between quasi-DA to LCDA in QCD v

e Matching between LCDA in QCD to HQET

o Lattice simulation v

P (@, p) Model 111
== Model I —-+ Model IV
Model 11 —:+ Model V

v

v

w
[Han, Wang, JX, Zhang, et.al, PRD 111, 3 (2025)]
[Han, Wang, JX, Zhang, et.al, PRD 111, 11 (2025)]

2025/10/27

Xin-Qiang Li

Shape function

e Matching between quasi-SF to SF in QCD 4
* Matching between SF in QCD to HQET v

e Lattice simulation

Systematic uncertainties from non-perturbative renormalization, scale conversion,

continuum and infinite-momentum extrapolation etc., are comprehensively

addressed.

Power corrections (« my/P?, Aqcp/Mmg) are the most important goal for next stage.

Lattice Parton Collaboration

Ji Xu, Qi-An Zhang, Jun Hua,...
18/30
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Inclusive processes: OPE & HQE

O Lifetime based on HQE in 1/my: (1. Abrecht,
F. Bernlochner, A. Lenz, A. Rusov, 2402.04224] _L?ﬁ\\ b + Db if{\\ b+ 4

((5) = 5o 3 [0 (ps — px) 1X(px) e B(ps) | /o I\

X PS b b b b b b b b b b
1 1 G q G q
%etlcal = ——Im (B(ps)| i/d4x T {Her(x), Her(0)} |B(pg)) . % % /OX / x
eorem 2mg 3 5 6 6 7

O status of SD coefficients:

O . (Og) =~ (O7)
; ; ; M(B) = 3+T5~—-+T .. 41672 |Tg~—=L +T + ...
Semi-leptonic Non-leptonic (B) S 673 6 mi ! mf;
LO NLO | N2LO | N3LO LO NLO | N2LO
1993/96 QCD sum rule [234,235]
* 2013-2023 | Fit of inclusive data [236-241]
E v v v v v v 2017/18 | Lattice QCD [242, 243]
r5 \/ \/ \/ ° . | 2011 ‘ Spectroscopy relations [244]
Spectroscopy relations [34]
r v | v Ve | 2028 | Spectroscopy
0 O status Of 1994/2022 | EOM relation [31,245]
r7 \/ 2013-2023 | Fit of inclusive data [236-241]
r v had ronic matﬂx 1994/2022 | EOM relation [31,245]
8 2011 Sum rule [244]
F6 v v v v elementS' 2023 | EOM relation [34]
| |
= 2017 | HQET sum rule [246]
r7 \/ \/ 2022 ‘ HQET sum rule [247]
< [Lenz, Piscopo, AR, 2004.09527], [Mannel, Moreno, Pivovarov, 2004.09485] 1996 ‘ QCD sum rule [2 1\]
* [Fael, Schénwald, Steinhauser, 2011.13654] ° [Mannel, Moreno, Pivovarov, 2304.08964 (for m. = 0)] 2023 ‘ NRCQM [34]
v - known - partly known - in progress or planned [Karlsruhe, Siegen] | via
2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 23}




|
Inclusive D decays: .
[ )
0.30- 20 30
Charged-current bottom decays :
+ Kolya: An automatic calculation package for B-7¢ VX, [Fael, Milutinb, Vos, *24] E 0.754
= |nput favored parameters Ta tree a; af o}
i L Partonic [34] [35-38]  [39] n
= Output numerical predictions Ny 1,2 [40-43] 020 ® Best Fit
P Pis [44] [45] Error ellipse
g d 1/mg, 1/mj [23, 26-28] Exclusive |V|
arEw = [ Shan, ar) = [ g AR o . = 0.151 Exclusive |V|
Partonic [45,46)  [47) m Exclusive |Veg|/|Ves|
kl(Ecut) . (El)Eletu! ) [n(E t) = <(El - (EI)) >E,2Eu "1?\”2 [1‘ 2] [41< 42] T T T T T T
o5, pLs [44] [43] 0.85 0.90 0.95 1.00 1.05 1.10
hy(Bet) = (M%) B> B » ho(Eeu) = <(M§ - <M§>)">E2Em 1/mg, 1/mj (23, 28] | VCS |
ln(Eeut), hin(Eeut) tree Qs a2bo ol
W) = Weza s wlh) (@), B | wa Vwr O™ Inclusive vs exclusive: 3¢ tension!
HGs B 5 , 0
b [44]
1/m¢, 1/mj [26-28]

Theoretical results

NLO: -13.7% NLO: -13.7%

NNLO: -5.5%

+ Theoretical results for total decay rate and energy moments (NNLO & A%CD/ mg’) NNLO: -5.5%

NNLO numerical results provided by
authors of [Chen,Chen,Guan,Ma,’23]

2 2
Tpox, = o [Vag|? mi{l HOR (§ - 7r2) A0 [/30 2 <§ - 7r2> log (“—) +2.14690n; — 29.88311]

NLO analytical integration

LO: 100% LO: 100%

Dim 5: -28.7%

w 3\ 4 w2 |43\ 4 m2
1p3(Di) _ 3 pg(Di) 12\ Pb (D) | To(Di — X,) el St
— 8pdyy — —EmE _ SEAY  R6 L Rlog (£ 7+ + ...
2 m2 2 m2 m2 m3 m3 Dim 6:

-0.6%

Dim-6, A2 ,/m?

Dim-5, A% . /m?> QcD

Qcp/ M

1S scheme

+» For Dim-6 4-quark operator contributions, practically difficult to extract

= Vacuum-Insertion-Approximation (VIA), 7, = 0 Convergent expansions of a(m_) and AQCD/ m, !

= HQET Sum Rules [King, Lenz, Piscopo, Rauh,’19] %%
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10'F " e T '
NRQCDEIZISHIRIF:

o o[ "

> 107F — s

3 - e s =13 TeV Data :

I CMS Promth 12 |y| <12 LHCb Promth A 20 <y<45 § 10_1 - .;::.%. %

Helicity Frame Helicity Frame ;;\ 10 L —___ ’::::7 _

05t ] 05} E - ey ]

e /s =7TeVData I 1073 - e

: JFA’%T'T"'” g 10 T ]

- 10~ - I

< 00 % i*% ! 2 00 ? — TTii ]

} RS bt : } 8 107° - -

Y — e E

e /s =7 TeV Data I — e ]

N 10_6: —_ - E

-05} = s =13 TeV Data 1 -05f N J— 35[11 - E

1 F 1 i - L

2107 e - =]

~= NRQCD Vs =7 TeV, |y| <12 == NRQCD s =7 TeV,20 <y<45 Q 10_83 ...... 3 gle] Feeddown .- 4 ]

10 20 30 40 50 60 70 10, 2 6 s 10 12 1 T —SPES]I = Total = .. . E

pr(GeV) pr(GeV) 8 10 50 100 200 360
Summary: pr(GeV)

@ NRQCD factorization works pretty well except for end-point regions,
where resummations are needed.

@ Good descriptions for T(nS) production, highly nontrivial tests of the pNRQCD relations for LDMEs.

pp High pr: J/4 | ne | T(nS) | pol. | J/p+Z | e'e” P vy | pp (Low pr,J /7))
(?) (SGF) (z < 0.6) (small-x resum)
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> Fragmentation mechanism (based on NRQCD), equally

y\j.eXOti c Sta tes Hgﬂieﬁg¥* : considering the NLO real” diagrams (valid for large Pt)

A

Tetraquark /, 5\ Gluonic Tetracharm Hybrid . )
e 4 | § 5 \ F. Feng, Y. Huang, Y. Jia, W. L. Sang, X. Xiong and J. Y.Zhang,

| How to explain these exotic states?

’ Py g i
\ - ”f ) arXiv:2009.08450; F. Feng et al, 2304.11142
. \/ J Y.Q. Ma, H.F. Zhang, arXiv:2009.08376
° / l. Belov, A. Giachino, and E. Santopinto, arXiv:2409.12070
. c CI:‘s(er moel for C-12 nuci:?us 0 > _
@9 o o NRQCD LQ (Pt=0)
(000 R.L. Zhu, arXiv: 2010.09082

Similar to alpha cluster; o
Different in diquark. Wang,Zhu, arXiv:2510.02085

antidiquark (color-confining)

Diquark-antidiquark

Charmonia Molecule

Outlook: measuring the (differential) cross section (or)
and the decay angular distribution shall tell us the

inner structure of exotics; Color confinement has not LOmAEs) s lanbar)
been really understood, and its deep investigation is

NLO Virtual:2008(gg) , 170(qgbar)

NLO Real: 618(gg) » 98(qqgbar, qg)
2025/10/27 Xin-Qiang Li  Summary of HFCPV 2025 26




&+CPV in pQCD:

M?
s 2
2 — | P
Adzr |S | AS-wave . M1 | | AP-wave
AS‘-wave CcP 1+A1_)-wave M?2
|S|2+ P|2 cP S|2+ —|P|2
12 1+AP wave 1+A2'-1\;'ave 1\13-
B® - 7~ (PDG) | e i | |
B - K+x~(PDG)} T ;
B? - K—n"(PDG) l | l ol
B® - K- K+(PDG) | i i | i -+
Ay — pr—(LHCD) | | o | EE{E7Rtalk
Ay — pK~(LHCDb) ! ol !
@ Ay, — pr—(direct) | lar . i =01 )
ge partial-wave CPVs, | ! !
Ay = pr™(S wave) I' 0+ cancelled : g
Ay — pr (P wave) | —— ! ! )
4 E : . i ; A
AAb—ijI)(K ( édvtjsg | :HH ! ' large partial-wave CPVs,
b |I < ' 1 5
RS > : : : but not dominate )
Ay — pay (1260)(UD) | 7 i E i
Ay — pK; (1270)(30°)(UD) | : | et
Ay — pK;(1270)(60°)(UD) b . | . | | | . —t—
—50% —30% -10% 0 10% 30% 50%
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EEFCPV with FSI:

!

Fo ;‘\'f — m'f Ag - mg
O\ A —p? A3 —p2

Model param%r A=m+nAgep

A4
F (A, my) =
’ (k2 — mi)2 + A4

BX5talk

BR

Direct CP(1072)

Hadronic form factors

(A) — pk~n°)

parameters unchanged, showing the reliability of the FSI.

observables that could reach 100% CPV.

» divergences in loop integrals A(ISZO)HO 6'903%‘:7 x 107 ]7'42):3
» off-shell effects (A;: - pk n'n)
A(1520)/5(980)  6.01*533 x 107 K ey
=—1 / %ﬂ!ﬂw - gv pPi(ps, 54)75 (P, + ma)(A + Bys)u(p A( |520)p(’ 8.51 fZ:’: x 1077 7.« B o :(2’;
X ;—;,u);;,./\;;)(p; M g s e ;:; T A(1520) f,(500) 9.281‘5‘) x 1077 -1 .Of('):;
(A} = pk k*k")
Advantage :no additional phase. A(1520)¢ 9.]6:25;3 % 10-5 _O-St?:;
A(1520) f,(980) 6.Olf§‘:3’7‘ x 107¢ 2.91?:2
The calculation of 8 channels was performed while keeping the model framework and (Az — pk~k*n™)
A(1520)k*° 1.79*2:2% x 1073 -6.3+39
Analysis of the results was followed by further kinematic studies, Recommended A(1520(700) 1'64:":3; x 1077 24'2t :;:‘
(B, = pk7k7)
The FSI framework shows promise for extending to more calculations in future studies. A(1520)k ]_79»:%:8_; x 10-6 _3_4:7):3
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I}’ﬁ:ﬁé?%ﬂ . EEiEtalk

1ﬁr—>v,+had ~Im
 inclusivelEZ: (FER) FrAHNBRTRSE
- N IR renormalon problem: FOPT vs CIPT
T — v, (ud, us)
) ] DR SRR I ER SR a5, Vi - QCD
o exclusive®%: EEEREHBRTRE =<, £ M,
Chiral Symmetry Perturbative QCD
t—v(P. PP’, P,P,P; ...) SU,(Np) © SUx(N5) —
—) > BERERET, BTHRES, PAEXNHRE v o rturt;g) Theory La;ge Asysrgztccig?j:;;gz:rof
> CPV. BTFHEBIR. ... A
M@ > HY,) = 2 o[, 7 (1 - y5)uclH o
i — Vo= —— uy L U,
V2 Filr Ry 'S ” Resonance Chiral Theory
ir Vp(1") JL C'g(i‘D_Z 1 O(V A l_[)
Hll = (Hl(v”—c,[l”)el QCDlO) A (1) eff T : NS TS
Form factor I
= Zi ( L Ll );1 Fi(qzi ) Vector meson dominance

Lorentzstructure
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sESII

£

ATLAS

EXPERIMENT

A factory producing massive tau lepton and hadrons, to unravel the mystery of

how quarks form matter and the symmetries of fundamental interactions.

Ll

e E,=2-7GeV, L >0.5x10% cm?s!
* Potential for upgrade to increase luminosity and realize polarized beam.

2025/10/27

CEPC Conceptual Detector Designs

(CDR Baseline Design) Reference TDR Concept

ely «
[ V. v

Leptons

SC Magnet Yoke +

‘[ ? (3T/2T) Muon (PS+SiPM)
Full Silicon Z

Tracker

PFA HCAL
(Scintillation Glass)

Crystal PFA ECAL
(Transverse bar)

h |

LumiCal

IDEA concept
(also for FCC-ee)

oTK
(AC-LGAD)

TPC
(Pixelated readout)

Vertex
(MAPS SiPixel + Stitching)

ITK
(MAPS SiPixel)
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Projections for early 2040s

o0
=

2503.24346, ESPP

Experiment CMS LHCb Belle Il
Assumed data sample I O5) I 3000fb~* | 300fb~* 50 ab~?
Semileptonic B decays L improvementJ
| Vs 1% 1.2% 0.3
|Ves| — — — 1.0%
R(D), R(D*) — —  Y3.3% 3.0% | 1.4%,1.0% )
Leptonic B decays ~ d
B(B? — ptp) [1077] (0.33 — 0.40) 0.22 0.16 —
B(B° — ptp™) [1071] (0.32 — 0.48) 0.12 0.12 —
B(BT — ttv;) — — — 7
B(BT — utv,) — — — >( O(10)
Flavour-changing neutral current b L improvement
Pi(B® = K*u* 1u~) [1077] (47 - 82) 23 12)/
B(BT° = Kt*%up) — — — 8%, 23%
B(BT? — Kt*0rT7r7) [1074] — — — <09,<15
Flavour-changing neutral current b — s~ decays
B(B — X.v; Ey > 1.6GeV) | — = — | (4.7-88)%
Lepton flavour violation in ~ decays
B(tt — uTy) [107°] — — — <0.7
Bt — pTptp) [1078) <(0.13-0.64) | <0.39 ‘ < 0.26 < (0.02 —0.17)
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F23FEHFCPVIBELRITX
aF, HiSEz, BEiFaIpR

BXIERBIRIANESEAS, KR
ALISE: https://indico.ihep.ac.cn/event/26275/

BAREMNERE,. SNEER, HHHEES:
HEERR: #FiF SRT. FHE. a7TH, HikE. BlR. BrHIE
SNAZER: FHE. FE. SRE. AT, fH. T8 KRA. K
WHAZRR: KXZE, BXRE. BB, XE. SHE. TXRE. BikH. KBFE. KE

£ ‘ 553!
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