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Figure 3.1: Typical CDF event (left) compared to typical Belle event (right).
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Figure 2: First presentation [17] of the boosted-T(4S) idea|in 1987.
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e Measure TCP in B=>J/yK, decay 24.8+7.6=3.8
— B mesons are almost at rest in c.m.s. Am(B,) ~ 100 x Am(K")

— Asymmetric energy e*e~ collider! (P. Oddone/F. Takasaki 1987) 4
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KEKB SuperKEKB _
parameters units
LER HER LER HER
Beam energy Eb 3.5 8 4 7.007 | GeV
Half crossing angle P 11 Ql@ mrad “
*J3Ns
# of Bunches N 1584 2500 BIfET
NE
2015
218
beam-beam param. Sy 0.129 0.090 | 0.0886 | 0.081
Bunch Length S, 6.0 6.0 6.0 5.0 mm
Horizontal Beam Size| gy 150 150 10 11 um

Luminosity L

2.1 x 10%
HEEBRBEOHFMEZIToTLS

8 x 103 cm2s1
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Tracking Electromagnetic Hadron Muon
chamber calorimeter  calorimeter chamber

RFDIEFHICK-T
BIERED RSN ELS

Innermeost Layer... P ...Outermost Layer
How to measure the Pt for each track of charged particles

* Magnets o T —
. Trackers a1 B Ml T (L 35 Tl T 7= FR B 28I 7E

How to optimize the parameters of sub-detectors

— Hit rate: Bi{E4EE

— Efficiency: e zh 3

— Position (energy) resolution: i & (TR JL¥—) S fiZEE

— Radiation hardness : &t #Rmt 14

— Long term stability: REAZ E 1%

— Costs: (& 9
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Bethe-Bloch formula (ionizing particle): : 15- ! | | | it
2 n2 2 a5 b TiE
dE _ _KZ7? z1 Em 2MeC" By T — B? _é] 3 1‘:'1 dE 2 2 I
B 2 2 > S i —ocInf i i
dX 2 | 2 ‘““E i .l'; dX V4 H,liquid
— bl 115
_ T il
K =47N,r’mc® =0.3[MeV - g cm?] o4 ‘.51 T i
Tmax = 2mC21827/2 E 3 I'l]' 528 _:
w B ————
(Max kinetic energy, which can E i ”1:'3 M_,_FE}E—_—_‘:_':;_
transferred to electron) & 4 / A f"'#-rifﬁf”_ﬂﬂ_—
i ""\-\..|_'-"-F- ____'-"'--P.
A: mass number [g/mol] of the material [ h Tt
z: Charge of incident particle JE 1 =l
. H 1 1 11 ||||||| X |||||| L1 ||||||| |||||| IR RE R
Z: Atomic number of material _ o1 _ T T TR
dX fry = pf M=
6. Density correction ﬁ 1 IIIIII| | I | IIIIII| 11 IIIIII| 11 IIIIII| | | IIIIII|
. s ) 0.1 1.0 10 100 1000
I : Mean excitation energy of material Muon mom enturn {GeVs)
—-— N/ — 1 1 IIIIII| L L IIIIII| L L IIIIII| 1 1 IIIIII| 1 1 IIIIII|
=142 ﬂy ~ 3 4 0.1 1.0 10 100 1000
1V p Pion mormentom {Geb e}
i e | 1 1 IIIIII| 1 1 IIIIII| IIIIII 1 1 IIIIII| 1 L1 1 1111
ﬁ o 0.1 1.0 10 104 1000 10000
1 1 E E Proton mom entumm {Geifis)
}’ = = = = P
- B p° E°-p° m — =
-Jl 1 —? 67 m 17
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Bello I Energy loss of charged partlcle

] }.II III| ! T T TTT

Bethe-Bloch formula (ionizing particle):
2. 2
d—E:—Kzziiz 1I 2mc,827/T B
dx Ape2 I
K =47N,r’mc® =0.3[MeV - g cm?]
T =2mc’B%y?
(Max kinetic energy, which can

transferred to electron)

A: mass number [g/mol] of the material
z: Charge of incident particle
Z: Atomic number of material

Energy deposit per unit length (keV/cm)

d: Density correction | | |

I : Mean excitation energy of material s 0.1 1 10
I= |OZ Momentum (GeV/c)

BB B EJE/dX A B E TEN ISR FER B TE 2581 H S
mu =~105MeV, mn = ~139MeV, mp = ¥938MeV

AR DR H [XEnergy loss IZTEERETAEF. AV DERIBHROHEAIRREFIE IS,
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a4 |nteraction of charged particle

Belle II

« Multiple scattering (Moliere formula)

— Approximates the projected < >
scattering angle of multiple
scattering by a Gaussian, with a
width

2 2 lane TRp|
ezz(ogfj XL 114012109, (x/ X,)P Plane

0

X: charge

« Approximation

9o L /XL ELVES S CIIEELOSZE NN D
P 0
X, : Radiation length X=f BRI FDIRILF—m1/elllEbFHEH

(Mean distance over which a high energy
electron loses all but 1/e of its energy by
bremsstrahlung, and 7/9 of the mean
free path for pair production by a high-
energy photon.)

1 4aN,Z(Z+Dr/ log(183Z*°)
X, A
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Xo=T BALF DI RILF—h1/el27E5FEHEH

MEZED,

IGD LT S

1 4aN,Z(Z+Dr/ log(183Z*°)

X, A
Z Xolg/cm2] Density Xolmm}  |F&
(g/cm3)
- e He 2 94.32 0.125 7545.60 CDCHR
= 15 Be 4 65.19  1.848 352.76 P/ SAT
U gy CDC. VXD
ig 5 C 6 427 352  121.31 (CFRPAEE ()
Si 14 21.82 2329 9369 PXD/SVDtLH—
Fe 26 13.84 7874  17.58 Bellek &4k
_ Cu 29 12.86 8.96 14.35 AT
e w | 74 6.76 193] 350 $—)LR
i IP/ A T EZEERER
g <5 A 79 6.46 19.32 3.34 A
i - (B xR IR IR)
ST

1

=

[ZIXAL, SUSHIEERIZER,
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Belle II

<
B® Measure the transverse component to B field

~_ Pt =9BR = Pt[GeV]=0.3BR[Tm]

L . A, o 0.3LB
—=sin(-)r—=a~=

d \ 2R 27 2 Pt
/ a’ L°B

n Laver s=R({- COS(_) R g pt Pt=4.5GeVDii
g 743157 DRiS
T Position resolution o(x) for each  #%.% 2 L4412

w

S=X2—
a(Pt) a(s) ( (9 [ o(X)8Pt (%)t
0.3-BL? BL?

Pt resolutlon depends on B, L and o(x)

BeIIe’C(iVb/'fFﬁ%iﬁh\?ﬁ\?ﬁ\o’CL\éf*&'} Pt (E—LBEICHLTEARDEHE)
ZRIETHIENTES, CDCTIIM FREFZEZKICTvbLTAIE 77
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Electro-magnetic shower

23



120}
~ | ARHROFEH) BFRER
, 100} DEBEZHEE (B E k)
‘ ' e I DEBE/FALSL
' ¥ 801
H.. L
% 601 8
g L
40+
L AV EE
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= + DEBEME
0 RPN YT IS FYTT! SRS FTT| S
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AFIRLF— [MeV]

ﬁ'ﬁ%b\%%ihLJ:d) s FICIRINE N, BhESh ——
BEFNABEFELTRUH T BEE

A ‘
« JSLEINR (photo- electrlc effect)

=4 22°¢, (m.c? fhv)i

@, —8}”’2/3 6.651x10™cm®; ¢ =1/137 (a) XWMBRE (b)) =2v7t i (e) WTHER
] ~ ~ i ﬁlﬁ%b\ﬁﬁ%ij""
OV ThUBEL DEFEMEERET .
oy 3mE (1 2% os), L RBABTEREE |
“ 8 k mc’ HFARUE T 18FE

o
=
=)

I

o, = %‘”"f; =6.65x107"¢

section (barns/atom)

« X4 RE (pair production) o
74 1 A
Um.': P 5 I~
’ 9N, X, - X
l -
9
lﬁ,‘,,-,.=5x"fu Pair production (239 % -
mean free path T S - (L N N
10eV 1 ke 1 MeV 1 Gel 1IN GeV
Photon En
KFHEFRERICLEF - IGEFEXIERT H1BFE Opair X Z xh-u — 2”16)
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E(t)/ particle= E 27"

Jo+RiE E(t)<E. £T#H< ™ lonization, compton, ...

In|E,/E.,. E
Shower maximum ¢ __ = [£o/ 2] Ny = €Xp(t,,,, In2) = —%
y In2 E

D—AVEELISEDEARDILENY R = leeyﬁ
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fb
1200
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400 -

200 -

)

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

Belle IT

Beam Pipe and Vertex Detector extraction: on Nov. 10, 2010
Belle Detector Roll-out: Dec. 9, 2010
End-caps, CDC, B-ACC, TOF extraction: in Jan. 2011

>1ab!

] | | I I On resonance :

[—Keks  — e @ Y(58): 121 b

I | [ Y(4S): 711 b
Y(3S): 3fb!

Y(2S):25fb "
Y(1S): 6 b '/
Off reson./scan: 8

~100 fb!

~ 550 fb!
On resonance:
Y (4S): 433 [b )
Y(3S): 30 fb!
Y(2S):14 fb!
Off resonance:
~54 b
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ExpMC 2 E 25 Run 1886 Ewent
Ener 8.00 Eler 3.50 Daote 1031120 Time 0351
Piot(ch) 0.0 Elot{gm} 0.0 5D ¥

0, KEKBIZXt L40fZ M Luminosity | P }

1.1\ DTS5k
-10~20 times higher than that of Belle
— fake hits, pile up, radiation damage

2. T—ESHEE
-Typical Levell trigger rate: 20kHz
-Data size also increase
— require high performance DAQ

IQ

t,c,u |d v

3. MIBO R ot L g L
-good hermeticity for events having vs 7 s
-good background rejection for RRR e x
ultra rare B and t decays cwy |
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R=20-88mm

D>

BELLE

SVD 4 layers (DSSD)

CDC:
ACC+TOF
ECL:
KLM: RPC

(Endcap&Barrel D Ex N2 [E)

Belle®H 4 X8mx8mx8m

KLM Belle | =
$upercon YL /ARBER KILM
TN [FTTE BHomRuA—s(ECy) |
S T T m-- AAAAAN e = T
= | e , g
gg SVD ,fwmzm ers) E “E%_g Ilﬂ,
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Cﬁcrrrrrr PPTYS
!
— 2 DEPFET + 4 DSSD
small cell, long lever arm
— TOP+ARICH
waveform sampling
— Scintillator+SiPM
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1020(E-ECL) 1960(E-ECL)
M«}ﬁ(}‘o}ﬁ %Gﬁ:%a#gﬁ)é"é S :
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o New detectors at Bellell

Belle II

Component Type Configuration
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm?
(DEPFET) pixel size: 50x 50 (75) pm?
2 layers: 8 (12) sensors
SVD Double sided Sensors: rectangular and trape 1 i i & Event Rate
Silicon strip Strip pitch: 50(p)/160(n) - 75(p) /2
4 layers: 16/30/56/85 sensc Process a(nb) | Rate (kHz)

FIOTILAIEE

CDC 5:3111311 cell 56 layers, 52 Ei}dal 24 stere Y(4S) 19 1
drift chamber r=16-112 cm
-83 < z<159 cm qq 2.8 2.2
a7 0.8 0.6
e RICH with 16 segments in & &l £ ~ 120 an 5k :

cuariz radiator TS em lomg, 2 em thick cuartz hars T+ T [}8 [}6
with dsed clwnee] MCP PMTs
. A ;
ARICH RICH with 4 o thdek fomsing radiator iak e 44 35

aerogel raciator and HAPD plotodetertors *;_Pair 2 4 2

b the forward end-cap

BCL Cal[TT) Barrel: + = 125 = 162 cm Hir24 T\"'-"D—q-" SD E’4
[Tovwrered stractime) End=cap: & = 1152 [F) :
=102 o ared + 196 om Oy (B
HILM harrel: RPCs 14 layers (5 cim Fe + 4 ¢ gap) g 16k & 16k Tﬂtal ]32 ﬁf][}ﬂ

FRPCS In each gap

EREES e 14 layers af [T — 10) = 40 mm® strips 1Tk Tr‘igger‘ rate ‘j:HEEx3OkHz3O

arintillater strips refd ot with WLS and G=-APDs
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the idea (1): make use of the flexible nature of thin silicon
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o —HHAHLFELEZEAEL

| LTHIFBE®S,
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D . depletion region
oo FEFERHAS —

PRENBFBEREEELIZEDET (A —FEVLS(THFHD)
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Aluminium electrode

/

p~ silicon strip
Si0s2

!
*\° n+ silicon
— [ A Ne]
electron, l‘ hole
¥

electronics
/ for read out

reverse bias voltace

\ Silicon Strip Detector

ZEZBERAN)YTHIZSIO2E (#:ig) A HEHD TACHYTIL TR T FHERALL

FE7 7 T LI BRESEIBBL THRAEY

BEND VT IVGE-HEEERMEXR. RERXTEUXR (KEEILICEHEERSBLEEHSTT)
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SVD1->SVD2
232<0<139¢ =
' E

l (SVDIE T CITHS A THRT=Y
|ZH o = ERILE)

172<0<150°2
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$ Inner Tracker Upgrade

Belle I SVD1->SVD2 (Belle EE&)

Beam pipe : R, = 2.0 cm Beam pipe : R, = 1.5 cm
SVD1:R=3.0,4.5,6.0cm > SVD2:R-= 2.0,4.35,7.0,8.8cm

CDC : 3 layers of Cathode part CDC : 2 layers of small cell chamber
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Belle 11 VXD design
(top view)
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y : ﬁ Bellell SVD Top view Or
I - 110701_KOIKE
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SuperKEKB: Nano-beam scheme — K2 ZE A E (22->73mrad)
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D IP beam pipe
B (- (T EERY L— T Y)

Belle IT

P ——__——— R

220

Xolmm} o PLOMM(F ST S PEE AT N f=E — LPXDIZ 4
~ Bel| 352.76) .. - BB 'd’ét&bjkl:l%_‘—ﬁ%(b'cmé)
W 3.50 T
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Vertex Detector (Phase 3)

r=10mm

Beam Pipe
DEPFET

Layer 1 r=14mm
Layer 2 r=22mm

DSSD

Layer 3 r= 39mm
Layer 4 r= 80mm
Layer 5 r=115mm

Phase 3 PXD
15t layer at phase 3 start

3 140 Fit funiction: o= .a"’-c-,L
. pPsin(Bf™
c 2o Belle SVD2 cosmic (Data) BNT15
=] 0 a= 174 +03pm
5 100 b= 343+07 um GeVic
2 gk Belle Il single track events (MC)
L] N a= 96+ 14um
T ot . b= 162 1.9 um GeVic
LERNERY
C *l"'-l--.-.___. T E - | ngrsry
% 1z 3 4 5 6 7 8
ppsin(6)*? [GeV/c]

VXD can provide factor 2 or more better impact
parameter resolution in spite of lowered Lorenz boost.
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PXD

Depleted p-channel FET
EVtILEHEE

s
S R —hk —— /_//{
e

21) 7 —(n+)

Y—R(p+)
FLA2(p+)

[le== Switcher - row control
chip with high voltage
1 line drivers

0.35 pm technology

/ DCD - DEPFET current
¢] 0 receiver and digitizer
chip

1 0.18 pm technology

DHP - Digital data
[ handling and readout
control chip

********* 0.09 pm technology ° _I B
— NET—k

S)

Eﬁmnrﬂﬁw—r& |
ONIZF HEIRESNT-B i

~ B
FRIZLBIL-EiRE5 BRPBRBNS ORI+ EZE
AHHES, 39
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DEPFET for Belle Il (PXD)

radius pixel thickness
Layer1 r=14mm 50x50um? 751um(0.21%X0)
Layer2 r=22mm 50x75um? 75um

total of 8 Mpx

| |LCJ¥J(:I3$J%€&3&5T:O
2= 2 WL FUTQ“#BTEF

& ATLASDOEVtILT=&
Material budget ~2.7 %X,

W
%"b

|OF COMPUTE
—> \oDE

(20us/frame : 8M EO9RILDAAS Elfg * B x—o
BISFAEEHETO Yy v 2 Z2H5HR0) 2 o st o i i 40




SVD2-> Bellell SVD

r

Sensor thickness

Figure 5.3: Configuration of the four strip layers, with [cm]|-_layers
. : - . . P 6 ; -
and the two PXD lavers. All dimensions are in mm. e - —— . —
W 10 i 4 o “?_H.
[ ~ ; T
[ F—1 4
|::I B [T .._.:_,_--.".- -
1,Slant structure T N T B T T T

-30 -20 -10 0 10 20 a0 40

2,Hgh speed readout (800ns->20ns: APV25) (o]

. . . —rnthia Rectangular (122.8 x 38.4 mm’, 160 / 50 um pitch)
3, Smaller capacitance on each signal line HEMEEls Rectanguiar (1228 57.6 ', 2401 75 u pich)

y g Figure §.4: Schematic configuration showing the three different sensor geometries and the num-
ber of APVZ25 readout chips for each detector. 41



SVD (Silicon Vertex Detector)

Belle IT

Front-end FE: APV25 -> FADC

Material .7%Xo per layer == P L — L S
aterial buaget 0.73%Xoper laye SHHHLFEDF YT EECEAEHIT
Table 1 _t,sj.U._:lb ':grl-
Main parameters of the used DSSDs. A floating strip between two readout strips is M E AX =
present on both sides. able 2
Small Large Trapezoidal 'VEra8¢ hit efficiencies for SVD sensors in each layer and side.

# of readout p-strips 768 768 768 Efficiency pside (r¢) n-side (z)

# of readout n-strips 768 512 512 Layer 3 (99.72 £ 0.01)% (99.79 + 0.01)%
Readout plich (peide) [ym] 30 75 0-75 Layer 4 (99.71 £ 0.01)% (99.76 + 0.01)%
Roadent pich (weldc) (pm] 150 20 0 Layer 5 (99.73 £.0.01)% (9988 0.01)%
%:L:(‘Im";:‘;ull::‘]“” -;;gs 2023“ 5;303“ Layer 6 (99.50 +0.01)% (99,81 +0.01)%
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Belle II

Freinz &89 5
Gas detector

DA —F I N—ORBEEAR - TETETA
B THENB T EAE S
(ZTIEb so L LGB, BB TS LERTID)

Tracking(Pt), PID
(using CDC, RPC on Bellell)
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Belle II

Incident charged
particle

Energy
deposit

Create Cluster
|

Drift Electrons

I
Gas

amplification

Reach to G.M
Anode Streamer

Self quanch
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Belle II

N n,
Incident particle interact with gas molec

ule,

lonization(E B {E )

then producing electron and ion pairs (n;.). 60T ' | S
- =
MIPIZ3LT 50 | 2
has relationship with average Z of gas -
prlm P g g 40 [ W.(eV) .
molecule 7 1
BF3
~ . i
prlm 1.57 30°F \ 3
26 # CHeoH ]
. . 20 S co ]
This primary electrons are energetic enough to 0.9@ a2 Gl}: ]
ionize other molecule (secondary : n, ~3) 1oL ¥ hir o s R
N - a7 CH 12
BREERICE: . Fren 4| | 1=
= oo L 1 L L
1§IZ: St 0O 10 20 30 40 50
;;ﬁﬁﬁﬁ o Principles of operation of multiwire proportional and drift
A} =5 chambers / F. Sauli
BHEELHD Geneva : European Organization for Nuclear Research,

1977. vi, 92 45



Property of noble and molecular gas

Table 1: Properties of noble and molecular gases at normal temperature and pressure (NTP: 20° C, one atm).

Ey . Eyp: first excitation, womzation energy; Wi average energy per won pair; dE /dr|pin, Np. Np: differential
X I g I 2 EY P P ] min f 1

energy loss, primary and total number of electron-1on pairs per om, for unmit charge mimnimum 1omzng particles.

Gas Density | E; | Ef | Wi | dE/dz|mim | Np Nt
mgem 2| eV | eV | eV | keVem™! | em™! | em™!
He 0.179 198 | 24.6 | 41.3 0.32 3.0 o
Ne 0.539 16.7 | 21.6 | 37 1.45 13 40
Ar 1.66 11.6 | 15.7 | 26 2.53 25 o7
Xe 5.495 ¥4 | 12.1 | 22 6.57 41 312
CH,4 0.667 2.8 | 126 | 30 1.61 28 54
CaHg 1.26 8.2 | 11.5 | 26 2.91 45 112
iC4Hyg 2.49 6.5 | 106 | 26 5.67 90 220
COq 1.84 7.0 | 13.8 | 34 3.35 35 100
CF4 3.78 10.0 | 16.0 | 54 6.3%5 63 120
FAREBDBEEMEELIDT IW | oy 5 A
BEARICTHIETRERAAMN & | v 22 \ L
EEREMICEBRTHEEICHEET I & S X i
SRYAAAERETES < % g S
(RZVTBMB: HITDAHY) 3y = oS
arXiv: 1008.3736 [physics.ins-det] 26 April 2010 | Kt &=
Gaseous Detectors: recent developments and applications [H]H{
Maxim Titov "H 46
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<o Gas amplification

Belle II
dn

Townsend avalanche: - — =qo-dX \\%\ x
a: first townsend coefficient :(?5!2?& @
E/p > 10" V/cm /atm . . .

a b o} d e

Jv_289

= n(x) =n(0)e”
If we neglect the space-charge effect and photoelectric EETHIEENT-
effect by de-excitation of molecule, total charge (Q) =n,eM  ZzpEsxyg 2
M (gas amplification factor) is written as a function of a )‘
(a: radius of wire) E(r) dr |
INM = j a(r)dr = j a(E)_dE . ___.‘r?f““ﬂf:“r?___nx |'|
a E(a) \ b .i:
V" a(E) dE Vv L a,
j (E) ..(E= ccylindrical) | |
In(b/a) e E E rin(b/a) \ ‘\1. /
0 v anode [
. . . d 5 - d “‘
Induced signal is written as V= .-’C‘Fﬂ ar r

20-30uMIBEEE DAV T AT IAN—ICEEBEFHAT5EMAE iﬁ’CjJZi*"Ilm
PRI E D AV —Ed (%UBE’C%%(#JZ#'FE+}*1&E§0)BHJJ:)
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Do -
Gole T Operation mode

M < 10%: lonization mode(E&EFE) 10" | | ——
(using DC mode for radiation monitor) facounter
M > 10%; PI’OpOftiOﬂEﬂ mode 10 - Region of limited J_
(MWPC, DC) T, S0 W
M>10°: Limited Proportional mode 3 _, ;ﬂé’é’;‘?ﬁﬁ"? proportona ' : |
M > 108: G.M mode or Streamer R hi ——
mode (survey meter) % Ll BT (1 5% | S
FSRAA VIR TERIE2-3<SHL o |1 .
J‘Egh%‘gb\ _E 10' K : ' E —]
i : | i
1_ _ 0 | ' ' i —
M - i
. . 1 i L | 2
R 0] T250 500 750 1000
a ﬁ Voltage (V)

20-30umIBEDIV T AT AN —ICBEBEXHIR§ 5 LMAE TS THAIEE
PEEED ANV —REHBIZHIETES (EDME L) 48
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BellelI HV dependence of Output charge (ex.RPC)

Charge (pC)

10

10

Proportional

~ Streamer or GM

AR —~ B

BEARGTAUNOY TS

W

Limited proportional

10 11
Operating voltage (kV)
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SO Difference between G.M and Streamer

Sl TSN RS TEEISITL BSNBRANRET S, COBIphotonAFEL
EEER T, G.MERM)—T D& I photonDmean free
(HRAEHDENTEGC.MERR) —T B THERFE A D)

EF- 14 EI F
T BHSNBIEMNIEES
G.M mode
Large output signal

Long dead time
Long term stability

Streamer mode

Large output signal

Short dead time

3@ Large discharge sometime occur

Limited mean free path of photon
ER7a ) RICSTIRREL = R (Ar+Hg) R TAC100VE At d R R —7 I E D —iE
IR 9 5 ETIATAVRMD OB EFICKYEREH 2% 4 B L1=photonlZ &k 21
HEZTRYRLTWS, Bl TERBLEZERS FHER ,I]Eﬁﬁﬁj—'éi,z_/_\tbﬁb\%
RIECBBT DESICHIRMR(COREIVFILDS  Aexz 50
FIZH S EARREDEL) EATAREBICEREE )
BEMTHERIAIZL TS,



H AR MWPC
(Multi Wire Proportional Chamber)

, Z/\—O?’-I//\—
( B 0)14%@&11%)

FEAR EXNR

Uﬁ@”“r MNRVWEEBBNEL (BFYSURREISLIOERBITH-
BTGV AN—FDDH) ToANXY—(FR)~TZEH)

pags  BRTSLLTREEESBEA—JEEDYIL: BB
o FLRBEIMLRETAVY—(+BEE) £ squi

- EFTFTORWENRITSUFE Principles of operation of multiwire
. JAV—RTOBETIEEE LD proportional and drift chambers

https://cds.cern.ch/record/1179897?In=ja
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Belle IT

R
0.15 =+ () Multiwire proportional chamber
i
0.10 Bt ST R
mEmERARE: Fﬁ,f* ERasastats

- 11 '_-|_ !'Jr:‘JF'I' 1 ':| H
e I

0.0 T "‘.-‘E' e A u‘_‘_t‘,,
" R L Ak

MWPC&Drift

=005 |

—0.10 |

-0.15

| I I 1 ! 1
EEEREERREER EEE R RREaR R LIS EEEETEER
020 —n arXiv: 1008.3736 [physics.ins-det] 26 April 2010
03 02 01 00 _ 01 02

L1

Chamber
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- DAvY—OhfAES O
- HENRS
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— BIAV—)ILEIZo24—IL

KOAx—0RH5, o

_ SIgANEM 10mm LS 0
CDC small cell epimin
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HHENEIITDILDNKE

O....\.‘{....... IT.....Q.I....'\

™ Mesh

< ol layer
& |lay

Inpie
GEM

Readout Pads




-
B

DRIFT VELOCITY [cmijs)

ATV
AFEIE. AEZEATRDD
AREBORSZE

BBERSHLNHAISIAFI—DF
BERDS,

EIEZTTICELH TSR
FRRTE
BBV SR AIBERE

(Gas _-'1"-";1 _-'1".'7';'

CIIl CIT1

He 3.9 o
Ne 13 40
Ar 29 a7
Xe 41 212
CH, 28 o4
CoHg 48 112
iCyHig 90 220
COy 35 100
CF4 63 120

§§§

DIFFUSION rms (am)
g

g

0 1000 2000 3000 4000 5000
E {Viem)

BIGICHIT AR TNEE

arXiv: 1008.3736 [physics.ins-det] 26 April 2010

2000
E [Viem)

T|15(Zxt9 Sdifusion
(AR FIZEK->TELEL)
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 Aging
— ARBEIZIYEBICFHYLSTHLEBENEL

 Pulse response @ UniformityhigitLd
« dE/dXAIEIEE

 Rate dependence

— DAVESIYYD EBRate TR TEIEDEBHEOEL
HAEETERLEAA U BAY—RFTRINEIhDET
BERNRICH-> THPELEMEBETIT5, ey

ﬁ+
_ el R CEATS
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D
(Vay  ZO R BREACDEREE

AAWNBERHEXEN

RIS | FIIIIILIEIIII TS &
P ARSI O
coc o Eg\Q CDCOI54A . rate dependence
] SVD PXD(2 layers) §E EEE'EE [SBAEEESSHL.
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o RMBRHETHESIEELE

Belle II

e« CDC(HRFT/N—) + SVDEJAVRK)YTD)

— T5A)—EF#. ./ — ToA)—BFHK
— A RENE10"55EE — U —RAEIEEEL
— FYUoRILEEYDREREKXR — FryoRI)LEYDRERE/N
(SINDYTHYB) « FE7U7DHEIZHES
- EBERIHEYDOMultiple — Multiple scattering X
scattering /N {EMEH X) ()AVGATESCT BB ARET
- EEHERICER (RELHD vHoHY)
d
C &S 0 oc 1 L Multiple scatteringl&{&L>
d d dQ 0\ X, EBEOHTIEETS
av :ag 0 —ALHCILCHRETIES )V B
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entral Drift Chamber ACC+TOF>TOPDZREIZ LY L/A—7 — LDMRU=
improve resolution of momentum and dE/dx

(EShE. dE/dx) op,/P: = 0.19P; © 0.30/8
IEEr——— Belle ||, ;, /P, = 0.11P; @ 0.30/3

new readout system
dead time 1-2us — 200ns

1200mm-

- e =
e

Belle-l

Axial wire

—250mm —pe—250mm —p L

Belle Belle Il Stereo wire
inner mqst sense r=88mm r=168mm
wire
new readout system
dead time 1-2us = 200ns
outer most sense r=863mm r=1111.4mm H
wire
O O O O
Total sense wires 8400 14336 10 mm l ? g (3 g
00 18 mm e O e O
Gas He:C2He He:CzHe 6~8 mm
sense wire W(®30um) W(P30pm) 10~20 mm © o
field wire Al(®120pm) | Al(@®120pum) 39
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Belle II

Test Chambers

2GeV/c electron
KEKELTARE=LAZT S

5 layer test chamber

N E FS’ = Constant a ;wz: 4233
I g [ s
1 & [ I P
- “. position
S ow H resolution
A | o~100um
© 1
di'-stance from sen.se wirTe [mm] [mm]
o/ %) (o/) x VEIH
4 - - 14
13 3 I
2z i 2-F &
i - 1y _
10 | 0. dE/dXx resolution
| . 9 12% with “9” layers
- 8] 5% with 56 layers
90 60 30 [degree] 90 60 30 [degree]

X-trelation (B=0T)

Residual distribution

incident angle

Full-length

(540x570x220

chamber has also been made _ "

L —

61



D

‘] Position measurement with Drift chamber

X-t relation (B=0T)

Measure arrival time of electrons
T at sense wire relative to a time t,,.
]

-

scintillator Stop

Start]
V‘ I_

TDC

ey ] 15 $ 2 BR R | S 2 42

50 100 150 200 250 300

+ =]

distance from sense wire [mm]
o : Esp 5 Pun 272 Fam 5 Eremt  1084a
E Fher B.00 Eler 350 TumMes 16 23:12-08 1HEE
: %I_LE TpIl ODstver O Magll © BFleld 1.50 Cmpver 910

..ji_ﬂ//—' anode X = IVD (t)df Ptot{eh) 11.0 Etotfgm) 0.2 %D-N DCOE—W OHLW-U D
-4 > L
low field region high field region
— dnft — gas amplification
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(.D K L M 1,3:;,1,(%-? r"f'j.lb?l'l::I'F:J
(K_.&Muon detector) " j.a' &J
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TvENEENTWS, EFEWEH
LTRATRAAELGYIEEEINZ S
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- i 10M2QecmD S EENE
. . HZREryF2mm, E> 4kVimm
RPC layer | ot 8 ' g P i
0 | A
-HV - J
i ' 0s [ /’:///
[nsulator c / /
ml ] 0.7 7
+HV g /
Lo @ o v oy
Single S — 5 - &/
RH%-[&}T:J Liax gap | é 0.5 r A Inner/HV ¢n
NG s o
-HY 04 r O Ouier HV pn
- | C
Insulator o s
“sirips| l 0.2 f
Dielectric foam a1 b
Ground plane qrz;nﬁl'}mﬁ"}ﬁmlll?'au;:'el.ﬂm':u'ﬁ:ﬁ'ﬁuﬁlﬁmﬁlﬁmhlﬁmh'ﬁun

High Voltage (V)

. . . 4
Fig. 3. RPC detection efficiency dependence upon HV supply. 6



GENERAL LAYOUT

One layer: 75 strips (4
cm width)/sector

5 segments
1 segment = 15strips

Two orthogonal layer =
superlayer
F&B endcap KLM:
— Total area ~1400 m?
— 16800 strips

— the longest strip 2.8 m;

the shortest 0.6 m

= WLS fiber in each strip

Hamamatsu MPPC at

%% one fiber end
I mirrored far fiber end

: K &Muon detector (RPC —>Scintillator)
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o ~ One strip

Belle IT

Optical glue

TiO, reflector

Scinftillator:
polysteren

+1.5%PTP + 0.01%POPOP

MPPC: Hamamatsu

1.3 X 1.3 mm 667 pixels
fiber: Kuraray Y11 MC (used in T2K ND)

Scintillator bar: Vladimir (Russia) part Il
(used in T2K ND)

Scintillator strip

Fi‘t;cr Connectors

part |
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Belle II

PureCsI BSO  BGO
£ (g/cm3) 4.53 6. 80 7.13 4.53
R (cm) 1.86 1. 15 1.12 1. 86
TV =— L%%% (cm) | 3.57 2.63 3.10 .57
& (nm) 300 480 480 560
Y& & (NaI(T1)=100) 3.7 273 10 165
W E B (ns) ~10 100 300 1300
iy A =TE i i =TE

CsI®Pion interaction length (THIF A IEE 4 FREL T S IEERE) : 199 g cm2->44.12 cm
BEFORLFITHERTNARFOVIEENEITRIGLIZKWDN (REBRAR—IADNHE)
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Belle II

EFOBREIE., HE—EULREGIREBDOATLEINITEILT . ENLUT
DIRBBOIZ VKO ETTHLEFIEIRUHLTIALY,
REHEDRENVAZ LU TEHAEABEFOERIRILT—FEDLLIARVETE
FOHIZERITLEVNENEZ A TEHEKSADEFNRVUET M, EFLE
HE-YDEHTRILF—CEITENVEEDEENRRICLYAL,IZSN T,

R E=hy=h—
AEIR &
& T = \\ ‘;\: o
| & HEFE ERETHE RI&EA /=K _
W o ‘,,---.‘-‘.\ TN Z e i:.
Mo M AR s B
: ui\\i‘l (@) (@)(e)(0) B ﬂ\;
T, (~107% Pa) =
AFTFE = —
—
ASHE : J/=’
~ g - ATLE>
BT N
(5414 /—K)

ASHE X R BETORENE x BF~OLHNE x HIEE x e=FROKEE
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< BIDERDRELE

PureCsI  BSO BGO CsI(T1)

& (nm) 300 480 480 560
SHEBHORTHE (QE)

100 —
@@ — /4GaAsF‘!
N “‘{ GaAs
—|_Gs Te ,: ‘\ | — 4\ ¥ P I
Multialkali (S-20)
10 \""\// l S~ | AT T T
f >t i E—" e S —| Extended Red Multialkali (S-25)
= 1 &f T L= v —
S | WY
< VN |\ Ve , ,
g !! [ \ A\ \ AInF’IInGaAs|
p:
]_ —] -\\ \l. 1 /
i S~ BB N
)
= \
‘ 5-1
\ O S \
o L \

100 200 300 400 500 600 OO 800 900 1000 1100 1200 1300 1400 1500 1600 I

Wavelength (nm) 70
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&) ECL (Electromagnetic Calorimeter)

Belle I PureCsl BSO BGO Csl(TI)

PINZA AT AA—FERW. B YT — &R Mo s | 253 6.80 7.3 4.53

IRIVEF—SRREIL. ~1.3%NE, 5t E(cm) | 1.86 1.15 1.12 1.86

SIE 5 fREE(%~0.5 cm/INE, (E in GeV) e
TN ) = EUL—=LH¥ 357 263 3.0 3.57
UFL—aELTCsI(TaF— s ma A 2(cm) : : : :
BELLE Csl ELECTROMAGNETIC CALORIMETER (;f::';;&ﬁ 300 480 480 560
[Backward Endeap Colonmerer S Forword Endcap Calorimerer j.é l

(NaiT)=100) 37 273 10 165

RS (ns) ~10 100 300 1300

:K\% B E -
NE 2 P + =+
: R
AR S fE
— /
7 _Casing__ To [] =
_,/:";:T 07 L_'g =
Preamps >0
S 3825 8 s | L)@N .
0
R Lot ”
-y ) K
87364 (D Cs|%{E 2 PIN-PDs n
GoreTexand || BIHMBE(EFHSRFEMND
Aluminum-coated —&)Sh BEHEFEBEH IE?Lﬂ;
myler wrapping. HEd, L




D

<O

Belle IT

#LF 5+ A

BelleClIXAIEEINA/\FOVHFDIRILF—DHYEL V= LHC
EED LS5 /\FAOLAAY) A—2TILBIE TEAHL

. KPRFEFHNTLEADREEF
TOP, ARICH
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/O K/ FIF 58 51

Belle II

T T J T L L I-.LIII| T T T T TTT
A 8 = b

SFEEODEHEH
*TOF: FRITHFRAITE

— RIFEE= RITIEERE/TOF
RFRH B CTHEET IRILT—

— dE/dx (CDC)

Energy deposit per unit length (keV/ecm)

“FILVOTREFE 501 it e

01 1 10
¢ n Momentum (GeV/c)
; . DEROIE o/n KYD HFRENENE. A
dE/dx (CDC) N sdEMX~7% | FEO DAMIZ, FEREDLIITHEMAH S,
TOF (only Barrel) I AT ~ 100 ps (r = 125¢cm )
za;rel Aizc S 10T e FI L TR RHEDFIA (Belle TFIA)
ndcap | - (ony flavor tagging) nZRE nELED KAELELRL SHFHEA
0 1 2 i T
p (GeVi/c)

e FTL2OT7AESAIE (Belle ITHIA)
0.~ BEEEAIE, BERLYERNIFRLT D,
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<O

Belle I
Belle# 2 HHE THOTOFA™ 42— (f5)
r from beam axis =120 cm

° Length =3-m Iong, I\Iscintillators
| ;=100 psec
K/m separation up to 1.2 GeV

Forward

o(TOF) (ns)

=128

TOF (Time-of-Flight Counter)

AT 2 BE BE

o(ToF) vs. Zhit
0‘25 I I T i [ I 1 1 [ I I T | I I T I I T 1 I I T
| @ The \:ﬂveighted a\?erage of bc;)th ends

-V Back;ward end A F(érward endé

0.20 gt
0.15
0.10 [y B
O‘OS—I 1 | | 1 | | 1 | 1 1 I 1 I
70 30 10 50 9 130
Zhit (cm)

RATIERE, SV FL—avmRE,
FHE. PMTIEREGE N KRUIGER,
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Belle II

rticle Identification Devices

(nEKHREFZRE

—]

Endcap PID: Aerogel RICH (ARICH)

¥E)

Barrel PID: Time of Propagation Counter (TOP)

MCP-PMT

Focus mirror
{sphere, r=7000)

Backward

. Forward
Quartz radiator

Focusing mirror
Small expansion block

Hamamatsu MCP-PMT (measure t, x and y)

) 200mm ,

on
onkO v p‘(\o’&

chel

[\
v

5 5% 55 5% 55 5

Aerogel radiator
n~1.05

Hamamatsu HAPD
+ new ASIC

eylinder

E .

B0 5 S T T T T T [

T oa70 | ._EC.I- 7

& LD . T Pl
ey 30

o

£ 1830

|.r / o .|r

RERERE e B xR R e R R AR,

\ TOF support bracket

indow coy

. (20)

777min. / B00max.

B A A I AT ....'.'.'.'.'.'.'.'.'_'.';'.'.'_'.'.'.'.'.'.'
¥
1450/ 50 : il
/ 1000 |

\ TOP QBB(Quartz bar box)

1580 ].

reamp board

mAFDEE. pEFE

Oc:F L OTAE nfEIRE

Linear-array type z ')IKX

photon detector

1
. — 2 92
' = p T CU‘S,‘ G

np

Ly

w €080, =—:

" ;_-;_}\\'

Hamamatsu HAPD + readout

20mm g,
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Belle II

—{ Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
MCP-PMT (sphere, r=7000)
i I

Backward Forward
Focusing mirror

Quartz radiator

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

Time of Propagation Counter (TOP)

e Quartz radiator
— 2.6mtx45cm%W x 2cm'
— Excellent surface accuracy

¢ MCP-PMT

— Hamamatsu 16ch MCP-PMT
e Good TTS (<35ps) & enough
lifetime
e Multialkali photo-cathode = SBA

/KB IZH ULV TBelleTlEP<3GeV/c T3 D BIRE A>T+ D%
P < 4GeV/c HEBLICHELNTAcDn/KEFIRE I

cos(0.) = % -

B=v/cEDTRLEH R TILERDEDHENAET

(Bc:Cherenkov angle) ———————————————————— 3 ég

ity

T~ — R i 0c / o

TOPGRBIHE ] o */*ﬁtuj\[ﬁ%ff 7Z
¥ IR] 0 iE HE Quarez bar /

K/na)a‘-::l/y:D;'édJ EFfE1Z 100~200ps
R TEARFH ~20f 6



Time of Propagation counter (TOP)

FroFlAE  HAARE Lig 2 - -

ANET e «xaz Hamamatsu MCP-PMT k==
pn0ms /] 7] Quartz Radiator

Linear-array type z : -
photon detector —
S _ o 915mm ¥ ;ﬂ\an

e

Quartz radiator

C :— p il
100 C
suw __ k‘?ﬁm
= T il A | \\ u/| o | ] L PR PO Ot B e I L _le L LI I
%0 220 240 260 280 300 320 340 90 320 340 360 380 400 420

7P
[1count/25bps] [1count/25ps]



D .
</ ARICH(End-cap Particle ID)

Belle IT

 Ring imaging Cherenkov counter based on silica aerogel
radiator

— Space limited -> proximity focusing with expansion distance
of 20 cm

— Requirements
« Transparent silica aerogel
 Photo-detector ,2/00‘0
— Single-photon sensitivity '___K
— Pixel 5x5mm?
— Operational in 1.5T
— Compact Charged particle
 Readout electronics
— ~70K channels

Silica aerogel Photon detector

n=1.05 aerogel
|6 (m)-6.(K)| =23 mrad at P=4GeV/c

m = p\/n*cosy — 1

Target: More than 4 o ©t/K separation at 4 GeV/c | mMFOEE. pESHE
Oc:FzL U OT7AE n:E#r%
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Be,,eﬂ Novel “focusing” radiator

Simple accumulation of radiator layer gives more photons, but degrades PID
performance

=>» Multiple aerogel layers with different indices
4cm-thick single index aerogel

<06
2 5

5000 04 [
o =22.1 mrad
4000F Npe =10.6 02

v

0

-0.2 :
1p.e.) =22 mrad
pe ~ 10.6

0.4 [

0.6 Lols

0 01 02 03 04 05
rad

Focusing by 2cm+2cm aerogel (goloé)l_.047, n2:1.057)

nl n2 7000F

6000F o =144 mrad

Npe =9.6
5000 pe

4000}

v

3000
2000
1000

0

Q C;.T -CIL? (5.3 65.4 3.5
NIM A548(2005)383 8 79



ARICH

(#5 ‘MSL’T 1

Photon
Muilti Alkali
photocathode H

Test Beam setup
Aerogel

— BIES("') Pixel APD

Hamamatsu HAPD
Q.E. ~33%

0.8

0.6

0.4

K ID Efficiency/r mis-10 rale

0.2

AEFZEMET HEEELRS
"109)

HV ()

{Awalanche phato dicde)

F (AR HERAPD
(ZI\Zooxr (2 "10)

—

(_g\ o Electrop-hole *Max H.V. : -8.5kV
*~=-4-" creatiof *Max bias : ~360V
4 (Fchipl=kB)
Avalancwa%‘:l 'l?ﬁ* WZE%(&X}

proce

*Total gain : 10%~10°

Kaon ID VS cosB

only dE/dx TOP ARICH
i |
.I.Lhﬂ-u _ A ..-uft
| _ u ‘I A
i ; i B ID elficiency Iduml
.H" A KD efficiency (MG)

Belle Il preliminary
Y v JLat =370

v xmis-I0 rate (dats)
b 7w mis-10 rate (MC)

EAAALAAASRAA L
Fevertmrme T gy

-08-06-04-02 0 02 04 08 0B 1

Cosine of the polar Angla [cos8]
(P> 1.0GeV/ic)
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Belle IT

DAQ

| HLT
distributor

BelleZlink

ix

-
Ecé
e

I &||

RO HLT farms
— ol
PC| I L, +0(10) units of
Rocket | 4 : | 7400 coresjurst
|
RO }F—»
HLM%IE pc| ! ol '
—- 1] T o T
Mear detector | | E-hut DAQ server room

Z Japiing Juan3

+. 5
BB
l@
e

30kHz M k) —ratel ZXF It (ATLAS T/4100Hz £2Z)

RAID
=10 units
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Belle II

BellelICHFSIT—EE

= B Event Size[kB] | icfFrate[Hz] | E2%% rate[MB/s]
Belle 11 300 6.000 1,800
ALICE(HI) 12,500 100 1,250
ALICE(pp) 1,000 100 100
ATLAS 1.600 200 320
CMS 1,500 150 295
LHCb 29 2.000 ()

LHCIZAHEWE (B AT TIEXELAY)
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o red A Yo

Belle II

Bellell BB DEERITHMNTEIMNSESTLRE - HENSRLEIH LR
E3 8
BREBOBEICHETRIZIFAEBZRSIRENMEVMILBAEERNET,
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Belle II

—H|1 L
i I."_ = SVD PXD(2
[ 5 3 570 | 2
o acs E
|| - = —_— — Il ol
| e -
E |"I E I'|.Fﬁ-'lﬁl|'
\ N NN N e
Qc2
Qc2 KEKB/KEKB & £ {L(HCS)

e-
o+ ZEH 22 mrad(KEKB)/30 mrad(KEKB-HCS) y ‘
e Qcs
QCS | meeismm QC2
LM % ‘

s "

N

KEKBE E 1L (NBS)
X E=A 83 mrad(KEKB-NBS)

&2 A ik (KEKB—SuperK EKB)

g ..— d quis ==
il =
. =
250 |?& ;
e
QCs = i
Biaam ling aod = |
- H 5.95mr q |
= = = T T

MIDEBEA

REZZAD=OIZHEAILT
DFREAKEL

BEen gL
Ay A

— BendiELIZhELN=8 -
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QBE Tracking resolution

2020 BPAC
3.5 —
- & 5
3F é 1 F P<2 GeV
) - 3 1
25 £
- L 05 e
= - o Qase e
= —_— A0 08 1 121416 1.8 2
= 2 °® P, (GeVic)
B n
‘-_1.5_—
. -
a4
=] |
0.5F
n 0/ Py(3%) = (0.215+0.002)%Pt @ (0.314620.005)%
U_ | | | L i S A A I A I I

0 1 2 3 4 6 7 8 9 10

P, [Czﬁevfc:
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Belle §

IPHIE 57 2 RE

Significantimprovementin IP resolution!

[ Impact parameter resolution d0 | | Impact parameter resolution z0 | | TR
TV e — —————————— PiXel detector close
_ s [T\ Less Coulomb g - Bell to the beam pipe
= 4 A\
s LA N scatterings \
8 X - © [\ Belle ir
19 N e
N\ >\ \Belle Il
\ \ \\ \\
el % \\\
\‘;;;\1.2;: e, \“-__ : : \ "7
LQ&"LILZ:I N zalllm Ti"’-.—,—_ Ty ——
10 e e 1q&[m "'**;-i.','_;_',,_'f:,_';:_:;:_’i'_;:: — o 7-7:_7__
o o5 1 45 2 25 3 0 05 1 15 2 25 3

pR*sin(0)”" [GeV/c]

0 1.0 2.0 0 1.0 2.0
pBsin(6):[GeV/c]

pp*sin(6)*? [GeVic]

Data/MC PXD{i & 47 BE BE

F1-Fl]

E { riws RO E ) r.: ray TERH I ﬂ b
?‘1& | i‘ Lo dwa B 18 jlom Tymram | | 0 — a +
FEa*T| - , .
g, e oy 1= 70 pasin’ @
* S 1 “ I.ll"l. |L¥.II". |J d ilIIII‘I.I-' |
‘ il T dreeeligei! ! "'.!.r-;"'- I'.' _|. r -
= ~8um * ~13um’

Z [em] Z [em] 87
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<O PID:RRBILE=L D E

Belle II
- Flavor tagging b->c->s | 0.2<p<15 -
Unitarity triangle B->J/ v K, _ }
¢,
Jrarity friandle | gsmw, | 18<o<38 | Bookm
z — T
Uni+ari-l-; triangle Bv>b K) | 15¢p<33 B*\>[_J )
: — —

m,_ ~139.7TMeV
m, ~493.7TMeV
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M=y B T EBREE RS

Belle IT

— CESR(CLEO) and DORISII (ARGUS) up to
L = 1032cm-2/s

Symmetric E beam collision (almost stationary B)
Discovery of B%-B? bar oscillations and b—u+W decays (1987) (ARGUS)
« —KEK-B (KEK) and PEP-II (SLAC) with L > 10%*cm-?/s

Asymmetric E beam collision (boosted B)

Discovery of CP violation in B decays (2001)
« —SuperKEK-B
— L >10%cm?/s

« LHCB
FENN RN NN T [ RN NN R R M SN RN EENE R I
T(18) T(38S) b
— : : T(28) i
_ 2=* T(4S)
- ¥' .,
l i Ton |
- Y “\ [
‘ 2 8= g ,l ‘I Lo !As! A F Ad
s —= "
® ARCUS A CLEO ¥ CusH DHHM
¢ Crywtal Ball AcLEon DASP LENA ‘
A T TR S T L I W U [ VO 1] e v A T [
10.5 11

\/: i(,i('\‘j



19984F ~20104 : BelleEER e- (7 GeV) e+ (4 GeV)
20184 ~ :Bellel|EE& > Y(4S) €&—

e B dz~cByvts
Belle Il Yus) ~200um (Belle)

| B ~130um (Belle i)
' . fuper copgicting = SUperKEKB By=0.28 : e (7GeV), e+ (4GeV)

19601

I e, ===  KEKB By=0.42: e(8GeV), e+ (3.5GeV)

L i)
N\ \ AN | Mﬁj/{sioé\éncm////// 477N
- e e e LU |
> et e e e P N el e ,_i‘.'f.,‘.,,gr
el 1000(CDC) 1650(CDC:2650) 2
| %g
|
a\isz F= cDC g ”.J-Syw
8| Sis —
PXD(2 la: =1 =
1> 3 SVD 1B f/i‘?i".,--
S| = 310 570 %8 - A=tEl
3 = 280 O LA AL L L L
\\ Eg '\ | / |zl %2 L—J : ol | m—=
e i te Sl s et — =
‘ e e — e -
e : T e
78 2| ¢ |S IP Chamber ‘é;]' o =,
held =311 7. 628(Cryostat) 633 5(Cryostat) | 700{Gap sensor) ?\: Ny
\1 1 1156.4 2150 g —~—

)4
A (20)
> :":’b —I‘_L"“'-( St T e A S e S e S o o e i i o b s & 2 NG
1| =7 T T T T 200 TEX KRR RIS <
=i CLOTTTTTTITTT Y Bk o




< _ HBTAMEPEZONEOD
el FIL O hEEB223RE GEBETHEE
W MU T B M E Rk
m = p\/n?cosli — 1

mAAFDEE. puEFE
Bc:FILOa7EE n BT E OO DQ Q ©°
| : 0D DY Qo
< l —_— .'Illll _|_ (E) C =
n 3 \ p OCD @ﬁﬁ @O W T
coad oo DIBORF

B

vAt

1 1
cosl.=—= f=
- np ncoso.

p=0.3pB (CDC&)
Aerogel counter (ACC) TlX n DA

6% KO IZIRIT R Z 8 E
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Belle IT

) DEPFET

DEpleted P-channel FET

FET gate

sovurce

gO?Q

n+ cleOr

clear gate

P*+back contact

P+drain

clear gate

external internal I

gate

A .
||

drain

a©

1

clear

o

amplifiepr -

gate DEPFET- matrix

L

‘'HE N
y
3
s s L
+ ::L’T
L s
1Y
B (s

‘.
-

g
L
|
iy

3
I

Fully depleted sensitive volume charge
collection by drift.

Internal amplification ->g-I conversion:

0.5 nAl/e, scales with gate length and bias
current( S/N will be ~100).

Charge collection in “off” state, read out on
demand -> Rolling shutter mode
(20us/frame : SMEV LD H A S Z#1#

MICSFAEEFE T v v 2 ZHHREL)
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o Readout Scherme : DAC subtraction

Belle I
S I : :
Rl e N AV S
— g e
5 ; \_/7 dQ/dt = C dv/dt
S N (IEES1LDCHKE I HE
ESREEIXNSKGE . EV9EIL
S E TCHELSHDTDACT
TELZIEMETULNS)
DAC \

+ Slow shaping, no signal subtraction — low noise
ADC [ Need DAC Data (here: 2 bits, from DHP — extra pins)
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>, -
/S PXD on board Electronics

(schematic view of front-end)

Belle IT

1024 r/o lines from DEPFET matrix

. N
256 Inputs per DCD 4— 12,5 MHz row frequency
(80 ns ADC conversion time)

64 outputs per DCD_<— 102.4 Gbps
400 Mbps output data x 256 lines

receiver

de-serializer raw data |
= memory
common mode & pedesta
correction pedestal
memory

Zero suppression

de-randomizing buffer

data link

<— 5 Gbps (1.25 Gbps link per DHP)

JTAG clock, sync  gne data out per DHP  trigger o4
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e AIFRAXEITOS?

Belle II

« HHHhYPTULDITEEFRS L 8=
g2
m = £ y = 1 _
174 s
« DFEYEBIELEELRS

- EEIEPt =gBR = Pt[GeV]=0.3BR[Tm] - R R
— REIX g
. MFTEERNE (Time Of Flight) ;
o IRIILF—RE(AE/AX)BIE 2 s
° ?I'/s/:ljﬁ% %2_
mE
m=\/(F)? - D et

Buon momenturn {GeVis}

0.1 1.0 12 100 12040

Fion momentum {5 e%a)

0.1 1.0 10 100 1000 Q510000
Proton momentum {Geiis}




z: Test beam result

| RICH Hit Map, w.r.t. track | rich_2d_1
Belle 1]

Entries 412449
Mean x -0.09929

Meany -0.4329 ]
RMSx  43.24
RMS y

# Test Beam setup

N Clear Cherenkov image observed

Cherenkov angle distribution

A . ' Tl P - ' Entries 64801
. o F Mean 0.3092
3 " L // C RMS 0.07419
< 24 — 6000 %2 1 ndf 143.5 28
[ | Hamamatsu HAPD ol mn 030872000
' ’ ~ (y d - sigma 0.01349 + 0.00007
C BG 192.6+ 20.5
: Q.E. ~¥33% (recent good ones) sooal. S e
F |
C # of tracks : 2700
2nnnl # Photo:\s :a4c1 :39.7 +-227.3
MRS j]l] . ,JIE. et S 4 . Photonltrack-: 15.31 +- 0.08
7‘1:'%%;&-' E_‘j—é T EBnR ﬁ $§{$*ﬁ|‘i’|%§APD BG / track : 2,00 +- 0.03

FTHRAHTA2 109 " FASYYIEAY 10)

Photen
Multi Alkali |,-' . _______-—-"'
Ph‘:“o':‘a‘f”'f‘:‘de : H.V () “« M H V 8 SkU Lo ialany | I
; f - *Max H.V. : -8. .
- - - ,-(;* o Electron-hole ) hoton angle resolution 6, =13.5mrad
1 *2-3-" creatioh *Max bias : ~360V
e »toelectrons Npe = 15.3

I 4 (Frchipl2kD)

Avalanct;e’&%ﬁ 'l?ﬂ* !"25%{:&*]
process +.0000 00 .- |

— Bias(+) s S ‘Total gain : 10*~10° 6,6 O 7/K at 4GeV/c 196




