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ABSTRACT 

Some experimental aspects in studying diffractive production of boson r e so> 

nances are discussed with particular reference to low momentum (100 - 300 MeV /c) 

proton recoil. The importance of a very large acceptance (- ± 45·) spectrometer is 

also emphasized as a crucial requirement for spin-parity studies. 

I. INTRODUCTION 

Currently fashionable theories suggest that there should be a sequence of pion

like (I = 1. G =odd) resonances and a sequence of kaon-like (I = 1/2, S = ±1) reso

nances with JP = 1+ 2 - ... which could be produced by diffractive dissociation (pomeron 

exchange?) of pions (kaons) scattered on nucleons or heavier nuclei. Such processes 

are supposed to be characterized by t and s dependences similar to elastic scattering. 
Z

For a proton target, this means dcr/dt - eAt with A ~ 10 GeV The A and Q bumps
1+ 

are alleged to represent the 1 prototypes, although the resonance interpretation of 

these objects is somewhat short of overwhelming. 

If these families indeed exist, a multiplicity of decay channels should exist for 

the heavier ones, for example 

Heavy rr	 - 3rr, Sw, ••. Heavy K - K'rrrr 

-rr KK - KKK 

- BB (+ rr's) - YN(+rr's) etc. 

Present data on A and Q suggest that such objects are best studied well above
1 

threshold (in contrast to most other boson resonances). It seems reasonable there

fore to search for diffractively produced boson resonances at NAL over a range of 

beam momenta extending to the highest practical (say at 50, 100, 150 GeV/c). 

Possible beams are of course rr±, K± (and K2). One can use proton targets or 

heavier nuclei. Observation of the recoil gets rapidly more difficult for heavier tar

gets. For a deuteron target, it is substantially harder than for a proton target. The 
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only practicable heavier nucleus target at this point appears to be silicon. * The re
- + 

sults obtained by Huson et al. at BNL in the reaction K + Ne - K 1T 1T Ne at 

13 GeV /c suggest that the possibility of studying diffraction dissociation (DD) pro

cesses On heavy nuclei should be considered very seriously. 

It is clear that DD process with proton beams should also be of some interest. 

It is not clear to me whether it will be easier (experimentally) to study the excitation 

of the incident or of the target nucleon. In the discussion of the experimental problems 

given below, it is largely irrelevant whether the incident beam (and the produced reso

nance) is a meson or a baryon. 

II. EXPERIMENTAL CONSIDERATIONS 

It is conceivable that some indications on the occurrence of the DD processes 

couId be obtained in bubble-chamber studies. I shall assume, more realistically, 

that a triggerable device will be needed. From the following discussion, it should be 

clear that a study (8. la Maglic-Kienzle) with a proton recoil spectrometer is almost 

certainly going to be insufficient because of insufficient mass resolution. In order to 

attain sufficient mass resolution, a multiparticle spectrometer (triggered by the pro

ton recoil) will have to be used in which the decay products are detected and me sur-ed, 

Finally, a brief discussion of a neutron spectrometer will be given (which has nothing 

to do with DD since there are no neutron targets). 

III. PROTON RECOIL SPECTROMETER 

To make some connection with reality, a brief discussion of the CERN spectrom

eter is in order. Maglic and Kienzel performed at CERN a famous sequence of exper

iments in which the masses of multiparticle final states, X-, in the reaction 

*':'where inferred from the angle and momentum of the recoil proton. For a typical 
.22 2

exper-iment Pbeam = 6 GeV, l:> - 0.1, 6M = 0.03 GeV (rms error).x 
What happens if we put this apparatus in an NAL beam? It is not hard to see 

that at the same l:> 
2 

the error on M~ will increase directly with the beam momentum. 
2 2 2

At NAL, Pb = 50 GeV. l:> - 0.1, l:>Mx '" 0.25 GeV If we go to higher beam mo
earn 2 1/2 

menta and/or smaller l:> , it will get even worse, since l:>M~ goes as PB/(l:>2 

i.~ 

This remark is based On a paper by Landers et al. This possibility seems very 
promising since it could provide a reasonably simply trigger (if it works at all). 

'''' Unfortunately I have had no opportunity to read this paper. 2 
In most of these experiments the equipment was operated at a l:> corresponding to 
aMi/apR = O. This particular feature is essentially irrelevant to our discussion. 
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Since, from what we know about the physics of DD, we would like to push to higher 

momenta and smaller £:,2 (e.g. 0.01 < £:,2 < 0.1) the outlook is bad. 

A look at the kinematics (see appendix) shows that the basic limitation to the 

accuracy is the error on the recoil angle. For the small recoil momenta relevant to 

DD this error is due to multiple scattering in the target. The error is 

since 
1 

rJ' 
as advertised. 

It is clear that since a reduction in the number of radiation lengths traversed by 
. 2

the proton by (say) a factor of 4 will reduce oaR and therefore oM only by a factor 
x 

..J4 = 2, a very large improvement in resolution cannot be expected. It seems never

theless worthwhile to investigate briefly what one may achieve with some effort. 

IV. TARGET AND RECOIL DETECTOR 

For the purpose of this discussion, I shall assume a target configuration like 

that shown in Fig. 1. Assumptions: 

1. Both anodes and cathodes in the Charpak wire chambers are very thin wires 

(5f'). The wires are thin enough so that the probability of hitting a wire is negligible 

(2.5% for 3 cathodes, 2 anodes needed to make up chamber near target; for D = Sf', 

mm apart). 

2. The Charpak chambers can operate at the same temperature and pressure 

as the gas filling the remainder of the detector. 

3. The E counter has an energy resolution of, e. g., 4%. It is claimed that 

Li -drifted silicon counters can give a resolution of better than 10/,. 

4. Suitable electronics can be engineered to select an appropriate angle and 

energy combination of recoil. 

Having proved none of the above, we proceed to minimize the amount of mate

rial	 in which the proton scatter-s. 

I will use 

*This is an educated guess about the scattering constant (projected) for the extremely 
small amounts of material involved. 
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t. 1t Wa ll 15 em
~2.- + +

x , x 3 x 
wa ll gas
 

As possible examples, I will consider 3 cases:
 

1 

1. Standard liquid HZ target. 

Guess:	 Wall 0 0.005 in. mylar + 0.005 in. AI. 

Gas 0 Ne at STP 

LH 0 O.Z em
Z 

~ l" O.Z em 0.01Z5 em + 0.01Z5 em + 5 em 
x. 1000 em + 30 cm 9 em 45,000cm 

1 

Z X 10-4 + 4 x 10-4 + 14 x 10-4 + 1 X 10-4 0 Z1 X 10 -4. 

For a ZOO-MeV/c proton 

4cOa 0 JZ1 X 10- X ~~ 011.5 mrad. 

Z. Liquid HZ target in He gas (thermal insulation encloses complete target

detector- box). 

ZOK

Guess: Wall 0 0.0008 in. of mylar
 

Q(?)
Gas 0 He at 1 atm(?) 

t. O.Z em O.OOZ em 5 em
~2.. ---'77-=--=::' + ---='--==--..,.

1000em+x. 
1 30 em 1.4 X 10 4 

o Z X 10-4 + 0.7 X 10-4 + 3.4 X 10-4 06.1 X 10-4 

cO " 6 -7 m r ad . a 

Can the target operate below atmospheric pressure? 

3.	 High pressure (100 atm ) HZ target
 

Wall - O.OOZ in. SiO (guess x " 10 em)
Z 
Gas: Ne at NTP 
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t. O.Z em 0.005 em 5 ern
~.2- + + 

x. 13,000 cm 10 em 45,000 cm 
1 

4 4	 40.15 x 10- + 5 x 10- + 1.1 X 10-4 6.75 X 10

5e ~ 6-7 mrad. 
R 

The corresponding mass errors are: 

Z 
50 GeV PR = O.Z GeV/c (6 0.04)PB 

Z Z
A. 5M 0.Z5 GeV

x 

Z Z.
B,C. 5M 0.14 GeV

x 

Z Z 
This is to be compared with 5M 0.4 GeV obtained by extrapolating the CERN 

x 
spectrometer. 

It seems that some improvement in accuracy may be obtainable by careful de sign 

of the target. It should be emphasized that the above targets are based essentially on 

guess work. Only for target C some connection to reality can be claimed: a I/Z in. 

diameter target with O.OOZ in. "fiberglass" walls was rupture tested at SLAC at 

110 atm. For a smaller target (1 /4 in. diameter seems reasonable) with the same 

wall thickness operation at 100 atm may be practical. LH at ZOoK has about 9 timesz 
the density of HZ gas at 100 atrn, 300 0 K and is therefore preferable in terms of count

ing rates (or smaller targets can be used). 

V.	 COUNTING RATES 
6

If a 30-cm LH target can be used with 10 beam particles/pulse the countingz 
rate will be - f events rub where f is the fraction of the azimuth covered by the recoil 

detector. One could probably get - 1/4. The cross sections involved should be of the 

order of 100 "b. If the product of the se guesses were true, one could get 

- Z5 events/pulse, which is a comfortable rate. With an unseparated beam containing 

- 10 -Z K- /TT-, one could also get - 1/4 event/pulse of K- induced events. 

If a 30-cm 100-atm Hz gas target is used, the rates go down by 1/10 which 

makes the rates still reasonable for TT'S but rather low for K's. 

VI. DECAY SPECTROMETER 

It seems that one will have to rely on detection and measurement of the decay 

products to obtain a sufficient mass resolution. A streamer chamber or a wire-plane 
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spectrometer, followed by a detector to measure (or at least to anti) "o's, are clearly 

suitable. 

As an example, consider the following parameters: L = 5 meters, B = ZO kG, 

E = sagitta error = 0.OZ5 em. A crude estimate of the mass resolution (based on 

charged decay modes) gives: 

0.9 + 1Z.5 
Z

Mx 

For example, if PB " 50 GeY!c, M 3 GeY 
x 

Z Z,
5M 0.07 GeY 5M 1Z MeY. 

x x 

It is clear that it is comparatively easy (but somewhat expensive) to achieve 

higher mass resolution by measuring the decay-products momenta and angles than by 

measuring the recoil momentum and angle. 

Should we bother to try to improve the mass resolution in the recoil spectrometer 

part? I think the answer is yes: if both mass measurements are good enough, the 

added constraint can resolve ambiguities between different mass assignments which 

may be difficult to resolve otherwise. Consider an example: Can we distinguish 

A simple calculation shows that the difference between the masses calculated for the 

two assumptions (for fixed momenta and angles of 1Z3) is: 

2 2 (2 2) ( P1 Pz ) 2 2) 2M -M = M -M 2+-+- > 4 ( M - M" "0.9 GeY . 
KK" """ K" P2 P1 x 

Z 2,
If both mass determinations are accurate to 5M < < 0.9 Gey we can distinguish the 

x 

two mass hypotheses. 

Aperture 

While the precise type of spectrometer used (e. g., streamer vs wire-plane 

chamber) is irrelevant, it is essential that this be a large aperture spectrometer 

starting as close as possible to the target. We would like apertures as close to ±90' 

as possible; something like ±45' is almost certainly acceptable, something like ±12' 

is certainly unacceptable. The point is that any cutoff of the decay distribution is al

most guaranteed to make any JP analysis hopeless particularly for high spins. 
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VII. COMMENT ON NEUTRON -RECOIL SPECTROMETER 

This has nothing to do with DO. We note here, that a neutron time-of-flight 

recoil spectrometer suffers from none of the diseases that a proton recoil spectrom

eter does. It has an inherently better resolution, which can be maintained as the 

beam momentum is increased by increasing the distance between counters and target. 
2

At worse, to maintain the same 6M resolution, one has to increase the distance in 
x 

the same ratio as the beam momentum. 

As an illustration, consider the following: PB = 50 GeV, M = 3 GeV,
x 

PR = 200 MeV/c (same example we have used for proton recoil). Choose L = 10meters, 

suppose we can do Lt.9 = ±2 em (we can easily trace decay products to target). 

3 2
69 = 2 cm/10 m = 2 X 10- - t.M = 0.04 

x 

Flight time 2 
6PR _ 6T -3 6M x

T=33/0.2=165nsec - 3 X 10 - M2 = 0.04. 
PR - T 

x 

2 
If we can achieve a reasonable 6PB/PB we end up with 6M 0.056 GeV, 6M = 9 MeV. 

x x 
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APPENDIX A. KINEMATICS FOR meson + p - x + P 

M
2 = (E. - T )2 _ (p. _P )2 =M~ - 2 (M + E. ) T + 2p p. cos e 
x In R In R In P In R RIn R 

_aM_~_ 0 = oPin 2 2 M2in )]2 . 0Pin 2 
M - M. + --- + 1 I:>. = -- M 

ap, Pin Pm' [ x m ( EinMp Pin xm 

2
aMae: oe R - 2Pin PR sin e R oe R = - 2Pin PR oe R 

I:>. = minimum recoil momentum.o 

The recoil angle B
R 

increases rapidly from B
R 

= 0 at 1:>.2 = I:>.~ to a broad max
-1 ~ 2 2 

imum B = cos ("I21:>.0/M at I:>. - 2M - Mp/Pin M It would appear that in
R p) pl:>.0 x' 

practice one will always operate at angles within a few degrees from Bmax' 
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Veto Counter 

E Counter 

1\115cm~~~~~~~~~~~~~_c_~_a~_~_~_k~ _ 

t 
Wall 

Fig. 1. Special thin target configuration for low-energy recoils. 
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