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MANY INTERESTING TALKS:
[0 a series of detailed talks:

» Spectroscopy: excited states & exotic states;

0 Overview talks:

Recent Experimental Progress in
L P 5 =
Fraas ecen resulits a
Heavy Flavor Physics FHER Recent XYZ results at BESII|
- Recent Theoretical Progress in i 4= bk Hadron spectroscopy and exotics
THETT y lavor Phve at LHCh
eavy Flavor Physics
» Rare b- and c-hadron decays & CPV: +26 very
O Highlights from LHCb, BESII]I, fi =5 35 ISR A A
&l Recent CPV results at LHCb nice theory
Be"e, ATLAS & CMS: I Strong phase measurement of
o D decays at BESII| Iks!
RO Highlights from LHCb arvk LHCb £ b 32 talks!
E| S5 R 3532 - S LTl
ilJ:I[jﬂ: High|ight5 from BESIII ki Hadronic decays of charmed mesons
and baryons at BESIII
%%’7{% Highlights from Belle W i Leptonic decays of charmed mesons
at BESIII
=K Latest results from ATLAS e charm physics at LHCh
e Ty - Result h db
o A R b - s £ £ angular analyses on CMS i Yo
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MANY INTERESTING TALKS:
O 26 theory talks:

> spectroscopy, production, decay & decays of b- and c-hadrons;

» CPV in two-body & multibody decays of hadrons & tau-lepton;

> New physics explanations of flavor anomalies, including (g-2),,,.;

> Correlations with neutrino physics, cosmology & astrophysics;

» Many new observables, new methods & new physics models proposed;

O Exp. + LQCD + theory: we are entering into a precision flavor physics era!
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DY - tvv. AND SEMILEPTONIC D DECAYS:
O Pure leptonic decay: DS —» tTv_viatt —» etv, 1,

Extraction of |[V.45)|  gespp - :

_ fD+ V)
i _ q(d.s) ;
Take fp'3 as input : * Input fp+ =249.9+ 0.5 MeV
€ atr GZ 2 2
| V4| =(0.221040.0058+0.0047) (1*v mode) from LQCD calculations ot oty e ,_mt
( (s) ~ v) = 81 [Veags)|” mi Mpt |+~ 72
my+
LIS I B e I S B O S B I B B B T SN SR IO Vi ¥ [ v T 1 T LI Disy
CKMFitter PTEP2020(2020)083C01 0.97320+0.00011 )
HFLAV18 EPJC81(2021)226 0.969+0.010 .
SMfit PDG18 0.22438+0.00044 "
CLEO PRD79(2009)052002, T,v 0.981:+0.044+0.021 b
CLEO PRD80(2009)112004, tv 1.001+0.05240.019 (=]
PDG PDG18, Dty 0.214£0.003:0.009  =a= CLEO PRD79(2009)052001, 7,v 1.079:0.0680.016 et
BaBar PRD82(2010)091103, T Vv 0.953+0.033+0.047 HeH
Eosipo ot 25 Belle JHEP09(2013)139, 7., v 1.017+0.019+0.028 ot + + _ _3
CLEO PRD78,052003, D'5uv, © v 0.2180.000:0.003  miemm BESIII 0.482 fiy"  PRDI(2016/072004, v SiSsGaGe 1 B(D{ - p*vy) = (5.35 £ 0,13 +0.164y5 ) X 10
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016 Fed
5 e BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 i + i = (5. + 0. + 0. w% 10~2
BESIII PRL123,211802 ,D'51tv  0.23740.02410.012  seie— Belle JHEPOS013)139, pv Ps————— & B(Dg - t'v,) (5 211+ 0.255,, =0 17syst.) 10
BESIII 3.19 fb!  PRL122(2019)071802, pv 0.985+0.014+0.014 Y
U A I e swscumisicunst s A ———————————————— —
BES FRO N SRR BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], pv  0.9730.012+0.015 .
BESIII 6.32 fb‘l arXiv:2102.11734 [hep-ex], T.v 0.972+0.02310.016 [T}
BESIII Expected (20fb), D'pv 0.2210£0.002:0.0017 = BESIII 6.32 fb!  arXivi2105.07178 [hep-ex], T,y 0.9800.023:0.019 1ol . .
NNt BESIII 6,32 fly!  arXiv:2i06.02218 [hep-exl, v 0978000950012 W » No evidence for LFUV in
BESIII uv 3.19" + v 6.32 b 0.979+0.007+0.008 ® Combined
1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1| 1 | 1 1 1 1 [ 1 \ L L L I | L L L I | L L L I | L
0 005 01 015 02 025 -1 0 1 leptonic charm decays with
V| v_|
cs

. BESIII data until now!
Most precise measurement
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Vys/Vcs PUZZLE:

O Exclusive decays:

Semileptonic form factors for B — D*fv at nonzero recoil from
2 + 1-flavor lattice QCD
2105.14019

A. Bazavov,! C.E. DeTar,? Dapmg Du,® A.X. El-Khadra,*% E. Gamiz,® Z. Gelzer,*

Steven Gottlieb,” U.M. Heller,® A.S. Kronfeld,” J. Laiho,® P.B. Mackenzie,” J.N.
Simone,” R. Sugar,!® D. Toussaint,!* R.S. Van de Water.” and A. Vanue[o2

(Fermilab Lattice and MILC Collaborations)

> in tension with Belle 2018 data & preliminary
results from JLQCD!

Inclusive decays:

Measurements of q2 Moments of Inclusive B — X.£" 1y Decays with Hadronic Tagging

O

Belle Collaboration « R. van Tonder et al. (Sep 3, 2021)
e-Print: 2109.01685 [hep-ex]

pdf [= cite

Measurement of Differential Branching Fractions of Inclusive B — X, £ 1y Decays

Belle Collaboration « L Cao et al. (Jul 29, 2021)
e-Print: 2107.13855 [hep-ex]

pdf = cite

Third order corrections to the semileptonic b—c and the muon decays
Matteo Fael (KIT, Karlsruhe, TTP), Kay Schénwald (KIT, Karlsruhe, TTP), Matthias Steinhauser (
Published in: Phys.Rev.D 104 (2021) 1, 016003 « e-Print: 2011.13654 [hep-ph]

pdf & DOI = dte Three loop calculations and inclusive Vcb
Marzia Bordone (INFN, Turin and Turin U.), Bernat Capdevila (INFN, Turin anc
Published in: Phys.Lett.B 822 (2021) 136679 + e-Print: 2107.00604 [hep-ph]
pdf ¢ DOI 5 cite
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Vo and Vi

—m UTfitupdate

— 0.006
S

_ = 0.0055
from FLAG 2019 arXiv:1902.08191

IVes| (excl) = (39.09 % 0.68) 10°

V.| (incl) = (42.16 + 0.50) 10

from Bordone et al.
arXiv:2107.00604

0.005

0.0045

~2.8c discrepancy g oo4 :

from FLAG 2019 arXiv:1902.08191 0.0035F

V.| (excl) = (3.73 +0.14) 10°
0.003
V| (incl) = (4.19 + 0.17 + 0.18 fiiag) 10°

0.0025
from GGOU HFLAV 2021 .
adding a flat uncertainty  ~1-50discrepancy

n \\

UTfit
summer21

&\\:
SR
1\\\

\\\

covering the spread 0.0 .
of central values ¥os

Vi / V| (LHCb) = (9.46 £ 0.79) 10 | From B. to K at high o2

IVu / V| (LHCB) = (7.9 % 0.6) 107

From A,, excluded following FLAG guidelines

3

MarcellaBona [} 1 7 & Q&' 2 & 06 8o o o om 5
= = | cb|2 /’% /N%)
Br(B — Xclv) . [ uspis + r“Gm—g T r/’Dm—z In progress:
e V. from q'2 moments
4 4 4 4 4
r ¥ s s B
L I W N P
re mﬁ rg mﬁ SB mﬁ SE ?) SqB 4
| [Fael, Mannel, Vos, 2019]
Vcb =7 5



R(D) & R(D*) :

O Semileptonic decays:

R(D) & R(D*)

;‘\ | T I T T T T I T T T T I T T T T I T T T |
8 m Ay*=1.0 contours ]
0.4 202 —
C _ ___ BaBarl2 N
0.35 — 30 . ]
C LHCb18 , \\/ ) i
B ' = - _
o: N <o .
B | Y Average | 5
0.25 __ & Bellel9 ~ Bellel5 _
B Bellel7 World Average ]
R(D) = 0.339 +0.026 + 0.014
0.2~ % Bigi 16, Gambino 19 340 R(D*)=0.295+0.010+0.010 ]
=-0.38
S l?ordone 19 : I IFZ()G) =28% B
0.2 0.3 0.4 0.5
R(D)
Aqep Aqep

F; = (ai+bi%)£+

2my,

R(D) = 0.2981 + 0.0029
R(D*) = 0.2504 % 0.0026
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different assumptions for
unknown correlation p-!

rfrrrryrrrrrprrrr T T T T
I Belle 2015 ¢+ Belle 2017 .
_ BaBar 2012 Hr  LHCb 2015 7
1.6 i Belle 2020 4 LHCb2018 7]
Average (pp--) |
-t |
14 —
Q N -
53 n i
=1k -
Shli -
& |

A J
| e |
1.0 [~
3.60~—_ -
U 8 [ ] I ] ] ] ] I ] ] ] ] 1 ] ] ] I 1 ] ] 1 I ] 1 ] ] I ] 1 ]
©0.50 0.75 1.00 1.25 1.50 1.75
R(D)/R(D)sm

No final conclusion yet, new experimental

and Lattice QCD

data are needed!
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R(D) & R(D*) :
O Difficult to explain the R(DY) anomalies in SM; =) possible NP?

) NP ~ 10 — 15% of a SM tree decay = huge effect

R(D): 140
R(D*): 2.50 e If NP interfere with SM we need it to be 10%

: e If NP doesn't interfere with SM, we need it to be a 40% effect
combined: ~3.40

Evidence for an excess of B — D)7 7 decays
BaBar Collaboration » J.P. Lees (Annecy, LAPP) et al. (May, 2012)
Published in: Phys.Rev.lett. 109 (2012) 101802 = e-Print: 1205.5442 [hep-ex]

pdf & links ¢ DO [ cite =) 960 citations

Measurement of the branching ratio of B — D*)7 7. relative to B — D*){" iy decays with hadronic tagging at Belle

Belle Collaboration » M. Huschle (Karlsruhe U, EKP) et al. (Jul 12, 2015)
Published in: Phys.Rev.D 92 (2015) 7, 072014 « e-Print: 1507.03233 [hep-ex]

pdf @ links (@ DOl [3 cite

Measurement of the ratio of branching fractions B(B — D*"7 7;)/B(B" — D* " 1,)
LHCb Collaboration « Roel Aaij (CERN) et al. (Jun 29, 2015)

-
D M a ny expla natlonS! Published in: Phys.Rev.lett. 115 (2015) 11, 111803, Phys.Rev.lett. 115 (2015) 15, 159901 (erratum) = e-Print: 1506.08614 [hep-ex]
7

pdf @ links & DOl = cite =) 934 citations
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R( D) & R( D* ) - Hu/LI/Yang, 1810.04939

O Most general SU(3); ® U(1)y-invariant L . @ u, = m, scale:

‘C(S6I\3I = —4GTF Ver Ov, + H.c., Ovyiny = (Y Prryb) (T Pryz),
2
4G OSL(R) - (EPL(R)b)('fPLVT)a
(6) __ F
e = =5 Voo (Ovi Ovi + CuOvi + C5, s, + C5nOsn + CrOn) + HE. o _ (g1 pi) (76, P,

0 Observables considered: AP =B - D*rv)/da’

Pﬂ* 2 —
L (@) dT'(B — D*zv)/dg>

D* __
Py =0.60+0.08+0.04vs 5, 90106380

PP =0.455+0.003 ~1l.50

()
PP (¢
- dFlr:lfz(B N D(*)ru)/dqz—drl‘:_uz(f} — D(*}TU)/dqz
dI'(B — D™ 1v)/dg>
P, (D)™ = —0.38%7210% Belle, 1612.00529
2021711713 Xin-Qiang Li HFCPV2021 SUMMARY 8

» Longitudinal polarization fraction PP";

> Polarization fraction of the t lepton PP";



https://arxiv.org/abs/1612.00529

R( D) & R( D* ) . Hu/LI/Yang, 1810.04939

OGlobal fit: = —
'[].1[]'.'
[see also Murgui |
etal, 1904.09311] 0.05h
o <] 0.00]
V ~0.05}
g :

CRL —{].1[}_[').‘2' .

— 02,
_— *dashed Br(B, > tVv,) < 10%,—}-[

C3; can but only at 3!
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R(D) & R(D*) : Hu/LI/Yang, 1810.04939
O Global fit:

[see also Murgui
etal, 1904.09311]

AX = X_XSM %l- 0.0'
ﬂ L
ClL
o v —0.5_‘
RL
C’}‘%L _1.0k
1S
My P?" & P2 very potential to distinguish different contributions;
— 7

LL » difficult to accommodate 106 P? for any C;; even excluded c7,!

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 10




+ p— ° w "
Bsa— 470 B

b w
O FCNC rare decays: beauty of the rarest!
113 LT3 LI 29 . . s I X10—9
Instantaneous”, “non-radiative” branching fraction n Q 07— ' . —T—
Bsw S 061 LHCb |
B Lol And \J ut 1 i 44" A
Br(B; — putpu~) = L f5 mmp |V Vil* |1 — =& b % 02 —ont T
6471'3 S 8 B ~ .
: R 04| > —
2m . 4m? B B
X { £ (C1o— Cp) + (Cp — Cp)| + (1— —2“> |C5—C§|2} 0.3 I
mBX mB_
: 02 =
e SM only Cio[s7y, PrLb][¢~"~s€] = helicity suppression. Sensitive to scalar couplings. 0.1 .
i 1 -9
e SM Cj calculations includes NNLO QCD, NLO EW matching corrections at EW scale, 00 | i 5I | 6| <10
NNLL renormalization-group evolution to the h-quark mass scale including QED logarithms B(B)— u*w)

e LHCDb [1703.05747] (3.OJ_F8:Z) x 10~ vs. Theory [Bobeth et al., 1311.0903] (3.65 4= 0.23) x 10~°

O Power-enhanced QED effects: [Bencke, Bobeth, R. Szafron, 1708.09152, 1908.0701 1]

» more long-distance QCD than fg;

——— / b

» same order as the non-parametric

uncertainty, larger than previously

estimated QED uncertainty.
2021/11/13 Xin-Qiang Li HFCPV2021  SUMMARY QIED e AT TS




‘ 1 T ! 1 ‘ I
: R, Belle

1.1 < g><6.0 GeV*/c*

b - sft¢~ transitions:
O FCNC rare decays: b — sft{~

R, Belle
0.045 < g% < 1.1 GeV?*/¢?

RKIt Belle
10< q><6.0GeV?/et

Exciting new experimental value of Ry II_HC.)b [.21 03'1.1 76.59]

— 7 T R, LHCbO fb'
f 1-40- —— K 2 2 .4
. BaBar 0.045 < g?><6.0GeV/c
0.1 < g2 <8.12 GeV?/c* 5 R LHCb 9 ft;!
Thax +,- —— ! K
/q dB(B— Hyp )dq2 150 : 11<q2< 60 GeV¥/ct
q2, dq2 i_ BCHC 1 | L ] | | 1 1 1 |
Ry = “win 1.0 < g2 <6.0 GeV¥/ct 0 1 2 3
/qu dB(B— He*e’)d 9 Z Ryo
q : . . . pe
2. dg? L LHCb 9 fb! LHCb combined significance w.r.t. SM: 20
i 1.1< <60 GeVZic!
P R I P B , ]
05 1 15 ‘“é 14
Ry Q: _
LHCb _ 0.04240.013
Ri™™" = 0.8467 103570 01> L2
> | 316 | 1! ]
+ Likelihood i
1) e s
1 |
> 30 of tension between SM and Exp for the first time in a single LFUV observable! 08 [ ]
+ R(D) & R(D*) + angular observables 0.6} LHCD
1 1 | | |
I I I I I I I I

== Hints of LFUV NP in b sector? 0 2 4 6

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 12




b - sf*¢~ transitions:
O b - st ¢~ decays: loop-induced FCNC processes; —) sensitive to NP;

G e ) E K

O Caution: NP could be easily mimiced by non-local hadronic effects;
H

L
A(B = KO2) = 0 [(Gtt + Coth) T2 (6 30|

e Xl 9

Fo= (K (k)|07910|BCk + q)) Hu= zfd‘*x el (KO (R |T{iE™ (x), (CL05 + C,05)(0)}| Bk + q))

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 13

b




b - s¢*¢~ transitions:
O g2 spectrum of B - K¢+ ¢~ decays:

Spectrum
Photon pole i :
enhancement J/¢(1S) dominated by .
(no pole for 'H% / narrow charmonium
B P resonances.
e deteys) 1,b(.25) (vetoed in data)
> at low g? region, ¢ S
> at high g region,
QCDF applies; g ﬂ o
" . OPE applies;
T C(/)C(/) C( and C1 0
interference Long distance
contributions from cc¢
. f d \ above open charm
orm-tactors threshold
Form-factors from
from LCSR Lattice QCD

calculations paramem\’\
9 dimuon mass

Fu= (KD (R)|07,9,10| Bk + @) 4 [m(u)P = —>(“ squared

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 14




+ — - m
b - sf{"¢~ transitions: (e 0) = Y 5706, )0
0 Non-local hadronic matrix elements: A

~ e — Sl 3 g / dx* €1 (M|T{j%, (x), 0;(0)}|B)
i=1..6,8

b %, S
B = QqTv"q
B M q

» Contributions at low g from QCD factorization (QCDF)

» Beyond-QCDF contributions the main source of uncertainty
» Non-local contributions can mimic New Physics in Cy

» Several approaches to estimate beyond- QCDF contributions at low g*

“» fit of sum of resonances to data
» direct fit to angular data

+ » Light-Cone Sum Rules estimates

| e analyticity + experimental data on b — scC

-------------------------------------------

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 15




b - sft¥f~ transitions:

[0 Global fit results: B Flavour Anomalies: 2021 Theoretical Status Report

David London (U. Montreal (main)), Joaquim Matias (Barcelona, Autonoma U. and BIST, Barcelona) (Oct 25, 2021)
e-Print: 2110.13270 [hep-ph]

» ACDMN (M. Alguerd, B. Capdevila, S. Descotes-Genon, J. Matias, M. Novoa-Brunet)
Statistical framework: Xz-ﬂt, based on private code

» AS (W. Altmannshofer, P. Stangl)
Statistical framework: y*-fit, based on public code flavio

» CFFPSV (M. Ciuchini, M. Fedele, E. Franco, A. Paul, L. Silvestrini, M. Valli)
Statistical framework: Bayesian MCMC fit, based on public code HEPfit

» HMMN (T. Hurth, F. Mahmoudi, D. Martinez-Santos, S. Neshatpour)
Statistical framework: y*-fit, based on public code SuperIso

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 16




b - sfT™f~ transitions:
O Global fit results:

B Flavour Anomalies: 2021 Theoretical Status Report

David London (U. Montreal (main)), Joaquim Matias (Barcelona, Autonoma U. and BIST, Barcelona) (Oct 25, 2021)
e-Print: 2110.13270 [hep-ph]

ACDMN Complete fit: 246 observables LFUV + radiative + Bs — " u~
1D Hyp. Best fit Pullsm (o) | p-value Best fit Pullsm (o) | p-value
Coy —1.067010 7.0 39.5% || —0.82"3; 4.0 36.0 %
Co, = —Cio, || —0.44%7 0% 6.2 22.8% || —0.37008 4.6 68.0 %
AS Complete fit: 130 observables LFUV + B, — ptp™
1D Hyp. Best fit Pullgm (o) Best fit Pullgm (o)
Coy —0.80 +0.14 5.7 —0.7479 5% 4.1
Con = —Cio, || —0.41+£0.07 5.9 —0.35 £ 0.08 4.6
HMMN Complete fit: 173 observables || only R, )+ Ba,s — ptp~
1D Hyp. Best fit Pullsm (o) Best fit Pullgm (o)
Cop —0.95 £ 0.12 7.6 —0.77 £ 0.21 4.0
Co, = —Cio, | —0.49 +0.08 6.7 —0.38 4+ 0.09 4.6
2021711713 Xin-Qiang Li HFCPV2021 SUMMARY

(Best fit solutio
NP _ NP
C9,u — ~t1o,u

4

\_

)

Model buildings!




b —» sy transitions:
O Radiative decays: B® - K*%e*e~ @ 0.0008 < g% < 0.257GeV?

The b — s process is forbidden at tree level in the Standard Model (SM).
Indirect searches grant access to larger energy scales than direct ones.

F1, = 0.044 +0.026 4 0.014,

At LO in SM only O; and O} contribute Afr{e = —0.06 £ 0.08 £ 0.02,
o o — 4 5E (G0 CION AP = 40.11+40.10+0.02,
eff = —4—= Vi Vip( L7 U7 +
M V2 et — iqi Al = 40.02 4 0.10 % 0.01,
b € right
e CSM=-0.2915 Lo
1 Constraints at 20
B(B — Xv)
Wilson coefficient can be constrained through measurement of: 05 B° — K’y
' — B! = ¢y
. - 2 /12 s —— B K*0¢te—
@ Branching ratio: B.q o« |G|* + | (Y] o] A | Clobal
/ =00 w7
. : LO 1_‘%|2 9’ ] \ :/ /
e Photon polarization: a,"% = —Z— g
e | 7
, ~0.5 .
@ CP asymmetry: Acp Im#ﬁap ﬁ — LHCb:2010.0601 |
1.0- ------------------

Ob - s¢*¢~ @very low ¢g*: complementary = o @

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 18




POINTS SHOULD BE KEPT IN MIND:

O How to reproduce the needed extra contributions to ACy , = —ACy ,;:

l’l‘ [ |
Z boson : heavy neutral gauge boson (Spin 1) *
Leptoquarks :  Spin 0 or Spin 1 *
(provide interactions between quarks and
leptons)
Which LQ explains which anomaly? Gauge Symmetry at work
Model R, (- R« R, (+) & Rp(«
ode K(*) D(*) K(*) D(*) @ P ” A

51 - (3, 1)_1/3 X \/ X

R, = (3 2)7/6 X % X e & SUB), ® SUQR), ® U(l)y

- HI

R = (3, 2)1/6 X X X qr = ((;)

L H
S3=(3,3)_1/3 | X X o
Coq (M) SUG), ® U(1),
Ui =(3,1)2/3 v v v ) (@51, P19)( @57 PLa) o
Z;
U3 = (31 3)2/3 V/ x X Hiow
Angelescu, Becirevic, DAF, Sumensari [1808.08179] x ('|(”i[)(Erﬁpllb)(l;yﬂptb) SMEFT T
"z Leg = Lsm + Z ’\72’ +0O(A™)

b — st™t7,b - svv,b — sut, charm physic, top physics, ..

For A > > upy we should work with Gauge Invariant effective operators.

2021/11/13 Xin-Qiang Li HFCPV2021 SUMMARY 19




HADRONIC B DECAYS: TWO-BODY

O Hadronic b-hadron decays: > further insight into strong-interaction

> direct access to the CKM parameters, effects involved in ﬁ %%;g %§> -

especially to the three angles of UT. hadronic decays.

i, -
S > ) | AL X |
= 'E' B : ; NG il y g < -<
03 E— Ko A Vol _é d d
B | - E 2.001
—= N L Waoly, b E 24)
(BOQD+W- /.o 0.12...014. .OTG...O;‘..:A 1.75 A 2 b
Bt = DOK* J P (\ B=> J/y Ks ) 1.50
1.25 -1 ¥
> indirect probe of new sources of CPV beyond the SM. - .. \
0.:75:] S -
AB = DTK ™) = A(B” = DY K s {1 + pe’f‘5e+'f‘¢’] - \\X/
. . 0.25 A
A(B? — D:“K*) = A(ij — DjKi)Sl\‘i [1 + Pelaeﬂﬂ 0.00 9=
O.IO 0.5 1.0 1?5 2.0 2.5

R. Fleischer and E. Malami, 2110.04240
2021/11/13 Xin-Qiang Li HFCPV202I SUMMARY 20




HADRONIC B DECAYS: TWO-BODY

O Hadronic b-hadron decays:

multi-scale problem with highly hierarchical scales!

» WC (C;: all physics above m,,;

perturbatively calculable, and

NNLL program now complete;

EW interaction scale >> ext. mom’ain B rest frame > QCD-bound state effects
my ~ 80 GeV
mz ~ 91 GeV > my, ~ 5 GeV > Agcp ~ 1 GeV
Gr .
Left = 2 § : VppVop  C101 + G202 + E CiOi pen

p=u,c i=pen

> General decay amplitude for a given decay:

- Dynamical approaches based on factorization theorems: PQCD, QCDF, SCET, - - -
[Keum, Li, Sanda, Lii, Yang *00;
Beneke, Buchalla, Neubert, Sachrajda, *00;
Bauer, Flemming, Pirjol, Stewart, ’01; Beneke, Chapovsky, Diehl, Feldmann, ’02]

- Symmetries of QCD: Isospin, U-Spin, V-Spin, and flavour SU(3) symmetries, - - -
[ Zeppenfeld, *81;
London, Gronau, Rosner, He, Chiang, Cheng et al,]

2021/11/13 Xin-Qiang Li HFCPV2021
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HADRONIC B DECAYS: TWO-BODY [

O AAcp puzzle : 2Acp = Acp(n°K™) — Acp(r*K™) = (11.5£1.4)% differs from 0 by ~8¢'!

s s
_ K~ _ K~ o 4
u u — ~
/1u - Vub Vus 0(/1 )
\ mm==) | Penguin-dominated!
= . _ * 2
BY g e Ae =Vep Vs ~ 0(19)
d — 7 o
' d
. . JHEP 03 (2021) 075 (AT ch W+ _
] S
Direct CPV in B —» K7 system bRL 126 0on) o150z G MASSD P in?
b <t - 5
* Isospin symmetry implies Acp(B® - K*tn™) ~ Acp(B* - K*n®) ¢ u
: (15 2 1‘ i
Experiment: AAKT # 0 at 5.50 so called “Km” puzzle
7 I - - i
* New measurements - =
- T aanonE - y q q q q
' = T T T ] &°4000 & 4000 ' i LHCb ' 4
14000} LHCb ,,4+ T4 =2 F 2 -0 s5am' ]
EIZOOOZ i Data4.<9 AL . E”OO: 23500 K Ty pua E (a) B — K7 penguin diagrams (b) B — K7 colour-favored tree diagrams
- | F - —— Signal 4 .
lélOOOO; [ B—ktz- 1 R 3(5)32 = 2(5)22 Cogmbinalorial q
S 3 . ] = Fa g E »»»»»» Partial Reco. E
‘\; 8000_ - B-;_”( +” i 4 22000F * 22000F Peaking Partal Reco. ] w B B
5 %% somm- 1 Siseof 5 1500f W ] b - - “
% 4000 [z Boaybke. ;gloooi glooo— - U 7 q
© 20000 Comb.bke. | © 500f © soof
05 52 5.4 56 58 6 62 0=7500 5000 | 55'90 000 0t 5000 3300 6000, g b 3
m(K *7 %) [GeV/c?) m(K*m’) [MeV/c?] mEK ') [MeV/c?] a .
- . q o q q - q
AepdB™ - K" ) =+0.025 £ 0.015 £ 0.006 + 0.003
CP( ) - - - (¢) B — Ka" color-suppressed tree diagrams (d) B = K=" electroweak penguin diagrams

Acp(B° » K*1™) = —0.0824 £ 0.0033 + 0.0033
New value of AAEE = 0.115 + 0.014, nonzero at > 80
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https://arxiv.org/abs/2012.12789

HADRONIC B DECAYS: TWO-BODY

O Big challenges to theory: 2.4, .. =4_c[spuo1+al]+ Ag, [Spuc2 + Spe3ds pw s

; u ’ u A§0—>JT+K_ — Aﬂf[apu al —I_&f]’
b % u b ‘/L d ( 0 + \
T — AArp = Acp(M° K™ ) — App(m™ K™
colour-allowed tree a1 colour-suppressed tree ap» Cp cp ( ) Cp ( )

= =2siny[Im(r;) — Im(ryrgy)] + -+

u k
,, 4 re &~ 0.03[x27] — 0.02i,  rp ~ 0.18 — 0.02i rew & 0.12 — 0.01i,

QCD penguins ay4

J

f NLO NNLO NNLO + LD Exp

PR 0MIBRL omUNE oREH® 171
AU 0.2 HITHE T 0as TSN L ORI a0 k20
| wtKe  asH%TIE gggtimus  spreatnn gatoe |

Hadronic explanation needs large C and large phase. a problem since 2003.
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B - D(*)L DECAYS: class-III annihilation

= - T b
O Heavy-light final states: /s
class-1
> At quark-level: mediated by b — cud(s) (B\b - —f 4.
v . < class-1
F u,d
all four quark flavors different from each other, B0 B L Do 50y ptom
no penguin operators & no penguin topologies! B~ — D1~ BY — D°x° B° — DO7°
> For class-I decays: QCDF formula much simpler; Qo = dvu(1 - s)u AE’Y“(l — vs)b )
— y
[Beneke, Buchalla, Neubert, Sachrajda '99-'03; Bauer, Pirjol, Stewart '01] Ql . d’}/'u(l - 75) Iu < (1 B 75) 7"b
PR i) only color-allowed tree topology a,;
DIYLT| Qi |BY) = Fy T (M3 } N
Dq [©:1Bq) ZJ: ! (Mz) ii) spectator & annihilation power-suppressed;
y /1 du Ty (u)ér(u) + O (ASLCD) iii) annihilation absent in Bg(s) - DgK(m)™ etal;
0 b

L iv) they are theoretically simpler and cleaner!

> Hard kernel T: both NLO and NNLO results known; T—T0 4 0.TO 1 270 1 O(aﬁ’)
[Beneke, Buchalla, Neubert, Sachrajda '01; Huber, Krankl, Li '1 6]
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(*)
L T Eam—n—
B > D 'L DECAYS: A(BEw%P>=if@‘4b‘<fm@ F e i o, ).
() -g = . A(B?s) — DET)LP—) ?VbV" a1 (D )pr )" )ADE‘S)(T”%) 2”19;5*) (¢"-p),
O B —» D' transition form factors: ,

. . . _ .GF Bisy—D s
Precision results available from LQCD & LCSR calculations, | A8k = PV )=~ \/QV(*)V a1 (DL V) fu B (mi) 2my (- p)
together with data on BC([) - D5l+v; [Bernlochner, Ligeti, Papucci, Robinson 'l 7; Bordone, Gubernari, Jung, van Dyk "1 9] 4-5 G

< 40
G35 EmBoDIV, Decay mode  LO ~ NLO  NNLO NNLO# Ref. [36] Ref. [38] Exp. [7, §]
- - B B-sDrtv, _
o 22 BY 5 D¥r— 420 445702 4581022y qyt061 3 31043 2.65 + 0.15
2 ] _
S 90! BY = D*fr~ 377 4.0070% 413703 4.2670% 3.4570E 2.58 + 0.13
.g 12 BY = Dtp~ 1098 1164708 11.967052 12.287149 10427133 7.6+ 1.2
é 5 BY — D*tp= 10.32 10.957138 11.28F 130 11.61755] 9.2475 17 6.0+ 0.8
L' ¢ E E E =R E EEEE S S S E e T R EE AN N e T T T T T ST T EEEEE---
© 10 14 12 13 14 15 'B"> DTK- 318 3377535 3.48703) 3.0170% 3.26+£0.15 2.19+0. 13-
w ‘"'"'"'""'"'"""""""""""'T """""""""
BY = DK~ 2.82 3.000920 3.1070 2597039 3277039 904 +0.47
O t redictions v ta: ,
Updated predictions vs data BY = DYK* 548 580705 5.947040 5.25 00 4.640.8

[Huber, Krankl, Li 'l 6; Cai, Deng, Li,Yang '21] tmmmmmemmmememmmememmmememme==o e ccmmeermmmmmeemmmcmmmmeemm-o--

‘B — Dir 4.23 4497073 4.61705 4.397770 4.4240.21 3.23+0. 18.
(* ) TSR
Vep| and Bys = Dy formfactors — po | e = 55y g 7q0088 g gpr000 2247056 4301090 24707
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B - DL DECAYS:

O Non-|ept0niclsemi-|ept0nic I‘atiOS = [Bjorken '89; Neubert, Stech '97; Beneke, Buchalla, Neubert, Sachrajda '01]

. L(BY, — DL R—— (almost) free from uncertainties from
(L = (*)+ = 62 |qu| 11 lai( D L7)* X,
ZF(B?> =Dy )/ dg? ety ( )
Lk \Vep| & By s = D ; form factors.

> Updated prEdiCtionS vs data: [Cai, Deng, Li,Yang '21] > quasi-universal, with small prOCESS'dEP-

(R)+ 7 — - - - e [ : .
|(11(D (s) L) LO NLO NNLO Ref. [36] Ref. [38] Exp. from non-fact. corrections.

S E I I I I E»

,|m (D7) 1028 1.05970010  1.073750% 1.0737051%  1.072700130  0.88 £ 0. 04:

----------------------------------------------- + _ +0.009 +0.023
Ty — . rq+0.017 75 +0.006 ~q +0.013 40.0128 ar al(D K- ) (1 069—0.012)+(0-046 0.015
lag(D*F77)| 1,028 1.059 70010 10757000 1.071 70017 1.071370 0128 0.92 + 0.04 N o 0,022
ar(DFn7) = (1.072%513) + (0.043 0'014)2
lay(D*p7)|  1.028  1.059 75015 10737000 1.07270014 0.92 4+ 0.08 a1 (D*FK~) = (1.06810010) 4 (0.034+0:017);
lay(D*Fp7)| 1,028 1.059 7504 1.075700%  1.071 1098 0.80 + 0.06 a1 (D*Tr7) = (1.07170012) + (0.03279:916)i .

o (D7K-)) 1028 10597000 10757000 10707501 10702705100 0.02 +0.04! -
i D*— K~ 1.028 1 Or() +0.018 1 078 +0.009 1.069 +0.010 1.068 '—+U 0103 0 ()4 + (} 11 g
|”]( 1aN )| M= —0.019 —0.012 —0.013 ( —0.0125 - :

_ 2
lar(DTK*)| 1.028 1.058 70016 LOT1E0000  1.070 50018 1.0240.10 BrExP. |aBSM| aBsM
0.019 0.009 0.013 1" — 06 = 1 ~077=1-023
el el el =St SM — 2~ SM T v _ .
Nai(DF7T)| 1.028 10597001 LOT3E0ON  L.073E00N LO727X0010 0.90 £0. 04 Br |ai9M| a
lap(Dfr~)| 1.028  1.0597001  1.075700%  1.0717091  1.0713750128 0.83+0.13 ymmmmmmsmmsaaa==
M 4 6aBSM SaBsM
@ (DFKT)| 1028 L0sOTYN LOTaTUR 1070008 LoTo2 YR 0802005 = a1 — =16aPM =~ —20%
0 a Cl 1
lap (DY K7)| 1.028  1.05970018  1.078700%  1.069 7501  1.0687100152  0.79 +0.14 1 1 Cmmemmmmemma=== .
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B - DL DECAYS

O Sources of sub-leading power corrections: ) fl T () "('A'QED')‘
0

. _ _ Bq—>Dé*) ,
(DYWL Qi |BY) =>  F, (M7)
J

> Non-factorizable spectator interactions; O Scaling of the leading-power contribution:

\E\/ \/é A(Bq — D¥ ™) ~ Gpmi FP7P(0) fr ~ Grmi Aqen

E % . (AQCD> > All ESTIMATED to be power-suppressed:;
> Annihilation topologies; Mp not chirality-enhanced due to (V-A)(V-A)
structure!
>< >« % » The current exp. data can not be easily
explained in the SM, at least within the
> Non-leading Fock-state contributions; QCDF/SCET framework.
estimated

included into FFs.

with LCSR
—_— [ A o=
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B - DL DECAYS:

A puzzle in BIOI » D \{m~, K~} decays and extraction of the f,/ f; fragmentation fraction

Marzia Bordone (Siegen U.), Nico Gubernari (Munich, Tech. L), Tobias Huber (Siegen U.), Martin Jung (Turin U. and INFN, Turin), Danny van Dyk (Munich, Tech. U.)

EurPhys.J.C 80 (2020) 10, 951 » e-Print: 2007.10338 » DOI: 10.1140/epjc/s10052-020-08512-8

Probing new physics in class-I B-meson decays into heavy-light final states

Fang-Min Cai (Hua-Zhong Normal U., LQLP), Wei-Jun Deng (Hua-Zhong Normal U., LQLP), Xin-Qiang Li (Hua-Zhong Normal U., LQLP), Ya-Dong Yang (Hua-Zhong Normal U., LQLP)

JHEP 10 (2021) 235 » e-Print: 2103.04138 « DOI: 10.10074HEP10(2021)235

Revisiting rescattering contributions to Efs-} > Dll::-.:ﬂ/f decays

Motoi Endo (KEK, Tsukuba and Sokendai, Tsukuba and Tokyo U., IPMU), Syuhei Iguro (Tokyo U., IPMU), Satoshi Mishima (KEK, Tsukuba)

e-Print: 2105.10811

Using BY — D7 K~ Decays as a Portal to New Physics

Robert Fleischer (NIKHEF, Amsterdam and Vrije U., Amsterdam), Eleftheria Malami (NIKHEF, Amsterdam)
e-Print: 2109.04950

Revealing New Physics in BY — D7 K= Decays

Robert Fleischer (Nikhef, Amsterdam and Vrije U, Amsterdam), Eleftheria Malami (Nikhef, Amsterdam)
e-Print: 2110.04240

Implications for new physics from a novel puzzle in BR-;] > DE;]J_{?T_’ K~} decays

Syuhei Iguro (Nagoya U.), Teppei Kitahara (Nagoya U., IAR and KMI, Nagoya)
Phys.Rev.D 102 (2020) 7, 071701 » e-Print: 2008.01086 » DOI: 10.1103/PhysRevD.102.071701
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New physics effects

in tree-level decays!?

several papers
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https://inspirehep.net/literature/1332527

TAU-LEPTON PHYSICS:

o(ete” > bb)=1.1nb

¢ H.d.s olete” > 1t't7)=0.9nb
@+/s = 10.58GeV
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TAU-LEPTON PHYSICS: PRD 85 (2012) 031102

Ao = DO = [ ]ekemtor) —D(77 = [mh e Jeggrm vr) B 28, fix APP — (=3.6+23+1.1) x 1073
= + ta— | nmt - Fa— e nr— - o
L(rt = [rta~ ekt o) + (1™ = [t~ |egeorm~vr) ASM (3.6 40.1) x 10~

GrV, _ .

— . .hla._ 2 a . 12
Feng-Zhi Chen, Xin-Qiang Li,Ya-Dong Yang and + 7(1 = 75)vr - Blés = Eps| s+ 267700, (1 = 5 )v7 - o S} +hec.

Xin Zhang, Phys.Rev.D 100 (2019) 11, 113006
0.04F

Feng-Zhi Chen, Xin-Qiang Li,Ya-Dong Yang, JHEP 05 (2020) 151

s2i 1 dQF(T_—>K57r_VT) . dZF(T+—>K57T+177-) I
ACP S1,i f—l cosa [ dsdcos a dsdcos « dsdcos o P QY
i _ _ - tl= —
1 ps2,i 1l | PI(t——Ksnvr) AT (tt—Ksntu,) — Im[és]=—0.008
2 Jsy f—l [ dsdcos a + dsdcos o dsdcos o —0.04F  infey] =0.03
06 08 10 12 14 18 1s
Belle Collaboration, PRL 107 (2011) 131801 Vs [GeV]
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OTHER INTERESTING TOPICS:

Multiple scales: my, mjp, \/mpAocp. Aocp, My, AE

Short-distance QED at p > m;, can be included in the usual weak effective Lagrangian (extended
Fermi theory) + renormalization group.

Power-enhanced leading-logarithmic QED corrections to B, — 1" 1 . . .
g-leg Q (A Far IR (ultrasoft scale) described by theory of point-like hadrons.
Martin Beneke (Munich, Tech. U.), Christoph Babeth (Munich, Tech. U.), Robert Szafron (Munich,

Published in: JHEP 10 (2019) 232 » e-Print: 1908.07011 [hep-ph]

By — ~££ decay with an energetic photon
Martin Beneke (Munich, Tech. U.), Christoph Bobeth (Munich, Tech. U.), Yu-Ming Wang (Nankai U.) (
Published in: JHEP 12 (2020) 148 - e-Print: 2008.12494 [hep-ph]

pdf & DOI [= cite

SCETy SCET; SM

I I I I )

Aqep Fihe Hp Hw energy

QED factorization of non-leptonic B decays

Martin Beneke (Munich, Tech. U.), Philipp Béer (Munich, Tech. U.), Jan-Niklas Toelstede (Munich, Tec
U)) (Aug 24, 2020)

Published in: JHEP 11 (2020) 081 » e-Print: 2008.10615 [hep-ph]

virtualities soft / collinear hard — collinear hard electroweak

QCD
dof

perturbative

QED factorization of two-body non-leptonic and semi-leptonic B to charm decays
Martin Beneke (Munich, Tech. U.), Philipp Boer (Munich, Tech. U.), Gael Finauri (Munich, Tech. U.), K. Keri Vos {
Published in: JHEP 10 (2021) 223 = e-Print: 2107.03819 [hep-ph]

pdf & DOl [= cite

partonic

Goal: Theory for QED corrections between the scales n;, and Agcp (structure-dependent effects).
Light-cone distribution amplitudes of light mesons with QED effects

Martin Beneke (Munich, Tech. U.), Philipp Béer (Munich, Tech. U.), Jan-Niklas Toelstede (Munich, Tech. U.), K. Keri Vos |
12, 2021)
Published in: JHEP 11 (2021) 059 = e-Print: 2108.05589 [hep-ph]

pdf & DOl = cite

QED factorization for the leptonic B &&4 B
meson decays

QCD calculations of radiative heavy meson decays with subleading power corrections

Hua-Dong_Li (Beijing, Inst. High Energy Phys.), Cai-Dian Li (Beijing, Inst. High Energy Phys. and Beijing, GUCAS), Chao Wang (N
U.), Yan-Bing Wei (Nankai U.) (Feb 10, 2020)

Published in: JHEP 04 (2020) 023 = e-Print: 2002.03825 [hep-ph]
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VERY PROMISING FUTURE:

2018 2021 2025 2027 2030 2035
220fb1 50 ab! . B T— S
Belle II 4 27T
~55x10° BB pairs 7 z /E// -
9 th1 ~23 tb! ~50 th! 300 fb!
LHCb [ Uplgrlgdbe 1 ] Phase I [ Phase 1b Upgrade | Phase 1b [ S;gaf:di
~3x10" bb pairs (proposed)

BES III

Continue to run for 5-10 years
Increase E ,,=> 5.6 GeV

Prepare Construction? STCF?
Ecm =2-7 GeV
Lica=0.5~1.0 x1035/cm?3s

Flavour physics dedicated exps.
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VERY PROMISING FUTURE:

Complementary
B° - Dt~ exp. data
- hih3h3 b-s/dy b-ulv
Only charged particles  po ivino CkM @, B Vi Vs @
in the final state e
and lifetime :
By Ay OCPV '2 clfetine Bs DV, TW89)
Charged H .
Zb f (ps X B - KOKOKO il s Lat t 1 Ce QCD
B0, B? mixing B-K'll Rt Y(55)
s 7HE T and lifetime B o D'y B - Kon% T
B° - up
—— KT o bty theory progress
D° > Charm spectroscopy
a
susy, sy Db ]
Charged Higgs
Clear BSM Charm mixing T - hadrons
Clear BSM
S : Neutral particlesin T lvv
D—imisible 5y singy the final state Answers to MRty

Model-independent D°® - Kdntn™
Absolute branching fractions

V

C

Quantum correlated D°D°

WCPV in charm Okn

J/9(ce) > Ws

d  Polarized beam

-

hadrons

2021/11/13 Xin-Qiang Li HFC

Z.(3900) — 1/¥m

BFRNB

key issues!

mg | BEUK LR R

Exciting Times are just
ahead of us !!!

BT 808
ShZEIRME

AEARNE

SUMMARY

PV2021
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ST BB R R 22 55 2 RS O v s RS2 B A

SWEAMOERE!
=hE. 9ET. TiHfe. a8 BiIkRE. IR, XBHEE

*E+/N\NESWAHALAEZRR:
BRE. TRE. TE. N BKEE. AF. EfF (Cochair) |
TR, BERChain, BiRE. TEF. KRH. KHH

4

18252022 b

-E,J:?‘z/ﬂ‘] Eﬁflﬁj:ﬁ%% “H R AR TAYEFMCPHEF LW

KB 20225 EAR R T AR E LA
it SR G IR E A AL RA R LA HK

P 3 O R ! p—
RBELAER, BFREE!
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