Pouglas Bryman
University’ of British Columbia

<

8/12/2009 Compton Camera Workshop




% Detecting 511 keV Photons:
Scintillation and' Ionization Techniques

Posi t|:!.11 il -'q n J'_ll' hilation -!:

Noble liquid detectors,
particularly Xenon , have
much of the best of both
scintillation and ionization
characteristics.
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Desirable properties of scintillation detectors:
e High light yield (small Fano factor)
e Fast response
e Linearity of response with dE/dx
e Long attenuation length
e Radiation hardness
» High density

Desirable properties of ionization detectors:
e High ionization yield (small Fano factor)
e Fast drift speed at reasonable HV
e Low diffusion rate
e Linearity of response with dE/dx
e Long drift attenuation length — high purity
e Radiation hardness
» High density
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Noble Liguidl Detectors

Gamma ray astronomy
LXegrit (Columbia)

ICARUS Neutrino Detector XENON dark matter search v

EXO: Neutrinoless XEPET at TRIUMF
LotIEEStapoRey for medical imaging

8/12/2009 Compton Camera Workshop 3




Xe Properties

Z=54 -> High conversion efficiency

Boiling point 165.1 K - “Easy” cool down

Density of liquid ~3.0 g/cc, radiation length for y 511 keV ~3 cm
—> compact detector

High Voltage Working point ~2 kV/cm = Reasonable HV

U O

U

lonization yield W, = 15.6 eV (High E field) > Large detectable signal!
Drift velocity: v = 2.5 mm/ms or 4us/cm. = Fast drift

Diffusion for 1ps drift 20 um = Sub-mm position resolution!
Purity required <1ppb (O,) = Purification is critical

Scintillation at 178 nm - Special photo-detectors

Photon yield W, = 14.6 eV (zero E field) = Bright scintillator!

Timing of excitation: ts=2.2ns; tt=27ns = Sub-ns time resolution!
Attenuation length >1m - OK

o000 00| 0

O

Available in industrial quantities = reasonable price (~$3/cc)




Comparison with Other
Scintillations

Scintillator BGO LSO LXe INal(TH!)

[Density, g/cc /.1 /.4 3.67

Yield, photons/keV. | 6.4 32 Z10)

[Decay time, ns Z10)

Wavelength, nm

Photo-fraction
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Time Projection Chamber (TPC):
5= Imaging

2-D Position Sensitive Anode Positive (HV)

4 : 1 Anode strips and wires
Shielding Grid
Ground Potential

Light Sensors

Q
Phol?electric

[ J
v

Negative (-) HV Cathode
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Charge Signal ini ai Gridded Ionization
Chamber: TPC Geometry

Grid shields anode from induced charge during drift
Signal Shape independent of drift length.

Compton Scattering Photo-absorption
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TRIUME LXe PET

Remoyve detector: periormance as a limitation ior PET.
(1I.e only physics effects of positron range, non-colinearity.

IHigh spatial reselltionialong axialiand
transaxiali directions (1" mm)

Depth off interaction reselution (<1 mm)

Gooed time reselution (<1 ns)

IHIgh detection| effiiciency (>75%)

Good energy. resolution (<10% EWIHM)
Highi count rate; capability (>10? /s/cm?)
oW cost

Reduced randem and scatier noeise using
Compiton|scatteringlreconstruction

8/12/2009 Compton Camera \Workshop




TRIUME XEPET

Liquid xenon TPC with distributed light collection

Scintillationiand ienization signals
both used fior position and!for Anode sirps and wires
ENergy. reconstruction

[Fast light siignal gives region of
interaction irom distrbution
(minimizes pileup)

Reconstruct drift coordinate from
drift time; other twoe coordinates
from anode electrodes (Induction
Wilres! perpendicular to anede
Strips 5)

3-D Spatial resoelution: <1 mm
(FWHM) 5 uniformi over FOV.

Energy reselution: 99
(EWIHIMD); SUPpPresses
scatter/random| IMmage neise

Compton reconstruction
further suppresses scatter and
random backgrounds.
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Simulatiens off LXe micro-PET with ID = 15¢m, OD = 39cm, 12cm|LXe
Positren rangeincluded. Non-colineanty not imcluded

Dead matenal: SSiimm

Assumitions: AE = 9% and AX = Imm (EWHM), dead time 500ns
Compitonievents: first interaction point determined by using E-© cornrelations

> Abselute sensitivity 12%
> Background suppression
> Excellent Image quality;
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Small Scale Prototype

Cathode

TPC 3x3x3 cm,

GridE 3imm SPacing, gap 3 mm

2. APDs; Tetal solid anglei~ 10%
2. Anodes: Centrral disc dia. 10 mm
Tests with Na22 FNBERIPIETE S

3cm

Grid

50 100 150 200 250 300 350
time (50 ns)
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Cathode

Charge vs. Drift Time Light vs. Drift Time

3cm

Charge (e-)

Grid

Scintillation light (photons)

Anode plane 3 -y

20
Drift time (us)

Electrons lifetime >
PUALY <

Light reselution; (rms)
Charge resolution (rms)
Light'ana charge (rms)

511 keV Energy

=
s

Energy from Charge [keV]
E & B 8

500 800 7000 § 400 500 600
Energy from Light [keV] Combined Energy [keV]
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12 sectors.

- Field cage formed with strips (between
sectors) and wires (ends)

- (Cathode; resistive kapton on| ceramic plates

Anode; module
96 wires, 96, strips
SS and kapton PCBs

AC decoupling with
kapton?

APDrmoedules (5% solid angle)
- 16 APDs and 6/ LEDs for monitering
- 1 HV line and 16 LV lines (HV tuning)
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Eull-scale sector
v FIts Inte existing cryostat
v [Designed, parts hult
v- Assembly/is geimgien
Cryegenics and contrels
v IVlore cooling poewer
v Betier purification

EE and RO electronics prepared
Assembly/ 1s nearly complete
[DAQrandimoeniternglare nearly complete
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Technical studies

>

>
>
>

>

>

>

Xe purity, stability
IVieshiand gridl transparency
APD gain andineise

Electronicsinoise, Xtalk, etc.
Basic Xe characteristics

Light yield
Charge yield
Drifit velocity,

Detector performance

>

>

Position reselution with
APDSs and with ienization
signals

Time resolutionand rate
capanility

Enengy; reselution withrf APDs

and withyienization| signals
Unifiermity, deadiarea
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1" month oif technical studies, 1 moenth of
H\/ curves and 3 menti of data taking

20T B of raw! data, torbe stored: 34718
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® Light detection

QFast and low noise for
Cd = 200 pF
# Signal ~ 20,000 electrons
QBJT gives 4000 e- ENC
for 20 ns peaking time

OdWorking 16 channel
prototype
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® [onization signal

QLow noise, rather slow
for Cd = 30 pF

QJFET gives 600 e-
ENC for 270 ns
shaping time

32 channel prototype
being tested
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Double-sector test

(alternative pheiesensers, anede/gind geemetn/, gap
widtn, fieldicage, refilections; etc.)

NEW. cliy/ostat, custem feediiroughs, puriication
system, coeling, contrels HVW and SV\/

EE redesign (lock at new: techinologies like SiGe),
fiast (200MIHz 121t) digitizers for APDs|(or PMITS) withitrigger capanbilities and
fiast data transier, readeut driver for data collectionand pre-processing, fast
rIgoer processer, calibration system

Eurther Simulauons for PEIF eptimization
(Aumieer: of Sectors, dimensIons)

Buirld a Eull'PE T scanner
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Summary.

LCiquidixenen Is a premising technelogy: for PET

[Cimitations may:he reduced o physics! effects
(pesItron range; nen-colineanity) rather than

GEtector peronmnance
R&ID 101 estanlish prooi-ei-principle Is proceeding,

Application|off ILXE techniques to SPECHE,
iadiograpny may.alse e feasinle:
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Thanksi ter LXe, PET Participants

5 Benard.

P.Amatdriiz, R. Bula, M. Constable,
[EREtiere, L. Kurehaninoy, C. Lim, C. Marsfial,
A.Muennicr), 1Rt

D Bryman, P.Lu, V.505s);, J.Stoess/.
S Martin,
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