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The present position sensitive detectors whether gas type, as a pro-
portional chamber, or imaging solid state device,as a CCD, have serious trou-

(1,2)

bles when used with high brilliance. X-ray sources .

The gas detectors are limited strongly in éount rates by spatial char-
ge originated by avalanche discharge while the imaging solid state devices
suffer for radiation damage even if in principle they can measure very high

(3)

fluxes . For overcoming the radiation damage the iﬁaging solid state devi-
ces have been equipped with special X-ray converters, as a phosphorous coa-
ting on the coherent optic fibres. But phosphorous converter produces a
not uniform response owing to not constant thickness of the coating. The
presence of coating precludeslits use for recording of fast changing pat-
terns because of decay time of the low scintillation components associated
to the principal (for example 0.3 usec for the fastest and others of 1-1000
(4)

usec according to the phosphorous type) Besides this the phosphorous



film peels under the high photon fluxes in a relatively short time. Also
the position sensitive gas detector, found improvements in spatial charge
effect by the use of multisteps chambers. In these chambers the avalanche
discharge develops in more sfages physically separate preseriting a reduced
local spatial charge. This increases the count-rates per pixel of about one
order of magnitude(s) . But in any case using gas detector we canhot detect
than a little more than 106 cps. for the whole area of detector because
-of the dead time of the electronics and the data acquisition system.
Therefore hew detectors with new data acquisition systems, suitable
for high photons fluxes, should be studied. We think to contribute at this
develépﬁent with a per;sal of a prototype of a new position sensitive de-
tector, whiech converts X-ray photons in UV photons, and éﬁ imaging solid

state device, as a CCD commercial type, which detects UV photons (6{ Briefly

we propose to use an imaging solid state device with an X-ray gas converter.

A possible scheme of proposed detector is shown in Fig. la and 1b.
It is constituédvby a gas detector which is divided in two parts, an X-ray
absbrption.régibn and an UV emission region. Below the gas cohnverter  an
optical fibre system and a CCD optical sensor are required. The coherent
optic fibres collect the local flashes ~onto the sensitive area of CCD pro-
tecting if from direct radiation damage.

The operating mechahism is the following.

As soon ‘as the X-ray photonh is absorbed by the noble gas, the photo-
electron produces a local small cloud of electron charge. This is guided
by electric field EO in a pgap between two grids, where it is accélerated
by another e€lectric field Elto gain enough energy to excite the atoms of
the gas by collisions..Thelﬂ/ light flashes emitted by excited atoms can
be seen by the CCD. The thickness of absorption and emission region and the
values of the electric fields depend on the used gas.

The light emitted by electrons drifting in a noble gas in absence
of charge multiplication at the pressure of 1 bar has a gpectral distribution

similar to the so-called '"second continuous!. The latter is attribued to the
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FIG. 1: a) Scheme of the Scintillation Gas Detector based on a Charge Couple

Device; b) Three-dimensional view of SGD-CCD.



transition to ground state from molecular states  exited by the colli-
sions.The emission.-peaks are at 1280 Z for argon, 1420 Z for Kripton, 1730
X for xenon, with a full width at half maximum of 100-140 Z(Figu, 2).

Photons of thig energy cannot be used with CCD because of radiation
damage effect. Recently, test made by our group at Frascatiusing UV photons
of Synchrotron Radiation in the wavelenght range of 1000-1800 ; and a linear
ccp, Thomson-CSF TH 7802A, showed an increase in the dark leakage current
in cumulative and permanent way(a). This effect is not dramatic and decrea-
ses at lowrtemperature. Since this effeé¢t disappears -over the thershold
of 1800 K, a wavelenght shifter of the light. flashes of the noble gases
can be used in operation with a CCD.

The shifting of the light emission to a iore convenient wavelenght
is based on energy transfer phenomena, so that the noble gas acts as donor
to a convenient gas acceptor. Generally the light emission of acceptor gra-
dually takes the place of donor emission as the acceptor density increases,
while the .amount of light emission of acceptor at constant densityincreases

linearly with the increasing of the donor pressure. In Fig. 3 we report

a diagram of light emission of Ar - N? mixture with low density of N
9)(10 - ) 0
gas (9)(20) . We can see that there is a continuous band from 1600 A to 2700

o o o]
A, with a maximum peak at 2200 A and two main emission 1lines at 2380 A and

3580 K. For higher density of N2 , about 5% more, the continuous band disap-
pers and the intensity of such lines increases with nitrogen content(lo{ In
this photon energy range the spectral response of commerc¢ial CCD is relati-
vely good with a gquantum efficiency of about 20%(as measured also by us).

At present we have no -measurements concerning the use of mixture of
Xe of Kr and N2 so that we do not know which is the most convenient N con-
centration nor if other gas can be used as acceptor. But to estimate the
photon gain in each light flash we can take the case of a mixture of Xe
with low concentration of N2 at one bar of pressure. We fix an absorption
region of 5 mm depth to have 64% of X-ray conversion at ; = 1.54 Z. The
electron cloud generated in the gas has a diameter of ~ 70 um with ~ 386

electrons drifting. The emission light starts at E],: 700 V/ecm and the



) -

=

)

*(L) (BLBT‘BlOQNY *[ pPue TMNZNS W) ¥OE (B8S6T) 8y “uwy <00g *adp ‘[ ‘TE 39 eYOUB] ‘A WOJJ USHE} UMOUS OSTE
aJe s»Freysstp SeS °1qou sand woai vIZOSdS UOTISSTWS snonuTquon -sased euyy jo Lue JOJ V¥V 0009-0002 JO UOLE
~3J qydusTenem 8Yl UT peadesqo oJam suojzoyd oN *SpTeTJ OTJ3081e perrdde snoldea Jof AOW J303 09 3' uUouULRY
‘(q) aI03 09g e uoldigy ‘() JJO3 09/ 3B UOBJy JO UOTSSTWS JYSTIT AN °Y3 JO UOTINQTIZSIP Teasyoeds : ¢ DIJ

{(v) 4ibusy aaDm (y) yibusy) aaom (v) YyiBbuay sapm

* oost 0ot 008t ocyl 000! 007 002t cooL
T T 1 1 H k] T i T i
-0 o — <0
I\Sﬂ:\}% <0 SHOAQ00!L 511040 1o
$110A0001 — \\\lﬂ_o\.l)\oom — 10 T sieacos .
(AN ikt 2 0 $110A0002 18 .
T 1080051 // \ \ 1o
" \ 11040022

B
8
o -L
~ !
<
/
§~—"
—
\
i
(@] Yy
et

/}
2
?
8
o3
~ 1
(o]
B—
A
patd

('nN'V) wannd sapdjynwojoyd

¥ fmN

v/ e \SJ
Yooy ¢ /\ 102
: . 4 v 48z

VAN ~ G P R |

(=D1DYoSsI] _ .
15 s i (aBibyssip) —
i~ +< d P} P R | ® ’ M

‘1D 19 DYDUD]

- A A i




-6 -

i N

VAVAND .

OA_A’AlAAJA"AA_A‘AAA.AlA‘AJIﬂAA.A.A»lJ

400 350 300 250 200 150
WAVELENGHT (nm)

PHOTOMULTIPLIER CURRENT [puA)

FIG 3 : UV emission of Ar (99,9%) doped with N (0.1%) (D.Stricker and E.T.
Arakawa, 1964; also A. Anderson and G. Charpak, 1982) (9)(10).

electron multiplication starts at Ei = 6300 V/cm. Between El and Ei light
emisgion increases linearly and at Ei the value light efficiency is  close
to 100%(111 The number of photons is equal to the energy taken by drifting
electrons from the external field, divided by the average photon energy of
the UV. An hundred of UV photons are generated by one electron drifting in
one mm of the gas gap and about 3.8 x 104'photons are generated by the whole
electronic cloud created by one X=ray event. Thig number is B50-200 time
greater than that given by phosphorous coating. Moreover, the drift time of
electron in one mm of gas-gap is about é5 nsec., the decay time of light
emission is smaller than 90 nsec., while the formation time of excited
molecules by collisions is  1less than 100 nsec-(7)(12) . Adding also
the drift time of electrons in the absorption region one has a maximum total
scintillation dead time of « 340 nsec. for each X-ray event.

For localizing the UV flasheg iSotropically emitted we have to use a
coherent optic fibre system in frorit of the CCD and as close as possible
to a small scintillation gas gap. Short silica fibres with a good trahnsmis—

sion efficiency (0.4-0.6) in the above range of photon energy can be used.



Fixing agasgap depth d=1 mm; the diameter of the brightest part of UV flash;
considerated as a lambertian source radiating in a hemisphere of radius
0.5 mm, cari be estimated of about 1.5 mm. For obtaining better resolution
demagnifying optic Fibres have to be used: If optic fibre cones, in which
each fibre is conical with a demagnification 5¢1, are used, we can have a
light flash spot on CCD area of 300 um with about 2500 UV photons for one
X-ray event. An integration over few X-ray events would produce a very good
signal/noise ratio for a CCD system. But also for a commercial linear array
of CCD with 1728 pixels of small size,operating at very high frequency (for
example, pixel size 0.01x0.01 mm2, cloking frequency 40 MHz and X-ray source
]‘..Ollphot./sec.‘ at A = 1.54 1(\)) for 50 usec of integration time we could have
")’xlO5 UV photons per pixel in the case of normal optic fibres and 2x10

UV photons per pixel in the ¢ase of démaghifying optic fibres suitable for
generating a good signal/noise ratio for CCD(ZLB). The same good restults will
be obtained in the case of matricial CCD sensor with 512x512 pixels
(0.028x0.016 pixel size, clocking frequency 10 MHz -~ Thomson firm-)illumina-

ted by the same X-ray source,if the UV gain of the gas gap is opportunely chosen.

In conclusion the CCD based scintillation gas detector offers good
possibility for detecting high photon fluxes. The best properties are its
uniform response on the whole area thanks to the gas converting gas gap and
the possibility of controlling the gain just acting on the electric field.
Spatial resolution of detector depends on the light collecting system and
c¢an be dlso of about 0.3 mm.

We propose to build the mentioned detector in first instance in an
unidimensional 1linear version and after in a two-dimensional version. A
schematic representation of the experimental set-up is shown in Fig. 4. The
tight pipe fluxing gas apparatus for suitable noble gas mixture working
at pressure between 0.5 and 5 bars is designed. The requested precision in
the noble gas mixture can be achieved by commercial fluxmeters. We acclude
a design of the instrument that can calibrate 103 ppm of one gas in another

(Fig. 5).
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The detector should be built and tested at Frascati Synchrotron Radia-

tion Facility by our group increased with some persons working under ESRF

contract. Services and workshops of INFN-LNF will be uged.

At present the total cost of detector can be only approximative.

estimate is about 150 KkECU apart from computer as specified in

following:
Gas apparatus 70 KECU
Gas detector 20
Demagnifying optical system + CCD 40
Electronics 20
TOTAL _350,_EE9!
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