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I. Introduction 

We propose to measure the s dependence of elastic and inelastic 

p-p and p-d scattering, at t values ranging up to t ~-2.0 (Gev/c)2. 

The basic idea is to use a small, s magnet, high resolution 

spectrometer and look at recoils from the s jet tarCf€t. rrhe use 

of a maqnet will allow measurements at li:.gher valt:'.es of t than are 

accessible in the current recoil experiments at C0, greatly en

hancing the usefulness of the jet. ~he unique ability of the 

internal target to span the enti~e ~llCLU.' range in the main ring 

greatly facilitates the study of the generally slo~ variations 

with s, characte stic of high energy scattering. The primary 

physics questions addressed by this experiment are, for elastic 

p-p scattering: 

1) Does shrinkage persist at high t? 

2) Does Lhe b:ceak seen at L "'-1.2 (GeV/e;)2 i:1.t 24 C'-eV <If:velop 

into a dip? If so, how t? Does it move as s increases? 

3) What is the s dependence of do/dt for tIs beyond the break 

(dip)? 

for inelastic scattering: 

1) What is the s and x dependence of the inclusive proton 

spectrum for laroe values of t 

2) How does the production of the N* (1520) and N* (1688) as 

a function of sand t, compare with as tic scattering. 

and for p-d scattering: 

1) How do coherent astic processes on deuterium compare 

with elastic p d scattering for Iti':' .2 (~ev/c)2? 
The inves gation of the questions concerning elastic scattering 

requires an understandi of inelastics, ~aking it advantageous 

to study them simultaneously. 

http:valt:'.es
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~'le summar"i ze reasons which make this proposed experiment well 

suited for the stigation of these stions: 

a) The internal target laboratory a1 for the widest 

accessible variation in s. No al provisions are 

necess to acc~pt whatever machine may attain. 

b) The recoil kinematics for elastic scatterinq are-insensi 

to the l~nerqy . 

c) The t resolution would be quite , enabling us to in

vostigate the possibility of quite narrow structures in t. 

d) These investigations would cause little interference W~~ll 

the general program of the laborato 

II. Motivation 

1) Proton-Proton astic Scattering 

rrho shrinkage of the forward peak in p-p elastic scattering, 

as seen in expe 36, is generally 	l 'led as an increase 
1

In the inte radius of the proton On the other hand, 

some models rpret this sharpening of the peak as beinq due to 
2the further blacken of a constant area interac'lion recrion ,3. 

The break in d /dt observed a'l 'l ~-1.2 (Gev/c) 2 at 24 Gev 4 is 

interpreted as the fj.rst diffraction minimum is filled by 

the real part of tho scat.terino ampli , i. e., the proton is 

still quite grey at these eneraies. As the posit of this 

diffraction min also reflects the s of the interaction 

region, measurina how this break (dip) moves th s vlill be a 

900d test between the two types of models. 

In the near fu experiment 36 will have a ieion measurement 

of the "blackness" of the proton over t.he s ran(J(~ available at llAL. 

It would be interest to studv the rate at which the break forms 
r: 

into a dip over thi.s same energy reqion. Recent ISR results~ at 
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1500 Gev, indicate that a dip has indeed formed at a t ~-1.3 (GeV/c)"" 
') 

(See fig 1) indicatinq a preference for the second type of model 

1.e. those with a constant area of interact jon. One of these 

models, the impact picture of enq, Walker, and Wu 3,predicts a 

slo'VJ increase: in do /dt~ \'1i th s 1 for t values l: eyond the break and 

for s above 100 Gev. One of t:he primarv motivations -for this 

experiment is the test of this strikin<:' predicti·:m. 

2, 'Ehe Inclusive Proton Sprec·trum 

The study of the inclusive proto as a f·.1nction of s, t 

and ~ W1 prov1 every usefu tests ot oL~t Regge para~2 'II 'd 1 

metrizations for this reaction. In particular we will be able to 

extract effective Regge trajector s from the data and study the t 

dependence of triple Rogge couplings. For rge values of tone 

may expect cut contributions to become D1vortant, thus leadina to 

a f13ttening of the effective trajectoyie In Crltly of ;:my 

specific model hmvsver I study the inc ive proton spectrum 

is complementary to that of pp elastic and we can expect to observe 

related dip structures in do. This experiment is unique in tllat 

it will span continuously large ion of 2sand M as shown in 

figure 2. 

3) N* (1520) and N* (1688) Production 

It would be interesting to compare the sand t dependence for N* (1520) 

and N* (1688) production with elast scatterina. If the production 

.of these resonances and 01a8 scatterin0 proceeds via the same 

diffractive mechanism, the features of elas c scatterin0 at every s 

should be reflected in the production of these isobars. While it 

would be difficult to resolve the N* (1520) from the N* (1688) 

in the hiqh s ion, we could resolve them at low s and measure 

the sum of the two channels at hiah s. 
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4) Coherent Deuteron Interactions 

Coherent deuteron processes are primarily interesting because 

they enhance diffra~ iva channels. Experiment 186 will measure 
2

recoil deuterons at small It I (:::.l,(Gev/c) ) in order to study 

diffractivE:: dissociation. Glauber theory relates processes happenin9 

in the IIdoubJ.e ::c.:l.ttering" region (I tl::: .25 (Gev/c) 2) to the single 

particle processes at t/4 r i.e. just that region covered in 

experiment 186. In the Glauber model, vii th s C1.8 input, the 

coherent inelasL.c proces :;8S in the double scattering region and 

in the interfere 111.. ..., rE'~1io':l bet\veen single and double scat'tering 

(i.e. Itl::: .25 ((;ev/c)2) are a means for'studying the gross atures 

such exotic p]'ocesses as forward N*-nucleon el c scattering. 

Even rather coan::.e measurements of forward elastic scatterino of 

N*'s would be very useful for determining whether or not these 

are composite particles. Extracting such information is compli

cated bo~:h by poorly understood ground state deuterium pronerties 
7 as well as off the mass shell effects. Comparison of the in

elastic to elas scattering, and making measurements at both 

low and high energies can reduce these uncertanties. 



-5

III. Experimental Considerations 

1) Resolution requirements 

The technique proposed is a single arm trometer and thus 

employ s e miss I:laSS technique. mass resolution varies 

inversely with the beam momentum so a successful expoEiment at hiqh 

energies requires good resoltuion. In principle, in order to 

isolate elas c scattering from inelastic scatter ,a mass 

resolution of one pion mass is required. In practice one can get 

by ""i th resolving elastic scattering from the closest st: - -,- .. ~~ -Ln 

the mass spectrum. Mass snectra in this t on have b,~en meadur8-:: 
4 

at 24 GeV by Allaby et al and are shown in fig. 3. The first 
. 2 

structure seen above t=-. 4 (Gev/c) is the N* (l520). To resolve 

elastic scatterino one thus needs a mass reso~t.ion somewhat better 
2

than 0.5 Gev/c . 

The angular resolution required for a mass resolution 6m lS 

~ a'D 

Itl 
2 

Po if; incident beam momentum. E'or l\1'.l = .5 Gev/c , 

Po - 500 Gev/c and It I = 1 (cev/c)2 an a~gular resolution of 1 mrad 

is reauired. The energy resolution 

LlT 
= 

\1here T is the recoil kinetic enerqy. Again at 500 GeVr Itl:::::l (Gev/c)2 

and L\rl1= .5 Gev/c 2 an enerqy resolution of 0.4% is required. This 

corresponds to a momentum resolution of .3% or, for a 20° bend, a 

termina of the bend to 1 mrad. An apparatus that nes 
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angles to ttcr 1 mrad is· required. The resolution requirements 

for the coherc~nt: measurements are somewhat less strinqent 

since the t values of interest are about a factor of five lower. 

2) Backgrounds 

vJe have tv.70 s of to contend with. First there is 

the target associ background consistilJg mainly of 'IT'S and K' s 

produced in the jet. Second there il room background primarily 

due to sc of: the bearn in the residual gas from the jet. 

We will discuss these s 

i) 'J'arget l\'ssoc BiJ.ckgroUllC:::;, 

To estimate typical K IT fluxes from the targ~~ we consider 

200 Gev pp elastic at t =-1.2 (Cev/c) 2 . The value x 
for these protons is ~.9. 

+For 0' I S at the same angle and momentum 

X ~.6 and for K+'s X ~.7. At 24 Gev, for these values of X and 

the ratios of invar cross sections for the three particles 
4, 

\ St~e 9. 4) 

do do r--50·-:t·1E +~' .~ .. 
pp+px E dp3 pp-r'IT +X dp3 pp+K x 

rfhe large nance of protons is due to the fact that elas c 

scattering occurs near kinematic boundary for 'IT'S and R's. It 

is exnected iJ l: 5e iant cross sections vary slowly or not 

at all with s, so we don't expect rouch contamination near elastic 

scatter req On the other hand, for more inelastic events, 

the si on s not as favorable. For protons emi tted ';.:i th half 

the Pl0mcmtum of elasi:ic recoil, .8. For 'IT'S and K' s at the 

same angle and oomentum X = .3 and ~ .5 respectively. Here the 

ratios of the ant cross sections are (aqain rouqhly) 

p: ,r; K '" 50: 30: 1. 



-7

In this reqion Ie identif·icat is necessary. Here the 

protons are SlOIl, r) ::: .5, and have a flight time over a 3 meter 

appaJ:a'tus which is <1 nanoseconds r than that of a rr, so 

tons and rr 1S could thus be distinquished by me time of 

ight usiner the 

be bel0"...,' the 

ne RF 

10. of a 

structure. Also 
...... 

luc Cherenkov 

these 

counter. 

t.ons \'lOuld 

Thus, there 

are two handlet; flJr particle identification where necessary. 

deuterons ~~ll be qui~e distinctive, their B ~ .3. Comparing 

of flight to momentwn measurements will uniquely identify them. 

Room Backgr.')lmd 
2

Vile have measurec"! ~ lie .:~~!!'l.ntaneo~~ singles rate in a 50 cm counter, 
10about 2 meters from the DeaEI p th ,...;....10 protons per booster 

se, to be ~. 3 megacycles. \lJe could a ttr ibute 1'105 t of these 

cles to interactions in residual Sf produced by 

jet, in the upstream beam Soon the erator \vill 

ra·te ".,.;i th s 100 ·ti!l'es as much beam in a booster pulse, at 

which time we can expect instantaneous backqround iation of 

~5 megacyoles/cm 2 For this riment we plan to sacrifice sol 

angle and use a detection atus made up of elements with 
2 

areas not a few cm. In s way the rates in the 

scintillators be kept Lelow a megacycle even for a circulating 
beam of l012/booster pulse. The oision spatial measurements 11 

don(~ by sIllall rtional re planes where vlire covers 
2" 1 cm 0:.:c area, keeping the rates per wire below 1 meqacycle. 

At the current t an effort is underway to reduce the quantity 

of residual gas going into the upstream beam pipe by revising the 

vacuum system. If this is successful it will be an obvious benefit, 

but in any case we will prepare the "'7orst case condi tions. 
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IV. rimental Apparatus 

1) Hardware 

We propose to decouple measurement of scatterinq anqle 

the momentum measurement by using the magnet to bend vertic 

We need a B- of 15 auss met,ers "lith a gap of 5 to 10 cm 

along the field lines 15 cm across. This magnet would 

mounted on an arm which pivot about the target point. (See 

?igure 5). The jet will, be ewed from 50 0 to 80 0 
, throuqh a 

~hin titanium window. The from the target window to the 

magnet entrance would abou t 1 meter and in i:hi s space vIe would 

have 1 horizontal and 2 ve al proportional wire planes (PWP) co 

5 cm horizontally and 7.5 cm vertically, \de th 'dire spacing of 1.5 mm. 

Behind we would have 3 ve cal chambers and two horizontal 

ranging in size from 7.5 cm x 15 cm to 10 crn x 30 cm again th 

1.5 mm \"ire spacing. The total number of vJires \,;il1 beL-SSO for 

the momentwn measurement and-ISO for the scattering anqle measure

ment. The vertical wire together with the small cal 

dix:lension of the beam a't h en s Cs 2 rom) should q a bend-

ing angle measurement to an accuracy of-l mrad. The scatter 

angle measurement will bv multiple scattering. For this 

rei::~son the cU'iount of Hm r 1 tropeter will be kept to 

a ninimum. At the Willdow to the vacuum chrunber we will have a thin 

C::;.l pml thick} scintillator for riner. Behind the last PWP's 

will be a scintillation hodos for tJl~: t:rigger, a rough uncrular 

measuremen't, and for thet fl t c1,:.':terrrlination. 
,./ 

that will be Iucite Ch~rankov counters for fast particle identifica

tion. In all the drift spaces will vacuum pipes with thin mvlar 

windows to minimize mUltiple scatter After a trigger the wires 
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\Vill re -out and the time of the count in the rear hodoscope 

relative to the mach TIF will be detennined. These data will be 

accumulated by a PDP-8 computer and written on tape between jet 

bursts. 

2) Trigger 

The trigger must pick out particles originating from beam - gas 

jet collisions. It. is our experience tr,oi' ·the roorn background is 

highly correlated with the machine RF structure and including a 

gate qenerated from RP into the t coincidence eliminates this 

room background effect from the trigqer. 

3) Monito 

To study varicltions wi s ,measurements rn;~de at different tirnes 

and under different conditions have to be related. refore it 

is critical to have an effective nonitor of the beam on target. 

While there is a good possibility at a monitor be devised 

uTI ur f.l(.Jure;:;.C[:'[lce 

measu:ceTIlelrts Vie could bave an ouate (~5%) monitor indcoendent 

of the success of these other methods. Figure 6 shows a pulse 

height distribution in a solid state detector mounted in the vacuum 

system and viewing the jet at an angle 86 0 from Jche am line. 

The peak corresponding to elastic p-p scattering is clear and has 

very little under it.. 'The s ofthc total 

cross-s ctian, the s parameter and the real part of forward 

amplitude are \-'c1l enol.lCJh kno\!m to relate the elastic counts at 

fixed t. to beaFl on ct t.o'-Sz,. The ouali of ·this moni·tor will 

imp:cov(~ \\!i th urt:her total cross section PlC!aSUrement:s. 

4) Ooeratina Inside Main Rinq 

We are familiar with the problems associated \'1ith oppratina ide 

the main ring, in icular the limited access available for 

maintenance of equipment. We pJ.an to modularize the detection 

app21ra·tus so t11 at uGfective units can. be repli:1ct?d ra ther than 

l~Qpaj red in pL:-:ce. Reepina the apparatuR small in scale areatly 

:F ,] c iIi tate s th i~; . 
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3) Rates 

i) pp clastic scat:tc 


-32 -31 2 2

TSP. rcsul t~) (pig. 1) give do/dt between 10 - 10 em /(Gev/c) 

60 

For a solid e 5 em horizontal and 


15 em vertical at a distance of 2 meters we have, for recoils at 

0 

( t "-'1.0 ((;(::v/ c) " 
') 

I 


1\ cP .15m/ (2. 0 m x SIN 60 0 
X 21T) =. 015 

4 4 x 1 x 1 x ~~-~ == . f (r,ev/c) 2 

12 2For 5 x 10 protons/pulse, a jet with density 2xlO- 7 gms/cm


10- 31 2
' d t' , , /~t cm (G~~v/c)2. 3 secand s In llra:J,on ar::t ClO Cl .~ vle 

an ela~; t.Ll, e v 

SX f{/J f,·,yt X 

~1.4 events/jet burst. 

fC" • il') .. 1 0 u'" t';'0LnIb cur:CE:!-:>ponut3..... ~ , events per jet Lurst hOLlr \'ihich J.S 


te for the purposes of these investiq ons. 


Ii) pp inclusive scatte 

The invariant cross s S d ' 
2 

{J/--/:jCt at t == --0.5 (GeV/c) 2 and 

s == 400 GeV2 is 10 ~b/Gev2 (Exp.67). With the above qeometry 

is gives a q rate of 
\> ~" \1 1"'1 l 

1. J,e:,) \,( .~=)!.. \\) 
" 

1200 events/jet burst 

iii) pd as·::ic scatter 

at t~-.25 (Gev/c)2 we estimate from 24 Gev data8 that dO/cit will be 
--29 2 ')

about 2 x 10 cm-/(Gev/c)~. 6~ is, of course, the same, 6t ~ .1 

2 .. --6 2


(Gev/c) -, jet is more 10 gr.ls/cm so we expect an clas c 

event rEl,te of 
<'_ {' J ~_I(/ 

'.J X /0 "/'/0< ;; •.J Y, 0 

=G7,,!J P\/"llt"/'j'oJ, J")l,,"ct~ ... \..... "-:t •. eL, ~. ,«""...::1 q 
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V. Procedure 

After the installa on of tllo equipment we would need about two weeks 

of running for tUIling and debugging. Since the resolution reauire

ments for the coherent deuteron and the inclusive proton measureDcnts 

are less stringent and since the event rates are higher we would ... 
study these first. This should take two weeks with at least tWJ 

jets per pulse. For elastic p-p scattering we could run 6 to 8 

t positions at 10 energies in a week. These measurements would 

indicate the position of the break as a function of energ", We 

would then study this region carefully for another week. We 

therefore ask r 6 weeks of runnina at the ghest machine enerqy 

with 2 or 3 jets per cycle. 

VI. Other Experiments 

An extensive program for hadron scattering in thit) t ranqe is 

planned for the meson laboratory. These experiments will study 

1r ,K-
+ 

and scattering r a wide range of t values and for energies 

up to 200-300 Gev. Our experiment could not ~atch these exneriments 

in terms of t ranee or in variet.y of ir:cident icles. 

"ye 11 span a 'hri(.Ler rmvJe s I hO"lever, fror:, s = 15 t.O s '" 940 
2

Gev , overlapping both AGS and ISR measurements. 

The ISR results on pp elastic scatterinq, referred to in this proposal, 

were a motivation for this proposal. We are particularly interested 

in sl':eing how thc~ dip seen at 1500 Gev forms and moves as a function 

of energy. Our t resolution will be about ten times better, enabling 

us to study the depth and position of this structure with more 

precision. 
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VIr. ;:)(~tails 

1) '1' ime 

We could start on the procurement and the construction of the 

appclrat.us immediate \'le have commitmeni:s for experimen"ts 186 

and 188, but l,JC co 1.1. 1 (1 tall this appa':Y;'us soon a.f·ter th r 

completion which would most likely July or August. 1973. 

2) Manpovler 

We could have 2 or 3 PhD physici::.~ L::O c.tllu. ~,'1::1e stude:lts in residence 

at Nl\L. Others can durinq the summer foy .i.nstall on and 

start up, and subsequently for runs. possibility exists for 

extending the collaboration to one more institution or to other 

interested individuals. 

3) Equipnent 

h/13 would prov the proportional wire anes and r readout 

electronics, the sc illation hodoscopes and a PDP-8 computer. We 

would expect NAL to provide facil s for maanet to operate 

the gas jet target. Magnets similar to what we need exist at cyclo

tron laborato es and we are currently king into the possi lity 

of bOrJ~ol-Jing one for t~his experi.Jnent. If not tv-lith Nl\L I S assistance f 

we could build one. 

4) B0 and Beyond 

The iment scribed in this propos 1 has been designed for the 

present internal t facility at C0. The proposed laboratory at 

would allow us to make the arms for angle measurements, 

before and after the magnet, 2 or 3 s longer, giving better mass 

resolution. This would simplify the s tion of elastic scatter

ing events, particularly at 400 and 500 Gev. The longer lever arms 

would also l'laJ:e the ratus ,<:iuitable for stl.ldyinq t~hese n:~(1ct-

at the even hiqher energies which could be lable th the 

C:l1crqy cloubl"r. 

http:appclrat.us
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Figure 1: Proton-Proton elastic scatterinq measurements 

frOM 3 Gev up to 1500 Gev. The t resolution 

for the 1500 Gov data is Shown together with an 

optical model calculation for a "black" proton. 

Figure 2: 2 . f· h . 1 .A ]"liJP of the E.; and [,I[ reo ~on 0 ~ t e lnc u:.>l ve 

proton spoc-t.:r:Url \vllich 'dill be:: explored in t:his 

experiI'1.ent.. 'l~he vertical linc~) (fixed S) -are 

rea ions covered at the ISR and lower energy 

machines. The sloped lines indicate the points 

measured in experiment 67 at NAL. 

Figure 3: The missinq mass distribution seen at 24 Gev by 
4 2Allaby et al Above Itl=·O.4 (Cev/c) the structure 

nearest the elastic peak is the N* (1520). 

Figure 4: The invariant cross sections at 24 Gov 
+ +k 's and TI IS, taken from reference ~ 

for piS. 

:Fi(;u.re 5: a) An elevation view of the proposed apparatus. 

The detailed configuration depends upon the actual 

dimensions of the magnet. b) A plan view showina 

how the spectrometer fits into the tunnel. 

Figure 6: A recoil proton energy spectrum measured 

1 mrl t:hick sllrrace beHTier detc,ctor, 86 0 

in a 

frorn 

the beam line. 

to elastic p-p 

The pCi:-lk at. 10 l\~ev corresponds 

scattering at t=-.02 (Gev/c)2. 
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Y"p·-date on Proposal 198 for Jet Target in Expanded C-O Area 

The experimental set-up is shown in Figs. 1 and 2. The 

spectrometer consists of two quads and two bending magnets. We 

show standard ZGS magnets (specs. enclosed, Figs. 9, 10 and 11) 

but any similar or superconducting magnets would do. The magnets 

would be rr.ount:ed on a rigid platform which pivots around the target 

so that the spectrometer could be remotely controlled to view re

coils from 4So to 900 in the lab. 

Quads 

The main function of the quads is to focus parallel rays 

(rays having the same e) to a point at the first wire chamber (see 

Fig. 3). Machine vacuum is extended up to this first wire plane 

(see Fig. 1). The recoil angle will thus be determined by measuring 

~ point and will be independent of multip scattering. The 

second function of the quads is to increase the solid angle, 

especially ~¢ (Fig. 3). 

Bendinq Nagnets 

The recoil momentum resolution is limited by mUltiple scattering 

in the middle wire plane (PC3 in Fig. 1) and helium. Hultiple scat

tering in PC2 and PC4 does not contribute. To minimize the uncertainty 

in recoil mome:ntum we bend by a large angle; 60 0 for recoil momenta 

up to '"VI GeV/c. l'.t higher momenta, given the sarne magnets, we bend 

less. \'le foresee perhaps two, at most three, different bend angles 

to cover the proposed range (D.IS < It I < 3.0 Gev2). Although we 

bend less at high It I , the loss in resolution is partially compen

sated by the lower multiple scattering at high momenta. 

Interface To ~1achine Vacuum 

To get Irlachine vacuum to PCl and maintain freedom of motion 

we might use a 6" diameter foot long stainless steel bellovl8 a foot 

to one and one half feet from the target. This would allow pivoting 

by ±6°. Angles outside the range would be reached by "shiroming" 

the front end of the be 110\118 with wedge shaped 6" diameter washers 
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to give us different "central ll angles. Four shims vlOuld be needed 
o 0to cover 45 < e < 90. A gate valve between bellows and target 

would separate machine and spectrometer vacuum during angle changes. 

Counting Rate 

The large solid angle resulting from the quads would give 

1012 an elastic counting rate of 10/machine pulse at 2.5 x protons/ 

pulse in the region of the "dipll at It I ~ 1.4 Gev2 • 

Monte Carlo Resolution Studies 

The proposed apparatus has been "assembled" inside the memory 

of a PDP-IO. We allow an elastic event to occur somewhere (randomly) 

in the beam-jet region and vle follow the scattered proton through 

the apparatus, allowing it to randomly scatter wherever it meets an 

obstacle. vJhen it passes a vlire plane we make note of the nearest 

wire. From the struck wire in the first plane (made up of double 

planes with 1.5 rom wire spacing each to give an effective spacing 

of O. 75 nun) we infer the recoil angle. We" fi t" a recoil momentum 

to. the three struck wires in the last three planes (single plane$, 

1.5 rom wire spacing). From the e 'I and p . 'I so found we 
reco~ 'reco~ 

calculate a missing mass. The results are given in Figs. 4, 5 and 

6. Chromatic aberrations due to ~p 'I = ±4% have been included. 
reco~ . 

Our conservative estimates of the expected elastic mass 

resolution for the II real" spectrometer at 400 GeV incident energy 
2

are: ~M = ±a7, ±137 and ±169 MeV at It I = 0.15, 1.5 and 3.0 GeV 

respectively. Mass resolutions at energies other than 400 GeV can 

be obtained by multiplying the above values by E/400, e.g., at 100 

GeV and 1000 GeV they would be 0.25 and 2.5 times the above values 

respectively. 

The resolution in momemtum trans r t at 400 GeV and 
2t = -1.5 Gev2 ~t = ±O.0012 Gev (See Fig. 7). 

For heavy missing masses produced in inelastic collisions 

the resolution improves dr.amatically. For example, if the spec

trometer is placed at the Jacobian peak, then aM/ap 'I = 0, 
reco~ 
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aM/ae '1 is much less than for elastic and indeed the limiting
, reCOl 

2
factor is 3M/oPinc. At 400 GeV, t = -0.5 GeV we get (from Monte 

Carlo) bM = ±10 MeV for MM = 13.0 GeV (see Fig. 8). 
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HISTOGRAM NO. 1 SUM:: 0.50000E+03 NORMALI~ED TO 0.00000E+00 SCALE :: 1.H) 

.... ,'------- 

VAR.-TEST NO. 1- 0 

! 
$$$$$$$$$$~~~****** M4 *~******~$$$$$$$$$$ 

~~\S (S.o\J)X .LT. 0.31428E+~0 = 0.00000E+rilril +- 0.00000E+2I0 I 

0.31428£+00 .LE. X .LT. 0.33928E+00 = 0.0(iHHl0E+00 +- 10. 0V10l~0E+00 I 

0.339;:>8£:+00 .LE. X .LT. 0.36428E+00 :: 0.00000E+00 +- ~.00000E+00 
 .r 
0.36428[+00 .LE. X .LT. 0.38928E+00 :: 0.000~0E+00 +- 0.0e00eJE+@0 I 

1il.38928E+00 .LE. X .LT. 0.41428E+~0 :: 0.0VJ~00E+01r1 +- (') .01110~:H"[+~0 I 


•.41428£+00 .LE. X .LT. 0.43928E+00 = 0.00000E+00 +- 0.00000E+e0 I 
0.43928E+~0 .LE. X .LT. 0.46428E+00 = 0.00~00E+00 +- 0.00000E+00 I 


:, 0.46428E+00 .LE. X .LT. 0.48928£+00 :: 0,00000E+00 +- 0.00000E+01il I

I ,-- 0. 4 89 ? 8 E+00 • L E. X • LT •. 0.51428E+00 = 0.H')\,,)00E+01 +- 0. 1011l0IilE+V\1 I
I· 0.51428£+00 .LE. X .LT. 0.53928E+1;)0 :: 0.00000E+00 +- Q1.00021IilE+00 I 

I' 0.53928~+0~ .LE. X .LT. 0.56428E+e0 = 0.00IOe0E+100 +- 0.eJ0000E+0e I 


___~_'MW____ ' _ __ • ___._._. 

I kl.56428l;.+0\:! .LE. X .LT. 0.511928E+00 :: 0.00000E+01!l +- 0.00000E+0eJ I 

i· 0.58928:'+00 .LE. X .LT. 0.61428E+k::0 = 13 ...HHJ00E +010 +- 0.00000E+00 I

Ii e.614;>8[+03 .LE. X .LT. 0.6392RE+00 = 0.IIHl000E+0kl +- ro. 0~HHH'lE+Vl0 I 

r 0,63928E+V'l0 .LE. X .LT. 0.66428[+00 :: 0.20i600E+01 +- 0014142E+01 1* 


0.66428[+00 .LE. X .LT. 0.68928[+00 = 0.20.:J00E+01 +- 0.14142£+01 1* 
0.68928£+913 .LE. X .LT. 0.7142~E·00 :: 0.10600E+01 +- 0. HH1CH';E+01 I 


, Ii), 71428F:+?l0 . LE. X • LT. 0.73928(+00 = 1O.20000E+01 +- 0.14142E+kl1 h·

i;- 0.73928E+00 .LE. X .LT. 0.76428[+00:: 0.810000E+01 +- 0.2tl284E+\~1 1 .... ***** 

I· 0.764~8E+0iJ .LE. X .LT. 0.78928E+00: 0.16000E+02 +- 0.40eJ00E+01 I *O·CHt*O**OiJiJ*·I:H. 


0.78928E+910 .LE.X .LT. 0.81428E+00:: 0.20000E+02 +- "J'I.44721E+(?jl .I******~*.***~***~~ 

0.81428E+Vi0 .LE. X .LT. 0.83928E+00:: 0.24000E+02 +- 0.48990E+kl1 I**~*.************·*** 

0.839?8F+(";J • LE. X • LT. 0.8642QE+00:: 0.32000E+02 +- 0.56569E+01 1***************************** 


I ".86428[+00. LEo X • LT. 0.88928E+00 = 0.43000('02 +- 0.65574E+01 j I •• **** .. *~ .. ~*.* .. ~~ .. * ..... "**"~"~" ••*.··"· 
: 0.8892iJE+YH:l .LE. X .LT. 0.91429l+00 ~ 0.56~~~E+02 +- 0'7.4.. 833E+01 ~ I.*****.~**~**** .. *~ .. *"*"~o*~**"* •• *,,.* •• ""**~"*""*~. -z:: 
\: 0.9142~E+0e1 .~E. X .LT. ~.93928E+00 = 0.55000E+02 +- 0.74162E+01 I~.*~**** .... ****** .. ~"**".~""****"~~"""··"·*""*""~*** r
" 0.9392tlF+00 'LE. X .LT. 0.9642~E+00 = ~.55~00E+02 +- 0.74162E+01 I* ...*************~~~***~*******"·"""."·**~*~**""""" J)-
1 0.9642BE+0~ .LE. X .LT. 0.98928E+~0 = 0.49000E+02 +- 0.70000E+01 I* .... ~*****~~*****~*~ .... *** .......... *~~ .... ** ........ *~~~ I...J 

0.98978E+03 .LE. X .LT. 0.1~143E+01 = 0.44000E+02 +- 0.66332E+01 l******* .. *~*~******** ... ""*"~*~*~"*~*****~ c{; 

0.10143[+01 .LE. X .LT. 0.10393E+~1 = 0.37000E+02 +- ~.6JB28E+01 I .... **** .. ***~* .. ~***~~ .. **~*~* .. ***~~ .. 
~ 


0.U'l393E+01 .LE. X .LT. 0.1~643E'01:: e.26~e0E+02 0.50990E+01 1*~**~**************~**~ 

0.1Z643t+01 .LE. X .LT. 0.10893(+01 = e.15~00E+02 +- 0. 38730E+01 ::r I *******~*** .. * 


i iLHl893E+01 .LE. X .LT. 0.11143E+01 = 0.60~00E+01 +- 0.24495E+0: ~ 1***** 

~0.11143E+01 .LE. X .LT. 0.11393E+01 ::0.40000E+01 + - \1 • 2 (10 0 0 E + 101 "-: - I .. * .. 


0.11393E+01 .LE. X .LT. 0.11643E+01 = 0.20000E+01 +- 0.14142E+01 I~ o .>') 
, 0.11643E+01 .LE. X .LT. 0.11893E+01 = 0.00000£+00 +- 1il.Iil£l00IilE+0kl /" I 

II 0.11893E+e1 .LE. X .LT. 0.12143£+01:: 0.0000~E+00 +- 1il.0~000E+00 I .-t .i; -~ -n 

. ;'l.12143E+01. LE. X • LT. 0.12393E+01:: 0.00000E+00 +- 1:'1. 0Vl000E+00 " 1 z: 
 ::t~ ~ ;::

" 0.12393E+01 .LE. X .LT. 0.12643E·01:: 0.00000E+~0 +- i1L~~H'00E+yJ0 Jg I <' . "" IV 'I'"> 


! .12643(+01 .LE. X .LT. 0.12893[+01: 0.00000E+00 +- lJ. 00G~l0E+0~ ".c:::. I -----------0---- .- .r

"P (tT11 .;;; ('" 

0.12893(+~1 .LE. X .LT. 0.13143l+01:: 0.00000E+00 +- 0.eJ0000E+00 J 1 ..., ... 
I' f)II ',,- .....1.13143[+01 .LE. X .LT. 0.13393E·01:: 0.00000E+00 +- 1il.0~000E+01il I ~ 

~ 

If 


,-- 0 • 13 39 3 E + 01 • LE. X • L T. 0.13643£+01 = 0.00000E+00 + - 0 • 0 IilIHHl E + (1 fJ 1----- -~"-&--- I 
J: - # "'J 

0.13643E+01 .LE. X .LT. 0.13893E+01:: 0.00000E+00 +- ~.00000E+00 I o ~ -"" 
0.13893[+01 .LE. X .LT. 0.14143E+01 = 0.00000E+00 +- 0.1il0000E+01il I t.f o. o 0 

.. 1f) r 
0.14143E+01 .LE. X .LT. 0.14393E+01: 0.00~00E+00 +- 0.00000E+0ii.l- I - '" I') ~ 

.; 1a.14393E+rill .L£. X .LT. 0.14643[+01 = 0.00000E+00 +- 0.0~000E+00 I V\ j.J' .::; -- ~ :0 . ....
0.14643E+01 .LE. X .LT. 0.14893E+01:: 0.0e000E+00 +- iii • ((Hl <1 0 (1 E +I'llil I C:F 0.14893E+01 .LE. X .LT. 0.15143£+01 = 0.00000£+00·- 0.00000E+1il1ll I ::c. 6' i'1 ;.. 
0.15143(+01 .LE. X .LT. 0.15393E+01 = 0.00000E+~0 +- 10. 0~Ho00E +00 I ~ <. 

~.0.15393(+01 .LE. X .LT. 0.15643E+01 ~ 0.00000E+00 + 0.0000IilE+00 I < ___C 

:~.-0~-156-43E+01-;LC X :: ~.I,H:lI''''H:lE+00 +- 0.1il00100E+00 s
tl Lr 

mailto:0.0e00eJE+@0


- - -- ..----.--~. ~,.----..- ..

HISTOGRAM NO. 1 SUM:: 0.49800E.+03 NORMALI2ED TO 0.00eJ00E+00 SCALE = 1.~0 

VAR.-TEST NO. 1 0 

~~ $$~$$$1$$$****.** •• M4 *.*~*.~~~$$$$$$$$$$ 

M(OJ ;;, c;. (6 ,A\)x • LT • 0.31206E+~H' :: 0.212H100E+01 + 0.14142E+01 1** 
0.31206E+00 .LE. X .LT. 0.337k36E+00 :: 0.000"'0E+00 + 0.000"'IOE+00 I 
0.33706E+00 .LE. X .LT. 0.36206E+00 :: 0.00000E+00 + 0.001Cl00E+00 I 
0.36206E+11I0 .LE. X .LT. 0.38706E+00 :: o.I:HHH'J0E +00 + 1O.00000E+00 I 
0.3R706E+0111 .LE. X .LT. 0.4121i16E+00 = 0.1001il0E+01 + 0.1000IOE+01 1* 

_,r.'I.41206E+011J .LE. X .LT. 0.43706E+00 = IL 10000£+"'1 + 0.10000E+01 1* 
11J.43706£+00 .LE. X .LT. 1'1.46206E+0£(' = 0.1IiH1I00E+01 + 0.1 0 ;30IOE+"'1 1* 
~.46211!6E"'00 .LE. X .LT. 0.48706(+00 :: 13.0e000E+00 + 0.00000[+018 
0.4R706E+00 
0.51206E+0iC 

.LE. 

.LE. 
X .LT. 
X .LT. 

0.51206E+00 
0.53706E+00 

" 
= 

0.200"'0E+01 
0.2000I')E+01 

+
+

0.14142E+01 
0.14142E+01 

I" * 
liB 

~' 11!.53706E+0~ • LE. X • LT. 'iJ.56206E+00 :: 0.30000E+"'1 + 0.17J21E+fi1 l.~* 
! 111. 5f,206F +00 

111.58706[+00 
0.61206E+00 

• L E. 
• LE. 
.LE. 

X • LT. 
.LT.X 

X • LT. 

0.58706E+00 
0.612"I)E+00 
kL63706£+.Hl 

:: 
:: 
= 

0.8010100£+01 
1O.4"'000E+01 
0.;;'000.oE+01 

+
+
+

0.282841':+161 
liL 2eJ0~VJE+01 
1!l.17J21E+01 

I***.~**. 
1*,,** 
1.,,* 

*"\' 

C.637Yl6E+00 
11!.66206E+00 
0.68706E+30 

• LE. 
•LE. 
• LE. 

X 
X 
X 

.LT. 
• LT. 
.LT • 

0.662k36E+00 
0.687116E+00 
0.71206E+00 

:: 
= 
:: 

!!l.90000E+Ja1 
0.801i:l00E+01 
0.80,:iH?iiOE+i1l1 

+
+
+

0. 30001.1E+1:11 
0.28284E+1il1 
0.28284E+01 

I "."*~~~~~, 
I****o**it 
I <H'.~~*"~ 

-) 

.il.71206E+00 
0. :'370tE+00 
~. 76,?~J6E+00 

0. 7A7C'6E +00 

• LE. 
.LE. 
o L£. 
.t. E • 

X 
X 
X 
X 

• LT. 
· LT. 
• L T. 
• L To. 

0.737iJ6E+00 
0.76206E+1il0 
0.78706E+00 
1il.81206E+00 

= 
:: 
= 
:: 

0.14000E+02 
1il.21.1600E+02 
0.23000E+11I2 
0.2900i6E+i62 

+
+
+
+

Vl,37417E+VJ1 
0.45826E+01 
0.47958f:+01 
0.53852E+01 

L*******o***it** 
I**~******6~O*****§**~ 
I~******§*§************* 
I**~~.~*.*~*~*.*.~~*··***·*~*· 

,-, 

, 
y 

0.8121'6E+00 
.o.837f16E+00 
0.86206(+00 
0.b8706("~0 
2.91206E+00 
"'.937?6E+00 
0. 962v,6£ +12110 
0.9870t£+00 

• LE. 
• LE. 
• LE. 
• LE. 
.LE. 
.U:. 
.LE. 
• LE • 

X .LT. 
X • LT. 
X • L To 
X • L T. 
X • L To 
X • L To 
X • LT. 
X .LT. 

0.83706E+0'" :: 
0.862"6E+00 :: 
0.88706E+00 :: 
o .912>16 E. + 0" ':: 
0.937i<li)t+00 :: 
0.96206£+1010 :: 
0.91:l701)c.+00 :: 
"'. HJ121E+01 = 

0.2619"'0E+12I2 
0.450el0E+02 
0.30181616[+02 
0.42000E+02 
0.29i000E+02 
!!l.34000E+02 
0.371000E+02 
0.24Ja00E+02 

+
+
+
+
+
+
+
+

0.516\190[+1'11 
0.670f12E+n 
11.54172£+01 
0.64807E+01 
0.53852E+01 
0.511310E+01 
0.6"82BE+li'1 
VJ.48991':[+I31 

I*********o***************~ 
I*a**.******~******~***************~w********* 
I*~ •• *** •• ~~*~*~*.~·*~.·~*~~~~· 
I~.~~~.~.***.~~.~·.~*·.·~·~·~·~~*···~**·~*· 

! •• * •• *~.*.~~**~*.** •• ~ ••• ~ ••• 
I*~**********a~****a*************** 
I~~.**.~.*~~;.* •• ***~*·~···**·~~~··*·* 
I*************~********** 

'Z:., 
('t> 
J) 
IJ3cO-' 
.../ 

(, 

I1!.H1121E+01 
0.10371(+01 
0.Hl621E+01 
0. Hl871E+01 

· U:. 
• LE. 
.LE. 
.LE. 

X .LT. 
X • LT. 
X .LT. 
X .LT. 

0.10371E+01 
kl.HI621E.+01 
ril.t0871E+01 
iL11121E+01 

:: 
:: 
:: 
:: 

eJ.210"'0E+ei2 
0.22k:HJ0E+02 
0.17000E+02 
0.16000E+02 

+
+
+
+

0.45826[+i:l1 
0.469li14E+1Z1 
0.41231E+01 
0.40000£+01 1 

1****0*0************** 
1********************** 
I***oooo*o.******* 
I***oooo*****.*** 

i:1.11121£+01 
0011371E+01 
0.11621E+01 
0.11871E+01 
0.12121E+01 
0.12371E+01 

---~. 12621 E+01 
'.J' 0.12871E+~11 

111 .13121E+01 
0·13371E+01 

'.ii! 0.13621E+01 
10.13871[+01 
1il.14121E+01 
0.14371E+01 
III .14621£+01 
0.1 4 871E+01 

•~ 0.15121E+01 

".I 
I 

0.153 71£+01 
-0~ 15621E+01 

.LE. X .LT. 
• LE. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.LE:. X .LT. 
.LE. X .LT. 
.U:. X .LT. 
• LE. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.L:E. X .LT. 
.LE. X .LT. 
.LE. X .LT. 
.LE. X .LT • 
• LE. X • LT. 
.LE.'X"··· 

o.11371E +01 :: 
0·11621£+01 :: 
0.11871E+01 :: 
0.12121E+01 :: 
0012371E+01 :: 
0.12621E+01 :: 
0012871E+01 :: 
~L13121E+01 :: 
0.13371[+01 :: 
0.13621E+01 = 
0·13871£+01 = 
0014121£+01 = 
0.14371£+01 :: 
0014621£+01 :: 
1O.14871£+"H :: 
0015121E+01 :: 
0015371E+01 :: 
!!l.15621E+01 :: 

':: 

0.901il:1l0E+fj1 
0.60000E+101 
0.00000E+00 
0.101000[+01 
0.10000E+01 
0.101Cl00E+01 
0.I!H10i6I1JE+00 
0.00000E+0iil 
0.1£l!!l1ll00E+00 
0.00000E+00 
0.100000E+00 
0.00000E+00 
0.0!!l000E+100 
0.00000E+00 
0. 11:)I':11000E +00 
0.001110.oE+00 
0.1001000£+00 
0.0000,0E+0:a 
'0;00000E+00 

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

0.3000I1E+01 
0.24495£+01 
0.00000E+00 
0.100010(+01 
". H:1000E+fOl 
0.10000E+01 
0.00000E+00 
0.00~00E+Ql0 
0.0"'0Ql16E+00 
0.00000E+01O 
1!J.00000E+00 
0.00000E+00 
.0 • 00:/1 0 0 E + 0 Ii! 
0.'HHHHlE+00 
0.00000£ .. 00 
"'.0'HHl0E+00 
0. 00001<lE+1II0 
0.00000£+00 
11 dl000IOE ... 013 

-:z 
9 
.p 
i!' 

r
fj) 

~ 
.......", 

I.~~*i*~*i~ 

l**~~* • 

I ~Z --.-,---,- -

:: -< ~ j __ ~ __,_______ ' 

t'lI vJ 
I 
I' 
I 
I 
I 
I 
I 
I 

------,----- '-'

,--,-' -----

::1 
J.e 
,j> _.... 

II 

l-t-:d 
:t 
(iJ 

Z. 

9f'
~';t

Q

mlf> 11
",..-._....V!. ._._," -(f--'.j11 q $"-" 

1) I' J>. ~.- "" ;:: .../ ,~fil IT'\-
o c- f 
Q -->- ..• 

V\fi" 
At 
C9 

/b 

C. 
r 

t1 
n ,J

(: -: ~ 
-r"". ~~-

/? 

" ..; 
t.}" 

'> 

.- ---.....  -------
,J 



------------

HISTOGRAM NO. 1 SUM = 0.49500E"'~3 NORMALI2ED TO 0.00000E+00 SCALE = 1.1'J0 
VAR.-TEST NO. 1- 10 

$$iS$$$$~$~.~****** M4 *********$$$$$$$$$$ 

)v\C'r.sS C. (-, ~V) X .LT • 0.31205E+011l :: 0.501;)00E"'01 +- 0.22361E+01 1*,,.,** 
, 0.312~5[+01il .LE. X .LT. 0.3-571:Fj£+00 :; 0.20000E+ih ... - ~.14142E+01 1** 
,L0 . 3 -; 7 (ij 5 [ + '" 0 • L E. X • LT. Vl.36205E+00 :: 0.1<l0000E"'Q10 +- 0.00k:J00E+00 I 
i 121.36205[+1013 .LE. X .LT. I:'J.3871<l5E+00 :; 0.00000E+00 +- 1il.00k!J00E+00 I 

0.3871'1?[+1'1121 .LE. X .LT. 0. 41?05[+IGH'! :: 1O.201000E+01 +- 0.14142E+01 1*" 

_._.~"41205E+~el .LE. X .LT. 0.43705E+<:)0 = 0,00000E"'00 +- k!J.00k!JlliI!JE+0kJ I 
 ------- --.'~-'--

0.4:';705E+00 .LE. X .LT. 1Il.46205[+(.H1 :: 0.40000[+101 ... - 0.2~00I1lE"'01 1**** 

12i.46205E+00 .LE. X .LT. 0.4870'>[+00 ::: 0.M1000E+01 +- 0.24495E+01 !**~*** 


.41':705E+00 .LE. X .LT. 0.5120'5["'1110 :: 10.310000£+01 ... - 1'1, 17321E+01 
 I"""
0.51205E+00 .LE. X .LT. 0.53705£+0:1 :: 0.40",0I.1E"'01 +- 0.2I'J11l0I!J[+01 1***" 

10.53705[+00 .LE. X .LT. 0.56205[+10<1 :: 0.81Z10(HJE+01 +- 0.28284E",101 10******* 

0.5~21il5E+00 .LE •. x .LT. 0.5870'5t+~0 :; 0.13.ilI'1<lE"'02 ... - 0.36056E+01 
 I ** **********~__ . 
0.5A711l5E+1Il0 .LE. X .LT. 0.61205i:+0<1 :: 0.80';00[+01 +- 0.28284["'01 1*"* .. ,, .... * 

0.61205E+00 .LE. X .LT. 0.63705E+00 = 0.7elJ00E+01 +- 0.26458["'01 1******* 


____0.63705E+00 .LE. X .LT. 0.f.6?05£ ... 0H :; 0.80iZ10IilE"'1ZI1 +- 0.282A4E+lh r,,*******

0.66205(+010 .LE. X .LT. 0.6fl70'iE ....H) :: 0.1900IilE+02 + 0.43589E+01 
 1******************* 

0.6fl705E+Vl0 .LE. X .LT. Ill. 712v)5t.+0',~ :: ro.25000F+02 ... - "'. 5Cl0V',eiE ... 01 I*~~**~~***§~*******~**~*~ 

11!.71211l5E+00 .LE. X .LT. "'.7370'5["'1(10 :: 0.15000E"'i02 +- 0..38730E+01 1*{:·**.o**o***.g,***

0.73105(+00 .LE. X .LT. 0.76205t:+00 :: 0.1200M:+1il2 ... - ,j.34641E+ 1il 1 1******0'***** 

0.76205E+012i .LE. X .LT. "'. 78705E+rli(~ :: 0.170100[+<'12 ... - l-l.41231E+>'l1 I**~************** 

10.78705(+00 .LE. X .LT. 0.812105E+\{)0 :: 0.3000<)[+02 +- .-1.54772F:+01 1•• "**,, .. ** .. ****** ..... ,,*,,***,,*,,** 


-0.81205E"00 .LE. X .LT. 1lJ. 837&')5£'" ,10 :: 0.2100J[+02 ... - k:J.45826E+1il1 I~o******~************ 

11!.837rli5E+00 .LE. X .LT. ". R62~5i::+"'0 :: 121. 2900·£)[ ... 02 +- 1tI.53852E"'I01 j •• ** .... * .......... ***""**.**,,.* .. ** 

10.86205>+00 .LE. X .LT. 0.13e71"5 +i'J(~:: 0.35;HII1lE+02 ... - Oil. 591(')1[+131 1* ...... *****.*** .. * .. *.. • .. ***,,*·*· .. ••• .. * z:: 

0.8B711l5E+1Il1ll .LE. X .LT. ~~ • 91? ~;;? i. .. :/ ~1 ::: 0.3f;<l00E"'02 .... <:l.olo44i::+01 1...... **"**.***.*****,, ..... ·***·* .. ,,*· .... ·,,* r10.912915(+021 .LE. X .LT. ~.937i1'it.+<:l,~ = 1O.3200IOE"'02 ... - 0.:56:51\9£+01 I~*****~****************~******** .,.9

0.93705(+1Il0 .LE. X .LT. 0.962";5[+010 :: 10. 27000E "'02 +- iL 51 %2F. +01 I*~*****.*******************


J 	
vol

0.9621'':>[+00 .LE. X .LT. o • 98 7 0 'j £ ... V(~ :: 0.3HHl0E+02 + v1.55678E+01 1** ""** **.,. ***.if ... ** .. o-~*· ** *** .... *~* 

12i.98705E+00 .LE. X .LT. "'. HH21E"'01 :: iZI.23000E+102 ... - 0.47958[+01 1*********************** ~ 


, '!J.10121E"'1Il1 .U.• X .LT. 0.1<)371E+01 :: 0.12k!J00E+01l2 +- 0.34041E+!Ol 1.*,,******** .. 

1.1 0 . llllP 1 E + '" 1 • L E. X • LT. i'l.1\'J1)21E+01 0.11<)00E+02 ... - 0.33166E+01 }.a-*******a.** 
.; 0.1;~621E+01 .LE. X .LT. 'Lli1R71[+01 :: iZI.13<100E"'02 ... - \1.3MJ56E"'01 1*000-*****.0*** 

. 0.10871[+01 .LE. X .LT. 0.11121[+101 :: 0.14.ilkl0E+02 +- Vi.37417["'01 >e I **·tHlO****«Ht*** 
-'-111.11121[+(111 	 .LE. X .LT. 0.11371["'01 :: 0.60.000(+01 +- 0.2449':)E"'kll J'> 1***,,** ./)


0.11371E+01 .LE. X .LT. 0011621E+~1 :; 0.9IiUHH1E+01 +- 0.3000.0["'01 \/' 1********* :;. 

0.11621E+01 .LE. X .LT. 0.11871E.+01 ::: 0.401100E+01 +- 0.20IHJ0F:+01 1**** 'Ii -r 


.-' -.----r~0.11871[+01 .LE. X .LT. o .12121E+~11 :; 0.30.H10E"'!!Ji ... - 0. 1732iE"'f11 r-'t 1*,,* -z·Sr 57 

,,:1. 12121[+01 • LE. X • LT. 0.12371£+01 :: 0.HI000E"'Vl1 +- t.. H'I000E+01 1* :.r. ,Jw f'l 
",I">.,,-..0.12371E"'01 .LE. X .LT. 0.121\21E"'1il1 :: 0.20000E+101 +- 0014142E+01 f? 1,,* ....... 	 9 ,- II"'>


19 
-- ... 	 --n 

-0-; 11' 6? 1 E + 01 • L E. X • LT. 0.12ii71E+i7J1 :: 0. HhHJiiJE+01 , +- 0.10Mh1E"'~H I .. N I/' q 

~ rt-A .r "'1 .P
0.12871F+01 .LE. X .LT. V1.1.3121£+01 :: 11. ~H1000F."''''i;l ... - 0.00~0k:JE+00 I vl 	 p,..,/0.13121(+01 .LE. X .LT. IL13.571t.+k!J1 :: 1O.1<l0000E+01il ... - o .1/I0iJ0k!JE+~10 I r 	 11 ~ ~ 

....::./----- -_. " 	 . -'. '.,p0.13371[+01 .LE. X .LT. IL13621t+1<l1 :: 0.00i00k!J[+0121 +- 0. 000~h:)E "'130 I 	 ()
;:: (> ukl.13621t.+~1 .LE. X .LT. 0.13R71E"'01 :; 1O.0000IOE+100 +- 0.00l100E+0kl I \1' 


0.13871E"'01 .LE. X .LT. 0.14121E+01 :: 0.00J000E+01O +- 1'1. itH1000E "'0i:i I 
 g Z
.14121F"'01 .LE. X .LT. 0.14371["'01 :; 0.000vHlE"'00 +- .;I.0/l000E"'00 I 	 vJ. V\ ~ 

0.143 71E+01 .LE. X .LT. 0.14621E+01 :; 0."'0<1['lk1E"':O~) +- 0. 0LhJ~0E+VJ0 I 	 6""/ C .0 r> ...0.14621E+01 .LE. X .LT. 0.14R7jE+01 :; 0.00000[+\3>1 +- ;:).00.o00E+00 I 	 ____..J) (7
""",,",..'"'2:-- --	 --' 

.14871£+~1 .LE. X .LT. 0.15121£+iil1 :: ;o.0Iil.:l0l1£+1l~ ... - 0.020Z0E+0fJ I 
foe 	 (Y <. >

0.15121E+01 .LE. X .LT. (,1.15371E"k'l! :: 0.i00.HH:lt+0~ ... - J. ~Hl000F: +,,1<1 I 1- ~ 

--r 
. 0.15371[+01 .LE. X .LT. 0.1.51\21[+(11 :: 0.0~001:l[+010 ... - 0.0e00~E"'00 I < r----..-_....--.- .._-- 4 	

r.t<: - .~-QJ ~156 21£ + 01 • L E. X 	 = 0,0(hiiel0E"'00 +- i!J.02'00.13E + 00 I <: 	 'So'" 	 r cJ'b'-'------_._..-	 -.----...;,;,/'"""-----_.- .--- 

http:1Il.46205[+(.H1
http:v\C'r.sS


, / ------------_._-----_.. , "-_. ,,-"- -------------'~~~'----- .---.......- ----,-,,.' 
HISTOGRAM NO. 3 . SUM = 0.5121000E+~3 NORMALllED TO 0.00000E+~0 SCALE :: 3.59 


~ VAR.-TEST NO. 2- 0 


$$$$$$$$$$ ••••••••• T ••••• * •••$$$$$$$$$$ 

-t ( (, ~V t.) x • LT. -13.15844[+131 :: 0.00000E+0121 +- 0.00000E+!o:O 1 

-0.15844[+e1 .LE. X .LT. -0.151'134E+12I1 :: 12I.00000E+00 +- 0.0000IOE+00 I 

-0.15834[+01 .LE. X .LT. -0.15824E+i01 = 0.0000IOE+0121 +- I1.IHHHH:'E+00 I 

-0.15824[+01 .U:. X .LT. -""15814E+12I1 :: 11I.12I0i000E+00 +- 0.e0.H'10E+01O 

-0.15814[+1'11 .LE. X .LT. -0.15804E+01 :: 0.0000IiJE+00 +- 0.0lhl00E+1iJ0 


~:-0.15804[+1'11 .LE. X .LT. -0.15794£+101 = 0.00000E+00 +- 0.00'100E+00 

-e.15794[+01 .LE. X .LT. -0.15784E+01 :: 0.00000E+00 +- "'.00001"': +00 

-~.15784E+01 • LE. X • LT. -0.15774E+01 :: 0 • .o000.oE+;»0 +- ~.006~~E+e0 


-0.15774£+01 • LE. X • LT. -0015764£+01 :: 0.00000E+0:O + 0.00000[+00 1 

-0.15764[+01 • LEo X • LT. -0015754E+01 :: r.L0I1J.o0I1JE+00 +- 0. "HHJ00E+00 1 


" -1O.15754E+01 • LE. X • LT. -0.15744E+.31 :: 1O.00~11J0E+00 + ".0.':.:100[+1110 1 

:-0.15744E+01 • LE. X • LT. -0.15734E+01 = l1Jd:j~000E+011J +- vJ. eH;;.100(+00 1 


I '! - ill • 1 '5 73 4 E + 01 .LE. X • LT. -0.1:;72 4 [+01 :: 0.00000E+00 +- <1. 0~Hj0"E +00 1 

-,i; -IL15724E+01 .LE. X • LT. -'''' 15714£+01 = 0.02000E+00 + ,j.03000E+00 1 


__:-0.15 714[+01 • LE. X • LT. -0.157[;14E+01 = liL11J0000E+01O +- 0.001100E+00 1 

-~ .157<~4[+01 • LE. X • LT. -0.156941:.+01 :: 0.0000IOE+0iO +- 0.00000E+00 I 


') 
 -0.1'5694[+01 .LE. X • LT. -0.15684[+01 :: 0.11J0000E+00 +- 0.00000E+00 1 


! 
-?.15684E+(il1 .LE. X .LT • -0.15674£+01 :: 0.00000E+00 +- 0.00000E+00 1 


! -ilJ.15674E+fil1 • L E. X • LT. -0.15664E+1il1 = 0.0fiH'Hl0E+00 +- 0 .... HH10~E+00 1

",I -0.15664£+01 .LE. X .LT • -0.15654[+01 1.3.00000E+101O +- 0.00000[+00 1 


__	-0.15654E+01 • LE. X • LT. -21015644£+01 :: 0.00000£+00 +- 0. iiH1000E+00 1 

-0.15644E+01 .LE. X • LT. -10.15634£+01 :: 0.IHhH:H1E+00 + 0. 03v.HH:lE +00 1 

-0.156:\4£+01 • LE • X • LT. -0.15624E+01 :: IO.HlI00l<lE+02 +- 0.31023[+01 I •• 

-0.15624[+01 • LE. X • LT. -!o. 15614E+ 01 :: 0.331::)00E+02 +- 0.:;7446E+01 1.. **••• ., •• 


i" -ICL15614E+fil1 • LEo X .LT • -0015604E+01 = 0.12400£+0,3 +- 0.11136E+02 I * {} * ** * **'. *-;.-~ ..... * ... *" «- ... * * * ~ ...... * ~ ~;o * {} * * * 

" : -0.15604E+01 • LE • X .LT. -0.15594£+01 = 0.183001E+0,3 + 0.13,:)28E+02 l*~********~*********~*~*~*.*********~***··******~·· 


-(3.15594E+01 .LE. X • LT. -0.15~84E+01 ~ 0.10900[+0,3 +- 0.10440E+02 I~.4.~*****~***.******~**~**.**
j-0.15584i'+Q:! .LE. X • LT. -0.15574[+01 = 0.37000[+02 +- 0.6Z828E+l11 ID ••••• ~.*~ - ,. 

-0ol5574i'::+1i"1 • L E. X · LT. -0.15564E+01:: 0.40000[+01 +- 0.2V100I.:lE+01 I. 


I .-0 .15564E +fill .LEt X -0.15554E+01:: 0.00000£+00 +- i1.iIl;;'~00E+01.:l I 

,;-;. 11 • 1 555 4 E + III 1 .LE. X • LT. -10.1554 4 [+01 = 0.00d00E+0~ +- 11. 0~Hl00E+00 I 


• LT. 	 .-----------" 

• LE. • LT. 	 {'tf}' I -0.15544E+01 X -0.15534E+01:: 0.001000[+00 +- .:).e3000E+(1;0 I

i, -0.15534£+01 .LE. X • LT. -0.15524E+01:: 0.000010[+00 +- 0.100110I.:lE+00 I 

9 ----0
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15 VI 30 (BM 107) BENDING MAGNET 


Measured Data - Central Field vs Magnet Current - Bending Angle vs Momentum 
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Total Weight: 18 Tons 

Measured Data: 

Voltage 91 Volts de 

Current 1200 Amps de 

Power. 109 kW 

Field Strength 18.6 kG 


Cool ing Water 
(System Pressure Drop 200 psi) 


No. of Circuits 16 . 

Pressure Drop 153 psi


( 
Flow 14Jlpm" 
Temp. Rise 54 F 

,2 .4 .6 .8 1 3 4:) 7 9 12 15 
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Percent Change of J8dl Across the Gap - Mid Plane 
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TerminalCurrent 
Voltage(Amps) 
(Volts) 

300 21 


500 36 


700 51 


900 66 


1100 82 


1200 91 


1300 99 


1400 .107 


1500 116 
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.. . C.''Lateral Position (Inches) 
~ - _. 

JBd1 10 = fBdl Central Field. 

(lOS Bo (Gauss) 


Gauss-In) Eff Length 

(Inches)+O .1 
 Up Down 

1.553 32.7 4741 4743 


2.595 32.8 7898 7900 


3.598 32.5 . 11050 11054 


4.640 32.6 14189 14197 


5.613 32.5 17222 17237 


6.036 32.4 .18614 18638 


6.452, 32.4 19906 19929 

(

6.742 32.0 21054 21068 


6.972 31.8 21939 
5.6 B 




5 Q 18 (QM 105) QUADRUPOLE MAGNET 

Gradient and Measured Data 
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c 

SlOE Tenninal
Current Gauss/VIEW Voltage(Amps) Inch(Volts) 

200 12 830
Total Weight: 2.0 Tons 

400 24 1644 


Measured Data: 

600 36 2462
Voltage 77 Volts de 


Current 1200 Amps de 800 48 3266 

Power 92kW 


1000 63 3985
Field Strength 13 kG 

1200 77 4574


Cool ing Water. 

(System Pressure Drop 200 psi> 1300 83 4833 


No. of Circuits 12 1400 91 5054 

Pressure Drop 127 psi 

Flow 9 gpm Errors 210 ±o .5Yo 


Temp. Rise 720 F 
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ABs'rRACT 

We propose to measure recoils from the 

internal H2 and D2 gas jet target at incident energies 

up to 500 GeV and values of It I up to 5 Gev2 using a 

single arm magnetic spectrometer. The \vide range of 

incidEmt energies I low target density and high lumin

osity available at the internal target are well suited 

for a high-resolution, high-statistics study of the 

sand t deDendence of pn elastic and inelastic scatter

ing as well as elastic and coherent inelastic pd scat

terina. 

Scientific Spokesman: 	 Stenhen Olsen 

716-275-4394 

NAL Ext. 3795.. 



Introduction 

There has recently been a proposal by l.Tovanovic, ~alamud, 

Nikitin and Kuznetsov to construct an experimental hall at C-o. 
To exploit the advantages fered by this new area we are here 

revising our proposal #198. The nhysics objectives, discussed 

in detail in our original Dropos I are briefly restated here. 

By studying pp and pd elastic and inelastic scatterinq from 30 to 
2500 GeV in the Itlranae 0.3 to 5.0 Gev we hope to find answers 

to th~ questions: 

1. 	 Does shrinkage persist at high t? 

2. 	 How does the break in the elastic differential cross 

section at 30 GeV develOp' into the diQ observed at 

the ISR? 

3. 	 Does the position of the dip varv with energy? 

4. 	 What is the s dependence of do/dt for tIs beyond 

the dip? 

5. 	 Is there structure similar to that for elastics in 

the inelastic production of nucleon isobars? 

6. 	 What is the x and s dependence of the inclusive proton 

spectrum near the kinematic limit? In the context of 

the triple Reqqe model, what is the strength of the 

'triple-pomeron coupling? To determine this one needs 

-to measure both x and s dependence. 

7. 	 How do coherent inelastic nrocesses on deuterium 

compare with elastic pd scattering? 

Competinq Experiments at NJI.L 

There are two other exoerirr.ents at NAL studying elastic 

scattering at "high" t: 

1. 	 NAL #7 (Meson Lahoratory) 

This experiment "Jill use a double arm spectrometer in a 

secondary beam. The expected countinq rate is 20 events/day for 

a cross section of 100 nano-barns so the data rate in the reqion 

It I > 1 GeV2 may be marginal. 
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177 (Proton atory)2. 	 ---- 
Elastic nn scatterina will also be measu at hiaher 

momentum transfers (It I ~ 5 (GeV/c)2) . This experiment I also 

using tv'lO arms, will have high luminosity and will be sensitive 

to small cross sections. On the other hand, it will be difficult 

for this experiment to reach lower It I values. For example, at 
2400 GeV/c an event with It I ~ 1 (GeV/c) will have a forward 

scatterinq angle of 2.5 mrad - a difficult particle to detect. 

Since the dip in the elastic differenti pp cross section 

occurs in the region 1 < It I < 2 Gev2 , neither of these experiments 

well suited to study this structure. 

Unique 	Advantaaes of the Internal Jet Target 

The jet target has unique characterist '\iIlhich make it 

especially well suited for the physics we have proposed to inves

tigate. These properties include: 

1. 	 Low density target permitting good mass resolution. 

2. 	 High luminosity permitting high statistics. 

3. 	 Continuous energy variation of the incident beam during the 

machine ramp permitting study of t.he energy dependence of 

the processes studied. 

In addition to these properties which are conducive to 

a good expe:riment, the jet target has the practical advantage that 

it is essentially paras ic in nature. Experiments in the internal 

t t lab will not af ct the experimental proqrams being carried 

out in the external heam lines. 

3. 	 Experiment #198 (Internal Target Laboratory) 

In contrast to experiments #7 and #177, the proposed exper-· 

iment #198 does not detect fonlard qoing narticles but uses a 

sinole arm to detect the recoil nroton. The senaration of elastic 

and inelastic events fore relies on an accurate determination 
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aoina forword .. Good mass resolution is in 

turn dependent on a nrecise ation of the recoil ana.le 

and the recoil momentum of the detected particle. A detailed 

calculation of our mass resolution is nresented later. Here we 

outline the principal features of this problem and the general 

design of our single arm spectrometer. 

The spectrometer is shm·m in Fig. 1. We will use two 

bending magnets which give a total SB' dl of 50 ka-m and bend 3 

GeV/c particles by 30 0 in the horizontal plane. Six vertical 

and 3 horizontal proportional wire chambers will measure the 

recoil angle and momentum. The forward chambers which measure 

the polar angle will consist of pairs of planes "lith 1 rom wire 

spacina "staggered" by 0.5 rom to give an effective snacing of 

0.5 rom. Pions will be rejected by time-of-fliaht and a plastic 

Cerenkov counter at low momenta and by a gas Cerenkov counter at 

high momenta. 

- -! , .,
W.l..1. .l. build two aif Lelli:. "£.r.ont ends!! ror t:.he spectrometer. 

These are illustrated in Figs. 2a and 2b. The first (Fia. 2a) is 

a standard set-up consist ina of wire planes separated by helium 

bags. The second (Fig. 2b) is a "zero mass" and therefore "zero 

multiple scattering" system consisting of a "slit" defined by veto 

counters inside machine vacuum which is extended ~5m to the first 

magnet. In this system we trade off counting rate for high resolu

tion. 

The Multiple Scatterinq Problem 

The accuracy to which recoil anqles and momenta can be 

measured can be no better than the limits imposed by multiple 

Coulomb scattering. There is no way to avoid this - the best we 

can hope to do is to reduce the multiple scatterinq to the point where 

its contribution is acceptable. Multiple scatterinq in a conven

tional liquid hydrogen tarqet typically limits the mass resolution 

at 300 GeV incident energy to ~l Gev/c 2 which not good enough 

to separate elastic and inelastic events. 
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In arison, the largest. contributions to r:'cul tiple 

scatterin0 usin(i a eras jet tarnet corne fro2 the vacuur:', exit 

windm'l and detectors. In our set-un of Fig. 2a these contri
2 

butions can be reduced to the point where 6M = ±240 Mev/c at 400 
2

GeV incident energy and It I = 1.5 GeV. We can improve consider

ably on this resolution by eliminating entirely the effects of 

multiple scattering in our measurement of the polar angle. This 

can be done by extending the machine vacuum un to the first magnet, 

as shown in Fig. 2b. Two small clastic scintillators in vacuum 

'VI m from the target define a 1 rom wide "slit" by vetoing all 

partie not passing through the slit. A second position measure

ment made with a wire plane immediately behind the vacuum exit 

window which is 5 m from the target. The anqle measurement, 

having been made essentially in vacuum, is independent of any 

multiple scattering and its accuracy depends only on the slit 

size and wire spacing. Indeed, the accuracy is so good, 68 = ±O.l 

mr, that the incident beam divergence becomes non-nealicrible. 

with the "slit" arrangement of Fig. 2b we obtain a mass 
2resolution of 6M = ±135 Gev/c at 400 GeV incident energy and 

2t = -1.5 Gev . The price for this imnroved resolution is a 

reduction in counting rate by a factor 30 from that of the con

ventional wire plane system of Fig. 2a. 

Resolution Calculations 

The limiting factor in the mass resolution of the proposed 

spectrometer is multiple Coulomb scattering in the vacuum window 

and wire planes. We minimize the path through air by placina 

helium baqs between the chaY.lbers and ins the magnets. 

Fig. 2a shows the thicknesses of'material through which 

the scattered crotons pass. The most critical window is the one 

separating r.1achine vacuum from atmosphere. In Exp. 188 (Rutcrers 

I.C.) we used a 3-mil titanium window which was bench tested to 

destrl.lc:tion and broke at 450 psi, i. e. 30 atmospheres. 3-mil H
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il~ (Dylar) windows were also tested found to hold up to 10 

atmospheres. For the present exneriment we clan to use 3-mil 

H-film backed un by an isolation crate valve so that the H-film 

window would see machine vacuum only durinq data-taking. If 

the accelerator section judged the H 1m window too thin to 

use over long periods, we would beain with a Ti window. 

As an example we calculate the mass resoltuion at t = -1.5 

GeV2 , the region of the dip in the el cross section. The 

recoil momentum at this t is p ~ 1.5 GeV/c. Using the arrange

ment of Fig. 2a with a 3-rnil H-filrn vacuum window we get an 

uncertainty in the polar anole of ~e = ±0.37 mr. The uncertainty 

in the angle of bend through the magnet is ~~ = ±0.39 mr. For a 

300 bend this corresconds to ~p/p = ±0.76 x 10--3 . Multiplying 

these uncertainties by 8M/aO and 3M/3p and adding quadratically 

we obtain a mass resolution of ±240 MeV at 400 GeV incident energy. 

tiple scatteri~q cffcct~, 

are measurement errors due to wire spacinq. The incident beam 

divergence is included in ~e. The effect of the uncertainty in 

the incident beam mor;:.entum is very small and has been neglected. 

Our mass resolutions at 400 GeV are summarized in Table I. 

Since the mass resolution is a linear function of the incident 

energy E, resolutions at energies other than 400 GeV may be ob

tained by multiplyinq the values of Table I by E/400. 

TABLE I. The mass resolution, in MeV, of the wire 
plane (Fiq. 2a) and slit (Fig. 2b) snectrometers at 
400 GeV incident energies. Mass resolutions at 
energies E other than 400 GeV can be obtained by 
mUltiplyinq qiven resolutions by E/400. 

1>1 a ss Resolution (MeV) r-~ass Resolution (MeV)t (Gev2 ) Wire Chambers (FiC!. 2a) Slit System (Fig. 2b) 

-0.5 ±335 f150 


-1. 5 ±240 ±135 


-4.0 ±l90 ±125 


0.0 ±215 ±200 
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Countin0 Rates and Backarounds 

2In the region of the break (t ~ -1.5 Gev ) we expect the 
12elastic rate for 5 x 10 cratons/pulse to 

Nel = L do/dt ~t ~¢/2TI 

1034 10-31 - x x 0.2 x 0.02/2TI 

= O.G/machine pulse 

where L is the luminosity. This is the expected rate for the 

large solid angle system shown in Fig. 2a. For the slit system 

(Fig. 2b) the rate is a factor 30 lower. 

Although the elastic events occur at the kinematic limit, 

due to the finite acceptance of the spectrometer (at t = -1.5 

Gev2 , ~Q ~p = 5 x 10-3 x 0.15 GeV/c) we will be sensitive to 

legitimate (reconstructable) inelastic events. Ne estimate the 

number of inelast:ic events "Till be a factor 'VIC 

the number of elastic events. The lower limit on the trigger 

rate will therefore be 'VIO greater than the elastic rate. Although 

the upper lirnit on the trigger rate is difficult to estimate, we 

feel it should not he too much higher since all spectrometer 

elements are well inside the enlarg(~d c-o lIalcove" and therefore 

well shielded from all but beam-target ractions. 

Event rates for our studies pp ~ pX and pD ~ pD,as 

calculated in our original proposal #198, will typically be 

'Vl0 3/machinE~ pulse. 

From measurements made during EISS we estimate the singles 

rate in our first \'lire chamber (two meters from the target) to be 

'VI Mc which leads to a 10% probability of having two wires fire 

during the 100 ns resolvinq time of the chamber. The probability 

of "doubles" in the chambers further from the target \vill be much 

less and we will isolate real from snurious tracks by usinq the 

large of redundancy provided by our six chambers. 
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At recoil morenta below 2 GeV/c protons are ~3.5 ns 

slower than TI'S over the lenath of the spectroreter and we will 

use time-of-fliqht (using PF signal) together \·Tith a "Fitch" type 
v 

lucite Cerenkov counter to senarate pIS from TI's. Above 2 GeV/c 

we will use a gas 
v 
Cerenkov counter. 

SUTIlInary 

The arguments presented in this proposal lead to the 

conclusion that the internal target laboratory is the only area 

at NAL in which the proposed physics objectives can be adequately 

carried out. The unique properties of the laboratory, i.e., a 

thin target due to the gas jet coupled with high luminosity due 

to multiple traversals of the incident beam, make possible both 

a high resolution and a high statistics experiment. The other 

obvious advantage pf the laboratory is the availability of a 

variable energy incident beam and the possibility of extending 

the measurements immediately to any higher energies that may 

become available. 
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Fig. 1. The spectrometer SE:!t.-up inside an enlarged c-o area. The CiS 
denote multi-wire proportional chambers and the T's denote plastic trigger 
counters. Included in the trigger will be an RF signal •. Helium bags are 
used between all elements and inside the magnets. 
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Fig. 2. Two variations of the "front end" of the spectrometer of Fig. l. 
Fiq. 2a is the conventional', hiqh rate wire chamber system. Fig. 2b is the 
high resolution "slit" system. 
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