Belle Silicon Vertex Detector (11)
Y.Yamada (KEK) on Feb.15,2002

1.Introduction to SVD2
2.Components of SVD2
3.Upgrade : SVD3?




=3 1. Introduction to SVD2

eBetter impact parameter resolution
eBetter tracking efficiency for slow 1t

Ry, = 2.0 cm Rpp" = 1.5 cm
3 layers: R = 3.0,4.5,6.0 cm 4 layers: R =2.0,4.4,7.0,8.8 cm
8+10+14=32 ladders 6+12+18+18=54 ladders
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Improvement on resolution/efficiency

momentum reconstruction
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/> Increase of acceptance

BGELLE

el arger acceptance
Outermost ladder : L=22cm,R=6.0cm = L=46cm,R=8.8cm

\]/ 239<P0<139°

17°<6<150° (=CDC)
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BGELLE

New beam pipe for SVD2

eSimulation study on beam background

SVD1.4 | SvVD1.4 SVD2 SVD3
R,,=2.0cm Rp,=2-0cm Rp,=1.5Cm R,,=1.0cm
@ 0.6/0.8A @ 1.1/2.6A | @ 1.1/2.6A | @ 1.1/2.6A
# of layers/R, 3/3.0cm 3/3.0cm | 4/2.0cm | 5/1.5cm
SVD 1st layer dose(krad/yr=107s) ~40 ~130 ~80 ~660
CDC 1st layer Occup. =1 ~3 ~1.5 ~3.6
SVD 1st layer Occup. =1 ~3 ~ 0.9 ~ 8
0,, (Um) ~100 | ~100x1.2?| ~75 |~50%1.3?
*Riner: 2-0cm = 1.5 cm
eBetter cooling (He=PF200) for higher beam current
More masks for charged particle background
will be delivered in June by IHI
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Improvement of electronics

*New DSSD (CLEO3 type) : no pinhole problem

e AC couple = DC operation
e Double metal layer = FLEX readout

More radiation hardness
VA1-0.8um : 1 MRad = VA1-0.35um : >20 MRad

Better trigger capability
VA1 - VAL1TA (VA1 with trigger)
eIntroduction of Level-1.5 trigger in SVD FADC system
eIntroduction of small cell chamber
eFaster SVD / CDC, ..o €lectronics
= trigger rate @ design current : 1400 Hz - 5007 Hz



= 2. Components of SVD2

BGELLE

DSSD ladder 7~

Rib

4 kinds of half ladders

Backward forward Bridge

1-DSSD | 1-DSSD l
2_DSSD | 1-DSSD 5

3-DSSD 2-DSSD

DIWIN|F|T

3-DSSD(W)| 3-DSSD(W)

-Prototyplng and electrical test of the half ladder finished.
Mass production will start soon in Melbourne and HPK.



S DSSD for SVD?2

BGELLE

DSSD (DSSD4387 manufactured by HPK for Belle)

AC couple, but DC readout by floating ground
ealready delivered

p-side (2) n-side (rq)
Active area (mm?) 76.8%X25.6 76.8%X25.6
(4t layer) (73.8xX33.3) (73.8xX33.3)
Strip pitch (um) 75 (73) 50 (65)
Readout pitch (um)  150(Cap. charge div.) 50
# of readout 512 512
Bias (volt) -5 +70
«512x2(p/n)X2(F/B)X54(ladders)=110,592 channels “atoll”

P stop

12— g~10—
N+ P+
stri: | stop
& ] B




5 Flex Circuit for SVD2

BGELLE

FLEX circuit

*Flexible layout of Si detector
eLower capacitance than double metal
°Fine pitch (=50um)

*Wide area (~30x3.3cm?)

eUnder mass production

*Yield iIs issue for 3-DSSD

oy

Flexible design for ladder shape N ]




B VALTA for SVD2 (1)

BGELLE

Gain vs. rad. dose

VALITA 40
*VAL(AMS-0.35um,1,=0.3~1.0us) % Lan a |
+TA(fast shaper and discriminator) ¢
- . E i
eRadiation hardness up to >20 MRad £
© VA-0.35
*ENC~800(e), S/N~25 t=500ns
- o ‘ ‘ ‘ ‘
«four VA1TAS on a hybrid O adiation dose (kiad)
four analog signals read out In parallel mObF e 200F 4 50pF
.Blas Current Compensator 1500 Total noise vs. Radiation dose (3 DSSD)
17.5MOhm R %5M %\}\151\/1 %‘1000
RL. g /
;L/ 414/ % 500 —ENC(VA)
¥ N / — ENC(leak)
L L 7 — ENC(total)
23.5MOhm 1 . 2 4 5 8 1

. Shabi Vi
Prebias  Vip abias S Radiation dose (MRad)



B VALTA for SVD2 (2)

BGELLE

1000
VA1TA (cont.) -
- - - 3 500
eTrigger function was confirmed =
: S
«128 channels/chip, 4 mW/channel <
: . O . -
*Hybrid board under mass production F-:
I_ 1000
log out Level- vdd
VAI . | TA sensitive E) AC 0 t | 5
I ' Discriminator S€t value
+ II__E 250; iz " 1 1998.3i 1.811
i) | s Has) M| | Tgger S IEIN] N P
Charge o o ’ l Out 100pe~ >
Integrator  Semigaussian . Semigaussian Monostable
(preamp.) slow shaper : fast shaper :  (fixed width) 2 |
@
. S |
Level-0 trigger = ﬂ
- - (D) | —
logic in FADC { Threshold
are under study | 2
Pulse-height



Repeater system for SVD2 (3)

Two floating grounds for p/n side
e0one ground In one repeater board (REBO)

«3-REBO(p-side)+ on a board (MAMBO)
16 signals (from 4 hybrids) read by one REBO
eOptical couplers for analog/digital signals

i P ro tO ty p e i S u n d e r te S t (" FADCy(digitizing system) Timing control and monitor readout system ~
: % Detector | -0Vver supply
REBO S bias | YSem
N
e F‘ | FE
w { \__BELLE electronics hut N
TO HALNY %\ HC]:EII:I_I;‘)SGZ \ ~30m \
TO IIALNY<EK4[_| R g ______ s Hyh.lde [ ~ _
IR | PorNside CORE system
o - I B GNDP or GNDN
GNDC m . g ole

-
>
-
>
-

I
o~ 4ov z
~ wn X a £ =~ e~
2 Q = = 3 = bias cable
P & 9 £ = 2
& ~ g = g © &
GNDC MAMBO common ground @ digital cable
HYV detector bias voltage
for “P” or “N” side

: Cooling pipe DOCK >

. InBELLE complex \_




5 FADC system for SVD2

BGELLE

New FADC system

24 FADC(40MHz,10 bit) on a board
esearch L-0 triggers (VAL1TA,TOF)
egenerate L-1.5 trigger signal

two events data can be stored
eprototype finished

Backend electronics schematic diagram

Flash-ADC module

“Online data
sparsification

8 hybrids/module
(4098ch/module)

30 systems for 60 ladders | evel-1.5 trigger
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Level 1.5 trigger for SVD2

FPGA algorithm for L1.5 trigger

Deadtime
Analog
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Mechanical structure of SVD2

Same concept with SVD1 (clam shell design)
emore ladders (32=54)
eEndrings : aluminum rings + CFRP cones (CTE ~ a few ppm)

eLonger/larger CFRP outer cover




= 3.Upgrade: SVD3?

KEKB(L~103%) = Super-KEKB(L~103%)
New phase of physics:
emore full-reconstruction efficiency

emore background-rejection for rare decay
- Better vertex resolution - smaller(R,,~1cm?) beam pipe

Higher beam current:

2.6A(LER)+1.1A(HER) = 10A(LER)+4A(HER)
- 0.2MRad/year@R,,~1.5cm = 7MRad/year@R;,~1.0cm
- 15t layer occupancy : 3% = >100% for DSSD

Pixel detector for inner layer
of new vertex detector (SVD3?)

16



Configuration of SVD3?
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5 Pixel detector for SVD3?

BGELLE

Requirements on pixel detector
*Pixel pitch: <100 pm
eLow material: <300 pm
eRadiation hardness: >30MRad
eFast readout: <10 ps

*Possibilities: I —
*Hybrid pixel (CMS type) : Material? oo ﬁ“'%m
CCD : Speed?, Radiation?, Cryogenics? ééé o Eg
s MAPS (Monolithic Active Pixel Sensor) 0 M . 4%

esimilar to CMOS sensor for digital camera I g %‘“ D
eDeveloped by Strasbourg with Como, Karlsruhe and Krakow
*S/N~20,eff.~99%,0~3um achieved ||
Realistic sample in Mar.2002 a 1 ;
eIssues: -

Readout time (serial in 50MHz)

eRadiation hardness (~0.6MRad)
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e 4.Summary

BGELLE

We are constructing the new detector SVDZ2:

3 layers: R=3.0,4.5,6.0 cm

= 4 layers: R=2.0,4.4,7.0,8.8 cm
New DSSD ladder and repeater system
*Floating DC operation and FLEX readout

More radiation hardness
VA1-0.8pym : 1 MRad = VA1-0.35um : >20 MRad

eBetter trigger capability
VA1 - VAL1TA (VA1 with trigger)
e -1.5 trigger in FADC system

Will be installed summer 20027
We have started to design the Vertex Detector

for Super-KEKB

19



