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ill it do?

O Precision CKM metrology =» Standard Model (SM) candle
 New CP violating phase? =» CP violation in B and D decays

[ Any imprint of new physics in FCNC transitions? =» radiative and electroweak
penguin decays

8 x 103 cm2s-!

SuperKEKB,

L How about charged Higgs
boson? =» study tree-level
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B decay to the tvor D™ty <
= 34
final state 2 107" ¢
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O New physics in tau sector ~ § 107 ¢ T ; B
TEVATRO
=> search for lepton flavor 7§ 192 ASRye®®® g il 4 /BEPC2... .|
1t a ooe® » TRISLAR® ¢ 27 /
violating (LFV) tau decays 03t ,’/’/—"LQ 57 LE})‘”:% sl
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d Can we probe dark matter g3 o« Tsms -
° . 000 /
from bottom? =»hidden 2 7 ¢ ' | | |
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- ST (@ SuperKEKB will address these questions with almost

Belle I

two orders of magnitude larger dataset than Belle+BABAR



b is rocking?

Observables

Expected the. accu-
racy

Expected
exp. uncertainty

Facility (2025)

UT angles & sides

o1 [°] bk 0.4 Belle II
é [°] *x 1.0 Belle 11
é3 [°] ok 1.0 LHCb/Belle 11
|Ves| inel. M 1% Belle II
|V, exel. ok 1.5% Belle 11
|V incl. *x 3% Belle 11
[Vs| excl. *x 2% Belle II/LHCb
C'P Violation
S(B — ¢oK?) s 0.02 Belle 11
S(B— 'KY) ok 0.01 Belle 11
A(B - K7%)[107?) e 4 Belle 11
AB— K+17) [1072 i 0.20 LHCb/Belle 11
(Semi-)leptonic
B(B — Tv) [107] *x 3% Belle 11
B(B — pv) [1079] *x % Belle 11
R(B — Drv) i 3% Belle 11
R(B — D*1v) i 2% Belle II/LHCb
Radiative & EW Penguins
B(B = Xg) ** 4% Belle 11
-2 dok¥
Acp(B — X a7) [1072 0.005 Belle 11
S(B — K27%) ok 0.03 Belle 11
S(B — py) *x 0.07 Belle 11
B(Bs — 7v) [107] * 0.3 Belle 11
B(B — K*v7) [1079 ok 15% Belle 11
R(B — K*¢£) ok 0.03 Belle 1I/LHCb
Charm
B(Ds — ) k¥ 0.9% Belle 11
B(D; — 1v) ¥ 2% Belle 11
Acp(D° = K27%) [1072]  ** 0.03 Belle 11
lg/p|(D° - Kgxtm™) ok 0.03 Belle 11
Acp(DY - wta0) [1072]  ** 0.17 Belle 11
Tau
T — wy [10719] b <50 Belle 11
T — ey [10719] e < 100 Belle I1
T — ppp [10710) ek <3 Belle 1I/LHCb

1=~ Belle II physics book

d

DO

arXiv:1808.10567
(10.1093/ptep/ptz106)

Left table lists observables
where Belle II has an edge
over LHCDb and vice versa

Great for final states with vy,
n® and v(s) = thanks to the
clean e*e™ environment
Good K2 detection coverage
Similar performance for the
electron and muon channels
= low-energy collisions
Inclusive analysis possible
= control on kinematics
Advantageous to search for
LFV tau decays
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ﬁ RK and RK”

Or teasing?

> DO like-sign di-muon

charge asymmetry
ﬁ RD and RD'
|Veb| inclusive
— exclusive tension

|Vub| inclusive

_> exclusive tension

B~ K*up
ﬁ angular (P,")
(9-2),
BR(B, - ®hy)

g'le

1 2 3 4
significance (0)

=~ Should be able to either confirm or refute many of the flavor
anomalies, especially the IITH favorite one R ()



I@ﬁgw Frontier machine

(] Targets to deliver e*e™ collisions at a peak luminosity of 8 X 103> cm™s™,
40 times that of KEKB

<> Increase beam currents twice

<> Reduce beam size by 20 times

KEKB SuperKEKB
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Belle Il Online luminosity Exp: 7-8-10-12 - All runs
Integrated luminosity 74 fb—1 [
| W= Recorded Daily o
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L Reached Sy = 0.8 mm by end
of last run in July

O Aim at squeezing f3;, down to
0.6 mm in coming Autumn run

=" Final design luminosity requires
By to jump to 0.3 mm

[ Currents achieved: 880 (940) mA for e* (e”) beam = need 3 (4)X scale up
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we gone?

Phase 1 (2016): single beam background study

Phase 2 (2018): beam commissioning (establish
nano-beam scheme, reach the KEKB luminosity,
and measure beam backgrounds) as well as for
doing some physics with partial vertex detector

Phase 3 (2019 — ...): physics run with complete
vertex detector
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</ A 215 centur¥ HEP experiment

=" Designed to operate with a performance similar or better than Belle, but
in @ harsh beam background condition

K, and muon detector (KLM):
Resistive plate counter (barrel outer); plastic
scintillator + WLS fiber + SiPM (barrel inner

P u~ twg layers and endcap)

Csl(TI) crystals, waveform
sampling readout

[EM Calorimeter (ECL):

Particle identification:
ime-of-Propagation counter

(barrel); Proximity focusing
Aerogel RICH (forward)
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| Vertex Detector (VXD): 2-layer ]

|

.

He(50%)+C2Hs(50%), small cells, long

lever arm, fast electronics pixel (PXD) + 4-layer micro-strip (SVD)

8



Barrel PID (imaging TOP): JP, US, Sl and IT

=~ Example of Cherenkov-photon paths for 2 GeV
pion and kaon traversing in a TOP quartz bar

micro-channel-plate (MCP) Incoming
PMTs; 512 channels; 50 ps 7 /K track
resolution

Cherenkov angle:

_ Photon from ™+
cos b = 1/nf Photon from K™

Quartz bar (length = 2600 mm, width = 450 mm, thicness =20 mm)
VXD (6 layer Si for vertexing & inner tracking) === even useful for particle ID

Beam-pipe r=10mm
DEPFET pixels: DE, CZ, ES...
Layer 1 r=14 mm

Layer 2 r=22 mm (2/12 now, rest in 2021)

- Layer 3 r =38 mm (AU)
~~Layer4 r=80mm (IN)
Layer 5 r=115mm (AT) $FWD/BWD: IT
Layer 6 r =140 mm (JP)




(D ® )
/> worked ing Covid-19
Belle IT
KEK-campus
i Beam background HYV ctrl e N Y
(SpeakApp)  (RocketChaf) Belle Il Exp Hall Sub-system expertsj
~ ~ §_§ §“<“, ?Q\PP
(Accelerator ctrl room Another bidgV & Ctrl room ) A Safety)} AU
papa W o m hd shift Remote ctrl
m H -y £ h o gt =l o TOOM shift
NT "7 "l P \—. e R —— VPN
KKCG (SuperkEKB CG) BCG (Belle Il Commissioning Group) o

O SuperKEKB/Belle II continued to operate even under pandemic while ensuring
a minimum risk of infection

[ Minimize p-2-p contact and avoid 3C {

» Remote control room and expert shifts
» Travel restrictions (~40 Belle II colleagues onsite)
» Liberal online meetings

Closed space
Closed places
Close-contact setting

O Proper hygiene (face mask, alcohol disinfection, ventilation, ..

)

10
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Early redisc

y at phase-2

o —T— 5 ‘geooo}‘ s T B
§ 150 I Belle II L dt =5 7 2 E Belle Il 2018 (preliminary) | _|_ Data .
5 =~ p — —_ C_ .
8 i 2018 (Preliminary) f i D 472 fb 1data used ;50005 ILdtzzsopb" — Fit 3
= i { + E >0.15GeV - . 8 4000~ -
e ! h for the rediscovery & | £
S b —+4Data N ' i 30001 - = (497.159 £ 0.013) MeV/c*—
i ] B ~ .
= i f ' ] Of known processes 2000 0= (0.462:20.075) MeVic® -
£ osl o *, 5 ]
< L v i A M) 1000 3
- M"’VM* T E\ LT L PRI RS R S I A e ]
i 1 & QOur team has made 0047 048 049 05 051 o0&
00t b v vt . . 0 m(n'r) (GeV/c?)
0.08 0.10 0.12 0.14 0.16 0.18 good contribution Ke = 1t 1T
0 m,, (GeV/c?)
T =YY o
2 80 u = 3.0901:0.0012 |
o E Belle Il 3
G 70 -
N E 2018 preliminary nbkg = 893 + 32 =
FLA S U S P I e e s g 5 60F N £
L [ Belle Il 2018|(Preliminary) P1= 1.7778 £ 0.0048 | S E _ 4 nsig = + ]
o 60 P2 = 0.0144 + 0.0053 g 50 J.Ldt_472 pb : —
= . P3=-23.00 +5.7 ] s F '.L E
w 50 P4=105+29 = LI 405_ : _E
= P5=3.6+43 1 300 o =
2 40 — r . 3
3 - ¥2ldof =0.7199 7 20 . E
G zof Nays = 791 = 5 ob ¥ W ; i
- ] -+ - a
20 = D _)K g1 E. I SR ULJL}LJUU:
- +Da 4 : _ | I 98 s 3 31 32 33 34
107 f Ldt =291 pb” < O D° s D)0 E M(e'e) (GeVic?)
0] T S L L . % 70;* + Belle Il 2018 (preliminary) i ]/l.lj — e e
S E ! =
_of E 60; + JLdt=472pb1 =
& o 7 %F 'I' E
_2F ‘ . . ‘ ‘ ‘ 4 E 40 =
17 172 174 176 178 18 182 184 (G gF 3
M, (GeV/c? = 3
m= w T o+ 3
Pseudomass in T — 3Ttvy | Ottty A 5
98 Te2 T84 186 188 19 192 04

M (K7) (GeV/cd)
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We also found B mesons...

4000
Spherical (R,~0) Jetlike (R,~ 1)

- —Illrlllll[llIIIIIII]ITI]1111111111]llT]]ll]]]l]ll— s
S B 1 e'¢e >Y4S)—> BB ete” = qq
<6000 3 o
2o - data - '
£ [ MC total 4 -
35000— MC BB
g MC qq
- MC 1t

Bellell 2018

3000 Preliminary - @ Event topology tells us that we are
e seeing spherical BB events
— Ldt=15pb” 1
o No140_llllilII[III:)[II;IOIIZIIIIIIIIIIIIIIIIIIII II]]_
- S | B™->D(Kn,K3r,Knn ,KK,KSn ,Ksrm)n _
T 2 [ | oo e i
1000 — 2120 — B:oD:(Kwr: Kar, }:mo)ﬁ —
E g B :"Zg*(f(‘(nt;);an)p ]
B %1 00— Bz->D*(Kruzz)P‘ . _
Ollllllllllllllllll & H : Rl LT IO L :
0 01 02 03 04 05 06 07 08 09 1 sl E
R, - Belle Il 2018 (preliminary) .
O Further proof came from the plot of 60| _[Ldt = 472pb’ -
beam-energy constrained mass: a0l .
— 2 k2 B i
My = \/Ebeam — Pp ‘ 20— —

I~ Major contributions from us 82 521 522 523 524 525 526 527 528 529

M, (Gev/c®) 12



Going from g 2 to phase-3

~ 0040 P kr—r—/—m——m—7—— T T T
g 4 CDC+SVD+PXD Belle Il 2018 (preliminary)
o (o H cocsvo + Partial VXD -
L, : ]
> 0.030 | e
< i . :
< 0025 F 045 = 12.1 pm 3
< i + .+
< 0,020 " o8 = 20.5 pm — E
i -+ ]
0.015 |- -
0.010 — —— g -
[ R —— N
0.005 | —— —— /Ldt~22pb .
0.000 U, e, T +_—:I—2— :
-100 -50 0 50 100
d, corrected for offset [pum]
25 _I L AL L L I_
I Belle Ii 2019 (preliminary) |
'g' - Full VXD :
g of 14.1 + 0.1 (stat.) um -
Ié\] 15 | :
4 — —_ —_— —1-——9—_.__._ ]
S e e
~~ | —— —— a——
"c? 10 |- N
a | |
Q S 4+ Data 7
& == Simulation /L dt=21.1pb~!
0 I R R RS B R
-3 -2 -1 0 1 2 3
=" |Impact parameter resolution twice better than Belle ¢o estimate -
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Charged kac

Provided by the PID system: mainly TOP & ARICH;
CDC also helps (SVD will also come online!)

. . — <
Performance is tested with D** — DO[K~n*]md T N
decays, where the daughter kaons and pions can © (27D decay veriex
p.E-
be identified kinematically o 200 um -
e
Doextrapolated production point  beam spot
o) ’ o 1
s 2 __
5 | 3 | i
k) - , Ko - "
E 0.8 ANh L Y E 08 ;
S -& Kefficiency (data) + r B 2 Kefficiency (data)
%) & Keificiency (MC LC>>‘ i 2 Kefficiency (MC)
S o6k Belle Il 2019 | 3 06 Belle Il 2019
2 L Preliminary 8.9 fb-1 2 L Preliminary 8.9 fb-1
] - o i
X 4 L
0.4 0.4 -
¥ 7 mis-ID rate (data) . g ¥ 7 mis-ID ratei (data
¥ 7 mis-ID rate (MC) 3 ¥ I " ¢ 7 mis-ID rate (MC)
0.2 e s s %w,}-k g’ 0.2 x -
- g : G " i _ WV —
i IIIiIIIIiIIIIiIIIIiIIII|||||||||||| O_IIIIIIIIIII 111 |||i|||i|||i|||

05 1 15 2 25 3 35 4 45 -1 -08-06-04-02 0 02 04 06 08 1
Momentum [GeV/c] Polar Angle [cos8]

= MC simulations yet to include embedded random triggers
to correctly represent beam backgrounds and electronic noise 14



Candidates / (5.0 MeV/c?)

Pull

Electron and

identification
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Belle Il 2019 Preliminary
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00 Ny = 3913 = 82

300
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3.2

é

Belle Il 2019 Preliminary

II|I
_f

1 1
[\ ]

-

fL dt=521b"

2.95 3 3.05 3.1 3. 15

Ny = 4053 = 75

i +
s
1 L1l | |

and CDC (E/p, ...)

32 ] Muons are identified mostly with

information from the KLM

3.1 3.15

3.2

2
M., (GeV/c?)

M,. . (GeV/c )

O Electron ID largely relies on the ECL
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Measurementiof D° lifetime

O Use the self-tagging decay channel D** —

DO[K

fitting performance

o O
o O

Events / ( 0.005 GeV/c?)
NN Q@
o

?.

et

Q Fit the full decay chain imposing D? mass
constraint and D* production to measured
beam spot region |

1=~ Constitutes a powerful test for the vertex

(° P
o 200 tm -
. —

D decay vertex

1.9 1.92 1.94
m, , (GeV/c?)

Tp = 370+ 40 fs

8 1.82 1.84 1.86 1.88

D extrapolated production point  beam spot

C ] ;)\ A2

r ] a 10

:— e Data Belle Il Preliminary —: -

C I signa f Ldt=03410" ] e

u Eaackground ] E

- ] c

[~ == Model 7 9 10

E L

] 1

C 1 0—1 -

Illlllllllfllllllll I|IlllllIIIIIlIIIIIIIlIllVII

- . Data Belle Il Preliminary
~ Wsional J Ldt=034f"
i [:| c& background )
E_ = Model =
— L —
~INNIRERNE RN S5 1 =

el 3
—4—3—2—10123456
)

tyo (Ps

v" Consistent with PDG (410 fs) 16



1 Samples are being
made available for
time-dependent CP
violation study

%

O AE is the difference
between Eyeym and
Ep

0.1
AE [GeV]

=~ “Golden channel” for the CKM angle § = ¢4

&)

Signal 1139+ 11.1
Background 1.3+ 0.3

0,0)

n | |
0.1
| |
Hl | BN | | |
o [ |
| | n | |
—0.1- =
| |

I 1 1 1 I 1 1 1

counts / (2 MeV/c?)

Ldt = 8.7 fo

52 522 524

526 528 53
M, [GeV/c?]

[ Belle Il 2019
[ Preliminary

I .[ Ldt=8.71fb"
30_—

i
(=}

20
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Candidates per 0.015 GeV

Candidates per 0.015 GeV

Study of ¢

| NoPID
soof  Bellell \ D Q AE distributions for Bf — Dh¥ decays
- 2019 (preliminary)  g{ ... B* — D" signal withD - K nt, K ntn®, K-t n?
500 J Ldt=515f" [ 1 == B* — DK signal . .
: =>1h P Background d Demonstrate importance of PID at high
400 . .
- momentum towards improving the S/B
3001 ratio
2005—
ool O This kind of decay channels will be
: essential to measure the CKM angle
[ I B P R T B S
—8.15 01 -0.05 0 0.05 0.1 0.15 y = (I)3
With PID AE (GeV)
90 Belle Il . ?atfal o
= o . — Total fi
sog— 2019 (prellmlnari/) | Bz N Dnzsi_gnal
70F | Ldt=5.15fb {E INCTITEE B" — DK™ signal
60 S 2 IS Background
50?
40f-
30f-
20K " Major Indian contribution
10 B T N\ I I .
= TP et SO e B o &
—8 15 -0.1 -0.05 0 0.05 0.1 0.15

18
AE (GeV)



Counts

ark sector

[ Look for the vector boson Z' that couples to second
and third generation only
"t Q Invisible decays to dark-matter particles or neutrinos
v+« [ Possible explanation for the (g-2) anomaly

O First physics publication from Belle I
PRL 124, 141801 (2020)

More to come, e.g.

ete >y X

ete- = Y ALP (—vy)

ete- = y A’ (dark photon)
Dark Z', Magn. Monopoles

limits on the Z coupling constant at the level of 510 2-1 for M(Z°) < 6 GeV/c2

107 £ Bellell 2018 e Data [ Bellell 2018 e Data

F I Ldt = 276 pb™! 7’ f Ldt = 276 pb™!
Cl L L 7’
10 F / ol _ up’
F ete— pruly) : ekl
[ ——ete— T'Tly) Toee— ()

1 E e etepty r
0 ﬂfuﬂmw
1072 107 ¢
Eloo oo Lo Lo g Ly -

| Y P | S NTIrI R PRNRTE |
i 2 3 4 5 6 7 8 o 1 2 3 4 5

Recoil mass [GeV/c?] Recoil mass [GeV/c?] M,. [GeV/c?]

Ty

Counts

L L. sy s0m CLUL
Belle Il 2018 L,L,,BF@Z— imv)=1 (obz) 90% CLUL

_ 1 —L,-L, (ensitivity) UL
fldt =276 pb ----L,-L, ,BFZ'— inv)=1 (sensitivity) UL

o [
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WR in
B—py

B—Kvv SM
discovery

B—Kee LFUV
new physics

Sure shot

Wish list

x13% =" L T e e T
T 1 e Loeak | = LFV discovery ]
'n ek et v,
B—n'Ks Y o — valy
new CP c [/t |ey<2 1 &
—_ L S Sl SN RS SRS SN JA SORS SO S S —40
2T 1
Confirm B=D*tv | -H | _:30|_
new physics 3 - 1l =
e 4 £ Q
= J20 %,
S | 1=
Resolve - S0 5
|Vub| puzzle K CTR R S R S R o U R R A A S —10
©c o
o Bk SRR
ﬂ-e S e eI I S A IO S I WP
2019 2021 2023 2025 2027
All the details are in ee—)mt( ) B—suv
"The Belle Il Physics Book” ee_)A'(xx)y Y H
\iv:1808. 10567 precision for (g-2)u discovery
arXiv: .
(10.1093/ptep/ptz106)
2021 Integrated luminosity > 0.5 — 1.0 ab-!
2022 Byto reach 0.3 mm (design value)
20235 Integrated luminosity 5 ab-!
2026 Peak luminosity to reach ~8 x 1055 cm=s! (design value)
2028 Integrated luminosity 50 ab!

Courtesy: G. De Pietro
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Prospects for de improvements

1.1

=l Short term: gj o ~ Life extended
» Replace the conventional with atomic- & ¥Rt G ALD  ooos,
layer-deposition (ALD) MCP-PMTs for & . H Conventional Y
the TOP counters | (xvmo267)
> Complete installation of PXD layer-2 S I S
» DAQ upgrade 07H i 50ah!
06|
kl 29.3;

:I [' . L PR P TR A | L
%% 105 10 15 20 25 30 35
' Accumulated Output Charge [ C/cm? |

J Medium term:

» Looking at options for making the detector more resilient against beam-
induced background and radiation bursts

J Longer term:

» Started to think about possibilities for luminosity upgrade; e.g., Belle Il VXD
open workshop http://indico.cern.ch/event/810687/

21


http://indico.cern.ch/event/810687/

1 Belle II has started to probe new physics beyond the SM at the intensity
frontier =» complementary to high-p; programs of ATLAS and CMS

L As for LHCb, there is healthy competition and complementarity between
the two experiments

Q Have already accumulated 74 fb~! data = Autumn run begins in October

 Detector and machine initial performances
have been good; we expect the road ahead
to be bit long before achieving our design

goal o

" Never Give Up
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Comparison:

S. SuperKEKB

KEKE SuperKEKB .
barameters R | HR | R | HWR [
Beam energy Eb 39 8 7 GeV
Half crossing angle ¢ 11 mrad
Horizontal emittance €x 18 24 nm
Emittance ratio K 0.88 0.66 %
Beta functionsat1P | f’/fy’ 1200/5.9 mm
Beam currents

beam-beam parameter

Luminosity

23




DU

Beam b

Belle at Belle at

+ —_— .
KEKB SuperKEKB H e_ e~ colliders are clean, however at
i high L., values beam backgrounds

can become a challenge

At the highest luminosities, QED
processes e.g., ete™ —» ete ™ (y)
andete™ - ete"ete™ dominate

LER single-beam study

Currently, single beam backgrounds are 1=450mA, beta_y* = 3mm

dominant, larger for the et beam “

> beam-gas (residual gas in beam-pipe) 3 . ]

> Touschek (intra-bunch scattering) 'g """"" £-Touschek e,

» injection-induced 510 Dy,
> “dust events” (occasional large losses) é : - Beam-gas

CDC HV trips with large background

Beam abort protection against spikes 0
due to radiation

Simulation and collimator studies

0 02 04 06 08 1 12
Touschek scaling
(beam size scan) 24



