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INTRODUCTION 

Since the advent o f  QCD there has been a strong interest i n  manifestations o f  

quark degrees o f  freedom in medium energy nuclear and particle physics.. Within the 

framework o f  multiquark states the emphasis has centered on  states w i th  more than 

three quarks bound b y  "colour" forces rather than b y  the conventional "mesonic" 

forces. Dibaryon systems have played an important ro le wi th in that framework. 

One o f  the most  spectacular and exciting predictions i s  the possible existence, 

according t o  the MIT  bag model, o f  a stable, flavor-singlet, strangeness = -2,~' = 0' 

dihyperon, called b y  R. Ja f fe  the "H" particle [I]. It i s  a six-quark object (2u. 2d, 2s 

quarks) w i th  a predicted mass around 2150 MeV, i.e., be low  the M mass w i t h  a 

binding energy around 80 MeV! I t s  decay channels wou ld  be restricted t o  EN and 

AN, via the weak interaction. f igure 1 shows the relevant t w o  body states. A 

similar prediction was obtained on- the basis o f  the same model b y  Mulders et 

al. [21, wi th  a mass o f  2164 MeV f o r  this state. For completeness it should be 

mentioned that in a recent estimate 131 o f  the center-of-mass correction t o  the 

static M IT  bag model, the authors suggest that thy dilambda mass moves up t o  just 

above the AA threshold. These calculations are undergoing further tests C41. 

Although all these results come f r o m  a specif ic model, Lipkin has argued that the 

general features o f  OCD and the known baryon mass spl i t t ings imply that the six- 

quark state w i th  charge zero, spin zero, and strangeness = -2 would have the greatest 

binding potential 15 I. 
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PREVIOUS EXPERl MENTS 

The experimental situation is  quickly summarized. There has been one 

1 ,,A 'i experiment at BNL search"tg the missing-mass spectrum o f  the reaction pp + K + K + X 

fo r  a narrow six-quark resonance in the mass range 2.0-2.5 GeV [61. The incident 

beam momentum was  5-6 GeVIc result ing in a rather large momentum . - transfer. No 

narrow structure w a s  observed, w i th  upper l imi ts  fo r  the production cross section i n  

the range o f  30 t o  130 nb. The conclusion drawn f r o m  the measurement was that in 

the absence o f  more reliable estimates o f  the production cross section, the 

possib i l i ty  of the existence of the H cannot be excluded. This experiment i s  being 

repeated w i th  a factor of 100 higher sensit iv i ty [71. A t  CERN the R~me-Saclay= 

Vanderbilt collaboration (experiment PS 159) searched, i n  the charge Q = -1 channel, 

f o r  strangeness = -2 dibaryonic states C83. The reaction studied was K-+d + K++X 

at 1.4 GeVlc. No evidence fo r  the presence o f  structures was found in  the mass 
. * * N  

range -2.1-2.5 GeV. 

CMU PROPOSAL: 

VERSION A 

Within the CMU group we have focused o n  l o w  momentum transfer reactions in 

order t o  enhance the probabi l i ty f o r  the t w o  A's t o  stick together and perhaps t o  
- 

f o r m  the H. Our basic scheme involves tagged p'roduction o f  a s low E fo l lowed b y  
- .  - 

+p + H using the fo l lowing t w o  reactions 

In the second reaction the neutron in  the deuteron acts as a spectator and carries 



away  m o m e n t u m  tha t  conta ins  i n f o r m a t i o n  o n  the  .H mass.  N o t i c e  that  b o t h  steps 

are two-body  reac t i ons  and that  t w o  d i f f e r e n t  ta rgets  w o u l d  b e  used. Th is  

arrangement w e  a l l  ve rs ion  A (see Fig. 2). In order  t o  increase the y i e l d  o f  reac t ion  

- 
(2) w e  are cons ide r ing  ranging out  t he  r 's wh ich  r e c o i l  i n t o  the  deuter ium target. 

The ' s  w o u l d  then  b e  absorbed a t  r e s t  f r o m  an a t o m i c  orbi t :  

E- + d + ( ~ - d ) ~ ~ ~ ~  + x-rays 

L.+. 

The neut ron f r o m  reac t i on  (2) and t h e  K+ f r o m  reac t i on  (1) w o u l d  b e  de tec ted  i n  

coincidence. F o r m a t i o n  o f  the  H w i l l  b e  r e f l e c t e d  in a sharp peak i n  the  coincident  

neut ron energy spec t rum at an energy  o f  

B,, + 26 

where BH = b ind ing  energyvof  the H, T,, =- .k inet ic  r e c o i l  ene rgy  o f  the  H, and O = O 

values o f  the r e a c t i o n  = 26 MeV. For  BH - 80.(59) M e V  w e  g e i  'I., N 74 (53) MeV. . 

- - 
S o m e  advantages o f  the s t o p p e d  approach are  that  a )  every  s topped  5 -  w i l l  .. , , . . .  

u l t i m a t e l y  in terac t  w i t h  the nuc leons and  b)  the z - d  e las t i c  scat te r ing  out-going 

channel i s  c l o s e d  (E = - a tomic  b i n d i n g  energy). Thus there are t w o  o p e n  channels, 

the f o r m a t i o n  o f  the  H as. d iscussed a b o v e  and (--d)Atom + A ' +  A + n + 26 MeV, i.e., 

quas i f ree  f o r m a t i o n  o f  t w o  A's, as the  o n l y  poss ib le  react ions .  The la t te r  reac t ion  

resu l ts  in a r e l a t i v e l y  l o w  energy n e u t r o n  and, u l t imate ly ,  the decay p roduc ts  o f  the 

- 
A .  For i d e n t i f i c a t i o n  o f  events  o f  t h i s  type  one m i g h t  l o o k  f o r  the n ' f r o m  the A 

decay. 



3 Instead o f  dduterium as second target, 3 ~ e  could be used: k- He)Atom + ~ + d + .  

This set-up wou ld  have the obvious advantages o f  deuteron detection over neutron 

detection: higher eff ic iency, better resolution and large sol id angle w i t h  less ' 

detector material. More detai led calculations o f  the branching rat ios fo r  H formation 

are necessary in  order t o  judge th6 meri t  o f  the di f ferent target choices. I n  another 

variation o f  this approach which we have discussed, one leaves out the neutron 

spectator and uses hydrogen instead o f  deuterium as the second target. Then one 

looks for high energy photon emission f rom radiative capture into the H state (see 

Fig. 1): 

*For M,, N 2150 MeV this react ion would have a Q value o f  N 110 MeV. In this case 

there would o f  course be st rong competi t ion f r o m  quasifree production o f  t w o  A's, 

. . 

- 
(- pIAtorn + A + A + 29 MeV 

and from: 

However monoenergetic, high energy 7 . rayswou ld  represent a rather clean siqnafure 

fnr  H fn r rn~ t i c~n .  



VERSION B 

W e  a l so  consider a s e c o n d  scheme f o r  the experiment, ca l l ed  Vers ion  B, w h i c h  

corresponds t o  c o m b i n i n g  the  p r o t o n  and deuter ium targets  i n t o -  one t o  g i v e  a 3 ~ e  

target. Independent ly  from us, C. B. D o v e r  and  A. A e r t s  at  BNL have b rough t  u p  th is  

scheme recent ly  and are w o r k i n g  0 n . a  theore t ica l  calculat-ion o f  the ra te  f o r  the 

- 
react ion  [9]: K- .+ 3 ~ e  + K+ + n + H. Here a n  in termedia te  i s  p roduced  o n  one  

p r o t o n  and interacts w i t h i n  the  same nuclear volu ine.  Neu.tron and K+ de tec t i on  

w o u l d  remain  about  the  same. The c o m p e t i n g  quas i f ree  reac t i ons  in t h i s  case are 

3 The He approach a) e l im ina tes  the  s low ing -down- t ime  issue (see ra te  es t ima tes  

below),  b)  has the advantage o f  larger h igh m o m e n t u m  componen ts  i n  the  3 ~ e  w a v e  i 
A .  

- 5 
f unc t i on  than avai lable i n  deuter ium, c) has t h e  disadvantage that  the  E m i g h t  I. 

e las t ica l ly  scat ter  and leave  .the 3 ~ e  nuclear v o l u m e  i.e., the breakup channel  i s  open, 
. . 

n o t  c losed  as in. the (=-dl a t o m  case. 
, . . . . .  , . . - - . . 

. . . . . . . . . ' .. 
U l t i l i za t i on  o f  heav ier  target  nucle i  i n  t h i s  s c h e m e ' i s  'not  feasib le.  Fo r  a c lean 

- - 
signature o f  H fo ' rmat ion  , w h a t  i s  des i red i s  a - p r o t o n  r i c h  nuc leus  w i t h  f e w  remain ing 

- .  

spectator  nucleons. 

We are work ing .  ..on fu r ther  ana lys is  and o p t i m i z a t i o n  o f  these cho ice-o f - ta rget  

quest ions (vers ion A vs. v e r s i o n  B). 

. . 
I 



Decay o f  the H 

Apart f rom s t i ~ d y i n g  the formation reaction o f  the H i t  is important t o  look into 

the possible decay modes. Depending o n  the mass o f  the H i ts  weak decays w i l l  

result in  An , 1-p, I o n  (see figure 1). Jaffe's original estimate for  M,, would have 

the H only  -15 MeV above the I N  thresholds so that An looks like the most  

probable decay channel. I t  should be noted that this decay mode w i l l  produce 

neutrons in  the same energy region as the ' format ion reactibn (2) leading t o  t w o  

peaks in  the neutron energy spectrum. While B,, is currently unknown, the sum 

energy of these t w o  peaks can be calculated f rom known masses and gives an 

internal 'check on the Interpretation o f  the rcsults. 

Hardware Requirements 

The main hardware requirements are l isted below. 

a. Beam linc. 

- 
The available productinn data is  ~ u m m a r i r e d  i1 .1  Figure 4 (compiled b y  C. B. 

Dover). Thus we need a K- beam o f  1.3-2.0 GeVlc w i th  the highest possible flux. 

The t w o  existing beam lines that we have looked at are the AGS beam 84 [ I 0 1  and 

the KEK beam K2 [ 11 I. The AGS beam 8 4  is  extrem.ely long (81 m!) and delivers 

1.2 x lo5 K-lsec per 1012 prqtons on  t h ~  product ion target  a[ 4 GeVIc. t o r  the same 
. , 

production cross section, the flux at 2 GeVlc -wou ld  b e  reduced b y  a factor o f  15 due 

3 t o  kaor, dccoy, i.e., only . ~ 8  x 1 U -  ~ - l s e c / l 0 ' ~  protons. i t  is obvious that this beam 

line would have to be shortened dramatically to  increase the flux. For instance, for  

25 m length one could expect -3.4 x l o 5  ~ - 1 s e c l l 0 ' ~  protons, aqain at 

PK, = 2 GeVlc. The KEK beam K2 is designed as a kaon beam in the 1-2 GeVlc 

momentum region w i t h  a factor o f  6 larger acceptance than 84 at the AGS and a 

length o f  28 rn. The. measured beam intensity a t  2.1 GeVlc is 1 x I O ~ K -  per 1012 

primary protons [ 11 1 at this 12 GeV faci l i ty.  



b. K+ Spectrometer 

The kaon spectrometer has to  detect K+ at forward angles. For version A, i.e., 

t w o  targets with a hydrogen target f o r  the E- production, this could in  principle be 

fair ly simple. We need t o  ident i fy posi t ive kaons at small angles (see Figure 5) in  a * 
beam o f  negative kaons and t o  pions and pick out the large hydrogen reaction peak. 

A simple magnetic dipole magnet plus t ime-of-f l ight and Cerenkov detectors should 

give suff icient resolut ion and ensure large so l id  angle. A better quality spectrometer 

would give a cleaner trigger which may turn out t o  be very desirable. Version B, i.e., . 
one target consisting o f  3 ~ e ,  would seem t o  require a higher resolution K+ 

spectrometer thus cutting down on the so l id  angle. I t  could be structured similar t o  

the existing Moby Dick spectrometer at Brookhaven's LESBI. . 

c. Targets 

Both versions o f  the experiment require cryogenic targets (hydrogen, deuterium, 

3 ~ e ) .  Corresponding targets have been bui l t  gt various labs and those designs could 

- 
be copied. The hydrogen and..deuteri'irin targets need t o  be thin due t o  range and 

l i fe t ime considerations. 

d. Neutron Detection - . 

- - 
The neutrons have t o  be:detected in  large area time-of-f l ight counters. 

Achievement of high eff ic iency and large so l id  angle is, t o  'a large extent, a question 

o f  money since very large volumes o f  plast ic scinti l lators are required. Eff ic iency 

for En = 10-100 MeV can be around 20%. .The energy resolution depends on the 

quality o f  the counters (intrinsic t ime resolution) and on the neutron f l ight path. For 

example: to  get a sol id  angle of -1n sr at a distance o f  2 m and 20% eff ic iency 



3 one needs a vo lume o f  ~ 1 2 . 5  m 2  x 0.15 m = 1.9 m o f  p last ic  scint i l lator.  The 

modular const ruct ion cou ld  be  s imi lar  t o  the neutron detectors  that are being 

introduced in to  the CMU hypernuclear l i f e t i m e  experiment at BNL. 

RATES (Rough Estimates): 

VERSION A ( ' ~ + d  targets) 

- 
a. Tagged - p roduct ion rate: 

Assume K- f l u x  = 4 x 10' K-lsec (Mod i f i ed  B4?) 

d d  - = 50 pb / s r  ( s e e  f i g u r e  5) 
d R  

AR = 50 msr (se t -up  s i m i l a r  t o  CERN expe r imen t  PS 159 [121) 

LH2 target: 1.2 c m  = 0.07 g l cm  2 

This gives a rate o f  ~ 1 5 0  =-/hour. 
. '. 

b. (z-d)atom forrr iat ion rate: - 

.. , 
Assume 0.5 c m  tungsten degrader and 0.7 c m  LD2 s topping target. Losses due 

- 
to f decay, absorpt ion and out-scatter ing in degrader and range straggling. Stopped 

- 
rate  o f  r- ~ 2 0 / h o u r  (-13% o f  al l  z produced). - .  

6 

c. Coincident neut ron rate: 

Assume 10% branching ra t io  From E-p t o  H part ic le f o rma t i on  (see f igure 1). 

20% neutron detect ion e f f i c iency  and I n  so l i d  angle f o r  the neutron detectors. 

Overal l  event ra te  i n  H par t ic leupeak in coincident neut ron spectrum -0.1 

eventlhour. T o  obta in  100 events wou ld  thus require -40 days. 



- 
Not taken into account are losses ' in the tagged E rate due t o  decay losses of 

the outgoing K+. Obviously some o f  the above numbers carry large uncertainties, in  

- 
particular the assumption o f  10% branching ratio for  (5 dlatam + H + n may be on the 

optimistic side. 

VERSION B ( 3 ~ e  target, reaction: 3 ~ e ( ~ - , ~ + n ) ~ )  

~ d ~ ~ l d % d n ~ ) ~ ~ = ~  N 0.022 t r b l ~ r  2 (preliminary result f r o m  ref. 9 at PK- = 1.9 GeVlc) 

AnK+ = 20 msr (K+ spectrometer s i m i l a r  t o  Moby D ick )  
. . 

An = 1, sr ,  In = 0.2 
n 

L i q u i d  3 ~ e  t a r g e t :  . 1.0 c m  0.9 g/cm 2 

This gives a K+-neutron coincide"ce"rate o f  -2 x?:Io'-~ sec-' = 7.2 x 10-~lhour.  

To  obtain 100 events would thus require..-60 days o f  running. 

In conclusion, i t '  is obvious f rom these rough rate estimates that the expected 

counting rates, even unslei. 'spt imist ic assumptions, are quite low. The much"higher 

kaon fluxes anticipated at.  LAMPF I1 wou ld .  certainly be crucial fo r  these exciting 
, .  . ' . .  . . . 

experiments. 
8 - - 

The material presented in this report has developed f rom extensive discussions 

w i th  B. Bassalleck, D. Marlow, J. Szyrnanski, and other members o f  the C-MU medium 

energy physics group. 
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