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Introduction

* Cabibbo-Kobayashi-Maskawa (CKM) matrix
* Three generations of quarks.
« Each element (qu.) describes mixing of quacks
via weak interaction in Standard Model (SM).

Vud Vus Vub
Verm = | Vea Ves Ve
Via Vis Vi

* Unitarity triangle:

Vea Ve

(0,0)

(1,0)
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CKM @ Belle Il

* Precise measurement on UT angles and sides is a powerful SM test at

energised much higher than directly achieved at the energy frontier.

* Deviation from theoretical results may indicate to new physics (NP).

* The potential of Belle II:
* Much larger data set (target at 50 ab?) thanks to SuperKEKB.

* New hardware and software tools also improve the detection resolution and
reduce systematic uncertainty in various aspects.

* Belle Il has unique/world leading access to many key decay modes, specially

those involving neutral particle: K°, 1°, n®, and missing particle (v).
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SuperKEKB

* Asymmetric energy collider:

e 7.0 GeV e and 4.

0 GeV e* for Y(4S) - BB.

* Upgrade from KEKB.
* More than 30 times larger luminosity of KEKB with nano beam scheme.

* Achievement so far:
« L =267.9fb* upto Dec. 2021.

e L =3.8x10*%cm?st,

peak
new world record

with smaller beam currents than

those of KEKB.

e Goal: >6x10*®cm

2022/03/15

Belle Il Online luminosity Exp: 7-22 - All runs

254 Integrated. luminosity.

mmm Recorded Daily
—— [ Crecorseadt =267.90[fb ]

Total integrated Daily luminosity [Tb™*]
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Belle |l detector

* Newly-designed sub-detectors set to improve detection performance.
* Vertexing: 1.5 ~ 2 times improvement compared with Belle.
* PID: ~4¢ for K/1t suppression.
* Pixel detector full installation will be complete in 2022 shut down.

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(Tl), waveform sampling electronics

Trigger and DAQ system:
Required to handle high

. o data rate and high beam
B . oo, e background.

Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 |layers Si double sided strip DSSD

~ .

, positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352
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Belle Il physics program

ixing 1 CF
Bs phys
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* This report will mainly introduce the
methodology of measuring them,
improvement and prospect in Belle II.

* Recent results will be also reported.

Vea Vi

0,0) ~ (10
UT element Mode Methodology Improvement from
Belle Il (other than
statistics)
|Vub| B - 1tlv (excl.) Tagged / Untagged Tagging package (FEI)
B - X v (incl.)
|Vcb| B - D%Iv (excl.) Tagged / Untagged Tagging package (FEI)
B - X Iv (incl.)
b _ ccs Time-dependent CP Vertexing, flavor
b_ Sqa violation tagging
B - hh (h=1,p) Isospin study with BF, A _,, T_ime-_dependent CP
Time-dependent CP violation of B - t°rt°
violation
B_ DOK® Amplitude ratio between D  More decay modes
eigenstates with neutral particles
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Vil & [Vl

« |V, /V,_|: Constrains the length opposite to @, (R ) in the unitary condition.

* SM reference as mainly from tree-level.

* Using semileptonic B decay.

|Vp| Measurements over Time
50

* Longstanding discrepancy (~30)  j== @55 ¥ 50 S oo
between iﬂClUSiVE and ] + Lagcnéhri:s'ew gi;i[&;\t—.g;;‘i?s{;ﬂ] 7, 0720047
exclusive results.

|V | Exclusive

461 9 PDG CKM Review

Ky
. . % 3 !
* Hint of NP such as right-handed = ,,: I S b Ll
current? PRD 90, 094003 (2014) o ° ! f i | .
: [} Q ? T ! ? ’ i
- 38 -
EXCIUSIve I T T T T T T I— T T T TF 7T 1
o 2 E 3 2 2 S o S A B S 3
Vub: Botmlv < %, %, % % % % % o U " N, Y, R,
Vcb: B — D(*) I V W //// V |Vup| Measurements over Time
7 T i itari ub usive =TV
b \)/ - 1 = EPK;;;?; S L’BS cE:;Il Rseview + ghys.kev.ﬂ 92 (2015) 5, 051102
. 7 lusi - v b = PUV
qu q o + thf)(bsl (i:rl.({Mu?\’::iew Ehy:RE\r.D 101 (2020) 3, 032007 O aatunghys. 11 (2015) 743-747
Inclusive | g*
3 : bbb gttt
< ¢ — + + 4 +
// -
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Tagging method

* New full event interpretation (FEI) package for Belle Il
from the Belle version (FR).

NIM A 654, 432-440 (2011)

 Hierarchical reconstruction on > 5000 B decays with MVA tool.

* Reduce systematic uncertainty due to tag-side calibration.

* 30%~50% increase on efficiency with same purity.

Tagging
efficiency
for B*

: of
{Tracks] [ VO objects ] [ KLMClusters } [ ECLClusters } gz
— S g
Fo
+ ZEE
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g’—‘ D =

/ |
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Tag-Side Efficiency in %

000+——F—7 7171 7T 1 T 1 T
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Purity in %

Comput Softw Big Sci 3, 6 (2019)

Tagging methods

Hadronic tagging

tag-side

eff ~0(0.1%) >
Exact B momentum. ;
- B rest frame :
Semileponic tagging

tag-side

eff ~O(1%) "

Additional neutrino. .

Untagged Sem———

eff ~O(100%) ‘
Rest-Of-Event info.
High background.

4 ..'. Bm g _Bs,_’,

.

Efficiency
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IV, | Inclusive: B X_|v

« |V_| Is extracted by differential branching fraction (dBF) on the spectral
moments (of lepton energy or hadron mass). sxep oz (2019) 177

* Non-perturbative elements can be determined at the same time.

Bellell B-X_Iv Bellell B-X_Iv
62.8 fb* Untagged 62.8 fb! tagged
arXiv: 2111.09405 [hep-ex] To be submitted to PRD
<106 Belle Il [cdt=62.8fb"1
200F B x ey - - 901 Bette n .

— 175 E ifnt:?ncukugr;o:jonf?-res.) ILdt = 6281~ 2

E 150} { Data 8oF =
;: 70 én "
& =
E 60 s
=2 %
“E 0fF 40 "

éa
0.025 M te " $  Measurement
E"E 0:000 ——— LI T ””’*Ill i [ - & x. Model
gﬂ ot e T 1 | E 30t L L I 1 I 1 L
~0.025} : : . . 2 3 4 5 6 7 8
0.5 1.0 1.5 2.0 2.5 2 2:-4
p*in Gev i [evric]
B(B — X.ev,) = (9.97 £ 0.03(stat) £ O.38(Syst))% 0> (:(pI + pv)2) moment for n = 1-4 order
B(B = Xcuv,) = (9.47 £ 0.05(stat) £ 0.45(syst)) 7% determined as a function of g2 threshold.

B(B — X Avp) = (9.75 £ 0.03(stat) £ 0.47(syst))%

Main source of syst.: X composition.
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IV_.| exclusive: B - D% | v

* Fit on data to obtain dBF on hadron recoil parameter (w)
« Extract |V_| by dBF/dw with phenomenological form-factor.

dl'  newG3
= B (mp — mp P g(w) F (w) [Vl

* 3
Bellell B°-.D"1v dw A8
189.3 fb* Tagged 5 3 5 Nucl. Phys. B 196 (1982) 83-92
mpy + Mper — ¢ PRD 79 (2009) 014506
w = Nucl. Phys. B 530 (1998) 153-181
2Mmpm ps=+
180 F 0.008 :
—~ 160 [ Belle !l (Preliminary) JLdt=189.3 ' *Data g BeneH(F'relimmary).[Ldt:ws.s o e
%) B — D v and cc. |:|Signal 0.007 ?B“ — D**I'v and cc. [ %o error
G 140f Bsc — 0.006 |- s
o F 1) g
= < 0.005 f
S 100 | = g + +
= : S 0.004 ¢
L 8of O
= ot %. 0.003 |
© I C
S 40 - 0.002 f
O o20f 0.001 §
0 :; Y L] 2 " | Y b e | oo o 0 . L | 1 L ol | 1 1 .
1 05 0 05 1 15 2 25 3 1 105 111151212513 13514 1.45 15
Missing mass squared (GeV) W

B(B® — D*"I"y,) = 0.0527 £ 0.0022(stat.) £ 0.0038(syst.)
1V.,| = 0.0373 £ 0.0029 (stat.+syst.)
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IV | exclusive: BTt lv

* Tagging by FEI.

Bellell B-T1UlVv
W 189.3 fb™ tagged + Fiton M. = (p(e*e) - p(B,,) - P(TD) - p(l) )’
Belle Il Preliminary [rdt=18926fb! to extract signal within g2 (:(pI + pv)z) bins.

25F

| s B%-nev

| e Background 0GeV?/c* = g% < 8GeV?/c*

« Extract |V | by the dBF(g?) with form factor.
mev

dB(B—l =
B — |V |2 GEZR P3| 57 (¢2) 2

~dBF/dg?of T e v

=
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e
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dB(B° - n~et*v.)/dg? [GeV~2c?]
o
[0 ]
T

Decay mode Fitted |Vyp| 0.4f 3
BY - n=etv, (3.71 £ 0.55) x1073 0.2f |
Bt - n%*v, (4.24 + 0.55) x1073 T R TR
Combined fit (3.94 + 0.42) x107 g (e

LQCD: PRD 92 (2015) 1 014024
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V.| &IV |: Belle Il prospect

e Belle II; both inclusive and exclusive measurement.
LHCb: mainly exclusive A, and B_ decays

* Exclusive: Uncertainty from lattice QCD dominates for now.
« Inclusive [V |- Unknown shape function (b quark motion with B meson).

« Simultaneous fiton X v+ X v+ X_y.

7 Belle 11 MC A5 — | I .
[O teased + chmment LQCD /T~ Belle II Projection |
61\ o current —:— ll;zgfief Echge;t 5L SrSD - N (exp- + param. uncertainties)|
v7 status =B~ untagged + LQCD in 5 yrs —
—@— tagged + LQCD in 10 yrs

=M - untagged + LQCD in 10 yrs

2022/03/15 Yun-Tsung Lai (Kavli IPMU) @ 2022 Spring JPS



Time-dependent CP violation

« Time-dependent CP violation (TDCPV) b ' -1 )
« To determine @, (mixing) and @, (mixing + b - u). B W W B
q V. t Vo b
3 Vi W Vi -
* Decay rate asymmetry as a function of decay time: | _‘T:"’W\‘;—‘—’
: . B}l’ t £y Bt;
« Am_: Mass difference between eigenstates.

I'(B° —» J/yK2) —T(B° - J/yK2)

At
Gial T e J/YK9) + T(B° — J/¢K?)
=S¢|sin(AmpAt) + Aflcos(AmpAt)
S.: mixing-induced CPV A.: Direct CPV
B'———— J/Y K} >
N B———>If
VR B) >|f)

At tree-level: S ~sin2g ,A ~0
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TDCPV measurement @ Belle Il

* 1. Flavor tagging: Obtain the flavor of B mesons.
* 2. Vertexing: Az - At.
« 3. At distributions for B® and B° separately.

Belle Il simulation

« 4. Asymmetry(At): S, ~ sin(2¢,) at tree-level.

Ar = Breit
At = top — tiag

ol
-
o
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Flavor tagging

Concept:

e Study BO-B° mixing and CP violation by 1. Final state info (kaon, pion, proton, lepton).

identify the flavor of B mesons.

1.0

3. Flavor of B.
) Xiv:2110.00790 [hep- o + 55 P
- Belle Il new algorithm: awvzoosozror hepext B — D7 Ze
MVA-based, more variables included. |, po ot
« Effective tagging efficiency with Belle 1l MC: o
* (37.16+0.03)% , ~30% for Belle package. B® — At
» Validated with Belle MC/data. L)
Validation with Belle data/MC Belle Il simulation
1.0
gl.% + Data ®  Average
3 MO g @ B
\1.00+l h 50 g
q: tagged flavor £ i i i &
r: quality flag = 075 : h}ﬂ ?{h i I 05
Sosolt, 4, 4 e Wy o i W
5 Froptiget § P et 0 0.25
£0.25 ! S
= 0.1
0.00——5= 5 0 ] % 01 025 <7"F0];[))T> 0.75
BC-like | ) e BO-like

2022/03/15

Linearity test

2. Flavor of charmed particle (D, A).
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Decay time measurement

* Improved resolution in spite of reduced boost (By):

* New inner vertex detectors:
pixel vertex detector and silicon strip tracker.

Az — Byet
At = top — ttag

* Improved vertex fit softwares. IEEE TNS, 58, 434 - 444 (2011)

CMS-NOTE-2008-033
NIMA552, 566-575 (2005)

* Afactor of 1.5~2 improvement compared to that of Belle.

Carbon fiber

(CF) cone

2022/03/15

Belle Il pixel vertex detector

End rings

SV Ladders
D

PXD

z resolution
Belle data v.s. Belle Il MC

140

. — b 2
Fit function: =\/&
I nction a + l: pﬁsin (H)srz]

Outer CF shell 120

Belle SVD2 cosmic (Data) BN715
—— a= 263x04um
b= 32.9 = 0.8 um GeV/c

Belle Il single track events (MC)

End flange

100

z,-Resolution o [um]

R s a= 11.5=01um

b= 17.9+ 0.2 um GeVic
60+
40 .*:

iH[HIEHILH”II_I_]_I_LL Laidd

N
o

g c NN
oo Q

TTETTTTTT

GBeIIe/(JBeIIe 1l

o

ppBsin(0)*? [GeV/c]
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Time-dependent mixing measurement

« Am_: Mass difference between eigenstates.

 From B°-B° mixing measurement using flavor tagging.

* Belle Il recent result:
* Systematic uncertainty is smaller than that in Belle and BaBar.

2500 —————— — : : S
= Belle 1l (Prehrznary) 4 BOBO
Szonopltar=toom L —@ Belle Il B°_ D% Kim
< 1500} . 190 fb?
0
% 1000
'g soof Am_ = (0.516 + 0.008 (stat.) + 0.005 (syst.)) ps
O
> Og World average: Am_ = (0.5065 + 0.0019) ps™
@ 7}
=
£ 0.0
# -0.5
<
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« @, measurement with b - ccs

* Theoretical clean. Small contribution from other dlagrams

S, ~ & sin2¢, & : CP eigenstate.
—»JIllJ K©° go|den modade. PRL 95, 221804 (2005)

« sin(2¢,) world average: 0.699 + 0.017
« Belle Il sensitivity of B°~ J/y K2 @ 50 ab
* Penguin pollution is not negligible:
Constraint from b - ccd e.g. B° - J/Y 1t° or other SU(3)
* Systematic uncertainty dominates.
« <0.01 uncertainty on S..

arXiv: 2106.13547 [hep-ex]
80 r 80

related modes.

Belle I B~ J/y K} 62.8 fb

70 F
Ldt=62.8 fb”'

Belle Il preliminary J/llJ N u’f” 70 — Belle Il preliminary J/LIJ S ete

o : Ldt=62.8 fio”
g 60 | é RO
[ —e— Data [
0 S0F —— B - K_ Jiy signal T2} 50 —e Data
N 40 F Combinatorial background oV} 40 E B — K_Jly signal
Rl r Peaking background it o - Gombinatorial background
®n 30F ® 30
N | 5 ol +
i <F MR U & “f R SR it ‘| ' H L]
10 | TT‘u ++\f TS 10F  fp } HT } te +T ; T
)T SR FURE FETTL PR FORE FURTE NS S N P 0k R T A S D S B N T
-20 10 O 10 20 30 40 50 60 70 80 20 10 O 10 20 30 40 50 60 70 80
A E [MeV] A E [MeV]
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®,:b-sqq

b qua:

e S, =-¢&sin2¢ " ~ - & sin2¢p, assuming only SM penguin.
- Difference from b - ccs: NP in penguin loop.

New heavy ¢
bosons in the ’
loop? ‘

Belle Il simulation

—T T T

° - RO ' KO -
Bell I Golden modes: B-1 K%, g0 LTI e awk, =0
- ! - ' g T o.-Af o * f =
] ] ? 0.2 l“ .-“ & .;“ A 1N Ks (S =0.55)
« Advantage: neutral particle. - i x+ —
Expect to have the best sensitivity. d t., R t
IR +-£ #
: . 1 0.2 ,"f; ::\ i :
* Belle Il simulation @ 50 ab - N J
« S, of B°~n'K°and B°- J/y K° ol e T T S
. . -10 -5 0 5 10
* Able to see the difference if any. At (ps)
40 E B"m(on_mmK, B%?
o B Leo7 . 4 * 2
s it My = £/s/(4") — (ph/c)
S  25f = signal
Bellell B- r|' K g 20 —\\\::::i::um This analysis World average [9]
62.8 fb? P 15; Channel B (x10%)
arXiv: 2104.06224 [hep-ex] g 10} BYf 5 /K 63.4 T33(stat) £ 3.4(syst) 70.4+2.5
Pe P T A - B® - f/K® 59.9 T38(stat) £ 2.7(syst) 66 + 4

524 h;j.éﬁ
M, [GeV/c?]

0 bt
5.2 5.22

2022/03/15

53
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ViaViy,
Vud, Jb

a=¢2=a1“g(—

« (@, measurement: From b - u tree with non-negligible b - d penguin.

* Isospin analysis with B — hh modes (h=t,p).

* Compared with LHCDb, Belle Il can measure
all of these isospin modes.

2022/03/15

1 o e A

—AB —a'%n

> ( )
2Mq, A(B°— 1°1t°)
from

penguin
s s = o o_o
B AB—'T)  AB—Tr)

.
v o

i AB—1 ) = A(B*— n*1%)

Eur. Phys. J. C77 (2017) no. 8,574
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* Charmless hadronic B decays:
« Challenge: large combinatorial background from e*e - qqg continuum process.
* PID: K/t suppression.
e Continuum suppression: Based on MVA tool (BDT).

Belle Il recent results:

AE = Ep—+/s/2

defined in center-of-

« 2D fit with AE and M,..

- Belle Il (preliminary)
J Ldt=628f"

0 z
v B K11+ C.C.

Candidates per 10 MeV
Candidates per 1 MeV/c?

LYUNRY.

2022/03/15

Mo = \/5/(4c") — (p/c)?
Belle Il B°- h*ttt 62.8 fb?

arXiv:2106.03766 [hep-ex]

w
o

5

Also see: Bellell B*- h*t® 62.8 fb!

25 F
20 |
15 F

10 F

LI

- Belle Il (preliminary) e Data

— Total fit
B’ r'r + ce
v B K'm + c.C.
---- Background

J Ldt=62.810"

T

Ll
R ATRARAR XX X X TR A o N Wi )
L5

0
525 5255 5.26

B(B® = 7717) = [5.8 £ 0.7(stat) £ 0.3(syst)] x 107°
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Belle Il B*- p*p® 189.3 fb*

©
-
<
2.
>
2
v L

0 0O- . . ) 2205_ Belle Il (preliminary)
« B°- p°p°: Golden mode for @, determination. = 200y | [Lat= 18025
. . . b 180 E
* B*- p°*: Estimate penguin pollution g 160}
n 140 F
% 120 |
2 100 F
* Challenge: 8
Combinatorial background due to pion-only final
state and wide p peak.
* 6D fit: 2% 015 01 005 0 005 01 015
] AE [GeV]
* Angular analysis: need to measure _ T
longitudinal polarization fraction (f ). S 0F  [Lamraozs
o [ - Data
« AE, continuum suppression, p masses (2), ™| e b
. . . < 400 — Signal trans
cosine of the helicity angle of p (2). 5 — Self x-feed
& 00F - fo)%
200 | :E: gjﬁf
B(BT — ptp®) = [22.1F 55(stat) & 2.6(syst)] x 107°, 100 RN
f = 0.9437 9938 (tat) + 0.026(syst), e ———
o) S e R e i T el S
Ewo 2F
Acp = —0.069 £ 0.068(stat) + 0.039(syst). 3¢ 55 -d.j 02 0 02 04 08

cosf o
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@, Belle Il prospect

 TDCPV of B - mt°mt® is unique for Belle Il with target full data.

e Use 1t° Dalitz decay (- y e* e)andy (- e* e) conversion for vertexing.

* @ 50 ab™: Expect ~270 signal yields, uncertainty of S(m°m®) ~ 0.28

1t° Dalitz decay y conversion

nl,, —etey Y. — ete”
At resolution At resolution
=1.14+0.03 ps =1.12+0.04 ps

* Belle Il prospect:
« S(m°m°): reduce the ambiguity in @,
determination by a factor of 2 or 4.

* Combining all pp + Tt + S(1°m9):
@, sensitivity ~ 0.6° @ 50 ab™

Candidates per 0.002 GeV/c?

arXiv:2107.02373 [hep-ex]
Belle Il B°- 1t°t® 62.8 fb?

0
(- vy)

25F Belle (preliminary) e Data

B — Total fit
o0k jL dt=62.8fb" e BY 5 7070

s «==» Continuum

N BB
15 l

B 1 1 i T e

A 1

sassassell 1

—
[$)) o
I
——
—
-
-
—

M, [GeV/c?]

B(B® — 7°7°) = (0.98%035 +0.27) x 107°

significance: 3.40
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’V:¢3:arg<—m

« @, Is measured by the phase difference
between tree amplitudes of B - DOYK® decays
* Interference between b - c (favored) and b — u (suppressed).

* As no penguin contribution, theoretical uncertainty is small.
0@, /@, ~ 107" 3P 01, 015 (2014)

Using self-conjugate
b u (suppressed) b - c (favored) D° decay

D°K

A /4 AB{Dexp(-iéD)

B ! ‘fDK

\ -
A rexp(-id,-g,) /’

A,

D°K

—0
A(B- - .
(B~ =D K7) _it5y-gy
A(B— — DVK-)

r, . ratio of amplitudes ~ 0.1
HFLAV16, Eur. Phys. J. C 77 (2017) 895

9, : strong phase difference. External input
from charm factory.

2022/03/15 Yun-Tsung Lai (Kavli IPMU) @ 2022 Spring JPS



0,: GGSZ

* Belle Il Golden mode: GGSZ with amplitude analysis

* Model-independent

amplitude analysis:

~9% uncertainty due to amplitude modeling at Belle and BaBar.
* Fit on symmetrical bins to obtain yields from D flavor eigenstates.

8

w3
= E :
2.5_7 L
2 s Dalitz binning (from CLEO)
1.5 4 PRD 82, 112006 (2010)
1 i
o5t —— 1
R T B T B 1 'h/;zl .
15 ) f
+id3+1idp
K " 05T I35 2 25 ‘ : s - o o -/

observable

Dalitz plane

AT p- (m%,m2) oc |AL >+ r5|A_|> 4+ 2rp|AL||A_| (cosdp cos(dp + ¢3) — sindp sin(dp + ¢3)) dp
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¢,. GGSZ, Belle Il prospect

* The latest result with Belle (771 fb') + Belle 1l (128 fb):
1% paper with combined data! ;s 02 2022, 063 2022)

120 £ J Belle B - DKk
e g Ldt=711fb"
< 100 |-
@ B
= 80 |-
.8 s
< 60f
= -
g 40
> )
w £
20 - X
ok
_ 5
c OF o
5 -0.1  -0.05 0 0.05 0.1 0.15
AE [GeV]
35 Belle B - DK K)K"
= af JLm:m fo!
[0} =4
= 5EF
o =
= 2
@ 15
c b /.
:>_|J 10 B
5F
e o e + 41,
_ 5
g 0 .-
== 7i =m0 005 01 015
AE [GeV]

* Belle Il prospect:

* Present precision by LHCb: 4°.

e Assume 10 fb?* @(3770) data from BES-III:
0¢,(50 ab™) = 3° using GGSZ

Belle: PRD 85, 112014 (2012)

¢s = (77.31158 £ 4.1+ 4.3)°

Belle + Belle lI:

3y

¢3 = (784+1144+05+1.0)°, e«
rER = 0.129 + 0.024 £ 0.001 £ 0.002,
§EX = (124.84+ 1294+ 0.5+ 1.7)°.

ncertainty:
input

0.3
- _Belle + Belle ll
0.2 —JL dt=(711+128) fb | e,
0.1+ 2¢3
% ol P
- B
0.1 . ‘
0.2 B*
|

. vDK
3¢,(50 ab™) = 1.6° with other D decay modes. (z+,y+) = rB(cos(dp £ ¢3),sin(dp + ¢3))

033 =02 07 0 071 02 03
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* Measurements on CKM matrix elements offer a good probe for SM precision
test and NP search in flavor sector.

» Belle Il will play a key role in it.
* Much larger data set.
* Improvements on software, methodologies, and systematics.
* Unigue sensitivity and capability of most decay modes.
* Preliminary studies with Belle Il early data have been performed for each.

e Stay tuned with us to look forward 4o
to more results from Belle II.

Int. Lumi (Delivered)

[fb-']
5000
Int. Lumi (Delivered)
1000 2021c 2022ab 51
i Target Ta I’get
e 510fb-!
. | 40
3000 S soat” Y
lnlfiﬂ/l 21/11/30  22/1/30 22/4/1 22/6/1 22/8/1
2000
1000 \ /
0 ‘:“

20/4/1  21/4/1 22/4/1 23/a/1 24/4/1 25/4/1 26/a/1  [YY/M/D]

LS1: Full pixel detector installation, readout upgrade for DAQ, etc.
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Other Belle Il talks with new results @ JPS Spring 2022

e 15aA561
« 10. REEIEKER I Belle-1l EE&ICH (T3 heavy QCD axion =¥ o 7- B* - K* a BRIEDIFER

« 16pA573

« 8. HEM\HE T Belle Il RERICH T B BO - KOOy i@ DEFE&TZ CP IEMFRE D FRTIC [T 7B
7]

« 9. ERF [Belle Il EERICH T3 BO - KKK, BHIEEFE DEFHEKTE CP IEXFRE DRITICE T
T-tH3E]

« 10. 8B AK—E8 T Bellell RE&IC$H T3 B->D*Inu BRIED I LL ¥ CKM 175E X |Veb| DAIE

. 11. FERB [Belle Il EERICHITS B - eta’ K FHIERTE T ORI CP MFNMERALAIE D
7Rl

e 12. fHREZXE [Belle |l RERICH TS B YKL KTT) E—RICKBZ T L—N—BFIDOBKIE L
At 73 fEgE D FTh

« 13. BJI¥E T Belle Il EERIZH TS BO - KK LK IBFZDEFEKTE CP IEXFRE DRI

- 19pS06

« 4. RBEE—LEZENRNHIECENTF - RFRERONREH
SRER RIS/ o7 TR HIBYRIRER
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Backup
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CKM matrix

* Cabibbo-Kobayashi-Maskawa (CKM) matrix
* Describes mixing of quacks via weak interaction in Standard Model (SM).

Relative magnitude

Vud Vus Vub D .
Vekm = | Vea Ves Voo | = [ -
Via Vis Vi . B
‘ The complex p_hase_ represents the
1 — )\2/2 A A)\S(p . in) source of CV violation in SM.
= —A 1—X2/2 AN +0O(X)  Wolfenstein
AN (1 —p—in) —AN? 1 parameterization
* Unitarity:
ViV =1 Viud Vi + Vea Vi, H Via Vig = 0
)\3*1 )\2*)\ 1*)\3
(p.M)
VedVi
Vi A v,V
ViaVi ViV

2022/03/15

(0,0)

Yun-Tsung Lai (Kavli IPMU) @ 2022 Spring JPS



SuperKEKB

SuperBelie

’ —— = - RIS

7 Gev % Crab cavities m
‘—

s SuperKEKB

e

Crab cauity (High-
Current Option)

Upgrade of

Energy exchange e
superconducting Glws > & o fﬁ\ Damping ring
cavities N

Tunnel already exists. ] ’

Positron source

d

Most of the components . +

(magnets, klystrons,etc)
will be re-used.

[NEG Pumg)

\
R [SR Chann)
[Beam Channel]

Goal: reach > 6 x 10 cm=3s?
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UT angles

e Current results:

Global git by CKM fitter

— — +1.3 o
_ _ +2.7 o
a=@,= (91.8 5, )
_ — +0.9 ~yo
y=¢,= (656 55 )
0.7 o :o T ¥ v ! =y 4 TR Yyl " T d 5
o %o, e B
05 f—g sin 2¢, AR o <o _f
y §_§ L _;
= § N
- Ny -
0.2 v i =
E E lvubl E
0.1 §§ ; N\
E 0 i/ € 2 "
0.0 = 2 | = | o R | ol |
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.
p

o

World average by HFLAV
B=@,= (22.2+0.7)°
a=¢,= (85.2 "% )°

-4.3

y=0,= (662 3¢ )°

| : T T T T T T T T T T T T T T T T
HFLAV &
PDG 2021 ||

oik 4 i

04k i

02507 ¢ .
% ’ 02 04 06 [i).s'
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Vil & [Vl

e Current results:

r'l'i_l 4.8 : ' | L T T | T T T | T T ’I | T T T | :
'E'.'.'.) = Exclusive |V | Ay” = 1.0 contours =
: 46 - * Inclusive =)
- = Exclusive |V | e N
4.4 ub v [GGOU
= - [V_|: global fit
> 42 E IV V.| Ve 3
. E E HFLAV Average E
4 -
3.8m =
3.6 ; /.—\.' =
32F =
3 HFLAV =
- 2021 -
2.8 P =89%
= L 1 L I 1 L 1 I 1 1 1 I L 1 L I 1 1 L I 1 =

36 38 40 42 44 .

V |10
V_|[10°]
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IV, | exclusive determination

* . Prog. Theor. Phys. 49, 652
 dBF of B D® | v as a function of w: Phys. Rept. 245, 259

_ _ Nucl. Phys. B 196 (1982) 83-92
* N, IS electroweak correction: 1.006 PRD 79 (2009) 014506

dl’ 2 ;2 Nucl. Phys. B 530 (1998) 153-181
A TG 3 (s — ) 0() () Vo

_ Pp-Pp. _mp+mp. — ¢

R y=— 2mpmp-
g(w) F*(w) = ¥, (w)va? — 1w + 1) {2 [1 o ]
[z [rea-non 2=

« h,,(w), R,(w), R,(W): form factors,

CLN parameterization:  p, (w) = ha, (1) [1 — 8%z + (53p° — 15)2% — (231p% — 91)2"]

Ri(w) = Ri(1) — 0.12(w — 1) + 0.05(w — 1)?
« p,h, (1), R,(1), R(1): Ro(w) = Ry(1) — 0.11(w — 1) — 0.06(w — 1)*

form factor constants. Vw+1—+/2
Z —
vw+ 1+ \/5
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IV, | exclusive determination

25 :I L L | L L L I L L L | - L
0 02 04 06 0.8
i
P‘e\\m

2022/03/15

50 [

cYII)_I
(@]
A
T o

3}
=
=
LL

=

L
—

Belle Il Preliminary

45
40 |
35

30

J Ldt=189.3 fb”

0 "
B” — D I'v, and cc.

e best fit
—68% CL
---90% CL

M PTE NIRRT N TSI R
1 12 14 16 1.8 2
p2

new F(1)| V| (B~ — D*177,) = 0.0351 + 0.0030(stat. + syst.)

nEWF(l)‘V::b BO — D*_l+ Uy

(

P (B = D
(
(

p° (B —= DTy

)=
) =
)
)) =

1.03 £ 0.27(stat. + syst.)
= 0.0352 £ 0.0028(stat. 4 syst.)
— 1.04 £ 0.22(stat. + syst.)
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|Vub| prospect

Statistical Systematic Total Exp  Theory Total
(reducible, irreducible)

|Vus| exclusive (had. tagged)
711 fb~ 1 3.0 (2.3, 1.0) 3.8 7.0 8.0
5ab~ 1 1.1 (0.9, 1.0) 1.8 1.7 2.
50 ab™ ! 0.4 (0.3, 1.0) 1.2 0.9 L7
|Vus| exclusive (untagged)
605 fb~! 1.4 (2.1, 0.8) 2.7 7.0 7.5
5 ab 1 1.0 (0.8, 0.8) 1.2 1.7 2.1
50 ab~ ! 0.3 (0.3, 0.8) 0.9 0.9 1.3
| V| inclusive
605 fb~ ! (old B tag) 4.5 (3.7, 1.6) 6.0 2.5-4.5 6.5—7.5
5ab ! 1.1 (1.3, 1.6) 2.3 2.5—4.5 3.4-5.1
50 ab 1 0.4 (0.4, 1.6) 1.7 2.5—4.5 3.0—4.8
|Vus| B — 7v (had. tagged)
711 b1 18.0 (7.1, 2.2) 19.5 2.5 19.6
5ab 1 6.5 (2.7, 2.2) 7.3 1.5 7.5
50 ab~1 2.1 (0.8, 2.2) 3.1 1.0 5.2
|Vus| B — v (SL tagged)
711 b1 11.3 (10.4, 1.9) 15.4 2.5 15.6
5ab ! 4.2 (4.4, 1.9) 6.1 1.5 6.3
50 ab~! 1.3 (2.3, 1.9) 2.6 1.0 2.8

2022/03/15
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®,: b ccs, Belle Il prospect

B J/Y Kg @ 50 ab*: Systematic uncertainty dominates.

« Penguin pollution is not negligible @ 50 ab™: constraint from b - ccd such as

B° -, J/Y 1° or other SU(3) related modes.

Belle B°- JIy K‘S’ PRL, 108, 171802 (2012)

Swre = +0.670 £ 0.029(stat) £ 0.013(syst),  sin(2¢,) = 0.699 + 0.017 (world average)

Ao = —0.015 £ 0.021(stat) T (053 (syst).

Ultimate sensitivity

Assume 50%
improvement on
vertexing related

use only leptonic
categories in flavor

Refer to Belle syst, tagging
by Belle Il
on B°_ JIy Kg No Vertex Leptonic
@50 ab* improvement improvement categories
SJ/ng (50 ab_l)
stat. 0.0035 0.0035 0.0060
Irreducible syst.: syst. reducible 0.0012 0.0012 0.0012
Alignment of the syst. irreducible 0.0082 0.0044 0.0040
vertex detector Aypxco (50 ab™T)
stat. 0.0025 0.0025 0.0043
syst. reducible 0.0007 0.0007 0.0007
syst. irreducible fg:g%g fg:gﬁ 0.011

Belle Il Physics Book PTEP 2019, 123C01
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P, b - ccq, Belle Il prospect (cont'd)

« b_-ccs @ 50 ab™.

. & (CP eigenstate) = -1: B°-J/y KQ, B> (2S) K3 , B x, K2 .

¢ (CP eigenstate)

=+1:B°LJ/P K,

« Other b- ccX modes: B y(X) K, B°~J/yp V, B~ DODO- .

Belle all b - ccs

Sees = 0.667 £ 0.023(stat) £ 0.012(syst),

Agzs = 0.006 & 0.016(stat) & 0.012(syst),

sin(2¢,) = 0.699 £ 0.017 (world average)

Assume 50%
improvement on
vertexing related

use only leptonic
categories in flavor

Belle Il sensitivity
onall b-ccs
@50ab!

Refer to Belle syst, tagging
No Vertex Leptonic
improvement improvement categories
Sczs (50 ab™ 1)
stat. 0.0027 0.0027 0.0048
syst. reducible 0.0026 0.0026 0.0026
syst. irreducible 0.0070 0.0036 0.0035
Aczs (50 ab™1)
stat. 0.0019 0.0019 0.0033
syst. reducible 0.0014 0.0014 0.0014
syst. irreducible 0.0106 0.0087 0.0035

2022/03/15

Belle Il Physics Book PTEP 2019, 123C01
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sin(2g " for b - sqqg penguin

2022/03/15

sin(2[3° M =i n(2(|)

P

‘Morlmnd 2021
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b—:»ccs
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nK°
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@, Isospin analysis

2022/03/15

Im(A),

with these relations on
amplitudes hold:

iA-l-— L AD0 g0

V2

Yun-Tsung Lai (Kavli IPMU) @ 2022 Spring JPS



@,. Belle Il Prospect

« S(m°m®) would reduce the ambiguity in @, determination by a factor of 2 or 4,
depending on the measured central value. |

O
[

—

(85.2*48)° by World average (HFLAV)
(91.87%4)° by Global fit (CKM fitter)

Belle Il combining all pp + 1trt + S(1t°mP):

« @, sensitivity ~ 0.6° @50 ab™

C |_PDG 2021 |7
| .
0.8}
0.6
04F
02F
0: : : '
0 50 100 150

* Other prospect: All B - ptt by B - 1trtrt amplitude analysis.  phys. rev. b 48, 2139 (1993)

All TtTt

-
&

1
—

2

0 30 60 90 120 150 180
Black solid: Belle ¢, )
Blue filled: Belle Il @ 50 ab*

extrapolated from Belle's.

All Ttt
1- S om0 '
© - 083 A
08 . 040 1!
06 |06 ,'ljg
[ 00 ,\r;:
04r .' JI'
I S
0.2} HH
i I
OL-\ | | L B
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2

Dashed: Belle Il +
S(m°m®) @ 50 abt

0, ()

All pp + TITT

|
|
Il
[
I
[
I\
[\

o
o N
]
P\\
k

\\__
C

%

I

|

L

r

I

¢, ()
Dashed: Belle II, S(1t°mrt®) = 0.75,
S(p°p®) =-0.14 @ 50 ab™
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@, measurement methods

* Main methods based on different D decay modes:

* CP eigenstates (GLW): PLE 253, 483 (1991)
K*K-, 1 (CP-even), K2, K2n (CP-odd). "~ #7249

* Cabibbo-favored and doubly-Cabibbo-suppressed decays (ADS):

K* + n1t PRD 63, 036005 (2001)

* Self-conjugate three-body decays (GGSZ): rro s, 054018 (2003)
KZh*h- with amplitude analysis
Golden mode for Belle Il

. Sj)ngIy-Cabibbo-suppressed decays (GLS): rro 67071301 (2003)
KsK'TT

2022/03/15 Yun-Tsung Lai (Kavli IPMU) @ 2022 Spring JPS



@, Belle 1l prospect

World average

e Current limit: D°_ Ki1trt dominates

« (78712)° by Belle 1 v

« (69 jg)o by BaBar PRD 87052015 (2013) ('Tll) | Ili
o o LHCb-CONF-2018-002 — 0.8 BoDK ]
(671423 Py LHCD i conF-2020-003 3 Y TS

* (66.2 .5%)° by World average (HFLAV) 06F %gzg{ 7
* (65.6 '22)° by Global fit (CKM fitter) : T
' O | 68.3% 1

C b 95.5%

0 el R RS DN !
0 50 100 150 200

v [°]

. Belle Il prospect: @, sensitivity in Belle Il using GGSZ

* Neutral reconstruction: a0
More D decay modes at Belle II.

« Strong phase: external input from BES-III.
e Assume 10 fb! ¢(3770) data from BES-III,

expected by Belle II: or
0¢,(50 ab*) = 3° using GGSZ o
0¢,(50 ab™) = 1.6° with other D decay modes. -

Amount of Data [ab]
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