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SuperKEKB

KEKB

SuperKEKB

100um™ ==
KEKB SuperKEKB _
parameters units
LER HER LER HER
Beam energy Eb 3.5 8 4 7 GeV
bg 0.425 0.28
Half crossing angle [0) 11 X20 41.5 mrad
Beta functions at IP | Bx"/By" 1200/5.9 ~T > 60/0.3 mm
Beam currents I XE)»
b 1.64 1.19 == 2.5 1.8 A
Luminosity L 2.1x 103 6.5 x 10%® cm2s1

Very strong vertical focusing at the interaction point (IP)
Increase beam current
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Beam Current [A]

L [10¥ emZs?)

Spec L [10%0]

Peak L 3.122[10%am?s]  @2021-06-2218:30
1917.67 / 2153.28 [/pb]

690.6 [mA]
830.5 [mA]

Current luminosity

06/21/2021 23:59 - 06/22/2021 23:59 JST

Exp: 7-18 - All runs
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2021b run ended July-5.
New luminosity world record 3.1 x 103*%/cm?sec at off-resonance set on 22" June 2021
(previous KEKB set 2.1 x 10*¥/cm?%sec on 2010).
Data taking efficiency is almost achieved ~90% by improved efficient detector operation.
The 2021a/b physics run makes statistics double. Now [L ~ 213 fb-1.

Run2021a/b

2021/1
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Beauty, charm and tau-factory,

Y(1S) Y(25) Y(3S)

<
<

Y(4S) Y(5S) Y(6S)

Vs 9.460GeV 10.023GeV 10.355GeV T

Off-resonance

10.520GeV
(fb™)
1200 ———
—KEKB ~ ——PEP-I| | v
1000 - > 1 ab™ = 550 ! g sl g
| On resonance: On resonance:
L Y (5S): 121 b Y(4S): 433 b
800 —r(4S): 711 ™" — y(3S):30 b
[ Y(3S): 3! Y(2S): 14 b
[ Y(2S): 25" Off resonance:
600 - Y(1S): 6" ~54 b
. Off reson./scan: ? ==
~100 fb! |
200
o P

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

10.580GeV 10.876GeV 11.02GeV

g(ete” > Y(4S)) =1.11nb | g(ete” - Y(55)) = 0.3nb

o(ete” - c¢c)=1.3nb

O'(€+8_ - T+T_) =0.92nb 10.750GeV
energy scan

ISR
Two-photon See talk by Junhao Yin

Exotic “Quarkonium at Belle II”
Dark sector

SuperKEKB/Bellell has a capability to cover
the just below Y(1S) and just above Y(6S).
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Belle II Detector

EM Calorimeter:

Csl(TI), waveform sampling (barrel) Ki/u detector:KLM

Resistive Plate
(barrel)
Scint.+WLSF+MPPC
end-caps)

Focusmg Aerogel RICH:
- ARICH
Aerogel+HAPD for PID

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers Pixel + 4 layers Strip

Time-of-Propagation counter: TOP
Quarz+MCP PMT '

Central Drift Chamber(CDC)
He(50%):C2He(50%), Small cells, - M
long lever arm, fast electronics Bellell/CDC  Belle/CDC




2021 July-5. Total >213 fb-1
2021 Summer shutdown

2021 Autumn run.
— Y(4S) ~400 fb-1(BaBar)

— 10.75GeV+scan for 10 fb-1 is planned.

2022 Summer ~700 fb-1(Belle)

2022 Long shutdown1(LS1)

— Full pixel in the 2" inner most layer
— TOP PMT replacement

2026 ~15 ab-1
2031 ~50 ab-1

Run plan
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o 1-prong+3-prong event

5 v
vy

T

Find a lepton and 2 good tracks with 2g,==1.
Find 4t track that passes 2q;=0.

Count the events where the probe track is
found(N4) and not found (N3):

e X A=N4/(N4+N3)

A: detector acceptance

€: track reconstruction efficiency

_Tracking efficiency

. Belle Il (Preliminary) |Lat=sam'  #Data +MC

05 '1 15 > 25 3 3.5 4 45
track P [GeV/c]

BELLE2-NOTE-PL-2020-014

After the calibration factor introduced,
DATA/MC agrees in the broad p; range.



efficiency, mis-ID probability

Particle ID

Each PID detector defines likelihood L; for each charged particle hypothesis and

the global likelihood is defined £ = I1L;. 21D Ly
The global likelihood ratio of the particle | can be defined : L, + Ly+Ly+Lg+L,
1.13 =6< 1.57 [rad], electronID > 0.9 0.82 =6 < 1.16 [rad], muonID > 0.9 D** — DO[K~m*]|m*
Belle 11 2020 (Preliminary), det= 34.6 [fb~*] Belle Il 2020 (Preliminary), [Ldt= 34.6 [fb~] KID . .
1.2 E 1.2 ; |
=
©
1.01 —_——r— -8 1.0 1 | i i
3 — ——jt e —— s & 5 i ‘ :
B 9 = = === 5 A K ID efflcnency (data)
i Q sl - A KID efficiency (MC)
: " i
= = = L e S B B Belle Il preliminary
‘ -1
0.6 > 0.6 1 o Lidt =37.0fb™
+ Jlw-e*te -gle) - i S ) i J
. co~voay=iild] Q + ee-upy- e 0.4 ; Ty
0.4 ce - eeee - £(e) & 0.4+ ee - eepy - £(1) L y 7 mis-ID rate (data)
4+ K-> -misiD{n—e) &(f, + Ks->mtn - mis-ID(m- p) . 2- v 7 mis-1D rate (MC) :
. 4 - DO(Kn)m - mis-ID (> ) LT e o 3 vov v VeveVy
| 4 D" >D°(Kmm - mis-ID(r- ) 0.2 ¥ Brad'l 7 ¥ vWyry VYV VVyy
02 (3p)T(1p) - mis-ID(1r > €) 3 TEP)ULp)= misIT=2 ) - : W%W%VVW%WV¥ Y %
b A by D*—DDO(KT'I)TI- mis-ID(K —e) #;M-.'" ——‘__F_.——-‘!'-——-‘V-- + D*—’DO(KH)IT- mis- (k=) O_r W [ | Eiaded ¢ PG FREs S FRYJH PREELGS FRDGH FELA
Vooymapogmas oy mog sl , : , 0.0 ‘_"""'1‘1!"' 2 S % . : 0.5 1 1.5 2 2.5 3 35 4 4.5
- 2 3 4 5 6 [GeV/c] Momentum [GeV/c]
p [GeV/c] prroeiic BELLE2-NOTE-PL-2020-020

Shows good PID separation.



Events / (0.0002 GeV/c?)

TO>yy

Neutral reconstruction

N2

IPY2019 preliminary

T —a o~ 90000
70000;_Belle 112019 Preliminary I Data _; % 30000?- ILdt=5.18 fb'1 i?i?ta 18000
E e gl —_ Fit | E Il Si |
Sooooijdl-Z.SZYb = E ?3 70000 EBjt-xgcnkaground 1000
F (3991.3 = 19.9) 10° candidates 18 E 14000
50000[— 1 = (132.296 + 0.005 ) Mev/c? — Background & S
E 0=(5.356 +0.013) MeV/c® 1T soo00f- 12000
19000 -~ Epteiceu e sooogE. (519:4 £2.2) 10° candidates 10000
- 32 E w=(541.5 £0.1) Mev/c? BODO
30000 — - w [y 2
- ] 300002— 6=(13.1+£0.1) MeVic
zoooo;— —; 20000;_
100002— i 10000 -
C | o 1 L 1
g 0.16 _ S ?
M,, (GeV/c) 3 0~ P— N remeedi
0 = S e AP .S A
0.5 0.55 0.6
M,, [ GeV/c? ]
Breams photon recovered
+A- +1y-
JJy—>ete Jy=>putu
B [ Belle Il 2020 (Preliminary) < 8000 F Belle I 2020 (Preliminary)
; 5000 - . S E
% ; det= 34.6 b § 7000 1 JLdt= 346fb"
o 4000 F N = 28661+ 282 o 6000 ¢ N -28923 + 206
= ; £ 5000 F
= 3000 o :
2 i $ 4000 F
s 5 anon
- 2000 < 3000 F
S © ;
% % 2000
SR + O 1000 fascce s
0 Lo sl B oS (0 O g i PP R IR LoV U B SR RPN
2.95 3 3.05 3.1 3.15 3:2 2.95 3 3.05 341 3.15 3:2

M.. . [GeV/c?

2
M., [GeV/c)

n—>3n°

o —
) § 6000 — M i
Babe ii 2030 Praliminany Il_l;ﬂ:&ﬂﬂ:. o B Belle If 2018 (preliminary) —} Data =
o 50001 ; ) -
= B _‘-L dt = 250 pb — Fit ]
2 4000 ]
< - .
| E 1
3000( - W = (497.159 + 0.013) MeV/c*]]
C G = (3.462 £ 0.075) MeV/c® 7
» dELE 2000 o 3 =
1000[— —
e L [T N R R [ -
0.47

052
m(n*) (GeV/c?)

0.51

—crystailball
- paiX
sl

051 052 053 054 055 0.5 057 058 (.58
Invariant mass [Ge\)

Large solid angle and good uniformity detector
— better reconstruction of neutrals.

Also has capabilities

* to recover Bremsstrahlung photon

* to detect isolated ISR/FSR

as well.
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Vertexing

BO>Dh lifetime measurement w/ 8.7fb-1

DO lifetime measurement w/ 9.6fb-1

BELLE2_NOTE_PL 2020 008

10°

10?
Belle i

p—
o
T TR T T T

Belle —— .4

BaBar——

t [ps]

Tpo = 412.3 £ 2.0 fs(stat only)
W.A. Ty = 410.1+ 1.5 fs

Tagged D* decays
D->Km, Knn®, Knnrw

€+

Doextrapolated production point  beam spot

-2 0 2 4

€

Candidates / ( 0.5 ps)

200
180 |
160 L
140 |
120 F
100 |
80 |
60
40
20

arXiv:2005.07507v2

Belle Il 2019, preliminary e Data
==Total fit
-1
JLdt=8.7fb -
w bb

=+ cont

............

Tgo = 1.48 + 0.28 + 0.06 ps
W.A. 750 = 1.519 £+ 0.004 ps

Pixel detector improves the vertex position resolution.



Flavor characteristics:
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B° T
D" ‘D%O 5 K
B0
[)&‘x\\
X~
B’ T

Flavor 1dentification arXiv:2008.02707

Flavor id of tag-side B-meson :By,, or By, ? Wrong flavor tag fraction w can dilute observed
CP asymmetry : A255 = ARAY (1 — 2w)

The w can be estimated by flavor specific

0_sP(*) : .
Flavor tag index : Q" rrgor decay B%->D!")h mode with q*repr

. Nor — Nsr
Unambiguous  flavor undefined Unambiguous Nowt Now 1-2w)-(1—yxy)
P l | lBO or + Nsp
tag tag
' ™ Nor: opposite flavor in Bgjg and By,
« wof ZOZZ:‘I‘Z'.';”:;W) { _:\J:Cta Ngr: same  flavorin By, and By,
g : | Xq: mixing prob.(W.A. 0.1858+=0.0011).
o
é regor Used binning the flavor tag in 7bins to avoid
E possible MC bias rreor =~ 1 — 2w;
S it H . . - ,
bl ot b e o Effective Tag efficiency:  ,¢r = Zefg, - (1 — 2w;)
Bao 4F '
2 ottt Belle ll: &opp = 338136 £1.6%
FBDT
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Candidates / (0.002 GeV/c?)

Time-dependent CPV measurement

140

BELLE2-NOTE-PL-2020-11

Belle Il (Preliminary)

120 [L dt=34.6 fb~?
100
= Combined
801 e BOS ik -)
601 I Background
¢ Data
40
20

920 521 522 523 524 525 526 527 528 529
Mo [GeV/c?]

- imi 60
— r Belle Il (Preliminary) 050 [ e
8200 L de = 34.6 fo! * { B°B N :Belle 1] (Prellmllnary) i BO
[ e t BOBYBOB® | @ 50[[Ldt=34.61b" tag
LN [BO>D~(K*n—n~)n? o i O e =
o 150 - FBY - J/yUKS(n* ) } By
= | = A0k
n L 0 :
& 100 9 30f
© I = -
i) i © :
2 sof 5 20
© I e :
© I 8 10
2 ool o
[ > o5
E 0.0 *GE-,‘ =1
< Tt S I
-8 gt)—O.S

p* At [ps] 8 -6 -4 -2 0 2 4 6 8

e At [ps]
B_'“W}/Z A(At) = J]:;OF = ]]:ITSF = cos(AmyAt)(1 — 2w)
e OF SF

B["/P BO

Az~BycAt

L
Y(4s) et
:....." e+ _
", B0
Btag
t=0

- Amg = (0.531 £ 0.046(stat.) £ 0.013(syst.))ps
W.A. 0.5065+%0.0019

I'go(At) — I'po(At) = Ssin AmAt + Acos AmAt

I'zo (At) + I'po (At)

Acp(At) =

S =sin2¢,; = 0.55 + 0.21(stat.) + 0.04(syst.)

W.A. 0.695=0.019 13



B" — K"vv decay w/ inclusive tagging

Z PP,Jv{

"‘I“'?J\W\\,L W+

£ .
b—» > 2 » 5 h—p—C p > s
wusCt UsCy
(a) Penguin diagram (b) Box diagram
® BaBar hadronic == SM prediction
®  Belle hadronic A Belle semileptonic
A

—
S
=~

limit on £ @ 90% CL

169

BaBar semileptonic

10=°

©
A ©
&) o ]
o A
A : POA
A I A : I A
: D o :
H — H

Events / v.uo

2000

1500

1000

arXiv:2104.12624 63 fb-1

Belle 11 0.93<BDT<0.95 }0.95<BDT»<0.97£0.97<BDT,<0.99f 0.99<BDT,
1t = 63fb ! i :
200 Jeai=63m 100 i Belle IT _ )
i i | 2 [Ldt=(63+9)b!
7 S 150 | : : ]
= 100°} B B' oK'
2 @ 300 1 Neutral B
B 3 2 . § [ Charged B |
0 S —— B Continuum _|
00 02 04 0.6 08 1.0 = 200 g
BDT,(BDT, >0.9) 2 ]
500 /OB =K'/ utu- MC ¢ B"—=K"J/¢,,+,-Dataj 5 100 g scaled by 2 ]
[IB*K*J/¢,+y-MC ¢ B*=K*J/y, 4+, Data i ]
B"—=K"vv MC =
0 [V, L. la. ' — s 0
0.0 0.2 0.4 0.6 0.8 i 0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
BDT,

pr(K")[GeV/c|

Unknown flavor of v.
This mode may enhance from SM expectation.

TSV~ (4.6 £ 0.5) X 107

Ktvo K§vv K*'vo K" ntvo 7vo JOup ptuw
B decay channel

Phys.Rev.D96,091101(2017)

Br(B* — K*vv) <4.1 X107>(90% C.L.) using 63 fb-1 Belle Il

Already comparable result of hadronic tag in
<3.7X107(90%C.L) BaBar Phys.Rev.D87,112005(2013)

<5.5X1075(90%C.L) Belle Phys.Rev.D87,1110103(2013),,



Axion/ALPS and Z’ search

For m, > 6.85 GeV/c? < 2
om, 5= M a . For m, < 6.85 GeV/c upper limit @95% C.L.
recoily — "5 VS = ago| Betlel 2018) e Belle Il (2018) T4, £
i JLdt = 445 po~? mm cte-—e'e~(y) [600F [iqgr=aa5ppr % | 1072 g
~ . ete —yyly) 2301 2
% (a) 777/ MC stat, uncertainty (500 [ (b) 3 | | I — S
& 300} | <20 | A g | Bellem
: 400 %l % 10—3
~ 2 0
g 2% 300 | g = s
46: 0.0 20.4 02.6 4 0.8 1.0 ;
o 200 | My lGeVic] > 104 445 pb—l
2 100}
©
S 100 |
e!ectron bea n dun wps gavz = 0
0 0 40 60 10—5 Ll ] L
ALPS 40 60 : o 1073 10-2 1071 10° 10!
2 24 2
JHEP12(2017)094 Mrecon [GeV#/c] My [GeV7/cT] m, [GeV/c?]

Phys Rev.Lett. 125 161806(2020)

L Bellell 2018 e Data 10 | Bellell 2018 e Data
107 J‘ F
Ldt = 276 pb™! _ I Ldt = 276 pb™ + T
; u'u” mode i u*e* mode
10 P :
e:er—-> ;l‘ll‘(‘{) ete— urtu(y)
) r 35 iR (Y)A ete— TT(Y)
- ,//X 1k Al % eteo et
~ <’ . _ F
\X L s Belle Il 2018 [ 1L (obs.) 90% CL UL _
10_1 é— —‘—I_LL" 3 10—3 ene Ly-L: . BF(Z'= inv)=1 (obs.) 90% CL UL _
E : = — Ly-Lr expected UL E
I J. Ldr =276 pb -—-Ly-L,, BF(Z— inv)=1 expected UL
- 102 | 3
LHL’CmOdel Bl Doy gty i ] S | ANANEEN | ANIRTE] PRSI | IR IR R | 10—4 v v by by by b by by |

Phy.Rev D89,113004 (2024) ° ' 2_ 8 ; o 1 2 8 4 5 6 7 8 o 1 2 3 4 5 6 7 8
JHEP12(2016)106 da il Recoil mass [GeV/c?] My [GeV/c?]

Phys.Rev.Lett. 124,141801(2020)
Bellell can explore large parameter space in ALPS and to exploit the favored g-2 band in L,-L, model.



Direct CPV A p(Km)

I(B° > K 7")-T(B* > K'7x") )
I'(B° > K 7))+ (B > K'7n") b->sqq transition
Measurement of 4 p(B'—K*7~) and Acp(B*—K*19) : Adcp(K7)=0.0120£0.021  Simple expectation Ad¢p(K7)~0

If Tree & Penguin are dominant.
Suffering the hadronic uncertainty

Direct CP asymmetry A.,(K 77) =

The isospin sum rule test was proposed Phys.Lett.B627(2005)82

- - 0 >/ 7.-0 0
B(K°r™) 70 B(KT71") Tho B(K '7)
Ir=Aps -+ Apo o ———B 24 . o—— =B 24, ———— =(inSM. If non-zero, evidence of NP.
< K'nm K B(]\+/T )TR+ K B([\+7F )TB+ K = B([\+7T ) )
Belle II (Preliminary)
-, 0.6 o 0.00+0.13 (World Average
% E T 00 . )
S 7 o] g ) e Ayo_o = —0.401045 (stat) + 0.04(syst), and arXiv:2104.14871
g - 63 fb-1
R = ) -0 O- SR T : oy R
=" B(B® - K°7°) = [8.51 ] Z(stat) £ 1.2(syst)] x 107°
00006 05 1 510 50
Integrated luminosity [zll)’l}
Belle 11 (Prelimmary)
0.30

I, =-0.114+0.13 Belle+BaBar+LHCb+Belle II Winter 2021

B -~ Projected wartiny withont Blle I Current W.A.(Belle+BaBar+LHCb+Bellell winter2021)

== Projected uncertainty with Belle IT

v 2
(ﬁ = I,=-0.11%£0.13
e Bellell can contribute the determination the /x,

See also Ly
arXiv:2105.04111 866
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Summary

* SuperKEKB/Bellell are running stable.

— Instantaneous L=3.1 X 103* /cm/sec recorded.

— Integrated L, .= 213 fb-1 accumulated now.

— 400 fb-1 @Y(4S) and energy scan are planned in this year.
— Deepen understanding of our detector

e Various analyses on going

— Results with better precision than Belle/BaBar will be appeared soon.



