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Belle Il and SuperKE

SuperKEKB collider at KEK e
o e*-e collider with /s of 10.58 GeV = My s, A A P .

« Asymmetric beam: e* 4 GeV , e 7 GeV

o World-highest design luminosity:
L =8.0X1035 cm2s!
» x40 larger lum. than KEKB

Belle Il experiment

o Intensity frontier experiment to discover and S SuperKEKB
understand physics beyond the SM

o Belle Il detector

* General purpose 4 n SpeCtrometer Belle II dEteCtor geL:s?ic\I/emPtIJ:tzg:s:::ro{b:arrelouterla){ers)

° Tolerable to h.lgh beam background —— — ‘écmt;l[ator+Wf.5.lr=_;‘h"/|jPVC(end-caps, mnerzbarrellayers)‘

* Improved particle identification Deithowiribens -,.

» Excellent vertex resolution — ‘ " e e
FOX. | RICH (fwd)

Vertex Detector /

SuperKEKB and Belle Il will start full
physics run in 2019 Spring.

rm, fast electronics
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Physics at Belle II

Previous B-factories(Belle,BaBar) verified .,
Kobayashi-Maskawa mechanism for CP o
violation in the SM ?
* Measurements consistent with the CKM unitarity | _
triangle a5 B
10:— o, f
: : = R
Belle Il will search for the New Physics P S P PERNERRE I o et
beyond the SM with x50 flavor (b/c/t...) data p
New CPV phases = Yir
* Multiple Higgs b —‘Wb& ] A PN ~
- new FCNC, RH current etc. ’ z%%< b TN

d < l':. .I' o
L T LF ' ] KO
au LFV decays ~~.J _  Right handed current in b->sy

New CPV phase in b>sqq
» Dark photon by single photon trigger

R(D),R(D*) in B%D(*)TV ete 5 yA,A'> yx
« A" ... darkphoton
TS * ¥ .. darkmatter 3




SuperKEKB Accelerator

oy, = 62nm (HER)
oy = 940nm | g, = 48nm (LER)

—»
_—

>~ SuperKEKB
Nano-beam scheme

Change of the collision energy
to increase beam lifetime

o\
(I >y < {3 I
"IN i ;P
|

Key upgrades:

New final

o
Luminosity = L (1+ Y

2er, Oy focusing magnets
More RF cavities to
KEKB SuperKEKB \ increase the beam

(HER/LER) (HER/LER) bositron currents
B,*(mm) | 5.9/5.9 0.30/0.27 x20 [°"c | & N

hear (A) | 1.19/1.64  2.6/3.6  x2
L(cm™2s71) | 2.11x1034 80x1034 x40
[ £dt (ab™1) 1 50 x50




SuperKEKB Luminosity
PI‘OJeCt]On

Shotos 1712021 1/1/2023  1/1/2025 773623
1/1/2019

Accumulate 50ab1, x50 of Belle/KEKB
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Belle || Detector

KL and muon detector (KLM):
Resistive Plate Counter (barrel)
— Scintillator + WLSF + MPPC (end-caps)

EM Calorimeter (ECL): - %/ f

Csl(Tl), waveform sampling

Particle Identification

Time-of-Propagation counter(barrel, TOP)
Prox. focusing Aerogel RICH (fwd, ARICH)

electron —
(7GeV)

Beryllium beam pipe
k2cm diameter

-~
" Vertex Detector (VXD)
2 layers DEPFET (PXD)
4 layers DSSD (SVD

Central Drift Chamber (CDC
He(50%):C2H6(50%), Small cells,
long lever arm, fast electronics

78

positron
(4GeV)

)

General purpose 47 Detector
Improved PID, Vertex detector
High background tolerance

Eabh 14 20190
FeOoT TSSO 17
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Belle |l and SuperKEKB
Upgrade Histor

i
2010, Belle and KEKB operation completed z'""“,»w
o Started upgrade to Belle Il and SuperKEKB |

2016 Phase 1 Commissioning
o SuperKEKB single beams
o ho collisions, without Belle I

2017 Belle Il Detector rolled-in to the beam line

2018 March-July Phase 2 Commissioning
o First e+e- collisions at SuperKEKB
e Confirm the nano-beam scheme

o Data taking with Belle Il Detector (w/o VXD, but
background detectors (BEASTII)

» Confirm the background condition for final VXD

2019 March- Phase 3 Operation
o Physics run with the full Belle Detectors
with the VXD (PXD+SVD) installed
o Aim at the design luminosity 8x103° /cm?/s

o Search for the new physics
6th KEKFF




KLM

* Reuse glass resistive plate chamber RPC for Scintillator Module
most of Barrel layers =

 Replace RPC with scintillator + MPPC for
endcap and innermost two layers in barrel
- reduce deadtime

Optical glue

- 'J‘:],'-::-:_‘:
\\

3M mirror

TiO, reflector

Scintillator:
polysteren




ECL

« Use Belle ECL CsI(Tl) crystals and PIN diodes
* 30cm long CsI(Tl) (16.1X0)
« 2x(2cm2) PIN diodes
« 2 preamplifiers
» Readout electronics has been upgraded
» Shorter shaping time 0.5 ps
« Waveform sampling
- Reduce background noise effect
« Endcap Belle ECL have been installed again in
2017-2018




TOP

Barrel PID (TOF+ACC in Belle) is replaced

expansion prism / QZIaCk spherical mirror W]th TOP counter
: ~___~ « TOF + Cherenkov Ring Image
/ quartz bar - Consists of quartz bar radiator and MCP
PMTs

First module installed in Feb. 2016

Fral p e “¥% = “ u“l&

o
.“’
£

4
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TOP installation completed in May 2016
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Belle Il CDC

al"/

CDC

Upgraded to new CDC
with smaller cell, longer lever arms

Belle CDC

Gie

€ 250 MM —

Belle Il CDC

— 250 mm =—

Belle Il

inner most sense wire

r=168mm

outer most sense wire

r=863mm

r=1111.4mm

Number of layers

50

56

Total sense wires

8400

14336

Gas

He:CsHs

He:CsHs

sense wire

W(®30um)

W(®30pm)

field wire

Al(®120um)

Al(®120um)

Feb

. 14,2019 11




« =200mm .

Forward endcap PID is upgraded
from threshold type Cherenkov
counter (ACC) to ring image
Cherenkov counter (ARICH)

A
A
5 5% 55 Y 5% 5

Aerogel radiator
n~1.05

» Aerogel as radiator
Hybrid Avalanche Photo
Detector (HAPD)

Hamamatsu HAPD

Ring image observed in
the cosmic ray run

Completed Aerogel and HAPD planes
being combined (2017 Aug )

Jil"' r*t 11

b=

=]
|

Installatlon to Belle II

ﬂ performed 2017 Sep.-2018 Jan.
; 1'7 | |yu' w_. 1T T ,f = "
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BEAST Il Detectors in Phase 2

cross section view SuperKEKB ring outside direction

BEAST Il detectors installed in VXD volume  onthe beam axis
» 1 sector of PXD and SVD | PXD
- confirm the safe operation in phase3
» Detectors for the background study ‘ —
- Understand the beam background |

components and their time evolution

SVD 139mm

135mm _104mm <80mm 3
) distance of sensor surfacg
Phase 2 BEAST
* FANGS

3 staves installed and working at a time
Digital and analog parts OK. Chip tuning OK.
(FE-14 ATLAS Near Gamma Sensors)

* CLAWS
2 staves installed
Functionality verified

(sCintillation Light And Waveform Sensors)

* PLUME

2 ladders installed

Threshold study and noise maps. Temperature
evolution with time. Data transfer stability

(Pixelated Ladder with Ultra-Low Material Embedding)

4 SVD layers

cmarinas@uni-bonn.de



First e*e- collisions

BB-like event

* Achieved the first collisions n Apr 26
* Not only Bhabha, gq but also the

first B-meson pair production candidate
event was observed

6th KEKFF

SuperKEKB Control Room
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o, (um)

3.5

2.5

15

0.5

SuperKEKB in Phase2

03/19/2018 09:00 - 07/17/2018 09:00 JST __ High current trial

Max 800 mA °°F HER'! FEEH i ) to®
(HER) 0.6 8 i ;:
d I RBYRE \E 106
. 4 0.4— ; bl [ { | ®
< C ) . E) 7
2| 02y \ R 5 [10
Beam g 0: A 3‘?‘5” ‘ 3 w Iy 9 -0 ' 10-8
Current S | o.8E-LER : el [10°
d ot :ff el B e
0.4— {-iv %4 : a
Max 860 mA [ Iy ; 1 i LA
WER) u\?k"‘?{” " el
= ob- NER | LER : ° A
:w 3 collision collision B, =6 mm By 1= 3 mm
's 45_ optics optics ;3; =8 mm | | B, =4 mip -
o 3 -
E 2;_Vacuumscrubbing First Collision ) -§ Lpeak = 5.55 x 1033
- 1 l -3 (not optimized)
oEs 3 - IALULT N L J JAUIL TR
ohgmes 5/1 6/1 ”t:*";':eolj";lv” 7/1 1/4 of KEKB
4/1/2018 luminosity tuning 8
- superkexameren | "= || Priority is given to SuperKEKB tuning in Phase 2
= % + 2018 (preliminary) | ® Py=6mm
C ® [ =4mm
= e i.-som || Lpeak = 2-55 x 103 cm?/s
- +§+ ~ | Belle Il recorded ~ 500 pb-
é_ &i .+ " (1Y) j éo _% . « o .
E ' ¢, + = | Confirmed the collisions with the nano-beam scheme
- ¢ T ¢ e % *
= *+ " | Succeeded to reduce B, to 3 mm, o, ~ 400 nm
~05/03  05/17 05/31 06/14 06/28 07/12 (Final target By = 0.3 mm)
Date
6th KEKFF e e e e




Entries/(0.6 MeV/c?)

Track Reconstruction

El:]_l.lII|IIII|IIII|IIII|IIII|IIII|IIII|IIIJ_

L LA L S S . L AN L N

Y sof w = s0001-00012 T £ L muoniD>0.001 Belle Il 2018
S 2 Belle Il E & s Preliminary -
[ 2018 preliminary nbkg = 893 = 32 3 — C M ]
S 60 nsig= 198 = 19 E = B { -
e det=472pb" 9= B 13 S 40F || J/@=2pp E
a 50 ] @ L | | -
5 ] 2 C i
h 40 J/y—>ee |- £ 30 + * =
a0 E . %L + + | H :
20f s el E e M\ﬁ L
10;4 NP ONUPRTY r . | s J+L L * [T 105 +H H%
88 %09 3 31 32 33 3.4 I L dt =250 pb” t .
M(e"e’) (GeV/c’) 295653505 51515 32505 33
m(w*u’) (GeV/c?)
6000 o E ,
- Bellel 2018 (preminary — Data | » Tracks have been reconstructed with
5000 — . — . .
 Jremop — i 1 CDC and VXD (partially installed).
4000 |+ Detector alignment and B-field well
3000/ Ks 2 mm I = (497.159 £ 0.013) MeV/c® understood.
2000 °-(@Ae200mIMVE 1 e Mass resolution well understood with MC
1000; é
C04TEKEE 048 049 05 051 052 Feb. 14,2019 16
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CDC dE/dx

Clear separation in dE/dx observed - CDC particle identification

510 DT
g % _protons
i deuterons
pions
1 -

Extra cuts: -
- |d0| <1 cm ' -
- |dz| <3 cm 10 Momentum [GeV/c]

- # layers hit > 20
6th KEKFF Feb. 14,2019 17



Kaon ldentification

Cherenkov Photons observed by TOP

D** = DO*; DO>K-m* event

« K track tagged by slow n+
» Check consistency of the Cherenkov
photon hit timing pattern

7 20 . . \ E 20 . . . ) \ . .
‘o Belle ll TOP 2018 (Preliminary) © Belle Il TOP 2018 (Preliminary) o Belle Il TOP 2018 (Preliminary)
,g_ D kinematically tagged kaon £ D~ kinematically tagged kaon £ D kinematically tagged kaon
£ |l p=173GeVic £ | p=173GeVic T | p=173GeVic
#=94.1° 6=94.1° f=94.1°
Pion PDF Kaon PDF Proton PDF
15" log L (x) =257 51 157 log L (K) =-236.38 157 log I (p) =-263.53 1
=
10 e 1of — L - 4
. o — — —_— e .
m hypothesis K hypothesis P hypothesis
% 16 3z g 54 B 76 32 a8 ] i6 32 435
Pixel column Pixel column Pixel column
E 60 T T T
% 50~ Belle l TOP 2018 (Preliminary) Experiment 3, run 1889, event 72284 1.0 GeVic ]
. s 2.0GeVic
4o D kinematically tagged kaon e 3.0 GeVic ]
30T prism side Mirror side e 4.0GeVic 4
20 slot ID = 15 B
L J
10- p=173GeVic |
fhp=94.1"
ok éip = -50.0° B
—10r x=155cm 4
z=-69.1cm
20+ 'edip - 85.6° 4
_adl bap=-215" |
- 1IDD —I50 0 5‘0 1"30 150 200
z [cm]

é6th KEKFF

Events/0.002 GeV/c?

Events/0.002 GeV/c?

®-> KK

10°
R B B T S A
60 F 2t g tg et 3
o - ]
50 F P 3
= - ]
[ - .
wE . Belle 112018
. Preliminary 1
S~ k=
5 L dt = 356 pb™
20 =
0 - No kaons identified .
:. | | PR R | IR 3
do9 1 1.01 1.02 1.03 1.04 1.05
M, (GeV/c?)
10°
L B L T T 3
[ -+ u
25F  Ccombined PID -
- - Belle 11 2018 1
- Prelimina ]
2: - v ]
r JLdt: 356 pb™ 3
1.5 - 3
- - .
1_— -.-.-_._ =]
. _.__.__,_"' "‘"m_._—o—*-_.i
o * Both kaons identified | 3
[TU R R T ANE TN T S S T  T HT T H  H H S S W W
99 1 1.01 1.02 1.03 1.04 1.05

My (GeWE) 14, 2019



Events /( 0.02)

Photon Reconstruction

700

600

500

400

300

200

100

e'e” > PPy

1.00 GeV < p(recoil) < 8.00 GeV
e,

1jllllllllllllllllIllllllllllllllllll

—+ Data
— Fit

Belle Il 2018 (Preliminary)

_[ L dt =250 pb”'

K, =0.997 £ 0.001

4

1

llllllIllllllIlllllllll[lllllllllll]

1 0.8 1 ! 1 1

ol

2

E(ECL) / p(recoil)

Entries / (0.001 GeV/c?)

o> yy
x10°
| B UL NCURNE O FRECN OW RN PR ZRE NN G R Bey
L w -
15 [ Belle ll . i det=~5pb" =
- 2018 (Preliminary) i ¥ :
t L, E>015GeV -
- . ’ -
1 O — 4 —
- —— Data ' 4 .
b “ ’
¥ 2 .
L Y A
0.5 ’ o LTS
L’“.\”..'...M,W

00 | T W W (T ST VAT W (Y ST SN T N N ST SN N S W
0.08 0.10 0.12 0.14 0.16 0.18
m,, (GeV/c?)

* Good reconstruction of both single photons and pairs
« Ready for the “dark sector” search - single photons

6th KEKFF

ete" > yA , A > xx

« A" ...darkphoton
* ¥ ...darkmatter



Rediscovery of B mesons

Event Shape Distribution M, =(E, /D' -P,
(FOX-WOlfram Rz) @140_I| TT T TTT T TTT TTTT TTTT T TTT | TTTT | TTTT | T T II_
g ;III/I:L!III‘IIII[I‘IIIIIIIIII TTTTTTTT T T I||: ‘é : g-:g::iii—n}:—noKKKg"KEnn\x :
> L= = - 5->D (K, K3r, Knn') -
§6000: / Y‘ i 120 | 8%enkn Kam m:::]: —
%) B 7 ~ B 6%=D (Kn, Kam)d 7
o . \"‘ all u - 6D (Kt ]
I.l>J 5000_‘ \+ B E1 00— Ei'f'-::-DﬂK::]pf —
N ] lﬁ - B=Jiyle'e, 1w K -
4000} " C ]
; Bellell 2018 - Bellell 2018 (preliminary) _
3000} Prolimi -l C .
- Folina . sol- _[L dt =472 pb! ]
4 A L _
2000 JL dt=15pb ' - ]
7 40— —
1000} - - ]
L : 20— —
00 01 02 0.3‘ 04 05 06 07 08 09 R:
Suhetical R 2 521 522 523 524 525 5268 527 528 529
pherica 2 Jet-like M, (GeV/ic?)

BB_[

qaq

," * Clearly observed the excess of BB events in early
| / phase 2 Data
« “Rediscovered” reconstructed B mesons.

Full reconstruction analysis chain is working well.

6th KEKFF e t220T9——>0



Phase 3 Vertex Detector

Outer CF shell

Carbon fiber
(CF) cone

End rings

RL6—140mm
RL5—1 1 5m

Ladders

(independent sub-detector inside SVD)

End flange

PXD+SVD Cross sectlon drawmg

LSV

El
3
o
g
/ >
o - : 4
R ¥ S
Beam pip
. Layer-6

935 mm

Angular acceptance: 17°

6th KEKFF

Transverse Impact parameter resolution

Ik
-1 50°

with VXD in Phase 2 data
0.040 T T T T
I 4+ CDC+SVD+PXD Belle Il 2018 (preliminary)
0.035 | 4+ CDC+SVD _j
s + Factor ~2 ]
0.030 |
i better than Bellq
0.025 :-(I“\7 12.1 pm
: ’ + i+
0.020 [ 065 = 20.5 pm .
; - ]
[ —— ]
0.015 |- -
0.010 — - -+ -
i -+ -+ ]
0.005 | - - /Ldt:Z?pb" 3
0.000 N ——pte "‘_—::I—!—_-_ - 1
-100 -50 0 50 100
dy corrected for beam offset [um]
_ Upgrade to

| 2 Layer DEPFET Pixel Detectors

4 Layer Double-Sided Silicon Strip
detectors

- Resolution significantly improve

Feb. 14,2019 2]



Phase3 VXD Assembl

PXD mounted on the beam
pipe (2018 Sep.)

PXD full layer 1 + 2 layer 2 ladders
-1 > Full layer1+2 PXD installation
planned in 2020 Feb. 14,2019 22

+Xx half SVD combined with
PXD+beam pipe




=

p—

42018 Nov. VXD installed in
Belle Il

2019 Jan.
_ Endcap and QCS has been
. inserted

- Preparing for SuperKEKB
by N Phase3 Operation in March
6th KEKFF Feb. 14,2019 23



VXD Ready in Belle Il

for Phase3

Cosmic ray track reconstructed
with CDC+SVD+PXD+TOP+ECL

VXD data and reconstruction has been
confirmed.

Full Belle Il detector with the VXD is
waiting for the Phase 3 collision data!

A

é6th KEKFF Feb. 14,2019 24



Early Phase3 Physics

* Luminosity will depend on machine and detector performance
* Plausible assumption of about 10fb-1 by summer 2019

Semileptonic
-B-> mlvandplvuntagged (CLEO saw a signal with 2.66 fb?)

Time Dependent B and D measurements

- D lifetimes (2 fb1)

- Doubly Cabibbo suppressed D® - K* i, D® - K* " t® (10 fb™!)
- B lifetimes (2-10 fb1)

- Time dependent B-anti B mixing (10 fb1)

Radiative/Electroweak Penguins
- B>K* vy (b—>s) (2 fb1) rediscover penguins
- B->Xs y (b—>s) (~10 fb! but needs off-resonance data taking)

Hadronic B decays (not time dependent)

- B>K 1t (b>u) (10 fb)

-B-> O K (b—>s) (10 fb?)

- B->J/ K (with more significance 2-10 fb1)

++ Dark Sector Physics
6th KEKFF

Verification of full Belle Il
physics performance

Feb. 14,2019 25




Summary

Belle/KEKB has been upgraded to Belle |I/SuperKEKB

First collisions has been performed in phase 2 commissioning
SuperKEKB verified the nano-beam scheme

Detector performance has been confirmed with the phase 2
data

VXD has been assembled and installed in Belle Il for phase 3
physics run

SuperKEKB phase 3 run will start soon in March 2019
New physics search with the Belle |I/SuperKEKB will start

6th KEKFF Feb. 14,2019 26






Belle Il Roll-in

Belle Il moved to the beam line
on Apr. 11, 2017
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Belle - Belle |

e

2 | 3 | 4 |

: |

B | 7

| Upgrad

| 12

Bag

PR %IDE VIEW

/ i

Barrel
Belle Il

L

Su

r conducting coil

R\ G

573(Cryostat)

500(Cryostat)

5

| |Adtdo

ff/ffff"

VXD: 4 DSSD lyrs - DEPFET lyrs
CDC: small cell, long lever arm
PID : ACC+TOF - TOP+A-RICH
ECL : waveform sampling

KLM: RPC, Scintillator +MPPC(end-caps)

4 DSS

D lyrs i

|

i
e
1o

cccccccccc
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(Numbers are not final ones)
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