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Optimization of
the New VYertex Detector

for (Super) Belle

&{ T.Hara (Osaka U) for Belle SVYD group
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Physics @ Belle
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Belle Detector

SYD1 (upto 2003 summer) SYD2 (upto now)
S-layer (R3rd = 6.0cm) 4-layer (R4ath = 8.6cm) better low P tracking
2.0 (3.0) cm radius 1.5 (2.0) cm radius better vertex
of beam pipe (1st lyr) of beam pipe (1st lyr) resolution
3°% 6 < 139° 17°% 0 < 150° larger acceptance

VA1 (0.6 um) : < 1MRad VA1TA (0.35 pum) : < 20MRad rad. hard
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SVYD History

Integrated Luminosity
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SVD1.0: VA w/ 1.2 um process
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SvD1.4: VA w/ 0.6um process
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200 | SVYD1.6: degraded ladders
were replaced
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(up to 20MRad)
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n of occupancy of 1st layer

able Operation
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Price of crude oil

Belle operation will continue!
2009 fiscal year: ~5 months

(Not fixed yet) ~$ 150 /Dbl.
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Running cost is getting higher and higher these days !
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Summary of KEK Roadmap
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Upgrade Strategy

For commencement of operation on 2012,
schedule is so tight !
We decided to upgrade the detector in two steps

Baseline design Lol design
From the beginning after a few years operation
up to 2x10°cm's ' (~20147) ~8x10°%ni’s" (to the end?)
(For Initial target) (For Final goal)
O-layer strip-type 2-layer pixel-type
+ 4-layer strip-type
1.5 cm radius beam pipe 1.0 cm radius beam pipe
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Requirement for "Baseline”
(1.5¢cm radius beam pipe +6-layer SYD)

For trigger rate
.~10kHz (c.f. ~400Hz @ Belle)

For inner layers
. better vertex resolution (at least, SYD2 performance should be kept)

O Az< 100 um SVYD2 Occupancy(%)
.beam BG tolerant L1 L2 L5 |L4
x 15 BG is expected 5 SvD2 (10 3 | 1 1
@2x10 cm' s VA1TA(Tp=800nsec)

For outer layers
. better detection eff. for B > K* «
. S/IN ratio
. Readout pitch
. Material thickness
. Slanted sensors

100 - Detection eff. for B = K* =y

(0]
o
[

Fraction(%)

D
o
T ‘ T

Belle : ~65%

Super Belle : ~607%
(Rsth = 10¢m)
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Readout Chip for inners

High trigger rate (~10kHz) : Pipeline readout

Occupancy
beam BG tolerant (x15 BG) : Shorter shaping time Reduction
VA1TA S Potential
N\
Tp~800ns N\ N
Time over threshold ~ 2000ns (measured) Gain ~1 2.5
APVZ 5 (shorter
Az vertex resolution (B = J/1) Ks) {peniis Threshold _  ~ ©haping time)
600: o * Time overtl:reslqold;'I@Ons (measured) Gain ~8
,«5003_ APV25 3 P,‘.‘oiigsiﬂ;e (pulse 5hape'
g - APV25 w/ pulse shape 1\ RMS(tmax)~3ns analysis)
§400f— o Sensitivthime window ~ 20ns Total gain ~100
o : But, Data size 1
200 APY25 is applicable to Super Belle!
L e )
- -, Current Bell
100F8 e skl SIN gets worse by a factor ~4
5 E ., ., APY25:o0nly 142 layers but, hot critical for inner layer‘
o) 5 20 25

10 15
Beam BG level (current level =1) (VA1TA: ~35)
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Inner Layers

A study report “http://belle. kek.jp/~ushiroda/sbelle/StudyReport2008/draft/” will be released soon!
To achieve better vertex resolution High trigger rate (~10kHz)

OAz<~ 100 pum
Innermost layer should be located

as close to the beam pipe as possible

Innermost layer should be operable

under harsh beam background
(x15 higher BG than Belle)

Shortwime Pipeli

VA1 = APV25 equivalent chip, S/N gets worse

~10% Occ. (inner) ~35 (inner), ~16 (outer)
for Belle VA1 for Belle VA1
APV25 : ~4times worse

but DSSD + APVY25 can be used
VA1 = APV25 is the key

readout
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Readout Chip for outers

High trigger rate (~10kHz) : Pipeline readout > APY25
beam BG tolerant : Shorter shaping time is preferred, but not critical

longer sensor + APY25 = worse S/N (VATTA~16 for outer layer)

R=16cm | (17%6<150° Chip-on-Sensor (proposed by Vienna)

5VD+CDC track matchma eﬂ’

pEch:ddapee:: APV25 thinned down to 100um

1F== ____1 — [integrated into flex)

=5 N = == -!HH-—__IF—__‘ 1 1 1 || ;
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@ - ! ! . / .[support and cooling]

B Lo 2-layer flex (100um)
v 08 L
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CU 1 1 1 1
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Outer Layers

A study report “http://belle.kek.jp/~ushiroda/sbelle/StudyReport2008/draft/” will be released soon!

High trigger rate (~10kHz) To increase the eff. for B = K*~y
Pipeline readout is needed SVD should be expanded
"APV25” in the radial direction
(sensop“Woudl be longer R=16em
to keep the same acceptance)
17%60< 150°

# channel increases S/IN gets worse

e l

CDC+SVYD matching eff. gets worse
(B = K* v eff. decreases)

To make S{N better, chip-on-sensor is proposed

Materifl increases . 2aV\e

vertex resolution for B = K*y gets worse
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Hurdles we face

.DSSD sensors from HPK (Hamamatsu)
HPK stopped the DSSD production !

. Micron = Several samples in hands.
. Kyungpook = DC coupled DSSD was produced.

Test in progress.
.Tata = Waiting for the first test production.

Double-sided, double-metal and AC-coupled sensor
. Other vendors... Canberra, SINTEF ?

. # of readout chips will be >10 times larger than SYD2

Space for cables, repeaters and backend electronics.
Larger power supply, cooling system.

. Chip-on-sensor
leakage of coolant, system test, ...
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Milestones

2006
Demonstrate APV25 readout chain
. Design optimization (Osaka, Niigata)
.APV25 front-end, repeater and FADC (Vienna)
.Data acquisition board : COPPER/FINNESE (Cracow)

DSSD test production

2009
Fix the design of Silicon Vertex Detector
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Requirement for “Lol” design
(1.0cm radius beam pipe + 2-layer PXD +4-layer SVYD )

For ‘I:r‘iggel" rate Average Vacuum 2.5x10 Pa
. ~10kHz KLM B | == ' '
LM arre IR Shppressed by | [ 5 ok from
[ ey ]
For inner 2 layers KLM End Cap NI < NeugromShield upstream
E B SR from
Bl genr st Dol ECL. | —— =
Riet=2.0cm = 1.5cm W Beam-Gag
PID | N (HER)
H 12 3 B Beam-Gas
x 33 BG is expected |t — i
(several MRad/yr) _ — B Touschek
35 .2 -1 SVD outer-side [ NN |
@6x10 cm s 1st layer i || O Bhabha
SVD inner-side :F | | | :
|
.beam BG tolerant - - e
1 BG increase (times : relative to Belle
. high occupancy

DSSD can not survive anymore! = pixel-type

For outer 4 layers
DSSD w/ APY25 can still survive.



- - " " 30 20 -10 0 10 20 30 40, likewise as Baseline

. Acceptance: 1 7%0<150° . Inclined sensors in Layer5 and 6
.Radius (for better vertex resolution) . reduce readout channels

. Beam pipe = 10 mm . reduce material budget

. Innermost = 13 mm .reduce ladder length (w/o ~75cm)

. Outermost = 150 mm . Technology options
. G-layer (2-lyr pixel + 4-lyr DSSD) DEPFET / CMOS / SOl
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DEPFET

‘ amplifi =l
.Intense R&D has been done for ILC pixel sensors PET gate clear gat =
: ; o) d - e
has been used in several experiments already ! o n clear .
SOUrCe
. Technology is available in MPI only

. Sensor size is limited by wafer size
50 pmx 75 pm:215x 512 pixel (adjustable)
almost no gap in the acceptance

.Not very rad-hard ( tested up to 1Mrad )

OK up to &Mrad ??
. Small power consumption

.Reset switcher chip: Voltage swing > &Y

. Thickness 20pum ~ 100um (adjustable for experiments)

. Doubly-correlated sampling can be done = low noise

. 10kHz trigger rate, O-suppression, ~4p|xel5/h|1;,31§:,2 blts/plxel mcludnn ress
Disadvantage: ~1% inefficiency gm

p bCICI( COH*OCT

. Data processing is done in subsequent chips
on repeater system orin backend system
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CMOS pixel (caps/maPs)

. The same technology as commercial CMOS cameras
5-10M -pixel chips are in production
.Sensor size is limited by reticle size (21 x 21 mm?)

- LT ERESEE | 10um
22.5 pmx 22.5 pm 2 i
gap in the acceptance S ;}iqt\m\t; ARANARD
.Intrinsic rad-hard (deep sub-micron technology) Iomsmq\' ) |
> 30 MRad LOELCS

.Sensor is a thin epitaxial layer (5~10pum thick)
sighal si small = No problem as the detector capacitance is also small
<=50pum
.N-well is used to collect charge from the epitaxial layer
. 100kHz frame rate is achieved (132 x 45 pixel)
Full-size detector (928 x 128 pixel)
10kHz trigger rate 227
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SOl

. Activity started as —J_|_-L PMOS T T NMOS
one of KEK detector R&D project in 2005 5102 BOX(Buried Oxide) =
.Sensor size is limited by reticle size (21 x 21 mfi°) (T Pr
20umx20um: 1286 x 1286
gap in the acceptance (Highszzssc;rstive
.rad-hard (deep 0.2 um technology) n- L\' Substrate) /
tested > 30 MRad ‘ |
X—ray)

. Depletion depth of 50-100um has been achieved
thinning after silicon process
<=50pum

Complex/rad-hard circuit can be made
DEPFET/CAP type readoout is also possible
10kHz trigger rate 222
.R&D in progress
Evaluation of Belle PIXEL chip will start soon

(pixel-shaper-discrimination-digital pipeline)
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Technology options

DEPFET CMOS (CAPS/MAPS) SOl
Material budget 20 ~100pum <~50pum 50~100um
(adjustable) (sensitive area 5~10 um) (could be <~50 pum)

Size

limited by wafer
(50 x 75 mm®)

limited by reticle
(21 x 21 mm?)

limited by reticle
(21 % 21 mm®)

Power
consumption

small (O.5w)

(reset switcher chip:
Voltage swing > 8Y)

small

small

Rad.-hardness

tested < 1MRad
(up to BMRad?:

intrinsic rad. hard

tested > 30MRad

(3MRadl/yr ?) irradiation test)] (mustbe > 50MRad)
1 OI.<Hz est|:11‘a'|ted 2 hot proved
trig. rate ~1% ineff. (CAP3 too slow)
MPI only
Availability (already used R&D in progress R&D in progress

in other exp.)
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One possible solution

(Subject to Optimization)

.improve B > K*~y eff.
. perform self-tracking . reduce ladder length (w/o ~75cm)

o 20 . reduce readout channels
0 F ° [
= get better S/N . reduce material budget
10- = L
— DSSD (conventional F .
( : Fe=f . improve vertex regolution
— 5D (chlp—on—sensor'b
[ | 1 | | 1 I 1 1 1 1 I 1 | | 1 1 I 1 | | 1 1 I [ | 1 1 1 I [ | 1 1 { | I 1 | | 1 [ |
30 20 -10 O 10 20 30 40 z(cm)
- + .
Belle (w/o bg) Bb-o-m Super Belle (w/o bg, noise)
L Entries BB = Entries 4098
6000 |- AZCP~5 1 Il:m ézq/mdM%'@ /esfji SR AZCPN 1 5[1:”1 gw/mw?% /105470¢ 26.28
4000 :, 2 +O2E 37 o5 W s EN - P2 1.135 £ 0.2602
[ B3 LIpesEl ©FHEEL) Soel | = P3 11.42 £ 0.3426
2000 [ P4 B alC) S 0.2802 P4 18.04 + 0.4404
L F'5) —2, B9 & 0.7768 - P5 —4.080 £ 1,269
0 ; | ‘ : ‘ | ‘ ; =G0 40EE L% BT 0 ‘ | ‘ ‘ : | ‘ : | k’% ‘ ‘ | 3045+ | 1.610
-400 -200 0 200 400 [J;m -400 =200 0 200 400 ,Ll,m
- | Entries 25892 ; Entries 2243
0 £ AZtag’V 1 09 R Ba /WBng,i 5, 72 = 7AZtag~ 72 I«ll éw/mdwom /1727.?i 7.009
1000 12.82 & 0.5169 2o P2 11.82 & 1.141
i 49.54 + 0.6733 100 B 32.76 + 1.248
SoE-] E [ oE@=E 9. 1=7 ; 72.02 £ 2.507
47.84 + 50 40.40 +
= A

n L L L - O L L L L L - -
-400 —-200 0 200 400 pm -400 -200 0 200 400 pm
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So Tight Schedule

JFY 2007 2008 2009 2010 2011 2012
I o mIiviiI o mimiv|I o mwmNv{i o miv|ii onmimwnvijil I mNv

ltems
Owverall

Design
Fix Outer radius CDC production Start

EndRing

Beampipe

Innerlayer
RED
Production
Assemble
Test
OuterLayer
Sensor R&D
Production
FE chip R&D
Production
Assemble -
Test
System test

Install -

Cosmic test

Roll-in -

R&D
Production

Test
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Summary

.operated stably and efficienctly for almost ~5 years
.will continue in the next fiscal year (2009 : ~5 months : not fixed yet )

For “Baseline” design (for 2x 10°em’s peak lum.: 2012 ~)
.optimization is still going on.
. high trigger rate (~10kHz)
.beam BG tolerant (x 15 BG is expected) }% ARY25
can keep a SYD2-equivalent vertex resolution (0°Az < 100 pum)
. better detection eff. for B > K* «v = realize a larger volume detector

w/ chip-on-sensor for outer layers
. many hurdles, e.x. DSSD production, system test, tight schedule...

For “Lol” design (for&x10°¢m’s peak lum.: 2014 ~)
. concrete optimization has just started. (esp, for two inner layers)
.we have to determine which technology option we can use in real |

.again many hurdles, e.x. system test, tight schedule...
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