
F i p  1 - l'osiiion or :lie >I?Vl'C's in tlie S i r l ~ ! ~  A L - m  S;,ectrcrneter.  - .L 

1.  - IN?'I:ODUC!'!ON. .~~ ~~ 
-- 

'i'1,c :;yslc]n of i?i~l l t i : i i~.~:  j i i  ti!>orlilj!inl ~11:illillEi's we ( ! ~ s c l . i b e  l i e ! . ~  1:ns b e e ! ~  d c ~ e l o p e d  a s  a p a r -  . . 
, m i i < r l e  , :uo~-~li! lale  ,:c:ecLor Foi- lire iociisi,>g !?ii:gl~ A,.,,, Sl ;eci i .o~i?eter  (S.CS) of F e r i n i l z b  Lo 'oe'used 

x s  :, g c ~ ~ - , r r a l  fnci i i ty in iilfi~lt:r,t i ~ \ p c 1 - i i 1 i ~ ~ i i t i .  T!,e sy~;tcl i> is  ccii11,oscd of t ~ v o  z r o u p i  GI' Al\'<P c'ni31n- 
bc.1-s. 'I'lie f i r s t  g i - ~ ~ ! p  op;.r.;tl?s n s  a :set <:i illj,!~j.copi.s i n  t!:c s p ? c t r o i n c t e r  a r m  (If  a n d  V cRiin!Sc~.s 
I b i g .  I ) .  'The, second g ro~ :p ,  c l o s e  t o  llie 1;ii-2t.t. i i~eabu: -es  n l i ~ l l i p i i c i i y  211d znguiar  distrib!>tic!is 

. . . .. . . . . . .  
. . . .  5 2 .  ~ m .  . -- 28.1 m. ?~<.s-m. 

3rd Focus 

of c ! ~ . i i - ~ c d  p a r t i c l e s  in i ; ~ e l ; ~ s l i c  c\.r,iLs. 

2i .d  FocvS , 

T!ic ':i\VPC dc$iz,; rr':!ic:s :io!,,r i:.:ci:l'. - .. . ~ ~ , ~ i ~ - s ~ , ~ c i ~ : s  of i::e S?S s;stcn;. T k c  6e : ec to r s  a r e  - 1 o r  ! j : '  I !  ; c ! !  of I : , i l :rrs f i -cin llie c c ; i f i t i ! l g - ~ ~ o ~ ~ ~ n :  

11: t>~ , , s . : i io : l  i i :ns  of pa:-iiclcs :?i.:J ..:robe ; > l i l i c -  t !~:e;ini;ie !!:e c<.'ic:ive ciezd !i!ne nf tlie Gctec tors .  
l!!gli :!e!i.c!io,~ :?l l iciei~cy i s  r i c l ~ l i r , ~ d  to !?;e 7iiVPC'ic:ocetoi!>e:<?~-get 151- ~iiialnl;ii,aoouc i - e c i j ~ ~ s t ~ t i c  - 
I ! : I :  1 , , .m I = -  i 1 ,  . .  c 1 ? , . r : c r s .  %cq,;i - 

', :  . : . , , I  I ; : E  b , - : . i . . ~ : ~ i -  i!>;n 200 f i  i,c-r !,;.zm spi!l is finr-r:ed. 

. . 

I 
! 
I .  

I 
. . I 

. .  . K Z '  . . 
PC? P C 3  v3 

HZ YZ 
H 3  i i :  V' 

.. 
, 

T A P G F T  - : : 

. . .  . . 

CU:I~!:UPI?IE 
5 c  i : o  

i r N S  5 < 5 T E U  

C O U ! I T I V G  
1 

. . 

.- . .. 

FERMILAB-PUB-78-110-E



'1'11e i~o<loscolje  c1131111jc1-s c!i'ti.ri~ril~e tlie coor:!I~:yl:-.~ Q F  t h e  f a s t  i ~ ; i i . t i ~ l e  ;it s e v e ~ . a l  poc.iti~l-i)j i n  
t he  spcc t ro inc t c r  a r m .  Siligle chanrhc r s  g ive  Y o r  Y pos i t icn  \kith I -ccol i~ t ion  of * 1 inm. 17nirs 
of ;<<ljnccnt c l - in i~~~ l i e r s  i ~ n p s o v e  the  r c s o l ~ l t i o ~ l  r!oiir; to f 0. 5 iilm. h lu l t i ;~ l e  s c a t t e r i n g  and n lng~ ic t i c  
t1.311~li0~'f. ~ ~ ~ ~ c c r t i i i ~ i t i e s  \ioultl not c011scnt any Let te r  reso1u:ion. 

'rile dirnerisions of tlie n>ecI~nil ical  s t r ~ c t l ~ r e  of t h e  I ~ G ~ I U S C O I I C  L I I ~ I ~ I I ~ I - s ,  i n i ~ d e  of G-10 fi!)er- 
1 I S  a r e  given in  'I'alile I. Using typical  g;?s  ~ n i u t  u r e  of A ~ ~ g o n - l : ; o l ~ u t : i ~ ~ e - J ~ ~ ~ ~ c o ~ ~ ,  a pla - 

' I I  I - IIoiioscope C h a r r ~ h e r s  P a ~ . a m e t e ~ - s  
~ -. . . .- - .- 

Sensitive \ \ i r e :  = 2 0  p m  gold plated tungsten 
50 g. m e c h a n i c a l  tens ion  

:;ct~siti\?e wire s ~ ~ a c i ! ~ g :  2 m m  
G a p :  7. 5 i n m  
11igI1 voltage Planes :  ,&50 l ~ ~ % g o l d  p1:itc-d t i l ngs t~n- .  Jvires, 

1 irini sp:iced, 1 0 0  g. ~nec l i an ica l  t en  - 
sion.  

Gas: "?l;?gic" A l i ~ t u r e :  Argon 67%; Iso:,u- 
t nne  31. 5%; 1;reon 0. 570, Metl-iilal 

Opera t ing  Voltage Plateau:  5700 - 6300 V 
Average  ISificiency: 98. 5% 

~ 

t cau  of a i ~ ] j i . o x i l i t y  tOOV ilils lici'n 01~t: i i i lc~.  with o n t p ? ~ t  pu!ses of 70230 inV on 4 i O Q  Iozd r e s i -  
s t o r s .  !~.~i!~j!iiiers ni!d se.id out elc:ct~-onic, ~ncch : in i ca l lyW~c~n tc .d  on the c h a m b e r s ,  a r e  s1ioji.n i n .  
F ig .  2. A typical  iiilrllt :llre:;liold of 3 iilV 113s i1ce:1 ilsed. Due to tile 3istai1ce be tween the ;\I\YPC 
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FIG.  2 - Rezd-ou t  c!cctcoric czi.d c i r c u i t  for liodcscope 
~ I I ~ I I ~ I J c ~ s .  

n:~d :I!? co:rnting room,  the s i t -obe pi!lse i s  t imed  t o  I-ezch -i-ea<?-cut elc.ctronics 1. 2 y s  z l te r  ri7.e 

cl-osc!;!g r,f l i : ?  ior;iziri;l l..zr!lcle. Tii-iie ;csolu;io:? b e t t e r  than a 0  n s c c  h a s  heen  ncl-iiei-ed on seine 



3. - ~lU1,'I'IJ.~J,IC;171'Y ~ III?X,'~GOXA li - --- I~, . - .  (;ii!i~~1l3ICitS2 . - . -- 

).& IIc;?;;onnl geo:netr) ice" selccter i  t o  .:over t he  nlauil?ltrln so l id  angle Ticar t!le t n rge t  \vith lli:tcc 
t o r s  of i l i i~ l i~ i~ r ln i  s i z e  and weight. Tile \lc:<ayon;il c l i n ~ ~ i l i e r s  w e r e  adiled t o  t he  sy1.tctS1 t o  n)ea:;ui.e 
t he  nirlltiplicity and angllla' d i s t r ibut ion  of i:Iinl.ged prongs  a s soc iu t cd  \:'it11 t h e  f a s t  ~? : i r t ic le  elite- 
r j n g  the  s p e c t r o m e t e r  a r l n  (F ig .  3). Eacli of t he  t l i ree c l rn ln l~e r s  (c;illed PCI .  I'C2, I'C3)Iliis tiii'ee 

FIG.  3 - 1,oc:itiiin of l lc ;?gor ia l  c!! ;>l i ibel~near  the 
t a r g e t  n i th  i l lsensi t ive reg ions .  

s e n s e  p lanes  with w i r e  d i rec t ions  a t  120°. In t h i s  way u , v ,  w, coord ina t e s  a r e  deteri i~ir iud for  cnch 
p a r t i c l e  i n  the chambers ,  and one  c a n  so lve  tlie ambigu i t i e s  a r i s i n g  \$.hen t i . 0  o r  m o r e  p z r t i c l e s  
c r o s s  t he  s a n e  ch2inber. The  t h r e e  sens i t i ve  p l anes  a f e  i n  t h e  s a m e  volulne of g a s  ;lid 511~1.c t!le 
I3V e lec t rodes .  

The n~ecl!nnical str.ilctnre of t h e s e  c h a m b e r s  i s  I l o w n  in  Fig .  4. 7:;e physical  parrti1li:tcl.s 2.1-e 
quite  si1;iilnr l o  those  of t he  l~orloscope chan ibc r s  given i n  'Table I. Being  at 1 2 0  nletei.s fi-"111 the 
coiiilling rijon:, tlie s t r o b e  sigiial r e a c h e s  i l ~ f s e  c l i :~ in l~e r s  2 i;sec 3f:i.i- the pa r t i c l e  sigrrzl. A 2 
~ . : ; P C  delay i s  tlierefoi-e i n t rod~ iced  on tile s ignal  by a  one - sho t  c i r cu i t .  2 u r i n g  th i s  t he  r c ~ i d - o u t  
the clr~?l!iiel i s  intlte. The ii:e:ficic~icy or ig ina ted  by th i s  dead  t i m e ,  due  t o  the high backgl  ourid l e -  
vel ricar tlle t a rge t ,  112s been r educed  provjrling two reai l ing chanliels  p e r  wire,  a s  sl?own in  the  
cir-cuit of Fig.  5. T h e  c!,nnnei t o  be used  is s e l e c t e d  by t h e  j-k f l i p - f l o i  (SN 7473) that  works  l ike  
a  "p"iriterU of t he  chal?nel wi~ich  i s  f r e e  ?.i?d t l i e r e fo re  ava i lab le  f o r  s to r ing  a  second pu lze  c\.en i f  
coining e a r l i e r  than 2 p s e c  f ro in  the  ~ I . C V ~ C ) U S  one. Thc t ~ a j l i n g  s d g e  of the r,utp)it, i n  co inc ide rce  
with the stl.obe p:l!se. s e t s  tlle s t o r a g e  f l i p - f l ~ p  ( S N  7*!74). T!le t iming di : lgram of t h i s  cir-cuii i s  
shown in Fig.  6 .  T o  i n c r e a s e  tile ch;:r!bci- l i f e t i ~ n e ,  tlie higli vol tzge  ac i -oss  t he  g a p  is rc:duced rdu- 
r i n g  the  i ~ i t e r - s p i l !  period(4). 

As the cliai:~hcrs a r e  c r o s s e d  by 3 x 1 0 ~  pi;r t iclcs  p i r  ljc:!rn pu!se, >;I in!:crisitive i.ii:ion \r..as iiro - 
:;ic!cd by p11igs marif of Ca;jton fo i l s  ( 2 5 p r i )  i!:ick ef silita1,lr. size glced  on !)nth sir:cs of  iacl: sei?si  - 
t ive 1ilsr;e (F ig .  3). 





,l.'IG. -. 5 - 1Zc:td-out  elect^-orlic c a r d  c i r c u i t  for  lieu.?gonnl c h a l n h f r s  wit4 
clo~!ble ~-~::cling cli:i~i~iel.  

1"IG. 6 - T i ~ n i l i g  di:t~i.n!n i<;r tllf i!ouhle'-chnnncl r e a d - c u t  
c i r cu i t .  

To m e z s u r e  !l:e d c g r c e  of ilieificiciicy ;::.ovidcd b; t !~ese  j> l~ :z s ,  t h e  chnn lbc r s  : \ i r e  il!uini:ia:ed 
!,y n f l u s  of pa r t i c l e s  coining f r o m  ';ca!tei.ii>g of  a 103 C e V  p ~ - c ' o n , h e ? ~ n  gn  a 11% tr.1-ge?. Since the 

lili!g c i ~  l'C2 coi-a:l.s a so l id  .ir!gle slri-ller :ban tl13t ccvc red  by :lie plug cn l'C3 and ti;: inicz.nction 
.:t:i-tcs is h i ! ~ ~ . . v o ,  tl!c !iiiitngl.?.m of !lit po:jiiio!l on  P C 2  c a n  b e  projecter!  i'i-cin !!if in!cr?c:is:l -.:i.tex 
crl !'C3 :i;ld a !;in ;>cr Sin division accompl i s i~ed .  T h i s  c ~ u j d  1;e c2or.e 21::o f o r  PC2 and P C ~ .  Tiic r e  - 
suit i s  s!:o,.,,,i i r ~  Fig.  7 and gi\.es tile ~ ' f f i c i f : i cy  distrihu:iolio: l'C3 s ~ n l i d  to  PC2. It !;Eei1;3 thrit !!lf 



F I G .  7 - P l l ~ g  stlicly. P C 3  p:>r t ic les  p e r  n; ire 'dis tr ibnt icn 's  ciivi-1 
clerl by I'C2 p;>rticlcs pi'r ;:sire 6iStriljl:tion s c a l e d  on PC3. 

r , ?gc  cff i-ct  of il!c i i l i~g  c o i c ~ . s  a  ,Ii-t:~;,:c i u f  tlic oi-der  of i ine gxp. Qui te  s i i~ i i la l -  r c s l ~ l t  h:is l ~ e e n  

~>bt3.i11cd n;ovil~g a I I C : ~ I ~ I  acrcoss t11e i~!:;cr>si:ive r cg i< jns .  

A PliP :1/45 computer provides  on- l ine  con t ro l  and d a t a  t ak ing  of t he  comple te  ~;]jectro!hc:r-r. 
T h e  interface of the 3,l\,l'PC's with the P U P  1 1  w a s  designed us ing  DEC f l ip-chips .  ISach ni1.e i n  
tiie s y s t e m  i s  reco4&i7',zcd by a  w i r e  a d d r e s s  cons i s t i ng  in  a  word  of 15 b i t s :  b i t s  10+14 give tile 
c l l n ~ ~ ; b e r ,  b i t s  5 t 9  t he  g roup  and hi ts  0-4 give  t h e  \"ire s t l d r e s s  \vithin the groups.  So :he ::y:,ir.171 
i s  ljiiilt o n  n biisic s t r , ~ c t ~ ~ r . e  of g~.oups of 32  wirt.5and can  be e~l::i:>ded I I P ~ O  32ci:ar::bci.s of :32 ;;~:otl~:,s 
c2:ich. At each c~;ent t he  a d d r e s s e s  of tile hit  !:.iris rir-e sent  t o  !lie cornpi;ter via i3ilA. 'The c l ~ ; ~ r n  - 
11crs n r e  co:inected in ji:i~.;?!lcl 2nd  li!!hi.d to :lie Iiitei-f:ice !!nit v ia  a  hlain ??us,  and the  re:~: l i : ;gof  
a  ' t i 1  cl,:ii~:Ijir i s  ilsne a f t e r  R j j r~si t ive ;itidrt 'ssil~g of tli;it c ~ . ~ i ? i l , ~ r .  'This tivo f a c t s  j;i.ovi k '  ~ " 

- 
,ic t i i c  T!<:xil,l!i!y ::t!iI t l i r :  e~~~;~; i r : i l l i l i ! j -  of t!;c s,i.s:ein. In F ig ,  8 tiic fz iv  ,liagrn;x of !:IC ncr,!:i.si:li,n 
. ~. 
:,I o c c s s  i s  l o  Tile sgs t e in  i s  ~1:irti .d by a  Ma in -S ta r t  s ignal  g e n e r a t e d  by tiie Event Tri ,qger .  
Tliis :,igi!.,.l lon(ls t i ? ?  : i dd res s  of tile f i r s t  c i l a l ~ ~ b e r  to be  r e a d  in  t h e  ChAS. r e s e t s  the G A S  and 
];l.c:;el.: tile IVAS to (11  11 'The contents  of t he  ChRS and G.$S a r e  a l s o  sent  to the c h a m b e r s  v i a  
:lie 1 I : i i l l  I7us toget!icr with a tin:i!lg s ignal  ( T e s t  Pu l se ) .  The  cha inbe r  a n d  the ST-o:>p sl:,?res+;ed 
si'!:d 1);;ck s Group P r e s e n c e  S i z n d  with t!le content  of t he  32 nir-e  i j i i f fe r  which i s  loaded illto :lie 
3 2  hit i l S H .  

1 ' 1 1 ~  i I resence of hit  wil-ec; i l l  :I;e group i s  ,It:tcct~:il 1,y t i12  \ T : I ~ : I  .:?R, \v!licii tlien enables Clock 
2  (I-u;:r~ing a t  7 WllIs), t a  :;;lift :lie bi:s i ! ~  t i r e  'r1SR. (:lock 2 i l~ i cksa reco i~ . ! ! cdhy  the  IVAS. JPhrn  
tlic l ivs t  1 (hi t  \i.irz) is foiirld, I I I s  i . (Jh:XS - G ? S  - WAS. is t r a n s f e r r e d  t o  t h e  
co:~i::,i.iter. via U T A .  I c i s  I o i  I 311 i t s  i r ~  t!ie g:-O:ip a r e  trs!lsfe:.red. A;lo- 
,!., , _ _  r i p  i s  e  a  I ,  d  50  I I ?  ! i I c : :  e a  -\:'hen th is  i s  i!o - 
I , ?  the i-c?,dozt col:'.ini!es v;iil~ i:t:xt c l~~ ; i . ! ; e r .  ~\'.'I~:,?II s c i l ; ; ~ ~ i ~ ; g  ::: :he :a?t c11~11;lj~:r i s  co?~,lpl~-tc?d 
.!!! !.:TO i:!te:-1.1;jit i s  s!:!it t o  tile conpl - tc r .  

1 I .  2:i 2nd 9b i!:e block dia6;:.a!?is of readout  systc;lr a r c  shown wit11 t!le sigr!;-rl .;!?d <l.,ta flr,nr. 
>:g:i--:n i:::ci-ri:;>ts or) t i ro di!ie~.ei~t iii:s i.cqui!s: l i n e s  czn  b e  gc-r!er;.t,?E :i:;d tiiel-e ;<I-e G 1-rgisti i.s :!d 
! : 1 ' .  ! I I T:,cy ;re: 







,:) ( - , )1 , [1<,1  pi S [ ; , l , , s  iz<,i;i:jt<!l- ((::;it) f o r  ,,r,11t,.ol :,,1<{ >.t:!r,l:; f l ! , l ~ . t i < > l l  r ~ f  i I i l 2  !>y!>~clll; 

1)) ?slc.,?.,:>ry ; ? , i ~ l l - c ~ ; ~ ;  lZ(--)ji+:te~. (?vT,Ilt!, i t s  <:o~ltc,~it  i s  :!I,: , , I , . I ~ J I ! J ~ , ~  , ! , ' , IZ-<:! ;~  33.11~re ,1;1t:1 \*?ill 1;c ! ; t( i i ,~ '1; 
,.) .,:'i,l.ij c ~ ~ ~ , ~ :  ~ l ~ . ~ i : , t c ~ -  (IVCJ?), i t s  cc;i,ti:.ijt i-cpl-e:;,.;,t:; t h e  s i z e  I,[ i , i i .~ : : t , ry  i , ; ! r r i r  f o r  <!:!in. \Viic~'n 

1 1 1 , :  I ;~ , i [ i r  i s  ill11 :In i l l t e~ . r i rp t  i s  ;:cner:iii.d; 
, j )  (~,!.tili,l:j,:~. l>Li[:pr~: Xcgis l ( : r  ((Ilil'l?), I l l is  i s  a 32  bi t  r c z i s t c i . ;  i t  < t;!3t:>i1.!5 t!~,: l>:itt<?1-11 of , : I I : I I J ~ ~ ~ ~ ~ ~ I ' S  

r o l,C rc;1d. 

J~ ' i ! j .  1 0  ~ J l o w s  tlic S l o j v  c i r n l t s  i , f  t l ~ s  :,iift!,:sre f o r  , lz ta  ; icql i i s i t ion.  'rlic :;j:st<:ln st21.t:; ? ~ y  clCn1.- 

ij~!; , . ! ~ l , l  pl .cscit i l ig s c : ? l ~ r s  :!nd I .~~ ; :~ :~ .~CI .S ,  

: \ ! ! < I  c ;fi;!Il!<l;g t h e  ; c c i ~ ~ i : > i t i o l ~  i l ~ t r ~ ~ l ~ l l ~ ~ t .  
. I . , I i c  i s  l l ie s y s t e m  , 
i!.il:.!~its f ~ l r t ~ l e r  trigge!- ilitcr!'Llpts nrld e - ,  
I s  I r - I ,  J?r;d i i l i i l  IZi-ror i n  - . < , . I  ~ 1 , :~, ts . ' i ' !rc i.~=:irj:'ot sy>.ti.:x i s  p r o v i J r d :  

. 
. , , i : l ,  . :CV,~ I . : I I  t c : ; l i7~g ~ ~ x ; ~ t , , ~ < , . s  ~ > s ~ f : ~ l  10r 0lz::ie 

I 1 L C  o f  i t  1 ,  U'ilh a " ' i ' cs t  

0 "  i s  p , : ; s~ l i l e  t o  f ind- r> l l t  ;ill o s c i l l ~ ~ t i ~ i g  - 
i . l i :~ r ;~ ! i~ l s  if  any :  in  f;ci ~ r i  ISvcnt ?'ri;gcr 
~ , , . ~ n  g c ~ ~ ~ ? r a t , ? d  \v i : l~  (31. ~ v i t l ~ o ~ ~ l  lhi::h~,ol 

. r -  J L..,.e .. c:i tile ci;~ili!,er.\\ ' ith "Tc,;t 1"is 1:os a 

t si!;lr: t o  look  i o r  b:id c l i n ~ ~ : ~ c l s ,  l:iilii~>g c l e a r  
i l lc vo l inge  pinne.  B a d  c l > ; : r ~ ~ i ~ l s  z r e  - S T n - i i J s  Qc,; I 

DATA ! ?::!:iz~ 

! 

I ~ ' 1 ~ .  1 0  - l.'lo3v ch;:!-t f o r  t h e  T R I C G E R  

,;j stem Iin,iiil;i~g. 

~. . .- . . .  s r * > i ~  R O U T I  P I E  
.%. 

~~. 

\Ve i:c!llrl l i k e  t o  e x p i - c s s  oilr tIi;,~ll;!; t o  nlL~8.y l)ii.ple ;,lid zr.oil,,s \r!?o I.,,?iie i l l i s  i f f o r t  posuil;le. 

In ;! . , . ; i , ; t . i~:g a tl111 i,y:;ic.rj, w c  l ~ n d  11:ii~f111 r? iscuss ion. ;  ;;11d s:;!j<c-liiins f l -o ;n  Ers. Arna io ,  Scgt i i -  
t : 1 t 7 .  \\ 'c tli.!rik o i i ~ o .  !71<?11;i;cl..s o f  I!ie SAS Zl-orlp fcr cc,opc:-sIio11 ji l  t c . > l i i ~ g  2;;d 
t i  I : t n  111 i ; ? r i i cu la r  Dr .  P. RI. G n r b i n c i l i s  f o r  d i s c u s s i o r ~ s  2nd  sligtic:;!ini3s 011  t i le 
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