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ABSTRACT 

We propose a study of particle production in p-p and 'IT -p interactions 

at the highest accessible NAL energies using an LH or polyethylene
Z 


target with a downstream array of wide-gap chambers and an ANL type 


BM-iii magnet for momentum analysis. By using a triggered system 

5


the interactions of 10 particles per pulse may be studied; a run of 

5


2 x 10 machine pulses is requested. 

The experiment is designed to provide early information on many 

features of particle production; the large path length in the apparatus 

results in good detection efficiency for strange particle decay. In addition, 

-specialized triggering will permit a careful examination of the rarer pro­

cesses leading to particles with high transverse momenta. 
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1. Justification 

In recent years increasing experimental and theoretical effort has 

been directed towards understanding the nature of the physical processes 

which determine the general features of particle production at very high 

energies. In the original statistical model of Fermi, 1 the collision resulted 

in the elevation of a small volume of nuclear matter to high temperature; 

after achieving thermal equilibrium particles "boiled" off according to 

simple thermodynamic laws. The model has been increasingly refined 

in subsequent years; in a recent extension of the model, Hagedorn and 
2

Ranft introduced a range of local temperatures depending on impact para­

meter. Their objective was to achieve quantitatively correct predictions 

with a minimum number of physically motivated parameters. When the 

effects of resonances are included, they find that the model can fit single­

particle production spectra over a wide range of energies. 
3

Alternatively, Benecke et al have developed an intuitive model of high 

energy collisions in which the Ifhypothesis of limiting fragmentation lf (HLF) 

plays a dominant role. They speculate that at increasingly high energies 

particle distributions resulting from fragmentation of either the target or 

projectile achieve limiting functional forms; in addition, pionization (when 

defined as the fraction of outgoing hadron energy below any fixed value W f 

in the c. m. ) approaches zero as the e:mrgy of the projectile E.- 00. In 
1 

analyzing the asymptotic properties of field theory at arbitrarily high c. m. 
4

energie s W, Feynman has also been led to an hypothesis of limiting distri­

butions when expressed as functions of transverse momentum p and 
~:c >!: * ...L 

fractional longitudinal momentum x =Pn Ip i or PI! IW, where the stars 

denote c. m. variables. For x not too large, the distributions approach the 

limit F(p )/x ; this implies that the mean total number of any kind of particle 
....L 

increases logarithmically with W. Feynman then speculates that when Regge­

asymptotic behavior is included, cros s sections for particular groups of 

--~~--~.-..-.-.~-..~------------------
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particles moving to the right or left in the c. m. w~ll be determined by 

the highest trajectory capable of exchanging the required quantum 

numbers (isospin, hypercharge, etc.). To develop a more detailed 

dynamics of multiparticle production, several versions of the 'multi ­

peripheral Regge model have been studied extensively;5 when general 

conclusions are available, they also suggest limiting distributions as W - 00. 

Although most models lead to limiting distributions for x not too large, 

the behavior of the distributions for x - 0 (where pionization would con­

tribute strongly) differ sharply. 
6

Recently, Wilson has summarized the general features of particle 

production implied by various models. He assumes that diffractive dis­

sociation and multiperipheral production contribute in separately identi ­

fiable ways; this is important since the two pnocesses are likely to follow 

different scaling laws. In an attempt to distinguish among models, Wilson 

has suggested a series of seven measurements. While they are not 

necessarily all new, taken together they form a consistent program. 

1. 	 Measure charged particle multiplicity distributions. Is 

there any dip in the distribution which separates low­

multiplicity diffraction-dissociation events from high­

multiplicity multiperipheral events? 


2. 	 Measure the single -particle distribution functions 

p (p~, p , E); vary E for fixed p and x. Are limiting 

distribut10ns achieved? 1.. 


3. 	 Measure backwards production in p-p and 1T -p collisions. 

Factorization (independent fragmen.tation of target and 

projectile) implies that the result should be the same. 


4. 	 Test the dx/x law for distribution functions. 

5. 	 Search for double Pomeron exchange in reactions such 

as p+p - p+p+ 1T ++1T -. Contributions of double Pomeron 

exchange result only in I = 0 dipion systems and cannot 

produce p mesons. 


6. 	 Measure two-particle correlation functions. For multi ­

peripheral processes independent emission is expected 

at large effective dipion masses, so that in this regime 

the two-particle distribution function is just the product 

of single particle distribution functions. 
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7. 	 If diffractive and multiperipheral processes are separately 

identifiable, test factorization in multiperipheral processes 

by requiring a transverse pion in the c. m. where diffractive 

events do not contribute. 


In p-p collisions the symmetry permits an adequate study of production 

processes through analysis of either the forward or backward hemisphere 

in the c. m. system. This is not true when either 1T or K mesons are used 

as projectiles. To the extent that the collision results in the independent 

fragmentation of target and projectile only the forward cone in the laboratory 

system provides new information. Recognizing this, a number of hybrid 

systems have been proposed using a bubble chamber (now the ANL 30-inch) 

to provide local detail at the interaction vertex and a downstream detector 

to provide information on fast forward-going secondaries. Since neutral 
•particles are not detected, detailed fitting of events is not possible. The 

downstream system, consisting of wide-gap spark chambers and counters, 

can, in principle, be triggered on events of specific types. However, when 

coupled to a bubble chamber, which must be prepulsed for sensitization, the 

potential increase in data rate for "interesting" events cannot be utilized. 

Consequently, even though studies involving fragmentation of the target 

particle are best done in the bubble chamber, for other studies it merely 

serves as a complicated and awkward hydrogen target. 

To exploit the full advantages of a downstream system, we propose an 

alternative target-detector system consisting of a target (liquid H2 or 

polyethylene) surrounded by an array 6f wide -gap chambers. A typical 
6

bubble chamber exposure of 10 pictures, each with 5 tracks yields 10 events/!.1. b; 

with double pulsing the interactions of at most 10 particles will be examined 

each machine pulse. Since the system proposed here can examine the interactions 
5

of 10 particles/pulse, the detection efficiency for events which can be identified 
4

with a specific trigger is i:mproved by 10 . This increased sensitivity is 

particularly i:mportant in the study of events with transverse pions in the c. :m. 

and in the search for 'exotics '. 



---------------
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II. Apparatus 

The target-detector array is shown in Fig. 1. A charged particle 

emerging from a side of the target is observed in one of the four T-counters 

before entering a wide-gap chamber module. The 4" gaps in the modules 

yield good multitrack efficiency, as well as high position and angular 

resolution for track segments. The two-gap target modules are separated 

by 411 so that lead and/ or additional counters may be inserted for 

y-detection. Charged particles in the forward cone are detected in the 

D-counters before entering the wide-gap modules SCt 2' The modules , 
have been arranged to maximize the solid angle for which tracks will 

traverse at least one chamber with angle less than 4So since track visi­

bility decreases rapidly at larger angles. Regions of solid angle for 

which this is not practical are covered by cou.nters. 

For momentum analysis, the downstream system incorporates a 

magnet similar to the ANL BM-l11, 30"W x 72"L. At the nominal gap 

height of 611 and I == 2400A, it provides a transverse momentum p == 1020 MeV/c, 
.l. 

or 100 mr deflection at 10 GeV/c. To clear the coil structure the wide-

gap chamber modules SC4 and SC
S 

are separated by 10811 • With upstream 

and downstream momentum-analysis chambers displaced by comparable 

distances, the error in angular measurement is A e :: ± O. 2 mr, giving 

a momentum resolution of Ap/p::: ± 8% at 400 Ge V / c for tracks traversing 

the entire system. The 611 gap subtends an angle of ± 12 mr at the target, 

so that 400 GeV particles with transverse momenta less than 1. 2 Ge V / c 

are accepted without bias. The horizontal aperture of 30" is sufficient to 

accept the full forward c. m. hemisphere for a beam momentum of 

400 GeV/c. Should increased vertical acceptance be necessary, the gap 

can be opened with a corresponding decrease in momentum resolution. 

Use of wide-gap chambers results in a greatly simplified optical 

system; since it is not necessary to observe the full track length in each 

chamber, mirrors are the only elements required in the optical path. 

-~-.~-~~.-.-
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Triggering is discussed in Section VI. The film w:ould be scanned and 

measured at each of the three participating institutions. 

The versatility of the downstream detector is significantly enhanced with 

the addition of a quantameter-hadrometer (Q-H) after the last 'wide gap 

chamber module, SC 6. Using alternate layers of Pb and scintillator EM 

showers can be distinquished from hadronic cascades since the character­

istic length in the first case is the radiation length (L d= O. 58 cm in Pb)
ra 

and in the second case the collision length (Lcoll = 13. 8 cm). An array 

3' x 5' in area and 3' in length would be sufficient to contain 90% or more 

of the energy deposited by either an EM or hadronic cascade. 

III. 	 Experimental Procedure 

In the spirit of an exploratory experiment, no detailed fitting of 


•
events is intended; even so, cross sections for several specific final states 

can be measured with sufficient accuracy so that subsequent experiments 

can be designed with confidence. In some cases, it will be possible to 

determine whether the simple power-law behavior suggested by low energy 

measurements persists to the highest accessible NAL energies. Back­

wards c. m. production will result in low energy secondaries at large angle 

detected in the wide-gap chambers around the target. Forward-produced 

charged particles will be momentum-analyzed and studied systematically 

in the downstream wide-gap spark-chamber spectrometer system. Some 

information of fast neutral hadrons and 1T o's produced in the forward cone 

will be collected in the downstream quantameter-hadrometer. 

A. 	 Quasi-Two-Body Final States 

To illustrate the use of the system, we consider the identification of 

several 	'simple' final states. In general 

*+ *+p+p-N +N 
a b 	 (ia) 

*0 *++ 

- Na + N b 


.-~~.-~..------- ­
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where N*+ is some combination of particles with B = 1, S = 0, Q = +1, 
a • 

moving along the beam direction in the c. m. ; N~+ moves along the 

target direction, etc. In some cases, this will mean little more than 

particle production in the backward or forward hemisphere; for diffractive 

processes the classification relates closely to the production dynamics. 

Special case s are: 

p 
. 
+ P 

0 
- (p 1T )a + p (2a) 

o 
- p + (p 1T ) b (2b) 

Identification requires Pb sheet between the side target chambers. For 

(2a) the target detectors show a single charged particle and a 1T 0; the 

Q-H assures that the single fast forward particle is not accompanied by a 

1T 
o

• For (2b) a single slow proton is detected in the target chambers; a 

single charged particle enters the downstream Q-H, but it detects both an 

EM shower and hadronic cascade. 

p + p - (p 1T +1T -) + P (3a)
a 

- p + (p 1T +1T -) b (3b) 

For (3a) three fast charged particles traverse the downstream system 

and for (3b) three slow particles appear in the target chambers. No 1T 
o 

IS 

are detected around the target or in the downstream Q-H. 

+p+p -(p1T) +n (4a)
a 

+ - n + (p 1T ) b (4b) 

For (4a) two fast positive particles are observed in the downstream system; 

no other charged particles, and no 1T o's are detected. For (4b) two slow 

charged particles emerge from the target, with a neutral hadronic cas­

cade in the downstream Q-H; no 1T 
o 

's are detected anywhere. 
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It is apparent that many configurations involving only a few particles 

(charged and neutral) produced by fragmentation of the target or projectile 

can be identified with relative certainty without precision measurement and 

fitting. This is possible only when adequate 'V-detectors surround the 

target and subtend the downstream cone. 

When the fragmentation (and/ or) dissociation of protons has been 

adequately explored, pions may be used as projectiles to determine the 

extent to which the target fragmentation is independent of the kind of pro­

jectile used. For example 

± ±o 
'IT + P - 'IT + (P'IT ) (5) 

± +­
- 'IT + (P'IT 'IT ) ( 6 ) 

may be compared with (Zb) and (3b), etc. Simultaneously, the downstream 

system serves to study the nature of the pion fragmentation process. 

A number of reactions may be easily identified 

± ± + ­
'IT +p -('IT 'IT 'IT ) + p (7) 

± + 0 
- ('IT 'IT 1T ) + n (8) 

- ('IT 
±

'IT 
0 

) + p (9) 

± + - :f:'IT +p - (''IT 1T ) + (p1T ) (10) 

+ ­'IT +p - {'IT 'IT ) + n (11) 

etc. 

B. Multiparticle Production 

The quasi-two-body reactions consist merely of the subset of identi­

fiable final states. More generally, multiplicities and momentum spectra 

for all events may be measured and catalogued. Gamma-rays identified 

in the target-detector array or in the downstream Q-H permit some de­

termination of the correlation between neutral and charged pion production. 
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As discussed in the next section, decays will indicate hyperon or kaon 

production; in many cases the initial particle can be identified and the mo­

mentum measured. 

C. Hyperon and Kaon Identification 

In Table I we have indicated the laboratory momenta corresponding 

to zero c. m. momentum for production of strange particles; the dominant 

decay modes and n;taximum transverse momenta are also listed. Note 

K
O

that no known hyperon decay gives a , so that any V associated with a 

decay vertex is always a A unless something new (an exotic) is observed. 

In general, decay of neutral particles (other than directly produced A's 

or ~o's can be identified only by observation of a downstream V not pointing 

at the interaction vertex; for charged particle decay, a kink may be observed 

with or without an associated V. 

Decay events can be convincingly identified only in the path before 

or after the magnet. The tabulation in Table n shows that at 100 GeV/c 

25-60% of all strange particles (except K±) decay before the magnet and 

10-20% after; at 200 GeV / c, 10-35% decay before and 15-20% after. When 

the decay occurs before the magnet, and there is an associated V, the momen­

tum and identity of the initial particle can usually be deduced from the decay 

kinematics; when the decay occurs after the magnet, the momentum is 

measured directly, but the identity can be established only when there is 

an associated V. When the V points to the decay vertex, the primary 

particle is an :s -; when it points downstream of the decay vertex, the pri­

mary particle is an n -. 

For V's originating at the interaction vertex, a separation into Kl 

and A decays is necessary. The primary distinction between the two decays 

lies in the larger angle allowed for the positively charged secondary from 

Kl decay. For momenta above a few GeV/c, Kl decays with 'IT + c. m. 

angle> 30
0 

yield positively charged secondaries at larger angles than allowed 
'" 
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for protons fro:m Ii. decays of the sa:me initial :mo:mentu:m. With our ex­

pected angle and :mo:mentu:m resolution, we esti:mate that 1/2 to 2/3 of 

all K1 decays before the :magnet will be uniquely identified; in general, 

Ii. decays will fit as Kl decays. An iterative subtraction (taking into account 

the isotropic c.:m. Kl decay) will yield the correct relative nu:mbers. 

It is apparent that the production of antiparticles results in so:me 

straightforward :modification of the above re:marks. 

D. Search for Exotics 

By 'exotics' we :mean pheno:mena which either cannot be inferred fro:m 

present knowledge, or pheno:mena which :may be expected on the basis of 

reasonable theoretical :models but have not yet been observed (:massive 

hadrons and leptons, quarks, :monopoles, inter:mediate bosons, etc.). 

In the present proposal, the search for ex?tics can be carried out with either 

an LH2 or polyethylene target as soon as any high energy bea:m is available. 

To conserve quantu:m nu:mbers, it :may be necessary to pair-produce 

:massive exotics so that c.:m. :mo:menta :may be low, and corresponding 

laboratory :mo:menta only reflect the c.:m. :motion. In this case, the ti:me 

dilation is about 14.6 for 400 GeV/c incident protons. For 1/3 or :more of 

such particles to e:merge downstrea:m of the target, the lifeti:me :must be 
-10 

greater than 10 sec. The target wide-gap cha:mbers provide so:me sen­

sitivity for decay of particles with shorter lifeti:mes; it is apparent, however, 

that the ability to separate vertices for production and decay within the ,_ ~ 

target will depend upon the specific details of these processes. So:me exper­

ience can be gained in relating forward and backward production of :E IS, 

E: IS, and n IS. 

IV. Triggering 

Initially, the syste:m would be triggered when any kind of interaction 

was detected. To do this, a coincidence would be required between an 

upstrea:m bea:m counter and either of the two counters D 1 (i:m:mediately 

downstrea:m of the target) or D2 (behind the last wide -gap cha:mbe r :module); 
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small circular holes in D1 and D2 allow passage of the undeflected beam. 

Those events with no downstream particles counting in D1 or D2 would 

be identified by a coincidence between the T-counters surrounding the target 

and the upstream beam counter. 

After recording a sufficient number of events for preliminary study, 

the trigger would be modified to optimize efficiency for detection of rare events. 
0

At 400 Ge V / c incident proton momentum, the c. m. angle e* = 90 trans­
o

forms to a laborato.ry angle e =4. Based on extrapolation of present knowledge, 

pionization is the only process likely to contribute significantly to particle 
0

production near e = 4 • In the laboratory system, however, two groups of 
0

particles can emerge near e = 40 
• The first corresponds to e* 90 and 

(for pions) may be identified by p < 2.9 GeV/c; the second corresponds to 

cos e*::::: -1 and by p < 2.9 GeV/c. Consequently, the simplest signature 

for exotics or rare events would be the presence of energetic particles near 
0e = 4 , since these might represent: 

a) 	 Pionization which will contribute in the region x -::: 0 if it 

plays an important part in the miltiparticle production process. 


b) 	 Strong decay of massive short-lived systems. In this 

case, particles with large transverse momenta emerge 

from the interaction vertex. 


c) Weak decay of massive particles. Here, particles near 

4 0
() = emerge from a decay vertex downstream of the 

interaction vertex. Whether the decay vertex will be 
observed clearly depends upon lifetime and momentum. 

These processes can be identified with a simple combination of counters 

before and after the magnet. The rare -event trigger would be utilized 

for most of the spill length; if no event is recorded during this period, the 

general trigger is added, so that a useful event is assured for each machine 

pulse. 

V. 	 Beam, Equipment, and Scheduling 

In preliminary talks with Dr. Toohig, it appears that the apparatus would 

be well suited for operation in the low intensity bubble chamber beam to be 

built in Area 1. Since the apparatus requires only 40' along the beam line 

there is more than ample space just upstream of the building which will house 

the 30" Bubble Chambe r. 

http:laborato.ry
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All equipment with the exception of the hydrogen target and analyzing 

magnet will be supplied by the experimental groups involved. Because of 

its simplicity, the system can be ready 6 months after approval. 
34

After tune -up, we believe that both a sensitive (10- cmZ) search 

for rare events and a comprehensive survey of particle production can be 
5

completed with 2 x 10 machine pulses equally divided between p-p and 

11 -p studies. Triggering will always be arranged to optimize the event rate 

per pulse; the maximum number of allowed beam particles, however, depends 
5 

upon spill length. For 1 second spill, a beam of 10 particles would be 

desirable. Compatible running with either the narrow or broad band neutrino 

experiment would provide the greatest flexibility. 



TABLE I 

P Pmin min 
Mass C'T 200 GeY 400 GeY Decay Modes * ~ 

± 
1T 	 139.6 781 

K± 493.8 	 370 
+­KO 497.8 2.59 5. 14 7. 37 1T 1T ,1T °1T ° 205 

S 

KO 497.8 16.4 5.14 7.37L 

A 1115. 6 7.54 11.5 16.3 P1T , n1T ° 100 

~+ 1189.4 2.41 12.3 17.4 p1To,n1T + 190 

~ 1197.3 4.47 12.4 17.5 n1T 190 
,;;,0 
....... 1314.7 9. 10 13.6 19.2 A1T ° 	 135 

............... 1321. 3 4.98 13.8 19.3 A1T 	 140 

......0 _ ...... _ ° n 	 1672.5 3.90 17.3 24.4 ~ 'Tr ,::.. 11' 290 

TABLE II 

Probability For 

Decay Before Magnet Decay After Magnet 
50 100 200 (GeY) 50 100 200 

±
1T 

K± 

KO 	 0.504 0.296 O. 160 O. 131 0.210 0.192 
s 

KO 
L 

A 	 0.417 0.237 0.126 0.144 O. 169 0.132 

~+ 	 0.834 0.592 0.362 0.011 0.088 0.193 

0.623 0.286 0.217 	 0.074 O. 183 0.210~ 

:sO 0.408 0.231 O. 125 0.175 0.213 0.167 

....... 0.076 0.186 0.210... 	 0.625 0.288 0.218 ...... 

n 	 0.781 0.544 0.325 0.019 O. 112 0.205 



References 

1. 	 E. Fermi; Prof. Theoret. Phys. Kyoto z., 570 (1950). 

2. 	 R. Hagedorn, J. Ranft; Suppl. Nuovo Cim. !;., 169 (1968). 
See also Phys. Letts. 31B, 529 (1970). 

3. 	 J. Benecke, T. T. Chou, C. N. Yang, E. Yen: Phys. Rev. 188, 
2159 (1969). See also Phys. Rev. Letts. 25, 1072 (1970). 

4. 	 R. P. Feynman: Phys. Rev. Letts. ~ 1415 (1969). 

5. 	 G. F. Chew, T. Rogers, D. R. Snider, UCRL-19457 (1970); 
N. T. Bali, L. S. Brown, R. D. Peccei, A. Pignotti; Phys. Letts. 33Bz 
175 (1970). 

6. 	 K. G. Wilson; Same Experiments on Multiple Production CLNS-131, 
November 1970. 



I i I I 
In

_
_

 
0 

:rD
]::;

:::-
.


..p
 

I 
\1,'

 
~ 

.
:
;
­

..,..
 

1
7
\
~
'
 

­
! 

--
t 

1
-.

! 
I 

tr
1~
 

!.
-

I 
I 

-
~

" 
1

,'
-

,­
,,

_
I 

I
-
-

1
'1

1
\
 

j 
!J

 -\
t 

E
=
_
=
_
=
_
=
3
~
 

\'
\ );,1

 
'-E

: 
I 

f 
I ,q
~

I 
I 

' 
{ 

I I 
, 

I 
., 

t, 
I 

! 
1 

1 I 
"
E
~
_
-
-
-
,
 

'F¥i 
'--

--
::3

 
I 

, 
I 

-
-
-
-
-
-
-
_

.....
 

I 
\ 

1>1 .. .. I 



DoM1d Hiller: Spok('!s:nan 
Bruce Cork 
Gerald Smith 
rnA-I I¢, 1971 

Add~nclumto Prooo~a1!f106. 

PAC. It i~ th~ T'urposf!' of this pdde-ncum to provide tht' infor:nation nt'CeSsary 

to hf'"lp th~ com~it.t('!'~ in its d~cision. 

l,.{e r9v~ propos".d th)',)t '·Pl arr2Y of trip;!!;!!'rRbl~ ~Jid~-r,ap ch~mbers be 

uel"d !'It NAL in ~ ~turly of rrlultipl(ll! p.qrticl~ production processes nnd in 

30 11.!l 5"~rcr: for !"e1rt" (f'!yotic) ~v,...nts. It is appart"'nt tru,t thl'" bubble 

c!"";?mht"r i~ "I-:1"'1l-5ui tt'·d to inv~!'ltir:at~ d .. t:-dl!'! of tnrr;et fragml"ntation and 

backwards nroouct1 (In in processt"':3 "t)i th cross sections of 10-30_ 10-29 c:n2 

wi ti: a Dt"am of 105 particl~g/pulse and a Rpill of 1 se-cond, tht'" ;.!ide-gap 

cr.amD~r arr~y is int~nded to ~yt~nd th~s~ ~tudi~5 to selected processes 

-34 2
'xitr cros~ s-c+.ions a3 small as 10 eM. TnI'! most f:xC'i tinr; r~s~.ll t of the 

~:x-n"'rime:it. how!"vi"r. ini!,;h:' ,,:ell hI" th~ ohse>rwltion of unl"iq:-:ectl!'d structllr~; 

ident1fi~d by th~ presI"nce of ener~etic Darticl~s with lnrge transverse 

l'llOlnl"nta. In contrast to other kinds of 5Nlrcbes, the wide-gap array allows 

thl!' posl'Iibili ty of studyin,".; Much of tr.e t"vpnt in which th~se particll"'s are 

-produced. 

In ned1 tion to th("! study of rAr~ DrOC~!'ls ... ,~, th~ ("'y.!').!'!rirr.~nt will yif'lld 

o· 

hi~l!!"~t ~"!liJabl~ !l1om"''I1tn. l>.i.1. th!!'s~ s"',udies involve- only th(" observation 

d~tl'!"ctf."d in t,r.~ dowm~tr("'am cr:Rmb"rs ;Jro bacln"aro::l-rrcduced. particlMJ in 
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th"" chnmb... rs arcund t~~ tnr1",t't. Blind r('f.'ions fl!'e coverp.d by counters. so 

ftn .I!l~trpctiye i'l"'llturt' cf the b1<::,ic rrorcs!l i8 tr.e e:irrplici ty of tr.t!'! 

, , 

a110\-1 l' sil':nific1'lnt ~tt!t""!l1er.t "'lbout ,,·,hat an f"ve-nt is not (!m event ,,~ith 

J ob!'ll"rv .. d -I- -nys is not ~lin~lo!" 1f'0 nrcduction. ,.tc.); in this 'Vu>,y 

th~ :r.ost Uk"ly hyrotrl"3is C:':ln b!' idt"ntified t at lP;~st on a statistical 

To provid~ detec~ion for n~utrnlst two modificr,tions ~re necessary: 
, 

01) Th~ dry;·mstrl"'!'.l.m qU!l:1twnf'tF.'r-l:adrornf"ter. Thl'! most strair,hti'orward 

vt"!'s'ion of sud: :a dt"vice consists of a serit"s of Pb Olnd Fe plat~s intt'rspl"r3ed 

,...i th 'I'!id~-~<!'I!'I (411) cr.::::I:-nbf>rs. The fi!'st 6 pl:ltes art' Pb as indicated in Fir;. 1. 
G _4_ \1 0­
.\~ \.0!( , • .:;:Il~ .., ­

.;....~ f=.e 
fj'l 1.\,14 
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Fi~. 2 CrOSS s~ction of t2r~~t-d~t~ctor array 
as se~n by be~r.l. 
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A 
MOst '?> f 5 ~re conv~rt~d in th!" fir::;t rlat'! (~ 80~) or t.h~ second ( 95%) ; 

thl'" initial T:'~rt o.f' tl- ... 5rcll,...r provide~ som'!'! sPdth1 resolution. Monte-C~rlo 

,. '* ,
c:ilcuhtioMs by U. 'lJolk,..l indic~te th;o,t 98;; of the showi"r is contained in 

t :: 2.5 In 105 ..:. 29X • 
o 

Cons!"'que-nt1y. 1e'~~ than 2:<& of the sho'!tl(~r ~nl!"rf!.Y ;anpears behond ~;ap ff6. But 

thl'" 6" of Fb b~l'orf" r,IlP 1J6 is only 1.1 collision ll"'n~ths. so tha t any 

h!lrironic c.:! scad!" is ju~t f!'ettin~ underway. M<!"~ ~ur("l1ent5 by Horstsdter and 

+ 
col1~borators indic~te ~hat 80% of the hadron c~scade en!"r~y will be contained 

b~ck. Thl'!' resnonsII" for indd'!'nt h<ldrcns can b~ adequ:>tely st1ldied ....'i th beam 

particles. It is not f'xDf'cted th:'lt det::.il!"d en~r!,:y mt!;!~ur('ments \>,il1 be 

attl"mptl"'d wi tl~ this neutr~l p:.rticle det,..ctor. It will detect ".:1. ts "lith 

t':fficil"ncy. Nott'!' t.~at this de-vice ..Jill also provid~ excellent dl"'tf'ctinn 

of mucn5. ~i tr..-r t!,:ose proc·.lc~ d1.re-ctly or tr'or;t! resultinr: from d!"nay. 

Ad~qu;'Jte 0" d~t ..ction around tr.e tarr,~t pr('sents a :nore difficult 

nrol:>lc-m. ~nd ~0'1lt" co:r.p:rr:>l'1i5~ i~ n1!'Cl"ssary. At pr~s~nt tbl" arrangement 

~.I"fici~ncy for ~" det~,ction (E 0" ~ 50 MI"V) i~ r,reatf'r th:m 90% for most 

of th~ 4'1l' solid :m!';11"'. In id~nti fyinr, sp""ci fie fin:.!1 st<>t",s. such ~s c· 

oarticl.. s h~lp in reconstruct~on o'!.' tho.'" interaction vert!"x in th" tar!!;e-t; 

tl':l" count ... rs Clh:)v~ <'lnd b~1o"1 tb.. to'?r!";~t are' eS!'ll"ntia1 to deterl~ir.~ whether 

... U. VOlk~l, ~C)y 65/6 (1965) 
+ E.'8. Eu~h",s I"t ;;11.. Nucl!"~r In~t. and H!'thods 2.2. 1JO (1969) 
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all th,. l~r!'!;"-.l3n~le cr~re:,..d r.p.rticl~s enter tr,!!!' ~~n5i tiV" re.,,:ions of the 

provtdt"'s '11o~tly st~ti9tical information about th· tar';I!'t frBr,mr:ntsti0n 

prOC~5S. In low mult.iplicity events it can be cruci:.ll in identifjing 

p~rticl~s. 1-11 tr the 7:1.1lr,n~t off, str<1i~ht-throul';h tracks are cbserved: ,dth 

the m~CO:T1-!"t co, dirl"ct calibr:lticn to 1 G,..V/c tr:>r:;5v~rse :lom(,,:1tur.: is 

aceessibl".. By v~ryin,,: th,.. beam '11"'r.1~ntum, tbe system c~m be en1i brat"d ovu' 

most ~f th,.. useful r~n~e. 

For ini ti I'll runnin~ th!" tri r. ....er ot::l"'rates in blo modes durin!!" tht" 

spill. Fer erri or th,.. tin:e t thll! systl!m 'I'aits for a rare @v~nt (energf!tie 

obs!"rved d01·mstrNIl"l, or that ':f'!condary p!!:lrticl~s art'". observ...d around thf' 

tarr,et. Unbia~!"d trir,l';e'!"'inl': c.sn be acbievt'd with be::1"11 counteJrs ;;lone. 

Althou,,;h 50nl~ eXiJr.1in:Jtion c·f t'v("nts \-Jill be" concul'r'l"nt vJith running, it is 

pr",fi"r<l<bl~ th."it, th,.. run bt' int.t'rupt~d aftC'r 10k pict.ur.... s for a Inore carf'!ful 

~Y.<l:nin;:jtjon. Optimum tri!!::!!;E'ring for thE' rem~ind(Ar of thE" run would be 

It i~ ~rp:.lrt'"nt th:1t tr:1'" ~pparatus can t~ke intt"'!"'e"stin!'. d;'lta for any 

be;m int!"nsity :::: 1 p.;trticle/pu13f'. BE"caus<" of the explor.;tory n;!tur~ of 

+ lind
th~ e'XCI"'ri:l1f"n.j i t1'l· sui t;;bili ty :01' op~ration at tr_f" hh:he-st :<cc!'ss~ble bE-rim 

mom~ntum. it is d(>sir~1-'1f" that it b~ scb>dult-d at th~ t"2rlit'st pos!'li'ble ti::1 .... 
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