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Flavor physics
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* Focus on quarks and charged leptons

* To understand matter anti-matter asymmetry (CP violation), new forces or new particles coupled to
fermions through quantum fluctuation, dark matter etc.

* Colored quarks confined inside hadron, QCD crucial

* QCD extremely interesting on its own (low energy behaviors)
WIN2023 R)




Precision physics

Sensitivity

arXiv: 1910.11775 St

Physics Briefing Book
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Talk by H. Yin
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Outline

 CKM physics
* New physics searches with leptons

Spectroscopy

Disclaimer: material selected based on personal taste, my
apologies if your favorites are not shown
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Outline

 CKM physics
* New physics searches with leptons

* Spectroscopy
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CKM matrix Talk by H. Yin, X. He
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Angle 8

Talk by K. Li
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An gle Y Talk by Y. Han

For the strong phase of D meson, we need input from BESIII

y Co mb l natlon For example: 1¥(3770) —» DD [PRD 101 (2020) 112002]

m? (GeV?/c*)

© Combining all LHCb results for y

————1 Good agreement with CKM fitter
2 (GoV¥/ct) . e e
B decay D decay Ref. Dataset Status since Limited by statistics

Ref. [14] ,
B* - Dh* D — h*h- [29] Run 1&2  As before U I ' U
B* — Dh* D — htr—rwtn=  [30] Run 1 As before Q|) kHCb i

iminary
B* — Dh* D — K*r¥ntn—  [1§] Run 1&2 New et October 2022—
B* s Dh* D —s h*h=n0 [19] Run 1&2  Updated y
B* — Dh* D — K3h*th~ (31] Run 1&2 As before i
B* — Dh* D= KEK*ﬁ [32] Run 1&2  As before 0.6 - At Modes p
B* - D*h* D — hth™ [29] Run 1&2 As before i
B* - DK** D — h*th~ (33] Run 1&2(*) As before 0.4 —
B* - DK** D — htr—ntn=  [33 Run 1&2(*) Asbefore [ 83%...... |
B* - Dh*ntn~ D — h*h~ (34] Run 1 As before
B® —» DK*? D — hth~ (35] Run 1&2(*) As before 0.2
B® — DK*® D — htr~rntn—  [35)] Run 1&2(*) As before
B® - DK*0 D — Kintm 36 Run 1 As before 0
BY = Dy D* — K-rt* %37{ Run 1 As before 0 60 70 8 9%
B® - DFK* Df —» hth-nt (3] Run 1 As before 7 [°]
B? —» DFK*rtm~ D} — hth~nt (39] Run 1&2 As before
7/3/2023 (63- 8i§'§) Flavour and Precision Physics, Hang Yin 42
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Synergy between LHCb and BESIII
Strong phase measurements

D' > K-zt Eur. Phys. J. C 82,1009 (2022)

557 = (187.6f§'?,fg'2)°, most precise measurement

(KT~ | DY)
(K+m—| DY)’

rg”exp(— iég”) =

where r5” are 657 the ratio of amplitudes and phase
difference, respectively, between the DCS and CF decays.

Ag,=0.132 £0.001 = 0.007, 30% more precision
A7’ = 0,130 £ 0.012 + 0.008

B(D° - K27 = (0.97 £ 0.03 + 0.02) x 1072
B(D° - K)w) = (1.09 = 0.06 = 0.03) x 1072
B(D° - K27°72% = (1.26 £ 0.05 £ 0.03) x 1072,

WIN2023

Already several Joint meetings and joint

analyses ongoing
n~mTA~  Phys. Rev. D 106, 092004 (2022)

F_=0.735£0.015 £ 0.005,

0 ) LI

— predominantly CP — even

most precise determination
e D' > K*K—a*zm~  Phys. Rev. D 107, 032009 (2023)

F,=0.730£0.037 £ 0.021,
— predominantly CP — even
first model-independent measurement of F_ of this decay
N ) LN Kgx+7;—7;0 arXiv:2305.03975

F. =0.235%0.010 £ 0.002,

— predominantly CP — odd
14

Talk by Z. Lu
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QCD in flavor physics

Physics of interest Where Lattice/other QCD tools can help
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Example of magnitude measurement Talk by Z. Lu

S I I
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- Belle J )139, 7,V 1.017:0.019£0.028 Wk
DS - tv,t" = e"v U, Phys. Rev. Lett. 127, 171801 (2021) M omai e LR
& i i i Y 3 CLEO PRD79(2009)052001, pv 1.000£0.040£0.016  ++4
- BaBar PRD82(2010)091103, 1.03240.033+0.029
DS —> T UT, T —> 7T l/,l. & DS g /l 1//‘, PhyS. ReV. D 104, 052009 (2021) Belle JHEP09(2013)139, uvuv 0.969+0.026+0.019 n”
BESIII 3.19 n,': PRl,lZZ(iOl‘))mlSOZ, uv 0.98510.014:+0.014 L]
- BESIII 6.32 fb" PRD104(2021)052009, pv 0973001240015 ™
D} - ttv_ 7+t — 7+2%0_, Phys. Rev. D 104, 032001 (2021)
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300
Gives the magnitudes of the triangles; could also be used to test QCD f Dt 7
S
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Constraining QCD predictions

Comparisons between data and LQCD prediction

3 f==DATA: A; > Ae'v,
««:LQCD: A{—> Ae'v,

0 0.5 I

g2 (GeV?/c)

(0

0.5

0 0.5 1
g2 (GeV?/c*)

WIN2023
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0.8}
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S
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Talk by L. Li

A > Ae'v,

Study of the kinematics in A,;*>Ae'v, decay:

a'r _ GV _Pq

“0 0.5 1
g (GeV?/c*)

ot
oo
T

g, (@

<
=)

0 0.5 1
g (GeV?/c*)

3 0 )2 2 . 3 2 2
P 7 T T I A TP '24M%\( {§(1 —cos6,)*|Hy [>(1 +a,\cosap)+§(l +c0s6,.)?|H_y|*(1 —axcosb,)

3 3
+Zsin26‘,[|H%0|2(1 +apcos6,) +|H_|*(1 —ancos8),)] +——=aycosysind,sind,

2v2

x [(1=cos8,)H_yyHy + (1 +cos68)H%0H+l]}

PRL129(2022)231803
s
= +
% 150t o 200
= 100 2 150
= 1, 5 100
% 50 @ 50 0
s
= 0.5 1 05 0 05
q* (GeVZ/c*) cos0,
Paramcters @ af . A Ty
p— [Values 143£209£0.16 815+ 158 +0.05 1.75+0.32+ 001 3.62+0.65 +0.02 1.1340.13£ 001
1501 ' & 150} Cocticiens @ A "
= 4 = W a2 Y T 2066 083 040
= 100 = 100 - 063 06 053 -033
S + = ot -0.79 067 -007
@ 50p 2 50 17 057 ~0.09
@ I 039
22277 =
05 0 0.5 -2 0 2
cos, 7 (radians)

HY =V20-fL(¢).  Hj=v20.9.(¢)

Q Helicity amplitude: uy; = /o/¢r. @), +m,).
1
Hiy =1/ Q. /49.(¢") (M.~ My),

* Form factors obtained through
full angular fit

* Quite some discrepancies found;
need further understanding
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Search for new physics with precise CPV measurements

Talk by K. Li

£ 3 o o) 2 o
26 % : B ‘
s . 4 = : s :
%% CP violation in B,— ®® decays B " p
CP violation in B,— J/yKK decays Np o
tree enguin . 3 35
Ps = G + dPPEM! 4 §pT ———— Fitting Result 5 (a) 5 b t s (b) s
gy ?S =—0.042+0.077 £0.010 rad
0.16 DO 8 fb~! [ e
Theory assuming 68% Ill - 1. 004‘ i 0- 030 i 0- 009
0.14 A =1.519 +0.004 p§ (Alog £ =1.15)
g B P 1 . . . .
T B i T S * Consistent with SM expectation due to large uncertainty
2 o100 a SM no penguiis e
at z.'t - \~~\\< F9.6 fb~
S 0.08 g R e No si f polarisation-
o : o sign of polarisation-dependence observed
006{ e Combined” - LHCb 9 fb™ SReEP p
" ‘Tyemorsscaledby258  ATLAS 99.7 fb~! |
e CDF 9.6 f'):f T errors scaled by 1.89 Wy // » 0.1 T T T T g
o e / TIET ST 5T & 54 £ ]
%620 0.650 0.660 0.670 0680 %5 03 01 : 03 . E 0% Ig?bgb E
I'gc_s[ps_ll ¢s‘fs[rad] Run 1+ Run2,9 b LHCb = % 0.06 :_ _:
[LHCb-Paper-2023-016 In Run 2, 6 fb”' m— SM prediction . < 0.042_ _f
preparation] 0k —f— E
Run 1 12015 + 2016, 5 f” = g 4
¢s[rad] = —0.039 + 0.022 £ 0.006 Run 1,3 fo — Sonf E
|)\| = 1.001 +£0.011 = 0.005 2011, 1 46 —0~04;- E
TETTITYTTATRT] IPWT o ol o0z 03
e Consistent with the prediction of Global fits assuming SM:3 B N ¢m7[]rad] ' []arxiv2304 06198] (1-1,) modulo (272/ Am,) [ps]

CKMfitter . +0.0006 UTfitter _
b ot 25 (—0.0368 "y noe) Tad, & ol =

—0.0370 4+ 0.0010 rad

19

* Once precisely measured, can be used to give SM predictions

WIN2023
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FCNC . rare ka()n decays Talk by Y. Hsiung and C. Biino

NA62 results from Run 1 (2016-2018) futdls)

Kt - vy

Results of the 2016-18 Data Analysis

0 :f 0.12 - 2018 data (S1+52) - D Channel Background (2018)
0,5 S 01 ; 0
KL - 1TVV ] 1 " ntm 0.75 +0.05
i 0.08 — utv 0.64 + 0.08
o f 0) _
e Single Event Sensitivity: Phys. Rev. Lett. 126, 121801 s ety 0514010
(Published in March 2021) T ntntn 0.22 +0.10
SES = ——————— = 7.2 x 1010 ol - ool
Nk, X Asignal Black: Observed, Red: Expected 207+ - 601
§ 500 k
L ] —_— G - 439 0 0
3 events obs:rved > consistent to #B w0 3679355 + [0.53 01 $ psteam 330100
Ld BR(KL —> T I/v) <4.9 x 109 (900/0 CL) 4000 E1 Y 2 | N Total (2018) 5.42f},'32
g 15 20 25 30 35 40 45 :
Background Table = 350 4 7" momentum [GeV/c]
. 1.97 -0 ® i i ion -
Somre Number of evens > LY S i 20 events observed in the signal region - full Run1 data sample
X, X, = 320 0.01 £ 001 = 20 = - 820 ® Combining the complete Run 1 data set and assuming BRgy(8.4 = 1.0) 1011:
I K, — 2y (beam halo) 0.26 +0.07°_] & e 4 1 ™
Other K, decays 0.005 + 0.005 150 e 122025 .
k= 0.87 +0.25"_| i : I — = 7 Ne® v= 10.01 * 0.42,, + 1.19,,,
Neutron Hadron cluster 0.017 £ 0.002 8 0.14 0 . = 7.03 +1.05 JHEP 06 (2021) 093
CV oy 0.03 +0.01 50 —— NPyackground = 7- -0.82 11
Upstream 7° 003+003 o F = -+ -11 . —
Total 1.22 +0.26 1900 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 SES =(0.839 + 0'0535&'St )x10 S M - 8 X 1 0
EEE) Total #BG =1.22 + 0.26 Zyvex (mm) N
BR(K* — m* v 9 ) = (10.6 *40 3 4 | 1or £ 0.9, ) X 1011 3.40 significance
WIN 2023 Kt — vV C. Biino 10
e Finalizing the analysis of the 2021 data NA62 RUN2

0(15%) final precision
- expected on BR(K*—>mtvv)

. —— . = *On-going: data taking foreseen at least until 2025 (included),
e Single Event Sensitivity = 7.9 x 1010 (preliminary) 145 50% increase of intensity vs RUN1

e #BG(total) = 0.325 +0.069-0.070 (preliminary) Future of physics with kaons at CERN SPS
HIKE project under discussion at CERN: K*, K, dark sector searches &= A ’
BR(KL g ”OUE)SM — 3 X 10_1 1 Inten5|ty X 4-6 W|th respect to NA62; Detectors with O(20 ps) time resolution; Similar experimental layouts

. K+ - n*vVapproachmg SM theory expectation
WIN2023 15



BEHE II Talk by Y. Guan and C. Shen

arXiv:2302.12898

Belle 11190 fb*
5 =

arXiv:2305.07555

CPVin B® - KQn® K puzzle

TDCPVin B® = /YK Angle B

i . RO 0.0 : : 3 :
« Tree-dominated b — c&s, golden mode - | B —> .Ksn proce.eds mainly v.|a b - sdd Ioo.p .amrl)lltude. - -
« small theoretical uncertainty and clean o w < * Sensitive to effective value of sin2¢, and providing inputs to isospin sum-rule
experimenta| Signatu re. "4,; ....... ; =Br(K¥n™)Ag+,- + ﬂKo”+Er(K°7T+) —— = 2Ag+0Br(K*m 0)—+ — 2Ayo,0Br(K°n°); Iﬁ# =0
» contribution of penguin diagrams with a different o [P Ty 1 o _ 0 _ _ A
CKM phase is expected to be at less than 1% level 8 | JLa=ison iy B * Time dependent B® » KJw°: main challenge is the decay vertex reconstruction.
° g e BO— JipKD +c.c. % 0 0
: T g Buckground * Validated on B® — Ks events reconstructed w/o vertex.
* Fit AE distribution and subtract background. 3 = . . .jM} s . I - ) .
£ * Simultaneous time-integrated (40% events without At) and time-dependent fit to maximize the
* Fit the sWeighted At distribution to extract sin(2f3) and H sensitivity on Ac, .
Acp. 0000005 oW 005 010 os * Competitive with world’s best results with less (60-80%) luminosity.
AE [GeV]
= L elle reliminas ==
A(At) S/l sin(AmyAt) + A ke cos(Am,At) B ?Lud:go;b,, ry) ton, Si]]] ilal' as Belle . ;g | <52, (q=+1) | Betle ll (preliminary) Aep = 0.040.15 %005 AL =0.000.13
Sep = 0.72040.062(stat) £0.016(syst). L < gof B (@=-1) Juat =62 Scp= 0751335004 S =058 +0.17
100
Belle Il Online lumi i Exp: 7-26 - All 40
Acp =0.09440.044(sta; )+8 8‘%%(syst)‘ o =he Il onfine Mminos™y e = . combine time-integrated and time-dependent results:

Integrated luminosity
mmm Recorded Weekly

AR = 00120124005 w.a.=-00%0.13 ‘

Asymmetry  Candidates / (0.5 ps)
8

* Consistent with the world-average. Statistical uncertainty is ~ =l Ldt =424 b1 T : . . . h
i p _——— 2 t s o8 - ini B — Krfi i
twice that of the current most precise determination (from 8 125 > ol T %_ + Combining all B — K7 final states at Belle II:
Belle), consistent with a four-times smaller data set. 5 362 fb~! on Y(4S) g T TN e S ‘ Ly =—003£013£0.05 .. =0.13%0.11 I n
Z 10.0 E At Inel
H + + 0 0 0 0 = 200 2
CPVinB"™ »t"m"and B » ' - L p +
- : CPVin BT - DK™ (towards ¢3/y )

. z M. Gronau and D. London, Phys § g

The CKM angle ¢, r.nezfsurement 1s_bas_ed on Rev. Lett. 65, 3381 (1990). § o Interference between two decays to

b — u processes. Significant contributions =18 . same final state gives access to phase:

from penguins (b — d ): ¢, = ¢, + Ag,. P e - L |, ®s3/yisthe phase betweenb > uand b >c DOk~

2 i H H iti

* Penguin and tree contributions can be H ; H transitions. i) \\ An l

disentangled using the isospin relations 2895 a0 wn) AR 2020 02 e g € y

A(B® > n°n°)
A0 — L grm 0 g 40— L g o PP Angle a * The absence of the loop contribution allows \DOK‘/
V2 V2 extremely clean theoretical prediction of ¢3
Acp(B* — m+n®) = —0.08 + 0.05(stat) + 0.01(syst) A (BT DKT)
arXiv:2303.08354 BT > mrmy selle 1 302 1o o (- - pok-)

.2 . ] S - T * Various approaches with different D final states:
] M | & ZZ.IWM: — 2T = s g T * Self-conjugate final states D° - Ksh*h~ 30 [amme & - DKrmK
i= g | § = % 2 s v | 3 = s : : o v s =
2 sf] g S 3 o * singly Cabibbo-suppressed D* — KgK™m 2
¥ e : - ! ~ & = JHEP 02/(2022) 063
L ety B 8 G * CPeigenstates: D° > K*K~, KIn® 2 @

%’: oz o1 o %‘E[Ge\;’]-lz R T % e * CF and DCS decays: D:)—» K*m~ g v v .
H - . S - = s B o 0 =
R e I S — ] - : e

. s ‘ Good at final states with " and B oo
Acp(B” — 7 n') =0.14 £ 0.46 £ 0.07. Acp(B* » n*trn®) = —0.08 + 0.05 + 0.01 R . R ST 06 e & =
Belle (772M BB ) : Acp = +0.14 % 0.36 (stat.) £ 0.10 (syst.) Belle (772M BB ) : Acp = +0.025 + 0.043+ 0.007 missing partlcles ¢3 = (78.4 £ 11.4+ 0.5 £ 1.0)°
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Is the precision enough?

p-value

1.5 177 LA AL BN Y L L A L L B B L 0.0060 T T T T rrnrprTTTp T 1.0

I [ excluded area has CL > 0.95 | ’é% . - Vall . Ve, (G25hed) ]

B = 7] r ]

B Y % ] 0.0055 [— —
O AMy & Amg - ]

) _ 0.0050 __vub\smd (dashed) —

g Amy 0.0045 [— -

P ; g =

L : \ 4 Z0.0040

1= 0.0 = \ ] >

L . 0.0035 Bt aekschsins s = .
0.5 : - - i .

B ] 0.0030 |— —

: 4 : E ‘Vub‘/ Vcb A,,+B: .
1.0 — iy Y — 0025 — -

- ' sol.w/cos 2B <0 N Spring 21 [ 1]

L Spriln921r (excl.anL>0.95) - 0.0020 " .p Ig. e I I‘”excluded a.l'r‘(?a‘.'b?%’q".?'|g’?§"f:
aslie b Lo Lo Lo bl "7'0.032 0034 0.036 0.038 0040 0.042 0.044 0.046 0.048

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 |V I
3 cb
° L] * 9
10~5 Disaster for new physics searches if we don’t

VugVis + ViV + ViV — 1 Direct measurements: understand CKM elements precisely

a+pf+y=(179))°

Changing |V,,| :[39:10° = 42.10"°
changes |V,,[*: by 16% (B, , - p"y", AM, )
V|': by 26% (K* > m*v¥,e, )
v|*: by 35% (K,_ - °wW,Kg > u*pf)

= —0.002307999218 (10)

—0.00230+3-99237 (20) Global fits:

—0.0023010:00242 (35 a+B+y=(179.91139)°

From A. Buras
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CP violation in hyperon decays Talk by Y. Guan and H. Shen

| P violation . | KmesonCPV =~ BmesonCPV | D mesonCPV | Baryon ? |

1957 1964 2001 2019

James Watson ? i Val Logsdon
Cronin ' (Banst | Fitch
rdA.
« J/WDAR  PhysRevlLett. 129 (2022) 131801 SM ~107>, need STCF
General Partial Wave Analysis of the * 1x10"° ] /3 events
C Decay of a Hyperon of Spin 3 Acp = (a_+ay)/(a- —ay) = —0.0025+0.0046+0.0012.
- T. D. LEe* anp C. N. YanNc _
:s? ] Institute for Advanced Study, Princeton, New Jersey s ]/I/) 924—2_ arXiv:2304.14655
‘ (Received October 22, 1957) « 1x1019 J /9 events
, * First study to test CP symmetry in the hyperon to neutron decay, and result is
P ‘ Phys. Rev. 108, 1645 (1957) consistent with CP-conservation.
b f : * ]/ ((3686)) HE° E°
The decay parameters are defined as: + 1x101° ] /) events; 4x 108 1)(3686) events
2Re (5*P) 2Im (S*P) 152 - | P|? * Results are consistent with CP-conservation.
EsEair YT spee YT s+ (PP arXiv:2305.09218 arXiv:2302.09767
Acp (-5:4£6.5%3.1) x 107 AZ,  —0.007 £0.082 £ 0.025
jfEP(rad) (—(g; i gzi (1):; i 18_3 A¢Zp —0.079 + 0.082 + 0.010
CP . . .
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Outline

 CKM physics
* New physics searches with leptons

* Spectroscopy
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BNL g-2 : o
FNAL g-2 +4 @
<: 4.20 :>
@ : O
Standard Model Experiment
Average

175 180 185 190 195 200 205 210 215
9
aux’lO -1165900
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Experiment updates in the near future Talk by C. Chen

From BNL to FNAL Run-6 ®) tuigrs
* Run-1is only ~5% of the final dataset
V434 ppb stat ® 157 ppb syst | —————— 'J'JI . ;ui [
v Finalized in April 2021 S o Farmia o
Last update: 2023-03-06 17:11 ;[Total =21.11 (XBNL)] TDR of 21xBNL reached on 27 Feb 2023
e Run-2/3 analysis is about to finalize - .| Muon g-2 (FNAL)
= ] un-6
m
v'200 ppb stat ® 100 ppb syst (expected) =
£ 159 un-5\
v Publication this summer (expected) g >110x10° CTAG,
2 10 un-4——-7=  Run-6 still ongoing |
. . . +m Publication ~2025
y Run_é IS Stl” OﬂgOlng é 5 A 3\»32 .6x10° CTAGs, analysis in progress
| E ted 200 ppb stat ® 100 ppb t[
v21.11xBNL in tOtal /T{J,: 2 //'Pﬁgﬁ:::ailon exggctédathls sum?npersys
i 0- ﬁéun 1 —> 78 3x109 CTAGs 434 ppb stat @ 157 ppb syst errors
3 9 « 0 0 '\ ’\ DAYEOA 'L . '5
v 150 billion of raw e+ in total @ 3“\ w\‘ o :s'b“ \r@‘l\sa“i\w‘l \—%‘{90“1\»0‘ %0\»“1 0,\,5'501
TSUNG-DAO LEE INSTITUTE MKZE BYWZE wl Y
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Theoretical focus Talk by L. Jin
Muon g — 2 from the Standard Model 6 /37

Muon g — 2 Theory Initiative White paper posted 10 June 2020.
132 authors from worldwide theory + experiment community. [Phys. Rept. 887 (2020) 1-166]

[au = a,(QED) + a,(Weak) + a“(Hadronicﬂ

QED _
//}5\ . 116584 718.9 (1) x 107 0.001 ppm
Weak
+... 153.6 (1.0) x 10~ 0.01 ppm

/Hadronic... \

...Vacgum Polarization (HVP)

6845 (40) x 10711 0.34 ppm

S
a? /\ N [0.6%]

...Light-by-Light (HLbL)
g§ Y9 92(18)x 107! 0.15 ppm

\(13”5 L [20%] )

= Two methods: dispersive + data <> lattice QCD

From Aida El-Khadra's theory talk during the Fermilab g — 2 result announcement.
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Tension in HVP prediction

Muon g — 2 HVP: Data driven approach (New CMD-3 results) 12 / 37

Talk by L. Jin and C. Chen

Muon g — 2 HVP: overview

25 / 37

aVP 1O = 693.1(2.8)exp(2-8)sys(0-7)pvqep X 10710
=693.1(4.0) x 1071°,

Dispersive method via R-ratio
(red points) is mature and

reproducible.

Lattice —o—
Lattice and R-ratio ——+—
R-ratio +—&5—

I I I I I
. . RBC-UKQCD 18 I —— ! e
Lattice (blue points) errors are E;?MC 19 : i
E _ . limited by statistics. PACS 19 - ¢ 7
3 before CMD2 Experiment  a " *© 10710 y FNAL/HPQCD/MILC 19 | —— -
3 CMD2 before CMD2  368.8 + 10.3 Except for BMW, which beats Mainz 19 |- —— .
e SND CMD2 366.5 + 3.4 o BMW 20 —— e
. KLOE comb SND 364.7 4.9 down the statistical error, result LM 20 - | \\ -
—— BABAR KLOE 360.6 + 2.1 o . i - ——— -
E — BES BABAR 370.1 + 2.7 is limited by SyStemath error: Aubin et al. 22
E cLEo ’ : RBC-UKQCD 18 H e
2 BES 361.8 + 3.6 .
3 SN2k CLEO 70,0 £6.9 BMW 20: 707.5(2.3)sat(5.0)sys KNT 18 - = i
2 — = CMD3 SND2k 366.7 + 3.2 DHMZ 19 - e .
’ :‘360‘ i .365‘ i -376 N .:.?!75. L ‘380‘ i :‘3&5‘ - .396 L :“-’ CMD3 379.3 £ 3.0 Lattlce_QCD Calculatlons of Whlte paper 20 + 1 | ==l | l I -
a,’j”‘ (0.6 <s < 0.88 GeV ), 10 .
comparable precision needed. 660 680 700 720 740 760

Figure 36: The m*7~(7) contribution to a/***® from
energy range 0.6 < /s < 0.88 GeV obtained from this
and other experiments.

Table 4: The 77~ (7) contribution to ale®£©
from energy range 0.6 < /s < 0.88 GeV ob-
tained from this and other experiments.

[ v

The source of this difference is unknown at the moment . EEED

— Middle window (W) part: Consensus is reached among lattice QCD calculations.

However, there is more than 30 tension between:

Consistency is needed to claim

new physics.

v 4.2 o (dispersion) = 1.5 o (lattice-QCD)

— Long distance (LD) part and its QED corrections: Some tension (~ 20) between

% lattice QCD consensus and previous data driven results BMW 20 and previous data driven results. BMW 20 appears to be consistent with

: . the new CMD-3 results. Results from other lattice collaborations are coming.
* new CMD-3 and previous data driven results.
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Limit (90% CL)

CLFV: muon

Glimpse on history and future

10°

prade
I
ell

9] A Cosnlic ‘u Fabrizio Cei, KAON2019
102
A LY + ot -
104 rbeam - e e—1rrT
", .l.
106 “ ° ‘
10 ° *
1.. 1t beam
-10 Be
o A We A
AA [ § |
1012 o o B
A N
. u—ey SINDRUM W MEG
10| @ u— 3e SINDRUM II 0O MEG Up
A UN— eN DeeMe A O Mu3le
06| & TMHY O Mu]
_ B Mu2e/COMETIT A
1018 Mu2e I/PRIME A
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

WIN2023

Year

Talk by C. Wu, Y. Xu, S. Huang and Y. Wang

u— ey
« MEG II: 2021~2026, aims at 4 x 10~14

u - eee
* Mu3e aims at ~107> sensitivity.

(~ 3 years)
uN — eN

¢« Mu2e aims at 8x10~17 with data from 2025~2026

« COMET 7x10~1% with data from 2024~2025 and
then 4.6x10~17 with phase II (~10-'8 with
optimization)

* Many complementary studies from collider
experiments (BESIII, LHCDb, Belle/Belle 11, NA62
etc. ), sensitive to different new physics scenarios

24



CLFYV: tau Talk by C. Wu and C. Jiang

arXiv:2203.14919

Approximate number of T decays studied

_—_— 10° 10° 107 10° 10° 10" Observed Limits Expected Limits
,g 10 | | IIII T T TTT IIII T T TTTT HI T T TTT IIII T T TTT IIII T T T7T llll] T T T_ _) Experiment Luminosity UL (obs) Experiment Lu]ninosity UL (exp)
&% M"’".‘" M p-ptp~ | Belle [102] 782 o' 2.1x10~ Belle I [54) 50 ab™' 3.6x10"
£ ARGUS =P BaBar [103 468 th~! 3.3x10°®
S 10 s oDELPH BT J— LHCb [61 3! 46x10-8 LHCh f76] 300 ' 01079
g n = 2 CMS (67 23 fh-T 80x10-8] CMS [77] 3ab! 3.7x10°°
g °® o OLEO ATLAS (68 20 fb~' 38x1077 |  ATLAS [78 3ab™'  1.0x10°
= 10° . o . STCF (74 1 ab™'  1.4x107°
£ I: e:eBaBar LHob ATLAS  CMS FCC-ce 87001] 150 ab™!  ©(107'%) )
5 gt g - .
;é o H Belle v

SM + seesaw
3 SUSY +S0(10) Larger NP contributions 2.9x10°8 with 131 fb-! data (17 + 18)
° Hggs :
§ 10" 19|8:)Von-uqursall : : 20|00 : ; : 22:23“ Search for t > 3u at CMS: results

CMS BPH-21-005
= The HF and W analyses, together with the previously published 2016 data

SWagatO Banerjee, ClPAN P2022 result, are combined
+ Events that pass the final selections of both analyses are removed from the
HF analysis

+ Systematics are assumed to be uncorrelated between the HF analysis and the
W analysis

+ Results dominated by statistical uncertainty
o

Belle II % x1§':l“:m’y Upto 131 b (13 TeV)
ié °r : :ET":‘.:W“’ The observed (expected)
2020 2030 g 5 0 e upper limit is 2.9x10-8
s (2.4x10-8) at 90% CL
ATLAS/C MS/LH C b TOITES 2017301 20172018 201640172018

: . 10-9 ~10
Tentative timeline for data-taking arXiv:2203.14919 Future: 107~ ~10
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LFU: R(D™), two new measurements from LHCb

Talk by, L. Sun

ch R(p®) = 2E > DWzvy) arXiv:2302.02886
% . B(B - DOuv,) arXiv:2305.01463
R(DM) measurements @ LHCDb
Muonic t = pvv Hadronic t - nnm(n°)v

30

(O8]
=

10° g2 19.35, 12.6] GeVc* LHCb

; Fx10° g% [9.35, 12.6] GeV¥c* LHCb
Dy o

D() ﬂ_

[

(=]

(3]

(=]
I

Candidates / (0.117)

—

(=}

—

(=}
I

Candidates / (0.25 ps)

LHCb

x10° g€ 19.35, 12.6] GeV*/c* LHCb

Candidates / (75 MeV)
o

Candidates / (0.3 GeV*¢%)
o

3 D*+,U 3 3:_ D*ﬁu‘ 90'2 ’ ::ti—D:BDput
2 2 5, 8000
1 | 4 Data Total E
0 S o e
T ey T THoen  RRETE QRDEEO S
— Data 3 oY) 3 Comb. D~ % 2000 ,
M 3D v . 1 . S [, I
B 500y Using Run1 3 fb™ data: Using Run1+2 ' e
B-D'"D X 2 . ¢
msoow  |[R(D*) =0.281 +£0.018 (stat.) + 0.024 (syst.) 5 fb! data: Agreement w/ SM <1¢
e R(D*) = 0.257 + 0.012 (stat) + 0.014 (syst) + 0.012 (ext
moow |R(D) = 0.441 + 0.060 (stat.) + 0.066 (syst.) L S Ge RNl Gren s 0 le)
W 3-D"uv : ; : .08
B 550" v _ 1.9¢ deviation from SM  Considerable systematic uncertainty due to liited
p=—1043 sample sizes
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LFU: R(D™), tension remained Talk by L. Sun

ﬁﬁCb
Updated R(D")) world averages

BaBar 2012, had. tag i
0332 £0024 £0.018 el ———

Bcllc 20135, had. ta;
1293 =

i U pd ates With i nCI USion Of Belle 281()738(ha(:1$mc tau)

0.270 =0.035 = 0.0

two new results (LHCb22, (St Naw)

Belle 2019, sl tag

H 2 - 0.283 0018 = 0014 —"0-—'
L . | LHCb 2022, (muomc tau) H

0281+ 0018 + M NEW!|
Average f

* R(D*) = 0.284 £ 0.013 b :
0.254 =0.005 b

PRD 95 (2017) 115008

* R(D) = 0.356 + 0.029 i -

—
-

0.257 =0.005 .-
—
-

* Deviation from SM for pBmsQU B

PRL 123 (2019) 9,091801
0.005 -

combined R(D*) now at T .

1 .90_ [lJ_I\b\L \JHLC arXiv:2105 ]4019___‘_‘2 HFLAV
: _PHELIMINAHY
) L | | , BN 4 | | | |
« Deviation from SM for " RO
I —_ * ‘QOA """""" BLALELELE BN L BLELEL LA B B
combined R(D) - R(D¥) £ : AR
now moves from 3.30 to & T roman

Bellel5

3.20_ 0.35

lIllllllllI

IIIIIII

R(D) = 0.298 £ 0.004 R(D*) = 0.2 84+()()l"4 i

0.3 !
LHCb23 . 2
o2s| || F ey S ]
B nerpLs p World Average -1
0.2 = HFLAV SM Prediction R(D) = 0.356 +0.029, ., —

R(D*) = 0.254 + 0,005 : glx ()’ T
PP PR S BRI EET | PRI PR PR A R
0.2 0.25 0.4 0.45 0.5 0.55
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Complete set of angular asymmetries

B’— D*?v anqular asymmetries

Define a set of 5

« Light lepton universality tested by comparing five angular asymmetries for angular
observables x

asymmetries of e and u, A4, = A% —A% using App
B° —» D*~¢*v decays.
* The simultaneous determination of / 7 wRecall parametes weS=S g
ios in di dry[(t (°], &r 3
all asymmetries in different w ranges| g () - (_) f _f dic
0 - dwdx

. ? dw
is performed > D
iy S5
] Wiow 1 Whigh \
- Wincl. | 7 s v " Apg(w): dx = d(cos ;) g
2]
0< D.‘___,{ Highly sensitive to lepton 4 S;(w) :dx = d(cos2y) o E 7
universality violation e a
| Ss(w) :dx = d(cos y cos 6y) ) _g
o < Sg

Less sensitive or insensitive to NP. [ S,(w) :dx = d(sin y cos 8y )

Control tests of the analysis method -
W) :dx = d(sin 2y)

S;(w)  0in SMand NP e Asymmetries .« are experimentally clean (most systematics
) ) cancel)
Se(w)  0in SMand ~0in NP e Ag«difference is theoretically well-known (form factors
uncertainty cancel)

Consistent with SM predictions

WIN2023

Talk by C. Shen

Belle Il Preliminary J£dt=189fb™"

——
e
@

B ]

B
&
——

1 I I I 1 I T 1 I I I T 1 I 1 1 1 1 | I 1 1 I I I T T

-02 -0.1 00 0.1 0.2
AA = A — A°

¥ Whigh

Wlow

Wincl.

SM

7//, Belle (2023)<— [2301.07529

N Belle IT (2023)%% arXiv:2301.04716
[ Bobeth, et al.«—

EPJC 81, 984 (2021
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LFU: R(K™), some tension disappeared Talk by L. Sun

ﬁﬁCb Ry — B(Bg = Xsp™p™)  B(Bg— XsJ/Y(eTeT))  axivi2212.09152
. B(By = XsJ/¥(utp~))  B(By— Xsete) arXiv:2212.09153
R(K) results @) LHCb
; gl()().lllll-lI -
;/ é 50
* Most precise LFU testin - : _
_ S —— ) ] A —— ,
b - st £~ decays 0321\ LT ,(,),(()(1)\ 0D
» Supersedes previous results L LHOb  me toeqt —omegm
. . [ Of}l -1 Ry central-g> = 0.949*)0%
* Improved systematics of mis-IDed F ) By o =072
hadronic background in electron mode | T sy L
« Now compatible with SM predictions < "I I 1 T ‘[
at 0.20 level 0.8F
T T . -} Data 2 =16, p=0812, g =0
» Uncertainties statistically dominated gl — SM ( ’
[ [0.1,1.1] [1.1, 6.0] GeV? 33

Ry low-¢> Ry central-¢> Ry low-¢> Rp- central-¢

WIN2023

29



LFU from Belle 11 Talk by C. Shen

Ir — A€V
R(X.,,) =
[ (Xe/i) Br(B — X uv)

. Had};nactag N
B
>,

N Y

B ™ A0.1%)

“Signal” B \

g(Xev) = 53%
e(Xuv) = 66%

[R(Xe/#) = 1.033 £ 0.010(stat) £ 0.019(Syst)] R:é%ﬁ“%;fﬁﬁ; 0.001
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NeW glOb al ﬁt l‘eSllltS on NP Talk by X. Yuan, T. Kitahara and T. Nomura

* Many tensions still remains, but do we understand QCD
tools used to predict well?

remaining discrepancies in b — s¥¢~

* NP favors in CQ’PI: only, and prefers CQ’:,’ = clP
* Build models based on anomalies (charged higgs, leptoquark:

Pr; [25,4] | ¢ —_—
37 —
P 14,6 | |—— b — s?¢ anomalies@mid.2023 |
{ / /’
Recent Global Fit Ciuchini et al 2212.10516 ,
Alguero et al 2304.07330 1
B(Bt — Ktutu) [1.1.6] < —_—— All Qiaoyi Wen, Fanrong Xu 2305.19038
( ) [ ! ] - 1D Hyp. Best fit 10/20 Pullgy; | p-value 82 ¢
22 o - :
w | oo |02 o |l o .
Cop 0.67 (098 —0.37] 45 | 202% 1# FRa
+ "+ ot o - —— -IEE= . - KU
B(B — Ktete ) [1.1,6] —— 4 B(B, - putpu~) consistent with SM I — ?A.:oz..'r"
Ll =y
All :
B(B? = éutp) [1.1,6] 7 —- —_— 2D Hyp. Best fit Pullgy | p-value . ABCOMN'ZS
s t L]

(€SP, ey || (-0.82,-0.17) | 44 | 21.9%
(CyF,Cr) || (-0.68,+0.01) | 4.2 19.4%

(€5 Cop) || (—0.78,40.21) | 4.3 20.7%
B(BY = putp) —_—— (CBP,Cioy) || (-0.76,—0.12) | 4.3 | 20.5%
s (CNP,cyP) || (-1.17,-0.97) | 56 | 40.3%
Scenario Best-fit point lo Pullgy | p-value
B( B = ) —_—— Scenario 0 CNP = CNF =¥ -117 [-133,-1.00] [ 58 [89.9% === No Ry, Ry. anomalies now !
cy, -1.02 [~1.43,-0.61]
Scenario 5 cﬁ; -0.35 [-0.75,-0.00] | 4.1 | 21.0%
cy =c +0.19 [~0.16, +0.58] B wu+ B> Xle it |
: Cy, = —Clh —0.27 [~0.34, -0.20] ahdadis
I I I I I I I I Scenario 6 v = cb, —0.41 (2053, ~0.29] 4.0 18.0% -1 e
v = = - ~—= Ry &Qus Fit
-5 -4 -3 -2 -1 0 1 2 3 4 5 Scenario 7 ci‘; o2t (7039, 002 | o | 4y 50 / = b omF
Pull i [¢) —-0.97 [-1.21,-0.72] ol — Global Fit
Qcert )023-03-22 ullmm o cy, = —C —0.08 [~0.14,-0.02] i S j
cern.ch 2023-03-22 . 9 10, . .14, —0. 7/
Scenario 8 & & 5.6 41.1% | @/
(4 -1.10 [-1.27,-0.91] 77 ABCDMN'23
ST o 1 23

U= LFU, V =LFUV a1 ar
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LFV, LNV; BN‘f, dark sector Talk by Y. Zhan and D. Lin

J/Y - et | > e
Phys. Rev. D 103,112007 (2021) J/b - en
B(J/p »er) <75x107° @90% C.L. B(J /ih — epr) < 4.5 x 10~° @90% C.L.
D° - pe D - ne
Phys. Rev. D 105, 032006 (2022) Phys. Rev. D 106, 112009 (2022)
B(D? »e*p)<1.2x107° @90% C.L. B(D* - e*tn) < 1.43 x 107> @90% C.L.
B(D? - pe™) <2.2x10"° @90% C.L. B(D* »>ne™) <292 x 107> @90% C.L.
- + ! - ya,a -
ete” - yy’ AF - py J/Y =y YY

coupling € are (1.6 - 5.7)x10™3  B(Af - py’) <8.0x10™> 8.3 x 1080 1.8 x 1076

* Also interesting studies from Babar on dark sectors in B - AYp, pYp, Ka(yy)
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Complementary high energy searches

[Harnik, Kopp, Zupan, 2012]

Indirect
bounds
h
// - \\
\
—Q—

* Synergy between low energy searches and high energy observables in Z and H decays

WIN2023

For this reason:

Impossible to observe

h— pe

© 2000 ATLAS
< 1800F" (513 Tev, 139 15" @ Data

49 1600 == Total Background
o 1400 - Non-resonant
M@ 1200F iy e e moical
- Signal (hypothetica
1000 :,_: at limitx 20
800

600 Z - eu

Talk by A. Vicente

10 N I I I—Observed limit
- Expected limit

2 -Expectedzb
10™ []Expected + 20
-~ LFV Z' (NNLO)

—
<
w

—
<
IS

95% CL limit on & x BR(Z' = ut) [pb]

200
O i 1075 ATLAS Preliminary
— .
ic 1.2 Vs=13 TeV, 139 fo”! Z, N
SRRE b ¢HHH +++ Z - UT
= 1ouotyys’ ##” ++++ ++* * e ] N S FE EE B I
Q 8-2 1 2 383 4 5 6 7 8
0.7 m,. [TeV]
70 75 80 85 90 95 100 105 110
me, [GeV]
H - et,ut.
) T A ATLAS
ATLAS — Observed ATLAS — Observed § 06| 15=13TeV, 1381 1
s =13 TeV, 138 15" I Expected: 1 s =13TeV, 138 15" I Expected: 1 T
2POI Expecteds 20 2P0 Expected= 20 T sl 3
| - BH = e =-025°2% [ ] BiH =) =0209% % B * }
T 02— —
.". BlH—~e0 =003 % ml B(H— ) = 007000 % Gl . & L t
“ | B(H—e)=0.2007° % ¢ n.l BH— ) =0.1100 % - i | — *j
: 02 ——
[ 1] | B(H— ) 200472 % ?E{;;“:{M DO VBE [ ] B(H—= ) 204122 % N ) ﬁ gcm'fi.mﬁff 1 nw) —
[ 1 BlH—en)=0.147% % ?Eg&é: 0 B(H w0 =016 553 % E (533 5
] BH— o) =0087°% % ?EA:':":{M [ ] B(H— ) =0007°% % 1!"?—0: f ]
] E(H-er) uus“’"‘% :‘;"Zw [ | | B(H-u) un“""% g " .
L 1 nim}m{ | 1 w o E
0.2 04 06 0.8 1 1.2 14 1.6 02 04 06 08 .2 14 1.6 b 2 H
95% CL upper limit on B(H — ex) in % 95% CL upper I|m|t onB(H —uv) in % 2 3
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Outline

 CKM physics
* New physics searches with leptons

* Spectroscopy
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New hadrons Talks by D. Zhang and C. Shen

http://fenglish.ihep.cas.cn/bes/re/pu/NewParticles/

11-0 1 1 1 1 1 1 1 1 1 1 1 1 1
Y(4790 (3P) 2(3P)
@0 105 l o™ Lo -~
Y(4390) Y(4500) o | |
Y (4320 72 new hadrons at the LHC
Z,(4020)° Z,(4020)° vf4zso; 151 -
4 o o 0 ch(3985)i.
~~ o + @Z.(3900) 7.0 - To»(6900) -
I Z.(3900 . B:(25)
« +(3900) L Ryivne o ®5.(25) ® 2%
L V(38239 6.5 A(6152P OniE340) .;W(W )
= 7 ne2y  nece W @00 gemnwe o
O 6.0 (5958 7,(5920)° 259550 B,(5970)"° o o W= 600 W=(6087)° L
9 3 26 had t BESIII ' Wi (s012° =(5935) 8558000 L(6097)"  A,(6070F B;(6114)° ™
B new hadrons a = 5,(6097)" 8" (6063)°
- N
I 5 5.5 1 -
] X(2600) L
N s uN(2570) ° < ) I -
© X(2370) N(2300) ®x(2500) ©1,(2480) & 01 ¢ ™ X(4700) X(4685)
> n @ .0)(2250’X(2356) = | ® b3 PY(4450) ® 54500) PY(4457) ©x(4630) X |
X(2120) X(2262) w 4.5 S PY(4440) P;.(4338)
2 F 0 e «(qq) X@U0) pvao. @ 074 l,; 43121 o llsazor ’
| oX(1870) @X(1840) n(1855)Ag 10 2 40 o e ° S w:<(3842)) Trald00" - O @Teald000° |
2,(1817) o di s o T.3875)  X(3%60)
3.5 A _ ., 0.(3327)° -
® GG g0y - I&g},gggo - e Pa. 185
i 301 m D,(3000°@ ,(2860) A(2860)" 1 Q.(3066)° % T.40({2900)° T2,4(2900) -
1 ' : ' ‘ ' ' or Dme 8 e ™ S0 - s OTlE500 ® % asoor
2012 2014 2016 2018 2020 2022 25] = 9 oerorg ; 2760] ®0..25907 I
I l | I 1 L L 1 I I L L 1 L I 1 Il L 1 L L . ccqqq
11.04 Z,(10650)* A 2'2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
. 35 new hadrons found at Belle P @ Y(10753) . o
Z,(10610)*® ©7,(10610)° patrick koppenburg@cem.ch 2023-06-25 Date of arXiv submission
h,(2P) ® ® bb(gq)
10.0 h(Pe @ nu(2S) ® b 3
® cclqq) : tact
50 o cccc Still missing summary from BaBar, CDF, D0 etc
! ‘ \.
\ ® c¢§ A\
N o N
T 507 0(4660) ® cqqq |
3 2c(4430)* W baq
8 . € V(4360) g x(4350) m cqq
@ 4.0- Xco(3915) 3940) @ 3 Zc(4250)* " ® Zc(4200)* _ |
a Xa(3872)9 @ @X(3940) X(4160) Zc(4050)+ 2¢(3900)' @g ,(3823) @ x*(3860) B ccqqq
b= n(25)® ® X(2P
DHESS0N  Zc(3080)° .
- 3¢(2800 = + 5
sol il S o netonoy Particle Zoo 2.0
3¢(2800)* = =c(2970)
D,*(2300)®
2.0 0-(2012)- L
$*+(1430)
$+-(1430) -
1.0 T T T T T T T T T T T T T T T T T T T
2005 2010 2015 2020
bondaralex55@gmail.com Date of arXiv submission

WIN2023 35




20 years ago

Observation of a narrow charmonium-like state in exclusive B* — Citations per year
K*nTw~J /1 decays

Belle Collaboration « S.K. Choi (Gyeongsang Natl. U.) Show All(174) 1 50
Sep. 2003 Sep, 2003

1
1
1
1
1
1
1
1
1
10 pages |‘
1

Events / ( 8.005 GeV)
=]

100
Published in: Phys.Rev.Lett. 91 (2003) 262001
e-Print: hep-ex/0309032 [hep-ex] 50 ¢
DOI: 10.1103/PhysRevLett.91.262001
PDG: chi_c1(3872) --> pi+ pi- J/psi(1S) Show All(5)
Experiments: KEK-BF-BELLE 2307 citations
View in: ADS Abstract Service

N
o

-
o

-
=]

5
2003 2008 2013 2018 2023 ;
3.82 . . 388 39 392
. . M(J/y ) (GeV)
pdf & links [= cite Fa claim [Q reference search %) 2,307 citations

First heavy exotic candidate containing cc, opening a new field of research (D;((2317) and Dg,(2460) at the same year)

Particle X @ +. +® -+ @ + ceo
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Highlights: doubly charged exotic

Talk by D. Zhang

Discovery of T%-4(2900)° and T%.,(2900)*+

*InB% - D°D¥n~and Bt - D~ Dtnot

* [sospin symmetry
* First observation of a doubly charged open-
charm tetraquark

% S ISR Ze TR (R R i i
& 1%r LHCh (a) I
= 9 fb-!
S 80}
=,
2 o}
5 i
|
E 't
O [“%
20F B "
i
P ¢ ‘k"“j‘“‘"‘: |«‘T"W ‘‘‘‘
052 24 26 28
arXiv:2212.02716

WIN2023

T T e T A [ e e o e

30 32 34
M(Dg =) (GeV)

Candidates / (0.014 GeV)

m=2.908 £ 0.011 + 0.020 GeV

I'=0.136 £ 0.023 £ 0.011 GeV

JP=0*

M Y R T e R TR
M(D+7T+) (GeV)

i

Data
Background
Total fit

D, (2460) D}
D, (2600) D}
D; (2750) D}
D, (2760) D,
D(3000) D
D*(2010)- D}
T¢0(2900) D
D S-wave D}

37




Highlights: hidden charm exotic with strangeness

Talk by D. Zhang
New neutral state: 40 m = 3985.2%21 + 1.7 MeV/c?
: —_— — =3991*12+2 Mev o '
e 1 r=10532°57 viev ©35 T = 138727 + 4.9 MeV
ccsu: J /YK AM=—12711+6 Mev 230 (a)
=25
o
020
315
g10
w5
0
4 4.05 4.1 4.15
RM(K*) (GeV/c?)
200 c —¢Data  — Total PDF B Z.(3985)°
180 5_ ---------- Sideband - - - Non-resonant process --- D**Dy
r*f: 160 -
> 140 |
2 0f kT
S 100
s 80F
5 60 F
@40 F
20 £ e R R AP AT LY PR,
%.95 4 405 T 415 4.2

RM(K‘S’)(GeV/CZ)

e Similar masses but very different width, nature still under unknown
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Highlights: hidden charm exotic with strangeness

: A 0 Talk by D. Zhang
Discovery of PA,(4338)" —J/yA
. . Swfime | <imJ SHf T T
* Anew resonance is needed in = 160p 98" | “Basclnent | =120F | } L
. < 140F NR(J/y p) 4 — [ 3
the amplitude fit T :1;39% E R | * 5
: s 5 S100F AN ) - Backgound | S 8OF f ;
* First pentaquark containing 2 wof f b =D E eof AT
strange quark a3 IR ]
B_ A— 20%— 7 L ‘ 20;_ + —
— J/\Ij p ‘ T 4% it Be AL s
m(A p) [GeV]
m=4338.2+0.7 £ 0.4 MeV El“o_ §
r=70+12%13MeV ey ]
B 100p =
1~ S o E
JP = preferred B 6of O
2 ®) £
401
20f . .
arXiv:2210.10346 e
7/4/2023 m(J/yp) [GeV]
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Highlights: exotic with 4c Talk by Z. Hu

N
[\
<

: I >4oo'_"l""[""l""l_'"'l""l'_
200 LHCh —i=Dw &L arLas — Sig. +Bkg.
180 300 (s=13TeV, 140" —— Bw, + Bicg. + Int.
160 3 - di-Jhp ---- Bkg. w/o Feed-down .
22000 <~ Sig. wio Int. * All three LHC experiments (LHCDb,
140 e 5 E ------- Interference
120 = DPSNRSPS u>_| 100F —+— Data

ATLAS, CMS) see resonances in

IIIlIIIIllIIlIIIIIllIIlIIllIIIl

Weighted candidates / (28 MeV/c?)

of PR
_100F T .
: di-/ /¢ - di-/ /Y mass
-200F
: Lol b Lo Lo Lo 1y .
c?zoo 7000 8000 9000 65 7 75 8 85 9 » Existence of two resonances
180 e LD (13 TRV 180 r g e — 13510 (13 TeV
% E I 1 I 1 I cMs E % E 1 1 1 1 T CMS E
S 160 - = 160 , b= o o o
Q 1a0b  Data —Fi 3 % b R  Data —Fi E established, one with evidence
S E —BW, --BW, 3 S Euf | —BW, --BW, .
ﬁ oy U/ e BW; - Background g 120 97 ! + -« BWy - Background
_8 100 -4 o _8 100 \ £. ? - - Interfering BWs = . . .
2 b 20 of | W\ Winterf. =« Long waited, extremely interesting
C) = O -, } l'\‘ ‘ h g -
q 60 A { a8 73 o ".. W q

B
o

I M
B RN AR

My gy [GeV]
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Summary of a summary

1.5 S T T T [T T T T [T TT1

T 1T T 1T | T T
excluded area has CL > 0.95 !

1.0

0.5
Am,

IIIIII\IIlIIII

UL
/"

05 -

1.0 |- g

: i | sol. w/cos 28 <0 :

- Phase | (excl. at CL>0.95) —

_1 .5 L | T | | L1 1 1 | L1 1 1 | | T - | L1 11 | | ]
-1.0 -0.5 0.0 0.5 1.0 15 2.0

WIN2023 41



Bright Future

LHCb

CMS DETECTOR STEEL RETURN YOKE
o s
o s ~66M chancls
2 i p f
c
"

+ Mu3e
STCF
CEPC
FCC-ee/hh
SHiP

side view ECAL HCAL
M5
RICH2 Mo M3 M4

magnet Scii

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scntillting POWO, crystals

5m 10m 15m 20m

KL and muon detector

B ell e II Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— (end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(Tl), waveform sampling electronics I

—— : sc
X Particle Identification Solenoid

electrons (7 GeV) Sy = / Time-of-Propagation counter (barre

Prox. focusing Aerogel RICH (forwe

Jn
i A

Vertex Detector Barrel

2 layers Si Pixels (DEPFET) + f
4 layers Si double sided strip DSSD

e 0 00 -

3

S\ lzzz4

Pion-Decay and
Muon-Transport Section

positrons (4
Central Drift Chamber

Smaller cell size, long lever arm

=7 n—0S0d

.

0z MB Bcv ov Csl ccos ccos  ccos

T VA
— AN
' ' E Hadron Beam
AA= T R CHANTI [ TR L -
-~ " (NNTNRLE
de = L ]
re

-
cay I}
glony " r
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]

mu2 e Proton Beam

8 kW, 8 GeV
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Transport Solenoid

Production Solenoid

/ {
A - ———

Kaon identification

IncebAR GTK [ H
RICH 7 LKR MUV
. ! LI L ———~— STRAW
Production Target Calorimeter / 6.15 m N . Fiducial Region 65m  Tracker EHE0 )
Muon Tracker — .
Stopping Target v 12.6 m Total Length 270m
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Thank you for your attention
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Synergy between LHCb and BESIII (1)

WIN2023

Quantum correlation D°D° : I¢(3770))—>\/—(|D°)ID°> ID°)|D°))

* Provide direct access to the D° — D° strong-phase difference

v Important input in CKM y measurement

v Precise test of perturbative QCD calculations in charm decays, mixing and CPV

Different methods depending on the final states of D decays
e GLW : D decaying to CP eigenstates
e ADS : D decaying to CF/DCS eigenstates

e GGSZ : D decaying to self-conjugate eigenstates

Flavour K:tﬂ':Fﬂ':Fﬂ' ,K:I:ﬂ':FTl'O Ktn¥, ...
CP-even KtK—, nta—, 70xn0 K% 70 KOﬂ'O KOw nta— 0T
CP-odd K07r0 Kon, KOSw, S¢, K&Woﬂo
Self-conjugate K§7r+7r ,K0 K K_

Talk by Z. Lu
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