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The Brookhaven Multiparticle Spectrometer is a large aperture magnetic 

spectrometer operated as a user facility at the Alternating Gradient 

Synchrotron (AGS). The magnet is shown in Fig. 1. The gap height is 1.2 

meters and the pole area is 1.8 m x 4.6 m; all of the magnetic return yoke 

is on one side, leading to a very open structure: a "C" magnet with three 

8" diameter stainless steel posts on the open side to support the weight 

and the magnetic forces. The spectrometer was designed with the use of 

magnetostrictive-readout spark chambers in mind. Consequently, the top 

pole is slotted so that readout lines can be located above the top pole in 

a.region of low field. In order to facilitate the use of beams from dif- 

ferent target stations at the AGS, the magnet is installed on ground steel 

plates with high pressure oil-bearings and can be rotated through an angle 

of 30' about a pivot near the upstream end. 

A plan view of the MPS Spectrometer is shown in Fig. 2. The main 

downstream detectors inside the magnet consist of modules of magnetostric- 

tive spark chambers. One type of module is inserted through the slots in 

the top pole and consists of four gaps, XWX, where the X gaps have vertical 

wires and the U and V gaps have wires at f 15O from the vertical. The 

second type of module, YY, has horizontal wires and is inserted from the 

open side of the magnet. All readouts are in a region of low magnetic field. 

In any one gap, the wires are parallel and both sides are read out, with a 

maximum of 16 sparks encoded on each readout. Eight XlTVX modules and eight 
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W modules a r e  available. Several proportional chambers (TPX's) plus 

s c in t i l l a t i on  counter hodoscopes and Carenkov counters can be used f o r  

t r igger  purposes. Beyond the magnet, large magnetostrictive chambers, a 

pa i r  of Cerenkov counter hodoscopes, and a large s c in t i l l a t i on  counter 

hodoscope complete the dawnstream system. In usual operation, the changes 

from experiment t o  experiment consist  of rearranging the positioning of 

the detectors, though several e x p e r w t s  have used special  purpoac dovioeo 

interspersed with the spark chambers. The target  region is much more depen- 

dent on the par t icular  experiment. There a r e  two spark chamber system 

available. One consists of 8 cyl indrical  spark chambers surrounding the 

ta rget  coaxial with the beam. In  any one gap, one s ide  has wires pa ra l l e l  

t o  the axis and the other s ide  is wound i n  a 45O helix. Stereo readout is 

achieved by reveraing the hel ix  angle on al ternate  gaps. Readout is v i a  

magnetostrictive wands positioned i n  a low f i e l d  region behind the magnet 

end plate ,  The second target  region is made up of planar spark chamber 

modules with capacitive readout. Finally, i n  several experiments involving 

reactions with recoi l  neutrons, a sc in t i l l a t ion  counter box served t o  veto 

events with reco i l  charged par t ic les  (and y rays, 11: appropriate). 

During the  beam s p i l l ,  information from the spark chambers, PWC's, etc.  

is collected by a data handler with a large buffer memory. In between AGS ;;? 

pulses, the data is wri t ten onto magnetic tape and, i n  para l le l ,  a sample of 

the data is sent t o  a PDPlO computer a t  the BNL On-Line Data Faci l i ty for  

monitoring and analysis. 

Two beams a re  available t o  the MPS: the Medium Energy Separated Beam 

(MESB) and the High Energy Unseparated Beam (HEUB). The former provides 



p a r t i a l l y  s epa ra t ed  K mesons up t o  Q, 6 GeV/c and a n t i p r o t o n s  up t o  t h e  

momentum l i m i t  of 9 GeV/c, w h i l e  t h e  l a t t e r  has  an upper l i m i t  of % 25 GeV/c. 

I n  o r d e r  t o  avoid  s e r i o u s  b i a s e s  a t  s m a l l  p roduct ion  a n g l e s ,  t h e  whole 

area of t h e  chambers i s  a c t i v e  (one should  a l s o  n o t e  t h a t  "beam region" is  
I 

I a f u n c t i o n  of i n c i d e n t  momentum s o  t h e  deadening of j u s t  a s m a l l  a r e a  would 
I 
I 

I be  a ve ry  d i f f i c u l t  problem)..  Because of t h e  2 v s e c  memory t i m e  of t h e  ~ 
I 5 ~ spa rk  chambers, most experiments  l i m i t  t h e  i n c i d e n t  f l u x  t o  6 3 x 10  /pu l se .  

I Since  computer budgets  a r e  l i m i t e d ,  one would n o t  want t o  w r i t e  more than 

20 o r  s o  even t s  p e r  p u l s e ;  consequent ly ,  t i g h t  t r i g g e r s  a r e  i n  o r d e r .  Over 

t h e  y e a r s  many s o p h i s t i c a t e d  t r i g g e r s  have been developed a t  t h e  MPS. A 

good example i s  "RAM" t r i g g e r  device, '  designed and b u i l t  a t  BNL u s i n g  custom 

I LSI i n t e g r a t e d  c i r c u i t s .  A "RAM" module c o n s i s t s  of a two m i l l i o n  b i t  memory 

I 
ar ranged  a s  a three-dimensional  (128 x 128 x 128) lookup t a b l e .  With t h i s  

device ,  t h r e e  d e t e c t o r  p l anes  ran be used t o  ~ e l c c t  even t s  w i t h  cllargrd 

p a r t i c l e s  i n  a g iven  range of a n g l e  and momentum, even i n  t h e  presence  of 

o t h e r  p a r t i c l e s .  The in fo rma t ion  from t h e  RAM i s  a v a i l a b l e  % 200 nsec  a f t e r  

t h e  i n p u t  d a t a ,  l e a v i n g  t i m e  t o  t r i g g e r  t h e  spa rk  chambers. During normal 

o p e r a t i o n  t h e  memory load  is  checked, i n  between AGS p u l s e s ,  a g a i n s t  f i l e s  

s t o r e d  a t  t h e  PDPlO computer; t h e  f a i l u r e  r a t e  i s  extremely low and i s  due 

mainly t o  power d ips .  The RAM t r i g g e r  t y p i c a l l y  produces an  improvement of 

more than  a f a c t o r  of t e n  i n  t r i g g e r  r a t e s ,  wh i l e  caus ing  l i t t l e  o r  no b i a s  

i n  t h e  d a t a .  

MI'S Experiments 

The MPS F a c i l i t y  h a s  been i n  o p e r a t i o n  s i n c e  l a t e  1974 w i t h  11 exper i -  

ments completed t o  d a t e  and 2 more experiments  approved. Data have been 

. pub l i shed  from 6 exper iments ,  w i t h  t h e  o t h e r  5 i n  v a r i o u s  s t a g e s  of a n a l y s i s .  



I will discuss each MPS experiment briefly, following the sequence in which 

they were run. 

1. Exp. 654 (BRANDEIS UNIVERSITY, BNL, CITY COLLEGE OF NEW YORK, 

CARNEGIE-MELLON UNIVERSITY, UNIVERSITY OF CINCINNATI, 

UNIVERSITY OF MASSACHUSETTS, UNIVERSITY OF PENNSYLVANIA, 

SOUTHEASTERN MASSACHUSETTS UNIVERSITY, SYRACUSE UNIVERSITY) 

This collaboration searched for the r lc  in a formation experiment 

using the MESB. The reactions sought were: 

Three overlapping incident momenta near 4 GeV/c pcrmitted a search in the 

mass region 2.99 to 3.14 GeV. The data have been published. Briefly, upper 

limits were set on the above reactions; typically oB < 2 pb for I'(nc) = 5 MeV. 

2. Exp. 557 (BRANDEIS UNIVERSITY, BNL, CITY COLLEGE OF NEW YORK, 

UNIVERSITY OF MASSACHUSETTS, UNIVERSITY OF PENNSYLVANIA) 

This experiment was a study of K*'S produced in the reaction 

- + K - ~  -t K .rr n 

using the MESB at 6 GeV/c. The capacitive-chamber targer regiou system was 

3 
used in this experimenr, w l ~ h  a water Ccrenkov roiinter to detect slow pions. 

A 4 
The results4 showed a clear K (1420) and K (1780); analysis of Plrr decay 

distribution shows bumps at 1780 MeV in the 5th and 6th moments indicating 
* 

that spin of the K (1780) is - > 3, in agreement with other experiments. 

3. Exp. 594 (BNL, CITY COLLEGE OF NEW YORK) 

The reaction studied was 

o + -  dp + Ksn n n 

at an incident momentum of 6 G~V/C. The purpose of the experiment was a 

* o + -  
search for K resonances in the K s IT n channel. Note that all spin-parity 

combinations are allowed and that diffractive backgrounds are suppressed 



because t h e  r e a c t i o n  invo lves  charge-exchange. A p a r t i a l  wave a n a l y s i s  h a s  

5 
been performed w i t h  t h e  r e s u l t s  shown i n  F ig .  3. Clear s i g n a l s  a r e  s een  

* 
f o r  t h e  K* (1430) (J' = 2+) t h e  Q2 (1400) (I+) and t h e  K (1800) (3-) . In 

a d d i t i o n ,  s t r o n g  evidence i s  found f o r  a  new resonance a t  Q 1500 MeV 

* 
decaying i n t o  K ( 8 9 0 ) ~  w i t h  J' = 1-. 

4. Exp. 601 (BRANDEIS UNIVERSITY, UNIVERSITY OF CINCINNATI, SYRACUSE 

UNIVERSITY) 

Ant ipro ton  a n n i h i l a t i o n  was s t u d i e d  i n  t h e  r e a c t i o n s  

6 
us ing  t h e  MESB a t  3  GeV/c. Data have been pub l i shed  on d i f f e r e n t i a l  c r o s s  

s e c t i o n s  f o r  many e x c l u s i v e  f i n a l  s t a t e s ,  a long  w i t h  p o l a r i z a t i o n  measure- 

ments f o r  x's. A s e a r c h  was a l s o  c a r r i e d  o u t  f o r  s-channel product ion  of 

t h e  uc .  

5. Exp. 596 (CARNEGIE-MELLON UNIVERSITY, SOUTHEASTERN MASSACHUSETTS 

UNIVERSITY) 

Th i s  was' a s y s t e m a t i c  s tudy  of t i m e  r e v e r s a l  i n v a r i a n c e  i n  pp and 

~p  r e a c t i o n s  us ing  t h e  MESB a t  6 G e ~ / c .  The r e s u l t s  have been publ i shed .  
7 

B r i e f l y ,  l i n e  r e v e r s a l  works f o r  t h e  two l i n e  r eve r sed  p a i r s :  

and 

b u t  i s  n o t  c o r r e c t  f o r  t h e  p a i r  



6. Exp. 679 (BNL, C I T Y  COLLEGE OF NEW YORK) 

Th i s  w a s  t h e  f i r s t  experiment  i n  t h e  HEUB. The r e a c t i o n  s t u d i e d  

w a s  : 

- + - + -  
'11 p -+ K I< K K n 

a t  an i n c i d e n t  momentum of 23 GeV/c. The t r i g g e r  i nc luded  t h e  2 m i l l i o n  

b i t  RAM t r i g g e r  and a l a r g e  Cerenkov counter  hodoscope t o  s e l e c t  kaons i n  

t h e  lllomentum range  4 t o  12  GeV/c. One purpose of t h e  experiment was t o  

8 
s t u d y  t h e  +@n f i n a l  s t a t e .  Approximately 100 e v e n t s  were found co r re s -  

pu~id ing  t u  a crnss s e c t i o n  of % 25 nb; t h i s  was t h e  f i r s t  obse rva t ion  of 

d o u b l e 4  product ion .  T h e @ +  e f f e c t i v e m a s s  s p e c l x u m i s  c h o w n i n  Fig.  4. 

The d a t a  peak a t  % 2.35 GeV w i t h  v e r y  few e v e n t s  a t  h i g h  m a s s .  An upper 

l i m i t  of % 2 ' n b  was p l aced  on n product ion  i n  t h e  r e a c t i o n  
C 

Another f e a t u r e  of  t h e  experiment  was a t e e t  of t h e  O Z I  r u l e  i n  $4 product ion .  

9 The r u l e  was found t o  suppres s  "forbiddea" r e a c t i o n s  very  weakly, i f  a t  a l l ,  

when compared t o  t h e  s t r o n g  e f f e c t s  s een  i n  decay p roces ses .  

7. Exp. 688 (BRANDEIS m I V E K S i T Y ,  BNL, UI'IIVERSITY OF CINCINNATI, 

SYRACUSE UNIVERSITY) 

Th i s  w a s  a charm s e a r c h ,  u s ing  t h e  presence  of a prompt muon a s  a 

t r i g g e r .  The r e a c t i o n  s t u d i e d  w a s  

For t h i s  experiment  a copper absorber  was p l aced  i n  t h e  downstream reg ion  

of t h e  MPS, w i t h  s p a r k  chambers i n  f r o n t  of and behind t h e  abso rbe r  t o  permit  

t h e  t r a c k i n g  of muons. The p r e s e n t  l i m i t  f o r  a s s o c i a t e d  charm product ion  is  
10 

aB < 100 nb. Data from a muon p a i r  t r i g g e r . a r e  a l s o  be ing  analyzed.  



8. Exp. 686 (BRANDEIS UNIVERSITY, BNL, UNIVERSITY OF PENNSYLVANIA, 

SUNY a t  STONY BROOK, SYRACUSE UNIVERSITY) 

I n  t h i s  experiment a prompt e l e c t r o n  was used a s  an i n d i c a t i o n  of 

charm production. The reac t ion  was ~ - p  -t e- + X a t  a  momentum of 17 GeV/c. 

Elect rons  were s e l e c t e d  withaa p a i r  of t r ans i t ion- rad ia t ion  d e t e c t o r s  and 

a l a r g e  shower de tec to r .  The aim is t o  recons t ruc t  t h e  r e c o i l  p a r t i c l e  

and search f o r  charm production i n  an e f f e c t i v e  mass-missing mass d i s t r i -  

bution.  The a n a l y s i s  is  proceeding wi th  an est imated f i n a l  y i e l d  of one 

event. f o r  5 nb of a ssoc ia ted  charm production. Another t r i g g e r  y ie lded 

+ - 
extens ive  da ta  on e e p a i r  production. 

9. Exp. 716 (BNL, CARNEGIE-MELLON UNIVERSITY, SOUTHEASTERN MASSACHU- 

SETTS UNIVERSITY) 

The main p a r t  of t h i s  experiment was a search f o r  baryonium 

' +  production i n  t h e  reac t ion  IT p  -t A ft (PP 1 

a t  10 GeV/c. .Events were t r iggered  on a f a s t  forward proton using t h e  RAM 

t r i g g e r  and t h e  Cerenkov counter  hodoscope. About h a l f  of t h e  d a t a  has  been 

analyzed. The pp e f f e c t i v e  mass spectrum1' shows no s i g n i f i c a n t  narrow 

12 
peaks with a number of e v e n t s .  about equal  . t o  t h a t  of t h e  e a r l i e r  (IT-p) 

experiment a t  the  CERN 0megal3 (combined 9 and 12 GeV data)  which showed 

narrow peaks a t  2020 and 2200 GeV. The a n a l y s i s  i s  proceeding. 

10. Exp. 682 (BRANDEIS UNIVERSITY, BNL, CITY COLLEGE OF NEW YORK, 

UNIVERSITY OF MASSACHUSETTS, UNIVERSITY OF PENNSYLVANIA) 

The main reac t ion  s tud ied  was 

"-p ' ( ~ ' - 1 ~  PP 
a t  12 and 16 GeV/c i n  a search f o r  baryonium. The t r i g g e r  used the'RAM 

system with two l a r g e  Cerenkov counter  hodoscopes t o  separa te  f a s t  forward 



protons from pions and kaons. The a n a l y s i s  i s . i n  progress.  A c l e a r  sample 

of 4c events  has been obtained a t  16 G ~ V / C  and a f i n a l  s e n s i t i v i t y  of 

approximately 4 events/nb i s  expected; t h i s  w i l l  be about twice .the sens i -  

t i v i t y  of t h e  experiment of Benkheiri e t  a l .  l3 This  should be a d e f i n i t i v e  

experiment on the  production of baryonium. 

11. Exp. 673 (BRANDEIS UNIVERSITY, BNL, UNIVERSITY OF CINCINNATI, 

FLORIDA STATE UNIV. , SOUT'rlEASIL').;XN MASSAUHiiSETTS UNIV. ) 

* 
This was a s tudy of E production i n  K - ~  r eac t ions  a t  5 GeV/c. 

+ 
Trim types nf  triggers w e r e  employed: one used a stopping K d e t e c t o r  t o  

s i g n a l  the  production of S = -2 s t a t e s  and t h e  o t h e r  s e l e c t e d  forward pro- 

tons which, a t  t h i s  energy, come mainly from t h e  decay of forward h o t s .  

The a n a l y s i s  i s  j u s t  s t a r t i n g ,  but  t h e  on-line d a t a  showed p l e n t i f u l  forward 

0 0 - - 
A production,  and the  A T spectrum contained a clear E . 

There a r e  two experiments approved, bur. s r i l l  t o  be run a t  t he  Multi- 

p a r t i c l e  Spectrometer: 

A .  Exp. 705 (BNL, TUFTS UNIVERSITY, VANDERBILT UNIVERSITY) 

This  is  an experiment t o  study t h e  reac t ion  

a t  20 GeV/c. A s e n s i t i v i t y  of 100 ev/nb is  expected. 

B. Exp. 698 (UNIVERSITY OF MASSACHUSETTS) 

This w i l l  be t h e  f i r s t  use of a po la r i zed  t a r g e t  i n  t h e  MPS. The 

t a r g e t ,  a s p i n - r e f r i g e r a t o r  system, has  been t e s t e d  a t  BNL and has achieved 

proton p o l a r i z a t i o n  a s  high a s  80%.14 The experiment w i l l  s tudy s-channel 

and t-channel production of hyperons i n  a low momentum K- beam. 



FUTURE PLANS: MPS I1 

A t  t h e  moment, t h e  maximum beam r a t e  i n  t h e  MFS i s  l i m i t e d  t o  % 3 x  

5  
10 / p u l s e  because of  t h e  2  psec  memory t i m e  of t h e  s p a r k  chambers. S ince  

t h e , n e x t  gene ra t ion  of experiments  must s u r e l y  i n c l u d e  v e r y  s e n s i t i v e  

"charmft and "exot ic"  s t u d i e s ,  we have s t a r t e d  a program t o  r e p l a c e  t h e  

spa rk  chambers w i t h  narrow-cel l  d r i f t  chambers. The d r i f t  d i s t a n c e  w i l l  

be.118" (% 3 mm) g iv ing  a  d r i f t  t i m e  of % 60 n s e c  and an expected o v e r a l l  

r e s o l u t i o n  of b e t t e r  than  200 pm. W e  a r e  c u r r e n t l y  c o n s t r u c t i n g  p l a n a r  

modules f o r  use  i n  t h e  downstream system. Each module h a s  f i v e  gaps ,  

XXX'YY' w i t h  "U,Vf' cathode r eadou t s  a t  + 30' t o  g ive  s t e r e o  informat ion .  

This  c o n f i g u r a t i o n  was chosen a f t e r  Monte Car lo  s t u d i e s  of t h e  recons t ruc-  

t i o n  of t r a c k s  bending i n  a  magnetic f i e l d ;  b r i e f l y ,  measurements w i t h  o f f s e t  

wires, X' and Y '  a r e  needed t o  r e s o l v e  t h e  l e f t - r i g h t  ambigui ty,  wh i l e  t h e  

t h i r d  "x" gap is  needed s i n c e  t h e  bending i n  t h e  magnet ic  f i e l d  compl ica tes  

t h e  t r a c k i n g  from module t o  module. I n  most c a s e s ,  a n a l y s i s  of t h e  d a t a  

i n  a  s i n g l e  module w i l l  remove t h e  L-R ambigui ty and g i v e  p o i n t  + s l o p e  

p l u s  a  3D po in t .  Th i s  e x t e n s i v e  informat ion  w i l l  s i m p l i f y  (and speed up!) 

t h e  p a t t e r n  r ecogn i t i on .  

The MPS I1 d r i f t  chambers w i l l  employ t h r e e  custom i n t e g r a t e d  c i r c u i t s :  

an a m p l i f i e r ,  a  d i s c r i m i n a t o r  and a  d i g i t a l  "de lay- l ine ,  d i g i t i z e r " .  The 

a m p l i f i e r  and d i s c r i m i n a t o r s  a r e  r e l a t i v e l y  convent iona l  i n  approach and 

t h e  s p e c i f i c a t i o n s  a r e  given i n  Table I. The "de lay- l ine ,  d i g i t i z e r "  u ses  

a  new p r i n c i p l e  f o r  d r i f t  chamber readout .  A s i m p l i f i e d  l ayou t  i s  shown 

i n  F ig .  5. Each channel  c o n s i s t s  of a  256 b i t  s h i f t  r e g i s t e r  capable  of an  

e f f e c t i v e  c lock  speed of 250 MHz. During normal o p e r a t i o n ,  d a t a  from each 

channel  i s  s h i f t e d  cont inuous ly  through a  s h i f t  r e g i s t e r  i n  4 n s e c  "buckets". 

I f  t h e  t r i g g e r  dev ices  i n d i c a t e  a good e v e n t ,  t h e  c lock  i s  s topped ,  one 



microsecond a f t e r  t h e  a r r i v a l  of  t h e  i n c i d e n t  beam p a r t i c l e .  A t  t h i s  p o i n t ,  

a t i m e  r eco rd  of each  w i r e  r e s i d e s  i n  t h e  end r e g i o n  o f  t h e  s h i f t  r e g i s t e r ,  

a u t o m a t i c a l l y  d i g i t i z e d  i n  4 n s e c  s t e p s .  During t h e  readout  c y c l e  j u s t  t h i s  

p a r t  o f  t h e  s h i f t  r e g i s t e r  ( i n  t h e  c a s e  of MPS I1 t h i s  w i l l  be  t h e  l a s t  32 

b i t s )  is  read  o u t  u s i n g  t h e  l o g i c  shown s c h e m a t i c a l l y  i n  F ig .  5. Thus a 

s i n g l e  c i r c u i t  occupying one q u a r t e r  of an  I C  hqs provided  a 1 psec  de lay  

p l u s  t i m e  d i g i t i z a t i o n .  This approach w l l l  l oad  to inc~cponsiva chamher 

readout  w i th  t o t a l  c o s t ,  a f t e r  i n i t i a l  eng inee r ing ,  of 4 SlOIchannel f o r  

largr ql~ant i t ies .  

A t  t h e  moment, t h r e e  modules a r e  be ing  c o n s t r u c t e d ,  wi th  enough L C ' s  

f o r  readout  on o rde r .  Following a s u c c e s s f u l  t e s t  i n  t h e  s p r i n g  of 1980 

t h e  c o n s t r u c t i o n  of s i x  more modules w i l l  complete t h e  downstream region .  
\ 

Meanwhile, s t u d i e s  of t a r g e t  r eg ion  d e t e c t o r s  a r e  proceeding i n  o r d e r  t o  

ach ieve  a s o l i d  ang le  coverage c l o s e  t o  4n. 
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Amplifier Specifications 

Output dynamic range = 1000 to 1 with 5% linearity 

Input = true differential 

'in common mode = 5052 max. 
-4 Input protection = 4.5 x 10 joules for no permanent damage, 100 pfd at 

3 KV discharge 

Transfer impedence = 12 2 107; W/UA p e i  lot 

Gain stability = O.l%/"C 

Temperature range = O°C to 50°C 

Linearity = 5% max. with external 8 ns integration time for a 3V peak 

signal into 1K load 

Equivalent input current noise = 0.25 PA RMS with external 8 ns integration 

time constant 

Zout 
= 5051 max. 

Rise and fall.time = 4.4 ns max. for 10% to 90%, 0.25V output 

Overshot = 10% max. 

Overload recovery = 40 nsec for 100 PA 30 ns wide input pulse 

Propagation delay = 10 nsec max. 

Propagation delay variation between channels on a chip - f. 1.5 nEec rnax. 
Discriminator Specifications 

Discriminator time slewing = 4 ns Iuf 2X-20X thrc~hold 

Hysteresis = 6 mv 

Threshold = 0 to 500 mv 

Threshold match = i 5 mv 

Crosstalk between channels = > 40 db down 

Output = low: 1.5 volt; high: 3.5 volt; 3 ns risetime 



FIGURE CAPTIONS 

Fig .  1 The MPS magnet 

Fig.  2  The spec t rome te r  l a y o u t .  Th i s  p a r t i c u l a r  experiment  used j u s t  

a  v e t o  box i n  t h e  t a r g e t  r eg ion .  

o + -  
Fig.  3 R e s u l t s  o f  a P a r t i a l  Wave Ana lys i s  of t h e  r e a c t i o n  K - ~  + K s IT IT n. 

The s o l i d  l i n e s  Are f i t s  a l l owing  resonances  i n  t h e  1+, 1-, 2+ 

and 3- waves. For more d e t a i l s  see ~ e f e r e n c e  5. 

Fig. 4 The ++ e f f e c t i v e  mass spectrum, c o r r e c t e d  f o r  acceptance .  

Fig.  5 A s i m p l i f i e d s c h e m a t i c  of t h e  de l ay - l i ne ,  d i g i t i z e r  c i r c u i t .  



MPS MAGNET 

Weight 
Gap 
Central Field 
Coils 
Power 
Cooling Water 
Downward Force 

at Midplane 
Support 

Rotation 

650 tons 
6' wide x 4' high x 15' long 
lOkG 
14 pancakes, 11 turns ea. 
10,000 A @ 240V 
400 GPM @ 20°C rise 

550 tons (magnet powered) 
4 hydrostatic bearings, 30" dia. 
on steel plates 

f IS0, pivot 18" inside upstream 
end 

Figure 1 



SCINTILLATION COUNTER 
EERENKOV COUNTER HODOSCOPE 

HODOSCOPE (C 6) 
/ 

SCALE 
TPX2 ' / \MPS 

I I 1 1 TPX3 MAGNE 
o 2 4 6 

meters 

TPX2 & TPX3: Proportional wire. Chambers 

Wires 2.5mmapart, t i ed  in . 

groups of 5 

Trigger resolution: 1.25 cm 

--With 3 detectors, measure momentum 

--With ~ 6 ,  identify K or P, reject  PI 

Figure 2 

H5: Scinti l lat ion counters 6.25 cm wide 

~ 6 :  Threshold Cherenkov counter 

x =  20 
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6 0  MeV 

- 
1 1 1 1 1 1 ~  1 1 1 1 1 1 1 ~  
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Figure 3a-f 
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Figure 3g-n 



Figure 5 




