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Ces i um- i od i de pho t oca t hodes have been i nves t i ga t ed i n comb i na t i on w i t h gaseous de t ec t or s. The quan t um e f f i c i ency o f a
sem i t r anspa r en t Cs I pho t oca t hode has been measur ed i n t he UV r ange and f ound t o be 10% a t 140 nm . We r epor t expe r i men t a l
r esu l t s ob t a i ned w i t h such pho t oca t hodes coup l ed t o BaF , and KMgF3 sc i n t i l l a t or s and r ead ou t by pa r a l l e l - p l a t e gaseous
de t ec t or s .

1 . I n t roduc t i on

Re f l ec t i ve Cs l pho t oca t hodes have been shown t o
wor k w i t h amp l i f y i ng gaseous de t ec t or s [1 , 2] . A ma j or
s t ep i n t he i r po t en t i a l i mpor t ance comes f rom t wo
obse r va t i ons [3] : i ) The quan t um e f f i c i ency o f r e f l ec t i ve
Cs I pho t oca t hodes , when hand l ed unde r c l ean cond i -
t i ons , i s s i gn i f i can t l y h i ghe r t han t he one obse r ved i n
pr ev i ous expe r i men t s. i i ) Adsorbed vapour s o f t e t r a -
k i s (d i me t hy l am i ne ) e t hy l ene (TMAE) enhance t he
quan t um e f f i c i ency and , i n add i t i on , pro t ec t t he Cs I i n
t he case o f con t ac t w i t h a i r . Th i s opens up a new way
t o r ead ou t l i gh t f rom sc i n t i l l a t or s , and Che r enkov l i gh t
i n t he case o f R I CH coun t e r s and hadron b l i nd de t ec -
t or s , and has t r i gge r ed ac t i ve r esea r ch [4 - 9] .

We have pe r f ormed seve r a l measur emen t s con -
nec t ed ma i n l y w i t h t hr ee app l i ca t i ons :
- Readou t o f KMgF 3 c r ys t a l s f or a pr e - pr eshowe r

de t ec t or [10] .
- Readou t o f BaFZ c r ys t a l s f or a pr eshowe r coun t e r

[10] and f or a ca l or i me t e r [11] .
We have l i m i t ed our e f f or t s t o t he comb i na t i on o f

Cs I pho t oca t hodes w i t h pa r a l l e l - p l a t e gaseous de t ec -
t or s because o f t he i r good t i me r eso l u t i on (< 1 ns )
[12 , 13] .

We have s t ud i ed t he me r i t s o f r e f l ec t i ve and sem i -
t r anspa r en t pho t oca t hodes , and have comp l e t ed age i ng
measur emen t s i n v i ew o f t he poss i b l e app l i ca t i ons o f
t he de t ec t or s t o h i gh - l um i nos i t y co l l i de r s .
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2 . Pr eshowe r coun t e r
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Recen t l y , i t was r epor t ed t ha t KMgF3 em i t s a t even
shor t e r wave l eng t hs t han BaF Z (be t ween 140 and 220
nm w i t h a decay t i me o f abou t 2 ns ) [14] . Such a
spec t rum ove r l aps ve r y we l l w i t h t he quan t um e f f i -
c i ency o f some so l i d pho t oca t hodes ( see f or examp l e
r e f . [15] ) . Our l a t es t t es t s show howeve r t ha t t he bes t
pho t oca t hode f or t he r eadou t o f t he KMgF3 sc i n t i l l a -
t i on l i gh t i s s t i l l Cs I . A t h i n KMgF3 c r ys t a l coup l ed t o a
pa r a l l e l - p l a t e ava l anche chambe r (PPAC) w i t h a Cs I
pho t oca t hode can be used as a f i r s t - s t ep de t ec t or i n
f ron t o f a ca l or i me t e r i n orde r t o d i s t i ngu i sh e l ec t rons
f rom gammas . A t h i n c r ys t a l o f t he KMgF3 wou l d
de t ec t ene rgy depos i t ed by cha rged pa r t i c l es , bu t be
nea r l y t r anspa r en t t o gammas , a l l ow i ng d i f f e r en t i a t i on
be t ween showe r s c r ea t ed by gammas and e l ec t rons . I t s
advan t ages a r e t he r ad i a t i on ha rdness , and t he sub -
nanosecond t i me r eso l u t i on prov i ded by t he KMgF3 -
PPAC comb i na t i on .

We have i nves t i ga t ed t he r esponse o f 3 mm and 10
mm t h i ck KMgF3 c r ys t a l s us i ng a pho t omu l t i p l i e r and a
PPAC w i t h a Cs I pho t oca t hode .

2. 1 . Pho t omu l t i p l i e r measur emen t s

We used e l ec t rons f rom a " Sr sour ce t o compa r e
t he r esponse o f t he KMgF3 c r ys t a l and a 20 x 20 x 50
mm 3 BaFZ c r ys t a l . The sour ce con t a i ns a 9° Y compo -
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F i g. 1 . Typ i ca l ß spec t rum f rom 90 Sr w i th a max i mum energy
o f 2 . 2 MeV 0 ob t a i ned w i th a pho tomu l t i p l i er and a KMgF3

crys t a l .

nen t wh i ch em i t s e l ec t rons w i th a max i mum energy o f
2 . 2 MeV . The sc i n t i l l a t i on l i gh t o f the crys t a l s i s de -
t ec t ed by a Hammama t su R1460 pho tomu l t i p l i er wh i ch
i s sens i t i ve f rom 110 to 300 nm . A t yp i ca l spec t rum
pu l se he i gh t i s shown i n f i g . 1 . By compar i ng the l i gh t
ou tpu t a t the 2 . 2 MeV edge f rom BaF 2 and f rom
KMgF3 , we deduce tha t the l i gh t ou tpu t o f KMgF3 i s
abou t 30% o f tha t o f the f as t componen t o f BaF2 . Th i s
cor responds to rough l y 100 pho toe l ec t rons per MeV ,
w i th good op t i ca l con t ac t be tween the crys t a l and the
w i ndow .

2. 2 . PPAC measuremen t

2. 2 . 1 . Se tup
A sma l l PPAC was bu i l t as shown i n f i g . 2 . I t

cons i s ts o f a KMgF3 sc i n t i l l a tor , an anode mesh , and a
copper pad ca thode 4 mm away. A Cs I l ayer 200 or 500
nm th i ck was depos i t ed e i ther on the copper pads or
d i rec t l y on the KMgF3 sc i n t i l l a tor , covered by a 20 nm
l ayer o f W . Th i s i s on l y a s l i gh t mod i f i ca t i on o f the
se tup used i n re f . [11] . In the presen t work we used a
m i x ture o f He w i th a f ew percen t o f C2H6 or CH 4 a t
a tmospher i c pressure . The gas and e l ec t ron i c ga i ns
were ca l i bra t ed w i th a 55 Fe source . Th i s a l l owed us to
measure d i rec t l y the pr i mary charge (number o f pho to-
e l ec t rons) o f the s i gna l s f rom the crys t a l .

2 . 2 . 2 . Resu l t s
A l though many stud i es were made on re f l ec t i ve Cs I

pho toca thodes , no sys t ema t i c s tudy was car r i ed ou t to
compare such a pho toca thode w i th a sem i - t ransparen t
one . On the o ther hand , for some app l i ca t i ons the
sem i - t ransparen t pho toca thode may have advan t ages .
For examp l e , i n the case o f crys t a l readou t i t can be
expec t ed tha t more sc i n t i l l a t i on l i gh t w i l l pene t ra t e a
sem i - t ransparen t Cs I pho toca thode because the d i f f er -
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F i g . 2. D i agram o f a PPAC w i th a Cs l pho toca thode used to
measure KMgF3 sc i n t i l l a t i on .

ence i n re f rac t i ve i ndex i s sma l l er be tween the crys t a l
and the Cs I than Cs I and gas . To s tudy th i s we d i d
some measuremen t s w i th the sem i - t ransparen t Cs I
pho toca thode . Some resu l t s o f the quan tum e f f i c i ency
measuremen t s are presen t ed i n f i g . 3 . I t can be con-
c l uded f rom th i s f i gure tha t the quan tum e f f i c i ency o f
the re f l ec t i ve Cs I pho toca thode i s cons i derab l y h i gher
than tha t o f the sem i - t ransparen t one .
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F i g . 3 . Quan tum e f f i c i ency o f a re f l ec t i ve and a sem i - t rans-

paren t Cs t pho toca thode 500 mm th i ck.



The spec t rum ob t a i ned w i th " Sr f rom the PPAC
w i th the re f l ec t i ve Cs I pho toca thode and a 3 mm th i ck
crys t a l i s shown i n f i g . 4 . No t e tha t i t does no t exh i b i t
the shape shown i n f i g . 1 , bu t i s ra ther exponen t i a l l y

peaked towards zero . We es t i ma t e tha t the 2 . 2 MeV
ß-edge cor responds to rough l y 40 pho toe l ec t rons o f
pr i mary charge . In the case o f a 10 mm crys t a l the
resu l t was 20 pho toe l ec t rons . The d i f f erence may be

par t l y due to crys t a l qua l i t y . When compar i ng w i th a
pho tomu l t i p l i er (100 e - per MeV) we have to t ake i n to
accoun t the absorp t i on i n the gr i d and the i n t erna l
re f l ec t i on l osses due to the absence o f op t i ca l con t ac t .

Assum i ng an energy l oss o f 3 MeV / cm for a m i n i -
mum i on i z i ng par t i c l e (M IP) i n KMgF3 , we expec t a t
l eas t 20 pho toe l ec t rons o f pr i mary charge f rom the

passage o f a M IP through a 3 mm th i ck crys t a l . Th i s
can be eas i l y de t ec t ed us i ng a PPAC w i th a Cs I pho to-
ca thode . The rad i a t i on l eng th o f KMgF3 i s 7 . 5 cm ,
wh i ch shou l d g i ve an e -y se l ec t i on o f abou t 7% .

Resu l t s ob t a i ned w i th the sem i - t ransparen t Cs I
pho toca thode were much more modes t . A l though we
expec t ed be t t er sc i n t i l l a t i on l i gh t co l l ec t i on , on l y a f ew
pho toe l ec t rons were crea t ed f rom the pho toca thode
w i th the depos i t ed energy o f 2 . 2 MeV. We conc l ude
f rom these measuremen t s tha t a re f l ec t i ve Cs I pho to-
ca thode i s super i or to a sem i - t ransparen t one . For th i s
reason we on l y used re f l ec t i ve pho toca thodes i n the
l a t es t exper i men t s .

3 . BaFZ preshower coun t er

A preshower coun t er i n f ron t o f a ca l or i me t er i s
needed for h i gh-prec i s i on pos i t i on measuremen t s o f
the showers and to i ncrease the e / r r re j ec t i on capab i l -
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i t y . Such a dev i ce may be necessary no t on l y for the
BaF2 ca l or i me t er , descr i bed l a t er i n th i s paper , bu t
a l so for many o f the de t ec tor cand i da t es for the
ca l or i me t ry to be used i n exper i men t s a t the fu ture
h i gh- l um i nos i ty co l l i ders . A preshower coun t er made
f rom 2 . 5 rad i a t i on l eng ths o f BaF2 crys t a l w i th a PPAC
readou t and a Cs I pho toca thode was sugges t ed i n re f .
[11] . M i n i mum i on i z i ng par t i c l es w i l l depos i t 32 MeV
i n the de t ec tor ; an e l ec t romagne t i c shower w i l l depos i t
a f ew hundred MeV . For the t yp i ca l pho toca thode
e f f i c i ency we expec t to have a f ew pho toe l ec t rons per
MeV depos i t ed i n the BaF Z . In th i s case the ga i n
needed i n the PPAC i s abou t 10 3 -104 . The pos i t i on o f
the shower , or o f the M IPs , can be measured on the
pads by the cen t re -o f -grav i ty me thod , and the d i f f er -
ence i n the energy depos i t ed w i l l make i t poss i b l e to
measure the e / r r separa t i on i n the preshower coun t er .

The ma i n advan t ages o f the BaF2 preshower coun t er
are : h i gh rad i a t i on res i s t ance (up to Mrad) , good t i me
reso l u t i on ( - 1 ns) , and the poss i b i l i t y o f measur i ng
the depos i t ed energy . In order to check these advan-
t ages and espec i a l l y measure the space reso l u t i on we
made and t es t ed i n the l abora tory a sma l l pro to t ype o f
the BaF2 preshower coun t er .

3 . 1 . Cons t ruc t i on

The i ns t a l l a t i on used to t es t the BaF Z preshower
coun t er i s shown i n f i g . 5 . The de t ec tor used a BaF2
crys t a l o f 12 cm d i ame t er and I cm th i ckness as the
w i ndow and the sc i n t i l l a tor . The ac t i ve s i ze o f the
ca thode p l ane and o f the w i re p l ane i s 200 X 200 mm 2 ,

w i th 1600 pads . At h i gh ga i n and w i th a h i gh f l ux o f
par t i c l es the PPAC may su f f er f rom sparks [16] . The
prob l em has been comp l e t e l y e l i m i na t ed i n th i s work
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F i g. 4 . Charge spec t rum f rom a PPAC w i th KMgF3 i r rad i a t ed by a 90 Sr source . The 5 . 9 keV f rom 55 Fe , absorbed i n the dr i f t space ,
was used to ca l i bra t e the ga i n i n the gap.
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by l oad i ng each anode w i r e w i t h a 10 M f 1 r es i s t or . The
r es i s t or l i m i t s t he cur r en t and makes t he t r ans i t i on o f a
s t r eame r i n t o a spa r k a l mos t i mposs i b l e .

A h i gh vo l t age i s app l i ed on t he anode w i r es , and
t he s i gna l i s r ead ou t on each pad w i t h a cha rge
amp l i f i e r as desc r i bed above . The PPAC wor ked w i t h a
gas m i x t ur e composed o f He + 1% CH , + - 10 - Z Tor r
o f e t hy l f e r rocene (EF ) a t a t mosphe r i c pr essur e .

The r e f l ec t i ve pho t oca t hode i s depos i t ed on t he
pads by vacuum evapor a t i on . I mmed i a t e l y a f t e r t he 500
r i m t h i ck Cs I pho t oca t hode was depos i t ed , t he ca t hode
p l ane was t r ans f e r r ed t o a box whe r e i t was pumped
be f or e be i ng pu t i n t o con t ac t w i t h t he EF vapour . The
pho t oca t hode was i n con t ac t w i t h a i r f or l ess t han 2
m i n . , and a f t e r a f ew hour s o f gas f l ush i ng w i t h EF
vapour + a rgon , an adsorbed l aye r o f EF had f ormed
and pro t ec t ed t he pho t oca t hode f rom t he r eac t i on w i t h
a i r . Then t he pho t oca t hode was moun t ed i n t he de t ec -
t or i n a i r .

The sc i n t i l l a t i on o f t he BaF2 c r ys t a l was produced
by a pu l sed ( - 10 ns ) X- r ay sour ce w i t h t he max i mum
ene rgy o f pho t ons - 60 keV . Th i s sour ce cou l d depos i t
an equ i va l en t ene rgy o f up t o 100 GeV pe r pu l se . I f
necessa r y , t h i s ene rgy can be r educed by a se t o f l ead
a t t enua t or s . I n mos t measur emen t s a l ead co l l i ma t or ( a
ho l e o f 500 R i m) was used t o s i mu l a t e a s i ng l e - pa r t i c l e
c ross i ng .

I n some t es t s a pu l sed (15 ns ) vacuum u l t r av i o l e t
(VUV) sour ce was a l so used t o ex t r ac t e l ec t rons f rom
t he Cs I pho t oca t hode .

4 . Resu l t s

F i g . 6a shows t he s i gna l ob t a i ned f rom t he co l l i -
ma t ed pu l sed X- r ay gene r a t or a t an app l i ed vo l t age o f

Lead
co l l i ma t or
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F i g . 5 . Expe r i men t a l se t up f or t he s t udy o f t he BaF Z pr eshowe r

pro t o t ype .
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F i g . 6 . PPAC s i gna l f rom t he pr eshowe r de t ec t or a t 2. 6 kV . ( a )
The hor i zon t a l sca l e i s 5 Ws pe r d i v i s i on and t he ve r t i ca l sca l e

i s 50 mV pe r d i v i s i on . (b ) The hor i zon t a l sca l e i s 50 r i s pe r
d i v i s i on and t he ve r t i ca l sca l e i s 100 mV pe r d i v i s i on

2 . 6 kV . The e l ec t ron pa r t o f t he s i gna l i s shown be t t e r
i n f i g . 6b . Our measur emen t s we r e made s t a r t i ng f rom
t he i on i za t i on chambe r mode (ga i n 1) and up t o ga i n
10 ` ' . The t yp i ca l dependence o f t he ga i n on t he vo l t age
i s shown i n f i g . 7 . The de t ec t or can wor k i n a s t ab l e
f ash i on a t a h i gh ga i n o f 10 5 . F i g . 8a shows t he pro f i l e
o f t he co l l i ma t ed pu l sed X- r ay gene r a t or s i gna l on a
l i ne o f pads . Each b i n r epr esen t s one pad (10 mm) .
The ve r t i ca l ax i s i s t he co l l ec t ed cha rge on t he cor r e -
spond i ng ADC . F i g . 8b i s a s i m i l a r measur emen t i n t he
same geome t r y , bu t w i t h a pu l sed UV sour ce wh i ch
produces a spo t o f l i gh t o f a f ew mm d i ame t e r on one
pad . The spr ead due t o t he sc i n t i l l a t i on l i gh t i n t he
c r ys t a l i s c l ea r l y shown by compa r i ng t he t wo f i gur es as
we l l as i s t he neg l i g i b l e con t r i bu t i on due t o t he
ava l anche s i ze i n t he PPAC . I t can be seen t ha t t he
pos i t i on o f t he ava l anches can be de f i ned by a cen t r e -
o f - gr av i t y me t hod . The un i f orm i t y o f t he s i gna l be -
t ween t he pads was measur ed t o be be t t e r t han 15% .

The ene rgy r eso l u t i on o f t he de t ec t or a t a gas ga i n
o f 10 5 i s shown i n f i g . 9 . I n t h i s t es t abou t 10 pho t o -
e l ec t rons we r e i n j ec t ed by t he a t t enua t ed l i gh t beam
f rom t he VUV pu l sed l amp . An ene rgy r eso l u t i on o f
70% FWHM was ach i eved , wh i ch con f i rms t he r esu l t s



ob t a i ned i n re f . [11] . A l though these pre l i m i nary re -
su l t s are encourag i ng , the pro to t ype has to be t es t ed i n
a beam to measure prec i se l y the pos i t i on reso l u t i on for
e l ec t rons and gamma pho tons , as we l l as the e l ec t ron-
p i on re j ec t i on capab i l i t y .

5 . Tes t o f a pro to t ype o f a BaF2 ca l or i me t er modu l e

A BaF 2 ca l or i me t er i s be i ng d i scussed as a poss i b l e
cand i da t e for the LHC and SSC exper i men t s (see for
examp l e re f . [171) . A poss i b l e l ayou t o f a BaF2
ca l or i me t er for the SSC and LHC exper i men t s i s de -
scr i bed i n re f s . [17 , 18] . I t cons i s ts o f an ar ray o f BaF2
crys t a l s cover i ng the accep t ance I q I < 3 . 8 . Pho tod i -
odes were proposed for the readou t o f the f as t compo-
nen t ( - 1 ns) o f the sc i n t i l l a t i on l i gh t w i th A < 220 nm .

We deve l oped ano ther approach , based on the
PPAC w i th a so l i d pho toca thode . The ma i n advan t age
o f th i s t ype o f readou t compared to tha t o f pho tod i -
odes i s tha t the PPAC i t se l f i s very cheap and a l l ows
gas ga i n . A f i rs t pro to t ype o f th i s t ype o f readou t was
t es t ed by the au thors o f re f . [18] . The energy reso l u t i on
was measured as 3% / v~E a t ga i n 1 [191 and 7% a t ga i n
10 5 [11] . In th i s sec t i on we presen t some resu l t s o f t es ts
o f one ca l or i me t er modu l e w i th PPAC readou t o f the
f as t BaF2 sc i n t i l l a t i on l i gh t .

5. 1 . Exper i men t a l se tup

The pro to t ype o f the BaF2 ca l or i me t er modu l e i s
presen t ed i n f i g . 10 . I t cons i s ts o f a BaF2 crys t a l 200
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F i g. 7 . Ga i n measuremen t s o f the preshower de t ec tor w i th a
gas m i x ture composed o f He+0 . 8% CH 4 +10 -2 Tor r o f EF

vapour .
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F i g . 8. (a ) Pro f i l e on the pads for the co l l i ma t ed pu l sed X- ray
genera tor . Each l i ne on the hor i zon t a l ax i s represen t s a pad
number and the ver t i ca l ax i s represen t s the charge co l l ec t ed
on the ADC . (b) A s i m i l ar p i c ture for a pu l sed UV l amp
s i gna l w i th the same geome t ry . The s i ze o f the l i gh t spo t on

the pad 1s a f ew mm m d i ame t er

mm l ong and 55 mm i n d i ame t er d i rec t l y coup l ed to
the PPAC . The PPAC i s bu i l t f rom the anode mesh
and the s t a i n l ess-s t ee l (ss) ca thode p l ane 70 mm i n
d i ame t er and 7 mm away . The anode mesh was pu t a t
1 mm d i s t ance f rom the BaF2 crys t a l i n order to avo i d
poss i b l e charg i ng o f the crys t a l by the co l l i d i ng e l ec -
t rons. The s t a i n l ess-s t ee l ca thode p l ane was covered by
a 55 nm th i ck Cs I l ayer w i th an EF adsorbed f i l m by a
procedure s i m i l ar to the one descr i bed above . The
pure Cs I was f i rs t depos i t ed on the ca thode by the
vacuum evapora t i on t echn i que and moun t ed i ns i de the
de t ec tor i n a g l ove box f l ushed w i th argon to l i m i t the
con t ac t w i th a i r . Then the EF adsorbed l ayer was
formed by con t i nuous l y f l ush i ng the gas m i x ture con-
t a i n i ng EF vapour through the gaseous de t ec tor .

In th i s t es t the gaseous de t ec tor was ma i n l y used i n
i on i za t i on chamber mode w i th a gas m i x ture composed
o f He + d i f f eren t concen t ra t i ons o f CH , + _ 10-2
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F i g . 9 Pu l se d i s t r i bu t i on ob t a i ned f rom the PPAC i r rad i a t ed
by the VUV source ext rac t i ng 10 pho toe l ec t rons per pu l se

f rom the Cs I pho toca thode .

Tor r o f EF vapour ( - 50% o f EF vapour pressure a t
room t empera ture ) .

The i on i za t i on source was the pu l sed ( - 10 ns)
X- ray genera tor men t i oned ear l i er (see f i g . 5) . Us i ng a
se t o f l ead absorbers we cou l d decrease th i s energy .
The HV was app l i ed on the ca thode , and the s i gna l
was read ou t on the gr i d w i th a f as t charge amp l i f i er
( r i se t i me < 10 ns , 360 mV per pC) . A pho tomu l t i p l i er
was moun t ed d i rec t l y (see f i g. 10) on the crys t a l to
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F i g . 10 . Exper i men t a l se tup for the s tudy o f the BaF 2 pro to-

type ca l or i me t er ce l l
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F i g . 11 . Ion i za t i on chamber s i gna l a t I kV (a ) The hor i zon t a l
sca l e i s 1 ws per d i v i s i on and the ver t i ca l sca l e 7s 20 mV per
d i v i s i on . (b) The hor i zon t a l sca l e i s 50 ns per d i v i s i on and the

ver t i ca l sca l e i s 20 mV per d i v i s i on .

mon i tor the depos i t ed energy by measur i ng the i n t en-
s i ty o f sc i n t i l l a t i on l i gh t w i th A < 220 nm .

5. 2 . Resu l t s

A t yp i ca l i on i za t i on chamber s i gna l ob t a i ned i n the
m i x ture He + I % CH 4 + EF (10 -2 Tor r ) i s shown i n
f i g . 11 .

The r i se - t i me o f the s i gna l i s abou t 200 ns . The dr i f t
ve l oc i t y i s abou t 50 ns / mm for an e l ec t r i c f i e l d o f 2 . 5
kV / cm . For pure CH 4 and h i gher f i e l ds , the dr i f t
ve l oc i t y reached abou t 10 ns / mm .

The s i gna l cor re l a t i on be tween the i on i za t i on cham-
ber and the pho tomu l t i p l i er i s shown i n f i g . 12 . The
average max i mum s i gna l i n the gaseous de t ec tor was
abou t 600 000 pho toe l ec t rons wh i ch cor responds to a
depos i t ed energy o f abou t 100 GeV . The energy reso-
l u t i on was 0 . 73% rms .

Ana l ys i s o f the da t a , ob t a i ned w i th the l ead a t t enu-
a tor , when the depos i t ed energy was decreased by a
f ac tor o f 2 , shows tha t the energy reso l u t i on rema i ns
prac t i ca l l y unchanged a t - 0. 7 rms . , i nd i ca t i ng tha t the
cons t an t t erm i s dom i na t i ng . Th i s qua l i t a t i ve l y con-
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F i g . 12 . Cor re l a t i on be tween the i on i za t i on chamber and the
pho tomu l t i p l i er for the pu l sed X- ray genera tor s i gna l .

f i rms resu l t s ob t a i ned i n re f . [19] : the energy reso l u t i on
i s

<3% E -1 / 2 [GeV] + 0 . 5% .

I t shou l d be no t ed tha t the de t ec tor worked for
more than three mon ths w i th h i gh s t ab i l i t y us i ng the
same pho toca thode . Cs I pho toca thodes covered w i th
TMAE or EF adsorbed l ayers were observed ear l i er to
be more res i s t an t to a i r than pure Cs I l ayers [10 , 18] .
We have ver i f i ed th i s phenomenon for EF w i th our
de t ec tor . The pho toca thode was exposed to a i r for four
hours . The s i gna l decreased by on l y 9% . A f t er f l ush i ng
w i th gas for one day fu l l recovery was observed .

As was men t i oned i n the i n t roduc t i on , one o f the
advan t ages o f th i s t ype o f readou t i s the poss i b i l i t y to
work w i th gas ga i n . Th i s cou l d be use fu l for the
ca l or i me t er des i gn where the crys t a l i s segmen t ed a l ong
the shower ax i s , as was sugges t ed i n re f . [10] . Gas ga i n
cou l d be use fu l i n the par ts cor respond i ng to the
beg i nn i ng and the end o f the shower , where the de -
pos i t ed energy i s re l a t i ve l y l ow . Our pre l i m i nary s tudy
shows tha t a l though w i th a ga i n o f abou t 10 , energy
reso l u t i on i s a l ready degraded , th i s w i l l no t no t i ceab l y
a f f ec t the energy reso l u t i on o f the ca l or i me t er .

6 . Age i ng proper t i es o f the Cs I pho toca thodes

A f t er the observa t i on tha t the Cs I pho toca thode
cou l d be used success fu l l y for the readou t o f the BaF2
ca l or i me t ey and the preshower coun t ers , the cruc i a l
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po i n t i s the s t ab i l i t y and age i ng proper t i es o f the
pho toca thode .

Concern i ng these ques t i ons there i s some con t ro-
versy i n the l i t era ture . In some works [3 , 12 , 20] i t was
found tha t the Cs I pho toca thode i r rad i a t ed con t i nu-
ous l y by the VUV l i gh t s l ow one . In the case o f the f as t
componen t the quan tum e f f i c i ency drops by a f ac tor o f
e a t a co l l ec t ed charge o f abou t Q f - 0 . 5 nC / cm2 ; i n
the case o f the s l ow componen t a t a charge Qs i < 5
mC / cm2 . In one work [211 i t was repor t ed tha t the
co l l ec t ed charge for wh i ch the s l ow componen t de -
grades by a f ac tor e i s approx i ma t e l y Q , , < 100
mC / cm2 .

The con t rad i c t i ons i n the measured va l ues o f Q , i
cou l d be exp l a i ned by the resu l t s ob t a i ned i n re f . [22] .
I t was f i rs t shown i n th i s work tha t the degrada t i on i n
the Cs I quan tum e f f i c i ency i s revers i b l e i n mos t cases ,
by keep i ng the pho toca thode for some t i me w i thou t
VUV rad i a t i on or by warm i ng i t up to 90°C . Th i s
exp l a i ns why i n re f . [21] Q , , was ach i eved 200 t i mes
be t t er than i n re f . [3] : i n re f . [21] the quan tum e f f i -
c i ency o f the pho toca thode was measured one hour
l a t er , a f t er the VUV beam was shu t down .

Tak i ng i n to accoun t the observa t i on made i n re f .
[22] we car r i ed ou t a s tudy o f the s t ab i l i t y o f the Cs I
quan tum e f f i c i ency . The resu l t s , descr i bed i n re f . [221 ,
were con f i rmed bo th i n vacuum and i n a gas a tmo-
sphere . At l ow VUV f l ux (cor respond i ng to a cur ren t

<_ 1 nA) and c l ean gas cond i t i ons (s t a i n l ess-s t ee l tubes ,
ox i sorb f i l t er ) no i nd i ca t i on o f the degrada t i on o f quan-
tum e f f i c i ency was observed up to the co l l ec t ed charge

100 mC / cm2 . The same resu l t s were ob t a i ned a t a
gas ga i n o f 10-20 . These age i ng proper t i es are enough
for record i ng the sc i n t i l l a t i on l i gh t f rom the BaF2 cor -
respond i ng to - 10 Mrad depos i t ed energy . Never the -
l ess , the rad i a t i on proper t i es o f the Cs I pho toca thode
i t se l f shou l d be s tud i ed .

7 . Conc l us i on

We have i nves t i ga t ed the sc i n t i l l a t i on o f a KMgF3
crys t a l us i ng bo th a pho tomu l t i p l i er and a pho tosens i -
t i ve PPAC w i th a Cs I pho toca thode . We found tha t the
pho tomu l t i p l i er s i gna l f rom KMgF3 i s 30% o f the s i g-
na l for the BaF2 f as t componen t . The PPAC sens i t i v i t y
w i th BaF2 was abou t 20 pho toe l ec t rons per MeV de -
pos i t ed energy , wh i ch w i l l a l l ow de t ec t i on o f M IPs
us i ng a th i n crys t a l . Th i s shows the i n t eres t o f pu t t i ng
such a coun t er i n f ron t o f ca l or i me t ers . The advan t age
over o ther types o f de t ec tors i s the t i me reso l u t i on o f
the order o f 1 ns toge ther w i th the rad i a t i on hardness .

In s tudy i ng the coup l i ng o f BaF2 to the PPAC we
have made some progress i n the cons t ruc t i on o f BaF2
h i gh-granu l ar i t y preshower de t ec tors and e l ec t romag-
ne t i c ca l or i me t ers w i th proper t i es ma t ch i ng the re -
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qu i r emen t s o f f u t ur e co l l i de r s , i . e . f as t t i m i ng , r ad i a -

t i on ha rdness , and good gr anu l a r i t y and ene rgy r eso l u -

t i on .

I n add i t i on , t he cons t ruc t i on t echn i ques f or t he

de t ec t or a r e s i mp l e , ow i ng t o t he r es i s t ance t o a i r o f

t he pho t oca t hode wh i ch wor ks a t room t empe r a t ur e

and a t mosphe r i c pr essur e , and no w i ndow i s needed

be t ween t he sc i n t i l l a t or and t he gaseous de t ec t or .

The r e f or e t he pr i ce o f such a r eadou t i s neg l i g i b l e

compa r ed t o t ha t us i ng o t he r c l ass i ca l t echn i ques , such

as pho t od i odes . For app l i ca t i on t o h i gh - l um i nos i t y ma -

ch i nes , t he age i ng prope r t i es o f t he pho t oca t hodes a r e

o f pr i me i mpor t ance . Our l a t es t r esu l t s i nd i ca t e t ha t

Cs I i s no t mod i f i ed by i r r ad i a t i ons i n t he r ange 100

mC / em2 . As a f i na l demons t r a t i on , a pro t o t ype o f a

l a rge enough s i ze has t o be bu i l t and t es t ed i n a beam

env i ronmen t .

Acknow l edgemen t s

Th i s wor k was pe r f ormed i n t he f r ame o f t he LAA

pro j ec t and we t hank Pro f . A. Z i ch i ch i f or h i s suppor t

and d i scuss i ons , and R. Bouc l i e r , I . Cro t y and G .

M i l l i on f or t he i r t echn i ca l suppor t .

Re f e r ences

[1] G . Cha rpak e t a l . , pr epr i n t CERN EP / 89 - 66 (1989) .
[2] V. Daugendor f e t a l . , Nuc l . I ns t r . and Me t h . A289 (1990)

322 .
[3] J . Segumo t e t a l . , Nuc l . I ns t r. and Me t h . A297 (1990) 133 .

G . Cha rpak e t a l . / Cs I pho t oca t hodes i n gaseous de t ec t or s

[4] B . Hoene i sen e t a l . , Nuc l . I ns t r . and Me t h . A302 (1991)
447 .

[5] B . Gue r a rd e t a l . , Nuc l . I ns t r. and Me t h . A310 (1991)
116 .

[6] D . I mr i e e t a l . , Nuc l . I ns t r . and Me t h . A310 (1991) 122 .
[7] Y . G i oma t a r i s and G . Cha rpak , Nuc l . I ns t r . and Me t h .

A310 (1991) 589 .
[8] M. S t a r i c e t a l . , Nuc l . I ns t r. and Me t h . A307 (1991) 145 .
[9] R . Arno l d e t a l . , Un i ve r s i t y Lou i s Pas t eur pr epr i n t

CRN / HE - 91 - 06 (1991) .
[10] G. Cha rpak e t a l . , Proc . La rge Hadron Co l l i de r Wor k -

shop , Aachen , 1990 , eds . G . Ja r l skog and D Re i n , CERN
90 - 10 , EFCA 90 - 133 (1990) , vo l . 3 , p 384 .

[1 l ] G . Cha rpak e t a l . , Proc . 9 t h I NFN Wor kshop on Pe r spec -
t i ves f or New De t ec t or s i n Fu t ur e Supe r co l l i de r s , I t a l y ,
1989 , eds . L. C i f a r e l l i , R. W i gmans and T . Yps i l an t i s
(Wor l d Sc i en t i f i c , S i ngapor e , 1991) , p . 43 ;
G . Cha rpak e t a l . , pr epr i n t CERN - EP / 90 - 41 (1990) .

[12] G Cha rpak e t a l . , Nuc l . I ns t r. and Me t h . A307 (1991) 63 .
[13] V. Daugendor f e t a l . , Nuc l . I ns t r . and Me t h . A308 (1991)

519 .
[14] J . L . Janson e t a l . , So l i de S t a t e Commun 67 (1988) 183 .
[15] D I mr i e e t a l . (pape r i n pr epa r a t i on ) .
[16] P. Fon t e e t a l . , Nuc l I ns t r . and Me t h . A305 (1991) 91 .
[17] S . C . T i ng ( spokesman ) , Expr ess i on o f i n t e r es t t o t he SSC

Labor a t or y by t he L Co l l abor a t i on , May 1990 .
[18] R . Zhu , Proc . La rge Hadron Co l l i de r Wor kshop , Aachen ,

1990 , eds . G . Ja r l skog and D . Rem , CERN 90 - 10 , EFCA
90 - 133 (1990) , vo l 3 , p . 411 .

[19] Y . G i oma t a r i s e t a l (unpub l i shed da t a ) .
[20] S . Kwan e t a l . , pr epr i n t Fe rm i l ab - Pub 91 / 98 (1991) .
[21] G . Cha rpak e t a l . , Nuc l . I ns t r and Me t h . A310 (1991)

128 .
[22] D . Ande r son e t a l . , Fe rm i l ab Tech . Memo TM- 1753

(1991) .


