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Update of accelerator
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beam current: /4, beta function: B*
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Update of detector
Belle Il : ~424 fb?!
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What are Belle and Belle Il can do?
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How do quarks participate in weak decays? -> CKM matrix
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* d — u: Nuclear physics (superallowed B decays)

* s — u: Kaon physics (KLOE, KTeV, NA62)

* ¢ — d, s: Charm physics (CLEO-c, Babar, Belle, BESIII)

* b — u, cand t — d, s: B physics (Babar, Belle, CDF, DG, LHCb)
» t — b: Top physics (CDF/DQ, ATLAS, CMS)
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Semileptonic B Decays
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» determine the CKM elements |V | and |V |
» Tests of lepton universality, R(D™), R(K™)
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IV, [10°] Reconstruct a lepton and

assign other tracks and clusters

Reconstietia’l daughters as an inclusive daughter X.

through specific channels
exclusively.

The current experimental focus is
on understanding the origin of this
discrepancy.



S f [Vxb
Measurement Of |Vcb| and |Vub| mteaztsllzjsiromtlen)t(slat Belle (I1)

® 4:20 PM - 4:40 PM
Q BWBHEE (L38)

BT = E X IK76275

Vxb-puzzle:

excl

excl| — (351 +0.12) x 10

lbll ( _>Ratlo 0.84 = 0.04
[Vinel| — (4.19 +0.16) x 10

Presenter hg =

Inclusive measurement of. |V,,|

+
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/”J\, B - X, tv
B D X, = m,p,w, 1", non-resonant contribution
\Y(4S)/ %; X u ) P; ) T] )
Hadronic Tag Signal Side
_ A‘%(B — X fl/) Theoretical predictions
e*_,. - ub| — g - AT(B — X, fy) «— ofincl. decay rates
(model-dependent!!)
BLINP ' Average:
o — (4.10 £ 0.09,0; + 0.224,6 + 0.15,,) %1073

ADFR

Our average

Exclusive < 1.30
CKMfit < 1.60

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4
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First Simultaneous Determination of
Inclusive and Exclusive |V, PRL131.211801(2023)

Flattened 2D Spectrum
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measurement of |V |
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Untagged B —=D* [ v

To be submitted to Phys. Rev.D

—0 r—
Tagged B —=D* v

arXiv:2301.04716
Untagged B—DI'v
arXiv:2210.13143

Tagged B—X IV (Combination with Belle)
J. High Energ. Phys. 2022, 68 (2022)

—— s
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Phys. Lett. B 822 (2021) 136679 -
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PRD 108 092013 (2023)

o 1 [bol
Vealtew 20 = e (f’f (imof(:o:))
Vislpar = (40.94+ 0.3+ 1.0+ 0.6) x 107>

Viplon = (40.44+0.3+1.0+0.6) x 107°
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¢3: most Imprecision among ¢; o

Vuqub]

¢p3 = arg [Vch

* World average:

o

Direct: (6621_%‘61)0’ PRD 107 (2023) 052008]

Indirect: (66. 29+1 86) , [JHEP03(2020)112]

suppr. Ho
ATIPRBTODKT] _ | il0a=0)
Afavor. [B~ —-DOK— ]

» Methods depending on different D final states:

BPGGSZ: self conjugated multi-body decays, e.g. KgnJ“ﬂ_,

Kgﬂ+ﬂ_ﬂ0, rtrxntn~

GLW: CP eigenstates, e.g. KSQT[O, KtK~

ADS: CF and DCS decays, e.g. K~ 7", K n*n°, K- ntntn*

GLS: SCS decays, e.g. K{K¥ ™

Recent phi3 measurement
at Belle I

4:40 PM - 5:00 PM
? FiLW J\/@F (L,ﬁ)

BT 32 & X A H

Presenter Xiaodong Shi
*
R, — | Vta% 1 |Via| 4 O( >\2>
¢ % Vus| |V
cdV b us ts
b Vb uDO SK_
w- c w-
=
s b c
- K~ B~ Veb DO
color allowed color suppressed
B »D°K ~V,_, V., B »D°K ~V,_, V.,
GLW methods
DK -
ABrBe(>“")\—> DOK_ 'ADO
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Combined measurement of ¢; with Belle & Belle Il Fedillil

o 1o [ Proo Belle + Belle Il
. ' ) ] - —+- Plugin 2023 (preliminary)
+ Four different methods using 17 different final states 1
. . 08
« Inputs on D decays dynamics from other experiments
0.6
- rp (@amplitude ratio), 6y, (strong-phase difference), k;, (coherence factor), etc. ol
B decay D decay Method Data set —
(Belle + Belle IT)[fb™] 0.2
B~ — Dht D — Khht BPGGSZ 711 + 128 [JHEP 02 083 (2022)] ’
B™ = Dht D — Kir~ata® BPGGSZ 711+ 0 [JHEP 10 178 (2019)] RSO S OERED rgf‘
B~ —»Dht D— Kr' KK+ GIW 711 + 189 [arxiv:2308.05048] B
BT —=Dht D— Ko Ktral ADS 711+0  [PRL 106231803 (2011)] O 12| M@Prob Belle + Belle Il
B~ — Dh* D - KK—7™ GLS 711 + 362 [JHEP 09 (2023) 146] A —~ Plugin 2023 (preliminary)
BT > D*K* D— K{r—nt BPGGSZ 605 + 0 [PRD 81 112002 (2010)] 1
E]Z
BT — D*K* ‘T_' i Paigte GLW 210+0 [PRD 73 051106 (2008)] 0.8
K K .m™n
06|
Parameters #3(°) rge o0k (©) rg" 6™ (°) g 6g =(°) 0.4 8%
PLUGIN method
Best fit value  78.6 0.117 138.4 0.0165 347.0 0.234 341 =y -
68.3% interval [71.4, 85.4] [0.105, 0.130] [129.1, 146.5] [0.0109, 0.0220] [337.4, 355.7] [0.165, 0.303] [327,355] 0 S
95.5% interval  [63, 92] [0.092, 0.141] [118, 154]  [0.006, 0.027]  [322, 366]  [0.10, 0.37] [307, 369] 0 50 100 150 o [
3

¢y = (78.6 = 7.3)°, consistent with WA, ¢; = (66. 2"‘ ) within 2o

% 14|
% 12
Foreseen precision of ¢p3 is expected 3 .
with the future Belle II dataset of = 6L+ BPGGSZ
(current world-average 6 p~4°) 4F
N
0 P T N I TS S N N ST ST S R | 11
2 4 6 8 10

Luminosity(ab™)
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universality at Belle Il

< Tests of lepton universality, R(D™), R(K ) © 230pM-250PM
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4HFLAV SM Prediction
R(D) =0.298 + 0.004
R(D¥) =0.254 £ 0.005

World Average
R(D) =0.357 £0.029,,
R(D*)=0284 =0 ()12

Had. tag, 426 fb'

| Had. tag, 189 fb!

BaBar 2012 ; ; ; . :

Belle 2015 - ,

Had. tag, 711 fb

Belle 2017
t—av/pv,711 fb’!

| Belle 2019 N

SL tag, 711 fb™!

LHCb 2022 L , :
3.0 fb! ‘ '

[ LHCb 2023 1 W

T—aaav,50 fb!

Belle II 2023

HFLAV Summer 2023 | 3+

SM Prediction ke

| i o |

0.1

0.2 0.3
R(D*)

0.4

Q@ EABMRERE (L)
T EEXRIEIR7627F3S

Presenter JB2%4</Qidong E/Zhou

B(B - DMt~¥,)

R(D™) = ,(£ =eorp)

«LHCb: PRD 108 012018 (2023)
=>reduce tension 2.49¢ — 2.15¢
*Belle II: PRL 131 181801 (2023)
=> 40% improvement in statistical precision
over Belle at the same sample size
LHCb: arXiv 2302.02886
=> simultaneous measurement of R(D)

and R(D*), 1.90 tension 5



First measurement of R(X;/,)  arxiv:2311.07248

BB — X))

) R(Xr/f) = y
B(B — Xtv,)
at B factories

measure inclusively. First measurement

« X reconstructed from remaining tracks and neutral clusters.

Belle II JLdr=189fb~!
1 1 : H 2 B | M2 <1 M2 e0.23| M2 e3.41] M2 @6 | R Xit—ewl
« Variables for yield extraction, 2D-fit to M. . and p, " S S =+ ¥
* Results:
« R(X,,) =0.232 £+ 0.020(stat.) = 0.037(syst.) i 5
g e TEra
. R(X,,) = 0.222 + 0.027(stat.) =+ 0.050(syst.) - “
[} Combining: 035k e//e[[ 68.3%VC'L contours
Atbf//
20NN 95,
. R(X,,) = 0.228 + 0.016(stat.) + 0.036(syst.) AR~ :
T gos] N lF L/;(VD%Q)B
SM K
In agreement with SM prediction and R(D") measurements - RDO) Ny
02 0.3 03
R(D)



Angular asymmetries using B? - D* "V _ v 0311 07248

2

4
X \/
9 D AY 4
! e 0 Dx+ AB / X
“I\ / 4' mio+ma« — q
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/ szOmD*

B - D™¢ “U, is parameterized by the recoil parameter (w) and three
decay angles (0;, y, 6))

Agree well with the standard-mode
_ Ni(w) =N;(w)
- NI(w) + N (w)

Ax(w)

Events per bin

Belle 11

[Ldt =189 b7
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2
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[GeV?

AA(w) = Ax(w) — AL (w)

Belle II JLdt =189 fb!
Wincl. W _._\W * Wil :E(X)Y /V/I/A
w glFB . ——— —_— > whign —_—
0 —— —— © tow ——F]
COS ZX SB —_— ——— OB 1(3elle'1¥)(2023) ————
7777 Belle (D 3)
cosycosf, 5 -1 — (Z l(aobeméoffﬂ —
no tag
" 57 —_——— —_—— ———
sin y cos 6y —_— —_— —
sin 2y 59 T — —
LENLENL I BB L L L B B B B B B L B L L BNLUNL L L B LNL R L L L B BLNL L BN LA B B B BL L B L BN L L LB N B B BN BB
-0.2 —-0.1 0.0 01 02 -0.2 —-0.1 00 0.1 0.2 -0.2 —-0.1 0.0 01 02
A€ — -AgM AP — AgM AA = A* — A°

PRD 107 015011 (2023)
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Search for Bt - K*vv

arXiv:2311.14647

The process is known with high accuracy in the SM:
B(Bt - K*tvv) = (5.6 + 0.4)x10 ~° (arXiv:2207.13371)
= 4.96x10"%with B* - t*(K*v)v removed.

Extensions beyond SM may lead to significant rate increase

(e= > Y(@ES) < e* )

B sig ROE

o Remaining
K tracks and

/ ECL clusters

Z0 Y o+
P e 7
b S b
a) b)
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b _— T 5
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Yo
v+ Bt «
il

Inclusive tag
ag — anything
e = O(100%)

P
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TAJIN

Mo

k K
r
Btag

v

K

Hadronic tag

e = 0(0.1%)

.
g B+ L Y@4S) — B-
&

HTA N

— hadrons,e.g B —» DUnr

v/

\D(*)
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+ +
Search for B* - KTvv arXiv:2311.14647

« Signal is extracted in terms of signal strength u
signal relative to SM expectation

e Inclusive tag: u = 5.4 £ 1.0(stat) = 1.1(syst) % = 2.7 +0.5(stat) = 0.5(syst)
- Hadronic tag: u = 2.2713(stat)*1-(syst) RB = 1.1773(stat)To-(syst)
. Combined: u = 4.6 = 1.0(stat) £ 0.9(syst) & = 2.3 £ 0.5(stat)*3(syst)

n(BDTs)

. 125
0.92 0.94 0.96 0.98 1.0 b 7o
- . Belle II preliminarv — BFAA 24
r — 269 B
3000 3 — 100 JL£dt=362fb~! )
3 3 3 - e
: Belle II preliminary . [ .
. P [rdt= %(2+4>)ﬂ K > =l W i, dd, 55
) E 01 B"BY < o { Data
= =
= 2000 @ B*B 3
= I Continuum —-E
g [ Data E,
© 1000 ' O
0
5 — 2
= g = 0
= 0 ol
A~ s : : : = ! ! ! I
_5k ! ! 1 1 1 1 ! I 1 ! 1 -9 ] —
0.4 0.5 0.0 0.7 0.8 0.9 1.0

-1 4 8 2501 4 8 25k1 4 8 25k1 4 8 25

g2 [GeV?/cf] BRI
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Search for Bt - K*vv

For the inclusive tag, significance of the result
- wrt null hypothesis is 3.5¢

-wrt SMis 2.90
For the hadronic tag, significance of the result

- wrt null hypothesisis 1.10

-wrt SMis 0.60

For the combination, significance of the result
- wrt null hypothesis is 3.5¢
-wrtSMis 2.70

First evidence for B* - K*vv decay

- 2]‘0g(L/Llll'dX)

arXiv:2311.14647

Belle II preliminary SM
[ Ldt=(362+42) fb! —— HTA
— ITA

—— Combination

0.0 ‘
0 2 4 6 8
1%
SM Average
g0
: : ——— Belle 11 (362 fb'!, combined)
H I 2.340.7 This analysis, preliminary
: I
:——O-|—I Belle II (362 fb’!, hadronic)
| 1.1+ 1.1 This analysis, preliminary
N Belle II (362 fb!, inclusive)
B 1 2.740.7 This analysis, preliminary
: I
+O— Belle IT (63 fb™!, inclusive)
H 1.5 PI 81802
H 1
! o= Belle (711 fb!, semileptonic)
I 10406 PRDY96, 091101
: ; PY Belle (711 fb!, hadronic)
: 29+1.6 PRDS7, 111103
_...__ I BaBar (418 fb'!, semileptonic)
: 02+08 PRDS2, 112002
_:..— BaBar (429 fb'!, hadronic)
H I 1.5+ 1.3 PRDS7, 112005
1 I B | Ui S S
0 2 4 6 8 10

10° x Br(BT—K *twp)
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Measurements of sin2¢,

e Sensitive to BSM physics

« Fit At to extract Sp and Cp:

1
true _ _e—|At|/Tg(1 + g[Scpsin(AmAL) — Cpcos(AmAt)])

sin2¢, = 0.99 + 0.14 + 0.06

PRL 87, 091802 (2001)

P 449
0.20
« SM expectation: S-p = sin2¢,and C-p =0 gm’
« Deviation from sin2¢;would suggest BSM physics .
channel S_meas C_meas
B? - Kg]/lll 0.724 £ 0.035 = 0.014 —0.035 £0.026 = 0.012 preliminary
B® - Kyn’y 0.04+94% +0.10 —0.06 + 0.25 £ 0.07 preliminary
B’ > n’Kg 0.67£0.10 £0.04 —0.19+£0.08 £0.03 preliminary
B° - 7K} 0.75%020 + 0.04 —0.04+0-14 +£0.05 PRL 131, 111803 (2023)
B - ¢KJ 0.54 +0.26+0.9¢ —0.31 +0.20 +0.05 PRD 108, 072012 (2023)
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Quarkonium & Exotic states

What are they?

Bottomonium?

Or: Bottom:

“eTe” = wyp; and X - wY(1S)

Sete™ - wny(1S)

wete” » Y (nS)

tetraquark pentaquark

0:06+e_ - B(*)E(*)

D) eeomm

hadronic molecule glueball

19



Y(10750) s'ra’re

¢ (pb)

JHEP 10, 220 (2019)
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OF threhold :} i Iﬁ
105 106 07 108 108 A1
E.. (GeV)

o,dressed (nb)

1.5

0.5

observed in ete™ - Y (nS)

111 1.2

11

A1 0-9£s ™
s (GeV)

el BB B
10.8

CPC 44 (2020) 8, 083001

A dip at 10.75 GeV
may correspond to

Y(10753).

The individual cross sections contain
more information than sum

r }} BB, BB* and B*B* ;&, 03 | T‘ Q§
{ s 0.4 } %
{ i
o(ete™ — bb) % i ﬁ ;
o(BB) + 6(BB*) + o(B*B*) 0l J % i f ﬂ‘ i % L
* | ﬂﬂﬂﬁé PR ﬁ#ﬁ@f%ﬁ
02l % A | il {
F i {ﬁ %
3 0.1 I ‘}
? é ;% 5, 5%
* = w‘JiW§ e l} l JHEP 06 (2021), 137
106 107 108 109 11 114 112 0 10I.S 16.7 16.8 16.9 ‘ 11 11‘.1 11‘.2
E.n (GeV) E.m (GeV)
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Y(10753) - wyp; and X > @Y (1S) PRL 130, 091902 (2023)
Theory: B(Y(10753) — wyypy) and B(Y(10753) - w*n~ Y (nS)) are ~1073
if Y(10753) is Y(4S) - Y(3D) mixing state [PRD 104, 034036] [PRD 105, 074007]

3.5/fb 1.6/fb 9.8/fb 4.7/fb 12 T

g > _ - Belle | | - . .
= @ L 7 10" mmm Belle Il AL E
B =
' ﬂ 28 s
o |2 o | 1
A J £ il
=5 }" l E " E
© \ = 47 fb ]
N } \ g 4 3.5 fb -
\Y 5 F
/1 N\ {) IL Hh‘ 2 2 1.6 b1 ]
Xl ¥ B ]
0 Sl Y P P . rEE—— 1860 10.65 10.70 10.75 1080 10.85
105 10.6 10.7 10.8 10.9 11 Eem [GeV]
E,, (GeV) i
4 - Belle Il data Bellell, 1.6,9.8,and 4.7 fb" |
Clear wy,; signals at \/E = 10.745 and 10.805 GeV 2 7 4= Belle data g}
- | : — Total fit E ] ~
Belle Il Preliminary, Belle II Preliminary 1 -_— 6’ : ‘. ===+ Solution | —:4 N
Jra=1em” Jra=15" ] (S % ... Solution Il 1
e {5 = 10.701 GeV V5 =10.701 Gev |* ? r _:3 1?
[ ] () 1] ©
O N R % 2 s
s | i ]
[ E e Data Belle I1 Preliminary| - ous Belle llPrhmury L . r X A e . .~._I ; '.1 A
= wf —puw Junzsanr | 7O Jussan' g, O 075108 1085 407 1075 108 1085 O
o F 15 = 10.745 GeV Vs =10.745 GeV ]
= - —20 s (GeV)
~ 11.56 ; + -
@ of e o(eTeT 2 xp1w) : -
et r ]
& : o ~1: consistent with HQFT
> Belie I Preliminary Belle IT Preliminary (0) (e e - X b2 (1))
w s f:.dt:a.nb‘ Ldt=47 15"
6 15 = 10.805 GeV 5.20' Vs = 10,805 Gev |10
+a— ~ ( )
4 AN ‘ | 1 cleTe" ™ xpLw) 1.5 @Y(10753 .
2 * — °
\ | s(ete—orrY(25) | ~0.1  @Y(5S)
9.

9.8 9 85 99  9.95 0.7 0.8 0.9

MY (1)) [GeV/c) merr) GVl difference in the internal structures Y(5S) and Y( 12q753)



Y(10753) - wyp; and X > @Y (1S) PRL 130, 091902 (2023)

~y Y(4220) - yX(3872) 7 Y(4220) - wx.
20.8 [
e [ —+-Data 100 BES]H 4~ This work
s / + 3 0.6F Gl - E’%SI" 2014 I + —4- BESIII 2015+2016
e e ’ z

PRL 122, 232002 PRD 99, 091103 (2019)
+ (2019)

ST
4'21 4.4

\ . . 4'6 4.12 ‘ ‘4.13 B 4.14 4j5 4.I6
/ w(— xtr-10) s (GeV) 5 (GoV)
Y(4220) - yX(3872) and wy., observed by BESIII.
So we expect the observations of Y(10753) - yX, and wxyy.

c0

L
50 -

o(e’e—wy ) (pb)

-y

o O

N A
I I

0*][

Y(1S)(—e'e /up)

[ —*Data Belle Il, 3.5 fb! | —— Data Belle I, 1.6 fb™' 410
0 o  Vs=10653Gev| —_ ™™ {5-10.701 GeV
& L ee—»m)(b‘l
Q [ EeeeedX, et |
> sl T + No significant X,, signal is observed.
Sy ) e
S L ﬂ IR 1 H l u 10  The peaks are the reflections of efe™ = wxy;.
=~ 30} Belle Il, 9.8 fb™ Belle Il, 4.7 fb™" |
..2 } s = 10.745 GeV /s = 10.805 GeV {10
@ 20f
T From simulated events with m(X,) = 10.6 GeV/c?
o} \ I mLL /f/ The yield is fixed at the upper limit at 90% C.L.

o

105 106 103 104 105 106 107

M(wY(1S)) [GeV/c?]

-
o
()
-
o
w
-
o
'S
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Search for eT e~ —wny, (1S) and et e™ —w)xpo (1P)

preliminary

0 Tetraquark (diquark-antidiquark) interpretation M(np w)
enhancement of Y(10753) — wny(1S) transition T 30

[Chin. Phys. C 43, 123102 (2019)].

2 E D > >_<103
40000E- —— Dat g
§ 350005—:T%1:|S ;it % 1205—
£ 30000F- ..... 22(13) UL at 90% CL 2 100F
D 25000 2 8oE .p -
20000~ S R I g th
15000 Belle I, 9.8 fb! 605 _T:tt;m Belle 11, 9.8 fb ecollin € w
10000F- /s = 10.745 GeV 0y, (1P) /s = 10.745 GeV
5000 20~ - %,,(1P) UL at 90% CL .
I s I S The yields for xu1(1P)
s - e 1 and 2 (1P) are fixed
2z 20 P - b2
. [PRL 130, 091902
ii (2023)].
_4003 —500;
600 | | | | . . . 1000}
92 925 93 935 94 945 95 955 96

978 9.8 080 984 986 088 99 092 994

M M, o(t* T %) [GeV/c?]

v nd) [GeV/c?

recoil(

Tetraquark model in Ref. [CPC 43, 123102]:  This measurement and JHEP 10, 220 (2019): N o clear Ny (15) and Xbo (113)

— — — — m— m— — — — m— — — — — m— o m— — — — m— m— E— m— — — — — —

IT(T(10753) — m(1S)w) = 2.647470 MeV] | oB(T(10753) — my(1S)w) <25 pb | signals are observed.

I D(T(10753) — Trtr) = 0.08+02 MeV| | o(T(10753) > T(28)*n7) ~ (341) pb |

ANEAN (i) o 0 L A R Ll LT\ IOT) o e )R E e >! not support the prediction
23
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Update of the cross section of e e~ —mmY (nS)

preliminary

- 1Y (1S) at Belle

:g 25 %: -$- nnY(18) at Belle Il
Fit with three coherent BW, convoluting a g LB 4.10 Jfl( %
Gaussian modeling energy spread: £ “E Preliminary
& o5 g— ) -
oo |y VB TGS g2 @ 60, 58) N ~
i s — M; +iM;T; [ f(M;) ’ oo, H’
5 C Y (2S) at Belle
All parameters are free, except 0E = 0.0056 GeV s o hevesasde
- Previous: 7.50
Parameters of Y(10753): . #
M 10752.7 + 5.9 197
=10756.3 £ 2.7 s¢ar) | gr 4176439 R
2 *~“—-11.3 —-3.3
i O.6(syst)MeV/C E 2_; %_ 4wy (3S) at Belle %
[ =29.7+85 + 1.1 5,5\ MeV §E e
2 15[ 0.20
Relative ratios of cross section at different resonance peaks 5 1E ‘ 4 }
(10753 Y (10753 (58 Y(5S8 T(6S T(6S é_ i
Ra((IS/ZS)) Ra((35/25')) Ra((lS‘/}ZS) Ra((3S/}25‘) Ra’((IS/)2S) Ra((3S/)2S) = . Lo . | .

. 1 03 0.04 04 0.23 16
Ratios 0462575 0.101g0; 0.45%50; 0327503  0.641073 041557, 08 08 107 108 09 R

Center-of-mass energy [GeV]

24



The ete™ - BB, BB* and B*B™ cross sections

(o)

P |
yr
i

Solid curve: fit to Belle + Belle II data
Dashed curve: fit to Belle data fit only

preliminary

New: rapid increase of Og*B*
above the threshold

Similar behaviour was seen for
D*D* cross section
(PRD 97, 012002 (2018))

Possible interpretation: resonance
or bound state (B*B* or bb) near
threshold

(MPL A 21, 2779 (2006))

Also explains a narrow dip in
o(ete"— BB*) near B*B* threshold
by destructive interference
between efe"— BB* and efe™—
B*B* — BB*

Inelastic channels [t*n~Y(nS) and
h,(1P)n] could also be enhanced
(PRD 87, 094033 (2013))
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Normal Charm

Charmed Baryon: new states; faalE saicauyhayon
parame’rers; ® 4:50PM-5:10 PM
decqys,, Q@ (EWBIRERS (L39)

BT EEXHIHEE7627F3S

Presenter Hai-Yang Cheng

B is efficiently produced via

Baryons produced via fragmentation
Y (4s)

* Charmed baryons — rather direct

* Hyperons — later stage of

fragmentation Once bottom is produced, it

favorably decays into charm.
Huge statistics R —

10° £

Charm mesons: lifetimes  geie
good vertex _—
NS

1




D° lifetime [fs]

Lifetime measurements

- 540F LR B B e B UL
- : + : 300 -1 5. -
418 Do saok- | D ; - 2071 0o 8 ©
i 207107 | s ] : c I 1
416__ o a ] L 'J 'J :
C 520 o 2 = 2501 &
414F | |3 = B 8 & : -
d \u.i & 510 =) = = D~ - i ]
a2 2 =2l 7 = t5 2459 2oof .
: 2 & *é '9500f- al=4 |
HOE | o 118 ol la| E Q S E I :
s | gt 27| g | E 1 e ]
406 |- E Sasol- |5 ©l 1 |
: ! ]
404 Z 470 = é -] 100?@ % R
402 - & [ (o *8
- 60E Submitted to PRL 1 50 T< = ]
400F ! a0 B L 450 P T T T ] > | |
2000 2010 2020 1990 2000 2010 2020 T
year year
Z1070F n T had I B RERBARERE IR R I IR
= - = 5 +
810601 5 o10k 1
+Q - ~ :‘:" (5 o O =
1050 [oo < 205F Q Ol 9,3
F 18 @ 8 LE Eﬂgﬁg |  Inall cases except for
Josok 2 S 200 | 5 o 5
C 212 ol = 195 @ .QC, Belle II
15| Q - E .
10301 © \g 190k 1 has made the world’s highest
1020 185F {  precision measurement
1010~ 180} % .
C o 1
PR I RN SR S W NN SN SR SO N S| 17 oo b v Pb v by gy | I B,
2000 2010 2020 1995 2000 2005 201 02015 2020
Theory expectation: 72) < 7(E0) < f(A*) < o(E) Year
(& E687, WA89) T,
LHCb measurement: (50 < f(A) < (2) < (&) 27

(2018, 2022)



Evidence of A.(2910)"

10

9
o

o}

M? [GeV?]
~

2
A+(2940) 2P %940) 2P
/2360) N A+(2880) 1D

(a) A(3005) 2P

N:(2765) 28

A(2595) 1P N(2625) 1P
5 N:(2287) 18
4 d : -
12 32" 112" 32 512"
80 —e— Data
L (a) —— Total Fit
SRR |} SIS Background
60 i + B sideband

Event (20 MeV/c?)

028 3 32 ‘3:24‘ N
M; o455y (GEV/CY)
17:10—17:30

molecular picture % 8 7

PRL 130,031901 (2023)

Theoretical interpretation:

® A.(2940): JF = %_ state, lies in other Regge trajectories

» search for A.(3005)?
® Like A(1405),D,(2317),X(3872),
D*N contribute in A.(2940)

»Mass of A, (% , ZP) invese, and larger than A, G ) ZP)

® A new structure in My _; spectrum is seen
m = (2913.8 £ 5.6 + 3.7) MeV/c?
r =(51.8+20.0 + 18.8) MeV

® Statistic significance: 6.10

® most conservative significance include syst. err: 4.20

® Possible JP = % , agrees with A, G_ ; ZP)

® Need more study to confirm its nature

See talk from &5 877 tomorrow

Strong decays of the A.(2910) and A.(2940) in D™N

28



olete—>1'1) @10.58 GeV:
e e o(ete™ - 1¥77) =0.92nb
N om e o(eTe” > Y(45)) = 1.11nb
_ { pe Features of a B-Factory (super 7-charm Factory):
' 3 S. Gentile, M Poh| » High luminosity.
[ * Well-defined initial state.
4 * High vertex resolution.
wE| 8 i 9 * Excellent calorimetry.
E A » Sophisticated particle ID.
"1 05816eV] * Ability to trigger low-multiplicity event

tau physics at Belle II

® 4:30 PM-4:50 PM
? E=TEEXRTEE (LW
smRERFERMXEE/ K66

Tag
(Known decays)

Jjo

Presenter Chunhua Li 29



e B(L > ¢ v, vi(v)) _ gigi mi _(mj
F(L -/ Vy VL()/)) = T, = 32LM4 192;_3 f mz Fcorr (mL; M{’)
w L

f(x) =1 — 8x + 8x3 —x* — 12x? In(x) i -
T /
3m? (my) ,25
Fearr (my, M¢) = FCE)(1 + G0 (1 + =0 (5 = 1)

W. Marciano and A. Sirlin PRL. 61, 1815 (1988)

0.1790+

‘ Measurement
0.1785-

3

; 0.1780 - B(t~ -t vy VT(Y)) 0.180 ALEPH
T, 0.172 Belle
0.1770- m, 0.007 BES "I

289 290 291 292
1.(fs)

30



T
e,u,r

Measurement of T mass .
Pseudomass method: mi;(zlv.;to R (tag Tsig ” )
¥ : V. z

mi = (pp + py)°
= 2 Ep, (E; — Ep) + mj — 2|pp|(Er — Ep)cos(Bp, By) PRD 108, 032006 (2023)

The direction of the neutrino is not known, since cos(py, p,,) < 1 Pseudomass:

x10°
16 Belle Il Preliminary t Data — Fit
PDG A (2022) <> F i b
1776:.:::260.12 Nc\J 14 fL dt =190 fb” - Backgrourd
> B e e e e e e e \
o 12F | M. =1777.09 = 0.08 = 0.11 MeV/c? |
BES (1996) | i) = 1oF et 0 T T T T T T TTToToomTTo
1776.96 T5 B = :
BELLE (2007) ... -1 — 8
1776.61+0.13 = 0.35 Belle Il (414 fb™) s F
KEDR (2007) R T
1776.81 02 +0.15 : Q 4F
BaBar (2009) _ N L B
1776.68 = 0.12 = 0.41 : 2r
BES Il (2014) Ll o) i AR Lo I | R o W Lo i
1776.91=0.12 19 o f . . s
i NP SRR S ——— T AR p—
Belle Il (2023)(Preliminary) ... S o IR L Ll A o
1777.09 = 0.08 = 0.11 Belle 1 (190 fb1) @@ O Fuar™ revor s o O T L e e
o | N | R ‘ L R | R | o —2 —. """""""""" .. """""""""" . """""""" * ""I """"""""""" .' """ o . """""
1774 1775 1776 1777 1778 1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84
2
M, [MeV/c?] M., [GeV/cT]

World’s best measurement of the T mass!



Lepton Flavor Universality Violation

prehmlnary Q

v
tag side \

BF[*f—)/fﬂy] 2 12 \w+”
g w'r f m /m g ﬁ
&) _ ] (melm) In the SM: (£4) = 1 Y
8e BF [1'— - e—yev,] f(mZ/m2> 9e’ ¢ e a
T uttT M;\/\*/\N\\
0 signal side
. e ) v A
Tag side: 1 hadron prong 362 fb~! date @ 10.58 GeV
R3M=0.9726 |
; CLEO (1997)
: CLEO (1997) e 1.0026 % 0.0055
= 0.9777 +0.0063 + 0.0087 ‘
| BaBar (2010)
B BEBAr|(2010) s 1.0036 + 0.0020
0.9796 + 0.0016 = 0.0036 1
Belle Il Preliminary (2023) + Belle Il Preliminary (2023)
LB 0.9675 + 0.0007 + 0.0036 0.9974 +0.0019
combination * combination
T 0.9735 + 0.0026 1.0005 + 0.0013
0.96 0.98 1.00 1.02 1.0 0.98 1.60 1.02 1.0 1.06
R[J |gll / gelT
B(t— = u o,v
R, = ( HVVr) () 9675 4+ 0.0007 + 0.0036 Source Uncertainty [%]
B(r— — e vev,)
Charged-particle identification:
Electron identification 0.22
o Pq 1 1 Muon misidentification 0.19
Pld l%ncertall'.lty dOm-lnant Electron misidentification 0.12
* consistent with previous measurements Muon identification 0.05
* most precise to date Trigger 0.10

32



o {— o It probes the existence of a long-lived invisible gauge boson boson «.

» Possible DM candidate.

140001 Belle I —4— Data Belle Il —4— Data
_ e S Total uncertainty 14000 _ " S Total uncertainty
12000} [Ldt=62.81b o 2000 JLdt=62.81 P
[ Other r - [ Other
T - T \,: 10000 e, M, = 1.6 GeV/c? ": e, M, =16 GeV/c?
g T-sea, M, = 1.2 GeV/c? g 10000 ToHo, M, = 1.2 GeVic?
L = 2 = 2
E 8000 1-ea, M, =0 GeV/c E 8000k 70, M =0 GeVic
§ 6000 § coook
1] iT]
E,=Ecmns/2, PR Puaed | Dize| v
r = Loms/< Pr ™ Piag/ | P tag 2000} 2000 -
0 P 77|-’_‘r-‘_‘r\—4 0 —l . n 1 It e 1
0~ 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18
X :normalized E pseudo-rest-frame X :normalized E pseudo-rest-frame
e e u u
=006 oyt
|§ F 'm__)'ea ' ' ' : ' ' e A electron channel A0 muon channel
r ] 2
o - | R A8 . I — ~
005 BT U ARGUS: Z Phys 068(1995) 25 - ’;p 20F Belle Il —— Observed UL at 95% CL .ExpectedULﬂstd.dev. F sl Belle Il —— Observed UL at 95% CL .ExpectedULHstd.dev.
[ C 1 18} [Lot=628M" - ExpecteoULatoshCL  ExpectedUL:2stddev. | [ [Ldt=628%" - ExpecedULat9s%CL  Expected UL +25td dev.
E o004 [ 4 ‘o 6} ERP
Q C 1T b i)
T oot & e of
< i 1 2 a
T o002 | 1 2 s 8 nof
= i i 4 1
an} 001 — . e 4f © 5
C 1 @ 2t Q
P N (RPN ISP NP AR IR (PN IR L ——,——,———e—e—e——-- e ol
0 02 04 06 08 1 12 14 16 0 05 07 1 12 14 16 0 05 07 1 12 14 16
M(a) [GeV/c?] M, [GeV/c’] M, [GeV/c]

Most Stringent limits in these channels to date! PRL 130, 181803 (2023)

(2-14 times more constraining than Argus) 33



Michel Parameter &' via Tt - u(— e vv) vv

d3F 12FT—)NVV 2
1 — 322

2
@Zy— 1)\/2? — x3 (2:1:—3-1— %) 0039;] :

1
S22 T2\ _1 PRLI131 021801 (2023)
> (5 - +3 ) =1
R (4 9eol” + 120" + 310 PRD 108, 012003 (2023)

£=1-2)"

w=L,R

z? — 2 [(3 — 2y)(3z — 2z° — z7)

= B(u — evv)

dz dy dcos @,

1
(;1 TRo|* + |9kal* + 3|91Tew|2>

Probability of an unpolarized t lepton to decay
to a right-handed muon: (1- ¢&')/2

& =11inSM
MP(SM) i p > evy, i t—evy, T uylt, : MP(SM) | = evy, JPEN evl, | T = UU,U,
p(0.75) | Q70T 07470010 07630020 | a'/A(0) |-0.010%0.020
E() 0.994 +£0.040 { 1.030+£0.059 | B/A(0) |0.004 +0.006
n(0) 0.057 £ 0.034 | 0.013 £0.020 : 0.094+0.073 | pB'/A (0) |0.002+0.007
£-8(0.75) 0.734+0.028 | 0.778 £0.037 | g/A (0)
"""""" 1075047+ CIA (N
6(0.75) 0.00034 a'lA (0)
£-6/p (1) | 1.00181500 b’ + b)/A(0)
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Michel Parameter &' via T - u(— e vv) vv

PRL 131, 021801 (2023)
PRD 108, 012003 (2023)

50 . . : L1 pu —e vy,

ol § C muve Py, ;&) = pPgg(y. ¢; &) + (1 = p)Ppeig (35 ©).
< E 0 K —»a
B 30} | B K —3body .
2 { 5 mm .5, Y. electron energy in the muon rest frame
; 20 f } : mm cscattering  divided by m,, /2,

0k |4 g eseatenid ¢ cos 9, , angle of the electron direction in

W scattering  the muon rest frame.
0 20 40 60 § data

pep [MeV/c]

£=0.22+ 0.94+ 0.42

gsLTJﬁ e

(b)
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L~1 —3%1035¢cm 257! L~4 — 6x1035cm2s-! L~4%1036cm2s"!

Start taking data RF power and IR upgrade 50 ab’! 250 ab!

Belle I1 l l 20 ab! l l

Belle Il Running period Upgrade

2015-2018  2019-2021 2022-2025 2026-2028 2029-2032 2033-2034 2035-future

Cree uo | s e s | s

Phase I Phase Ib Phase 11
-1 -1 -1
LHCD Upgrade 231b Upgrade S0 1b Upgrade SO0
L~4X10%2¢cm2s1 L~2X10%3cm2s1 I~2X%X10%cm2s1
Data ~ 9 fb™! Data ~ 50 fb"" Data ~ 300 fb™!
~1 interaction/Xing ~5 interactions/Xing ~50 interactions/Xing

The more we know, the more we do not know!
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Decaymode _______Paper __________________ Jcomment

s Antn mt

7 = g

— Ah,X%h

— pKKs, pKsn

-3y, B) 5 B

Oy

- pK*m~

- PN, pw

g pT[O

- pn’
— AKg, 2°Kg, YK~

m—t

_):‘

T

JEKT,Q°K*

Belle: PRL 130, 151903 (2023)

Belle: PRD 107, 032003 (2023)

Belle: RIEE@HR 68 583 (2023)
BESIII: PRD 106,L111101(2022)
PRD106,052003(2022)

Belle: PRD 107, 032004 (2023)

Belle: PRD 107, 032001 (2023)
BESIII: arXiv 2212.07214

Belle: PRD 108 3 (2023)
LHCb: PRD 108 012023 (2023)

Belle: PRD 104, 072008 (2021)
Belle: PRD 103, 072004 (2021)

Belle: JHEP 03 2022, 090 (2022)
Belle: PRD 105, L011102 (2022)

Belle: JHEP 01 055 (2023)
LHCb: arXiv 2308.08512

Peaks at 1434 MeV M, .+

CPV measurement for Belle

no evident signal

Amplitude analysis from LHCb, observe
A(2000)

No evidence of CS decay from Belle
CS decay observed by LHCb
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Charm Decays

Other recent search for CPV in Charm sector: not see CPV in all cases

D(J;) - K*K ntnO,

> Kt mntn© Belle: arXiv 2305.12806
DY s K nt ntn®
D° - KIKOn* mr~ Belle: PRD 107, 052001 (2023)

Dy = K*KJh*h™

Belle: arXiv 2305.11405
DFf - K*K K{m™*
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Determine lifetime by measuring
vertex displacement and
momentum:

* Jifetime determined from unbinned ML fit to t.

Likelihood function for event i:

Background

LR R B A IV PRV

ﬁ("'lti’ a‘i) = feg Psig(tih" o'i) Psig("'i) + (1 - fsig) Pbkg(ti|7" o'i) Pbkg("i)

(to avoid bias: Punzi,
arXiv.physics/0401045)

(2

“5104 Belle Il ¢ Data

© Ldt=20710" — Total fit
810° - - Background
o

5 10?

e}

T 10

©

O 1

Candidates pe

102k
10K

Belle Il }

Data
f L dt=207.2 fb"

— Total fit

- -~ Background

-3

I I I I I I I B | 4 P
0 01 02 03 04 05 06 07 08 09
o, (ns)

Candidates per 80 fs

O Belle 11
L ¢ Data (207 fb')
— Fit
10
o ™ Background
1
- .i; Background
B i', ' (from M(2-=+) sidebands
| : * [2.55,2.65] GeV/c? and
$ 1 | 2752.85] Gevre:
10 :
1
R 3T s
Decay time [ps]
Source Uncertainty (fs)
Fit bias 3.4
Resolution model 6.2
Background model 8.3
Detector alignment 1.6
Momentum scale 0.2
0
Input 2. mass 0.2
Total 11.0
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Background

Theoretical function

» The complete form of the theoretical function to measure MP &’

do(e*e™ > [t > (u = e D)ol T, 2 a2p
= Aoy /X2 - xg X
dQ_dxdyd cos 0.dt I, 7, 16E2

((3 = 2y)Fy5(x) — (1 — 2y)Fjp(x)cos 6,) )

» Here cos @, = (n™*, n’), where n#! = Mijn]f‘ and njf‘ is muon direction in z-lepton

rest frame at the muon production vertex, nf is electron direction in the muon rest
frame. Mij is a rotation matrix. The transition to the angle between electron and 7

-lepton momenta in the muon rest frame is done through Jacobian

* The publication with the theoretical calculation of this function will be released
soon at arxiv (hope by the end of 2021)

* The important thing to understand — now we have a theoretical calculation of the
dependence in the rotation angle



CKM Process Observables Theoretical inputs
Vil 0T =07 3 |Vad | nuel = 0.97420 + 0 + 0.00021 Nuclear matrix elements
[Vass| K — nly [VuslsLfE=7(0) = 0.2165 =+ 0.0004 fE=m0) = 0.9681+0.0014 + 0.0022
K —ev B(K — ev) = (1.582 + 0.007) - 10~° fx = 155.6 4 0.2 + 0.6 MeV
K — pv B(K — uv) = 0.6356 4 0.0011
T — Kv B(r — Kv) = (0.6960 + 0.0096) - 10~2
Vs K = uv/m — pv BK = ) = 1.3367 + 0.0029 fr/fr = 1.1959 + 0.0007 + 0.0029
[Vual B(m — pv)
T Kv/r — v Br = Kv) = (6.438 + 0.094) - 102
B(r — wv)
|Ved| vN |Vedlnot 1attice = 0.230 £ 0.011
D — uv B(D — pv) = (38.7440.17) - 1074 fo./fp = 1.175 + 0.001 + 0.004
D — 7wty [Vea| fP7™(0) = 0.1426 + 0.0019 D=m) = 0.621 4 0.016 + 0.012
|Ves| W —cs |[Ves|not lattice = 0947058 +£0.13
Ds — v B(Ds — v) = (5.55 + 0.24) - 1072 fp, = 247.8 4+ 0.3 + 2.0 MeV
Ds — pv B(Ds — pv) = (5.39+0.16) - 103
D — Ktv [Ves|f275(0) = 0.7226 4 0.0034 27K = 0.741 + 0.010 =+ 0.012
[Vaus| semileptonic B |Vub|sL = (3.98 £ 0.08 £0.22) - 1073 form factors, shape functions
B —Tv B(B — Tv) = (1.08 +0.21) - 1074 fe./fs = 1.205 4 0.004 + 0.006
|Ves| semileptonic B |Ven|sL = (41.8+0.4+£0.6) - 1073 form factors, OPE matrix elements
Vs /Ves| semileptonic Ay BlAp = pu V)_"2>15 = (0.947 £+ 0.081) - 102 (A = pu V)_‘?2>15 =1.471 + 0.096 + 0.290
B(Ap = Aep™ )27 C(Ap = Acp™ V) 257
« B — 7w, pm, pp branching ratios, C P asymmetries isospin symmetry
B B — (c0)K sin(28)[. 0.699 £+ 0.017 subleading penguins neglected
cos(28) B® — D®RO cos(28) 0.91 4 0.25
0 B — DM KX) inputs for the 3 methods GGSZ, GLW, ADS methods
bs Bs — J/Y(KK, ) (¢s)b—sces = —0.021 + 0.031
VieVig Amg Amg = 0.5065 =+ 0.0019 ps~—* Bg,/Bp, = 1.007 + 0.013 + 0.014
Amg Ams = 17.757 4 0.021 ps—*! Bg, = 1.327 + 0.016 + 0.030
Bs — pp B(Bs — pp) = (28707)-107°[x (1 — 0.063)] fB. = 226.0 4 1.3 4 2.0 MeV
V5 Vis and €K lek| (2.228 +0.011) - 1073 Bx = 0.7567 4 0.0021 + 0.0123
¥ Ves Ke = 0.940 4 0.013 £ 0.023

https://indico.cern.ch/event/684284/contributions/2952455/attach
ments/1719296/2774804/Vale Silva 3.pdf
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|Vesl, |Vea|: (semi-)leptonic charm decays

44

B, & B, t\\ﬁb ,

From S. Descotes-Genon

(can be done and should be done, but

none has done anything yet)

Vubl, |Vep|: (semi-)leptonic B decays
[Vial, [Vis|: Amg, Amg

Charm Decays

(0.0) = (0.1)
s
Bw__—% D
a:B - nnm, B - pw, B - pp, isospin
analyses
B:B - (¢cc)K,B - Dh°, time-dependent
CP violation
yY: B - DK, ADS/GLW/GGSZ
¢s: B? - (cc) (KK, ), time-dependent
CP violation

—2B8.+v:B. » DK

¢%%* = —0.042 £ 0.075 £ 0.009 rad,
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Xc /[ Xu

=

e‘\
\ S

LIS RELANL AR R B I BN L R
4.75 3 Exclusive [V,,] &y’ =) frcontours ]
4.50 f — kxctusive|v,y g = g

425 F — Vv 277 M 3 Belle Preliminary

= 400 | T o I - 711 fo!

5 fee™ This analysis _ -~~~
2 375 N 3
Q = e
w 3.50 4 e =
325 _.-—~ E
- HFLAV &
3.00 : E
258 ., . ... . . . . 24

36 38 40 42 <

|Vcb|[10'3]

\
Big 1
: \
S1g ¥V >
T T ] L T L
LHCb z
B! >Ku'v, = LCSR (Khod.& Rus.2017)
q2 <7 GeV¥/ct
B! > K u'v, ~e~ LQCD (MILC2019)
q2>7 GeV?/ct
A) > puv, - LQCD (Detmold2015) >
q2> 15 GeV?/ ¢t >
IVUb |cxcl/| VCb |excl(PDG) |
1 L 1 " " " " 1 L
0 0.1 0.2
| Vio I/ Ve |

|vub|/| Vt.b|(lOW)

|Vub|/|vcb|(high)

= 0.0607 £+ 0.0015(stat) + 0.0013(syst)
+ 0.0008 (D) + 0.0030 (FF),

= 0.0946 £ 0.0030(stat) *0-%02 (syst)
+0.0013 (D,) + 0.0068 (FF),

Belle: inclusive |V,,;,| measurement complicated
v' Large “bg” contribution from B - X lv
Treat B - X_lv as part of signal
v' Simultaneously measure |V,,;,| & |Vy,5]
v' B - X,lv dominate (>86%) in high p? bins

LHCDb: 2 fb~'data at 8 pp collisions
Observation of B) - K~u*v,l

v' Branching fraction measurement
Roc — B(BY » K~ pu*v,)
BF " BB - Drut,

v Determination of |V,;| / |Vus| in low/high g2 bins

LHCb, PRL126.081804(2021), [arXiv: 2303.17309]
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> A few selected recent measurements from Belle(ll) and LHCb experiments
v' Measurements of |V, | & |V, |
v' Tests of lepton universality

» Discrepancies (> 30) of measured |V,,| and |V,,;,| between inclusive and
exclusive final states remains
v' Measurements not limited by statistical precision
v’ Better design analysis choice to reduce systematic uncertainties
v' Many systematic uncertainties can be reduced with more data
v Important to improve precision of theoretical calculations

> Deviation of measured R,y from the SM prediction remains (> 30)
v' More precise measurement expected with more coming data
v' Measurements as a function of g2 and angular distributions

» Test muon and electron universality: inclusive and angular distributions
v Systematic uncertainties that will further be reduced with more data

> Semileptonic b-hadron offer reach opportunities to look for NP, expect
new results soon



Why weak decay?

c l+ Leptonic decay
%
\ Ya e = B[M - vlsm
D GEmymy my
= —aeie M12
= v T em (1 )'”""fMTM(HS
q(d,s) a

Semi-leptonic decay

2 2
2 2 _an2 2 02
[t dl(M—Plv) GF|unqd| (CI m{)" |EB—mp
wt dq?  24m3 q*m%

2

2
(14 3 i 63 = mlr (0) + Sy = o)

B < >
B g Xq ot 0~ 1- 1t 2+t
q B(l) — Xflv f() - f+ - fT
q B(l) — X*lv Ag Vo A1, Ao T1,1%,T3

hadronic decay

» Extract CKM Matrix parameters: |V, /|, ¢; (test unitarity)
» CPV < FCNC < LFU (new phys1cs)
* Decay constants and hadronic Form factor (LQCD)

5- { b C} po * Decay parameters, Branching fraction, PWA (QCD,
. - 0 other hadrgns)

i
8
00 00 00 00




bj /DOK
b —>u

GLW: D = CP eigenstates, e.g. KK, nn b b’ Wi
PLB 265 (1991) 172

states to interference

*
_ D° and D° decay to same final
fpK

ADS: D = quasi-flavour-specific states e.g. Kn CRECR TN

GGSZ: D = self-conjugate multi(3)-body states e.g. Ksnn PRD 68 (2003) 054018
GLS: ADS variant with singly Cabbibo-suppressed decay D—KsKn ~ PRD 67 (2003) 071301
time-dependent Bs—DsK, B>—Dmn etc Nucl. phys. B 672 (2003) 459

Dalitz (GW) method: BO—DKn PRD 79 (2009) 051301

Sensitivities of y from many channels, important to measure as many as possible
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GLS result (Belle+Bellell!)

« B* > DK* with D —» KJK*n~ (SS) or D - KJK~x* (OS)

* Measure 4 Acp and 3 BR ratios.

« Get results in full D phase space and in the K*K region (large dp).

2r2Krpkp sin(65% — 6p) sin @3

ADK —

55 7 14 (rB%)2r2 4 2rDKrpkp cos(60K — 6p) cos p”
ADK _ 2rPXrpkp sin(65% + 6p) sin ¢3

05 T (rBK)2 412 + 2rDKy i cos(65K + 6p) cos g5
ADT — 2r2™rpkp sin(65™ — 6p) sin ¢3

S5 714 (rB™)2r2 + 2r2™rpkp cos(65™ — 6p) cos 3’
AP _ 2r0™rpkp sin(65™ + dp) sin ¢3 .

O5 ™ (rBm™2 4 12 4+ 2r27rpkp cos(68™ + 6p) cos Ps

RPK/Dx _ 1+ (rBE)2r2 + 2% rpkp cos(68K — 6p) cos ¢3
SS

(rB%)2 + 1% + 2rE%rpkp cos(65X + dp) cos g3

(rE™)2 +r% + 2r8™rpkp cos(65™ + dp) cos ¢

RDT 1+ (rB™)%r% + 2rg™rpkp cos(05™ — 0p) cos ¢3
$5/0S = (rD™)2 4 2 4 2rD 1k, cos(627 + 6p) cos @3

RES" = R

1+ (rB™)2r2 + 2r2™rpkp cos(05™ — ép) cos ¢3

« 2D Fit (AE, C') of 8 categories
(DK, Dr)x(SS, OS)x(+,-)
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GLS result (Belle+Bellell!)

« B* > DK* with D —» KJK*n~ (SS) or D - KJK~x* (OS)
* Measure 4 Acp and 3 BR ratios.
« Get results in full D phase space and in the K*K region (large dp).

In K*K region:
ALK = 0.055 + 0.119 + 0.020, * First Belle/Belle |l result from this channel.
Aos =0.231 +0.184 + 0.014, * The precision is worse than LCHb’s @ [arXiv:

2002.08858]

e With the D information from CLEO-c, will
contributed in a combined ¢ from Belle/

ADT = 0.046 + 0.029 + 0.016,
ABT = 0.009 + 0.046 + 0.009,

Rgg'/P™ = 0.093  0.012 % 0.005, Bellell. (May get out this summer)
R2X/P™ — 0,103 + 0.020 = 0.006, :
REZ o = 2.412 % 0.132 + 0.019, £

wEL

* Model-independent result from
CLEO-c.[arXiv:1203.3804]
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GLW result (Belle+Bellell!)

. B* - DK* with D — K¢n° (CP-odd) or D - K*K~ (CP-even)

B(B_ - DcpiK_) + B(B+ - DcpiK+)

Reps = ) :
op B(B- — D'K-) + B(B+ — D°K+)
=1+ 1%+ 2ncprp cos(dp) cos(ds),
A _ B(B_ — DCP:EK_) — B(B+ — DcpiK+)
P+ " B(B- = Dcp:K~) + B(B+* — Depr K+’
= 2770}::7"3 sin(63) sin(qﬁ;;)/RCpi.
68.3% CL _ 95.4% CL Reps = 1.164 % 0.081 + 0.036,
8.5, 16.5 150, 22.0] R =1.151 + 0.074 £+ 0.019
| ¢35 () [84.5,95.5]  [80.0, 100.0] § ~op-— . Rt
‘ [163.3, 171.5] [157.5, 175.0] | Acpy = (+125 £ 58 £ 1.4)%, |
| s [0.321, 0.465] [0.241, 0.522] | Acp_ = (-16.7+5.7+0.6)%.
IS

>
2 9 Bellell 8"~ DK (e)
3 Ldt=189fb
& 8
2 7 A
§ 6 s
w 5 ¢+ — BB
4 qq
3 i
2
1
0
= 5
- 0
ST 05 0 0.05 X 0.15
AE (GeV)

« 2D Fit (AE, C") of 6 categories misID Dr

(DK, Dmx(Kgn®, K*K~, K~ n™")

Large Rcp+ than W.A.
Competitive Rcp- and Acp- with W.A.
0.3

Belle + Belle Il preliminary
024 Jrdt=(711+189) fo?

-
0.14

world average: ¢;(°)=66.2133 = 0.0996 + 0.0026

396 1 oo
<
-0.1 CP+
CP-
0.2 T syst. uncert.
: {7 stat. uncert.
+ HFLAV 2021
-0.3 T T T T T
0.8 0.9 1.0 1.1 1.2 1.3 1.4

Rep =
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Measurement of CKM angle ¢;

. . . ) -
O Theoretical uncertainty on measurement is KLZ ~1077 b Vb u

¢3 Do
O Test physics beyond SM W- ¢
-
. S

O CPV in the interference b — cusand b — ucs

_———1° K_
a - a
.M suppr.[p—_nox— ] "
(p.n) A [B —->DVK ] _ rBel(58_¢3) -
AfavOT.[B—_)DOK—] s
|‘/I(/ Il: 4
Ve V(; o b  — - c
. Vuqub B~ Ven D°
¢35 = arg[ —""] a - o
cdVep —
% 10
@ . —=— BPGGSZ
-~ sf
O Foreseen precision of ¢3; is expected (current 6f —+= GLW + BPGGSZ
world-average d¢~4°) with the future Belle II dataset af
ol
The expected uncertainty S R R
2 4 6 8 10

of ¢p3 versus luminosity Luminosity(ab™)
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Belle II Measurements of CKM angle

P3

O (AE, C’) 2D simultaneous fit for all methods

O GGSZ method with B~ - D(—» K¢h*h™)h~ decays It aiatiabies

-— The CP observables of interests 03— 1 —
x_ = +(9.24 + 3.27 + 0.17 + 0,23))(10_2 0.2j Ldt=(711+128)fb7' .' 0.8} J‘Ldt=(711+128)fb71
xy = —(1128 £3.15 £ 018 £ 022)x1072 | .25 3 08
y- =+(10.00+ 420 £0.23 £ 067)x102 = °F /(4 e T o4l a3
y+ = —(4.55+4.20 + 0.11 + 0.55)x1072 R 02

—0.2j B 95.54%(
¢3 = (784 +11.4+ 0.5 + 1.0)° %3 oz o7 0 01 0z 03 0 50 . HO 150
X 3

O GLW method 4., = +21psindpsings /Rep+

arXiv:2308.05048

Repy =1+ 12 + 2rgcosdgcosps

Acpy = (+12.5 + 5.8(stat.) + 1.4(syst.))%
Acp— = (—16.7 £ 5.7(stat.) + 0.6(syst.))%

Repy = 1.164 + 0.081(stat.) + 0.036 (syst.)
Rcp— = 1.151 %+ 0.074(stat.) £ 0.019 (syst.)

O GLS method with B~ - D(- KsK*m™)h~ decays arXiv:2306.02940

e 7 CPobservables: 4 asymmetries, 3 BRs ratios
«  Measurement performed in full D phase space and in the enhanced-interference

D - K*K region

« These results can provide constraint on ¢

-0.3 T T
0.8 0.9 1.0

0.3

0.2

0.14

& 0.04

-0.1

-0.2

Belle + Belle Il preliminary
[edt=(711+189) fo!

T

— cr+
— CP-

# HFLAV 2021
# Belle+Belle I

Rep+
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https://arxiv.org/abs/2306.02940

DK

Yy

LHCb Measurements of CKM angle @5

O GGSZ method

0.1

0.0

0.1

0.2

g
R i

-- B > D(-» Ksh*h™)K*°

Limited statistics,
CPV still observed

in some bins

¢3 = (49213)°

o I N O N N N BN B R N O By H o4 T T T T
T 15 Y servs " g o ’_— 4 =1
£ E 3 (.PObscr\deca Kt KK+ K3 = [ LHCb 1
;\ 1»():_ @  FitResults _: ook 9 fb-! ]
s F t 3 [ Preliminary ]
Ehe el gl 3 |
bt | L Ly 3 ; 2 ]
oy ; -
TR t 1 *
-0.5F - [ B ]
E LHCb = 0.4 = 1
10E 9 fb~! Preliminary 3 [ ]
CL L 1 1 1 | N N I T T2 T Y s 0.6 =
8 -7 6 -5 4 3 2 -1 2 3456 7 8 211 2 [ . f i = 9
Effective bin number —0.6 -0.4 -0.2 0.0 0.2 0.4

Preliminary

. B

0.1 0.2 0.3 0.4

P

- B o

LHCb-PAPER-2023-009

-~ B~ > D*(» D(» K¢h*h™)n® /y)h~
LHCb-PAPER-2023-012

Opposite CPV between
D*®* > Dm and D*® - Dy
Irreducible bkg

2D invariant mass fit

¢3 = (69 + 14)°

Asymmetry

b

-0.2

-0.4

-0.6

--B > D(-> KK ntn))h”

Eur. Phys. J. C83 (2023) 547

11 rrr1rrrrrrrT1r7T17T13

- B DK

[ —4— Daa
[~ Fit projection
| === No CPV prediction

L1 1 1 1 1 1 1 1 1 1 1 1 1 1 13

8-76-5432-112345678
Bin number

* Measured firstly
c Complicated
binning scheme

¢s = (116217)°
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