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CCD Principles CCD Vertex Detectors

CCDs were invented more than 30 years ago:
W.S. Boyle, G.E. Smith, Bell Syst. Tech. J. 49, 587 (1970)

Their use a particle detectors was first proposed more than

20 years ago:
C.J.S. Damerell et al., Nucl. Inst. and Meth. 185, 33 (1981)

The most advantageous feature of the CCD for particle detection

IS the highly segmented pixel structure (20 mm x 20 mm x 20 nm)
when charge sharing between pixels is used to optimize position
resolution, better than 4 nm resolution has been achieved
in a large system (307,000,000 pixels) operating for years

The most limiting feature is the relatively slow readout speed:
eg. about 100 msec is required to read out a large detector
(Linear Collider well matched to this speed.
Note: > 1000x faster readout is under development)
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CCD Vertex Detectors

CCD Principles

Pair creation energy is » 3.7 eV, wth mild temperature dependence:
3.8 eV at 90 K, and 3.65 eV at 300 K

80 electron-hole pairs per micron of track-length

A detector of thickness < 300 microns deviates from Landau
distribution, but for thickness > 10 microns, the deviation

IS acceptable

VXD3
20 mm thick
~ 27 e / ADC count

Clusters

150

0 40 80 120
Charge in Cluster {ADC Counts)
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CCD Charge Collection

CCD Vertex Detectors

Charge collection principles

n+ on p-type substrate (usually)

lightly doped epitaxial p layer

heavily doped p* substrate

top ~ 1 mm of p layer doped by
ion implantation (n*)

depletion region (~ 5 nm)
charge drifts directly

charge in undepleted p region
diffuses, and reflects from

p/p+ edge, eventually collected

Deplatinn |oa s e e 4 e
edge

!
!

n layer

+

Particle trajectory

active
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CCD Charge Storage/Redout

CCD Vertex Detectors

Charge storage and readout principles %
| ¢ gates Buried n it
channel e
o Interphase  Surface passivation ~1um EERENANEY
Polysilicon axile o{~20pm) (~1pm} \
~—1Pixel—  80NM
83 @2 o1 silicon Vi >
| nitride Y ¥E= : ==
w p-l- - 1 i (e, A PSS N
gr -, +— } 1 pixel
Eolie ) (P C:] Eliienl ol (el (ED XEDXED
= ] ] ) = = = = “m{j}
= p-type expitaxial silicon 4 1
8 iy Bl = e s = | p+channe|
/ B P S o o stop
i AN = K i \%I}:E ”
T Vo] OC /i gl /8 4palysilicon
P+ L L) (U] (3] [0 gates
"I;'Dnll1 i s e 1R ¢ gates
1pm n-type gﬁ?gﬂ g 3 g
silicon implant i \
Remot
Pr P
I gates t i i a

R gates transfer charge across the readout register

J. Brau, Snowmass, July 11, 2001 6




CCD Noise

CCD Vertex Detectors

<100 e- ENC for £ 10-30 MHz and higher

1000
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CCD VXD System History CCD Vertex Detectors

Physics of future Linear Collider demands the best possible
vertex detector performance

event rates will be limited
physics signals will be rich in secondary vertices

A decade of experience with CCDs in the linear collider
environment of SLD has proven its
exceptional performance

VaD3

"+ £088=0.85 (23 Hita) cos=0.0 (27 Hita] VXD1 (199 1) prototype
é . — r few ladders
- S VXD2 (1992-1995) complete detector

120,000,000 pixels
2 barrel (effective)

gy o crm  VXD3 (1996-1998)  upgrade

VD 307,000,000 pixels
3 barrels

g O
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Linear Collider Physics CCD Vertex Detectors

Physics Opportunities of
the Linear Collider

Premier physics goals of linear collider characterized by heavy-
quark decays and small cross sections

- €eg.
Higgs branching ratios (eg. cC in presence of dominant bb)
tt (usually 6 jets, 2 b jets)
tth (usually 8 jets, 4 b jets)

AH (12 jets with 4 b jets)

and other reactions
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Linear Collider Requirements CCD Vertex Detectors

Requirements of the
Linear Collider Vertex Detector

Highly efficient and pure b and ¢ tagging, including
tertiary vertices (b® c)

Charge tagging (eg. b/?discrimination)
These goals are achieved by optimized impact
parameter performance:
— point resolution <4 M
— detector thickness < 0.2% X,
— Inner radius <2 cm
— good central tracker linking
Also must take care with timing and radiation hardness
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Linear Collider Environment CCD Vertex Detectors

Linear Collider Environment
and CCDs are well matched

every small beam spots
*well defined primary vertex

esmall diameter beam pipe
eprecision vertexing and manageable detector area

elow mass detector
ereduced multiple scattering

elong interval between beam crossings
epermits readout in ~10-20 beam crossings

*highly segmented pixel structure
eabsorbs high background rate of LC

J. Brau, Snowmass, July 11, 2001
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SLD VXD3 CCD Vertex Detectors

SLD has demonstrated the power of a
PIXEL detector in the LC environment

307,000,000 pixels
3.8 mm point resolution

Excellent Impact parameter resolution
i (Mm)=7.8 A 33/p sin3/2q
(mn) 9.7 A 33/p sin3/2q

pure and efficient flavor tagging at the Z-pole

- ~60% b eff with 98% purity
- >20% c eff with ~ 60% purity

decay vertex charge measurement (Q =-1, 0, 1)
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VXD3 at SLD

CCD Vertex Detectors

(a)

48mm " .
38mm —~*

28mm S —
cosB-085"-., ..} cos6-0.90

-

307,000,000 pixels
3.8 mm point resolution

SLD Collab., NIM A400, 287-343 (1997)  Excellentbictagging
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VXD3 Hit Experience

CCD Vertex Detectors

Fun 33544, EVENT G47TE
27T-REPRE-1996 0&:05

Source: Fun Data Eal: E
Trigger: Energy CDC Hadron
Eeam Croesing 12315252296

~ few x 10
hits per pixel

at SLC

~ few% are
signal
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VXD3 Event Reconstruction

CCD Vertex Detectors
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VXD3 CCDs

CCD Vertex Detectors

96 CCDs, n-buried channel
thinned to 180 mm
80x16 mm?2 active area

Output 3

307,000,000 pixels (20 microns)3

5 MHz full-frame readout

2 phase R clocking & 3 phase 1 clocking

4 readout nodes/CCD

Each CCD:

800 (H) x 4000 (V) = 3,200,000

20 mm square elements

800,000 pixels read from each

of four output nodes

Output 1

A

A

H Output 4

VXD3 Basic
Chip Schematic

\ 4 \ 4
H Output 2
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CCD Parameters

CCD Vertex Detectors

Basic design features
Substrate resistivity
Epitaxial layer reistivity
Format
No. pixels
Pixel size
Sensitive Area
Overall chip size
Inactive edge spacing
Thickness
Passivation
Image area clock type
Readout register

clock type
No. of pre-scan elements
No. of amplifiers
Gate protection

<20 mWcm

20 Wcm

4 quadrant full frame
800 Hor x 4000 Vert
20 x 20 nm?2

16 mm x 80 mm

£ 16.6 mm x 82.8 mm
<300 mMm

180 + 20 mMm

2 mm polyimide
3-phase

2-phase

6

4

on all gates

Performance parameters

Clock capacitances

Image section to substrate
Image section interphase
Readout register to substrate
Readout register interphase

Charge storage capacity

Pixel (supplmentary channel)

Pixel (total)

Readout register
Vertical transfer rate
Horizontal transfer rate

Output circuit responsivity

Output impedence

Power dissipation (on-chip)
Image section (10 V clocks at

200 kHz)

Readout register (10 V clocks

at 10 MHz
Each output amplifier

16 nF
6 nF
85 pF
30 pF

100 x 103 e-
350 x 108 e
400 x 103 e
> 200 kHz
> 10 MHz

3 M/ e
260 W

1.3 W

25 mW
45 mwW
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VXD3 Ladder Assembly CCD Vertex Detectors

CCDs mounted on kapton flex circuits, stiffened by beryllium

CCD Fiduzials Flex-Circuit

Quter CCD

1/2 oz. copper traces e TR

1/2 mil polyimide coverlayer " 5 Pigtail

8 mil diameter round fiducials (48) . iy
on south end of outer flex circuit Beryllium stripline]

soft bondable gold deposited on bond St

pads and fiducials Nerth End South End
Beryllium connected to CCD ground __,

Total thickness: 0.4% X, at normal incidence
0.11% Be, 0.16% CCD, 0.05% kapton, 0.09% metal traces

CCDs attached to the ladder with adhesive pads
and wire-bonded from each end to gold-plated pads c
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VXD3 Electronics CCD Vertex Detectors

Significant compactification (from VXD2)
16 A/D boards close to CCDs
24 channels / board
gain of 100 amplifier
8 bit flash ADC
microcontroller for:
XILINX codes
clock waveforms
DC offsets
CCD enable/disable
High speed optical links (1.2 GHz, 2 per board) to FASTBUS VDA
Cluster processing on-line (better than thousand-fold reduction)

J. Brau, Snowmass, July 11, 2001
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VXD3 Electronics

CCD Vertex Detectors

Fastbus System

Inside Detector <

| Fastbus system |
[ |
[ |
| Data Acq.Module Tiring and Data oo Moduke l
| [LFM Caontrl [LFM) |
|
| {8 Modules) {8 Modules) |
| A, S O L lat | (e s| el e e cmrl] I

Data fibars 3 Diata fibars

{8 total) 3 3 {8 total
CLK and contrml CLK and contmol
83 (3 fibers) 83 (3 fiberz)
DG Powar DG Powar
Supplies Supplies
L 8 al
Powar cabkes Singler Poavar cables
18 Total grund
Marth Rea Modu ke
F/E Boams 183
Striplines
i 8 / {98 \

WX
{96 CCDsy

Cryostat

P e ot 4 R Y e B - L ¥ R g B A AR (R e L8 et PR S U 5 1) B 1 e R PRy L 1
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VXD3 Electronics CCD Vertex Detectors

Pimisar
Amplifiers  Flash ADC :
£ (100 a i #bits) P/S Converter P/S Converter I:'Ph’:‘"l_
A0 CH) R Transmutte
—+Pp—H| ! o
=i— LMK )
: f Optical Fiber
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|
|
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v
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Fig. 3. The VXD3 readout elecironics.
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Cluster Processing CCD Vertex Detectors

307 Mpix x 5 bytes/pixel (1 pulse height + 4 address)
= 1.5 Gbytes
System readout capacity ~ 100 kbytes

Clusters
single pixel threshold = 4 ADC counts 108 e
(min-1 1200 e
cluster edge finder (after 2 x 2 kernel)
cluster threshold ~ 270 e
cluster: 8 pixels (R) x 6 pixels (1)
99.9% of charge

J. Brau, Snowmass, July 11, 2001 2




VXD3 Cooling CCD Vertex Detectors

Cooling

190K operating temperature (suppresses dark current and CTE losses)

Liquid nitrogen boil-off through fine holes in beryllium beampipe jacket
Foam cryostat

< 20 Watts overall within cryostat

(SLD)
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VXD3 Mechanics CCD Vertex Detectors

Mechanics

VXD3 supported by instrument grade beryllium structure

Components match pinned and doweled for stability

Mating surfaces lapped (1 micron precision)

All joints allow for differential thermal contraction

Two modules clamped together & stablely mounted on beampipe via
3 point kinematic mount

. . & -
=) it B BB TN

! :
o

Ch S

o
ol
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VXD3 Mechanics

CCD Vertex Detectors

Suppor Shell Bsam-F jpe

Striplines

Support Shell
M4 fa
Mask

EE? Faraday -Pipa Gas Inlet
Cage B&Gas3hel pem-Connecios
Soulh End MNordh End
Litiiloiinl
o @ 5 10
2 =t e [H]]
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CCD Vertex Detectors

VXD3 Optical Survey

All ladders, inner and outer barrels, surveyed to few micron precision

Optical Survey
Coordinate Measuring Machine
OMIS 11 (Ram Optics)
aperture: 30.4, 15.2, 20.3 cm
resolution: 2-5 microns (xy); 20-30 microns (z)

Ladder Survey Barrel Survey

4 views measured (ref: 6 tooling balls)
96 fiducials on CCD surface

42 fiducials on flex strip

26 points on each side of CCD
physical corners of Si wafer

rate: 6 hours per ladder

Estimated accuracy: approx 20 microns
Outer CCD ouﬁfﬁ;% 5 e

___________

.:t;;‘__\__\_.,_,_.._-\.-h g =
ner
Beryllium
bs

Inner CCD
substrate

Pigtail
Kapton’
Copper
stripline)

3 layers measured (ref: 32 tooling balls)
measurements through holey grill
visible outside surface of each ladder
physical corner of top CCD

used symmetry to reduce programming
rate: 5 days per barrel

J. Brau, Snowmass, July 11, 2001 26




Survey Results

CCD Vertex Detectors

y (mm)

z (mm)

Barrel Survey — End View

Ladder Survey Data — Top View 80 =1 1 _ F . % T 1
20 T T T | T T T B - ® d - |
L 1 + + i >
40 - E
— — + L
L E RPN F F s s S S PRI, o i |
5 F=F k-l Il TH—trt -ttt -+ -+-+ = gy
0 B T e e E 0 |
I B e T L e B I I N I I Y EY N | n =
L Fr b b Litgbgtbtrttodbd bbb . a s i
P R e L s 3 4
—10 — = —40 — =
— . = + — = v -4
+ 1
—20 |- South CCD and Flex Strip North CCD — + +
-80 ! | ] | | | |
I | I | | I 1 -80 -40 Q 40 80
a7
-100 50 0 50 100 et X (mm)
Eoazar ¥ (mm)
: , Barrel Survey — Side View
Ladder Survey Data — Side View 80 | | I I | | ]
-12.0 T T T { T T T Lot North CCDs B
- &it&#*x = + + of + _+4, o+t Wt HE B o =
T _$¢; :f; 51} 2 | 11+ + t+ a — |
. il “1 S *
=125 = i North CCD & w2 1
+ s E ! 2 ERaRs
Flex Strip } & B ‘f s : 5
-13.0 - — * I 4
L . —40 |- : ~
-13.5 — mlres — [ ; ]
ﬁiiﬁ;ﬁﬁiﬂf{m &8 Slouth IGGDslar'ld Fllex Stlrlps | |
" GouhCED - ~ -100  -50 0 50 100
-14.0 | | L | I aoea1o z (mm)
-100 =50 0 50 100
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CCD shape CCD Vertex Detectors

All Dimenzions in mm

40

ielaa
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Internal Alignment CCD Vertex Detectors

start from optical survey

~ ‘ ~ 20 micron precision

1. Doublets ; connects North and South
2. Shingles 4& connects CCDs within layer

3. Triplets connects 3 layers

4.Z , ee connects opposite regions
(back-to-back)

96 CCDs, 9 parameters each (3 translation, 3 rotation, 3 shape)
plus two additional parameters P total of 856 parameters

J. Brau, Snowmass, July 11, 2001 29




Internal Alignment

CCD Vertex Detectors

Waighl Malrix A (5026 x BG6}
[ranmalricall y dalarnined }

37T oul of

4 352 516 alamanl ara nob-war
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[ ” y
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e
fey
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flag F41en
i 0}
\ By
%
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Survey and Alignment CCD Vertex Detectors

1000F 6000 .
I C) A Doublet - (C) A Triplet
- Fl 40001 Fi
— ] i B 1 L
250 / ﬁLiS_SSp,m 2000 i 5.73.76um
O:| R | -r"; PR N W I O T O_I Lo Lowet o | |Li.":-|J Lol
40 20 O . 20 40 40 20 0 20 40
residuals{um) residuals{um)
2000}-(b) ™ Shingle| 800£(d) ¢ Pairs
1000} f 0 f
g J 0=3.80um| 200f 4 o%4.05um
O_I oy peopaliadliitin ] o Lli-r I 0 :I bt dee®s v by el 1
40 -20 0 20 40 100 -0 0 50 100
residuals(um) residuals{um)
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2 Prong M'SS D|Stance CCD VerteX DeteCtOFS

T

x10% 2 Prong XY Miss Distance x10° 2 Prong RZ Miss Distance

1.4 S S E— 1.2 T T T ]
S. =7.8mnm S_=9.7nmMn

@127 T 1210 -
| -
¥ 2 6 3
ol 0.8
[ a
o 0.8 o
= Z 0.6

0.6

0.4

0.4

0.2 0.2

0.0 0.0

-120-80 -40 0 40 80 120 -120-80 -40 0 40 80 120

wm wm
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CCD Vertex Detectors

VXD3 Impact Parameter

Ng. of Tracks
No. of Tracks

f—
o

1 | 1 | | | 1
-20 -10 0 10 =0 s O 0 10 20
Normalized xy Impact Normalized z—DOCA

101 | | 1 | | | 1 101

sy (nm)= 7.8 A 33/p sin®/2q s,, (Mm)=9.7 A 33/p sin3/2q

T. Abe, NIM A447, 90 (2000)
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Topological Vertexing CCD Vertex Detectors

eParametrize tracks as Gaussian tubes in 3D
eSearch 3D space for regions of high “tube overlap”

Overlap

Vertex Axis

*Since B® D, multiple vertices
*Find “seed” vertex
eAttach tracks to “seed”,
IFT<Imm,L>1mm,
and L/D > 0.25

Bearn Axis

D. Jackson, NIM A388, 247 (1997)
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Pt Corrected Mass CCD Vertex DeteCtOFS

SIL.D Preliminary
¥ Data

VYertex A xis

Missing P,

DIII|III|III|III|III|III|III|III|III|III

—ge——
P
AQ0D
g 200
— 2 2
M = pr + QM4 + Pr .

Mass (GeV/ic?)

D. Jackson, NIM A388, 247 (1997)
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VXD3 Purity and Efficiency

CCD Vertex Detectors

b tagging efficiency
and purity

includes two layer
tracks

coaf=0.8 (22 Hita)

Efficiency

Purity

0.8
0.6

0.4 |
0.2 t
[ L I L
5 .6 065 0.7

0

1.1

1.05
1
0.95
0.9
0.85

D.BD

il
- ™

. VXD3

——

I I T

1 | |
0.9 095
cos g

L I 1 1
0.75 0.8 0.85

- (b)

1 I 1
.6 065 0.7

] | ] ]
085 09 085
cos g

1 I 1
0.75 08
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Jet Charge

Precision Vertexing,
with complete decay
reconstruction, leads to
discrimination between
B* and B-

CCD Vertex Detectors

VXD3 at SLD
o
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Dipole Charge

CCD Vertex Detectors

Dipole tag purity
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(a) Two-veriex dipole

=

1 £
Decay Length Bs {cm)

BOO

400

200

dipole charge _
separates B from B

b® c (dq positive)

b® ¢ (dq negative)
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(CORE 80%)
(TAIL 40%)

kil

02 0
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Ghost Track CCD Vertex Detectors

0 02 04 06 08 1

B decay length {cm)

Resurrecting : S 08l ey Tyt =
the Ghost Track! ° 2 o +HH¢ ARBEaS #%
> . o ; + Ghost track 3
Pa = 06; e " Drii_;ir'HIFUTGF"
_____ y/CHOS T g L
TRACK = 04l - Due to precision of vertexing,
2 "I 1000 H ghost track is better estimate
3 : of B direction than thrust axis
2024 goolf
m ; /ghost track
0 s i
0 600
el 7Y /thrust axis
200 [ 1 ™.,
T Abe 007 0050.10150202503 03504
A8 (rad.)
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Charge Efficiency and CCD Vertex Detectors

Decay Length Resolution

Ghost track method improves dipole charge tag and decay length resolution

. C 800 | Score~ 145pm (a)
E08F " L GraL ~800m
3 :ij —r— T i
co6 X \% 4pp L (CORE:B0%)
=L T (TAIL 40%)
S04 : .
g I (a) Two-veriex dipole 200 +
02 i
0 - oo by by 0 L o |
0 1 2 02 0 02
Decay Length Bs {cm) Bs decay length residual (cm)
1
- KeJ ~107)
g . ! anp [ CORE 1] (b)
208 prite—p OTAL ~S30p
ED - BO0 | (CORE 60%)
=k
= - T (TAIL 40%)
L4 E 400 -
& f (b)Ghost track dipole i
apge 200
D . L1 1 (I T T T [ 1 D : | ] L .l_
0 1 2 0.2 0 02
Decay Length Bs {cm) Bs decay length residual {cm)
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Lesson on CCD Vertex Detectors

Ultimate Performance

One important lesson from VXD3:
(we should have expected)

Build an outstanding detector and physics analysts will
push the performance beyond your expectations!

307,000,000 pixels

3.8 mm point resolution
throughout the
entire system

7.8 mm impact parameter
resolution at high energy

J. Brau, Snowmass, July 11, 2001 a1




Recap of CCD Advantages CCD Vertex Detectors

High granularity
20 x 20 x 20 mm:3 pixels (Intrinsically 3-dimensional)
superb spatial resolution (<4 mm achieved at SLD)

Thin
0.4% X, at SLD (0.1% forseen)
low multiple scattering

Large detectors
80 x 16 mm?at SLD
facilitates ease of geometry

Exceptional system-level performance demonstrated
well matched to Linear Collider

J. Brau, Snowmass, July 11, 2001
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The Next Generation CCD Vertex Detectors

Critical Issues in Optimizing Flavor Taq:

P track resolution

* determined by technology:
CCDs offer very best resolution

P outer radius of vertex detector

* constrained by feasible size
and modestly by outer detectors

P inner radius

* limited by LC parameters and detector B field
P beam backgrounds
p B-field needed to constrain the backgrounds

P radiation immunity

* design shielding to protect CCDs
* improve CCD tolerance to radiation

J. Brau, Snowmass, July 11, 2001




Parameters for CCD Vertex Detectors

Future Linear Collider

Vertex Detector Design for the future Linear Collider

Maximum Precision ( <4 nmm)

Minimal Layer Thickness
(1.2% Xo® 0.4% X, ® 0.12% X, )
SLD-VXD2 SLD-VXD3 Linear Collider

Minimal Layer 1 Radius (28 ® 12 mm )
SLD-VXD3 LC

Polar Angle Coverage (cos g~ 0.9)
Standalone Track Finding (perfect linking)
Layer 1 Readout Between Bunch Trains

Deadtime-less Readout

J. Brau, Snowmass, July 11, 2001 a4




Proposed Design for
Future Linear Collider

CCD Vertex Detectors

M—  Single CCD Lenglhy ———e———— Single CCD Lenglhs ——

Barrel 1

Barrel 2
Barrel 3

Barrel 4

Barrsl 5

F S

COuter Cryostat Length 340mm

3

~ 700,000,000 pixels
standalone tracking
w/ 5 barrels

J. Brau, Snowmass, July 11, 2001




TESLAProposal | | CCDVertexDetectors |

Suggested layout of Vertex Detector ,f"m .
for future e* e’ Linear Collider i
(Updated October 1999) =

Scale:
Baral: 1 L = 100mim
R =12mm

Laddars

Barrel 2-5
L = 250mm

Barrad 1
L =100mm
Gazket zeal

Beam -Pipe GCDs fimed 10 inner
e Srigline suriaces of Ladders) Ohvis Damera]
Foam Cryostal = Rutheriora Apaleton Laboratory
and Faraday Cage _— Crtabar 1909

J. Brau, Snowmass, July 11, 2001
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Impact Parameter Resolution
of LC Proposal

0.0010

0.0007

0.0005

dR (pu)

0.00063

0.00062

CCD Vertex Detectors
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Tagging Performance of LC
Proposal

CCD Vertex Detectors
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Radiation Hardness CCD Vertex Detectors

Surface Damage from ionizing radiation
hard to > 1 Mrad (acceptable for LC)

Bulk Damage
results in loss of charge-transfer efficiency (CTE)

lonizing radiation \ /\

damage suppressed by reducing
the operating temperature

hadronic radiation (neutrons) P Temperature ()
damage clusters ® complexes R
cooling much less effective

Charge Transfer Ineff.

J. Brau, Snowmass, July 11, 2001
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VXD3 Experience CCD Vertex Detectors

on Radiation Damage

SLD Experience during VXD3 commissioning,

An undamped beam was run through the detector,
causing radiation damage in the innermost barrel.

The damage was observed as the detector
at an elevated temperature (»220 K).
Reducing to 190 K ameliorated the damage

was operating

o b

)
th
I

There is a strong
temperature dependence
to the effect of exposure
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Neutron Damage CCD Vertex Detectors

Background estimates for the next Linear Collider
have varied from 107 n/cm?/year to 10! n/cm?/year

- 2.3 x 10° n/cm?/year (Maruyama-Berkeley2000)
Expected tolerance for CCDs in the range of 10°-10

Increase tolerance to neutrons can be achieved through
Improve understanding of issues and sensitivity
engineering advances

flushing techniques

supplementary channels

bunch compression & clock signal optimization
others
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Neutron Damage and CCD Vertex Detectors

Amelioration Study

Radiation Hardness Tests of CCDs - N. Sinev

This study investigated flushing techniques on spare VXD3 CCD

Flash light to fill traps, then read out

@SLAC ~ 2 109n/cm?2 T, oom PU(BE),» 4 MeV
@SLAC Annealing study 100° C for 35 days
@Reactor (I) ~2" 10°n/cm?, T, reactor”, » 1 MeV

@Reactor (11) ~1.2° 10°n/cm?, T~190K, reactor”, » 1 MeV
Total exposure ~ 5.2 " 109n/cm?

|EEE Trans. Nucl. Sci. 47, 1898 (2000)
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Amelioration Study

Image of damaged sites Image of damaged sites after flushing

T= 187K, after dose of 2:10° wem 2

T=187K dose 2x10 9 wiem £ cleaning charge

Basic concept demonstrated; future work will involve
charge injection to keep traps filled.
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Other Development Directions

CCD Vertex Detectors

NLC and TESLA - stretched CCDs

«thicknesses reduced to 0.06% X,

JLC - room temperature operation for JLC

emotivated to eliminated cryogenics

TESLA - column parallel readout
and 50 MHz readout

ereduce build-up of background hits

during bunch train

J. Brau, Snowmass, July 11, 2001
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Conclusion

CCD Vertex Detectors

CCDs have been established as a powerful technique for

precision vertex detection at SLD
307,000,000 pixels
3.8 mm hit resolution throughout
(years of operation)
~ 100 mm decay length resolution

(even much better in for specific channels,
eg. Bs® DsX (Ds® | p))
many world-leading measurements of heavy

qguark physics

A CCD Vertex Detector would be a powerful
tool at the future Linear Collider

Advances in the technique are planned

Rad-hardening
faster read-out
other improvements

J. Brau, Snowmass, July 11, 2001
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