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Introduction:

We propose to qonstruct a tagged photon facility in the 50-300 BeV
region to study the general features of photo-induced reactibns.‘ (See attached
paper on’Design of Tagged Photon Beaﬁ).

We produce thetxbeam from n° decays from & Be target, converting the'f;ays
into electron pairs. With a beam transport system, we collect 108 electrons on té

a tagging target which produces 4 x 10°

tagged photons with a resolution Sb? =30.5%
in the energy band 120-200 BeV.
Comparing this beam with other tagged photon beams, we note that the

2 ~-rays (or 106 total equivalent quanta in the total energy band) are

b x 10
distributed uniformly over one second of spili time, whereas in low energy tagged
photon beams from electron accelerators the same amount of beam is distributed over
30 millisecond or less. Thig festure enables NAL to use large solid angle detectors
and to perform accurate experiments with coincidence technigues.

Together with the tagged photon beam we pr0poée the construction of a

detection apparatus to perform the following experiments:

A. {+P > L X

‘B. ?{*F P > p + v? ' (photoproduction of new vecter mesons)
L_:;»ﬁﬂ") n > 2.

C. ’5—}49 —> P + f(-ln'>
-7 P+ W (Tr"'\‘r"tr") -
—> P+ ¢ (wre w"° 3 K+K”>
D. . Regeneration experiments for u3and)5 from nuclei.
E. Search for heavy leptons,
F. Elastic Compton Scattering.
G. Total cross-sections E;J(X}) and G;'(UQN)

We now discuss each separately, in the above order.




2.

) CHAPTER ONE
: Photon Phg?ics at High Energies
Expt. A. ryrtp — W + X

+
Here we measure the Tt— 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 bésis of the fireball model (FBf, the multiperipheral model (MP)%
the multi-Regge model (MR)i the droplet model of Chou and Yang (CY)% the
parton model of Feynman (FP?, and the field-theoretic model of Cheng and Wu (CW)%?
we now have . good theoretical descriptionég 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,

8
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 f&olish to restrict ourselves to the extreme case of in-

clusive measurements only.

We discuss in some detail here the present theoretical understanding together
with some of the possible experimental tesﬁs; We shall however examine only
very briefly the possible dependence of various quantities on 1ln Einc for two
reasons. First, our theoretical undeéstandiqg 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.




i) General Considerations
We choose the z-axis to be in the direction of the incident photon

beam. Let ? be the momentum in the laboratory frame of the Tt+or TC"(to be
measured accuratelgl and P, and Bl be the components of E'in the z and
the perpendicular directions, Also p and p; denote the magnitudes of'g
and‘SL . If we transform to the center-of-mass system, 51 remains the
same but P, (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 PL 0 ,vthe TC cannot come out arbitrarily close to the forward
or backward directions. In Fig. la, we plot the maximum possible angle ©
in the laboratory frame for the produced pion as a function of p;, . It is

seen that for p, > 80 MeV/c, it is sufficient to detect the pion up to 170°.

We next consider the pions with P, (CM) = O, which is the dividing line
for forward-moving and backward-moving pions. In Fig. 1lb, we plot the values
of 8 and p for such pions. The interesting point here is that, at 200 BeV,

: o
all forward-moving pions come out with 8 no more than 5.5 .

ii) Pionization

We first consider the region of pionization where p_ (CM) is small,
z

i.e.,
my E‘M(CCM)
| pa(cM) | << = 1.44 BeV/c,
; mp ¢ o
or roughly Ipz(Chﬂ)I < 0.5 BeV/c. (1)

We choose X in a way that it is inva;iant under Lorentz transformations along
the z-axis.(CW). More precisely, we choose X such that, if any combination

of particles is acceptable as X, then the same combination Lorentz transformed
) along the g-axis must also be acceptable as X. The special case of inclusive

measurements satisfies this condition automatically. For reasons to be dis-




.l‘_,
cussed below in (diii), the choice of X should not be so stringent that the
rate is much lower. than, say, 107 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 (CwW) and (FP)

E"dlg dpg (€M) F(py) (2)

1
when (1) is satisfied, where E = [jp:(Cb4)~+ Pf + nm; J * is the energy of
the pion in the CM system. This f (Pl) E% 0 is independent of P,

and the incident photon energy.

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

The correctness of (2) is cruecial to CW. 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 very little relevance to high-energy physics. In the inclusive case,
where no measurement whatsoever is performed on X, FP also gives (2) but
since in FP F(F&) can be zero, tesé 1 will noﬁ be conclusive for FP.
Also in this inclusive case, MP and MR give a weaker form of (2), where f(pl)
is independent of P, but may depend on the incident photon energy. Thus test 1
in this Speciél case is also important for MP arnd MR, but not for FB and CY.
If the charge conjugation quantum numﬁer C = +1 in be assigned to the Pomeron
(or vacuum trajectory in Regge language), then the functions f+ (pi) for’ﬁ+

and f (91) for T are equal.

TEST 2: 1If yes to test 1, are £t (py) and £ (p,) approximately equal for

various choices of X?

i4i} Further Consideration on Pionization

Suppose we choose X differently from the criteria in (i1i). There are

numerous possibilities and we shall mention only a few,



o) X contains one and only one charged particle in the region Q‘ < 5.5°
(for 200 BeV. photon beam).

If the pion with low-energy in the CM éystem is nf(nf), then the major
coﬂtribution to the cross section comes from the case where the forward
charged particle is Tf‘(TfS. In this case, either the pions come from the
decay of a ff’or W , 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?

ﬁ) X contains no charged particle.
This is possible forT€+ X, and X contains one n and in addition nh
pairs,ﬂ?,?], and possibly w in the decay mode 'K°4-X‘ . This choice is
interesting in that the condition of Loventz invariance in the z direction

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

TEST 4: 1Is (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

K+p-—-+1t*+'ré'+x'

+
where X' is chosen in the same way as the X of (ii), and the momenta of both Tt

and T~ satisfy (1). The two particle distribution is (CW)

-f - - 2y , -
E, E]' R LR dpoy (et dp, (<) g 3)

—p

—
where g is a function of p,,, P,- , and E+E_ = Pyt (e P, (CM), but not of

the incident energy or the wvalues of Pt (CM) and P, (CM) separately.
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TEST 5: Is (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 ° (this may or may not be essential), and

+ -
to study the invariant mass of T and T .

TEST 6: How strongly does f?show up in the invariant mass of " and T ?

Suppose the answer to test 2 is yes, so that we assign C = +1 to
the Pomeron. If the thand‘Erare the AonlyAparticles whose momenta satisfy (2),
then at extremely high energies the f?resonance is very prominent according
to FP, but suppressed according to CW. This is one of the few points where

different theories give opposite predictions,

v) Fireball or Fragmentation )
if tﬂe answer to test 1 is indeed‘yes, let us attempt to plot schema-~
tically the one-pion distribution in the CM system. Such a plot is shown in
Fig. lc, where A and A' denote the kinematic limits and the value of p;, is
chosen to be 200 MeV/c¢c. Inclusive measurements give immediately the average

pion multiplicity.

If the interest is not in the pionization region, but in the fireball (FB)
or fragmentat{on (CY) region where P, (CM) is not small, it is more informative
to plot E do‘/QiElclpe(CM), which is Lorentz invariant. The result, again
for pL = 200 MeV/c, is shown in Fig. ld. At B', the pion has the same velocity
as the target proton in the CM system, and at B, the plon has half of the energy

of the incident photon.

TEST 7: 1Is the curve of Fig. ld'fairly flat between B' and B?

This is an extension of (2). Whether it holds all the way to B is not
clear theoretically, but it is not an unreasonable guess. Also there may or may

- not be maxima between B' and B, and there may or may not be a maximum or minimum

at 0.




T
TEST 8: Plotted against the variable PE(CPO /’Ednc((1ﬂ) , is this curve

of Fig. 1d independent of the energy of the photon beam for each given p and X?

This scaling has been discussed in detail by CY. This variable P, (cMy/

Einc (CM) has been called ﬁ in CW and x in FP. (Recent work on the field-
7

theoretic model indicates that this curve changes slowly at extremely high

energies,IJOWever, this change may not be visible at 200 BeV/c).
We list some more detailed tests conéerning the curve of Fig. 1d.

TEST 9: If yes to test 8, is the left half of the curve, i.e. the part of
the curve for P, (CM)< 0, the same in the case of inclusive measurements

(except for an overall factor) as the ohes.from

p + p — 'Ri + anything,
+ *
w o+ p — T o+ anything,

%
and K"+ p —> r* +  anything?

In each case, the curve is determined by fragmentation of the proton.
This relation between the various curves is true for CY, MP, and FP, but only

approximately true for CW.

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

Varicus comparisons will be interesting. Also 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 P, (CM) 1is close to + P, max(CM), the mass of X cannot be large because

of energy-momentum conservation. Therefore, Regge phenomenology may apply (FP).




.8-

(CM) does the curve of Fig. 1d behave

TEST:10: For’;pz (CM) close to + P, max

like
1-2e

[ prmex (CM) T pe (M) ]

where ol 1is the Regge trajectory function for T and N respectively?

Much of the discussion here for the fireball or fragmentation can be
generalized to the case where more than on’e particle is measured accurately.
Finally, we add that almost all of the discussions here for the semi-inclusive
reaction ¥+ p —> 7t 4+ X can be applied directly with different kine-
matics, to 6~+p—+K:+X, X‘+}9‘~*P+X ) 3‘+P-9F+X)

K»+P..>7t°+>< etc .
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Expt. B Y+p p +V°

Lsar ; n 2 ,
wthe'photOproductiOn of new vector mesogs. Heavy vector mesons are needed
as iecurrencés of the daughter trajectoriés o:g’ ?D,wand Ié
The foundations of the vector dominance model have been described in detail
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 :
w ¢ \'

/ 2y . _ 2
() = - 3 f;J/) 2 W) - 23, Bulq) - Z /() ©
It follows fronm (6) that for the interattion of real photons with nucleons

o

one can write the photon-nucleon amplitude fTN in terms of vector meson

nucleon amplitudes f,,, by

2 2 ' — 2
7€N ) f}f f) 25@, %"N Z% {?b’\f * 2\/_ é?: 759\/:\1 7N

) i
Comparing the total YP cross section with diffraction production of p,w ,¢

mesons one deduced Y % /4% = 0.3 - 0.4. Comparison with the storage
ring result of szfén = 0.50 + 0.03 shows.that relation (7) is satisfied
to ths 20% level.

Analysis of photoproductiogldata'from complex nuclei and of the corres-

ponding total cross sections Ut(yA) shows the same amount of discrepancy.

Reactions like ®N * P N and YN <+ 7N can be related to each other

~ by VDM. The comparison fails when linearly polarized photons are used.


http:recurrenc.es

The existence of p,w, ¢ alone therefore does not satisfy the VDM
when the photon is on the mass shell. The existence of additionalivector mesons
is the’simplest way out,

When the photon is off the mass shell, i.e. in the épacelike region,
the VDM with only P UJ,‘¢ ‘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
scattéing 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 number$: and is a
diffractive process. This tends to enhance resonance production relative
to any background as compared to T p intgractions with protons. Typical
examples are shown in Fig. 23 where f production fromquand 5P

-are presented tcgether for comparison. As expected, vector meson pro-
duction by photons shows a much better signal to background ratio. It is & wdst
interesting question whether this apﬁlies also to l+ mesons including Al and B.

Contrary to popular belief, the e+é" storage ring is not the best place
to look for vector mesons. In the e+e— storége ring the energy is well-defined.
A systematic . search for heavier vector mesons requires a continuous variatiqn
and monitoring of the energy of the two colliding beams} a difficult task
fequiring almost infinite machine time. Storage ring is best suited to perform

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

Present experimentgzat SLAC and DESY searching for vector mesons by photo-
production of pion palrs show an enhgncement in tbe‘ﬂ?t invariant mass region
1400 to 1600 MeV. But since both experiments have been done with spectrometers
with limited solid angle, no detailed angular distribution has been measured.
In the reaction p~+F;~¢-f<§-+!<§ the Reeder group from Wiséonsin has found
. evidence for a 1~ particle at 1980 MeV, yet no detailed study of this particle

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

[
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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 r P‘—> p + P(.er:}
p + w (7' T rR°)

p + ¢ (wwR®, K'KT)

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 phenomenclogical understanding of the interaction of these vector

mesons with the nucleon. For example:
A
The ratio of the measured production cross sections of P,@,w are in reason-

able agreement with SU3 predictions modified by the quark model{’

The cross section of f) production decreases slowly with increasing s

in the same way as Wp scattering, the ‘t dependencg OfP production being a =
6 - 8 GeV—Z, is very similér to Tp slope of 8 GeV-z. The cross sections are
in quali%ative'agreement with thé c}u.ark model prediction:

Flyp)~pp) o 6('71*;:”“%); o(tp—>mp)

However, none of the present results can be used to compare with theories
to ~ 20% level, and in particular, there are no s and t dependence studies at
all on ¢° and w pro&uctions.

The reason is very simple. The main dif;ficulty is not the counting rate,
but rather the duty cycle of the electron machine which makes coincidence ex-
periments extremely difficult. HMost of the experiments using counter-spark

chamber techniques detect only the decay particles from p—>nT , d> —> KK
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or w —» Kﬂfﬁpand not the recoil proton. Thus inelastic contributions of the
* .
type 3‘+p~>N t+p, w, 4> (which is =~ 15%), cannot be excluded. Furthermore,
in the present energy region, the minimum momentum tuwansfer to the recoil
nucleus mg/AKZ is large.
. At ener-

+ - . 3§

gies below 10 BeV the K~-decay corrections in #)-*K K experiments can be p\large

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

gits for P w, ¢ experiments.

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

that
by the fact, the production amplitudes are not pure imaginary but contain a

A

sizeable real part. This makes the comparison of ¢)cross section with quark
L3
model predictions almost impossible.

A 200 BeV tagged beam with a good duty cycle and a large solid angle
deéect&r to measure both the forward particle and the recoil protons will
enable us to study systematically, w@tgigame apparatus, both the s and t
dependence of vector meson production without the complications of N* con-~
Kt

tamination, decay correction, etc. This may be done in a large s and

]

t region ; %§'= 10 to 20 BeV, t from O to 1 Bevzicz. 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 offnand w to be
+ -
TTp+X
oc ——-Bz—fi , of ¢ should be 04(26}('}:, + Sap -sn*},)
the
(3) The vector dominance model: at 200 BeV region the real part ofhpro—

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

diction of
1

Syp /(Ha)? = % (%%_ fg)
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(4) diffractive scattering.
Theoretically there are many reasons to believe that the inelastic

diffraction proces& Ftp—p + P behaves in a way similar to pp elastic

scattering.

In pp elastic scattering, there is a shoulder at

VrrzT- =~ 1 BeV/c

If the pp differential cross section is divided by the fourth power of
tte electromagnetic form factor of the proton, this shoulder is seen

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

ey

energy. {See Fig 2h)

3eddad L

sty e ke S At 2 ""ré"" ’

3

e g ey e
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> ALLABY (1958}
{osant
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001l - L i i
o ' . 100

M Gev?
Fig.2h A detailed compnrison between measurved differ-
entint eross scetions and Gy, The quantity X s the
ritio of the differential cross section, dosdf, 1o the enl-
cubated optical thearvem value in the forwand divection,
o The figure shows X divided by @ by as o function of 1 I

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.
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Expt. D Regeneration experiments for  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 $'s from ®'s in nuclear

matter.

Indeed, the similarity between the KL’ KS system and the @ , ¢ system

are striking;

(1) Both aref&oherent mixture of other states:

| Ke» =—-—é~(l'<o>+!!<o>) ;o 1K) = = (UKD = [K)
q‘) =  CoS @l(P°>+ sin @}w”}} W = ~ sun @i({’<}+ cos Olw’ >

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

general idea of y-¢ mixing is consistent with the data.Both groups

yield a mixing angle O = 35°.

{2) For cnherent regeneration, Ko, Ké must (and they do) have diffe-
rent interaction cross—-sections in nuclear matter.
Similar}y w,¢ also have different cross-~sections, i.e.

Opy = 10 mb, oy, = 30mb

{3) The difference of KL’ KS mass is small so that coherence occurs

in slabs of material.

. The difference of w,¢ mass 1is not small, but since coherence
the .
is relative to phase development of the Wave overgscattering system, at
150 GeV, the phase difference between ¢ and w passing through nucleus

is

: L 2 '
at (Wy -Wy) = m‘fzﬁﬂm‘” at = At 0.008 rad/fm
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Thus it is possible that thetﬂ,¢'combina¢ion can be coherent over a sub-
stantial number of ngcleons‘in a nucleus. This jidea was first
suggested by Ross and Stodolskg}imay years ago.

The only possible difference between the K system and the 0&)5
system is that whereas KL’ KS’ Ko’ and Ko all exist in nature, there is no
evidence for or against the existence of pure SU3 states, (,3) ’ %o
inside the nucleus.

If'&P, ¢o 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 76-9 'ﬁ*«’rr"}(K*'K’)
rate off various nuclei. Choosing |4 elements uniformally across the periodic
table, then independent of the absolute normalization, the %:yield as func-

tion of A should exhibit either of the following characteristics:

<
(1) the yield increases as A 1.8 (in the same way as coherent )9
T .
production off nuclei) - then there is no regeneration; the idea of Ross
and Stodolsky is wrong.

(2) the yield deviates from Al‘8

law, indicating that ?98 are regenerated
from i The exact curve will depend on the value of G,LJandfé nucleon cross section,

etc.

A typical example, based on simple hard sphere calculations, is shown
in Fig. 3 and indicates clearly various striking possibilities one may

expect.
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Expt .E Search for Heavy Leptons

With a tagged photon beam energy kmown to +0.5% and an almost L7 detector,
the proposed setup offers a unique opportunity to search for electromagnetic
production of heavy leptons h+h-1?

(1)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
field of a nucleus can be easily calculated. Following Jost, Luttinger and Slotnick‘,8
we write the total h+h— production cross section as

o= (Ee) = <2 M (5 b = - ’%g
where T is the classical radius of the h . The yields of h+h- as a function of

Mh for 1 m of H, or equivalent radiation length‘of C and Pb are as follows:

2
M, = - lo.6 1.0 1.5 3.0
Rate (300 hrs)i 2770 8L7 330 60

(2)The decey of heavy leptons.
If the heavy leptons and their associated neutrinos enter into the lepton current
in a symmetric way

¥ —— — . / —— “
the interaction of jf‘ with the hadronic current gives rise to the semi-leptonic
decay processes

+ +

—Z T o+ VY,

+ .

o wE s n e YA
& +

b -—§f A

The decay rate into vl is (igncring the Cabibbo angle)
-5
_ FAEE N 4 1 L 2—«.{ -~
M- G2 mh/gﬁ'(\'-m:ﬁns) }-G—O/mn

with C¢o the usual charged pion decay constant =z 94 MeV. Compare this with the

usual pure leptonic decay mode into e Y
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x5
r G Mh/lch?t;

i

One concludes that:

(a) M <_ 1 BeV, the dominant decay mode is TT')),,; which by far outnumbers
the pure leptonic channels. For example, if Mh = 0.6 BeV,-the W ¥ mode
outnumbers the leptonic channel by a factor of five. This could explain,
as first pointed out by Sakurai‘,o‘ why the Frascati storage ring, looking
for e e "9/“ e” for Mh < 1 BeV, fail to see aryh’*'hh.

(v) Mh > 1 BeV, the dominant decay modes are the pure leptonic ones, as the

pure leptonlc modes increase as Mh while the seml-leptonlc mode increases

asmh

(3) The Getection 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 4T detector and look for events of the type

«

Ye Z—Z+h"+h

——

+

—r £ -l-/kae, iV @)
or —2> Z + WIWT‘-\—QV
— Zfﬁ‘r/u_(e}-rgﬂ)

The above calculations are for ordinary leptons. I:f‘ leptons with strangeness
5 =~ l are produced, they may decay predominately into KEY
?(1‘7_’-—:*»2+L’"+L~““f>z*K*'*‘K“*”'*“/ @)

In that case we will look for a K"’K'~ pair with a total energy far below that of
the photon.
Reactions {Ba) and (8b) give the following distinct signals:
(a) The total energy of the /u& or Tr?w”_}gair is far below the incident photon
energy.

(b) The rate goes as ZgGE(qz)

With a nearly U T detector contamination of the following types will be rejected
easily:
T -
¥+A — A Fpe e
¥Yv A — A+ )‘9 — Asxg e w
of”
1" A
Yt A — A+ KTy K

—
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Expt. F. Elastic (ompton scattering

With the proposed beam, we can study this fundamental reaction up to
200 GeV and momentum transfers up to = 0.5 (GeV/c)z. This enables us to

learn the following:

(i) At existing electron accelerator energies, the differential
cross—section behaves as A exp (bt)?jwhere the slope b (related to shrinkage)
and A still show considerable energy variation. 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.

2l
(ii) Following the paper by Gell-mann, Goldberger and Thirring
which extends the Kramers—Koenig diSpers}on’relation to high energy physics,

2
the forward €ompton amplitude and cross-section can be written as follows:

v b3 ! H 12
:{lf lewo = ”;'% | f)]
fo) = fio) B8+ L () 5 ExE
2 = dv' ’
Re £i(v) = ~ —:% +» anl [P[ 75—:_'}:-;; o (Vv')
52 2 2
R L R S A

Our total cross-section measurement will establish the energy
dependence of Re ﬂ(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 VDM:

Fre = FupQt Frolur fredd fovds -

de (vhayp) = de o ey
ae (pmyel = 2 lep = VPG,
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At existing energies, the cémpafison is limited to + 20%Z because of
the large real parts_of'Fxf» and va , 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 s and t dependence of the Compton cross-section and vector photo-
production cross—-section is one of the best waysto check vector dominance
model.

{ii/) 1f one assumes the Quark Model in addition to the VDM, then

the Compton cross section should show the same energy dependence as

2

/J

N N 2 _
:_E__a._.’ﬂ)(ﬂm -t jrjf> -+ %(M (2 b + G:r; i’r'fr

Is this true at NAL energies?

)
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Expt. G.Total Cross-Sections Oy (yp) and 67 (yn)

The fundamental quantity, the total cross-sectioﬁ?%or photon-hadron
collisions can be measured simultanecusly 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 qﬁestions:

(i) Regge theory (poles, poles and cuts, etc,) and the simple Quark
Model would lgad us to expect that the photon hadron cross-section has the
same features at NAL energies as the hadroﬁ-hadron cross-sections. Is this
true? The przsent parametrization,

6r = ¢ + CQ_/V%

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

A}

It supports the picture of p, p' and A, exchange. Since this form plays an
essertial vole in dispersion calculations, it is important to ascertain whether
this parametrization holds for NAL energles.

(ii) The knowledge of &7 (v) enables us to compute Re a(vl from
the Kramers-Koeriig 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 inﬁerference between ;he 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 IWO

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 55 and therefore has a large acceptance.
and, at the same time, a good t and m resolutio?; Furthermore, the spectro-
meter transports all the Oo(e“e+) background pairs on to a fixed image
point to be rejected easily.

The spectrometer consists of two bending magnets, proportional chambers,
scintiilation counter hodoscopes and shower counters. The detector can be
separated into two independent systems; a low momentum resolution large
solid angle system and a high momentum resolution small solid angle system.
The forwmer is specifically designed to study the lower momentum particles
produced at angles up to = 120 milliradians ('70) and the latter for par-
ticles up to 200 GeV and angles =~ 30 milliradians. In both systems photons

are also detected.

The 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.




26

A, DESIGN CONSIDERATIUNS

i) Kinematics and Counting Rates

The total hadronic P cross-section is 120 ub. Thus with
4x10557 burst and a 1 m 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 purpese of the detector is to survey multiparticle photoproduction at
energies up to 200 GeV, and in particular study the following class of events!

H yt+p —p+tV, Vo't w'wrn, K'K7, nw

Where V may be a heavy vector Peson up to about 10 GeV,

D grp T YtP

3) ytp—T or K or P + anything.

By noting that in multiparticle production the average transverse
momentum of any'particle is €350 MeV/c and studying the production and
decay kinematics of tne above reactions, it is immediately apparent that,

at the energies considered,the highmwmentum particles tend to go into a
very small foxward cone‘whilst particles at larger angles have low momenta.
To illustrate this point/in Fig.4 we.plot the decay kinematics of a few

vector mesons with different mass at 150 GeV momentum.

From the above we conclude that the forward
cone has to be covered by essentially two distinct spectrometer systems.
a) for small angles, say < 30 milliradians, most particles are
very energetic, therefore it is necessary t& use strong bending magnets and
long lever arms to obtain the necessary precision in angle and momentum
measurements.
b) for angles = 3¢ milliradians it is sufficient to use weaker mag-

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

The eleetromagnetic pair production cross—se;tion 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 impoertant 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 iﬁ momentum ﬁeasurements should be aimed
at only where absolutely necessary.

3) It was coﬁsidered that for practical and economic reasons the
maximum numbe£ of wires that could be used in the forward detector v . & 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 FCRWARD SPECTROMETER SYSTEM
Fig. 5 illustrates the complete detection system. The same scale

is used in both the x and y directians to give a clear indication of sizes
and angles involved. For clarity the same system is shown in Fig. 6, 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 Ml measure the direction and
mémentum of particles produced up to 7°. Plénes (1), (4), and (5) together
with magnets M1l and M2 measure with high resolution the direction and mo~
mentum of particles produced up to 30 milliradians. M1 and M2 are operated
with fields in the opposite :directions and the distances between ML, 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 coudnters to measure the energy of K‘s'and electrons.

Behind the shower counters, not shown on the diagrams, there are muon
detectors consisting of absorbers and scintillation counters. For separating
T 's from K's at lower momenta (=105 GeV) we are consideringthe placing of gas
threshold Cerenkov counters beﬁween planes (3) and (4) and between (4) and (5).

{see Appendix III).

I. Large solid angle part of the detection system:

ML is the Jolly Green Giant Magnet from CEA. It is operated with
an aperture of 150 x 50 cm32 (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 apérture the power requireﬁent of the magnet
is 0.4 MW. | '

Proportional'chambgrs 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 3Xo Pb sheet between the first and second plane as shown in Fig. 9.
This last chamber measures the direction of K‘s (e.g. from T° decay) in

addition to that of charged particles.

II. Small angle, high momentum resolution spectrometer system:
Magnets ML and M2 form t£e high mom;ntum part of the detection

system. lil has been described above. M2 is a magnet with an aperture 150 x 50 cms
and a 300 cus 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 MW
of power.

The optical properties of the combination of M1 and M2 are illustrated
in Fig 1@ . The large lever arms on either side of M2 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 T 's.

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

I. LARGE ANGLE SYSTEM:

For charged particles:

AO = + 0.12 milliradians

AP = + 0.16 williradians
AP
P = +0.075P %
Foi' neutral particles with energy E~50 GeV:

é_%::.ig,z

AG =AP = £0.25mr

II. SMALL ANGLE SYSTEM:

For charged particles:

A = + 0.04 milliradians

og

AP ,
P < +0.0l4P Z for P>50 GeV/c

+ 0.04 milliradians

For neutral particles with energy ~5O GeV:

Ac

Y

AG = A}ﬁ = X 008 mN if the vertex is determined.

P E

in

GeV
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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.

© s + -
I. The characteristic.. features of the e e pairs are that:

a) the pair is produced in the same direction as the incident-ﬁ.
b) the electrons are produced with an extremely small opening
angle (-~ fﬂﬁ;tog.gil).
Ea-f o
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 o veio

signals can be generated to reject e+e“ pairs. A sketch of 2ll the trigger

counters is shown in Figure 12.

II. The triggering counters:

#) Hodoscope A, lead glass counter SHi and veto counter V:

The coincidence between one of the counters Ai and SHl
‘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 SHE'

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.
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A lead ;ollimator ié placed between the hydrogen target and the
tagging target. Immediately behind 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’ SHI’ v.

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

b) Lead glass shower counter SHZ and hodoscope B:

‘SH2 is a lead glass total absorption shower counter situated
at the back of the detector.All the non-intera;ting photons are counted byi§32.
which serves as a monitor of the beam. The focusing property ¢f the forward detecter
is such that all charged particles with momentum >12 GeV and production angle
< 2.5 milliradians pass through SHz. Thus SHz glso measures the energy of the
e+e“ pairs
Hodoscope B, situated in front»of SH2 deterﬁines whether the shower in SH2
is due to éharged particles (ei) or photons.

Because the e beam has a sharp focus in the horizontal plane at the
hydrogen target, hodoscopes Bi and Ai ldentify particles produced in the forward
direction, i.e., with angles < 0.4 miiliradians. Since e+e“ palrs are produced
predominantly in the very forward direction, this property enables us to reject

4 o
e e .

3) Hodoscopes C and D:

These hodoscopes serve two functions: They identify forward
going charged particles; and they identify pairs of charged particles with close

to zero opening augle.
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The central gleménts of C are 24 scintiliation counters of 0,85x0.85 cms2
each, covering a total area of 1.7 x 10,2 cmsz. The size of the counters
is chosen such that essentially all hadronic events (including, for example,
200 GeV ¢)~>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 M1, 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

N R , + -
in distinguishing hadronic and e e events.

4) Shower counters SH3 and SHQ:

The purpose of these counters is

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

to 12 GeV which did not reach SHZ; adding pulses from SHz, SH3 and SH& gives

to E i . $ - '
-within a few per cent}the energy of the photon which produced the e+e pair.

b ) to identify Tt°'s and K's produced at large angles.

5) Counter P:
In Figure 13 counter P is just a symbol for the detection of

aprticle, charged or neutral, produced in directions other than into the for-

ward detector.

I11. ete” Signal:

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

by any of the following combinations:
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a). charged particles produced in the forward direction with
SHZE:SO GeV. The coincidence of the corresponding counters Ai and Bi defines
a forward charged particle.

b) A pair of charged particles with 0° opening angle, i.e.

C=1and D= 2 and SH, 2 50 GeV.

7 Z
¢) At least one counter each in C, D & B are triggered and the
-+ SH4 ) . . o
sum of the pulses from SH1+SHé+SH“A is within a few percent of the energy of
3

the primary e~ beamn.

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

%~=lC;? _ Together

ete” rejection of o
. R . i T - -t
with analysis of wire chamber signals we-will definitely:-distinguish any e e

contamination from hadronic events.

IV. Trigger of System:

We are now in a position to describe the trigger of the system.
An event is recorded if the following conditions are satisfied
1) there is an incident photon, i.e. A, Sl v
_ and
2} there was no e e pair detected
and
3) at least one of the shower counters SH3 or SHQ gave a large

signal, say > 10 GeV,

or
there was a recoil proton signal P
or
there was at least one coincidence between C and D.

A logic diagram of the trigger system is shown in Figure 173.
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D. MONITORING OF BEAM AND CHECKS OF THE COMPLETE 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 sysﬁems.
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, SHQ:

SH2 is a direct monitor of the beam; the attenuation of the beam
between it and the tagging target can be calculated exactly and the back-
ground in SH2 can be essentially eliminated by requiring that :

a) the signal be in coincidence with Ay

b) SH, 4+ SHl = energy of incident electron.

2

11) e+e- pair spectrometer:

The pair production rate and spectrum can be calculated exactly
according to Q.E.D. Thus using the complete detection system as an e+é-
pair spectrometer 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 éne 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 Detectoré

There are many possible choices of gamma detectors for both the tagging system
counters SH1 and the downstream counters SHQ, SH3 and SHh‘ We prefer to use lead
glass counters which areravailable to us for SHl and SH2 . For SH3 gnd SHh’ we intend
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 pérticle production angles up to about

70. Wider angles will be handled by a large solid angle detector surrounding

the hydrbgen 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, mx, in {; —p PXo

2. In two body reactions like
}(P —> '{f
Kf-“é Vaf
experience at SLAC, DESY, and Cornell hag shown that the best way to reject
"batkgrounds like v
\/r e N *
— 'y
e ye PO

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

*
Af}-»a T 4+ anything

+
the recoil detector extends the T angular range to the backward region and

simultaneously measures the "anything".




.1;9

4, In the search. for heavy leptons through the process

Y4+ Z—>Z4+h+h .
Sy . - 4
- ,"‘hﬁ'“ (IV) er“/LL e (H‘l’)

»

the recoil system ensures that there is a nearly YW anti against other possible
. A + -
charged background. It also extends the solid angle for detecting 7+ or

})"c”'.
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A, Design Consiéerations:

1. As discussed earlierlthe trigger réJects 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 Qo opening angle. It is esséntial that the recoil system not
disturb either property. As a result the regoil detecter 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 handle a high event rate with sufficient
spatial accuracy to do missing mass determinations and to measure the
éroton angles accurately enough for coplanarity and other kirematic checks.
Wire proportional chambers are the only way to satisfy these reguirements

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"ﬁﬂ and p

8nd 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
in thick scintillator counters‘(dE/dx) will provide a goodv? discrimination.

‘Large area shower counters will detect photons.

L, The system should have as large‘a solid angle as possible so that

the recoil proton is detected with high efficiency.



.51

B. The Apparatus
Three views of %he recoil detector we propose to meet these design

requirements are shown in Fig. 1l48,b,c.

l. 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 latrge (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
vparticles 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. 1The height of the magnet (over 6 feet) gives us
over 50% 76 acceptance. |

We have given @uch cqnsideration t¢ running this magnet st as low
a field as possible so that its power consumption will not strain the
electric and water distribution systems at NAL. The magnet is capable of more
than twice the field that.ve plan to use. g<kg is a compromise settingAthat
consumes & minimum of power without cutting severdy into the physics capabilities
of the experiment. Because of this low setging the outer chambers have been
located at 75 cm from the target. This long lever arm compensategigge low field

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

describe the missing mass experiment in detail.

In normal use the magnet will be operated at a current of 2100 amperes
(about 500 kw). With this current the field in the center of the magnet is

8 kgland~9.5 kg near the coils.

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 350. The locations of these chambers within the magnet is
shown in a top view in Fig.l%e and in an‘end'§iew in Fig.|&b. 1In 6rder to obtain
good momentum and angle resolution these chambers must have both good spatial
’resclution and a small material thickness. The latter is reguired to keep down
the multiple scattering of protons in the_EOO—BQO MeV/e range. The wire spacing
will be 2 mm in both directions so that the spatial resolution will be 4 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 lO-h radiation lengths). The total active area of the chambers inside

the magnet is 6.5 m° with about 6000 wires.

Two planes of chambers perpendicular to the beam are placed in and
after the downstream aperture of the recoil qagnet. These chambers detect
decay products at very wide angles, as well ds protons recoiling from very high
mass particles in the final state, This system measures the number,
chérge 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

h\agnet
Aalone, because the momentum component transverse to the field is too small.

(We are considering the possibility 6f adding a-simple system at some future time to
measure the range of particles that have passed through the forward recoil
chambers). The forward recoil chambers cover an active area of 2.8 m2 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 op 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 c¢cross section
protons must have at least ~ 200 MeV/c to get out of the hydrogen target with
greater than 50% probability. The target will be llé cm long. It will
extend 30 cm., into the hole in the upstream pple. The pole tip atvthis end will

be cut away as shown in Fig.l4a, The angular acceptance of the system will bthus
go down to about 35O which increases the missing mass range somewhat.
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C. Particle Identification

One of the func%ions 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 from a recoiling N* of positive
charge which then decays either to ~p or to . In order to identify these
events it is necessary to be able to‘digtingﬁish 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 (i) on the ceiling and floors of the magnet, (it ) behind the momentum
analyzers inside the magnet and the forward recdil detector outside, and (CiC)
on the pole faces. Some of these are noted in Fig 1i. The shower counters will
consist of lead either sandwiched with . iﬁéité g or followed by
very low resolution ( 5 cm) wire proportional chambers. Behind the momentum
analyzing chambers inside the magnet thick scintillator counters will
Ameasure the rate of energy loss (dE/dx). Wiﬁh the knowledge of the momentum
of the particle, the pulse height information from these counters (which
is essentially & measure of the particle velocity), will allow a good~
discrimination between pions and protons. Tﬁis technique has been used with
success in the momentum range (200 - 800 MeV/c) in the photon

beams at DESY.

i e R i s e

N
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D. Acceptance and Resolution

A Monte Carlo technique has been used té_estimate thé acceptance and
resolution in momentum and angle of thé proposed system. The results are
summarized in Table Z. Thé 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 particle produced in the target,
taking into account energy loss in the targeé 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

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

P .

MeV % _| Acceptance g@ mrad (+£) (5/‘?? % (i)

250 45° .13 16 11
60o .36 1k 12
75° b1 13, 11
90° 43 15 9.8

500 u5° .15 L.k 3.5
60° .30 4.9 ' 3.6
75° :39 4.8 4.3
90° b2 4.8 5.0

750 | b5 15 2.9 5.0
60° .30 3.6 5.9
75° -39 " 3.9 ‘ 7.3
90° b2 4.3 727

1000 b5° .17 2.6 V 9.3

| 60° -29 3.2 8.0
75° b2 3.8 9.8
90° .39 3.5 9.6

Notes: Monte Carlo statistical errors in resolutions and

acceptance V6%
Acceptance includes losses of Protons in 2 em x 10 em x 115 em

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 o% experiments can be run
simultaneously, probing photon physics in many directions at new energiles
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 steps:

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

5

designed photon intensity of 4 x 10° per pulse fer 400 hours.

All the counting rates in the experimental discussions that follow

2 13 primary protons only).

are based on 4 x 10° photons/pulse (from 10
For a second run of 300 hours, we plan to incfease the sensitivity
by a factor of ten in the searches for heavy vector mesons (down to a
coupling of the order of 10‘35§;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
Tem x 10 em x 50 em  located 450 cm downstream from the target. We .
will tripgger 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 ?hoto—
production of vector mesons into three sections:
Experiment B. Two body decays
Experiment €. Three body decays

Experiment D. Multi-body decays
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, pead
Expt. A. A ?( + P —> T+ >(

The significance and the expected form of the cross section of
. +
§+p—> w54 X
was . discussed earlier. Here we outline some important experimental facts regarding

this experiment.

I. Rates and Acceptance:

The total‘Yﬁ cross-section is'zleo);b. Of this, ZOJ)b comes from
photoproduction of .Ji N «nd)é . Therefore the total cross~section for the reaction

Ytp— 7 (k*) 4 anything, will be 2100 pb.

The total event rate will be QOQ‘per pﬁlse.. These events
gill be distributed in the various regions: ~
i) TForward Detector

The forward detector has an acceptance of 40 mr x 120 mr (for the purposes
of momentum analysis). Therefore all particles above 2 GeV with production angles
less than 40 mr are accepted. Particles produéed between 40 mr and 120 mr are
partially accepted.

Transform into C.M. system and consider a pion with momentum [Pr= ( Pe, Pz em)
or equivalently, with transverse momentum Elf'and Feﬁgan parameter x ; féf’ where
E ~ J%;k 2~ energy of photon (or proton) in tﬁe C.M. system. Then tgé

acceptance of the forward detector in terms of ?lf X is given by the following

table:
P
iR 8 é l4011’!]:" 9 s 120 mr
(Gev) Pzem (GeV)
X Pzem (GeV) X
0.2 7 0.3 4 0.03 2 =0.1 2 =.01
0.L 2 0.39 2 0.0k 2 -0.1 2 =0.01
1.0 2 1.0 > 0.10 2, 0.1 > =01
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We conclude that for 100 —’{;Kqﬂ 200 Gev,-the forward detector is effective for
almost all of the forward hemisphere (C.M.), i.e. for Pz > Oor x 20.
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°< © « 135°,
The protons can be distinguished from the pio.ns by knowing the momentum of the

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

acceptance of the ‘{Tt for 609« 8 €120° are:

Py O 2 ¢o° 0 £ 120°
(Gev) Pz cm {GeV) ¥ Pz cm (GeV) X
0.2 £ -1.55 < -0.16 2 -4.0 > -
0.4 £ - 2.7 ¢ - 2.8 > -T.b 2 -.76
- - -~1,0
1.0 & - 6.2 L o-.6h mLop, 12
Fig. 15summarizes the region detected by the present set up. 1t

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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TI. Resolution
The resolution of the transverse momentum and the longitudinal momentum

for various pion production angles and EL.= 0.2 GeV are listed in the following

table.
£ (mr) 100 50 10 1.0
P (Gev) 2 oo 20 200
4 Ap.(Mev) 0.5 0.9 0.9 9
+ AP*‘ (MeV) 3 12 Lo 4000
+ %g-%}? ¥ 0.3 0.5 0.4 L.0

Assyming the differential cross-section of g}'*i;+-anything (at 200 GeV) to be the
3z
same analytical form as P + P —> 1ri: + anything (at 30 GeV/e):

j.. Q.Lf\f({)‘jd + e_i_,l/mf,). G((cnd")

G;:d = d?:»c., = ...L.- e
dl FJ_ C\PN E-'?.‘

we find the uncertainty in %= due to measurement error in.garand fﬁ_ is

—doz _ (&.w + i&)gh + OEx
Oy m‘a . Ev

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

-table, We observe that the resolution is more than sufficient for 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

is not expected to have a rapid dependencé of the form Eul. Thus the distribution,

with background taken into account, is
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-‘é—!—r@. (F;.) + T (P.x.) . @
where F is approximately independent of P“but depends on P;and is inversely
proportional to the incident energy. If, for a glven p,, the entire distribution
in Py is measured, then we can fit the result lwith this form 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 follows: ,

"é'-; 5 (PL) ¢ (P.L)

i E. & Qo
Mp
Thus roughly —(:L'Z- § ((’J,) = F( P;;)
. h e
when £ = Mu
-
w m
¢

With this estimate, the background to siznal ratio (for p, = 0) is

AJpEem?

= mz/mp

For P, = 140 MeV/c and E = 10 GeV, we get ~13 % (maximum) background.
From the above considerations, we can give the following examples of tests of
the theory.

a. Shape of the curve: One fits the measured distribution with (%), and
determine f(tl)a.nd F (f) .+ ) . If an anomslously large background is needed to fit

the data, i.e., if

£(Pu)

at P, =0, P¢, <140 MeV/c and E = 10 GeV, then test 1 fails.
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‘b. Equality offa.ndﬂ‘kisﬁributions:. According tc; theory, the function
{-((}_L is the same, vhile the function F. ('P_L) may be different for the 6ne-—particle
distributions of 1r+a.nd T . The equality of «y“-“” and f; is further subject to the
experimental limitation for i..;.olating XS from K's which may be 5% - 10%.

Accordingly, we expect

G

l {'1-* - g-n" < o °/
o

at ¢ = O/ P«Lé 140 MeV/c and E = 10 GeV. If the left side of the above equation
is considerably greater than 10%, then test 2 fails.
Iv. Demands on the apparatus:

For the 1lst run, Cerenkov Counters (Appendix III) will be used to identify
‘Wi . Later on two Serenkov Counters Il;ay be neede;i to measure the K:t production.

The region not measured by the 1lst run can be covered by moving the

o .. R
apparatus to be centered off 0  direction.
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Two Body decays of Vector Mesons

Expt. B. "'2(+1>_.->'P_;1v’° . ,
. . L—)T;'*'“." or wrK

In this section we discuss the essential experimental considerations
and
with regard to studying the productien, (the $ and t dependence) athe decay
angular distribution (in C.M. System) of P >TT '?g.-)-l(v( mesons, and the

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

" I. Kinematical Considerations:
The decay angular distribution for diffractively produced vector mesons,
in the V° rest frame is %ﬁ. Sia*e™ (with respect to y*°

direction).

The momentum and angular distributions in the laboratory frame are shown in
Fig. b of the chapter describing the forward detector. From these we
conclude that for M<5 GeV, Er=l‘50 GeVy most of the events will be in the forward

cone of<5°. For illustrative purposes, we dis;cuss two typical samples.

(i) Forf production , with 100 GeV< E < 200 GeV, the proton comes out at
angles between 65° and 85°. The momentum transfer is O < {t{ < QvS(C‘LV{);" The

< Ox < 36

pions are all forward (3.6m_ rad

ad with 1o < P < 100 GeV).
(ii) For)ﬁ production, because of the low & value for the )ﬁ.-,m{ decay, the Ki-
come out much more forward (125mmd <O <12.5me J;or 10 < Pic <1oobef), Because of the

Z
diffractive nature of production the effective t range will be < l(GeY/)
(2

IT. Acceptance, resolution and Couniing rate:

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

(1) beam intensity L x lOs/pulse with 1/k dependence.
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(2) production cross section - de— = [QOQ‘XE _?u,. P

FI
and

doe— i Tt

TR for &
with - .
;zf - K**K/}é;} al = L55Y%
é{;—' = I.OQ_'?{; %r nes v?

(A1l in units of yb/GeVQ)

(3) A decay C.M, distribution ,§?_>E Gin 2O *
(4) Breit-Wigner form o? ™M, v M

;y (0’\2”- mf)z% mfz P\;

(5) Absorption and multiple scattering

(6) Geometry of forward and recoil detector

Based on the result of Monte Cario calculations we list the acceptances,
the resolut\ions, and the counting rste for var;ious reactions in the forward
detector. (The recoil proton detector has an average efficiency of ~0.4 and a
mass resolution of t.(fo—'lOO Mg’\f at mv = 5 BeV, (‘E‘his will be discussed in

detail in the Section on Multi particle decays.)
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Acceptances for detecting Vo deca;}s
M, oar M M, + M2
M, o Total Smell Angle
f ->HH ~s 100% ~  100%
P — wn ~  100% ~  100%
V{36V ) 2 RV 89.4% 24 8%
ve(3Gv) vy 95.5% 2k 8%
VI (E0V)>Tw 60% 2.04%
VO (5 NIk 64.5% 2.67%
Rates/hour:-
Mu or Ma MI + M"‘-
Myo Total Small Angle
)0 - 3k900 34900
?5 —> K 788 ‘ : 788
V3N ) > 259 | 72
V(3 Gev)—>r w 276 12
Y5 (V)2 T 17h ~ 6

(If the recoil proton is also detected, the yields in the above table shouldbe multiplied
by'vo'g:znce for high mass vector mesons, the production cross section of lJJb/ (Gev{)z’
has been assumed, the above taﬁle implies that. our detector is sensitive for
detecting Vector mesons up to 5 GeV with a sensitivity of YLY coupling constant
}\;ZY < {‘f;“o %flx ’

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

Carlo calculations:




T0

 For poand ;zi (949‘\—~98,9=9«.°, By, SM in MoV

(Ey=ap | +s0(m)]| £85 (1) remep [ x5mig)
20 0.083 0.023 1.8 0.45
60 0.051 0.013 3.1 0.75
100 0.039 0.011 4.1 1.0
200 0.036 0.011 £ 8.0 2.0
, For V° LARGE  Angic SAAvL ANGLE
Ev )] M Gl S ey | L e
100 3.0 81 -
100 5.0 135 -
200 3.0 - 22
200 5.0 - 36.

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

the mass resolution is much better than that of most of the present data.
. N |3
We can therefore studv ol f interference 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‘éut around the}é , and
further assume that the f shape is given by a pure Breit-Wigner, then the
s:i.gnal to noise ratio of %al%ﬂﬁ i$ 2:1. This comes about because
one ig far away from the peak of the f and the mgss cut is narrow. For
a smaller

mass cut, or if we use a mass dependent width for the ]D s

this ratio will incresse.
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ITT. Background:

Presently available data on photoproduction of the)o meson indicate

that background of the type:
X
‘h—fs—-—»N P
L?ﬁ+w°
is about 15%

The N¥ type background will be rejected in two independent ways:
°
(1) By detecting the T and P
(2) By Kinegmatic 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 3%-9!0%} events were
generated. None were found to satisfy 712~§’F4f° . ‘

For }5;production, the DESY bubble chamber data shows that the reaction

X%-a F»fFS +wt4w is about SQ% 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.

(e¢) Coplanarity
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Expt. C Three body decays X“"F""} P’*“*)* -

wrwt
= L..'yl{*'Y

The photo produced w* stands for any meson with quantum numbers
I (JP)G =0 (17)¢). Because of G parity cor;éerVation, these particles can
only decay into an odd number of pions through strong interactions,i.e.

wWw¥ > 3% 57, T ...

In the following discussion, we will concentrate on the 3ndecay mode,

*

I. Kinematics

Let K,» K be the momenta of the charged pions in the uw}* rest frame and T
be the polarization vector of the @W*¥ in the 8 channel helicity frame. The decay
matrix of a photoproduced vector meson into R GREIE o is M <<
- - ’ '

K+ X K__.€ (assuming helicity is conserved in the S channel helicity fra,me)
the decay probability is
- — 3 A
> M= [ K, K ) sia D

€

*

where O #* is the angle between £ and the normal to the decay plane, i.e.
K+ b4 f . The decay matrix implies that the pions from (3% decay prefer to be

far away from each other in the phase space.

With incident photon energy 150 < K <7 200 GeV, the distribution of pion
momentum w.r. to the production angle for various ¥ mass is illustrated in the

following table

M = 0.783 (}e\/‘/c2 {w ) " M= 1,018 GeV/c2 (?é)

© (ur) 3 5 7 9 | 3 7 10 20

X

Range Of‘PW 8“*12“2 8105 |7 —r 60|7T—>45 |[6—>150F —> 90 b —53 |7 — 12
(GeV/c)
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. 2 ' )
M'= 3.0 GeV/c M = 5.0 GeV/c2

e (mr) 12.5 25 50 T5 25 50 7S 100 125

¥*

Range in g
f?“- (GeV/ca) L0 »13010~»17% 6—+22| 5— 10|15-+100{15-»55{10»32 [6—+22 |3— 15

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

IX. Acceptance, resoluticn, and counting rate:
We use & 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 b4 x lOS/pulse

(i1) Calculate recolil proton and ¥ momenta wéighted with Ae8t

(ii1) wW#* decays into 3';'{'weighted by the calculated decay probability.

(iv) Transform the pion momenta into the lsb, system, let the TTG
decsy into two gammas and check whether all the particles
arc accepted by the forward detector.

(v) Apply measurement uncertainties listed in the Forward detector to
the particle trajectories agzd x:éconstruct W¥* mass,

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

fesolution and the counting rate are listed in the Table:




Th

{
M Acceptance Acceptance
() (M2) Events AM Comment
. , 2
783 (@) 100% 99% 3720 /bour 15 MeV A= ‘b /64,
1018.8 (¢ ) — T76% 202 /hour . 16 MeV .
?5 . i A—"'S/A\b/(@d;/l.y
1018.8 ( ?S) 100% - 264 /hour 30 MeV '
3000 W ThE — 206 /hour 20 MeV
w* R i ) —-—
5000 39% 106/hour 160 MeV A= 1J,13(M/C.;L
6000 L* 247 —_— 62/hour 210 MeV production cross
10060 W 8% - 13/hour 300 MeV section

After 300 hours of running the forward detector will accumulate S000 events of 10 GeVw ¥
with coupling constant d—,wx :.—La o
Fig.16,17 818 show the Monte Carlo results for);ﬁ , W 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. .

. At '
Typical t acceptance ‘S’t"‘l‘:lk} < 4 GeV/ce. If recoil is also detected the rate
(M<76¥)in the table should be multiplied by approximately O.4. Above about 7 Gev the
efficiency for recoil detection is very low.

TIT.Background

At low energy, the OPE contribution to thed production has been the single
major background to the diffractively produced W . OPE here includes two non-
. . Y N *
diffractive processes Fa—:, «-JP and F - N7 W
. Since the OPE contribution falls off rapidly as
energy increases, we expect it will be negligible ( &« SZ of the diffractive part)

at K ~ 100 GeV.
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Fig.l9 shows the spectrum K‘:43HP s measured by the DESY Bubble Chamber
Group. A t 3.5<K<5.8 GeV the background is <10%. The DESY measuremeanbt
shows that the non resonant background decreases with K. One expects the
non resonant background to go to zero at K ~100 GeV.

To reject the inelastic but diffractive reaction

¥ p— N¥(w70) +00

L pv°

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

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
pé.rticularly useful, i.e, conservation of momentum in the two directions
perpendicular to the beam direction. For an event like )/P‘? N*c\) several
hundred MeV/c of momentum will be carried away by the missing 1T a, Monte Carlo
studies show t_hat from 1000 K/ P> N*w generated none were identified as

XF ——91».‘(3 events. Independently, the cqunters “in the re¢011 detector reject

the N¥ evénts. |

As previously discussed, for /25 production, the main background (Pv—-ﬁ' P +g5 + I

L

can be rejected by Kinematics and by detecting the -7 's
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Expt. D: Multiparticle Decays of Vector Mesons
The missing mass, mx, in the prbcess B/f—b)(f is calculated from the
measurements of the tagged photon momcntum and angles, and of thg recoil
proton
MS = (KA M- ) = (K- )
Tﬁe date will consist of three types:
a. Events with a complete measurement of decay products and,
in many cases, the proton. For example _V€;>LJ%T;?1%ﬁf}rtw
For this class of data we will be able to analyze the
decay distributions and obtain information 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 categqfies distinguishing aifferent
~multiplicities apd 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.
¢. Events with high particle multiplicities. Only the missing

mass can be measured.

-

PRad

e i
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T. Acceptance, Rates and Resolution

Ke
Listed inpfollowing 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

Jm: = ? (PI"QP' .SPP)

where f does not depend on n . Thus

Sm‘ = Z—Il"_ﬂy.‘F()

. Phe table also shows the efficiency for acceptance, and includes the
losses due to both energy loss in the target and due to angulsr acceptance
of the recoil system. Integrating over this acceptance, and assuming a
diffraction producgion distribution e
f—{i—-';:P\e.
we have estimated the rates shown in the Table.

These tables indicate how sensitive this experi@ent will be to new
vector mesons. After 200 hours of running time at 150 GeV we should collect

about 16,000 events of a 5 GeV resonance with a cross section of the order

of 1% of that of the p meson.



82

-( ) Expected(z)
1 @5 Rate/hour
Recoil
k Mx |-t > © Pe Acceptance M, do . egt b
- GeV GeV (GeV/c)“ |Degrees| Mev- . Efficiency | MeV |dF /$/(b=¥{f
100 2 .1 T7 321 43 156
.3 T1 571 39 | 367 113
.5 68 756 .38 582
5 .1 56 321 -1 .87
.3 60 571 .32 L8 62
.5 59 756 27 12k
7 .15 35 395 .02 127
.3 4s 571 .15 78 10
.5 Yy 756 .19 50
150 2 .1 78 321 A1 237
.3 T2 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
.3 55 571 .24 60 Ls
+5 55 756 .30 82
200 2 1 79 321 Lk 331
.3 73 571 © .39 826 115
.5 68 756 | .38 1414
5 .1 69 321 .35 116
.3 67 571 W37 179 92
.5 64 756 .31 L7
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-
' cal error in acceptance is ~ =+ .03,
(2) Monte Carlo statistical error is 6%.

(3) Target length used = 1.15m
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The search for ﬁigh mass resonances requires that the forward detec-
tor have as wide an acceptance as possible combined with good momentum
resolution. The anglg covered by the decay particles increases with increasing
mess, The pions from‘f 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 minimyn opening angle of 133 mrad. This compares to < 33 mrad,
whieh 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 M1, which extend to * 120 mrad. Thus, chamber
plane 3 is required for the high mass search. TFor highér masses and multi-
plicities, the required solid angle will be even larger. Detecting
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. lbhof 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 recoll magnet. In order to maintain the momen-

‘tum resolution at a low field it was necessary to position the outer



8L

chamﬁers 75 cm away from the target. If these chambers are moved to 50 em
and the middle chambers are moved inh correspondingly, this shadow region
will be accepted. We intend to cover this region in a short run by turn-
ing the power in the forward detector magnets to a very iow fiel& 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 s rough momentum

measurement .
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Expt. E ‘}é—&JRegeheration

As discussed earlier, the f yields on hydrogen give 3%,900 events/hour.

There will thus be plenty of events from the reactions

| TA— A + V’“(bf)ugf)é)

and
The photoproduction of vector mesons (5 coherent on nuclel Athe rate

1.8

increases a5 A . We can therefore expect an event rate of ~ |000/hour

for W, ;5 (simultaneously) on nuclei.

To find ¢ &t if %;,3 regeneration does occur, we note the following facts from
present data:

- t ’g
(1) For y production U}: < A
J

(2) wg, = O-; ~ 2% mb (The w-n  end f-hf cross sections are

almost equal)

?

(3) Y5 << GFh 5 T X \Orab, o
We further expect that at 200 GeV, all reactions are purely imaginary.

In the model of Ross-—Stodaisk_y oné has

? ) Cos 9“!/&{:-{' S{ﬂ 8?4 (/\l}o
W) = _gm&,.,;z’“ + ws 8, W

The free parameters are (9f4 Foon ) ‘C’;:“

PERRTIN

We propose to make systematic measurements of &i_:; (ﬁ ), )ﬁ) on

H, Be, C; Al, Ti, Cu, Ag, Cd, In. Ta, W, Au, Pb, U (all with 99% purity).
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Following (1), (2), (3) we observe that:

(1) if Qﬂzo s ho regeneration, then (dg Al'8 in exactly the same way
IE t=0 )
as 51_9}? . Any difference in A dependence between do7 (A) aad d “_f (A

4

= it
implies O #o0. +

(2) the measurement of o GZ (A) together with doT (A) will
I it

£ a€
determine the value of QN .

The table below lists the yields (assuming ﬁsﬁz o) for thin (High A) targets. The

yields were calculated from available data, extrapolated to 150 GeV.

TARGET H C Cu Pb
TR 1 v iD 63,54 oT. 2
P It 0.07 1.55 8.96 11.35
thicWnesckr) 115 3 . 0.1 0.05
5;{.» all /e | 1465.5 1165.8 280.5 208.
F»3T/nr | 26k 210 ; 50.5 37.4
wer ol Ane | 3811 . 3031 . T29 "5k
1 3% 4, | 3430 I o728 656 187

Thus for & |00 hour run on 14 elements, we can do a 1 - 2% accuracy experiment.

. -
II. Backgrounds: On high Z nuclel, the e e ylelds increase as 22. On Pb the
4

P . + - > -
measured e e cross section is 4—){ 10 mb, the () cross section being 0.7 mb.

The e'e™/31 is 6 x 10" .

There are Thre ways to reject this background:

(1) the trigger rejection is 10~3 to 1078
(2) off line, we can reconstruct 3m events.

(3) we can also desensitize the central part of the forward proportional

chambers.
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- Bxpt.F Search for Heavy Leptons

I. Kinematics and triggering.

Following the discussion in the physics section, we note that
(1) the production of t¥1” will be in the forward cone very close
to 0° end has jyield = 2° G °(q7) ; |
(2) if M < 1 BeV, the decay of L»mv, dominates the L>fvv mode.
(3) it ML> 1 BeV, then the L+fvv mnmode dominates over the L-nv mode.
if ML> 5 BeV, most of the decay will be in the 2vv  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
(3) many elements must be used to test the ZEGEg(qz) dependence;
(4) we must be able to distinguish the w from the K and the u from the e ;
(5) a close to Lm detector is necessary to reject events of the type.

Y+Z+ 2y +2e + 7 or S+ AK KFAor AT+T 4.

II. Counting Rate.

RN
Using the total L L. production cross section

3 = T (2R g, 2B¢ o 208
+ - o (By) = =2 K {Fh CNE
The rates for h h pair production in different decay channels for 300 hours
5

of running time at 4 x 10 photons/burst on 1 meter of hydrogen are listed in the
following table. |

v . -
Rates/300 hours for Various Decay Channels of h h

(Gev) 0.6 1.0 1.5 © 3.0

Ty
5T 1430 20k 32 ; 0.6
T e 550 212 69 5.4
™ om 550 212 69 . 5.4
e e 50 51 39 12.2
Vaat 50 51 39 12.2
me 110 | 102 78 2h.0

Total , 2740 832 326 _ 55.8
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If the leptons with strangeness S =41 are coupled to photons with the same strength
-
as ordinary leptons the calculated rates for the K X decay for various values of

Mh are (per 300 hours) :

Mh (Gev) 0.5 1.0 1.5 3.0

ratesfisone | 1400 670 250 ko

+ -
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.
IIT. Background:

g
The most serious background is the decay in flight of mw —
o . *
-~ Ln~“ﬂm) MT/A-4-V

¥ ) .
Therefore a T pair produced may end up looking like f;“ or /ﬂ/a . A large smount

of energy will be missing, carried away by the neutrinoc in T decay. However the

+

+ - - + -
other decay channels, KX , W rm , w& | /Ae. , 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 élastic Compton scattering
we use the SLAC daka:

' st
& TR ey

The acceptances as a function of t, calculated by the Monte Carlo program

is shown in fig.20, The acceptance, together with the above cross-section
yields (assuming 4 x lO5 3(} burst) Ol elastic Compton events per hour.
After 300 hours of running, 20,000 events should be accumulated.
Fig. 2% shows a Monte Carlo simulation of how the data should look as &
function of t after 200 hours. The plot was generated assuming a 0.8 eat
distribution. A best fit to this %imulated 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%.

If. 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 U/ s 7(P4 F
°f R - {WT‘Frl
we P (10)

and \(‘D —_— f)c,d

Lywed

Lo vv ()

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(wajill

bé identified and rejected by the detector., Shower counters surrounding the

recoil system will detect photons from“ng decay, and the dE/dx counters



S0

. + ‘
will distinguish™™ from protons.

The four kinematic constraints are:

1l and 2: Three independent measurements of the momentum transfer, t.
3. Coplanarity, )éY,= fér*‘TT
L Energy conservation, k + mP‘ =x'+ Ep

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,é%, we have

{:9 ~ [ XMp ))2‘

ton & (i-i- MpAc

The measurement of the proton momentum gives the kinetic energy T and
Finally, from the scattered photon angle measurement we have

by o — (KB

The expected resolution from.each of these measurements of t has been
calculated using the Monte Carle technigues described earlier, and checked by
hand. The résults as a function of t for incident photon energy of 150 GeV
are -shown in Fig.Eﬁa The resolution inktB gets worse at lower ]t\because
of the increased multiple scattering. Thus é;ﬁis best for ft)}b ¢.2 (Gev/c)e.
On the other hand the proton moméntum measurement improves at low k}, so that
tp is best in that region. For very small ﬁl » however,the effect of energy
loss in the target must be corrected for, and this correction brings in the
uncertainty in the vertex location. ‘Thus at very small ]tL the resolution

in tp becomes somewhat worse. The scattered photon angle relative to the

incident angle, E)f » is determined over a €0 m lever arm from measurement
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of the tagging vértex, thé target vertex, and thé final detection of the
photon. The beam spot is 1 cm wide by 8 em high. This provides information on
the horizontal location of the vertex to 4.5 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 c¢m,
determines the incident photon angle to about{ﬁjo.e mrad. This error
dominates ggi. (At energies of 150 GeV, the shower produced by a photon
interacting in lead is very limited. We expect a spatial resolution of
43 mm to+5 mm).
‘The three measurements of momentum transfer provide two constraiﬁgz t =ta¢=‘te .

Y
According to the Monte Carlo calculations féP can be measured to & ﬁ{r4> 1°

for M;Z 0,1((}@%32‘ . The accuracy of‘%{is 62°at t = - .1 (Ge}%)e and is
inversely proportional %o @95. This dependence dominates the resolution of the
coplanarity check as shown in Fig.22b, The coplanarity constraint is particularly
useful when there zare one or more undetected particles such as in B/F ...?E/f‘»n?i.

The fourth constraint, energy conservation, depends on how well the scattered
photon energy is measured.r The thick lead glaés éounters behind the final
plane of chambérs determine the eﬁergy'to:£5% or better. This constraint will be-
used to exclude processes which have a forward going photon in conjunction with
undetected pa}ticles. 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 ltl is less than 0.75 (GeV/c)g.

In order to get a feeling fdr how successfully these kinematic constraints
vill reject background events a Monte Carlo program was used to generate events with
the N¥ decaying into both available channels. (3?-a3$f§. Out of 1700 events |
none were able to fake elastic events.

The above relection is achieved by using Kinematic constraints alone. In

addition we have rejection from the hardware identification of nf 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

10,000%20,000 to 1.

The other possible source of‘significant background are events
coning from K}é&ﬁ> with the (J decaying to'ﬁfy;'SXz There are three
photons in the final state and the possibility that two of these are missed by the
detection system would allow an event to fake elastic Compton. The
photoproduction cross section can be estimated, and from such an estimate
and a calculation of the chances of missing 2 out of 3 photons we conclude
that without kinematical constraints, this and similar backgrounds will
not be more than a few per cent of.elastic Compton. The kinematic
constraints will push this type of background to a very low level.
The reactiontéﬁﬁ? gives a background similar to «) production. However,
the rate should be no higher than a few per cent of Compton at these
energies because of the rapid fall off of the photoproduction cross section with
energy. In addition the ability to detect both photons from 7 decay and the kinematic

constraints will keep this type of contamination at an insignificant level.
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Expt. H ' Total Cross Section

X‘, ~» all hadrons

1. We will be able to measure the total cross section in the following

manner. A hadronic event is defined when:
(i) a tagging signal occurs

Y- pair signal observed,

(ii) there is no e
(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 °F .

With the above measurcments alone, an accuratc determination of &7 cannot
be obtained. Corrections due to false tag signals (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 7w~ induced events) are likely to be quite large.

However, in our experiment, we will have édditional information from
track counting ih the wire chambers. Since the proposed system covers a
very large solid angle in the C.M. systém, we will catch at least one particle
in our apparatus for all hadronic events. Furthermore, since the average
nunber 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 very small. There are only two classes of events which may

not be detectad, both of which have a very small cross section. One is

forward neutral particle production, e.g. k?\; Fﬂc, which has a negligible
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cross section at high energy. Another class of eveﬁts, which may be
accidentally vetoed by the trigger sysfem, is when a high energy photon is
produced at thé 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 tA)décay events belong to this
category. Since W production 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 photoné
recorded.

The calculated rate of total hadronic‘events as & 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 Total Hadronic Events per 1013 Incident Protons at 500 GeV/c

Incident e~ Energy

E, (Gev) - 200 GeV 300 GeV
Photon Energy Range 100-145 |145-190 200-245 245-290
E K(GeV)

Total Hailronic Events

Rate (TVeTS/pour) 1.8 x 10°] 1.3 x 10° | 7.6 x 10* | 6.3 x 10

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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measu;ed rates and spectrum of the ete~ pair production with the QED
‘calculation. The speﬁtrum of the e*e‘ pairsservesas.a most reliable overall
calibration of the system, (as has been used at DESY for several years).

Ah 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— pairg, thus proving a completely
different measurement of g7 . As before, all hadron events will still be

4

measured.

As discussed on page 83, we will increase the field in the recoil

magnet which will allow us to extend the migsing mass range.
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OPERATIONS SCHEDULE

We have planned the following.sequence of operations:

l.

2.

Beam construction 9 months
Beam studies aimed at understanding and improving the beam.

Parts of the experimental apparatus will appear on the floor

during this periogd. 3 months

Debugging of apparatus. (Mainly parasitic operation,

distributed suitably in time.) 200 hours

an .
First jexperimental survey run with b x lO5 photons/ 300 hours on
pulse, Sk‘=:t0.5%, a 1% radiation length tagging Hydrogen
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 0.1 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.

High intensity run. Triggering only on large angle ( ~ 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. Liguid hydrogen target (NAL) $  —
*¥ 2. Recoil detector: '
Magnet (Moving & Modification) 10k
Proportional Wire Planes TOk
Scintillator Counters 30k
Shower Detector 5k
3. Forward detector: )
Magnet M1 (Moving & Modification) 10k
Magnet M2 ' 300k
Proportional Wire Planes ‘ TOk
Shower Counters 75k
Scintillation Counters 35k
4, Electronic logic o 100k
5. On line data facility ’ Lok
6. Tagging system
Magnets (Moving & Modification) 10x%
Proportional Wire Planes 5k
Scintillation Counters ' Sk
Shower Counters {(Modification) ' 5k
TOTAL $ 770k

The experiments will be funded by the resources of the high energy
groups appearing on the proposal.

¥ The cost of the Alternative Recoll Detector, described in
Appendix II is estimated at $§ 85k as follows:
Proportional Wire Planes ($60k)
Scintillator Counters ($20k)
Shower detector ($ sk) .
Hence, the overall total cost of the system would change to $T7LOk.
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APPERDIX II

Alternative Recoil Detector

The recoil detector described in the main body of the proposal utilizeé
a longitudinal magnetic field in a large magnet to measure the momenta of
recoil protons and pions at large angles with }espect 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 measure
the momenta of the pions for production angles 2.1o°, thus curtailing a part
of our study of semi~inclusive reactions. (ii) Tpe recoil proton momentum
ranges from 200 MeV/c to 800 MeV/c. Nuclear absorption corrections, even
tgough 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 eriteria for the angle measurement, the charged pion
separation,ﬂTo 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 resolutioﬁ at
missing mass of k4.5 GeV/c2 produced by 150 GeV incident photons. Fig. 23 and 2k

show the apparatus:

a) Angle measurement: PWC 1 to PWC 2 are proportional wire chamber

planes which measure f};u PWC 1 is as close as conveniently possible to the

target to locate the vertex in hydrogen. A weak longitudinal magnetic ficld
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(a few hundred gauss-cm) may be necessary at the downstream end in case the soft

recoil electron background becomes a préblem.'

b) Charged pion separation: PWC 1 and PWC 2 are immediately followed

by a dE

= counter. Pulse height information and range observed will allow us to

reject, off line, recoils accompanied by pionms.

dE
c) _Range: the 35 counters are followed by a range "telescope" in

vhich absorbers alternate with PWC's with very coarse resolution (+ 5 cm), :
achieved by tying together, through resistors, twenty-five wires in our standard

2 mm wire separation planes. With 12 absorbers iﬁ the telescope, the desired

kinetic energy resolution of 9% is achieved. Range stragéling due to

gaussian fluctuations in ionization loss has been‘ccmputed and amounts to

at most 1.3%

<
d) T 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 T ®'s. "Freak" events, in which the

dE . .
—— counter gives a proton signal and the range telescope indicates an

dx
anomalously long range due toﬁTOconversion in the abscrbers, will be

rejected in off-line analysis.

Thejzsacceptance of the system is~ 3 radians. The Sacceptance depends on
the reaction under study. For a k.5 GeV/c2 missing mass, and 150 GeV incident

photons, the system has an efficiency of = SO%Q
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APPENDIX III -

v .
THRESHOLD CERENKOV COUNTERS

In order to study photoproduction of particles up to 200 BeV/e, it is
most important that we not only measure their angle and momenta, but also
identify them. This is particularly true in reactions like

N
Eﬁf F —3 17 ~ anything
Y+ P —> K4 anything where we want to compare

the distributions of theTl and K flux.

In reactions like \(/—}’ A —?A-Jr}z{, +there are two decay modes ofc}gwhich
ve can use. The ?5_? k'« mode had a branching ratio which is four times

larger than the ;ﬁ-»a e we® mode.

In a search for new vector mesons and heavy leptons ( ?<V<‘mode), it is

also important to be able to distinguish thew's from K's.

b4
We have looked into the possibility of using threshold Cerenkov

counters in our forward detector to distinguish7, K and protons.,

v
Space Available for C Counter in the Forward Detector:

In the present plans for the forward detector there are two long free

sections:
4) between plane (3) & M2 there is 7.5 meters

2) between M2 & the final detector there is 15 meters.

There are A good reasons for not using the first space. Between
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the two magnets the amount of material should be minimized, since
+ - .
e e« pairs produced in this region will not be vetoed in our present

triggering system. Pairs produced after M2 cause no problem of this kind.

Number of Photoelectrons Produced in E Counters:

The state of the art in C counters is such that provided one is
extremely careful to collect all the Eerenkov light, uses UV transmitting
windows & UV reflecting surfaces, and uses very carefully selected phototubes,
it is possible to obtain 150(52 photoelectrons per cm of particle path.

(Q is the angle of production of Cerenkov light in radians) {See for

2

example Yovanovitch et al,

Using this number (N = 150(32) we have computed how many photoelectrons we

could obtain in a 7.5 m and a 15 m Cerenkov counter. The results are shown in

Fig., 25& and 25b.

In Fig. 258 we have assumedAthat the pressure is set so that at
threshold,ﬁ3= 0.999956<&r 100 GeV protons. The curves are for light emitted
by one and tﬁo particles having momentsa Pﬁ & PQ, with P1 + P2 = 150 GeV.

In Fig. 25b similar plots are given for¥wé& KK, This time the

assumption is that threshold i355= 0.999988, corresponding to 100 GeV K's.

From these curves we can conclude the following:
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L
1) A 15 m C counter can be used to separate efficiently (> 5 photo-
electrons)n's & K's in the momentum range 45 - 105 GeV.

Thus & 15 m C counter in space 2 would help in identifyingj£'s up to K ~170 GeV.

2) If we were interested in separating protons from kaons in the

)4
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 T/K separating
é counter (total path length 22.5 meters), we cannot increase substantially
the momentum range where separation can be‘achieved. The number of photo=-
electrons fory's drops rapidly as the threshold for K's is increased.

e.g. if K threshold is increased to 120 GeV the number of photoelectrons for

drops by ~30%.

Construction of é Counters:

Fig. 26illustrates the variation of the momentum at threshold cf‘r's,
P's and K's.

It can be seen that the P/K separating é counter would have to operate
at near atmospheric pressure while the 7/K separating counter would be at

~0.35 atmospheres of helium,

The 7.5 m counter would have to cover an area 150 x 50 cme, wnile the
15 m one (in space 2) would cover an area 150 x 50 em® at the front and
250 x 100 cm2 at the back. In both cases one would probably make the counters
out of‘cylinders, but use concave mirrors only where necessary. T e

25,20
structure could be similar to that described by Denisov et al. L
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The following 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 c;unter in the region between Mé and the final detector
plane, It should be capable of sepératingrfs & K's in the momentum range

L5 -~ 105 GeV.
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APPENDIX IV

In this appendix we discuss some aspects of the data aquisition and dat#
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 dats handling:

We first estimate the record length asséciated with & typical event. We
consider a 15,000 wire system, and assume an average of 5 charged tracks per
plane though the forward detector pl&nes(&lmost 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:

~ T0 words for encoding track clusters

~ 8 words for encoding scintillation counter information
~ 12 words for ADC 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 selective triggering,
therefore, we will use 75 inches of é&pe per beam burst, assuming
200 events per burst. Taking into account the duty cycle of the machine, this
means that we use 25" of magnetic tape per second. Thus a 2400 ' tape will last
sbout 20 minutes at these high rates. Our word aguisition rate will also be high,
sand the dats 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

trigzexrs these figures will be much lower.. .

" We hope to use a standard NAL.uSer's computer package (PDP 1ll,with teletype,
fast 9 track magnetic tape deck, and 611 storage scov2)together with another
FDP11 incorperating disk and magnetic tape peripherals. (The PDP 1l's could
be completely interactive). Two PDP 1l's are required (together with at least
two high quality magnetic tape urits and other peripherals) if we are to have
édequate 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 mémentum hodoscope is recorded, but

is not part of the trigger).
. + -
b) no output from three sets of veto conditions against e e opairs

c) In parallel with (b) above, some positive trigger requirements from

the various shower counters, and ﬁn'from Ci and Di' or from the recoil proton arm.
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Because of the long distances separating these counters, it is important to
rationalize the trigger system so as to minimize;the overall delay between t = o
(when an interesting event is taggeg), 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 : messﬁlor by generating a pulse at each
amplifier ocutput 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 ares. 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 target regioh. Together with the time delays in the electronic logig,
this amounts to ~450 nanosec. Thus, for some chambers, the effective resolving

time will be ~ O.ﬁysec,-mnch the same as for conventional spark chambers.

In the event that we are troubled by & high rate of e+efpairs 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 timé. 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 resclving time, say 500msec). In the case
where the random 6ccurs before & good event, Qé can automatically reset the
chambers if a tag signal does not arrive within a narrow gate (~1 Snsec) 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 regolvihg time by a factor 50,

For the second type of contamination, we can if necessary, delay the signals from
the chamber immediately downstream gf the hydrogen target by up to 500n sec, and
require a coincidence between the wires and the tagging signal to.+ 25n sec. 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 we do not.envisage having to make chambers larger than
about 150 cm x 150 cm. Even at these sizes, the thin tungsten wires will require
some additional support, and we will use vinyl threads for this purpose. The
high voltage planes will be made of Be~Cy wires strung in a direction orthogonal
to the signal wires, with a thin mylar gas seal on the outside. With this
éonstruction, multiple scattering (which is particularly important in the recoil

detector) will be kept to the minimum practical limit.
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