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Objectives and Motivation

Develop a new high-pressure, xenon-based gaseous radiation detector of the GPSC type for
hard X—ray and gamma-ray spectrometry.

Here are some reasons why use HPXe GPSC?
“Energy resolution;
*Operation at room temperature;
*Lower cost;
*Large detection area;

*Flexibility in the geometry definition;



1.
Gas Proportional Scintillation Counter — The Detector
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‘ The Detector — MGHP GPSC
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Working Principle
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Planar vs Cylindrical Geometry

Energy Range: 100 keV — 1 MeV

Regions Length
Cylindrical
Absorption/Drift 0,03<1 30x5,4 cm
Scintillation 1-6 0,5cm
Optical - -
transmission
Electric field barrier - 2,0cm
Photoelectron <1 0,5cm
collection
Characteristics Cylindrical geometry
(Planar)
Pressure Range <20 atm
(<10 atm)

Detect. Efficiency ~20%
(662 keV/15 atm)  (<4%)

Solid Angle (Q/4m) 0,48-0,87
(0,12)
Detector Active 3369 cm?
Volume (726 cm3)
Detector gain 10 - 30 phe-/e-

(~10 phe-/e-)

Y
Length
Planar @ (A)
4,0 cm VUV photon
- (R e Gty St (LRELEIES
e (B)
1,2cm e R C A
(€
(G iy i S e s e A
2,4cm (D)
(O e ) it bbbty (]
lcm /; (E)

Photocathode =

Comparing both geometries, the
cylindrical presents:

* Improved Solid Angle

* Improved Detect. Efficiency

* Improved Active Volume of Detection

* Optical Transmission

* Lower Biasing Voltage for the same gain

Anode
R Shielding Grid

‘,’ X Colecting Grid

™A / X Photocathode

Anode

Shielding Grid

Colecting Grid

Photocathode



2.
Simulation and Experimental Results
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Tests with Alpha Particles - Simulation
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Experimental Tests with Alpha Particles -
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Experimental Tests with Alpha
Particles
Energy Resolution vs E/p
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Experimental Tests with Alpha Particles E!,__!II
Simulation and First Experimental Measurements L 1 P
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Experimental Tests with Alpha Particles

Simulation and First Experimental Measurements

700 ,
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Conclusion and Future Work
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Conclusions and

Future Work

We believe that the results of this work demonstrate the feasibility
of a new detector based on HPXe GPSC. For the present moment an
energy resolution better than R=6.8% for Am241 (alpha-particles)
was achieved in the first measurements.

Main Advantages of this MGHP-GPSC detector:
* Improved solid angle,
* Improved active volume of detection,
* Improved detection efficiency (20%) and gain (30 phe-/e-) — pressure dependent,
*  Optimized biasing voltage (5x lower than in the previous prototype)
Next step...

* Improve the performance — starting with the associated electronics and solid angle
corrections

(more ruggedized, better energy resolution)

Homelanc
Security

Fossil fuel detection

Geologica
Prospection

X-rays fluorescence analysis

Experimenta
Physics

Neutron detection applications

Medica

Applications
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‘ The Experimental System
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Effects affecting the Scintillation

Solid Angle Effects
To simplify we assume that all photons are emitted at
the detector axis (r=0). This way we obtain.

2 20 Q 2 9;
Ns = ﬂ (AEs(r) — pB)< ™ — = (T))l Z‘RZ) .r dz Q; (z) = jo JO sinfdode Q;(2)= 21‘[(1 — cos (ei))
| | |

Qo (z2) = 2Tr(cos (61) + cos (62))
Photon production Anode shadow Solid angle

Solid angle _ (L—-2) z
id angle . 02 = 2m (=2 + )

s Q T v '
~ -
ST os| 48% - 87% -
~ -
~ ——
SN T R 08
~ _a*’
.......... 92 e Sy T 91 0.75
4 N 3
Qe Yy O
4 ~< e
/// \\\\\ §0,65~
4 SS (=]
7 S<
’ S~o 06
4 S
S/ Sso
’ S~o 055
’ S<
’ S~o
. Qo
— =
0'450 Sb 1(‘)0 1 \’;0 260 25‘:0 300
Q(r’ Z) —_— QO ('r’ Z) e 41‘[ f— Ql ('r’ Z) f— QZ ('r’ Z) Longitudinal Distance (mm)
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Effects affecting the Scintillation
Anode Shadow

4m
| | | | |

2m— 26 Q
Ng —fj (AEs(r) — pB)< o e (r))l (. Z).T‘ dz

Photon production Anode shadow Solid angle

Anode

Anode shadow ﬂ

a—anode radius
e r — radial position
of the emission

Mo =

21'[—29(1‘)):(21'[—2 sin‘l(%))

2T 2T

Detect. Fract.

50% - 97%

1 2 3 4 5
Radial Distance (mm)
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Effects affecting the Scintillation

Extraction Efficiency vs Incidence angle

What do we know so far of Csl as a reflective photocathode?

Cesium iodide (Csl) photocathodes are widely Objective
used as VUV photo-sensors (High QE and Stability)

Measure the quantum
efficiency of a Csl
photocathode in gaseous
Effective quantum efficiency of the xenon at different

photocatho.des is rgduced due to photoelectron pressures and for different
backscattering at high pressures. photon incidence angles.

\ 4

What about the Quantum efficiency dependence
on the photon incidence angle at pressures

higher than the atmospheric? ' Improve solid angle

corrections in large
volume gas detectors

21
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Effects affecting the Scintillation

Extraction Efficiency vs Incidence angle

—

’__‘_J_(E__-’—‘ Quartz window |

1) T

Feedthrough
(electric conections)

o
* The collimated photons enter the detector through the
quartz window, irradiate the photocathode and the
photocurrent induced in the grid is measured using a
Keithley 6512 electrometer.

* The photocathode plate is connected to a linear
motion feedthrough through a crank, so that the photon
incident angle on the photocathode can be varied
between 0 and 50 degrees.
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Effects affecting the Scintillation

Extraction Efficiency vs Incidence angle

0.35

03 |

0.25

Relative photocurrent variation

0.05

0

-0.05

Conclusions:

0.2 |

0.15

01 |

Xenon lbar

e

——0,05
0,1
1,0
0,5

20 30 40

50

Angle of incidence (degrees)

Relative photocurrent variation

0.35

03

0.25

0.2

01

0.05 |

-0.05

Xenon 2bar

——0,05
0,1
0,5
1,0

20 30 40

50

Angle of incidence (degrees)

* Photon incident angle on the photocathode can be varied by introducing the linear motion
feedthrough through a crank in the chamber filled with high pressure gases.

* Relative quantum efficiencies of the Csl photocathode as a function of the photon incident

angle from 1 bar and up to 5 bar of xenon was measured.

23
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Problems affecting large area detectors

COMPENSATION OF SOLID ANGLE EFFECTS

Curved-technique

Existing techniques: R
ri

Electron focusing techniques

*Brings the electrons close to the detector
axis to maximize the solid angle.

Curved-grid techniques

Examples

*Makes use of two grids, the first curved
and the second planar, for the definition
of the scintillation region in such a way
that the electric field increases radially.

Masked-photosensor techniques

ePhotosensor is covered with a mask with
a light transmission that increases radially,
that compensate the decrease in the solid

angle.

So far have only been applied to detectors with
planar geometry.

a)

Masked-photosensor
®

Drift region
G4
TR — R T T A TS AT Ll
: Scintilation region Go !
— H
Ry \

S e

Photocathode

PMT

1 2 3 4cm

(1)- Quartz wafer with grid G2 and mask compensation
(2)- G1 feedthrough

(@) - Chromium film

(4)- Electrical contacts for G2
(8- To gas purifier

(8)- Kapton window, 75 um thick
(7)- Stainless steel

b)

[dos Santos 2001] X-Ray Spectrom. 2001; 30: 373-381]
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Problems affecting large area detectors
COMPENSATION OF SOLID ANGLE EFFECTS

0.

0.85

0.8

L 1
150 200 250 300
Longitudinal Distance (mm)

0.65 1 L :
1 2 3 4 S 6 7

Radial Distance (mm)

»

Detector Predicted Response

G600

550 F /'_,,__

500

Detect. Photons

400 7§

350 L L L
o 50 100 150 200

Longitudinal Distance (mm)

250 300

Solid angle compensation can be achieved by
modifying E/p.
(Patent to be submitted soon.)
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Planar vs Cylindrical Geometry

Considerations on light production

1 dN; E
E dr A /p -5
dN
Planar drs = AEs — pB Cylindrical
d r
Ng = f AEs — pB dr Ng = f AEs(r) — pB dr
0 a
d AV d AVC
N:jA_pE_ B dr N5=fA—ES—der
S 0 da s~ P 0 rlog(b/a)
AV log("S/q)
Ns = AAV,, — pBd N¢ = A——=—= — pBAr
. p—P S log®a)

Considerations on Optical Transmission and Solid angl

Planar
Uses 3 grids
3
TEptz(Tbrid)
Solid angle
Qplanar=0»14

Anode shadow
ﬂa=0

Cylindrical
Uses 2 grids

Topt = (Tgrid) ’

Solid angle
Qcy1.=0,7 (uniform)

Anode shadow
N4=0,50 (maximum)
[}

Gain = Ns.(1-a). Ty . QF.1.Q

log("/q) AV, W

To obtain the same »
scintillation output

Gain cylind.  Q.(1—ng)

3

Gainplanar — Tyrig.Qy

log(b/a)
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Simulation Results

100
90
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60

—=10atm
==15 atm ~
S0 20 atm

40
500 700 900 1100 1300 1500 1700 1900 2100
Energy (keV)

100

a0 \

370
=]
60 —=d=275cm
—d=3.00cm
50
d=3.25cm

500 700 900 1100 1300 1500 1700 1900 2100
Energy (keV)

Best results expected for pressures above 15 atm.

100
90
80
g 70 -=0 degrees
S ==15 degrees
60 30 degrees
45 degrees
50 =60 degrees
40
500 700 900 1100 1300 1500 1700 1900 2100
Energy (keV)

* Good energy absorption
efficiency up to 1 MeV.

Almost independent of..
* Emission angle

* Radial emission
position
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