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ABSTRACT

Inrecent years new diagnosticand therapeutic methods have been attracting more
and more dedicated attention by the scientific community. The goal is a better
understanding of the anatomy, physiology and pathology of the human being in
an effort to find more appropriate medical prevention, diagnosis and therapy.
Many of the achievements obtained so far derive from the use and the optimisation
of detectors and techniques, which originated in the other fields of physics. The
spin-off of High Energy Physics to Medical Physics has been particularly relevant
in the field of detectors for medical imaging and especially for medical imaging
withionizing radiation. In this series of lectures, starting from the requests of each
technique and/or application I will attempt to present a survey of the detectors for
medecine and biology. Various fields of medical imaging will be touched :
radiology, digital radiography, mammography, Single Photon Emission Computed
Tomography, Positron Emission Tomography and radiotherapy. The capabilities
of the major types of detectors (1-D and 2-D position sensitive, and pixel type) will
be correspondingly analyzed : scintillation, gaseous and solid state detectors.
Finally some specificapplications as in synchrotron radiation and in the biological
field will be addressed.
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Figure 4A

The first medicai radiograph  This radiograph of
Mrs. Roentgen’s hand was made by Roentgen be-
fore he announced his discovery of x rays. On Janu-
ary 1, 1896, Roentgen senf a copy of a separate
printing of his first poper on x rays and exomples of
his x-ray photographs to several colleagues. Photo-
grophic positive prints made from the x-ray plate of
his wife’s nand and eight other plates formed the
collection from which he selected the exomples for-
warded to his colleagues with his poper.
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Example:

Problems solved for HEP experiments:

1.

2.

u-strip silicon detector for charged particle tracking
Dimension: 4x (5x5 cm2) ; thickness < 500 um

Electronics for m.i.p. (in 300 um = 70 keV energy loss)
low noise : 200 e-
reasonably fast : 50 -100 ns
integration on VLSI (see Viking) -~

Trigger

DAQ for collider
low multiplicity

sparse readout via multiplexer (in between two pulses)

n. of channels: 106-107
event size: 106 bytes (level 1 trigger)

n. of sellable apparatus: 1 (may be two!!)
But the apparatus is made of thousands of modules! =




1.

2.

'Problems to be tackled for Imaging with X-rays (10-100 keV):DR

u-strip silicon detector for X-rays

Dimension: 20x20 cm? ; thickness (300 um - 3 mm)

Electronics for X-rays (down to 10 keV)
low noise : 200 e-
fast : 10 ns
integration on VLSI

Self -Triggering
DAQ for DR -
5x104 Hz/mm2 (on a 20x20 cm2 2x10° Hz)
1 s acquisition time (duty cycle 100%)
n. of channels: 103-10# |
event size: 1 bit - 10 bytes

n. of sellable apparatus: 103-106



Experiment in HEP Exp in Medical Physics

Group size: 102 - 103 people lor?2
Preparation: 5-10 years 5 - 10

Data collection: 1-5 years 1'- &

Data analysis: 1-5 Yyears 1'- §

Run by: physicists technician __
Analyzed by: physicists physician h

w/ hardware & software  "mostly by experience"

However in both cases the right approach is the same:

® | have the best detector for .. what??

C

® ] have this experiment to do w/ these requirements.
Which is the best detector?
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Detectors for Bio-Medical Imaging w/ ionising

(mostly X and v ) radiations

1. DIAGNOSIS

(Discipline) (Parameters measured) (Medical
application)

X-RAY RADIOLOGY

2-D Film X-ray absorption Anatomy; mineral content

X-ray TCT Density and averageZ movement of contrast

DSA Contrast distribution material

ULTRASOUND A
Acoustic impedance mismatch; Anatomy; tissue structural

sound velocity and attenuation  characteristics; blood velocity

NUCLEAR MEDICINE |
Planar scintigraphy  Concentrationof =~ Metabolism; receptor site
ECT radionuclides concentration and flow

NUCLEAR MAGNETIC RESONANCE
MRI Concentration of nuclides (1H,..); Anatomy of tissues; free water
relaxation parameters T1 and T2  content; flow concentration of

MRS Frequency shifts due to some molecular species and
chemical forms contrast agents A
OTHER Techniques

Biomagnetism, Biolmpedance, ...

SOME BIOLOGICAL APPLICATIONS
Autoradiography
Cristallography

2. THERAPY

only RADIOTHERAPY



Figure 1. Contrast filled vessels are ex-
tracted from the background using DSA.

1980 - 5sec

Figure 5. Emission tomography has evolved
from the Anger camera to multilayer positron

Figure 2. X-r computed tomography meas-
g &y P grapay tomographs.

nres photon attenuation coefficients.

1965

mFigure 3. Ultrasound measures surface move-
nent and blood velocity.

1980 - 200sec

Figure 6. Nuclear magnetic resonance meas-
ures the chemical state and abundance of
some nuclei (e.g., !H, 23Na, 32p).

SPIE Vol. 314 Digital Radiography (1881)/ 11

/"
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Radiological Imaging
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Fig. 2. Number of photons detected in a given resolution area

as a function of signal contrast ratio. Threshold signal-to-noise

ratio is taken as 5 in this example, with the visibility threshold

of 2.5% (m is the area of the spatial resolution element, « is

the X-ray detection efficiency of the imaging system and N is

the average transmitted X-ray fluence. [Courtesy Dr. J.W.
Motz and Med. Phys. 5 (1978) 8.]
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Figure 2.3 Transmission of monoenergetic photons through soft tis-
sue. Curves are shown for photon beams with energies 20, 30, 50,

100 and 150 keV.

Linear attenuation coefficient (em™')

Figure 2.5 Variation with energy of the linear attenuation coeffi-
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Diagnostic radiology with x-rays

{a) (b)
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Figure 2.11 X-ray spectra for an x-ray tube with a tungsten target;
100 kV constant potential with 2.5 mm aluminium added. The spec-
tra are shown both before and after attenuation by 18.5cm soft
tissue plus 1.5cm bone. (The spectra are based on the work of

Birch et al (1979).)
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Figure 2.12 X-ray spectra for an x-ray tube with a molybdenum

target; 30 kV constant potential with 0.03 mm molybdenum filter.

The spectra are shown both before and after attenuation by 5Scm

tissue. (The spectra are based on the work of Birch et al (1979).)
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Figure 2.16 Construction of direct-exposure x-ray film: A, protective
coating; B, film emulsion (20 um) of silver halide grains in gelatin;
C, subbing layer; D, film base (200 um). (After Barrett and Swindell

(1981) p196.)

L

——

¢ —-E,W}.w-.

( 50%)

————

1

\

Jd [ [ [ 1

/

\ Protective layer

Phosphor + binder ’

- ;0’w:\ —
Backing layer
Support

Figure 2.19 Construction of a fluorescent screen.
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Figure 2.20 The use of double and single screens. The arrows at the
top of each figure represent the incident x-rays, which interact in the
screens, and the arrows originating in the screens represent the light
fluorescent photons, which expose the film emulsion.
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Figure 2.17 Film characteristics for a direct-exposure x-ray film
(curve A, equation (2.31)) and for a screen film (curve B). The
speed of the direct exposure film has been increased so that the
shapes of the two curves can be compared. The two films have the
same fog level*and maximum density.
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X-ray radiology diagnostic range: 10 -100 keV

film: - high spatial resolution (few um)
- high contrast (curve A, high I', narrow latitude)
- low efficiency (20 pm)

film+screen
calcium tungstate
terbium activated rare-earth oxysulphide (X202S) phosphors
X = gadolinium
lantanium
or  yttrium

- moderate high spatial resolution (10-20pum)

- good contrast ( curveB, low I, wide latitude)
- high efficiency
typical values: 100% at 10 keV
45% at 40 keV
10% at 70 keV

noise
- quantum mottle
variation in energy absorbed per interacting photon
inhomogeneities in phosphor coating (structure mottle)
fluctuations in light fluorescent photons yield
fluctuations in the number of silver halide grains in the
emulsion (film granularity)

DQE = Detective quantum efficiency=|------------ (=1

DQE (ot = DQE; * DQE; .......* DQEN



Main film limitations:

®  Limited dynamic range (narrow latitude)

® Lack of digital processing

Transducers for digital imaging:

AREA EXPOSURE

® Digital screen-film system

Illumination of the film w/ light followed by a visual
assessment of variation in transmittance (viewing box)

¢ TV camera
Standard viewing box and digitising by TV frame
- cheap and easy
-  bandwidth and dynamic range limitations

® Laser scanner
Raster scanner of the X-ray film by small focussed spot
(10 pum minimum, 100-200 um standard)

® Image Intensifier + Television system
Csl phosphor

®  Photostimulable luminescence

DIRECT DIGITAL IMA
(2-D, 1-D and point scanning)



Exposure Scanning

Rot.
o Tube mirror Laierbeam
X -Ray Tube o
Storage, p .
c.b. c.b.
X - Ray Laser “S—L°T ~
hoton : ‘
P Trapping Luminesc. phOton‘Ftetrapping *RY Luminesc.
photon | photon
Recom- —— Recom- ——
bination F=—— bination ==
v.b. v.b.

Fig. 1 — X-ray imaging via storage phosphors. Upper half:
Scheme of apparatus. Lower half: Physical principle.

/'

Ze
- 1
A
A |
ol
1
F7
g
A 1 ""
/ 1=
_. / |
(et / ' 7 Detector
> ————— 1 array and
ar | electronics
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Fig. 4. A prototype digital radiography system for examination

of the chest. The X-ray beam is collimated to a narrow fan

beam by two mechanically connected vertical slits. [Courtesy
Picker International Ltd and Radiology 148 (1983) 259.]



Gaseous and Semiconductor Detectors
for Digital Medical Imaging

Single photon counting

Gaseous MultiWire Proportional Chamber
MicroStrip Gas Chamber

Semiconductor ~ Microstrip solid state crystal
(Si, Ge, Hglp)
Pixel solid state crystal (Si, GaAs, CdTe)

Integrating
Semiconductor CCD matrices

Photosensitive diode arrays
Amorphous silicon

(2



@ (&
10%- .
£
£
<
1} -
-1
10 { 1
1 10 10° 10° Ey (KeV)

Fig. 2 - Cammino libero medio della radiazione in alcuni gas nobili, alla
pressione di ] atmosfera(2).
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Fig. 3 - Efficienza di fotopicco in funzione dell'energia per una MWPC di
Spessore 2.5 ¢cm con riempimento. a Xenon gassoso (a ] atm e a 10 arm)
€ a Xenon liquido ( 10).
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Table 2.2 Doses for some common radiolo-
gical examinations.

Examination? Dose
(mGy)
cc breast 1.2
AP chest 0.3
AP lumbar spine 9.2
AP pelvis 6.6
AP skull 4.4

a cc = cranio-caudad view or projection.
AP = antero-posterior view or projection.

Table 2.3 Effective dose equivalent (mSv) and organ doses (mGy) (breast. red
bone marrow. lung, thyroid, skin. ovaries and testes) for selected radiological
examinations.

Examination Doses per examination
Eff. -
dose Breast rBmM Lung Thyroid Skin Ovary Testes
equiv.
Barium meal 3.8 2.2 2.6 8.7 1.1 2.1 3.6 0.3
Barium enema 7.7 0.7 8.2 3.2 0.2 5.1  16.0 3.4
IV 4.4 0.7 1.9 7.0 0.2 1.9 0.8 0.1
Cholecystography 1.0 0.4 0.8 1.6 0.1 0.8 0.4. 0.0

¢ Intravenous urography.

(2%
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METHODS QF POSITION RgADogT

(A)

(B)

(c)

AMPLIFIER-ENCODER/WIRE ON ANODE WIRES OR
CATHODE STRIPS REQUIRES MUCH ELECTRONICS.

NEED CENTER OF GRAVITY SENSING,

CHARGE DIVISION. INTERCONNECT CATHODE STRIPS
BY CAPACITORS OR RESISTORS. MEASURE CHARGE AT
BOTH ENDS OF CHAMBER, FNODERATE POSITION
ACCURACY. LIMITATION: ONLY ONE IONIZING
TRACK CAN BE READ ON EACH EVENT, TwO OR

MORE TRACKS ARE READOUT AS AN AVERAGE POSITION,

DELAY LINE READOUT., CONNECT DELAY LINE CAPACI-
| .

TATIVELY TO ORTHOGONAL PLANES OF CATHODE WIRES
OR TO ANODE WIRES AS WELL. BY TIMING ARRIVAL
OF SIGNALS TO BOTH ENDS CAN DETERMINE POSITION
TO ACCURACY OF 0.1 MM, HMAIN LIMITATION X,Y
AMBIGUITY WHEN MULTIPLE TRACKS OCCUR,
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2.% - Bone densitometry: Rationale

Passive (film) detection has an unparalleled resolution in
densitometry studies. However, the radiographic film suffers
from the intrinsic chemical fog which diminishes the sensitivity
and the density resolution of this technique.

— a MWPC with
1. good detection efficiency = Xenon (4_atm)

2. good spatial resolution = =—> mongchromatic source
just above the Xe K-edge
(34.6 keV)
3. high rate capabifify — fast TDC's and
histogramming memories

Parameters™:

Active area 128 mm x 128 mm
Anode wire pitch I mm
Anode-cathode gap 3 mm
Cathode strips with

-fast delay line read-out 50 ns/cm
Xenon (80%)-C0O,2(20%) 4 atm
Entrance window 300 um - -0.07 g/cm® - 300 um

G-10 - Rohacell 71 - G-10
- Read out system Charge sensitive preamplifier

Fast shaping amplifier

Constant Fraction Discriminator

2-TDC's (500 ns conversion time)

1 dedicated two-D 128x128 pixels
histogramming CAMAC memory

* R.Bellazzini, A.Brez, A.Del Guerra, et al. Nucl Instr Meth Phys Res1984, 228, 193-200

(2



Fig. 1. A scheme of the fluorescent X-ray source: Cl: entrance
collimator, C2: exit collimator, T: target, F: filter.

Table 1
X-ray energy selection.
Target samarium gadolinium dysprosium
Filter neodymium samarium gadolinium
Energy 40 keV 42 keV 45 keV
Ko
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Fig. 6. The two dimensional bopge mass distribution of a wrist
of a human skeleton.
=S oty

—

The system is now under clinical trial, as single photon
absorptiometer at the energies of both 1-125 (27.4 keV) and Gd-
153 (42 and 100 keV) or as dual photon absorptiometer using one
of the two pairs of isotopes (I-125,Gd-153) or (I-125, Am-241).
Compared to standard DPA the MWPC system has a much lower

repositioning error = this allows its use in regions with a large

gradient of bone mineral density, such as the calcaneus or the
very_distal _site of the forearm (both can be imaged in a few-
minutes), which seem superior in identifying early osteoporosis.

*F. Angelini, R.Bellazzini, A.Brez et al. Bone densitometry of the Pheripheral Skeleton with a new
" photon counting and imaging device. Investigative Radiology, 1989, 24(9), 684-691.
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Fig. 5 - Image of the pelvis of a pregnant woman {photo from
a TV monitor).

Fig. 6 - Image of the chest (photo from a TV monitor).
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MICRO-STRIP GAS CHAMBER
A. Oed, 1988

4 Drift

80
i ” r i l l Anode Cathode
‘ 4 Insulating Suppon:

Glass
Silicon
Sapphire
Ceramics
Kapton
Upilex
Tedlar

Back Plane

2D and 3-D MSGC A. Ocd, Nucl. Instrum. Methods A263 (1988) 35
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MULTIWIRE PROPORTIONAL CHAMBER

George Charpak (1968)
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FIELD LINES AND EQUIPOTENTIALS 1Nl THE MSGC:

y (um)

75

LA

7

DI

7

50 75 100 125 175
x (um)

L Instrum. Methods A329 (1993) 125

J.J. Florent, J. Gaudaen, L. Ropelewski and F. Sauli, Nuc

9406218
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ELECTRIC FIELD LINES IN MSGC:

Drift Electrode |

m

I

|

!

I

I

l

DRIFT REGION !
I
L
l

l

|

l

|

Avalafig

Anode Strip Cathode Strip

MSGO FIELD AND TONS
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WCC 92

Energy resolution (low energy region):

e e et g% Ny Y VY

LEPC Xe+10% CH4

120

100

40 r

Energy resolution (high energy region):

Ag K <
8000 | &
5 ®q Xe+5% CH
o 4
&
6000 |
AgKg

AEe  Ag 877 kev
e fwhm 4.1%

S0 ENERGY (keV) 100

LT

C. Budtz-Jorgensen, Rev. Scai. Instrum. 63 (1992) 1



MICRO-STRIP GAS CHAMBER STRIP RESPONSE FUNCTION

FWHM 200 pm

LOCALIZATION ACCURACY (MINIMUM IONIZING TRACKS):

E -

S 240 | R
~ o
_Q -~
o b
o C
(&) L
160
n
r—
o
120 —
-
80 |
40
=

02 -01 0O 0.1 0.2
mm
MSGC PRF F. Angelini et al, Nucl. Physics 23 (1991) 254
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Fig. 3. Radiographic images of the phanton of a hand. Zoom factors: a) 1 x; b) 1.7 x; ¢) 2.8 x; d) 4.6 x.

SPIE Vol. 21327299



SILICON MICRO-STRIP DETECTOR

44— Si oxide

{ying contacts
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J. Kemmer, Nucl. Instrum. Mecthods 169 (1980) 499
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SUMMARY OF EGS4 CAPABILITIES
AND FEATURES

% The radiation transport of electrons (+ or -) or photons
can be simulated in any element, compound or
mixture.

* The dynamic range of charged particles goes from 10
keV to a few thousand GeV, while the dynamic range

of photon energies lies between 1 keV and several
thousand GeV.

The following physical processes are taken into account
by the EGS4 Code System:

LA

»  Bremsstrahlung production
Positron annihilation in flight and at rest
Moliere multiple scattering

Mgller (e- e-) and Bhabha (e- et) scattering

Y Y VY Y

Continuous energy loss applied to charged
particle tracks

Pair production
Compton scattering

Coherent (Rayleigh) scattering

Y Y Y'Y

Photoelectric effect
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Figure 6: Experimental efficiency (%) for 24, 60 and 88
keV photons. The solid line represents the MonteCarlo
simulation.
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Figure 1. Charge released in the crystal (ADC counts) versus photon encrgy. The vertical
bars are the standard deviations as calculated by 2 Gaussian fit to the charge distribution.
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A new 2-Dimensional High Resolution Si Detector
for B- and y-Radiography

A Czermak!, P. Jalocha', A. Kjensmo?, G. Malamud®, E. Nygird®, C. Rénnqvist’,
F. Santos®, J. Straver® and P. Weilhammer®

1. IFJ, Cracow, Poland

2. IDE AS, Oslo, Norway

3. CERN, Geneva, Switzerland

4. University of Oslo, Norway

S. SEFT, Helsinki, Finland

6. Federal Univ. of Rio de Janetro, Rio de Janeiro, Brazil

A double-sided silicon microstrip detector read out by a CMOS low noise self-triggering 128-
channel chip has successfully been tested with low energy y- and X-rays and B-emitting
sources for imaging of simple patterns. The readout chip is described in detail, as well as the
detector, the ancillary electronics and the data acquisition. Images of the size of 6.4 x 6.4 mm>
are presented. The readout pitch is 50 um in both the x- and the y-direction. The energy
resolution for the 44.23 keV K-line from Tb is measured to 0.86 keV (240 e” rms). For B-
patterns with S, the spatial spread is in good correlation with the range of the particles (130
pm).

Contribution to 6th Pisa
Meeting on Advanced Detectors
22-28 May 1994, La Biodola
Isola d’Elba
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Diode, 128—ch. xchip
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Imaging Test with an X-ray Tube

- X-ray tube operated at 30 KV and 15 mA with a
pelybdenum target and molybdenum filtration

- Energy spectrum: 10-30 keV,
K peaks: 17.4, 19.6 keV
- Photon flux: 6.4 103 sl mm-2

- Net acquisition time = 100 ms (Vo *)
- Strip read-out pitch 100 pm, 20x20 pixels

- Phantoms:
steel sghel;e (700 um)
pgj_g (500 um) in lead slab
square wave test pattern (50 um thick Pb)

SN R ot S eatinratd
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100 —%}
X =

L
|

Do ™

Lo

I 1 |

- i,

c 2 4 6

8 10 12 14 16 18 20

Strip Number

Image profile along the J direction obtained with an
1 line pair per mm square wave test pattern. The
vertical axis shows the average pixel content for an
100 ms_acquisition time.

—

From profiles we obtain Contrast:

Coutput = (®Pmax - Pmin)/(Pmax + Pmin)

®ax is the average number of counts at the maxima -
average at the minima for

®nin the corresponding
each frequency

- vnse]



Contrast Transfer Function

C
CTE(y) = —oupulY)
Input

Coutputis defined as (Pmax - Pmin)/(Pmax + Pmin),
®Pnax 1s the average number of counts at the maxima

®nin the corresponding average at the minima for
each frequency,

Cinput is defined as ((Dair - (I)Pb)/(q)air + (I)Pb),

®,ir is the average number of counts obtained with
no test pattern,

®pp the average number of counts obtained with a
Pb slab as thick as the test pattern (50 wm) in
front of the detector,

We measured for Cinpur a value of 0.94.

b
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Figure 6 : Contrast Transfer Function

Frequency Contrast
(Ip/mm)
Measurements in phase
0.5 0.96 = 0.03
1.0 0.97 = 0.03
1.4 0.97 £ 0.03
2.0 0.97 £ 0.03
2.5 0.93 = 0.05
3.2 0.82 £ 0.12
4.0 0.80 = 0.09
(!UC).uw) = 5.0 0.71 £ 0.08 <«—
Measurements out of phase
4.0 0.68 £ 0.18
5.0 0.57 £ 0.16
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Holes in alluminium slab

diameters | mm

depth 1 mm, 0.5 mm
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ONE PROBLEM OF THE MICROSTRIPS
GEOMETRY: DOUBLE OR MULTIPLE
HITS

yA yB
’ ’ _Q xB

‘ & XA
A

® (XA, YA), (XB, YB) RIGHT
COMBINATION

® (XB, YA), (XA, YB) WRONG
COMBINATION (GHOSTS)

THE EFFECTS ARE ARTIFACTS ON THE -
IMAGES.

REMEDIES: |
- SOFTWARE FILTERS (NN),

- VERY FAST ELECTRONICS TO MAKE
THE RIGHT COINCIDENCES IN A VERY
SHORT TIME.



We studied the effect of these double counting as applied to
mammography examination for a 300 pm silicon crystal

Nt =5 * 104 photons/mm?2 Texposure= 1 8
Ey=20keV Tsampling =10 ns (coincidence resolution)
To be taken into account:

Poisson statistic
Efﬁciency of the detector

Effects due tO'TQ -TJ‘ and to the time slew

(7
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RECONSTRUCTION ALGORITHMS

® Singles: one event per time slot (type 1)

® Doubles: two (maximum) events per time slot (type 2)

ALGORITHM I (examines only one time slot)

(3 " /9 OO\
\o/| o | \JUQ%

21

ALGORITHM X (examines two adjacent time slots)

1 2 3 4 5 6 7 8

P ]ol{ ‘01 ‘MOO

ollo] || |olle o0

R

— 1X
—_—

2X

Combination of X with I (1X1L1XZI 2X2]...)
Software simulation

Hardware implementation (VLSI)
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POWER SUPPLY
CHIPS
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Erik H. M. Heijne: Imaging with 2D and 3D integrated semiconductor detectors

?“\14"&« Metica [X (1993) 109
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Fig. 1 - Photograph of a part of a processed detector wafer. In the middie s shown a large silicon detector ( with
2-dimensional segmentation. Each segment (pixel) has dimension 75 um x 500 sm and is an individual diode clement. The separa-
tion between segments is achieved by an oxide laver. Under total depletion condition 100% cfficiency is obtained without any
insensitive region between the segments. The various smaller structures seen around the main detector are test detectors to be cut
off.
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Thickness (mm)

Aluminium disks (=3 mm) 0.5 0.25 0.125
Aluminium wires 0.5 0.25 0.125
Comtrast 0.6 ©.3 .15
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Physica Medica - Vol. IX, N. 2-3, April-September 1993

A Position Sensitive Multi Channel Ton Chamber (MCIC) for
Non Invasive Coronary Angiography with Synchrotron Radiation

H. J. Besch!, W. R. Dix?, U. groﬂmannl, J. Heuer?, R. Langer', M. Lohmann?, R. H. Menk?,
H. W. Schenk?, U. Tafelmeier’, M. Wagener®, A. H. Walenta!, H. C. Xu!

1. Universitat~Gesamthochschule-Siegen, Fachbereich Physik, Siegen (Germany)
2. Hasylab at DESY, Hamburg (Germany)

Abstract

A position sensitive 1-dimensional x-ray d with high dynamic range (> 20000:1) for a high photon flux (> 10° photons/mm?- s)
with fast image recording sequence (in pninciple up to 1 MHz) has been developed for medical applications. A detective quantam

M}efﬁcicncy DQE of at least 55% could be achieved for 33 keV photons. The position resolution is 450 um {fwhm) for this energy.

.

strips J

Fig. 3 - Exploded view of the multi-channel ion chamber pair.
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Fig. 2 — Geometry of multi-element detector.

Fig. 3 — Photograph of 1200 element detector before installa-
tion in the cryostat.

at

3



juaned jo o8ewy - £ 31y




K[ s, “(VALLLA [ED Ao UonTIpry TRI[AITRIUZSN
60/76-.1/NNT W 12 HIRHV 2l

SARI-X

%06 = SAVU-X AP 07 UOd ADNHID LI

;:5%

e - —

wirl 00S

dAINYAS
' AHdHHD0IOWH TH.LIDIO HO4 HOLIAL3d AYH-X U0aIs

/e



DIGITAL RADIOGRAPHY OF STANDARD MAMMOGRAPHY PHANTOM

6 mm . 75 um thick aluminum disk emedded in 16 mm thick plastic

Fluence
(photons/mm?2)

6.9 x 103

22x 104

3.8 x 104

7.5 x 104

F. Arfelli et at. INFN/TC-94/09



