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Belle I

o BEHEBZTHASIEARHRDER ?
— Via loop / - %
e New particle propagation Vid \E V"b
e SM amplitude +
Small new amplitude Veb Y
e Very small SM amplitude + Ved Ves O] + .en
Small new amplitude Bevond G
] [ Ve | dark flavor ? |
Vied Vis
\ Cabibbho-Kobayashi-Maskawa matrix )
SWUNIEIFEDOT N > KEDT—ENPE!

;( "thi h%)ﬁﬁii 721: § High luminosity!
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New beam pipe Supel"KEKB

& bellows

o JEXIE—LIRILFT—
— 7 x4 GeV (KEKB; 8 x 3.5 GeV)

e Low beam emittance, long life

Add / modify RF systems
for higher beam current

) . |
" ke Low emittance positrons
= ! L= I
o )&i - toinject .. Positron source
I =] 4 x Damping ring ” 1 "
— 7 New positron target /

— 8x10%5/cm?/s (KEKBMD40fE) T2 N

Low emittance gun
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(D Super

<> Tools at B factory )<z

Belle IT

e Time dependent measurement
- ERMIRILF—EEIZKYBHEF T AR5 (¥300um)
- BHMFX DA DENFIRIKFENBETES
e Full reconstruction tag
— BIL—/\N/EBRNDARY
- R DBHEFIFEHRMNFTHETESD
e Single B-meson beam

e Low background combination
e Missing momentum reconstruction

Decays of interest

i B2>X,lv,Kvv
e~ (8/7GeV) gf;z/:% .5/4GeV) <j B>D1v, v
Y(4
/' Full reconstruction
B_%.. o= <:| B->Dr etc. (0.1~0.3%)

Decay vertex difference
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<> Requirements for new experiment <EE

Belle I

o EIETT —2INE (SIEE)

e S/\YIVITOUNEE
Occupancy, IIGTHRA A—2

= REE

- =iENJ)H—/DAQ. T—HIE

Ainl

oi

o FRIZERLIE S fRRE
— For time dependent CP
o Mk AIINER

— For flavor tag, full reconstruction, missing E
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Belle IT

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

— _' b Scintillator + WLSF #fifc (end-caps, inner 2 barrel layers)

EM Calorimeter:
Csl(Tl), waveform sam
(opt.) Pure Csl for end-c

Sy

electron (7GeV) R

Beryllium beam pipe
2cm diameter

[Vertex Detector

2 layers DEPFET + 4 | positron (4GeV)

Central Drift Chambet , ; Trigger/DAQ
3 ; Fast electronics for high rate

Computing
Grid system 9
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o« REZ/IMEIVIE(T/NVDTFIUF) i
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- BOVEEFRcmITHEIEE TR ot e N
- KYRBESER DT O\
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<> Vertex detector

Belle I

Beam Pipe r=1cm

DEPFET
Layer 1 r=1.4cm
Layer 2 r=2.2cm

DSSD
Layer 3 r= 3.9cm
Layer 4 r= 8.0cm
Layer 5 r=11.5cm
Layer 6 r =14.0cm

I.IIIIIII!III!III:III!III|III|III|III|IIIIII

PXD+SVD -

\

o [Hm] ‘1 NI
2\ Less Coulomb
catterlng | o

100 s - e Pixel detector

7 A close to the

o0 :::::E..:_":m::::;::::;..........:""' - beam pipe

-1 30um
15um

0 04 08 12 16 20
ppsin(6) [GeVic]

14
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</> Vertex detector

Belle IT

e PXD

— P-channel pixel

T ]
— Chip on sensor, Origami-concept



http://www-superkekb.kek.jp/index.html�

(| Super

D .
<> Belle IHIFE 55

Belle IT

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

p— b Scintillator + WLSF + MEI!?C (end-caps, inner 2 barrel layers)

—

EM Calorimeter:
Csl(Tl), waveform sam
(opt.) Pure Csl for end-c

article Identification
me-of-Propagation counter (barrel)
ox. focusing Aerogel RICH (fwd)

electron (7GV) p SSai = 1

Beryllium beam pipé/////:;

2cm diameter

Vertex Detector

2 layers DEPFET + 4 | SSD ==
/ ‘J =

Central Drift Chambe

—

positron (4GeV)

G ' Trigger/DA
He(50%):C2Hs(50%), Small cells, loi S &8 / .Q .
. g ' Fast electronics for high rate
lever arm, fast electronics = .
Computing

Grid system 16
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Super

<B Particle ID (K/) for Belle I —

Belle IT

e Ring Imaging Cherenkov detectors

— A fake rate for K/t separation 2-5 times smaller than Belle

Aerogel radiator photodetector
R n1=1.045
n2=1.055
_—
Aerogel RICH

¢~400mm top 2D | [Entries 349084

e I; 500

20mm 400—

Linear-array type z
photon detector

300

200—

TOP (Time-Of-Propagation) Counter
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EEFELTFILY TR ERS T 5,
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A A—=VZFRIFELTHRE B0 FRIET 5,

2 _homsEEE) g h
% T R E (n) MR OES (V) S
LYZESvERDS, ‘

3 RIBHBETEONEEBHBpLEEDD Y,

BEmMNGEoND, DRFDEEL DD D,
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Belle IT

e Belle IEERDT-HDRHIFiFRIEE _
= Lpea™8x10%>/cm?/s, Bellettt&4o1ﬁd)§§r§\\e\é\
e E/I\VITTVURIRIETOENE

— K/n#RIIED R L

e Physics analysis, Flavor tag, Full reconstruction

MCP-PMTs Quartz Mirror

Example of Cherenkov-photon paths for 2 GeV/c TT* and K*.

e TOFAA—MDEEEHEEEIL
- FIL a7 DOFA BRI, EBHFRANTOIXRREE
e FILOATJHXDMEBEDAE
> FIL O A—URIBIFERSREME
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B TOPHYUA—aVtE TR

Belle I

o FILUATHKDEFELE B 2" 2
y -
% X, . v400mm

Linear array PMT (—5mm)
Time resolution 6~40ps  —==7

=

Side view of crystal charged parice m A e’
cherenkovangle K ~200pSI S
crystal /_ Oc 9 ﬁ: T 16000: "
m/nr 14000 74 V2t
e ) C g I D L A i
o 2.componentof unit velociy L2000 ="
RICEEBEDHFIC L TELIHTA X (cm)
> B HIGiBIER (= {1&RFE Time-Of-Propagation) 20N FRRELZRH

+ BEAHISDTOF(FRAITHEE)
20
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Side view of crystal

article
k« ‘r-u400mm — 6(: cherenkowangle K
;. crystal / /
Linear-array type z X I A g

hoton detector _ I .
p - " o KN o7
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s \ FrLLaTHAIRITMI
VoA A= S DIEEOBTEEHSR-E fiyagyind 7
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o 1.5THi5 R T1YtF#% Hi Al §E(gain>100)
£ 7 o  SFE 77 fEEE 6<40ps

MCP-PMT  ANTEAM@EEE 64%

° ﬁﬂﬁ'lﬁ*& Ax4 FEAH L (5mm|: ‘Ja")

Photo-cathode MCP plates Anode ......... “-‘
— va ch1 ch2) ch3 ch4
27.5mm ich5! i
Phot 'rj
lesl \ o | T
) I 27.5mm s
(pllmm (22 (effedﬁve area!
ol | 27.5
Ir\*ﬁIT Oz*it;j&ﬁﬁﬁ% L
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ETIEEEICMCPEEF = — ¢0~10pm a0
IRUVEE TEVMEIRERZEMT D soooF 0=34.2+0.4ps
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O A Far R 1E - 5UER
o AEEEFHA(REARINFEIMIFR, Zygott)
- EREREANEER
e “Imx40cm x 2 cm

o EMEM: <1.2um/m, EAEE: <0.5nm
— A —HRARZ5— (R=5m)
EHEEO0.2mrad THEE
o FILENZHLTIHIK
- HBFMITHAL

Time (ns)

o HEHMEIZESHE—LTXL

T = _"‘.l.
'- '—~|-r“.ucl-._>‘ 5 T
[ I TOP countec _TOF wall
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= DC3
Mirror reflection

Delta-ray BG
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<> TOP module production <o

WETIEORISE. (16+1)ADH1E

Optics'on
alignment stages
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B End-cap PID: Aerogel RICH

Belle I

o TIZEIRICH; EBSTARIEMICHR ISR
e I7AVIIINEFILOTESHARELTER

- I7AVILOBEFEREZHEL. AREFECTERZHES
FOCEFRERA D TAA—DEENT LLGEE
BINSE5

Readout
electronics

Multi-layer ‘focusing’
radiator, n~1.05

ol
C\'\eren\@" e

\

Position sensitive PD

with B=1.5Tesla
< 200mm s 25

[\

2 55 5555 55 5
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B Ae rogel RICH s

BeIIeTT
HAPD Radiator
: E x10°
s [
s ¢t !
o 140 |
o - i
o .
o 120
E -
e |
= 100
= L
1N
80|
60| . .
B sigma: 15.2 mrad
40— {1
i Y photon/track: 7.5
20( -, o 1‘\
IS _ _4.10 Separatjon
]l]lljlllllllllllq-hh]+'lwu_l llll Lo L1

0 01 02 03 04 05 06 0.7 0.8 09 1
Cherenkov angle [rad]

Prototype radiator, PMT
and electronics works well.

Frontend elec. 26
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<3 ARICH production )<z

Belle I

e HAPDH+1#ODOT 7O I)LDt
Y FAWTFHEICELDLSIX
T LT AR

o ENWVEYLTAA—DFIEH
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Belle IT

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
. Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

‘ R —
- . ’ ’ !_-'--' i
AEASSSS ‘..'l i 15

EM Calorimeter:

Csl(Tl), waveform sampling (ba
(opt.) Pure Csl for end—c} —

Sy

electron (7GeV) R

Beryllium beam pipé////ﬁ,:/‘

2cm diameter

Vertex Detector

2 layers DEPFET + 4 | positron (4GeV)

. B i . .. r.:
Central Drift Cha I L Trigger/DAQ
) _ /7 | Fastelectronics for high rate
lever arm, fast electronics [ B )
Computing

Grid system 28
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O BHAO) A—45 (ECL)
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BWVTRTEALIZDFL—F )
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- VUFL—avhEBETHIET.
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e FRHZFER(LBelleDE NDE R s |
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- AR 2D20TAMN (F—F Sz
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2 Gore-Tex R 5141 01
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BEcL upgrade

Belle Jii

Super

KeKB

© YUFL—IDFERERE] % IR Z Bk dH S
MERLY; ~1ps 5 *Eiom%fu:oté
— Belle IDESEEASITH £ el
L ORI 5 E—L/\w2T59Uk
S S NZ&BISAILT YD
? !
» FEAHLEROBER 1 | HEOHMEEE
- ;&I_JI:ULJ’“H:{L, St
> BERHYTY T ggizfzr output
- INIWTYTIAR

o 15V2fFER

Gate —  olgnal itharge

width=100nS 1iming (leading/trailing
edges) with range

—t

1.76MHz, 18bits digitizer,
waveform fit to get energy
and timing (i.e. Digital
Signal Processing)

information by QtoT

converter (MQT300A)

l

Digitized by TDC

Reduction factors;
x7 BG showers
x1.5~2 pileup noise 3


http://www-superkekb.kek.jp/index.html�

D

Super

<> K, /Muon system (KLM) ))&

Belle I

° RPC&@%*&O)'&‘/ P{‘y?*ﬁiﬁ RPC or scintillator

modules
- EBIDOEWVSIa—F2DEE

ZAlE
- BREKEDRIGTIRE

e RPC (Resistive Plate Counter)
- BEREEBTHRIZEEEZMNTT
<
- FBHFDBEBICE>THANKE i~
L. IESZEHT ~

- RFMLEROETICEYHRIKE
MIEED

> Belle CIZIEREIZEILVE=A, LD

BT Sy HISIURRETIE
RENENTHNSI-0., Bellell #=C = A
TlLfE B T
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B KLM upgrade

Belle IT

o —HEIFL—ARICE
- VUFL—ABICRRERITFAN—T 5
BELNEES
— YeFRH 2§ avalanche photodiode
(Hamamatsu MPPC)

- X, YARIZHERTERTIDON
A—IN—L AN —Z% K
— ~120 strips in one 1/4 sector
(max L=280cm, w=25mm)

— ~30000 read out channels
Optical glue

IM mirr

TiO, reflector

Scintillator:

polysteren
+ 1.5%PTP + 0.01%POPOP
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Super
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<> Belle II;H|7E 2§ 55

Belle IT

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

p— b Scintillator + WLSF + MEI!?C (end-caps, inner 2 barrel layers)

EM Calorimeter:
Csl(Tl), waveform sam
(opt.) Pure Csl for end-c

—

electron (7GeV) R

Beryllium beam pipé/////:;

2cm diameter

Vertex Detector
2 layers DEPFET + 4 | SSD

positron (4GeV)

Central Drift Chamber~ [ Trigger/DAQ ‘
He(50%):C2Hs(50%), Small cells; lok 0 . .
. g ' Fast electronics for high rate
lever arm, fast electronics = .
Computing
Grid system 33
G
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Trlgge r/DAQ pri

Belle I
—_— —_ . CDC TSF 1 2DTracker || 3D Tracker |~
e BL—FDT—EEHUERL -
el REES IHEE
e L1 Trigger; FPGA based ECL | fi romme cot-—[cumae v} {3 3
- “5]VLS—C“|‘U jj_ikfé Energy Sum e % é
e High Level Trigger (HLT); [[TOP i e o] 12 |°
Software on PC real time [ KLM | —fcumer rmting— racker >
~3 O k H Z 9 ~ 1 O k H Z 5 sec after beam crossing
e DAQ; BRI TTUAILES>T VT% ____________ PXD w/ Rol: [le Il DAQ System
R T7AI1N—1)> y PXD: P ~100kB
KI7AIN=)2D BB ~IMB et i |
— Rol =¢ ~10kHz
Process o (nb) | Rate (Hz) ~30kj€ L [, —
T (_IS) 1.2 060 I:% - ]/ Y ~40 R/O PCs distributor - E_’Ej
Continuum 2.8 2200 > le:;' e -,-". - g e
T 0.8 640 CD% Other: — N % *@ Storage:
THT ™ 0.8 640 P'Di ~100kB o]y || after HLT: ~ | : ~200kB
Bhal e cocf HLT, || ~100kB | ' ~10kHz
1abha 44 350 i —~ ~10kHz | ,_ -
Y 24 192 = S mnaills HLT %
Two photon 12 10000 4 ket € - o0 oo '
Total 67 ~ 15000 ) L
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|
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processing EE mdet MC
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8 B
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=
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\ = | ~ Barrel KLM
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Belle IT

e CDC, TOP, ECL, KIMZEL5THGEH T
i &1E85 (2017/7,8)
- FIRHIR. A —. DAQDEEER.
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<> Construction on going

Belle I

2 ! Forward Endcap (ARICH+ECL)
installation

SVD assembling test
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B SuperKEKB/Belle Il schedule e

Belle IT
Oct. 11, 2017
Calendar year 2016 2017 2018 2019
Japan FY JFY2017 JFY2019
Summer shutdown Summer shutdown Power saving Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)
(mld Feb. — mid Jul. 2018) w/ full Belle Il
phase 1 Woos | phase 2 (MR) phase 3
e R I - -

MR renovation for phase 2, including w/ Belle II (no VXD)
HER start

MR startup installation of QCS and Belle II \ER <tart VXD installation

phase 3 operation

DR installation & startup DR commissioning 9 months / year

SEERKIYIMNEIEFPhaseEELOE — LEZEEERBIIR
(VXD HYIZE—L/\v T 50 R RIZEFERA)
KEEEICVXDEAVAR—ILL., FD#Phase3:Elg
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