
NAL PROPOSAL NO. -144 


Correspondent: Samuel C. C. Ting 

Department of Physics, M.I.T. 

611-864-6900-7586 
Deputy: 	 B. Margolis 

Department of Physics 

McGill Univers1ty~ Montreal 

PROPOSAL 	 TO SET UP A'TAGGED PHOTON FACILITY 

AND 

TOSURVEY 	 PHOTON INDUCED REACTIONS IN 50 - 300 BeV REGION 

by 

B. Margolis, P. M. Patel, W. Ross, ~ G. Stairs 

Department of Physics, McGill University, Montreal 

and 

-L. Rira, C. HI'lJli'ilel1, R. Morrison, John Walters 

Department 	of Physics, Carleton University, Ottawa 


and 


E. Coleman, T. Fesesse, Y. Makdisi 

Department 	of Physics, University of Minnesota 


and 


U. J. Beck~r, P. Biggs, W. Busza, M. Chen, T. Nash, 

H.F.W. Sadrozinski, Samuel C.C. Ting, Sau Lan Wu, and Tai Tsun Wu 


Department of Physics, Massachuset'ts Institute of Technology 




j 


.1 
, 
I 

I 


j 

TABLE OF CONTENTS ~PAGE 

Chapter One: 	 Photon physics at high energies 1 

Experiment A: Semi inclusive reactions: )1+ p.-,.;r±+)( 

Experiment B: Search for new vector mesons: t 
2 


... p"'"* p'" V" 10 


Experiment C: Photoproduction of vector mesons: t + p~ p + '£ 
 14 
¢ 

Experiment D: f-W Regeneration from nuclei 17 
.Experiment E: 	 Search for heavy leptons' ~ 

. I 
J+:z + -....., ~ + L.,; + L... 20 


Experiment F: Compton scattering -I + r ....,. If'+ p 22 


Experiment G: Total cross section 24 


Chapter Two: 	 The forward detector 25 


Section A: Design considerations 26 


Section B: Description of forward spectrometer system. 29 


Section C: Triggering of the system and e+e- rejection 40 


Chapter Three: 	 The Recoil System 48 


Section A: 
 Design considerations 50 

51 

52 

58 

Section B: 
 The apparatus 

Section C: 
 Particle identification 

Section D: 
 Acceptance and resolution 

Chapter Four: 	 The Experiments 

Experiment A: 


Experiment B: 
 Two body decays of vector mesons {+-f-> P-+ ,(OJ V~(J>-)) 67 

72 

80 

Experiment C: 
 Three body decays of vector mesons tf~ w"p j t./(W,9)\fo) 

Experiment D: 
 Multiple body decays of vector mesons 

Experiment E: 
 ~-w Regeneration from nuclei 85 

60 

Semi inclusive reactions i+p ~ Ii:f:~ 'I- 61 

Yf'~ r<'l ... -t? Missing mass of x. 



CONTENTS 	 PAGE 


Expt:l!iment F: Search for heavy leptons ;, ~+"l .., i! + L ...... L,.­ 87 

Experiment G: Compton scat~ering <f"" "'P 89 

Experiment R:Total /- nucleon cross sections. ~2 

lUOOperations Schedule 

101Acknowledgements. 

102­Appendix I. Cost consideration 

103II. 	 Non magnetic recoil system 
v 107III. 	 Cerenkov Counters 

113IV. 	 Data acquisition system 

117References 



• • 

A. 

B. VO 

:C. r + f (;tl\-) 

r .+ W 

2. 


Introduction: 

We propose to construct a tagged photon facility in the 50-300 BeV 


region to study the general features of photo-induced reactions. (See attached 


paper on Design of Tagged Photon Beam). 


We produce thelbeam from Ir° decays from a Be target, converting the {rays 

8into e2ectron pairs. With a beam transport system, we collect 10 electrons on to 


a tagging target which produces 4 x 105 tagged photons with a resolution Svr =±O.5% 


in the energy band 120-200 BeV. 


Comparing this beam with other tagged photon beams, we note that the 


4 x 205 {-rays (or 106 total equivalent quanta in the total energy band) are 


•
distributed uniformly over one second of spill t~me, whereas in low energy tagged 

photon beams from electron accelerators the same amount of beam is distributed over 

30 millisecond or less. This feature enab2es UAr. to use large solid angle detectors 

and to perform accurate experiments with coincidence techniques. 

Together with the tagged photon beam we propose the construction of a 

detection apparatus to perform the follOWing experiments:· 

(photoproduction of new vecter mesons) 
~OTr) (\Q-2-. 

(,,+n-n- Q 
) 


--?" p + c:) l T +,,-,," ") K +- K - ) 


D. . Regeneration experiments for wand I from nuclei. 

E. Search for heavy leptons. 

F. Elastic Compton Scattering. 

(}. Total cross-sections ~ t (r) and <TT {-(n ), 

We nOw discuss each separately, in the above order. 
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CHAPTER ONE 

Photon Physics at High Energies 


Expt. A. '0 + F -+ It-
+- + X 


+Here we measure the It- accurately, but the rest of the particles X 

only roughly. We shall refer to such measurements (not necessarily initiated 

by photons) as semi-inclusive, since Feynman has suggested the term 

"inclusive" for the extreme case where nothing whatsoever is measured about X. 

On the basis of t te fireball model (JiB)\, the mu1tiperiphera1 model (MF); 

the mu1ti-Regge model (MR),
3 

the droplet model of Chou and Yang (CY), 
4 

the 
5 (.7

parton model of Feynman (FP), and the field-theoretic model of Cheng and Wu (OW): 

we now have / good theoretical descriptions:': of semi-inclusive reactions • 

•It is extremely important to find out whether these" theoretical_descriptions 

are correct or not, particularly for the case of photoproduction processes, 

S
where virtually no experimental data exist at all at present. 

With a tagged photon beam from a proton accelerator, any experimentally 


feasible detecting apparatus must give substantial information about X. 


Since this information, obtained at no cost, contains a great deal of physics, 

. 

it would be foolish to restrict ourselves to the extreme case of in­

c1usive measurements only. 

We discuss in some detail here the present theoretical understanding together 

with some of the possible experimental tests. \ve shall however examine only 

very b r i e y t he poss e depen ence 0 f var10US . es on ln Einc forfl ibl d · quant1t i two 

reasons. First, our theoretical understandi~g on this slow variation, based 

mostly on considerations from field theory, is achieved only recently. Secondly, 

experimental determination of such slow variation is quite difficult and may not 

be possible for first-generation experiments. 
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i) General Considerations 

We choose the z-axis to be in the direction of the incident photon 

beam. Let p be the momentum in the laboratory frame of the -n:+or Tt"- (to be 

measured accurate1J, and Pz and J>L be the components of p in the z and 

the perpendicular directions. Also p and p~ denote the magnitudes of p 
and -P.L • If we transform to the center-of-mass system, Pi. remains the 

same but Pz (CM) is of course quite different. For semi-inclusive measure­

ments, it is convenient to use these variables. For definiteness, we consider 

here the case of 200 BeV photon beam. 

Given PJ. =F 0 , the 11:' cannot come out arbitrarily close to the forward 

or backward directions. In Fig. la, we plot the maximum possible angle 9 

in the laboratory frame for the produced pion as a function of P.L • It is 

seen that for P.L ~ 80 HeV/c, it is suff.;i.cient to detect the pion up to 1700 
• 

We next consider the pions with p (CH) = 0, which is the dividing line z 

for forward-moving and backward-moving pions. In Fig. 1b, we plot the values 

of 9 and p for such pions. The inter~sting poin~ here is 	that, at 200 BeV, 

oall forward-moving pions come out with 9 no more than 5.5 • 

ii) Pionization 

We first consider the region, of pionization where Pz (CH) is small. 

i. e .• 

= 1. 44 BeV / c , IPe(CM) I « 

or roughly IPc (eM) I ~ 0.5 BeV / c. 	 (1 ) 

We choose X in a way that it is invariant under Lorentz transformations along 

the z-axis. (CW). Nore precisely. we choose X such that. if any combination 

of particles is acceptable as X, then the same combination Lorentz transformed 

along the z-axis must also be acceptable as X. The special case of inclusive 

meaSurements satisfies this condition automatically. For reasons to be dis­



cussed below in (iii), the choice of X should not be so stringent that the 

rate is much lower than, say, 10% of the inclusive case. With such a choice 

of X, the one-pion distribution function in the CM system is given, for 

extremely high energies, by (CW) and (FP) 

(2) 


when (1) is satisfied, where E = [p:(CM)"~ + pJ.2 .L m:: ]% is the energy 0 fT,~ 

the pion in the CN system. This f (Pol.) $. 0 is independent of Pz 

and the incident photon energy. 

TEST 1 Is (2) correct for various choices of X? 

The correctness of (2) is crucial to CWo If (2) is not correct, even 

the general features of quantum field theories fail to hold for the real 

world at high energies, and hence further study of field-theoretic models 

has vety little relevance to hlgh-energy physics. In the inclusive case, 

where no measurement whatsoever is performed on X, FP also gives (2) but 

since in FP f(r.l.) can be zero, test 1 will not be conclusive for FP. 

Also in this inclusive case, HP and HR give a weaker form of (2), where f(p..L) 

is independent of p but may depend on the incident photon energy. Thus test 1 z 

in this special case is also important for }W ap-d MR, but not for FB and CY. 

If the charge conjugation quantum number C = +1 ~n be assigned to the Pomeron 

+ +(or vacuum trajectory in Regge language), then the functions f (P.t) for n:: 

and f- (P.t) for ~- are equal. 

TEST 2: If yes to test 1, are f+ (P..L) and f- (Pi) approximately equal for 

various choices of X? 

iii) Further Consideration on Pionization 

Suppose we choose X differently from the criteria in (ii). There are 

numerous possibilities and we shall mention only a few. 
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o{) X contains one and only one charged partic1e in the region e ~ 5.50 

(for 200 BeV, photon beam). 

+ ­If the pion with low-energy in the CM system is It .( 1['), then the major 

contribution to the cross section comes from the case where the forward 

- +
charged particle is TC (TC). In this case, either the pions come from the 

o
decay 	of a p or to , or a pion is exchanged in the cross channel. In either 

case, (2) does not hold. 

TEST 	 3: Is (2) correct for this choice of X? 

~) 	 X contains no charged particle. 

+
This is possible forTC+ X, and X contains one n and in addition l1.tt 

pairs, reo, "1 ' and possibly W in the decay mode reo + r . This choice is 

interesting in that the condition of Lorentz invariance in the z direction 

is satisfied and yet theoretically (2) does not hold (MP, MR, CW). 

TEST 4: Is (2) correct for this choice of X? 

One purpose of these tests 3 and 4 is to demonstrate that (2) is 

by no means trivial. 

iv) 	 Pion Correlations 


We digress momentarily to discuss 


+ . X'r+p-+1t. +It + 

-+where Xl is chosen in the same way as the X of (ii), and the momenta of both I~ 

and n- satisfy (1). The two particle distribution is (CW) 

(3) 

where g is a function of 

the incident energy or the values of Pz+ (CH) and Pz- (CM) separately. 



TEST 5: I~ (3) correct for various choices of X? 

This is a generalization of Test 1. A more interesting point is 

to choose X such that there is no nO (this mayor may not be essential), and 

+ ~ to study the invariant mass of It and rr . 

o +TEST 6: How strongly does f show up in the invariant mass of n: and rr- ? 

Suppose the answer to test 2 is yes, so that we assign C = +1 to 

the Pomeron. If the Tt+ 
and K 

-
are the only particles whose momenta satisfy (2), 

o
then at extremely high energies the f resonance is very prominent according 

to FP, but suppressed according to CWo This is one of the few points where 

different theories give opposite predictions. 

v) Fireball or Fragmentation 

If the answer to test 1 is indeed yes, let us attempt to plot schema­

tically the one-pion distribution in the CH system. Such a plot is shown in 

Fig. lc, where A and A' denote the kinematic limits and the value of PJ. is 

chosen to be 200 ~IeV/c. Inclusive measurements give immediately the average 

pion multiplicity. 

If the interest is not in the pionization region, but in the fireball (FB) 

or fragmentation (CY) region where p (CH) is not small, it is more informative z 

to plot E do I d<p: dpe (CH), which is Lorentz invariant. The result, again 

for Pi = 200 l!JJ?;V/ c, is shown in Fig. ld. At B', the pion has the same velocity 

as the target proton in the CN system, and at B, the pion has half of the energy 

of the incident photon. 

TEST 7: Is the curve of Fig. ld fairly fla~ between B' and B? 

This is an extension of (2). illlether it holds all the way to B is not 

clear theoretically, but it is not an unreasonable guess. Also there mayor may 

not be maxima between BI and H, and there may or may not be a maximum or Vlinimum 

at o. 



--

T 


... (eM) / ELI'\(:: ((M)TEST 8: Plotted against the variable ~ , is this curveP 
of Fig. ld independent of the energy o'f the photon beam for each given p and X? 

This scaling has been discussed in detail by CY. This variable p (CM)!z 

Hinc (CM) has been called ~ in CW and x in FP. (Recent work on the field­

7
theoretic model indicates that this curve changes slowly at extremely high 

energies. t\owever, this change may not be visible at 200 BeV/ c) 0 

We list some more detailed tests concerning the curve of Fig. ldo 

TEST 9: If yes to test 8, is the left half of the curve, 1. e. the part of 

the curve for p (CM) < 0, the same in the case of inclusive measurements z 
•(except for an overall factor) as the ones from 

+ p + p TC + anything, 

+ ....
It- + p -- rr- + anything, 

--').and K± + I' rr± + anything? 

In each case, the curve is determined by fragmentation of the proton. 

This relation between the various curves is true for CY, l~, and FP, but only 

approximately true for CWo 

the situation here with semi-inclusive measurements is not clear theoretically. 

Various comparisons will be interesting. Alsc;> the right half of the curve may be 

compared with the case of deuteron target, since this is the fragmentation of 

the photon projectile (CY). 

When Pz (CH) is close to ± Pz max (CM), the mass of X cannot be large because 

of energy-momentum conservation. Therefore, Regge phenomenology may apply (FP). 
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TESTrlO: For·pz (CM) close to + Pz max (CM) does the curve of Fig. ld behave 

like 

1-2cL 

+ r'! ((M) ] 

where cJ.. is the Regge trajectory function for 1'( and N respectively? 

Much of the discussion here for the fireball or fragmentation can be 

generalized to the case where more than one particle is measured accurately~ 

Finally, we add that almost all of the discussions here for the semi-inclusive 

reaction r + P --+ 11:-
+ + X can be applied directly with different kine­

matics, to 0+ p -+ K± + X 

"tc . 
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Expt. B :y + p 
n~ .2. . ~ 

the photoproduction of new vector mesons. Heavy vector mesons are needed 
" " 

as recurrenc.es of "the daughter trajectories o~ f) wand rp . 

The foundations of the vector dominance model have been described in detail 
10 

in papers by many physicists. In simple terms, vector dominance 

means that one relates the electromagnetic current of hadrons to the fields 

of vector mesons by 

It follows from (6) that for the intera~tion of real photons with nucleons 

one can write the photon-nucleon amplitude f in terms of vector mesonaN 
nucleon amplitudes fVN by 

{VN (7) 

II 
Comparing the total Yp cross section with diffraction production of p,w ,cp 

mesons one deduced y ~ /4Tf :: 0.3 - 0.4. Comparison with the storage 

ring result of y2p/4Tf .- 0.50 + 0.03 shows that relation (7) is satisfied 

to the 20% level. 

II 
Analysis of photoprodoction data from complex nuclei and of the corres­

ponding total cross sections at (yA) sho\<1s the sarne amount of discrepancy. 

Reac tions like Tf~-.I -+ P Nand YN -+ TIN can be related to each other 

by VDN. The comparison fails when linearly polarized photons are used. 

http:recurrenc.es


The existence of Pi W, 1> alone t~erefore does not satisfy the VDM 

when the photon is on the mass shell. The existence of additional vector mesons 

is the simplest way out. 

When the photon is off thenass shell, i.e. in the spacelike region, 

the VDM with only p, w, <P fails completely to describe elastic and in­

elastic electron-nucleon scattering. It is conceivable that with many new 

vector mesons one may explain the large discrepancy between VDM and electron 

scattaing data. 

• 
The best way to search for heavy vector mesons is through photoproduction, 

because photons and vector mesons have the same quantum numbers. Photoproduc­

tion of vector mesons does not involve changes of quantum numbers and is a 

diffractive process. This tends to enhance resonance production relative 

•to any background as compared to IT p int~ractions with protons. Typical 

examples are shown in Fig. 2.,'3, where? production fromlty:> and iff:' 

'are presented together for comparison. As expected. vector meson pro­

duction by photons shows a much better signal to background ratio. It is s m~st 

interesting question whether this applies also to mesons including Al and B. 

+­Contrary to popular belief, the e e storage ring is not the best place 
+- . 

to look for vector mesons. In the e e storage ring the energy is well-defined. 

A systematic search for heavier vector mesons requires a continuous variation 

and monitoring of the energy of the two colliding beams; a difficult task 

requiring almost infinite machine time. Storage ring is best suited to perform 

detailed studies of vector meson parameters once they have been found. 

12­
Present experiments at SLAC and DESY searching for vector mesons by photo-

production of pion pairs show an enhancement in the Rlt invariant mass region 

1400 to 1600 HeV. But since both experiments have been done with spectrometers 

with limited solid angle, no detailed angular distribution has been measured. 

In the reaction p + r - I<~ + K~ the Reeder group from Wisconsin has found 

evidence for a 1-- particle at 1980 NeV, yet no detailed study of this particle 

has been made. A systematic search for new vector mesons in photoproduction 

( 



'l~ 

by looking for their decay products and recoil proton with a large solid 

angle detector is one of the experiments needed most in understanding photon 

physics. 
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Expt. C t + P ~ P + f ( :z Te) 

Photoproduction of known vector mesons has been studied extensively in recent 
13 

years at SLAC, Cornell, CEA and DESY. Experiments show that up to 18 GeV we 

have a phenomenological understanding of the interaction of these vector 

mesons with the nucleon. For example: 

The ratio of the measured production cross sections of P/p/w are in reason­

able agreement with SU3 predictions modi~ied by the quark model.II 

The cross section of p production decreases slowly with increasing s 

in the same way as TL(> scattering, the .t dependenc~ of p production being a = 

6 - 8 GeV-2 , is very similar to TCp slope of 8 GeV-2 . The cross sections are 

in qualitative agreeinerrt-...."1'.::.h the quark model'prediction: 

ernTp -Ti:t'f') + 0'(rr-p --7(-)?) 


2, 


However, none of the present results can be used to compare with theories 

to ~ 20% level, and in particular, there are no sand t dependence studies at 

all on t:P and W productions. 

The reason is very simple. the main difficulty is not the counting rate, 

but rather the duty cycle of the electron machine which makes coincidence ex­

periments extremely difficult. Host of the experiments using counter-spark 

chamber techniques detect only the decay particles from .f' - Trrc, cP -.>- KK 



1 
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+- - 0 or w - It TtTt and not the recoil proton. Thus inelastic contributions of the 

type 0- +P - N* + j'J w, <t> (which is ~ 15%), cannot be excluded. Furthermore, 

in the present energy region, the minimum momentum tnansfer to the recoil 

4 2nucleus mv/4K is large. 

_At ener­
+ . as 

gies below 10 BeV the K-decay corrections in t-'K K- experiments can beAlarge 

as 50%, make it almost impossible to compare accurately the ratio of the re-

sits for P, U)) q, experiments. 

At the present energy region, comparison with theories are further complicated 
that 

by the factAthe production amplitudes are not pure imaginary but contain a 

sizeable real part. This makes the comparison of ~ cross section with quark 

model predictionS almost impossible. 

A 200 BeV tagged beam with a good quty cycle and a large solid angle 

detector to measure both the forward particle and the recoil protons will 

enable us to study systematically, w~tt~~ame apparatus, both the sand t 

dependence of vector meson production without the complications of N* con­

mmination, K± decay correction, etc. This.may be done in a large s and 

t region {S = 10 to 20 BeV, t from 0 to 1 BeV2/c2 . These results will 

enable us to check accurately the predictions of: 

(1) SU (3) and quark model 

(2) Quark model : predicts the s and t dependence of f and w to be 
+ ­

QC 2 I- , of n:p 

Tt,p+RP cp should be oc: (2 6,/.. 1- 6 - - 6 + )"P np 

the 
(3) lbe vector dominance model: 

\ 
at 200 BeV region the real part of~pro-

duction amplitude vanishes and vector dominance model allows us a unique pre­

diction of 

= ~ (d.6/k)~L dt itT[
V 



(4) diffractive scattering.. 

Theoretically there are many reasons to believe that the inelastic 

diffraction process (f + P - f +P behaves in a way similar to pp elastic 

scattering. 

In pp elastic scattering, there is a shoulder at I"TIT ~ 1 BeV/c 

If the pp differential cross section is divided by the fourth power of 1 
i 

tre electromagnetic form factor of the proton, this shoulder is seen 
1\Ij.

clearly as a dip, which has the property of becoming deeper for increasing 

energy. (See Fig 2h) 

• COCCONI 
~ CLYDE 

", ALlABV 

(1965) 
(966) 

1 
(1967) 
(1968)1 

(l9S8JII 
• ANK(NBRANOT (1968) 

co CARRIGAN (1970) 

• ALlABY (1971) 

0,1 I III WcV) l • 10 100 

l:'I~,c\. :\ d!'l:liled t'omll:ll'isOIl 1,,'III·.·.'1l IlW:l!HIt'('d diff"r­
('nlbl <.... )"" ""l'linn,; ;lntl (;1111, 'I'll<' qU;lIltill' X is til(' 
I'atio of till' dHft')'('llli:ll \'l'''~S "l'l'\io", "-!illl, to lh" t':I1­
culnlt'li "ptil-:ll ilWO"(,!11 1':l1u<' ill llit' flll'II'''l'd dit'<'L'lilll1, 

_TI1<' .n,:,,)"· shol.\s_:¥ di\·jd~·dh\' ~~.III) :IS;J fllllt·li.,11 of III. 

It is thus very interesting to find out whether a similar dip is present here. 

The SLAC data is not accurate enough to show a shoulder; if the dip is much more 

pronounced at higher energies of 100 - 200 GeV, we can perhaps see it at NAL. 
fr. 
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Expt. P Regeneration experiments for w and ~ from nuclei: 

The most interesting physics one may study in photoproduction of $ 

is to use the close similarity between the KL, KS system and the w,$ 

system and to look for possible regeneration of $'5 from w's in nuclear 

matter. 

Indeed, the similarity between the ~, KS system and the W , $ system 

are striking; 

a.
(1) Both areAcoherent mixture of other states: 

and 
Recent measurements from Desy from Orsay have both shown that the 

general idea of w-$ mixing is consil?tent with the data.Both groups 

yield a mixing angle 0 = 350 
• 

(2) For coherent regeneration, K , K must (and they do) have diffe­
o 0 

rent interactiun cross-sections in nuclear matter. 

Similarly 	 w,$ also have different cross-sections, i.e. 


30mb 


(3) The difference of ~, KS mass is small so that coherence occurs 

in slabs of material. 

The difference of w,$ mass is not small, but since coherence 
~ 

is relative to phase development of the wave over"scattering system, at 

150 GeV, the phase difference between $ and w passing through nucleus 

is 

= 6t· a.OOr: r<'Ld/fm. 

- . __._------------ ­
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Thus it is possible that the~,f-combination can be coherent over a sub­

stantial number of nucleons in a nucleus. . This idea was first 
15 

suggested by Ross and Stodolsky many years ago. 

The only possible difference between the K system and the w,1 
system is that whereas ~, KS' Ko' and Ko all exist in nature, there is no 

evidence for or against the existence of pure SU states, cJ', fO
3 

inside the nucleus. 

If ('P, fO really exist inside the nucleus, then measurement of 

photoproduction as a function of various nuclei (corresponding to varying 

the thickness of the regenerator) will enable us to look for a kind of 

regeneration phenomena very similar to that of KL, KS' 

The experiment itself is very simple. One measures the ;6-7 n~~~~{K+K-) 
rate off various nuclei. Choosing ILt elements uniformally across the periodic 

table, then independent of the absolute normalization, the f yield as ~lnc­

tion of A should exhibit either of the following characteristics: 

(1) the yield increases as A 1.8 (in the same way as coherent )p 
Ib 

production off nuclei) - then there is no regeneration; the idea of Ross 

and Stodolsky is wrong. 

(2) the yield deviates from Al.~ law, indicating that 11 s are regenerated 

from W. The exact curve will depend on the value of e,Wand f nucleon cross section, 

etc. 

A typical example, based on simple hard ~phere calculations, is shown 

in Fig. 3 and indicates clearly various striking possibilities one may 

expect. 

-~-.~~.---------­
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Expt.E Search tor He~v.r Le~tona 

With a tagged photon beam energy known to !O. 5% and an almost 4 T\ detector, 

the proposed setup offers a unique opportunity to search for electromagnetic 
+ _ 17 

production of heavy leptons h h . 

(l)The production of heavy leptons. 

Assuming that the heavy leptons are coupled to the electromagnetic field in the 
+ ­same way as electrons and muons, the production of h h by photons in the Coulomb 

\8 
field of a nucleus can be easily calculated. Following Jost, Luttinger and Slotnick, 

+ ­we write the total h h production cross section as 

~)
11 

+ ­where is the classical radius of the h • The yields of h h as a function of 

Nb for 1 m of H2 or equivalent radiation length of C and Pb are as follows: 

~= 0.6 1.0 I 1.5 I 3.0 

Rate (300 hrs) 2770 847 330 60 

(2)The decay of heavy leptons. 


If the heavy leptons and their associated neutrinos enter into the lepton current 


in a symmetric way 

the interaction of with the hadronic current gives rise to the semi-leptonic 

decalf processes 
± ±­

~ ~ II t V" 
+- ­

h- -7 i\,:t:; \ \1"" --r Y... 
..... i::

h- ~ f -+- v.. 

The decay rate into 11VI. is (ignoring the 

r :: G1. l..rnt (
( i' h / t ri \ ­

"1./)L
{Y\;;- / f'l\ h~ 

with ell" the usual charged pion decay constant ~ 94 MeV. Compare this with the 

usual pure leptonic decay mode into e - ve )'\, 
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One 	 concludes that: 

(a) 	~ < 1 BeV, the dominant decay mode is rrYh which by far outnumbers 

the pure leptonic channels. For example, if ~ = 0.6 BeV,' the Ii Y mode 

outnumbers the leptonic channel by a factor of five. This could explain, 

as first pointed out by Sakurai ~a, why ~he Frascati storage ring, looking 
+- +-	 . +­for 	e e '-7J-" €- for ~ < 1 BeV, fa~l to see anJ h h • 

(b) ~ > 1 BeV, the dominant decay modes are the pure leptonic ones, as the 

pure 	leptonic modes increase as ~5 while the semi-leptonic mode increases 
3 

as ~ • 

(3) 	The aetection of heavy leptons. 

Following the above discussion, the best way to detect the heavy leptons is to use 

a tagged photon beam with a nearly 4~ detector and look for events of the type 

d+ t. -'JI' 7... +h++h­

--'t- 7. +- r.t e..+ ., 4 y' 

Or --7' 2. -+ II 
j: 

rr 
-
to ,\".;;ly 

---? l..;- \I r ? (€) + S..,) 

The 	above calculations are for ordinary leptons. If leptons with strangeness 
+ 	 \-{:!:yS = - 1 are produced, they may decay predominately into 

-I-	 - Yit" 	1 ~z +ht-+h--7 Z -t-V\ -t- K + Y t (Sb) 

+ ­In that case we will look for a K K pair with a total energy far below that of 

the photon. 

R~actions {Sa'> and (gb) give the following distinct signals: 

(a) The total energy of the re. or 1\ (l'\1.kair is far below the incident photon 

energy. 

2 2
(b) 	The rate goes as Z GE(q ) • 

With a nearly 471 detector contamination of the following types will be rejected 

easily: 

(+A --l" A +jATe. +j 
-

e. 
; ­

f 

..... 


..... "«'(\-A '--1> .A +- ~ AT i\ 

0"­
f\ II + ---=,. 	 K¥~ 	A + K 'i 
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Expt. F. Elastic (omEton scatterins 

With the proposed beam, we can study this fundamental reaction up to 
. 2 

200 GeV and momentum transfers up to ~ 0.5 (GeV/c) • This enables us to 

learn the following: 

(i) At existing electron acceleratoz energies, the differential 
20 

cross-section behaves as A exp (bt), where the slope b (related to shrinkage) 

and A still show considerable energy va~iation. At NAL energies, do we still 

have shrinkage? Has A approached some asymptotic value? These questions are 

important for the Regge Theory and are intimately connected with the nature of 

the Pomeron. 

(ii) Following the paper by Gell-mann, Goldberger and Thirring
2.1 

, 
which extends the Kramers-Koenig dispersion ,relation to high energy physics, 

22..
the forward tompton amplitude and cross-section can be written as follows: 

+ 

~T (v)d<5 I = 
2 

+
dt 11:"'0 16rr 

Our total cross-section measurement will establish the energy 

dependence of Re ~(v). Almost all theoretical models at present, and 

experimental data in hadron induced reactions lead us to expect that Re fl 

will become very small at NAL. It then follows that we shall be able 

to study the functional dependence of f1 in a very clean way to 

confront, for example, the predictions of the VDH: 

f t4> 3; f GVd/~ 

cll) 1 ) ').2. 
V' d.f ( tP - VP ~ y" 

+ 
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At existing energies, the comparison is limited to ± 20% because of 

the large real parts of ftc and fj"v , and because of the difficulty of 

performing large solid angle detector experiments with coincidence tech­

niques. We propose to measure both sides of the above equation with the 

same apparatus, thus reducing systematic errors. A clear-cut comparison 

of the sand t dependence of the Compton cross-section and vector photo-

production cross-section is one of the best ways to check vector dominance 

model. 

Hi i) If one ass umes the Quark Model in addition to the VDH, then 

the Compton cross section should show the same energy dependence as 

Is this true at NAL energies? 
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Expt. G.Total Cross-Sections 0'': (rp) and 0T (rn). 

·U 
The fundamental quantity, the total cross-section for photon-hadron 

collisions can be measured simultaneously in our detector as the sum of the 

experiments A, B, C, & D and all ether non-electremagnetic interactions. 

This will allow us to study the following questions: 

(i) Regge theory (poles, poles and cuts, etc.) and the simple Quark 

Model would lead us to expect that the photon hadron cross-section has the 

same features at NAL energies as the hadron-hadron cross-sections. Is this 

true? The p=zsent parametrization, 

0T == + c:z../ v'!1:C1 

gives a good fit for data away from the resonance region and up to 20 GeV. 
, 

It supports the picture of f' pI and A2 exchange. Since this form plays an 

esserti6.1 l'ole in dispersion calculations. it is important to ascertain whether 

this parametrization holds for NAL energies. 

(ii) The knowledge of aT ('II) enables us to compJlte Re f i Cv) from 

the Kramers-Koenig relation. We will thus be able to have a direct compari­

son with the direct measurement of the phase of the Compton amplitude done 

by measurement of the interference between the Compton amplitude and Bethe-

Heitler amplitude in electron pair photoproduction at DESY. This will consti ­

tute a test of the dispersion relation. 
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CHAPTER -TWO 

THE FORWARD DETECTOR 

INTRODUCTION 

The design of the forward detector is greatly influenced by the ex­

perience with the large solid angle focusing spectrometers developed and 

used at DESY during the last 5 years. (Similar spectrometers were also 

used successfully at Cornell and SLAC for .coincidence experiments). 

Basically, it is a simple spectrometer with two dipole magnets which 

recombines rays of constant f} and therefore has a large acceptance 

and, at the same time, a good t and m resolution. Furthermore, the spectro­
J 

OO(e-e+) b k d' f· d·meter transports ate11 h ac'&roun pa1rs on to a 1xe 1mage 


point to be rejected easily. 


The spectrometer consists of two bending magnets, proportional chambers, 


scintillation counter hodoscopes and shower counters. The detector can be 


separated into two independent syste~s; a low momentum resolution large 

solid angle system and a high momentum resolution small solid angle system. 

The foriller is specifically designed to study the lower momentum particles 

produced at aqgles up to ~ I~U milliradians (7°) and the latter for par­

ticles up to 200 GeV and angles ~ 30 milliradians. In both systems photons 

are also detected. 

TIle rejection of e-e+ pairs enables us to record all non-electro-magnetic 

events. The large solid angle and good mass resolution enable us to search 

for rare events. 

-- -----.---------~----------



A. 	 DESIGN COliSIDERATIONS 


i) Kinematics and Counting Rates 


The total hadronic t r cross-section is 120 J.l b , Thus with 

4Xl05t/ burst and aIm hydrogen target a counting rate of 200 events/burst 

will be obtained. This implies that throughout the detector system scintilla­

tion counters together with proportional chambers must be used. 

The purpose of the detector is to survey multiparticle photoproduction at 

energies up to 200 GeV) and in particular study the following class of events: 

o vO + - + - () KT-!/­1) 0- + ~ ~ P + V J ~ 'R: n: i TC 1t n: J'\ f nTt 

Where V may be a heavy vector meson up to about 10 GeV. 

2) '0 + t' ---"" it + f' 

3) 	 t + P- TC or K or P + anything. 
/ 

By noting that in multiparticle production the average transverse 

momentum of any particle is S350HeV/c and studying the production and 

decay kinematics of tne above reactions, it is immediately apparent that , 

at the 'energies considered, the high wmentum particles tend to go into a 

very 	small fo~ward cone whilst particles at larger angles have low momenta. 
f 

To illustrate this point in Fig.~!," we. plot the decay kinematics of a fe~v 
/ 

vector mesons with different mass at 150 GeV momentum. 

From the above we conclude that the ~orward 

cone has to be covered by essentially two distinct spectrometer systems. 

a) for small angles, say $ 30milliradians, most particles are 

very energetic, therefore it is necessary to use strong bending magnets and 

long lever arms to obtain the necessary precision in angle and momentum 

measurements. 

b) for angles ~ 30 milliradians it is sufficient to use weaker mag­

nets and smaller lever arms, but it is necessary to cover a larg~ solid angle. 
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+­ii) e e Background: 

The electromagnetic pair production cross-section in H2 is 200 

times greater than the total hadronic cross-section. For heavy elements it 

is even worse; in lead. for example, the ratio is 3000 • Thus a necessary 

requirement on the detection system is that it has a very high 

+ ­rejection efficiency of e e pairs without a significant loss of hadronic 

events. 

iii) Economic Considerations: 

1) With the number of experiments planned for NAL, the machine 

time will be at a premium and it is important to study as many reactions as 

possible simultaneously 

2) The system has to be sufficiently simple to be economically 

feasible and not to use too much power. In fact the maximum permissible power 

level for the forward spectrometer was fixed to be ~ 1.0 MW. This implies, 

for example. that high resolutions in momentum measurements should be aimed 

at only where absolutely necessary. 

3) It was considered that for practical and economic reasons the 

maximum number of wires that could be used in the forward detector y'. .. 10K. 

The "Jolly Green Giant" magnet from CEA may be available to us 

and it should be used rather than building a new magnet. 
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B. 	 DESCRIPTION OF FORWARD SPECTROMETER SYSTEM 

Fig. S illustrates the complete detection system. The same scale 

is used in both the x and y directions to give a clear indication of sizes 

and angles involved. For clarity the same system is shown in Fig. b, with 

different scales in both directions. (1) through (5) are planes containing 

proportional chambers, scintillation counter hodoscopes and shower counters. 

Details of these detector planes are given in Figs. 7 and ~. 

Planes (1), (2), and (3) together with magnet }U measure the direction and 

70momentum of particles produced up to • Planes (1), (4), and (5) together 

with magnets MI and }U measure with high resolution the direction and mo­

mentum of particles produced up to 30 m~lliradians. I·U and }U are operated 

with fields in the opposite 'directions and the distances between MI, M2 

and plane (5) are such that there is a ~ focus at the end of the detector. 

This property is extremely valuable in the rejection of e+e- pairs, and in 

the determination of the invariant mass of the final state particles. 

At planes (2), (3) and (5) there are scintillation counter hodoscopes 

for rejecting e+e- pairs and for triggering'the system. At (3) and (5) there 

are shower counters to measure the energy of O's and electrons. 

Behind the shower counters, not shown on the diagrams, there are muon 

detectors consisting of absorbers and scintillation counters. For separating 

Tt 's from K' s at lower momenta (:::: 105 GeV) we are considering the placing of gas 

threshold Cerenkov counters between planes (3) and (4) and between (4) and (5). 

(See 	Appendix III). 

I. 	 Large solid angle part of the detection system: 

HI is the Jolly Green Giant Hagnet from CEA. It is operated with 

2 an aperture of 150 x 50 cms (60"x20") and a field of 15 kGauss. 

The total integral field is 18 Kgauss-meters. 
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With this field strength and aperture the power requirement of the magnet 

is 0.4 MW. 

Proportional chambers at planes (1), (2) and (3) measure the momentum 

and direction of charged particles passing through the magnet. The accep­

tance of this spectrometer is shown in Figure 6 and the resolution in Table 3. 

The chamber at position (3) consists of 3 planes of wires at different angles 

with a 3X Pb sheet between the first and second plane as shown in Fig. 9.o 

This last chamber measures the direction of 0' 's (e.g. from lCo decay) in 

addition to that of charged particles. 

II. Small angle, high momentum resolution spectrometer ~ystem: 

Hagnets I-ll and .H2 form the high momentum part of the detection 

system. IU has been described above. 112 is a magnet with an aperture 150 x 50 cms 

and a 300 cms pole piece. It is operated at 12 Kgauss, i.e. the total inte­

grated field is 36 Kgauss-meters. At this field strength it will use 0.6 Hl,l 

of power. 

The optical properties of the combination of l-ll and }[2 are illustrated 

in Fig 10 • The large lever arms on either side of H2 allow an accurate de­

termination of momentum of particles passing through the magnet. As-in System I 

the last proportional chamber, (5) consists of a sandwich of a lead sheet be­

•tween proportional wire planes, allowing a determination of the direction of TL's. 

The acceptance of this system is shown in Fig. II and the resolution in Table i. 
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TABLE 	 1 <---RESOLUTION OF SPECTROMETER 

I. LARGE ANGLE SYSTEM: 

For charged particles: 

69 	 • + 0.12 milliradians 

6~ 	 = + 0.16 mi11iradians 

6P 
P - + 0.075 P % 

For neutral particles with energy E ""50 GeV: 

ae:. ::;. .± .3 % 


A e ::..A p =- ± O. 'l S rill'": 


II. 	 S}~L k~GLE SYSTEM: 

For charged particles: 

69 - + 0.04 milliradians 

6~ = + 0.04 milliradians 

6P 
r f ±0.014P% forP.?:;50GeV/c 


For neutral particles with energy ,...., 50 GeV: 


A{;. 0

T =. ± 310 


A t1 = Af :: ± 0,05 N"\ r. if the vertex is determined. 


P E 
J 
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+­C. 	 TRIGGERING OF THE SYSTEM AND e e REJECTION 

The philosophy of the triggering system is that whenever, in coinci­

+ ­dence with a tagged photon, an interaction occurs which is not just an e e 

pair, the information about the interaction is stored. 

+ ­1. The characteristic. features of the e ~airs are that: 

a) the pair is produced in the same direction as the incident 0" 

b) the electrons are produced with an extremely small opening 

angle (""'- me.. Log h ) . 
Ea me 

c) in a shower counter the two electrons deposit an energy equal 

to that of the original photon. 

d) since~the e+e- carries the total energy of the beam, the minimum 

- +e e opening angle after bending magnets is fixed. 

Corresponding to the above four features, three sets of veto 

+ ­signals can be generated to reject e e pairs. A sketch of all the trigger 

counters is shown in Figure 12. 

II. TIle triggering counters: 

\~I) Hodoscope A, lead glass counter SHL and veto_counte~y..:.. 

The coincidence between one of the counters Ai and SHI 

signifies that a tagged photon has been produced. The energy of the photon 

is approximately equal to the energy of the primary electron less the 

energy corresponding to the pulse height in SHI' 

The origin of the photon in the horizontal direction is given by 

Ai' The vertical position is defined by the size of the tagging target, 

which is 0.4" high. 



·,' 

A lead collimator is placed between the hydrogen target and the 

tagging target, Immediately behin~ the aperture of the collimator a 

thin veto counter V is situated. Any photon interacting in the colli ­

mator or any random background particle, e.g. electron or muon, is 


vetoed by this counter. 


An incident photon signal is thus given by Ai. SHl" V, 

The time the photon is emitted is defined by hodoscope A. 

b) Lead glass shower counter SH2 and hodoscope B: 

8H2 is a lead glass total absorption shm.rer counter situated 

at the back of the detector •All the non-interacting photons are counted bySH2 , 

which serves as a moni tor of the beam. The focusing property cf the fo.::'-..u.rd detectcr 

is such that all charged particles with momentum> 12 GeV and production angle 

< 	2.5 milliradians pass through SHZ' Thus SHZ also measures the energy of the 

+ ­e e pairs 

Rodoscope B, situated in front of SH determines whether the shower in SHZ 	 2 
. 	 +

is due to charged particles (e-) or photons. 

Because the e beam has a sharp focus in the horizontal plane at the 

hydrogen target, hodoscopes B. and A. identify particles produced in the forward 
1. 1. 

direction, i.e. with angles < 0.4 milliradians. Since e+e- pairs are produced 

predominantly in the very forward direction, this property enables us to reject 

+ ­e e • 

3) I!£.doscopes C_.flnd D: 

These hodoscopes serve two .functions: They identify forward 

going charged particles, and they identify pairs of charged particles with close 

to zero opening angle. 

--------------_.._ .. _.---­



2 The central elements of Care 24 scintillation counters of 0.85xO.85 cms 

2each, covering a total area of 1.7 x 10.2 cms • The size of the counters 

is chosen such that essentially all hadronic events (including, for example, 

~ +­200GeV 'f' -KK) will trigger at least two counters in C, while most of e e 

pairs will trigger only one counter. Hodoscope C covers the complete aperture 

of the forward detector for triggering purposes. 

+ -Hodoscope D consists of 12 counters • After the magnet ~U, e e pairs 

are separated and trigger two counters in D. The size of the D hodoscopes 

is such that the knowledge of which hodoscope fired in C and D can be used 

+ :.. 
to obtain the energy of the e e pair to < 0.5 P%. This information helps 

+ ­in distinguishing hadronic and e e events. 

4) Shower counters SH and SH !
3 4 

The purpose of these counters. is 

a) to measure the energy of electrons in the energy range 2 

to 12 GeV which did not reaClI SH2 ; adding pulses from SH
2

, SH and SH gives
3 4 

to'.'within a few per cent, the energy of the photon which produced the e+e - pair. 
j 

b ) to identify nO's and O's produced at large angles. 

5) Counter P: 

In Figure 13 counter P is just a symbol for the detection of 

a J:llrticle, charged or neutral, produced in directions other than into the for­

ward detector. 

+ ­III. ·e e Signal: 

It follows from (I) and (II). that an e+e- pair is identified 

by any of the following combinations: 

http:0.85xO.85
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a) _ charged particles produced in -the forward direction with 

Sil ~ 50 GeV. The coincidence of the corresponding counters Ai and Bi defines 

a forward charged particle. 

b) A pair of charged particles with 00 opening angle, i.e. 

C = I and D ... 2 and SH ~ 50 GeV.
2 

c) At least one counter each in C, D & Bare triggered and the 
+ Sl-t... 

sum of the pulses from Sill+SH2+SH3~ is within a few percent of the energy of 

the primary e - beam. 

+ ­If any of the above three is satisfied, the event is classified as an e e 

pair and rejected. Conditions a), b), and c) yield an estimated 

. Together 

- .;. +
with analysis of-wire chamber signals ve-will.definit~ly:distinguish any e e 

contamination from hadronic events. 

IV. Ttigger of System: 

We are no\.] in a position to describe the trigger oJ the system. 

An event is recorded if the following conditions are satisfied 

1) there is an incident photon, i.e. 
+ _ and 


2) there was no e e pair detected 

and 

3) at least one of the shower counters SH or SH4 gave a large
3 

signal, say ~ 10 GeV, 

or 

there was a recoil proton signal P 

or 

there was at least one coincidence bet'veen C and D. 

A logic diagram of the trigger system is shown in Figure 13. 
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D. 	 MONITORING OF BEAM AND CHECKS OF THE Cm·1PLETE FORWARD 

DETECTION SYSTEM: 

One of the important features of the design of the forward detector 

is that there are two built-in independent beam monitoring systems. 

One of these in addition checks the acceptance and operation of the 

counters and proportional chambers and the pulse height of the shower 

counters. 

I) 	Lead glass shower counter, 

SH	 is a direct monitor of the beam; the attenuation of the beam2 

between it and the tagging target can be calculated exactly and the back­

ground in SH can be essentially eliminated by requiring that:2 


a) the signal be in coincidence with A. 

~ 

b) 	SH2 + S11.l = energy of incident electron. 

+ ­II) 	e e pair spectrometer: 

The pair production rate and spect-rum can be calcul~ted exactly 

+­according to Q.E.D. Thus using the complete detection system as an e e 

pair spect:ometer it is possible to check the acceptance, operation, efficien­

cy and calibration of the system. 

This kind of monitoring can be carried out not only during special cali ­

+ ­bration runs, but also by storing on tape one out of every 1000 e e pairs. 

In this way we maintain a continuous check on the operation of the system. 

During the actual data collection runs, events with C = 1, D = 2 can 

be used as a completely independent beam monitor. 
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E. Gamma Detectors 

There are many possible choices of .gamma detectors for both the tagging system 

counters SH and the downstream counters SH2 , SH and SH4. We prefer to use leadI 3 
glass counters which are available to us for SH and SH • For SH3 ~nd SH4, we intendI 2 
to use Pb-Lucite sandwiches. The design of the photon detectors will be finalised 

after extensive tests have been made by us and by other interested groups. 

We shall construct all the detectors for the experiments described here. 
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CHAPTER THREE 

The Recoil System 

The forward detector covers particle production angles up to about 

• Wider angles will be handled by a large solid angle detect?r surrounding 

the hydrogen target. This system, which we call the recoil detector, is 

required for the following reasons: 

1. 	 The measurement of the recoil proton momentum and angle allows 

a determination of the missing mass, m , in px.
x 

2. 	 In two body reactions like 

'(r~ If 
of'-" "of 

experience at SLAC, DESY, and Cornell has sho~~ that the best way to reject 

"backgrounds like 

is to check the coplanarity and the other kinematic constraints of the ,particles 

in the final state. 

3. 	 In experimental studies of inclusive reactions like 

:t
" + anything 

±
the recoil detector extends the "11 angular range to the backward region and 

simultaneously measures the "anything tl 
• 



4. In the search for heavy leptons through the process 

the recoil system ensures that there is a nearly 41\anti against other possible 

. + ­charged background. It also extends the solid angle for detecting -;f- 11'" or 
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A. Design Considerations: 

1. As discussed earlier/the trigger rejects the electromagnetic 

background from e+e~ pairs. (which dominates the desired events by a factor 

of 200). The forward detector veto of this background is based on two 

properties of these events: the electron pairs are produced nearly forward, 

and with nearly 00 opening angle. It is essential that the recoil system not 

disturb either property. As a result the recoil dete~ter must either use no 

magnetic field (See Appendix II) or a magnetic field that is parallel to the 

beam. direction. 

2. The system must be able to,hand1e a h~gh event rate with sufficient 

spatial accuracy to do missing mass determinations and t.o measure the 

proton angles accurately enough for coplanarity and other kinematic checks. 

Wire proportional chambers are the only way to satisfy these requirements 

simultaneously. 

3. 	 In order to be able to further reject background from events where an N* 
,. 

instead of a proton is recoiling, the system should be able to distinguish It and p 

adO 
n to detect photons from" decays. Since most of the recoil protons have 

momentum less than 800 MeV/c, a measurement of the rate of energy loss 
:i 

in thick scintillator counters (dE/dx) will provide a gOOd~P discrimination. 

'Large area shower counters will detect photons. 

4. The system should have as large a solid angle as possible so that 

the recoil proton is detected with high efficiency. 
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B. The Apparatus 

Three views of the recoil detector we propose to meet these design 

requirements are shown in Fig. 14a,b,c. 

1. The Magnet 

The magnet that we expect to use is the" 36" Princeton Spark Chamber 

magnet which is presently at the PPA. This magnet is ideal for our purpose. 

A small, 13 cm diameter hole in one pole of the magnet allows the beam to 

enter and interact with the target located along the center axis of the magnet. 

At the other pole there is a very large (89 cm diameter) opening through the 

yoke. This hole is the size of the opening in the center of the donut shaped 

coils. It allows wide angle but forward going particles (up to about 250 
) to 

pass through without interference. The beam travels along the symmetry axis 

of the magnet, where the field is in the direction of the beam. Forward going 

particles will be unaffected by the field. In particular, electron pairs 

produced near zero degrees by the Bethe-Heitler process will not be opened up by 

this magnet. This feature is essential to the electron pair veto discussed 
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in the forward detector section. The height of the magnet (over 6 feet) gives us 

over 50% ~ acceptance. 

We have given much consideration to running this magnet at as lov 

a field as possible so that its pover consumption vill not strain the 

electric and vater distribution systems at NAL. The magnet is capable of more 

than tvice the field that ve plan to use. 8. kg is a compromise setting that 

consumes a minimum of pover vithout cutting seveniy into the physics capabilities 

of the experiment. Because of this lov setting the outer chambers have been 
tor 

located at 75 cm from the target. This long lever arm compensatesAthe lov field 

to maintain momentum resolution. We will return to this question later on vhen we 

describe the missing mass experiment in detail. 

In normal use the magnet vill be operated at a current of 2100 amperes 

(about 500 kW). With this current the field in the center of the magnet is 

8 kg and~.5 kg near the coils. 
I 

2. The detectors 

There will be three sets of wire proportional chambers on each side of 

the target. These will measure the momentum of particles coming off' at angles 

greater than about 35.o The locations of these chambers within the magnet is 

shown in a top view in Fig.l4a and in an end view in Fig.14b. In order to obtain 

good momentum and angle resolution these chambers must have both good spatial 

resolution and a small material thickness. The latter is required to keep down 

the multiple scattering of protons in the,200-BOO MeV/c range. The wire spacing 

will be 2 rom in both directions so that the spatial resolution will bet 1 mm or bette: 

In the two inner chambers on each side the material is reduced to a minimum ( about 
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4 ' 
~x 10- radiation lengths). The total active,area of the chambers inside 


the magnet is 6.5 m2 with about 6000 wires. 


Two planes of chambers perpendicular to the beam are placed in and 


after the downstream aperture of the recoil magnet. These chambers detect 
, 

decay products at very wide angles, as well as protons recoiling from very high 

mass particles in the final state. This system measures the number, 

charge and angle of particles from about 50 to 250 • It is not possible to obtain 

accurate momentum resolution for particles in this angular range using the recoil 

fnasnel:: 
4alone, because the momentum component transverse to the field is too small. 

(We are considering the possibility of adding a simple system at some future time to 

measure the range of particles that have passed through the forward recoil 

2chambers). The forward recoil chambers cover an active area of 2.8 m with about 


2700 wires. 


The first forward chamber will carry a heavy load of particles as it is used both 

in this system and in the forward detector. The special requirements (such 

as time resolution, etc.) for this chamber and the means of satisfying them 

are discussed in detail in Appendix IV. 

3. The Target 

The hydrogen target dimensions (10 cm high by 2 cm. wide) allow at least 


1/2 em ~~ each side of the beam spot. This size is minimized so that the energy 


loss in the hydrogen will be small. With a target of this cross section 


protons must have at least -v 200 MeV/ c to get out of the hydrogen target with 


greater than 50% probability. The target will be 115 cm long. It will 


extend 30 cm. into the hole in the upstream pole. The pole tip at this end will 


be cut away as shown in Fig.14a. The angular acceptance of the system will thus 

go down to about 350 which increases the missing mass range somewhat. 
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C. Particle I,dentification 

One of the functions of this recoil system is the identification of 

the recoiling particle. In vector meson production and Compton scattering 

a background that must be eliminated comes ~om a recoiling N* of positive 
o . + 

charge which then decays either to ~ p or to lin. In order to identify these 

events it is necessary to be able to distinguish between pions and protons and to 

detect photons from decaying neutral pions. To detect the photons simple large 

area shower counters will cover as much solid angle as possible. They will be 

placed (t) on the ceiling and floors of the magnet ~ ('U.) behind the momentum 

analyzers inside the magnet and the forward recoil detector outside~ and (~ii) 

on the pole faces. Some of these are noted in Fig 14. 'The shower counters will 

consist of lead either sandwiched with . lucite or followed by 

very low resolution ( 5 cm) wire proportional chambers. Behind the momentum 

analyzing chambers inside the magnet thick scintillator counters will 

measure the rate of energy loss (dE/dx). With the knowledge of the momentum 

of the particle~ the pulse height information from these counters (which 

is essentially a measure of the particle velocity)~ will allow a good 

discrimination between pions and protons. This technique has been used with 

success in the momentum range (200 - 800 MeV/c) in the photon 

beams at DESY. 



D. Acceptance and Resolution 

A Monte Carlo technique has been used to estimate the acceptance and 

resolution in momentum and angle of the proposed system. The results are 

summarized in Table %. The resolutions are shown for a variety of different 

momenta and angles. The Monte Carlo program, which was checked extensively 

by hand, calculates the trajectory of a part~cle produced in the target, 

taking into account energy loss in the target and multiple scattering in the 

target, chambers and gas. The intersections'with the chamber planes were jittered 

by a Gaussian with half width 1 mm, corresponding to the chamber 

resolution, and then the events were reconstructed. For the purpose of this 

calculation a flat average field of 6 kg was assumed. 
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Table 2: Acceptance and Resolution of Eecoil Detector 

p 

MeV e Acceptance be mrad (±. ) ~ r %(±) 
250 45° .13 16 11 

60° .36 14 12 
75° .41 13 11, 

90° .43 15 9.8 
500 450 

600 

75° 

90° 

.15 

.30 

.39 

.42 

4.4 

4.9 

4.8 

4.8 

3.5 

3.6 

4.3 

5.0 
750 45° .15 2.9 5.0 

60° .30 3.6 5·9 
75° .39 . 

3.9 7.3 
90° .42 4.3 7-.7 

1000 451,) .17 2.6 9.3 
60° .29 3.2 8.0 
75° .42 3.8 9.8 
90° .39 .3.5 9.6 

-

Notes: 	 Monte Carlo statistical errors in resolutions and 

acceptance'" 6% 
Acceptance includes losses of Protons in 2 em x 10 cm x 115 cm 

H2 target. 
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. CHAPTER FOUR 

The Experiments 

Introduction 

A dominant philosophy behind this proposal is the idea that with a 

comprehensive apparatus a significant number of experiments can be run 

simultaneously, probing photon physics in many directions at new energies 

in an efficient use of beam time. In this chapter we will describe each 

of the experiments in turn, telling how they share the apparatus, what 

demands each makes on the apparatus, and what results we expect. 

We plan to run the experiment in two 

The first run will be a general survey of all the reactions at the 

designed photon intensity of 4 x 105 per pulse f0r400 hours. 

All the counting rates in the experimental discussions that follow 

are based on 4 x 10 5 photons/pulse (from 1013 primary protons only). 

For a second run of 300 hours, we plan to increase the sensitivity 

by a factor of ten in the se2~ches for heavy vector mesons {down to a 
-~ 2.

coupling of the order of 10 ~(v and leptons. In this run the 

trigger will not accept any other reactions. The photon intensity will 

be increased by 10 by increasing both the tagging target thickness from 

.01 to .10 radiation lengths and the incident proton intensity. The more 

numerous zero degree electrons pairs will now be stopped in a lead plug 

7 cm x 10 cm x 50 cm located 450 cm downstream from the target. We 

will trigger only on final states with two or more particles at angles 

greater than 6 mrad. 

For simplicity in this chapter we group the experiments on the photo-

production of 	vector mesons into three sections: 

Experiment B. Two body decays 

Experiment C. Three body decays 

Experiment D. Multi-body decays 
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Expt. A. 

The significance and the expected form of the cross section of 

<' 

vas. discussed earlier. Here ve outline some important experimental facts regarding 

this experiment. 

I. 	 Rates and Acceptance: 

The total Yp cross-section is ~120yb. Of this, 20 yb comes from 

photoproduction of ~ W ~oJ;6 Therefore the total cross-section for the reaction 

{(+p~ iI+(I<+) +anything, will be ~100 yb. 

The total event rate vill be 20Q ;per pulse.. J:'!lCSe events 

will be distributed in the various regions: ­

i ) Forward Det ector 

The forward detector has an acceptance of 40 mr x 120 mr (for the purposes 

of momentum analysis). Therefore all p~ticles above 2 GeV with production angles 

less than 40 mr are accepted. Particles produced between 40 mr and 120 mr are 

partially accepted. 

Transform 	into C.M. system and consider a pion with momentum & = ( P.l... -' p,r.: CM) 
, ,... 

or equivalently, with transverse momentum P~, and Fe~an parameter x = Pi!<.J'\, where 
E. 

energy of photon (or proton) ~n the C.M. system. Then the 

acceptance of the forward detector in terms of P.J.,.' x is given by the follovring 

table: 

.j 	 ; 

P.L & ~ 40 mr e~ 	120 mr(GeV) Pzcm 	 (GeV) :x. Pzcm 	 (GeV) :x. 
~ 	0.030.2 ~ 	 0.3 ~ -0.1 -.01~ 

0.4 ~ 0.04 ~ -0.1 -0.010.39?­ ~ 

0.10~ 1.01.0 -0.1 -.01~ ~ ~ 
-
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We conclude that for 100 ~ K-f 200 GeV, the forward detector is effective for 

almost all of the forward hemisphere (C.M.), 'i.e. for P ~ 0 or x ). o. 
z 

ii) The Recoil Detector 

The recoil detector also covers a certain range of pions. The detector 

is effective for pions produced approximately; in the range 35 0 < e < 135 0 • 

The protons can be distinguished from the pions by knowing the momentum of the 

particle and the energy it deposits in the dE/dx counters. The 

acceptance of the If± for + 60e ~ e <1200 are: 

Pol. 
(GeV) 

0.2 

e ~bO 0 

pz cm (GeV) I, -1.55 ~ 

X 

-0.16 

. pz cm (GeV) 

?­ -4.'0 

e~ 1200 

X 

~ -.41 

0.4 ~ - 2.7 ~ - 2.8, ~ -7.4 ~ -.76 

1.0 ~ ­ 6.2 .s -.64 All P:CUA 
~-1.0 

Fig. lSsummarizes the region detected by, the present set up. It 

is clear that the set up covers a. large region of interest, enabling us to perform 

tests of various models with the minimum of systematic errors. 
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DI. Resolution 

The resolution of the transverse momentUm and the longitudinal momentum 

for various pion production angles and p~ = 0.2 GeV are listed in the following 

table. 

e.r (1'111-) 100 50 10 LO 

P-rr (GeV) 2 4 20 200 

± A pJ.. (MeV) 0.5 0.9 0.9 9 

± b. f,~ (MeV) 3 12 40 4000 

'bo-~ %± a­il" 
0.3 0.5 0.4 4.0 

Assuming the differential cross-section of ir ~1i4- anything (at 200 GeV) to be the 
+ 3,8 

same analytical form as P + P --? If - + anything (at 30 GeVIc): 

we find the uncertainty in G:;:' due to measurement error in £1\ and P...L is 

_J~ = 
a;­

The percentage errors for various production angles are also listed in the above 

table. We Observe that the resolution is more than surficient ror this experiment. 

III. Background 

It is difficult to have a reliable estimate of the background theoretically. 

For one-pion distribution, on the basis of fireballs and Bremsstrahlung, the background 

-1is not expected to have a rapid dependence of the form E • Thus the distribution, 

with background taken into account, is 
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~ f (r.L) + F (P.L) 

where F is approximately independent of' P'lbut depends on p~nd is inversely 

proportional to the incident energy. If',.f'or a given p~, the entire distribution 

in p" is measured, then we can f'it the result with this f'orm and, if' a reasonable 

fit is obtained, obtain both f' and F. 

In the absence of such a measurement, we can only give a rough estimate 

as f'ollows: 

Jt f Cp.L) ~ f Cp.L) 
"'II"' 

if' 

Thus roughly 

when 

With this estimate, the background to !?igmiJ ratio (f'or PII = 0) is 

Jp;..':4+ (YJ: 

E (1\""/(y\p 


For PL =140 MeV/c and E = 10 GeV, we get ~13 %(maximum) background. 

From the above conSiderations, we can give the f'ollowing examples of' tests of' 

the theory. 

a. Shape of' the curve: One f'its the measured distribution with C1), and 

determine f(rJ.)and F ( P.J..) If' an anomalously large background is needed to f'it 

the data, i.e., if' F (pL)f".. <oj
~IO /(1

5 (('!.-) 

at Pit = 0, PJ.- ~ 140 MeVIe and E = 10 GeV, then test 1. f'ails. 



66 

-...
,b. Equality ofl!' and'Tl"'distributions: According to theory, t~ function 

f(p.L) is the same, while the function F. (PL) may be different for the one-particle 

distributions of T+and-rr-. The equality of ~+and f1T- is further subject to the 

•experimental limitation for isolating ~S from Kls which m~ be 5% - 10%. 

Accordingly, we expect 

at D = 	0 0.1..?. 140 MeVIc and E = 10 GeV. If the left side of the above equation
{\I. I 	 I. , 

is considerably greater than 10%, then test 2 fails. 

IV. 	 Demands on the apparatus: 

For the 1st run, '" Cerenkov Counters (Appendix III) will be used to identify 

Later on two Cerenkov Counters may be neede~ to measure the K± production. 

The region not measured by the 1st run can be cov~reJ by moving the 

apparatus to be centered off 0
0 

direction. 
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Two Body decays o~ Vector Mesons 

Expt. B. 

In this section we discuss the essential experimental considerations 
Q{lti ­

with regard to studying the production, (the Sand t dependence)ftthe decay 

angular distribution (in C.M. System) of r ~",ii J ~.....".K K mesons, and the 

+ - + ­search for new 0 , 1 ,2,3 particles decaying into these modes. 

I. Kinematical Considerations: 


The decay angular distribution tor diffractively produced vector mesons, 


in the (with respect to 

direction) • 

The momentum and angular distributions in the laboratory frame are shown in 

Fig. l.} ot the chapter describing the torward detector. From these we 

conclude that tor M<5 GeV, E=150 GeV, most of the events viII be in the torwardr . 
o cone of< 5 • For illustrative purposes, we discuss two typical samples. 

(i) Fort production , with 100 GeV < E ~ < 200 GeV, the proton comes 	out at 
, 0 0 

angles between 65 and 85 • The momentum transfer is 

pions are all forward (3.6 d < 9" < 36 d with 1 0 < D..".. < 100 GeV). 
~a 	 ~a \"" 

(ii) Forf production, because of the low Q value for the f...,K'1<. decay, 	the K±. 

come 	out much more forward ( I· 2 5('11",i < 17k (ll.S."",. for 10 < ?v.<ICO~{>" Because of the 
2­

diffractive nature of production the effective t range will be <l(Ge~) 

II. Acceptance, resolution and Counting rate: 

We have written a Monte Carlo program which makes the following assumptions; 

(1) beam intensity 4 x 105/pulse with l/k dependence. 
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cl - rt;(2) production cross section 
"";; -= r~Oe fl" f 
and 

with 

(Al.l in units of jb/GeV2 ) 

(3) A decay C.M. distribution 

(4.) Breit-Wigner form 

(5) Absorption and multiple scattering 

(6) Geometry of forward and recoil detector 

Based on the result of Monte Carlo calculations we list the acceptances, 

the resolutions, and the counting rate for various reactions in the forward 

detector. (The recoil proton detector has an average efficiency ot~o.4 and a 

mass resolution of SMx!::!IOO MeV at IY'Iv = 5 BeV. (ThiS will be discussed in 

detail in the Section on Multi particle decays.) 
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Acceptances for detecting 

rfI"o 

f ~Tr" 

.(11\, or- M,.. 
Total 

1'\,,1' 100% 

M +-1"\:':' 
smail Angle 

"'-" 100% 

¢ -4 KK -v 100% ("J 100% 

yo(~ CtAr ) ~ ir'\l 

Vo ( 3 (MI) -'" K"\ 

89.4% 

95.5% 

24.8% 

24.8% 

y. (1) ~v).-:o,i\" 60% 2.04% 

yo (5 ~v ).." '< "< 64.5% 2.67% 

Rates/hour: . 

Mv" 
141 Or' 

Total 
M'l. MI + M1. 

Small Angle 

.f~"" 
f~V'(K 

VO( 3 C-tN) -"If" 

V4 
( 3 cx..v)~~ \'C 

Y"'( 5 ~}~ii\\ 

V"(S GvV)...,.VCK 

34900 

788 

259 

276 

174 

181 

34900 

788 

72 

J? 

6 

8 
(If the recoil proton is also detected, the yie·lds in the above tabl€! shouldbe multiplied 
by....o.4) . l .

S1nce for high mass vector mesons, the production cross section of 1 yb/~GeY.()~ 

h~s been assumed, the above table implies that our detector is sensitive for 

detecting vector mesons up to 5 GeV with a sensitivity of y~~ coupling constant 

'1.2. -< I 1­
"Vi '- r;-o ~f~ . 

Resolution: The following tables list some typical results from the Monte 

Carlo calculations: 



E ... :::: ':lp ± Se (~r-) I -\- bUl. (%) + afI\ (f) -\- .rfIl (~) 
20 

60 

100 

200 

0.083 

0.051 

0.039 

0.036 r 

0.023 

0.013 

0.011 

0.011 

1.8 

3.1 

4.1 

·8.0 

0.45 

0.75 

1.0 

2.0 

I 


Because of the resolution of the wire chambers and the lever arm, 

the mass resolution is much better than that of most of the present data. 
13 

We Ca.lC. +·b~! efore stu~y tJ t interfer'ence effects ~ 

The special problem of looking at k pairs is that one has to separate 

the kaons from the much higher flux of pion pairs. It is possible to use 

" threshold Cerenkov counters in our system for photon energies up to 150'GeV, 

but beyond that, separation is not possible. If we assume that all pairs 

of particles are kaons, and make a 20 MeV mass cut around the.f ' and 

further assume that the f shape is given by a' pure Breit-Wigner, then the 

signal to noise ratio of j42~"'lf\ i~ 2:1. This comes about because 

one is far away from the peak of the jP and the mass cut is narrow. For 

a smaller mass cut, or if we use a mass dependent width for the l' 
this ratio will increase. 

t:: AN~LG.. $('('\ I- ArJ(;... € 

E- y {(xlI)
I P1" (~,.) 

(1\, or- Ml, 

+ Ff'I\ ~M~V) 
fil, +- M~ 

-+-:dt/\ (r'\.c..v') 
100 

100 

200 

200 

3.0 

5.0 

3.0 

5.0 

81 

135 

-
~ 

-

-
-
22 

36. 
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III. Background: 

Presently available data on photoproduction of the f meson indicate 


that background of the type: 


-I t- r~ N'*.-+ f 
4r-ri\D 

is about 15% 

The N* type background will be rejected in two independent ways: 

o
(1) 	 By detecting the TT and p 
( 2) 	 By Kinematic constraints: There are four constraints from conservation 

of energy and three momenta: three of these are useful in rejecting 

N* events: 

(1) 	 Coplanarity 

(2) 	 Conservation of momentum in the transverse direction of the 

production plane 

(3) 	 Conservation of energy 

To understand the rejection ratio of the Kinematic constraints above, 


we have performed a Monte Carlo study in which 1000 if -7 N ¥OJ events were 


generated. None were found to satisfy -If ~. pf<> . 

For f production, the DESY bubble chamber data shows that the reaction 

"p-t f+P +\i'1+1\- is about 50% of the elastic cross sections. This background 

will be rejected for three reasons: 

(a) 	 At high energy, the relative yields of these inelastic events to the 

elastic events will be smaller~ 

(b) 	 Detecting the additional pions will reject the inelastic events. 

(c) 	 Coplanarity 
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Expt. C Three body decSiYs .../+p ---?1' r+ lU~ :. 0 

~ I \......7' ,,+ "II" ""It" 

L...:;. ""'+- Y 
The photo produced ~* stands for any meson with quantum numbers 

I (JP)G =0 (l-)~l). Because of G parity conservation, these particles can 

only decay into an odd number of pions through strong interactions,i.e. 

OJ *'---?'" :3ii 
) 

5it 
) 

7......... . 

In the following discussion, we will concentrate on the 3~decay mode, 

.I. Kinematics 
..... 

Let K , 
+ 

-'" 
K 
-

be the momenta of the charged pions in the w* rest frame and 
-'" 
£ 

be the polarization vector of the ~* in the S channel helicity frame. The decay 

matrix of a photoproduced vector meson into is M -<: 

..... ............... ( )

K+ x K_,£ assuming helicity is conserved in the S channel helicity frame 

the decay probability is 

where e* is the angle between E and the normal to the decay plane, i.e. 
~ ...... 
K+ x K_. The decay matrix implies that the pions from OU* decay prefer to be 

far away from each other in the phase space. 

With incident photon energy 150 < K < 200 GeV, the distribution of pion 

momentum w.r. to the production angle for various w* mass is illustrated in the 

following table 

2 (w )M = 0.783 GeV/e 2 (rf )M = 1.018 GeV/e 

9(mr) 3 5 7 9 3 7 10 20 

-* 
Range of rrr 

(GeVIe) 
8 --" 142 8'~105 7 -'-t­ 60 7-45 6· --150 ~ -90 ~ ·-53 7 .-,... 12 



73 


< 2 2M = 5.0 	GeV/cM= 3.0 	GeV/c 

9(mr) 100 12512.5 25 50 25 5075 75 

~ .Range in 
2 10.....,.32 6·-220...,.130 6-22 5-+ 10 15-100 15....,.55 3-15f?n. (GeV/c ) 10-17 

~ More than 95% of the events are in the quoted ranges) 

II. Acceptance, resolution, and counting rate: 

We use a Monte Carlo program to study the acceptance, the resolution and the 

yields. The Monte Carlo procedure is as follows: 

(i) 	 Generate incident photon (100 - 200 GeV) , assuming 4 x 105/pulse 

( ii) 	 Calculate recoil proton and lJ* momenta weighted with Ae8t 

(iii) 	 W* decays into 3hweighted by the calculated decay probability. 
o 

(iv) 	 Transform the pion momenta into the lab. system, let the 1\ 

decay into two gammas and check whether all the particles 

aru accepted by the forward de~ector. 

(v) Apply measurement uncertainties listed in the Forward detector to 

the particle trajectories and reconstructW* mass. 

The percentage of the 3rr events accepted by detector (a) and/or (b), the mass 

resolution and the counting rate are listed in the Table: 
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.1 

Acceptance AcceptanceM (Ml) (M2) EventsI Comment 

100%783 (6.» 15 MeV99% 3720/hour Pc ~ \~b /(',4, )1­
1018.8 (f ) 76% 202/hour . 16 MeV ~ A =5rl.;(t;<,~; " 
1018.8 (f) 100% 264/hour 30 MeV 

3000 w* 206/hour go MeV74% 

(5000W* 106/hour 160 MeV39% R ::: lY9(Gr. II­<r<:..'1/...,. c 

6000 w* 24% 62/hour z;J..0 MeV production cross 

10000W* 8% 300 f{\rz.V13/hour section 

After 300 hours of running the forward detector will accumulate 5000 events of 10 GeV w* 
with coupling constant ~;wJl ::.-'o~~..,) 2 

Fig.16,17&IS show the Monte Carlo results fOr?) c.J andW* (3 GeV/c ) 

as seen by our apparatus. 

We notice that the mass resolution is better for low mass particles. Since 

with the missing mass teChnique (see below) the missing mass resolutions is better 

for high mass particles, these two methods complement each other· 

Typical t acceptance ;s Il:..",~<I~ <. 1. GeV/c
2

• If recoil is also detected the rate 

l(l1<'7Gt")in the table should be multiplied by approximately 0.4. Above about 7 Gev the 

efficiency for recoil detection is very low. 

III.Background 

At low energy, the OPE contribution to the iJ production has been the single 

major background to the diffractively produced W. OPE here includes two non­

diffractive processes] i p~ '--.lp 
Since the OPE contribution falls off rapidly as 

energy increases, we expect it will be negligible ( «<:5% of the diffractive part) 

at K rv 100 GeV. 
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Fig.l9 shows the spectru.;,m 0f-3iiP, measured by the DESY Bubble Chamber 

Group_ A t 3.5-(K <5.8 GeV the background is <10%. The DESY me,.a.su.re.ment 

shows that the non resonant background decreases with K. One expects the 

non resonant background to go to zero at K·vlOO GeV. 

To reject the inelastic but diffractive reaction 

-{ r -,. N * (11+70) +W 

L,.. r "1\0 

which may not be small at high energies, we combine the forward 

measurement with the information on the recoil detector. Ahout 0% of elastic events 

will have the recoil proton detected. Because of conservation of energy and 

momentum. there are four constraints for these events. Two of them are 

particularly useful, i.e. conservation of momentum in the two directions 

perpendicular to the beam direction. For an event like several 

hundred MeVIc of momentum will be carried away by the missing 'If 
..;1 

• Monte Carlo 

studies show that from 1000 i F~ N j.. w generated none were identified as 
I 

'tp~wp events. Independently, the counters' in the recoil detector reject 

the N* events. 

As previously discussed, for f production, the main background if~'" p -+ ¢ +\111 

can be rejected by Kinematics and by detecting the TrfS 
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Expt. D. Multiparticle DecB\Vs o:f Vector Mesons 

The missing m.uss~ mx~ in the pr~cess if""'Xf is calculated from the 

measurements of the tagged photon momentum and angles~ and of the recoil 

proton 

The, data will consi,st of three types: 

a. Events with a complete measurement of decay products and, 

in many cases, the proton. For example VG' 0 1" - +­ -...,. w7\-;- -;r lfll 'Tf' • 

For this class of data we will be able to analyze the 

decay distributions and obtain in:formation on the proper­

ties of the new resonances. 

b. Events for which the number and charge of decay products 

is known but kinematic information is not known for all 

decay particles. The recoil proton is measured, so that 

the missing mass will be determined. This type of event 

will be separated into categories distinguishing different 

multiplicities and particles. Missing mass spectra :for 

each category can be plotted so that the dominant decay 

channels will be known. In this way, a resonance with a 

small production cross section in one channel will not be 

lost in the continuum of the other channels, as happens 

in standard missing mass searches which do not have channel 

separation. 

c. Events with high particle multiplicities. Only the missing 

mass can be measured. 
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~~ Acceptance, Rates and Resolution 
I\:,e-­

Listed in~~ollowing Table are the missing mass resolutions and rates 

calculated by the Monte Carlo program described earlier. 

Note that as the missing mass increases,the absolute mass resolution 

actually improves if the momentum resolution and other parameters remain 

the same. This may be understood by noting that 

dll)~ =f(Pr'f)p'·.·.·rpp ) 

vhere ~ does not depend on m. Thus 
x 

&(11,,:= J-f(".)
2m.. 

_ The table also shows the e~~iciency for acceptance, and includes the 

losses due to both energy loss in the target and due to angular acceptance 

o~ the recoil syste~. Integrating over this acceptance, and assuming a 

dif~raction production distribution 
d q- - A e.htli-

we have estimated the rates shown in the Table. 

'rhese tables indicate how sensitive this experiment will be to new 

vector mesons. After 200 hours of running time at 150 GeV we should collect 

about l6~000 events o~ a 5 GeV resonance with a-cross section o~ the order 

of IJ of that of the t meson. 
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Expected(2) 

9, Recoi1(1) (2.) Rate/hour 
k tnx -t 2 PI' Acceptance JM)C J 1t: 

·GeV GeV (GeV/c) Degrees MeV' Efficiency MeV d::: e r\;{Gt>!{)2. 

100 2 .1 77 321 .43 ' 156 
.3 71 571 .39 367 113 
.5 68 756 .38 582 -

5 .1 56 321 .25 ..87 
.3 60 571 .32 48 62 
.5 59 756 .27 124 

.!-----­

7 .15 35 395 .02 127 
.3 45 571 .15 78 10 
.5 47 756 .19 50 --. ­ -

150 2 .1 78 321 .41 237 
.3 72 571 .37 481 107 
.5 68 756 .33 1031 

5 .1 65 321 .31 97 
.3 65 571 .36 105 80 

.5 62 756 
: 

.30 , 227 

7 .1 47 321 .20 142 

.3 55 ~71 .24 60 

I 
45 

.5 55 756 .30 82 . . 
200 2 .1 79 321 •44 331 

.3 73 571 .39 826 115 

.5 68 756 .38 1414 I---- ­ ----- ­ --- ­ ---",.--~ .....---.--,.~. .,-_._-*-­ ---.-'*----~--.. 
5 .1 69 321 .35 116 

\ 

.3 67 571 .37 179 92 

.5 64 756 .31 447 --- ­ - ­ ---' ~,--' "-I 
7 .1 57 321 .29 123 

.3 60 571 .28 67 69 

.5 59 756 .33 197 
N.B. 	 (1) includes probability of proton leaving target. Monte Carlo statisti ­

ca.1 error in acceptance is ± .030'"-J 

(2) Monte Carlo statistical error is 6%. 

(3) Target length used = 1.15m 
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The search for high mass resonances requires that the forward detec­

tor have as wide an acceptance as pOssible combined with good momentum 

resolution. The angle covered by the decay particles increases with tncre.~~ng 

mass. The pions fromf decay have opening angles typically of the 

order of 10 mrad at 150 GeV. A 10 GeV vector meson decaying to two 

pions has a minim~ opening angle of 133 mrad. This compares to ± 33 mrad, 

which is the angle covered by the furthest chambers following M2 in the 

forward detection system. Pions from such high mass decays will often 

enter the chambers following Ml, which extend to ± 120 mrad. Thus, chamber 

plane 3 is required for the high mass search. For higher masses and multi-

p~icit1es, the requ~rea solid angle will be even larger. D~tecting 

tracks from such events without a momentum determination is one of the 

fUnctions of the special chamber plane immediately following the recoil 

-magnet. 

The requirement of good missing mass resolution provides the most severe 

requirements on the measurement resolution of the recoil system. 

II. Extension of the Missing Mass Range 

The upper limit on missing mass with the apparatus we described in 

the last section is about 8 GeV. With the chambers located as shown in 

Fig. 14 0f the recoil detector section, the angular range from 25° to 35° 

is undetected. This shadow is a result of the compromise (low power) 

field setting used in the recoil magnet. In order to maintain the momen­

tum resolution at a low field it was necessary' to position the outer 
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chambers 75 cm away· from the target. Ir these chambers are moved to 50 cm 

and the middle chambers are moved ih correspondingly~ this shadow region 

will be accepted. We intend to cover this region in a short run by turn­

ing the power in the rorward detector magnets to a very low field and 

increasing the recoil magnet field to compensate for the shorter lever 

arm. In this way, without drawing more power, we will be able to extend 

the mass range to about 10 GeV. The forward detectors will determine the 

multiplicity and charge of decay particles and perform a rough momentum 

me~surement. 



Expt. E 'f-I,) .Regeneration 

As discussed earlier. thefyields on hydrogen give 34,900 events/hour. 

There will thus be plenty of events from the reactions 

anti. 
The photoproduction of vector mesons is coherent on nucle'l Athe rate 

increases as A1.
8• We can therefore expect an event rate of "" \ ODO/hour 

for W " (simultaneously) on nuclei. 

To find ( \t if /w regeneration does occur 1 we note the following facts from 

present data: 

(1) For f production 
J 

( The W-rJ t\.1'IJ. t-tJ cross sections are 

almost e;ual) 

(3) o¢~ <..< 6f~ ) 0;;; -;::: \Or<'\h. 

We further expect that at 200 GeV, all reactions are purely imaginary. 

In the model of Ross-Stodolsky one has 

r=- LoS eN ,<:0 -t' s:~(\ eN W':> 

(,J -== - $1(\ SN I'" + <..os CJ", wI.) 

The free parameters are 

We propose to make systematic measurements of Jv- ( (J w J,) on 
cA.1:::. ) / ) y-

H. Be. C; Al, Ti, ~u, Ag, Cd, In. Ta, W, Au, Ph, U (all with 99% purity). 

--------------------~'."--"--
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Following (1), (2), (3) we observe that: 

if 9",=-0 , no regeneration, then IdO;:;~A1.8 in exactly the same way 
~"JEA-=o ) 

as ~. Any difference in A dependence between do;:; (A) Q.(l.d ~ Vj (A 
J..I;:: It:" 04;

implies 

(2) the measurement of cl q (A) together with do;:; (A) will 
alb 


determine the value of ffN. 


The table below lists the yields (assuming p.. ::; 0) tor thin (High A) targets. The 

yields were calculated from available data, extrapolated to 150 GeV. 

~-rAR~ ET H 	 c Cu Pb 
p., ! , I 12 63.54 

I 1 I 
207.2 

I 
i 

If ~;"/t.....L I 0.07 1. 55 8.96 11.35 
t\-, ; (. \{ M S <"{""'l 115 	 3 0.1 0.05 

140.1l h,r-11465. 5 1165.8 ! 280.5 
 208. 

! 
1 37.4~-f' 3.~ hr! 264 I 210 
I 

50.5 
, 

.. 1 ."-	 r ' .......,." 	"'-"/l'1r 3811 3031 729 541 

w ....,?,.. /.."... !3430 2728 656 487 


Thus for a 100 hour run on 14 elements, we can do a 1 - 2% accuracy experiment. 

II. Backgrounds: On high Z nuclei, the e + e - yields increase as Z2 On Pb the 

meas~ed e+e - cross section is 4- X104'mb, the W cross section being 0.7 mb. 
i 

+ -	 4The e e /31\ is 6 x 10 . 

There are tlMte ways to rej ect this background: 

(1) 	the trigger rejection is 10-3 to 10-4 

(2) 	off line, we can reconstruct 3T\ events. 

(3) 	we can also desensitize the central part of the forward proportional 
chambers. 
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·.Expt. f Search for HeavY Leptons 

I. Kinematics and triggering. 

Following the discussion in the physics section, we note that 

(1) 	the production of L+L- will be in the forward cone very close 

to 0° and has ~ yield 0: Z2 G 2( q2) ;E 
(2) 	 if ML< 1 BeV, the decay of L~nv~ dominates the L~~vv mode. 

(3) 	if Mt> 1 BeV, then the L~~vv mode dominates over the L~nv mode. 

if ML> 5 BeV, most of the decay will be in the ~vv mode. 

Following from (1), (2) and (3), we conclude that an effective search for 


heavy leptons must have a detector which satisfies the following conditions: 


(1) 	two and only two charged particles come out; 

(2) 	the total energy of the charged particles is < E ; 

2 2 2 Y


(3) 	many elements must be used to test the Z G (q ) dependence;E 
(4) 	we must be able to distinguish the TI from the K and the ~ from the e ; 

(5) 	a close to 4n detector is necessary to reject events of the type, 
v + - I + ­

y+Z~ 2~ +2e + Z or 0 + 	A+K K+A or A'+'il' +Ii. 

II'. 	Counting Rate. 
+ ­Using the total L L production cross section 


- ) - -'L 'l,._lL (:>)1; n 2[,< _ :z.ll.I)
cr- ( L'v - '-"-c:. IL ~,- ­
v ... 1'0... Jt 

+ ­The rates for h h pair production in different decay channels for 300 hours 

of running time at 4 x 105 photons/burst on 1 meter of hydrogen are listed in the 

following table', 
+ ­Rates/300 hours for Various Decay Channels 	of h h 

~ (GeV) 0.6 1.0 1..5 3.0 

" 71 

IT€:. 

1Tr 
e e 

/1 
r e, 

1430 

550 

550 

50 

50 

110 

204 

212 

212 

51 

51 

102 

32 

69 

69 

39 

39 

78 

0.6 

5.4 

5.4 

12.2 

12.2 

24.0 

Total 27-40 832 326 59.8 



88 

If the leptons with strangeness S = +1 are coupled to photons with the same strength 
+ ­as ordinary leptons: the calculated rates for the K K decay for various values of 

Mb are (per 300 hours) 

Mb (GeV) 0.5 1.0 1.5 3.0 

ro..1es{'!;oo"''I' 1400 670 250 40 I 

In order to increase the sensitivity for detecting h+h-~ after the 300 hours of low 

intensity running~ we plan to run another 300 hours at ten times higher intensity. 

III. 	Background: 

..... 
The most serious background is the decay in flight of 1r­

oX 
Therefore a 1\ pair produced may end up looking like ~ or;v~ • A large amount 

of energy will be missing) carried away by the neutrino in 11 decay. However the 
+ - -"" 

'IT 
-	 + ­other decay channels, K K , 1\ lr flo. , Ie.., and e e should be free from 

serious contamination. 
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Expt. G. Compton scattering 

I. Acceptance and Rates 

In order to estimate the counting rate for elastic Compton scattering 
we uSe. ~e. 51.. Ac.. cla!:.a: 

-do­
& 

The acceptances as a function of t, calculated by the Monte Carlo program 

is shown in fig.l~ The acceptance, together with the above cross-section 

yields (assuming 4 X 105 -(/ burst) &4- elastic Compton events per hour. 

After 300 hours of running, 2.0,000 events should be accumulated. 

Fig. a1 shows a Monte Carlo simulation of how the data should look as a 

function of t after 200 hours. The plot was generated assuming a O.B eBt 

distribution. A best fit to this simulated data is shown in the figure. 

This fit indicates that the measurement error in the diffraction slope will 

be about 0.35(Gev/c.)2, and the error in A will be about 6%. 

II" Background and Resolution 

Because of the smallness of the cross section, the crux of the Compton 

scattering experiment is the elimination of background from inelastic 

processes like 

( 10) 

and 

The full measurement of all particles in the initial and final states will 

allow us four constraints to remove this kind of background and obtain a clean 

sample of elastic Compton data. In addition events due to Reaction (It:» ,rill 

be identified and rejected by the detector. Shower counters surrounding the 

recoil system will detect photons fromrro decay, and the dE/dx counters 
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will 	distinguish~+ from protons. 

The four kinematic constraints are: 

1 and 2: Three independent measurements of the momentum transfer, t. 

3. Coplanarity , />'1 = f r'" ,7\ 

4: Energy conservation, k + m =k'+ Er p 

We will discuss each of these in turn. 

The momentum transfer will be measured in three independent ways. From 

the measurement of the proton recoil angle,ep' we have 

-t :::::.e 

The measurement of the proton momentum gives the kinetic energy T and 

Finally, from the scattered photon angle measurement we have 

The expected resolution fro~ each of these measurements of t has been 

calculated using the Monte Carlo techniques described earlier, and checked by 

hand. The results as a function of t for incident photon energy of 150 GeV 

are-shown in Fig.1~a The resolution in ta gets worse at lower \t\ because 

of the increased multiple scattering. Thus fteis best for /tJ~C.2 (GeV/c)2. 

On the other hand the proton momentum measurement improves at low Itl ' so that 

t is best in that region. For very small ' however,the effect of energyp 	 ~I 
loss in the target must be corrected for, and this correction brings in the 

uncertainty in the vertex location. Thus at very small itI, the resolution 

in t becomes somewhat worse. The scattered photon angle relative to the 
p 

incident angle, 81' , is determined over a ~O m lever arm from measurement 
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of the tagging verte~, the target vertex, and the final detection of the 

photon. The beam spot is 1 cm wide ~y 8 cm high. This provides information on 

the horizontal location of the vertex tojt.5 cm. By tracing the proton 

trajectory back to the target a similar resolution in the vertical'direction 

will be obtained. This, combined with the tagging vertex resolution of±0.5 cm, 

determines the incident photon angle to about ..;- 0.2 mrad. This error 

dominates bet, (At energies of 150 GeV, the shower produced by a photon 

interacting in lead is very limited. We expect a spatial resolution of 

±.3 mm toi::;.5 mm). 

The three measurements of momentum transfer provide two constraiit: tp=t t = t e . 

According to the Monte Carlo calculations fp can be measured to S fr-f:.. lO 

for 

inversely proportional to {)~. This dependence dominates the resolution of the 

coplanarity check as shown in Fig.22b, The coplanarity constraint is particularly 

useful when there are one or more undetected particles such as in If"":" ir () 'j) • 
The fourth constraint, energy conservation, depends on how well the scattered 

photon energy is measured. The thick lead glass counters behind the final 

plane of chambers determine the energy {:o±5% or better. This constraint will be-

used to exclude processes which have a forward gOing photon in conjunction with 

undetected particles. The key fact behind this constraint is that the scattered 

photon in elastic Compton scattering has an energy no more than 0.5 GeV lower 

than the incident photon as long as It\ is less than 0.75 (GeV/c}2. 

In order to get a feeling for how successfully these kinematic constraints 

will reject background events a Monte Carlo program was used to generate events with 

the N* decaying into both available channels. (Df ~fN~r. Out of 1700 events 

none were able to fake elastic events. 

The above rejection is achieved by using Kinematic constraints alone. In 

addition we have rejection from the hardware identification of tr'
., 

and photons 

by the recoil system. This should increase the rejection by a factor of 10. 
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The total rejection against the N* background will therefore be better than 

lOsOOO~OsOOO to 1. 

The other possible source of significant background are events 

coming from tr~w6p vith the W decaying to If''{~ '3.i. There are three 

photons in the final state and the possibility that tvo of these are missed by the 

detection system vould allov an event to fake elastic Compton. The 

photoproduction cross section can be estimated s and from such an estimate 

and a calculation of the chances of missing 2 out of 3 photons ve conclude 

that without kinematical constraints s this and similar backgrounds vill 

not "be more than a fev per cent of elastic Compton. The kinematic 

constraints will push this type of background to a very lov level. 

The reaction ~~Tip gives a background similar ~o ~ production. However, 

the rate should be no higher than a fev per cent of Compton at these 

energies because of the rapid falloff of the photoproduction cross section with 

energy. In addition the ability to detect both photons fromer" decay and the kinematic 

constraints will keep this type of contamination at an insignificant level. 
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EXPECTED COMPTON SCATTERING 


RESULTS AFTER 200 HOURS RUNNING 


Kmax =150 GeV 


dO" 
- =Ae bt assumed
dt 

A = O.8jJb/(Gev/c)2 

b =8 (GeV/cr2 
10-1 

Best fit to ebt J 

-81~ 
-I<! 

10-2 

o -0.2 -0.4 -0.6 

. t (GeV/c}2 
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Expt. H Total Cross Sect:ton 

'(f 4 all hadrons 

We will 	be able to measure the total cross section in the following1. 


manner. A hadronic event is defined when: 


(i) a 	 tagging signal occurs 

(ii) 	 there is no e~e- pair signal observed, 

(iii) 	 there is no noninteracting photon along the beam line, with 

energy equal to the tagged photon energy, detected in SH2 and 

counter B. 

(i) (ii) {iii} is the classical attenuation method for measuring ~ • 

With the above mcasurc:uents alone, a.n accurc.tc determination of ~ cannot 

be obtained. Corrections due to false tag signa.ls (either due to beam halo 
. . 

scattered on the wall of the magnet, or due to soft e- produced in the 

tagging target, or due to Ir- induced events) are likely to be quite large. 

However, in our experiment, we will have additional information from 

track countin~ in the wire chambers. Since the proposed system covers a 

very large solid angle in the C.M. system, we will catch at least one particle 

in our apparatus for all hadronic events. Furthermore, since the average 

number of particles produced at these high energies is quite large, the 

chance of det~cting none of them due to inefficiency of the chambers and 

counters is v~ry small. There are only two classes of events which may 

not be detected, both of which have a very small cross section. One is 

forward neutral particle production, e. g. Yr ~ P1''', which has a negligible 

--..~---.~.---------------

http:signa.ls
http:accurc.tc
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cross section at high energy. Another class of events, which may be 

accidentally vetoed by the trigger system, is when a high energy photon is 

produced at the same angle as a high energy charged particle. When com­

bined together, the two of them would simulate a forward high energy elec­

tron and get rejected. About 5% of the tAl decay events belong to this 

category. Since Wproduction is about 1% of the total cross section, the 

induced error is negligible. 

With almost all the hadronic events detected, we can add up all the 

observed hadronic events and normalize them to the number of tagged photons 

recorded. 
, 

The calculated rate of total hadronic events as a function of incident 

photon energy is listed in Table below. We see that the rate is high 

enough up to energies of 290 GeV. 

Rates of 'fotal Hadronic Events per 1013 Incident Protons at 500 GeV/c 

Incident e- Energy 
E (GeV) . 

e 200 GeV 300 GeV 

Photon Energy Range 

E o{GeV) 
100-145 145-190 200-245 245-290 

I 
Total Haironic Events [,. 

(l'xents /hour ) I 
. 6 

Rate 1.8 x 10 61.3 x 10 47.6 x 10 46.3 x 10 
I 
I 

II. Experimental Checks 

The overall normalization, including the efficiency of the tagging sys­

tem and the entire detecting system, can be determined by comparing the 
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measured rates and spectrum of the e+e- pair production with the ~ E.!> 

calculation. The spectrum of the e+e- pairsserveJas.a most reliable overall 

calibration of the system, (as has been used at DESY for several years). 

An independent measurement of the total cross section will be made for 

30 hours by switching off magnets Ml and M2. This has the advantage of not 

+ - .distrubing the electromagnetic e e pairs, thus prov:tng a completely 

different measur~ement of ~. As before, all hadron events will still be 

measured. 

As discussed on page 83, we will increase the field in the recoil 

magnet which will allow us to extend the missing mass range. 
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OPERATIONS SCHEDULE 

We have planned the following sequence of operations: 

1. 	 Beam construction 9 months 

2. 	 Beam studies aimed at understanding and improving the beam. 
Parts of the experimental apparatus will appear on the floor 
during this period. 3 months 

3. 	 Debugging of apparatus. (Mainly parasitic operation, 
distributed suitably in time.) 200 hours 

~ 	 5 .4. First,~experimental survey run with 4 x 10 photons/ 300 hours on 
pulse, bk =±0.5%, a 1% radiation length tagging Hydrogent 
radiator and 1013 protons/ pulse incident on the 
production target. 100. hours on 

Complex nuclei 
After this run, we will increase the intensity by a factor 
of ten as discussed before. This can be achieved by a) 
increasing the electron intensity by a factor of 2-3 and/or 
b) increasing the tagging radiator to o.i radiation lengths. 
The purpose of this increase in intensity is to improve the 
sensitivity of the search for heavy leptons and vector mesons 
by a factor of 10. 

Increasing the tagging radiator thickness will worsen the 

photon energy resolution. However, Monte Carlo studies show 

that up to an energy resolution of 2.5%, the missing mass 

resolution up to 7 GeV is essentially unchanged. This is 

because the multiple scattering in the chambers and the 

sagitta measuring errors for the recoil proton still dominate 

the missing mass resolution. 


5. 	 High intensity run. Triggering only on large angle ( "-J 6 mrad) 
pairs to increase sensitivity of search for heavy vector 
mesons and leptons. 300 hours 
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APPENDIX I 

COST CONSIDERATIONS: 

The following estimates, quoted in U.S. 1971 dollars, are 

very preliminary: 

1. Liquid hydrogen target (NAL) 	 $ 
* 	 2. Recoil detector: 


Magnet (Moving & Modification) 10k 


Proportional Wire Planes 70k 


ScintillA.tor Counters 30k 


Shower Detector 5k 


3. 	 Forward detector: 


Magnet Ml (Moving & Modification) 10k 


Magnet M2 300k 


Proportional Wire Planes 70k 


Shower Counters 75k 


Scintillation Counters 35k 


4. Electronic logic 	 lOOk 

5. On line 	data facility 40k 

6. 	 Tagging system 


Magnets (Moving & Modification) 10k 


Proportional Wire Planes 5k 


Scintillation Counters 5k 


Shower Counters (Modification) 5k 


TarAL $ 	770k 

The experiments will be funded by the resources of the high energy 

groups appearing on the proposal. 

* The cost of the Alternative Recoil Detector, described in 
Appendix II is estimated at $ 85k as follows: 

Proportional Wire Planes ($60k) 
Scintillator Counters ($20k) 
Shower detector ($ 5k) 

Hence, the overall total cost of the system would change to $74ok. 
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APPENDIX II 

Alternative Recoil Detector 

The recoil detector described in the main body of the proposal utilizes 

a longitudinal magnetic field in a large magnet to measure the momenta of 
. 

recoil protons and pions at large angles with respect to the beam. We have 

designed an alternative non-magnetic system which utilizes the range 

technique to measure the kinetic energy of the recoiling proton. This 

technique has two serious drawbacks: (i) We shall not be able to measur3 

the momenta of the pions for production angles ~ 100 
, thus curtailing a part 

of our study of semi-inclusive reactions. (ii) The recoil proton momentum 

ranges from 200 MeV/c to 800 MeV/c. Nuclear absorption c?rrections, even 

though they are completely calculable in principle, represent an almost 40% 

loss in our recoil detection efficiency at the upper end of the proton 

momentum spectrum. 

The design criteria for the angle measurement, the charged pion 

separation,-rr° rejection and solid angle accepted are similar to those of 

the magnetic detector. The kinetic energy resolution demanded was 9% ~-

with this resolution, the fractional angular error and the momentum error 

make approximately equal contribution to the missing mass resolution at 

missing mass of 4.5 GeV/c2 produced by 150 GeV incident photons. Fig. 23 and 24 

show the apparatus: 

a) Anele measurement: PWC 1 to PWC 2 are proportional wire chamber 

planes which measure '8 p. PWC 1 is as close as conveniently possible to the 

target to locate the vertex in hydrogen. A weak longitudinal magnetic fi~ld 
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(a few hundred gauss-em) may be necessary at the downstream end in case the soft 

recoil electron background becomes a problem•. 

b) Charged pion separation: PWC 1 and PWC 2 are immediately followed 


by a dE 

dx counter. Pulse height information anq range observed will allow us to 

reject, off line, recoils accompanied by pions. 

c) Range: the dE 
dx counters are followed by a range IItelescope" in 

which absorbers alternate with PWC's with very coarse resolution (-r 5 cm), 

achieved by tying together, through resistors, twenty-five wires in our standard 

2 mm wire separation planes. With 12 absorbers in the telescope, the desired 

kinetic energy resolution of 9% is achieved. Range straggling due to 

gaussian fluctuations in ionization loss has been computed and amounts to 

at most 1.3% 

u 
d) IT Rejection: The range telescope is followed by 3 radiation 


lengths of lead and a course resolution proportional plane. The material in 


the range telescope already represents 2 radiation lengths, so that we .shall 


have a very high efficiency to detect If 0 IS. flFreak" events, in which the 


dE 
dx counter gives a proton signal and the range telescope indicates an 

anomalously long range due to/foconversion in the absorbers, will be 

rejected in off-line analysis. 

Thefacceptance of the system is"'3 /"Qcf~aJl3. The 9 acceptance depends on 

2the reaction under study. For a 4.5 GeY/c missing mass, and 150 GeV incident 


photons, the system has an efficiency o+' -;; 50%. 
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APPENDIX III 
v 

THRESHOLD CERENKOV COUNTERS 

In order to study photoproduction of particles up to 200 BeV/c, it is 

most important that we not only measure their angle and momenta, but also 

identify them. This is particularly true in reactions like 

v + o+ P -7> -rr + anything 

i 1- P~ K++ anything where we want to compare 

the distributions of thell and Kflux. 

In reactions like i + A -"'" A+f' -there are two decay modes of+which 

we can use. The f·-"? V. \(- mode had a branching ratio which is four times 

d) + - 0larger than the r -7' It U 1\ mode. 

In a search for new vector mesons: and heavy leptons ( V\ v\ .mode), it is 

also important to be able to distinguish 'then'~ from I('s. 

We have looked into the possibility of using threshold 
.~ 

Cerenkov 

counters in our forward detector to distinguishii; K and protons. 

v 
Space Available for C Counter in the Forward D"etector: 

In the present plans for the forward detector there are two long free 

sections: 

1) between plane (3) & M2 there is 7.5 meters 

2) between M2 & the final detector there is 15 meters. 

There are good reasons for not using the first space. Between 
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the two magnets the amount o~ material should be minimized, since 

e+e - pairs produced in this region vill not be vetoed in our present 

triggering system. Pairs produced after M2 cause no problem o~ t~is kind. 

Number of Photoelectrons Produced in 
v
C Counters: 

v 
The state o~ the art in C counters is such that provided one is 

v 
extremely care~ul to collect all the Cerenkov light, uses UV transmitting 

windows & UV reflecting surfaces, and uses very carefully selected phototubes t 

it is possible to obtain 150 e2 
photoelectrons per em of particle path. 

" (e is the angle of production of Cerenkov light in radians) (See for 

example Yovanovitch et al~ 

2Using this number (N = 150 e ) we have computed how many photoelectrons we 

could obtain in a 1.5 m and a 15 m Cerenkov counter. The results are shown in 

Fig. ,25a arH! 25b. 

In Fig. 25a we have assumed that the pressure is set so that at 

threShOld'f =0.999956 ~r 100 GeV protons. The curves are for light emitted 

by one and two particles having momenta P & P2 , with Pi + P2 = 150 GeV.
1 

In Fig. 25b similar plots are given forllr.& KK. This time the 

assumption is that threshold is)~= 0.999988, corresponding to lao GeV K's. 

From these curves we can conclude the following: 
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1) 
v 

A 15 m C counter can be used to separate efficiently (> 5 photo­

electrons)~'s & K'a in the momentum range 45 - 105 GeV. 

Thus a 15 m C counter in space 2 would help in identifYingr'S up to K~170 GeV. 

2) If we were interested in separating protons from kaons in the 
v 

same momentum range, a 7.5 m C counter placed in space 1 could do the job. 

It turns out that even if we use both space 1 & 2 for a,,r/K separating 
v 
C counter (total path length 22.5 meters), we cannot increase substantially 

the moment~~ range where separation can be'achieved. The number of photo­

electrons forn's drops rapidly as the threshold for KIs is increased. 

e.g. if Kthreshold is increased to 120 GeV the number of photoelectrons for 

drops by .....30%. 

.,;

Construction of C Counters: 

Fig. 26illustrates the variation of the momentum at threshold of~ls, 

pI sand K's. 

It can be seen that the P/K separating C '" counter would have to operate 

at near atmospheric pressure while the 7r/K separating counter would be at 

~0.35 atmospheres of helium. 

2The 7.5 m counter would have to cover an area 150 x 50 cm , while the 

215 m one (in space 2) would cover an area 150 x 50 cm at the front and 

2
250 x 100 em at the back. In both cases one would probably make the counters 

out of cylinders, but use concave mirrors only where necessary. Tle 
2.S/2.l. 

structure could be similar to that described by Denisov et ale 
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The folloving points would have to be watched: 

1) phototubes cannot operate in a He environment and therefore quartz 

windows are necessary. 

2) the reflectivity of UV from aluminized glass is 80%; on the other 

hand it is considerably lower from aluminum foil. It would probably be 
v 

necessary to place concave mirrors inside the C counter. This would be alright 

for the counter after M2 but would not be acceptable for the one between Ml & M2. 

Conclusion: 

It seems feasible, for the first round of experiments with our spectrometer, 

to build a 15 m C counter in the region between M2 and the final detector 

plane. It should be capable of separatingn's & K's in the mcment~~ range 

45 - 105 GeV. 
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APPENDIX IV 

In this appendix we discuss some aspects of the data aquisition and data 

handling for the experiments described in the text, together with some notes on 

the resolving time and construction of the proportional chambers. 

Data aquisition rates and data handling: 

We first estimate the record length associated with a typical event. We 

consider a 15,000 wire system, and assume an average of 5 charged tracks per 

plane though the forward detector planes(almost certainly an overestimate for 

the back planes), and an average of one track per plane in the recoil detector 

planes. For each track cluster (a cluster being defined as 1,2 (and possibly) 

3 adjacent wires which have a signal output), we Will write the address and the 

cluster size into a 16 bit word. This encoding will be done at the chamber. 

(A 1000 wire chamber requires 10 bits for the address, and 2 bits for the 

cluster size, with the remaining bits identifying the chamber plane). 

With the above assumptions a typical event record will consist of: 

~70 words for encoding track clusters 

~ 8 words for encoding scintillation counter information 

-...1'12 words for ADO information 

~12 words for TAC information 

~ 8 words for other monitoring and bookkeeping purposes 

~ 110 words =220 8 bit bytes 

To accommodate events having more than this 'average' number of tracks , it 

would seem that a record length 150 words is reasonable. This is a quite modest 

record length for the information content, and is achieved largely by the compact 

encoding of the chamber information. 
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At a writing density of 800 bytes per inch on magnetic tape, each event 

event will occupy 3/8". For the runs with the least selecti..v(!. triggering, 

therefore, we will use 75 inches of tape per beam burst, assuming 

200 events per burst. Taking into account the duty cycle of the m~chine, this 

means that we use 25" of magnetic tape per second. Thus a 2400 ' tape will last 

about 20 minutes at these high rates. Our word aquisition rate will also be high, 

1'11"11'1 t.he data will have to be read out from core storage onto temporary (disk) or 

permanent (magnetic tape) storage on a continuous basis. For the more selective 

t:r.iSgers _theset'igures. will be .much lower. 

We hope to use a standard NAL user's computer package (PDP ll,with teletype, 

fast 9 track magnetic tape deck, and 611 storage sco~e)together with another 

PDPll incorporating.disk and magnetic tape periph~rals. (The PDP Ills could 

be completely interactive). Two PDP II's are required (together with at least 

two high quality magnetic tape units and other peripherals) if we are to have 

adequate data storage and useful display programs for on-line monitoring of the 

equipment and for crude checks on the data. 

Resolving time of proportional chambers: 

The complete trigger for most events consists of the following parts: 

a) a signal from one of the triggering hodoscopes and one lead glass 

counter in the tagging arm. (The upstream momentum hodoscope is recorded, but 

is not part of the trigger). 

b) no output from three sets of veto conditions against e + e - pairs 

c) In parallel with (b) above, some positive trigger requirements from 

the various shower counters, and /of" from C. and· D. or from the recoil proton arm. 
... "

J 

• 
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Because of the long distances separating these counters, it is important to 

rationalize thetrig~er system so as to minimize the overall delay between t =0 

(when an interesting event is tagged), and the time when above trigger conditions 

signal an interesting event. This time is very relevant to the output electronics 

design of the proportional chambers. Each wire in the system is 'independent and 

continuously sensitive, and a signal becomes available from each activated wire 

in a time ~50 nanoseconds after the particle traversed the chamber. This time is 

much too short compared with the delays intrOduced by the decision making process 

outlined above, and some means of 'freezing' the information at the chamber 

outputs is required. This can be achieved by means of multiple delay lines (which 

have the advantage that the intrinsic resolving time of the chambers can be 

preserved, but are expensive and , messy) or by generating a pulse at each 
I 

amplifier output of-sufficient length that the data is preserved for the necessary 

length of time. (We will probably use both methods). In the case of the wire 

chambers in the tagging arm, we will use delay cables to make them contemporary with 

the chambers in the hydrogen target area. The chambers· in this area have the 

maximum waiting time, corresponding to the time taken for the particles to 

get to the end of the forward detector, and the time taken to get a signal back at 

the hydrogen ~arget region. Together with the time delays in the electronic logic, 

this amounts to~450 nanosec. Thus, for some chambers, the effective resolving 

time will be~ O.5ysec,much the same as for conventional spark chambers. 

In the event that we are troubled by a high rate of e+e - pairs from low energy 

(untagged) photon interactions in the hydrogen target, there are a number of ways 

in which we can cut down on this resolving time. It is convenient to distinguish 

between two basic types of random background according to whether it occurs before 

or after a good event (within the resolVing time, say 500TGec). In the case 

where the random occurs before a good event, we can automatically reset the 

chambers if a tag signal does not arr!ve within a narrow gate ( ,....:t 5nsec) delayed 

to correspond to the particle flight time between the tagging system and the hydrogen 
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target. This would reduce the effective resolving time by a factor 50. 

For the second type of contamination, we can if necessary, delay the signals from 

the chamber immediately downstream of the hydrogen target by up to 500nsec, and 

require a coincidence between the wires and the tagging signal to,:t25nsec. By 

doing this, we would reduce this contamination by a factor of 10. 

Proportional'Chamber construction: 

Although some of the areas to be covered by proportional chambers are quite 

large (up to 360 cm x 110 cm), we will be able to standardize on smaller, 

overlapping modules, and .. de not envisage having to make chambers larger than 

about 150 cm~ 150 cm. Even at these sizes, the thin tungsten wires will require 

some additional support, and we will use vinyl t~eads for this purpose. The 

high voltage planes will be made of Be-Cu wires strung in a direction orthogonal 

to the signal wires, with a thin mylar gas seal on the outside. With this 

construction, multiple scattering (which is particularly important in the recoil 

detector) will be kept to the minimum practical limit. 
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