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Talk Outline (focusing only on quark-flavor topics)
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SuperKEKB Collider

7GeV * 4GeV ,
e-ﬁ ‘ e

Positron ring

Positron damping ring

Belle Il detector
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linear accelerator
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T y=+ Sy factor

Vertical beta
function at the IP

x 20 lower By"

Target: 50 ab* (50 x KEKB) by
x 1.5 higher beam current

Consequences:

Deal with more severe
background conditions

Lower boost (B~: 0.43—0.28)

Energy (GeV) BV* (mm) e_(nm) € P v (A) | Luminosity (cm™s™)
LER/HER | | ER/HER LER/HER LER/HER |(mrad) LER/HER | x 10"
KEKB 3.5/8.0 5.9/5.9 18/24  10.13/0.09 | 11 1.6/1.2 2.11 Belle II detector
Achieved upgrade
SuperKEKB | 4.0/7.0 0.27/0.3 | 3.2/2.4 0.09/0.09 | 41.5 | 2.8/2.0 65 3




Belle II detector

New detector (only the structure, the super conducting magnets,
and the crystals of the calorimeter are re-utilized)

Identification of u+, K:

KL and muon detector

Energy of y, e*:

EM calorimeter
(CSI(TD crystals)

V)

Charged Particle Identification:

ToP (barrel), ARICH (endcap)
(Cherenkov detectors)

Clectrons (7 G
e

Production point & momentum

of charged-particles:
Vertex detector
(2 layers Si pixels, 4 layers Si strip

Ptrong ¢ 4eV)

Central drift chamber
(He-C,H))




Luminosity Status

Achieved world record in June 2020 of
instantaneous L= 2.9 x 10°*cm=2s™!

Regular data-taking since April 2019

Despite Covid-19, collected ~180 fb”
of data

Belle: 1000 fb", BaBar: 514 fb’

Already provided performance and

physics results with 35 fb! and 63 fb"!
of data

New results with 150 fb coming soon

Belle Il Online luminosity Exp: 7-18 - All runs
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Moriond 2021: 63 fb™!

ICHEP 2020: 35 fb!
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https://www.kek.jp/en/newsroom/2020/06/26/1400/

Mid-high momentum tracking performances

tag and probe with efe—1tT~

* Identify leptons on the tag-side
* Probe 3-prongs on the signal-side

» tag = 3 good quality tracks with > q = 1

» probe = look for 4th track that passes loose selections,
and conserves charge (> q =0)

"-

» Count number of events where ™
the probe track is found (N4)

and not found (N3):

where:
- eistracking . .
efficiency T

- Ais geometric
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e Data/MC tracking efficiency mismatch
compatible with zero

 Fake rate/track is in sub-percent level
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Belle 11

Vertexing performances ot
DY lifetime: K 2

* DY identified using D*—D’r* m

* Estimated vertex resolution ~ 40 um . 'I'?f"""""""""}oo . )
° 7
* Factor 2 improved t resolution @ Belle IT ~ D"extrapolated production point  beam spor = i : (ips)
(thanks to the pixel detector) o
e L ~9.6fb": t(D%=(412.3£2.0)fs, WA = (410.1£1.5) ps 2 ﬁg Ee”eff::j’:::mry 53:::.“1
. . s 140 | . bb
B lifetime: =
E 1005_
* Average distance between B vertices 200um — 130 um g o
T 40f 4 o
* Estimated resolutions © | e TN
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T~ lifetime: =
* 2x better proper decay time resolution than Belle Al

* Expect competitive results soon with only ~150 fb! AN —— 1 L)

t 3-prong [fs]



Particle identification: leptons

Using fully reconstructed events: J/\y—ee, uu

* Important for precision measurements of leptonic and semi-

leptonic physics processes
e Identification mostly driven by K -u detector, EM calorimeter,
dE/dx (central drift chamber, vertex detector)

* Similar reconstruction efliciency

* Extracted for various lepton-ID and angular acceptances

Ly

/D =
Lo+ Lo+ L+ Lr+L,

Average identification efficiency
~94% (e-), ~90% (u-), for a & mis-id
rate of 2%(e-), 4% (u-).
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Particle identification: hadrons
Using fully reconstructed event: D**—D°[K 7" [+

K /n—ID =

LK/n
L L

* Better K/m separation necessary for precision measurement of hadronic and semi-
leptonic physics parameters

* Identification driven by PID detectors, dE/dx (central drift chamber, vertex detector)

e« D*—Dr *, D°-K-m*
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@ Belle (KID>0.6): 85% efficiency, 7% fake rate
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arXiv: 2008.02707

Flavor tagging performance

B° mt
* Crucial tool for time-dependent CP violation o g -
analyses é
B° e v ot
. . D" S~
* Complex MVA algorithm that combines R
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n p
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. . ) S 200 - | Ldt=871b" —MC
* Measured effective flavour tagging efficiency of ¢ |
150
neutral B: € . = 33.8 £ 3.6(stat)  1.6(syst)% ¢
g 100
* Belle: 30.1 £ 0.4 % .
» Expectation: € .~ 37 % based on MC. N
ETE §:1 L TYVEAL XTI TRASAL 3 FAAARFRE FUAAS t+
23 2
Ceff = Z Ceffi Z i 1 B 2w Sc B T R ¥ T T R R R

. . - r
w: wrong tagging fraction 9" Trgor 10


https://arxiv.org/abs/2008.02707
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A few recent Belle II physics results



TDCPV (B—J/VK)

. B()i ‘ ) W ‘
e CPV in the interference between B%J/\I!KS and B—BY —>J/\I!KS aY

can be measured through the raw asymmetry ke )

Acp = Agp - (1 —2w) @ R(At) =
sin(AmgAt)sin(2¢1) - (1 — 2w) ® R(At)

T Measurement Ingredients

/u' . Raw asymmetry: A_"
B—J/WKq —

B B0 g | « At from the distance Az between B_,
e d Btag © At—Az/Bye

e N e « Wrong tag fraction (w) using flavor
e B9 tagger
Btag

Az~BycAt  mixing frequency: Am,

t=0

13



Belle II measurement of sin2®. /sin23

e First time-dependent CP violation measurement at Belle 11

« Decay mode: B” — J/VK  with J/{—pp, ee

e Belle II data set: 34.6 b
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40+

Asymmetry Candidates /(1 ps)

|
o
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.........................

AC = NBL, — JJUKs) T T(BL, —» J/UKs) *Amad o)
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LB - Jlw)KE(m ) BY, L0
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Bl Background
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My [GeV/c?]

Sin2¢, = S, = (0.55 £ 0.21 (stat) + 0.04 (syst)) ps

BELLE2-NOTE-PL-2020-11
WA: 0.685 = 0.019

14

2.710 away from 0 (accounting for the stat uncertainty only)



https://docs.belle2.org/record/2024/files/BELLE2-NOTE-PL-2020-11.pdf

First measurement of B°—J/{K, at Belle II

« An additional channel to provide measurement of sin(2®)

° TICP<KL) - nCP(K3>
e Signal yield of (7.3+0.4)/fb! | consistent with Belle

e Next: time-dependent analysis for CPV measurement
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First measurement of B— n’K, at Belle 11

Also covered by Radek Zleb&ik
BA_%Z i Ks
BO 0 9 cai ;

d o n
Belle Il - Preliminary Belle Il - Preliminary Belle Il - Prelimina
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° S 5
2 2 S af
g o L !
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4 2 0 2 4
Cont.Suppr. discriminator
This analysis 6WOI‘1d average , p enguin dominated mode

Channel B (x10°) - DCPV ; 1tob

T 7 3.4 e Hence T 1S expected to be
BY 1K 63.4 T35 (stat) &+ 3.4(syst) 70.4 £ 2.5 -~ P

0 .y R sensitive to NP
B” = n K~ 59.9 "= (stat) & 2.7(syst) 66 £+ 4

BELLE2-CONF-PH-2021-007 arXiv:2104.06224
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https://arxiv.org/abs/2104.06224
https://docs.belle2.org/record/2335/files/belle2-conf-ph-2021-007.pdf

Prospects for sin2®. /sin23 measurements

PTEP 2019, 123CO01

WA (2017) 5ab™! 50 ab™!
Channel o (S) o(A) o (S) o(A) o (S) o(A4)
J /YK 0.022 0.021 0.012 0.011 0.0052 0.0090
»K" 0.12 0.14 0.048 0.035 0.020 0.011
n'K° 0.06 0.04 0.032 0.020 0.015 0.008
wK 0.21 0.14 0.08 0.06 0.024 0.020
Ky 0.20 0.12 0.10 0.07 0.031 0.021
Km° 0.17 0.10 0.09 0.06 0.028 0.018
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

Belle II measurement towards ®,/o
Detail covered by Ching-Hua Li

B+ Bt-ntn®
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10 e R TR TR e v T
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e PR g O .
T B Y i o 3.]15 Probes z° reconstruction and PID.
A e
Benchmarks PID and AE resolution. B(B* — xtr°) = [5.5%59(stat) = 0.7(syst)] X 107°

.%(BO 5 Jl'+ﬂ'_) = [5.8 = 0.7(stat) + 0.3(syst)] X 106 ACP(B+ —3 7Z'+7l'0) = —0.04 £ 0.17(stat) = 0.06(syst)

arXiv:2105.04111
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https://arxiv.org/abs/2105.04111

Belle II measurement towards @, [ ariv210403628

e Measured via the interference between B~
— DK~ and B~ — DK~ with various DY

final states: B DK
. KK+ et 070 Vs &

CP modes: KTK*, n™n*, K/'n P— Mﬁ .
e« DCS modes: K*rn—, Ktn " b, & ¢

B-O Veb ODU
o Self-conjugate modes: K/ n*, KK K7, b
Ore — e 470
Rymomrm AsuPPr- (B~ — DOK ™)

— rBei(68_¢3)

Afavor.(B— — DO K—)

e« B-—D(K/n*n~)K- is the most sensitive
channel to determine &,

19


https://arxiv.org/abs/2104.03628

Results of B — D®}

g 160 Fgeile It (preliminary) B D”(K”Sﬁ-f)n'
140 _ 1 pion enhanced
e J L dt=62.8 b Data
I veee- B = D'
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B — DE(K;T:_I")H

using 62.8 fb~! of Belle II data
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& 505 . .
ok  Simultaneous fit for B— Dh (h = n/K)
2f " « Improved AE resolution - better
] DK/Dm separation than Belle
= 5
Y ikl L~ "~ . Expected precision: 6@, < 1.5°

predominantly from GGSZ D—K m*m~

45 E-Belle I (preliminary) B — D”(K‘;n'n*)h'

2 8
% ;g ;:ILdt=62.B b %ng;éla;fd % 40 %IthGZ.S i kaon enhanced
5 14 | ceeee B = D' o
@ 2yl R BB background

12 _J} -}---- g background

A

4 EA il

S -0.1 -0.05 0 0.05 01 0.15 _50 01 02 03 04 05 06 07 08 09 1

AE (GeV) c
B~ —DY(K~n")h~ B = DYKdntm)h~  BY— Dth~ B~ — D*h~ B° — D*"h™
RWHT/O(x1072)  7.66+0.55 "5 6.32+0.81 709 9.224+0.58£0.09 6.80£1.01+£0.07 5.99:£0.82 1)}

A4
I'(B—DK)/I'(B—Dn)

Results are compatible with the world-average values arXiv:2104.03628
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https://arxiv.org/abs/2104.03628

Semileptonic and leptonic B decays:

|Veb| from B—D*lv (untag)

« Signal extracted using cosb, distribution

« B(B"—=D"1'v) = (4.60 4 0.05(stat) 4- 0.17(sys) + 0.45(w_))%
(consistent with PDG)

arXiv:2008.07198

5000 B°—»D T~ U,

|Veb| from B—D*lv (tagged)

o Signal extracted using m* _ distribution

e Hadronic tag using full event interpretation
(FEI) algorithm

« B(B'=D"Tv) = (4.51 £ 0.41(stat) + 0.27(sys) + 0.45(w )%
(consistent with PDG) arXiv:2008.10299

|Vub| from B—rlv (tagged)

« Signal extracted using m* . distribution

» Hadronic tag using FEI algorithm

« B(B'—rlv) = ( 1.5840.43(stat)+£0.07 (sys))x 10"
(consistent with PDG)

arXiv:2008.08819

Events / (0.53)
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o
e
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T T
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= B8 background |
B Continuum
3 Data

7+ MC unc.

Belle II Status

Detail covered by Qi-Dong ZHOU
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https://arxiv.org/abs/2008.07198
https://arxiv.org/abs/2008.10299
https://arxiv.org/abs/2008.08819

One of the hot topic of Belle II:

B—D'tv a powerful probe for new physics

= Obprem | [ P ) L L L I
L 5 e
() - 2 _ - o B Belle Il Projection . . ]
E?./ 0s = [ HFLAV average Ay = 1.0 contours B 0.45 o g:::l’erombination (not includes extrapolatlon —
C LHCbIS ] fEmmc of latest Belle study) 1
B BaBarl2 3 0.4~ - SMprediction: PRD92 054410 (2015), PRD85 094025 (2012) —
0.35 3 — 5 =
u Cb18 ] - =
03 = = [= =
- _ . 0.3F -
0.25 C_ b Belle19 — Bellel5 — B ]
E Bl - 0.251 e —
L verage o redictions HFLAV = - =
: R(D*)=0‘258 +0.005 P(xl) =27% : O 2 i s Vo Vs G W 4V 0 e o B W e Vo il ko e e
| N T S S S e 0.25 O. 035 04 045 O 0.55 0.6
0.2 0.3 04
R(D) T R(D)
(+) < .
* - —
R(D(*)) B(B — D ’TV) (l W .o V. 70 .
- =G, /J’ ) b c e
B(B — D®Iv) v, b e ¢
q q9 4d q

* 3.1o discripancy
* Sensitive to new physics models through charged Higgs and leptoquarks at tree level diagram
* Belle II will validate the excess with better sensitivity 22



Semileptonic and leptonic B decays: Belle

II Target

07 —— , [ ——
8 ! Anrly & A : .
* Precise measurements of the CKM matrix 06 Ea 50 ab! o | b it E
element are crucial for pinning down the 0s f—Es.n E Y \ =
allowed level of CP violation in the SM W EE eclyotom 3
1= 8 .
« Anomalies in [V |, |V_ |, B=+D"1v needs to be £ i &
understood 02 |— 2 .
- Vu _:.'
e Purely leptonic modes are Belle II focus for B ! J .
luminosity > 1 ab! %004 l-al.z T o0 o.‘z ' ' o.la ' ' o.ls — olz 1-.0
p
Observables Belle Belle II
(2017) 5 ab~1 50 ab~1
V| incl. 4221073 (1 £ 1.8%) 1.2% —
V| excl. 39.0- 1073 - (1 £ 3.0%ex. = 1.4%,.) 1.8% 1.4%
|Viup| incl. 4.47-1077 - (1 £ 6.0%ex. £2.5%n.) 3.4% 3.0%
V| excl. (WA) 3.65- 1073 - (1 + 2.5%ex. £3.0%n.) 2.4% 1.2%
B(B — 1v) [1079] 91 - (14 24%) 9% 4%
B(B — pv) [107°] <17 20% %
R(B — D7v) (Had. tag)  0.374- (1 + 16.5%) 6% 3%
R(B — D*rv) (Had. tag) 0.296 - (1 + 7.4%) 3% 2%

The Belle II Physics Book, PTEP 2019, 123C01
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006

R(K) prospects at Belle II

First Belle Il measurement of B* - K*[*I~

Signal yield extracted with 2D ML
fit to Mbc and AE: 8.6J_’§':g(stat) + 0.4(syst)
Significance: 2.7 sigma

Peaking background from Bt — Ktztz~

Prospects for R(K)

Measurement is going to be statistically limited for foreseeable
future with leading systematics due to lepton ID~0.4%

In order to confirm LHCb’s R(K) anomaly (5 sigma) need at
least 20 ab-

[The Belle II Physics Book] 3 8
< 03— ¥
S O S 18 g | Belle Il 2019
S 16~ ¢+ Daa Belle Il g 16 ¢ Dam Belle Il 0.25[— 3@yt + Projections for R(K)
% 145 — Fit preliminary S . — R preliminary Eii ‘»::. = =
E, signal _ A T T meae Signal _ 1 - O =i @2 € (0.1,4.0) GeV2
% 12 Combinatorial Background Ldt = 62.8 fo ;; 12:_ Combinatorial Background Ldt = 62.8 fb 02? \:»:" e T C S R e q2 e( e ) 9 2
% 10 I Peaking Background . o o o 9 10:_ I Peaking Background 2 s C ‘;;(' HESS q2 €(4.0,8.12) GeV
o B"—-KI'l S F B"->K'I'l 0.15 o, N w2 €(1.0,6.0) GeV?
5 8 g 8 Lt SN ¢ >14.18 GeV2
g 6_ 8 6:_ : I.(.J’r. " "
&) o E 0.1+ Py
Rtinil Ve 4Ll ! 1N
2k T1 Tl I 25 Aol - : : e
,::):'J-IJJ.|T |T|: Lho el 0j '-1.1.14--~I"‘_L i o S i e LLL o 0'05—
52 521 522 523 524 525 526 527 5.28 529 -0.1 -0.05 0 0.05 0.1 0.15 0.2 E : : :
M, [GeV/c?] AE [GeV] ot L 1 1L L
1 10
_ 2 — 2 — _ Integrated Luminosity (ab™)
Mbc - \/Ebeam - | Pp | AE = EB Ebeam
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Search for Bf¥—K*vv decays using an inclusive tagging

Jﬁf H

method at Belle 11

e SM branching fraction of B*—K*vv: (4.6£0.5) x 10~°
(arXiv:1409.4557)

* Best upper limit by BaBar

 Belle II inclusive tag
e New method
o Signal track with highest p_

* Inclusive tagging method = 4 x higher signal efficiency than before

* Analysis validated in B— J/1p K decays with J/1p excluded from

reconstruction

* Signal extracted using a binned ML fit to on- and
off-resonance data with 175 nuisance parameters

e 90% CL upper limit: 4.1 x 10?
e Submitted to Phys. Rev. Lett (arXiv:2104.12624)

u, ¢, t

a) Penguin

diagram

u('t

) Box diagram

Data vs post-fit predictions in CR1 + SR

0.93<BDT,<0.95 | 0.95<BDT,<0.97 : 0.97<BDT,<0.99 099<BDT, ]
1 o 5

Belle IT prelim.inary
f[edt=(63+9) !

‘N B oKtur

4(2 :J Neutral B ]
=} - Charged B ]
g :HEl Continuum |
B 200 ¢ Data =
100 scaled by 2 ]
0
0.5 2.0 24350520 24350.520 24350520 24 35
pr (K1) [GeV/c]
2 Observed limit on
Experiment Year BR(B* — K*uvD) Approach Data [fb—l]
<1.6x107 SL + Had
BAB 42
AR 2013 [Phys.Rev.D87,112005] tag 2
<55x107
711
Bells 2033 [Phys.Rev.D87,111103(R)] Hnd ey
<19x107°
Belle 2017 [Phys.Rev.D96,091101 (R) ] L-tag e
2 Inclusive
Belle II | 2021 <41x107° t“ 5 63
preliminary ag
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https://arxiv.org/abs/2104.12624

Luminosity Prospects:

e Goal: 50 ab™! by next decade

e Short-term plan:

> By summer 2022: 720 fb-1 (~ Belle
dataset)

> Summer 2022-spring 2023: full new pixel
detector installation — important to
maintain good vertex resolution at high
luminosity

e Long term plan:

> By 2026: ~15 ab -1 (~ 20 x Belle dataset)

> 2026: QCS/IR modification necessary to
reach design luminosity

Peak Luminosity [x10* cm?s™]

10

co
I

— Lpeak After IR upgrade

[ —Lpeak Before IR upgrade | | — Int. Luminosity
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Big Picture

« The SM is very successful but leaves unanswered questions

e The Belle II experiment at SuperKEKB aims to probe new physics
beyond the SM with ultimate precision measurement of heavy tlavor
decays by taking the performance to a new level:

— 50 times integrated luminosity wrt. previous record
— 21* - century detector technology
— Probing new physics with unprecedented precision
e Early results demonstrate the full operation/processing/physics chain

e Look forward to new physics results from Belle II !
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More results not covered

e Radiative and electroweak Penguin B decays

e Study of B —-K*~ decays at Belle II === BELLE2-NOTE-PL-2019-021

e Dark sector (See talk by Laura Zani)
e Search for an Invisibly Decaying Z’ at Belle 1] = Phys. Rev. Lett. 124, 141801 (2020)

e Search for Axion-Like Particles at Belle I === Phys. Rev. Lett. 125, 161806 (2020)

e T'au thSiCS mmm) (Covered by Robert KARL "Tau mass measurement and tau physics prospects at Belle 11"
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
https://docs.belle2.org/record/1593/files/BELLE2-NOTE-PL-2019-021.pdf
https://indico.ihep.ac.cn/event/12805/session/42/contribution/159/material/slides/0.pdf
https://indico.ihep.ac.cn/event/12805/session/43/contribution/169

THANK YOU!
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