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Origin of Mass

Unification of Forces

New Physics
Beyond the Standard Model

~GeV
b quark

d Provides a unique probe to unravel deeper mysteries of universe
with intense sources and highly sensitive detectors



First-generation

flavor factories
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(d Success culminated in 2008 Nobel prize in Physics

d Rich legacy left for next-gen expt. EPIC74,3026 (2014)



So, why anothe flavor factory?

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

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

8 x 1035 cmzs1

d How about charged Higgs o~ 4930
o SuperKEKB
boson? =» study tree-level g 05| / HL-LHC
B decay to tv or D7y T | KF;KBLHC
final state 2 107" :.! i y
L E 103
O New physics in tau sector 5§ 10 e S
TEV TRO
=> search for lepton flavor 7§ 192 153,.-" wa /BEPC2..
violating (LFV) tau decays "~ | CTRISE 3 Vit
0% o voORIS Lfyzt e
- 95 L0 o8 )
O Can we probe dark matter g0 <, 7 oo & 0 PO
from bottom? =»hidden ~ _ » 2 S 0 | |
dark sector (C. Hearty) 1970 1980 1990 2000 2010 2020

Year

= ¥ ) SuperKEKB will address these questions with almost

Belle IT

two orders of magnitude larger dataset than Belle+BABAR




Snapshots of w

<A can achieve?

Belle IT

@ From Belle II physics
book

arXiv:1808.10567
(to appear in PTEP)

Precision CKM metrology

Direct and mixing-induced
CP violationin B decays

Radiative & electroweak
penguin decays

Vibrant charm program

Observables Expected the. accu-  Expected Facility (2025)
racy exp. uncertainty

UT angles & sides

o1 [°) Hkx 0.4 Belle 11

b2 [°] o 1.0 Belle II

#3 [°] ¥ 1.0 LHCb/Belle I1

|Vep| inel. k¥ 1% Belle 11

|V,3| excl. ¥ 1.5% Belle 11

|Vp| incl. **¥ 3% Belle 11

|V,p| excl. * 2% Belle II/LHCb

CP Violation

S(B — oK) ok 0.02 Belle 11

S(B— 'K ok 0.01 Belle 11

A(B — K°7%)[107?) Tk 4 Belle 11

A(B— K*n™) 1072 ok 0.20 LHCb/Belle 11

(Semi-)leptonic

B(B — 1v) [107] *x 3% Belle 11

B(B — pv) 1079 *x % Belle 11

R(B — Dtv) ¥ 3% Belle 11

R(B — D*1v) k¥ 2% Belle II/LHCb

Radiative & EW Penguins

B(B — X.v) ** 4% Belle 11

Acp(B = X, gv) [1072] %% 0.005 Belle 11

S(B — K2n%y) ok 0.03 Belle 11

S(B = pvy) ** 0.07 Belle 11

B(Bs — ) [1079] *x 0.3 Belle 11

B(B — K*vp) [107] i 15% Belle II

R(B — K*£f) i 0.03 Belle 11/LHCb

Charm

B(Ds — ) ¥ 0.9% Belle 11

B(Ds; — Tv) ¥ 2% Belle 11

Acp(D® - K279 [1072]  ** 0.03 Belle 11

lg/pl(D° = Kontn™) k¥ 0.03 Belle 11

Acp(Dt - 7ta0) 1072 ** 0.17 Belle 11

Tau

T — y [10719] ek <50 Belle 11

T — ey [10719) x < 100 Belle 11

T — ppp [10719) ek <3 Belle 1I/LHCb

Search of LFV tau decays

} (Semi-)leptonic B decays




IQiM Frontier machine

[ Targets to deliver ete™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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» First new particle collider after LHC!



Total integrated luminosity per Day [fb~?]

Belle Il online luminosity Exp: 7-8 - All runs

» Phase 1 (2016): single beam background study
"_ O Phase 2 (2018): beam commissioning (establish
nano-beam scheme, reach the KEKB luminosity,
and measure beam backgrounds) as well as for
doingsome physics with partial vertex detector

Integrated luminosity [fb~?
230 ntegrated luminosity [fb~*] QCS quench
EEm Day per Day

m— Total

Total [ £ dt =6.49 [fb1]

0.25 A

0.20 4

Recovery from
9191 fire near LINAC

Total integrated luminosity [fb~1]

[ Phase 3 (2019 —...): physics run with complete

0.05 4

vertex detector
5 ;‘)@’ Qb\é\ Q&(\ Qﬁ\c’ 0‘1\%\’ Qb\ 'é i 1 1 1 I .I T 1 1 I T 1 1 1 I T 1 1T 1 I LI l L I L ]
& & & & & & S PEP
‘O_I?SPEAR e LEP BEPC VEPP-2000"""""pPhase 2.0 B
* _ : = " PETRA ee ¢ ® (LER) ]
d Reached 3y, =33 mmin 2018 i |
Y [ TRISTAN  cgsr.c BEPC-II |
= . PEP-II .
O Went down 5, =2 mm by end £ 2 cEsR o o y _
* > 1 ]
of Summer 2019 (with Bellell = [ ; DAFNE o ¢ Fhase2 ]
o . B mm-worlic Q -
off) =» starting point for fall run - AR D 1
103X / 4 -
@ Design luminosity requiresone g we are here Phase 3 :
more order-of-magnitude jump [ pmevorld * Final design
* = — l"l L1 l PR B B I PR T | I PR B I PR B T | I PR R | I PR R |
to 'B y 03 mm 101‘;)70 1980 1990 2000 2010 2020 2030 2040

O Currentsachieved: 880 (940) mA for e*(e”) beam=>» need 3 (4)X scale up
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| (J 950 researchersfrom 112 institutes in 26 countries
* 1 The Indianteam comprises ~50 membersincluding
five from IIT Hyderabad

= Leadership positions as well as key contributions to
the detector building, reconstruction software and
computing



</ A 21% centurHEP 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

~ twa layers and endcap)

CsI(Tl) crystals, waveform
sampling readout

[EM Calorimeter (ECL):

—

\\\\\\ \
e‘

Particle identification:
ime-of-Propagation counter

(barrel); Proximity focusing
Aerogel RICH (forward)

y

‘\\ ey = ==
—

Beryllium beam- ‘— ; > i~y
pipe (10 mm radius) / N

Central Drift Chamber (CDC): ]

He(50%)+C2Hs(50%), small cells, long | Vertex Detector (VXD): 2-layer
lever arm, fast electronics pixel (PXD) + 4-layer micro-strip (SVD)

9



highlights

Barrel PID (imaging TOP): Japan, US, Slovenia and Italy

= Example of Cherenkov-photon pathsfor 2 GeV pion and kaon traversingin
a TOP quartz bar

micro-channel-plate (MCP)
PMTs; 512 channels; 50 ps
resolution

Incoming
/K track

Cherenkov angle:
cos 8- =1/np

Photon from *
Photon from K*

VXD (6 layer Si for vertexing & inner tracking)

j B 4= |
NPl 5
—

Quartz bar (length=2600 mm, width = 450 mm, thickness = 20 mm)

Beam-pipe r=10 mm

DEPFET pixels: Germany, Czech Republic, Spain...

Layerl r =14 mm

Layer2 r =22 mm (2/12 now, restin 2020)
DSSD (double sided micro-strips)
Layer3 r =38 mm (Australia)

Layer4 r =80 mm (India)
Layer5 r =115 mm (Austria)

FWD/BWD
Italy

Layer6 r =140 mm (Japan)

10



. [ ]
d (K\ tifr led the design, prototypingand construction of SVD layer-4

iR " R
o

tt.e 0= .. Entries 28789
TPt s . Meanx  3.814c+04

by 3.121e+04

1.551e+04

-BE
(o)

=
]

G >
S =<
—

]
(09)
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a'ggéx

Backward ®
Central -6 -15 -22 “’
Forward -7 -47 94 2

-
=

o

L | L1 T T S B 1 L1
an an 50 A0 70 RO an 1

Cluster charge [ nside ] e

>
o
=]

Design specs: +150 um (AX, AY), £200 um (AZ)

d Had to passthrough several stages of a stringent international technical review
and grapple with multiple challenges; finally delivered 12 SVD-L4 modules
[ 8 students (3 outside TIFR) and 1 postdochave been trained in this project

11



x10|3 .

N ' ) ‘“;5 6000 L ‘ E
RS Belle II 7 @ : Belle Il 2018 (preliminary) —+ Data 3
S 1.5_2018F> i det_~5p . -1 5 5000/ : : =
2 [ 2018 (Preliminary) 1 [ 472 fb™'dataused &% [ra-esom — Fi E
et L { + E, >0.15GeV ] & 4000 —
e ! i for therediscovery & ]
S | —Data A 1 3000 i = (497.159 = 0.013) MeV/c*]
N i f ++ ' Of kn own processes 2000] o = (3.462 £ 0.075) MeV/c? E
(0] r ]
= o ¢ 4 n - .
c 05F R Ma""" i M N 1000— =
w b Oﬂ'\'o’w* - E ‘ J
i 1 &= Qurteam has made 0647 048 049 05 051 052 ]
0.0 TR T D S R | . . 0 m(n*n) (GeV/c?)
008 010 0.12 0.14 0.16 0.18 good contribution KS N
0 _, m,, (GeV/c?)
vy G oo T
= E K=o +0. 7
@ E Belle Il 3
o 70 B
20 N = 2018 preliminary nbkg = 893 + 32 =
& 7O o 5 60 . E
L L Belle Il 2018|(Preliminary) P1= 1.7778 £ 0.0048 | S F _ 4 nsig= 198 + 19 3
3 60 P2 = 0.0144 + 0.0053 ] E 50 J.Ldt'472 pb =
E F P3 =-23.00 + 5.7 3 s F ; 3
S 50 P4= 105:29 = & 0F T E
~ P5= 36+43 ] 30 ! =
£ 404 ; = g
9] E x4/dof = 0.7199 ] 20 E
WosoE Noys = 791 = am TR ]
c o ] —_ 10 S
20:_ _: D O % K 7T+ EJ Loopodoepmq==F"] L I“' L |+l 11 J+L I ]
- +Data 4 3 _ il 1 8859 3 31 T35 33T 34
" f L dt =201 pb” 1o 8O D° - DYKn)r® M(e*e) (GeV/c?)
c 1 ¢ Tk
o e L 1> 70 «|» Belle Il 2018 (preliminary) ]/1/)_)9 e
. . , . : : : > E !
_of ] g,mg + IL&:Mzm‘
2§ f
17 172 174 176 178 18 182 184 g 305_
M, (GeV/c? =
in ¢ ) 20— ++ + +
Pseudomassint — 3mvy | Ogttatbtt At
98 78 184 18 188 19 1.92 1.94

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

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

Bellell 2018

- -—lllrllIII[IIII]TIII]ITIIIllll]ll]l]lll]]]lllll1]l— e s
S E 1 e'e —)Y(S)—)BB e+e_—)qa
36000_— = ‘
= s data .
2 [ MC total =
50001 MC BB
8 MC qq
[ MC 1t

3000 Preliminary 1 Eventtopologytellsusthatwe are
p seeing spherical BB events
B L dt=15pb -
No140 I[lilII[III:)[II;IOII:IIIIIIIIIIIIIIIIIIIIII]
S B*->D(Kn,K3r,Knn ,KK,KSn ,Ksrm)n
[0} B*->D(Kn, K3r)p*
= B*>D°(Kr, K3r, Knn)rt
1000 2120 B%->D “(Kr, K3, Knn®)

B%>D " (Kr, K3n)§

Illllllllllllllllllllllll

Q B®->D*(Knm)r®
%1 00 BZ->D*(K17)F’ .
0 llllllllllllllllll w B >Jly(e'e, W) K o
0 01 02 03 04 05 06 07 08 09 1 0
R, Belle Il 2018 (preliminary)
-1
d Further proofcame from the plot of 60 _[Ldt=472pb

beam-energy constrained mass:

MbC - \/E]geam _ ﬁ;z ‘ 20

II|III|III|III|III|III|III|_

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

M, (Gev/ic®) 13



Going from g 2 to phase-3

~ 0040 Pr———m—m— 7T T T T T T
g 4 CDC+SVD+PXD Belle Il 2018 (preliminary)
o Mt oo n Partial VXD
i - ;
= 0.030 | =
< : 3
< 0025 F 045 = 12.1 pm 4 3
p ; +t 3
2 0020 F 065 = 20.5 um — ‘
a2 -+ E
: Y Y 5
o - - /L(lt’V22ph Lo

T D e, +:I—2—
-100 -50 0 50 100
d, corrected for offset [pm]
| L L L
Belle Il 2019 (preliminary) |
i Full VXD 1
i 14.1 + 0.1 (stat.) um ]
S —— =
:‘ 4+ Data ‘

== Simulation /L dt=21.1pb~!
I U RN RS TE ESI RS
-3 -2 -1 0 1 2 3
@ |mpact parameter resolution twice better than Belle ¢o estimate y



dE/dx

10

CDC dE/d rformance

- hadronic events
- tracks from IP

10!

1 Obtained with early
calibrationsinthe
hadronicevent
sample

O Key to identifythe
charged particles,
especiallyat low
momentum

15



Charged kag

) separation

1 Provided by the PID system: mainly TOP & ARICH,;
CDC also helps

d

Performanceis tested with D** —» DO[K~n*]|md

decay, where the slow pion tags the flavor of D°

meson as well as identifies its daughter kaons:
and pions kinematically

2 1 ; ="
© L :
= i o ¥ v = W ket
2 T i | i
2 0 it
E . .
= - e _‘_"*" 4 K efficiency (data
g [ 4 K efficiency (MC)
o 0.6
Kz} = Belle Il 2019
L B Preliminary
X al [Ldt = 26210
e Y mmis-ID rate (data)
L ¥ 7« mis-ID rate (MC)
0.2 -
- e — ¥
i s T IE Sagt & '
_I 1 L1 1 1 w L1 1 L1 1 L1 1 L1 1
0 02 04 06 08 1

04" 208-06 04 02 0

Polar Angle [cos8]

K Efficiency/m mis-ID rate

—

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

+

e

pl.& .
7200 um

R

»°

Dodecay vertex

D()exrrapolated production point  beam spot

AL e

:I. K efficiency (data)

"} Kefficiency (MC)

= Belle 112019

=  Preliminary

= |Ldt=2.621b"

¥ nmisDrate (data)

%i T @is-ID réate (h/EC) | ‘ o

= T

S =V ! o VY : ﬂm
= _ﬁﬂ‘ e i : ] :
El_m 1 1111 | 111 | 1111 | | | 111 | L1 11 | L 111 ‘ |
0.5 1 1.5 2 2.5 3 3.5 4 4.5

Momentum [GeV/c]

== MC simulations yet to include embedded random triggers to
correctly represent beam background effects and electronic noise

16



Candidates / (5 MeV/c?)

Pull

Electron and identification

S L L L A L
N(S) 300~ Belle Il 2019 Preliminary ]/1/) - e"'e_
2 250E -1 3
= :_det=2.62fb
L0 C

Q Electron ID largelyreliesonthe f:z_ N,, = 1608 = 54

ECLand CDC (E/p, ...) g F
D 100
© -
&  S0F
o = e
Sy e

-
o

450
400
350
300
250
200
150
100

50

bhohoane

L B L
Belle Il 2019 Preliminary
f Ldt=2621b"

255 é 355 33 3A5 3é
M(e'e) (GeV/c?)

Ng, = 1684 = 48

L Muonsare identified mostly with
e s aoe a1 a1 s information from the KLM

,,,,,,,,,,,,,,

broloome

255 é 355 33 3A5 3@
M(u*w) (GeV/c?) 17



Measurementiof D° lifetime

O Use the self-tagging decay channel D** —
DO[K mt]md
3 Fit the full decay chainimposing D? mass R

constraintand D* productionto measured s
beam spot region D"decay vertex
w Constitutes a powerful test for the vertex = .+ — 200 pm -

fitting performance —

D extrapolated production point  beam spot

‘\/""\ :IIIIIII L llIIIIIlIIIIlIIII: “"D\ A2IIII|IIII|IIIIXIIII| IIIIIlllllllllllllllllllllll
k) ¥ ] o 10°5 E
> 350 «pata Belle Il Preliminary — -~ "~ eData Belle Il Preliminary
(0] - - . : :
O C .Signal f Ldt=034f" 1 3 L lsagnal _[L dt=0.341"
n 300__ ] ~ | |
8 C E Background ] & D c€ background

d c

© 250+ g) 105_ — Model E
~ (T} C ]
u) - -
= 200 i ]
o L J
w150

- 1= ! E
100 - .
50 - .
107 E

C ] T
9.8 1.82 1.84 1.86 1.88 1.9 1.92 1.94 -4 -3-2-10 1 2 3 4 5 6
)

my , (GeV/c?) t (PS

Tp =370+ 40fs | v Consistent with PDG (410 fs) 18




e
°

Events(/0.0015 [GeV/c?])

e
>

Pull

Events(/0.0015 [GeV/c?])

14
®

Warming up i€

charm physics

<100 Bellell, 2019 preliminary

Belle 11, 2019 preliminary

[Ldt = 2.62 fb™?

[Ldt = 2.62 b2

2500

DO -’Ktﬂ:

Total Fit
X*Indf = 421.2/97
—— u=1863.6x 0.0
0=3.2% 0.1
Yield = 64900 + 495
Background Fit
e Signal Fit
4+ Data

D0 - K*K*

2000

H

Events(/0.0014 [GeV/c?])
§

Total Fit

X?Indf = 49.6/67
—— p=1863.2+ 0.2
0=2.9% 0.3
Yield = 7321 + 186
Background Fit
Signal Fit
4 Data

14
»

0.2

m signal Fit
4+ Data

Events(/0.0016 [GeV/c?])

.0 °
4 T T T 4
2 _
o E °
-2}
{50 1.82 1.8a 1.86 1.88 50 192 194 iz 1.84 1.08 "‘2' e
M(K*rt¥) [GeV/c?] M(K=K7) [GeV/c?]
.o« Belle 11, 2019 preliminary [Ldt = 2.62 fb? Belle 11, 2019 preliminary [Ldt = 2.62 fb~?
12 . ' . 5000 - - - - - -
- Total Fit Total Fit
D° - K*n*n® XiIndf =92.9/77 D% - K2n*m* x¥indf = 43.8/47
—— u=1860.0+ 0.1 —— u=1864.7% 0.2
0=97% 48 0=3.2% 0.2
1o +, Yield = 44830 + 154 _ Yield = 8205 = 316
Background Fit 4000 Background Fit

m signal Fit
+ Data

Pull

1.84 1.86

1.88
M(K*rt*n°) [GeV/c?]

1.90

1.86 1.87 1.88

M(K2m*n™) [GeV/c?]

O Goingfrom cleaner
to not-so cleaner
ones (in clockwise)

19



200 -150 -100 190 0 50

FirstB Mesons in 2019...

100 ‘ : N

& N

50 ' ® o

i ‘ :;‘J. e
i W\ N S e
— -50 p == 7
s §
=
- e are‘:/ 2
— -100 7 -

-200 -150 -100 -50 0 50
| | \ N I | sl

100

100

Belle IT

150

200

200

100

50

50 —

-100 —



d Samplesare being

§ | " Bellell 2019
made availablefor 5 | preliminary ]
: = ok 26
time-dependentCP 5 ' de‘ 2611
violation study 3
O AE is thedifference
between Eypeym and
- _
EB 0II—O.1IIIIOIII.01.1..
A E [GeV]

@ “Golden channel” for the CKM angle ¢, = f8

(p.n) Type Yield

Nsignal 29.6 £ 5.3
Npackground 1.6+0.3

counts / (2 MeV/c?)

Belle Il 2019 Preliminary J Ldt=261f0"

2 522 524 52

R e B A
L o
0.1 -
s o o On
o [ .
/] 1] -
oo A
Oleom B EnHu -
oD o [ .
] [} [ 1} .
L n on
L n n non
0.1 o o 0 o —
S | o o
TP L AL A T * 1 R
52 522 524 526 528 53
My [GeV/c?]
i LA DL L DL 1
| Bellell 2019
[ Preliminary
15?det=2.6m‘1 ]
101 -

6 528 53
My [GeV/c?]
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Candidates per 0.015 GeV

Candidates per 0.015 GeV

Study of cl

soof-  Bellell \ D QO AE distributions for B¥ —» Dh* decays
- 2019 (preliminary) B e B" — Dr” signal withD - K nt, K n*tn®, K ntnn*
5001 J Ldt=515f" [ 1 = B* — DK signal . .
- AL I [ Background d Demonstrate importance of PID at high
400 . .
- momentum towards improvingthe S/B
3001 ratio
2005—
ook O Thiskind of decay channels will be
- . essential to measure the CKM angle
[ T .
83 0.05 0.1 0.15 ¢3 =y
AE (GeV)
20 Belle Il . ?attal o
.. - | Otal 1l
80F 2019 (prellmmaril) ______ Bf N Dn‘_signal
70 Ldt=5.15fb [/ ] - B — DK signal
------ Background

60
50
40
30

IIII|IIH|HII|IIII|IIH|IIIIIIIII|II

20f SV
of ¢ ¥ ‘ ‘b

F l.-'.“'".: ..... L e e —#
—8.15 0.1 -0.05 0 0.05 0.1 0.15
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Rediscover adiative 9 I

10 [-
- 0 *0 + -
O Distributions of My, for: - g‘é”lﬁi’;asmg =2+ :+v I:*ﬂg
B — — T
> BO - K*O(_) K+7T_)y 8 I . o K*+Y 0 +Y
+ - +.0 - det=2.62fb Bl B Ky — Koy
» BT K*(>K'n ))/ I
+ o 0+ -
> BT K (—) KST[ )y 6 i

Events / (0.002 GeV/c?)

0
52 521 522 523 524 525 526 527 528 5.29
2
m, [GeV/c7]

= Just made the beginning

signal yield .
. .. significance
(statistics only)
B - K% - Ktz )y
B+—>K*+(—>K+TL'O)}'

Bt > K*( - Kgﬂ'-'_)}'
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~
o
o

600

o
o

Candidates / (0.12 )
w g (8,1
o

Pull
o

-30 -25 -20 -15 -10 -05 0.0

Novelty: full e

Bt I Y(4S)-BB
Hl Continuum
wz MC stat. unc.

f Data

Prag > 0.1

Iog(Ptag)

interpretation

: [ Signal B decays with missing energy
: can be studied via the reconstruction
of tag-side B candidates
: @ USP of eTe™ flavor factories
: 1 Multistage classifier to reconstruct
. such candidatesin 100+ exclusive
decay channels
@~ Significant improvement w.r.t. the
previous method

[ Tracksj [Displaced Vertices} [Neutral ClustersJ

*0 x4 D*

24



FEI performane

early 2019 data

Belle Il preliminary [cdt=0.41fb!

‘:‘:, mmm DMDMX
; — D™ nm
8 = J/yX
4001 = DK+
n
N mm D{V+D°
Q 1 D*nn
2 300f == D°n*
; [ D°nn
9 = D't
©
T 200
o
C
©
]
100

5.25

Bttag |

526 527 528 529
My (GeV/c?)

Belle 1l preliminary [cdt=0.41fb1

N N w
o 8] o
o o o
T T T

Candidates / (0.0025 GeV/c?)
=
w
o

=
o
o

w
o

5(*)23(*) X
D~ nm
JIwx
D~-K*
DD~
D*nm
D'-n*
D°nn
D—n*

B°tag

528 529
mpc (GeV/c?)
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Prospects for da
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All the details are in
“The Belle Il Physics Book” ee—)A'(XX)V

" arXiv:1808.10567

ee—nn(y)
precision for (g-2)u

> 1ab™!(=Belle) in 2021
> 5ab1in2022
> 10 ab~! by mid 2023

Courtesy: Giacomo De Pietro
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new physics

Sure shot

Wish list
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O Shortterm: w 11 .
: : .2 .. Life extended
» Replacethe conventional with atomic- £ 1j# g b 10205,
layer-deposition (ALD) MCP-PMTs for & , H Conventional Ty

the TOP counters | (xmo267)
» Completeinstallation of PXD layer-2 0°F CiBellenn N
» DAQupgrade 0.7} . 50 ab-!

06| §
- \ : 29.3i

_: T (TSR T L1 U S T T B R 1 PO R P. | L1
%% 105 10 15 20 25 30 35
' Accumulated Output Charge [ C/cm? |

J Mediumterm:

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

J Longer term:

» Started to thinkabout possibilities for luminosity upgrade; e.g., Bellell
VXD open workshop http://indico.cern.ch/event/810687/
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 Closifigiords

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

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

3 1st physics run in Spring 2019 has completed delivering ~6.5 fb~™1=> fall
run 1s about to begin

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

goal e
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" Never Give Up
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Comparison:

S. SuperKEKB

parameters KEKP SuperKEKE inite
LER HER LER HER
Beam energy Es 39 8 4 7 GeV
Half crossing angle ¢ 41.9 mrad
Horizontal emittance €x 18 24 32 46 nm
Emittance ratio K 0.88 0.66 040
Beta functionsat1P | f"/fy’ 1200/5.9
Beam currents lo 1.64 119
beam-beam parameter 2y 0129 0.090
Luminosity L 21 x 1034
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DO

Beam b

Belle at Belle at + - .
KEKB SuperKEKB [ e™e” collidersare clean, however at

high L ., values beam backgrounds
can become a challenge

At the highest luminosities, QED
processese.g.,ete”™ - eTe (y)
andete™ - ete"eTe™ dominate

] LER single-beam study

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

dominant, larger forthe et beam “

» beam-gas (residual gasin beam-pipe) § < ]

» Touschek (intra-bunch scattering) ‘g """"" ¢~ Touschek "ty

» injection-induced 5 10 Py,
> “dustevents” (occasional large losses) é : - Beam-gas

CDCHV trips with large background

Beam abort protection againstspikes 0
due to radiation

Simulation and collimator studies

0 02 04 06 08 1

(=

Touschek scaling
(beam size scan) 31



