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ABSTRACT 

A one -arm spectrometer system. useful for several different experiments. is 

described. The spectrometer itself looks much like another stage of the beam. Coun

ter hodoscopes are used to measure accurately the momentum and angle of the forward

scattered particle. 

1. EXPERIMENTS WITH 11 ONE-ARM SPECTROMETER 

The possibility of doing several experiments with the same one -arm spectrom

eter system is discussed. The counting rates are high and the experiments relatively 

easy to design, perform, and analyze since only one particle is detected. For these 

reasons such experiments will no doubt be part of the first round of experiments and 

are the subject of many Summer Study reports. 1-4 

Although some of the experiments discussed below could be performed with a 

more modest system. it would appear economical to do them all with the same ap

paratus, the characteristics of which will become well known and understood, mini

mizing setup and checkout time. Beam survey experiments could also be done with 

this system and would be useful for checking it out; much simpler systems can be 

used. however. and we have not included them in the following list of experiments: 

1. Elastic scattering 

a. From hydrogen: rrp - 7!p where rr is used here as the generic name for all 

six beam particles: 11±, K±. P. p. 
b. From deuterium: nd - rrd 

- TITlp 

Comparison with the hydrogen data should give scattering from neutrons. 

c.	 From complex nuclei: rrA - rrA (coherent)
 

- rrA'" (incoherent)
 

Gives nuclear information necessary to obtain total cross sections for unstable 

particles on single nucleons, c. g. , 0tot (fo, p) from the A dependence of 

rr-A - f"A~'. 
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2.	 Total cross sections 

Studying the elastic scattering down to very small t automatically (almost) gives 

the total and absorptive cross sections; again one can use hydrogen, deuterium, 

and complex nuclei as targets. 

3.	 Quasi-elastic scattering 

By this we mean diffraction dissociation processes such as TrP - TIN". At high 

energies these processes will presumably be dominated by N':',S with I = it z in the 

same parity series as the proton. Again hydrogen, deuterium, and heavy targets 

can he used. 

4.	 Coulomb interference 

This is a detailed, precision study of the elastic scattering cross sections from 

hydrogen in the region of transverse-momentum transfer near 50 MeV/c, giving 

the real part of the nuclear amplitude. 

5.	 Elastic scattering from a polarized target 

Theorists predict polarization effects of a few percent at the energies of interest. 

Other experiments to be done with a one -arm spectrometer no doubt exist. but 

the above are sufficient to keep such a device busy for the first two years. 

The solut ion proposed here is to use the high quality 2.5 mrad unseparated beam 

designed by Reeder 5 for experimental-area 2. The spectrometer itself would simply 

be a repeat of their first stage, giving a total length of about 600 meters. The setup 

is shown schematically in Fig. t and uses counter hodoscopes to define particle tra

jectories. There no doubt will be better designs produced in the future, but repeating 

the first stage is a simple solution, amenable to the relatively cursory study possible 

at Aspen. A detailed balancing of the following advantages and disadvantages should 

be undertaken by the NAL staff and/or interested users within the next year. 

Advantages 

1.	 It is conceptually simple and relatively cheap. 

2. The momentum is given directly as a function of position at the momentum focus , 

and triggering on only the interesting part of the missing mass spectrum can be easily 

achieved. 

3.	 The spectrometer resolution is well matched to the beam transport resolution. 

4. By focusing the beam onto the target, one can eliminate beam halo (from scattering 

off collimators and pole tips) with veto counters at the target. This also eliminates 

the need for hodoscopes near the target. 

5.	 Beam dimensions are small, suitable for counter hcdoscopes . 
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Disadvantages 

1. Small spectrometer aperture, giving low counting rates at large t and not covering 

the full coulomb region below about 100 GeV Ic. 

2. Just a bending magnet would be simpler. 

3. Counter hodoscopes give multiple scattering. 

11. sAND t RANGE 

For discussion purposes the processes will be studied from about 50 to 150 

GeV/c (200 GeV/c for protons); the lower limit allows for overlap with Serpukhov 

energies and the upper limit is given by the beam fluxes, Four -momentum transfers 

from near zero to about 1 or 2 (GeV/c)2 will be studied, the upper limit again de

pending on rates. The momentum transfer will be varied by steering the beam onto 

the target with two magnets, leaving the spectrometer fixed. The first magnet, near 

the last set of beam quadrupoles, would be relatively weak and would be adjusted to 

center the beam onto the target. The second magnet would sit close to the target and 

would give a transverse momentum to the beam corresponding to -JItI, The spec

trometer would sit at an angle with respect to the beam corresponding t,o an inter

mediate momentum transfer with the second magnet required to supply up to about 

±1GeV/cmomentumtransfer: BL =33XPt" 33 kG-meters. A2-metermagnet 

would thus be sufficient. If its center were 1.5 meters from the target, the horizon

tal aperture required for Pt = ±1 GeV/c at 50 GeV/c would be ill<: " ±1/50 X 150 

= ± 3 cm and a 4 in. full-width beam transport magnet will be adequate. 

lll. PARTICLE IDENTIFICATION 

The beam particles will be tagged electronically by a set of Cerenkov counters 

in the second stage of the beam. Threshold counters, little more than shiny beam 

pipes,6 will be placed in the drift sections at both ends of the second stage. One of 

these counters would be roughly 40 meters and the other 60 meters long. A few years 

ago the DISC group 7 quoted the number of photoelectrons obtained in practice (with 

56 UVP's) as 

where f) is the Cerenkov angle and L the active length of the counter. If we set the 

pressure at K threshold, then the number of photoelectrons for a 13 = 1 particle will be 

M 2 
K

N = 40
e 2 

P 

[100 (GeV/c)/p]2 X (L!10m). 
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At 150 GeV/ c the average number of photoelectrons for the 40 and 60 meter counters 

would be 1. 8 and Z. 7, respectively. Requiring both counters for a" trigger would 

give 78% efficiency (discriminators set to fire on one photoelectron), while requiring 

neither to fire for a K or proton trigger would let through 1% of the pions. Better 

geometry and/ or photomultipliers may eventually give better efficiencies. At 
4.

100 GeV/c these numbers become 98% and 0.5 X 10- Below 100 GeV/c one might 

hold the pressure fixed at the 100 GeV/ c K-threshold pressure, 0.09 atmosphere of 

hydrogen" 0.14% of a radiation length for 100 meters. Windows might bring this up 

to 0.2%. At 50 GeV/ c this would give a typical multiple scattering angle of 

(J 21 x -l0. 002/50 = 0.02 mrad. 
msec 

Two threshold Cerenkov counters would also be placed in the one-arm spectrom

eter, much like the two just described. This would allow further discrimination 

against protons or n -, necessary when looking at K± or p interactions. For example, 

at 1 ZO GeV/ c Reeder gives yields (at the experimenter's target) in the ratios 

p/,,+/K+ = 1/0.07/0.006 and ,,-/K-/f> = 1/0.007/0.00Z. 

Two or three DISC counters would be placed directly after the bending magnets 

in the second stage of the beam, at least one of which should be capable of separating 

,,'s from K' S at 150 GeV/c: 
Z

1 6M -6 
613="2 ----pr "5 x 10 

=86 8. 

For a Cerenkov angle of 8 = 30 mrad, 6 e = (J - (JK = 0.17 mrad at 150 GeV/ c and 
Z " 

one would expect 40x (0.03) x 500 = 18 photoelectrons from a 5-meter counter. 

The first order beam divergence is about ± 0.03 mrad in this region, for which "K 

separation should be very good. Second order calculations are urgently needed to 

determine the effects of various aberrations. Note that the optics of such a high 

precision counter will not be trivial since the focused light ring will have a radius of 

about 0.030 X 500 = 15 em. The DISC's would operate at about 3 atmospheres 

absolute pressure of hydrogen. 
5)The Serpukhov-CERN collaboration obtained good separation (_10- of ,,'s and 

K' s at 50 Ge V/ c with counters Z and Z-1/ Z meters long but at the expense of effi

ciencies of - 500/,. They did this by requiring a 6-fold coincidence between the photo

multipliers. In the example above, a 6-fold coincidence would have an efficiency of 

{1-e -18/6/= (0.95)6" 0.74. Note that these efficiencies do not directly affect the 

cross - section determinations but only the event rates. 

Although one DISC would in principle be sufficient, having many Cerenkov 

counters allows one to measure three cross sections [n, K, p) at once and allows one 

to check each counter's efficiency and rejection ratios against the other counters. 
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Electrons and muons can be identified using their interaction properties. An 

electron shower counter and muon "range II counter (2 meters of iron) are easy and 

cheap to build and could be located after the last hodoscope in the spectrometer. 

IV. PARTICLE LOCATION 

Contrary to current trends, we shall discuss counter hodoscopes rather than 

wire chambers. The information from hodoscopes is clearly easier to handle and 

process than that from wire planes, and this is very important in high rate experi

ments where computer costs become comparable with accelerator costs. The 

resolution from counter hodoscopes can be made comparable with that of present-day 

wire chambers. Counters 1/8 in. square can be overlapped to give bins of 

1/3 x 1/8 in. = 1 mm full width and ± 0.3 mm rms uncertainty. Resolving times for 

counters are typically 10 to ZOO times faster than those for wire chambers or propor

tional chambers and correspondingly higher rates can be tolerated. Although one 

could argue that wire-chamber data rates can be high enough to satisfy practically 

anyone, one must remember that the K's and ii's are typically less than 1% of the 

beam and that the protons (,,-,s) will be keeping the system busy while the K and p 

data slowly accumulate. 

The transverse dimensions of the beam are typically 10 em and a total of 

perhaps 60 em of hodoscope will be required, - 400 counters, each about 

1/8 in. x 1/8 in. x 4 in. long. With such tiny bins, small misalignments of the 

counters will result in bins of varying widths. This is not a fundamental problem, 

however, since the effective widths can be measured by tuning the spectrometer to 

conditions having a relatively isotropic flux and then looking at the number of events 

in each bin. 

The disadvantage in using counter hodoscopes is multiple scattering. Two 

planes of hodoscopes (horizontal and vertical) are, on the average, 

3/8 in. ~ 1 em = 0.025 radiation lengths thick. The hodoscopes will thus give 2 or 3 

times as much scattering as the Cerenkov counters. Possibly, brave and determined 

people will be able to make even thinner counters work reliably. 

V. MOMENTUM RESOLUTION
 

Consider the general process bp - bX, where b is the beam particle which
 

quasi-elastically scatters, producing particle X. Observing only b allows one to 
. . Z Z Z . hcalculate the rm saing mass M = M + t + M (E

1-Ezl, where t IS t e usual four-
X p p 

momentum transfer (less than zero) and E and E are the total energies of particle b,
1 Z 

before and after scattering. In the t region of interest elastic and metasttc processes 

are separated by 150 MeV. The most stringent requirement on the momentum 

resolution comes from the desire not to smear the N':' missing-mass bumps. 
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A typical width of these bumps is ± 60 MeV, requiring (J (Mxl $ ± 30 MeV if the bumps 

are not to be seriously degraded: 

The first order optics of the Reeder beam (tune 1) give ± 0.017% for a 1.5 mm 

momentum slit width, at 150 GeV/ c this is ± 25 MeV/ c; resolution of the spectro

meter should be comparable. As for the DISC counters, second order effects must 

be studied carefully, and perhaps corrections made, if this resolution is not to 

deteriorate. Multiple scattering by the horizontal hodoscope near the bending magnets 

of the spectrometer will give an uncertainty 8 

a 0.E. o(~) X (±p10 ";0.012)0±25 MeV/c(J 

p '" f) 0.045 

independent of momentum. 

The missing mass resolution from deuterium and the complex nuclei will not be 

as good because of the internal motion of the target. This effect becomes worse with 

increasing momentum transfer and will probably limit one to less than about 

1. 5 and 0.5 (GeV/ c)2 for deuterium and complex nuclei, respectively. 

The stability of magnets will need to be good to about 0.01%. This can be 

accomplished by a) very good power supplies; b) servo mechanisms; c) putting beam 

and spectrometer magnets in series (thus maintaining a constant p1-P2); or d) using 

superconducting magnets. 

Momentum Acceptance 

Reeder estimates the momentum acceptance of the 2. 5 mrad beam to be 

6 p/ P 0 2 '10. Using a spectrometer identical to the first half of their beam should 

also give a pass band of about 2% and one setting of the spectrometer will cover a 
2 2 2 range 6M of 2 GeV at 50 GeV/c and 6 GeV at 150 GeV/c. Thus, one setting will 
x 

cover a range from elastic scattering to M ~ 1600 and 2500 MeV at 50 and 150 GeV/ c. 
x 

respectively. Appropriate triggering could easily be used to reduce the acceptance 

if desired. 

Angular Resolution 

Multiple scattering in a 10 in. liquid H target will give an angular uncertainty
2 

of about ~ ";0.07 X25!58 0 ±2. 6 MeV/ c. Assuming the particle positions to be 
p p 

measured to ± 0.3 mrn , a) 50 meters upstream of the target, b) at the target, and 

c) 50 meters downstream of the target, results in precision of ±O. 01 mrad, con

siderably less than the uncertainty due to multiple scattering. Quite possibly the 

bins of the angle hodoscopes could be doubled (i , e., 1/4 in. wide counters) without 

without losing much resolution. 
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The largest uncertainty in t occurs at large t , Approximating ItI by p~, 
2 . 

a t = 2p 1 0p ~ 2 X 1	 X o. 0026 = ± O. 005 GeV for the target multiple scattering at 
8t 

-t =1 GeyZ.1 For an e distribution this means averaging the cross section over a 

range of ± 4'10. The greatest demand for good angular resolution is presumably made 

by the coulomb interference experiment; again the ± 2. 6 MeV/ c transverse momentum 

precision appears more than adequate. 

Angular Acceptance 

The spectrometer acceptance is about 1. 2 mrad , At 100 GeV/ cat range of 

a to 2 (GeV / c)2 spans 14 mrad and 15 or 20 overlapping settings will be required to 

completely cover the full range of t , At 50 GeV this number would double; alterna

tively one could simply use the same number of settings, spaced out with small gaps 

between them. 

For the total cross-section measurements, one would like to have an acceptance 

covering most of the coulomb scattering, say, a radius of at least 60 MeV/ c 

momentum transfer. This condition is satisfied only above 100 GeV / c with the setup 

being discussed. At lower energies the experiment is still feasible, but is subject 

to larger systematic errors. 

VI. SECOND ARM 

For some of the experiments a simple second arm would be usefulfor measuring 

the recoil proton angle. This measurement would aid in eliminating events from 

complex nuclei in a polarized target (with the new alcohol targets this is not as vital 
~:' + 0 + 

as for the old LMN targets ). The N - p1T or n1T decay angular distributions could 

be studied by detecting the decay proton (or 1T +) and this might help in separating the 

N 's and in understanding the dynamics of the processes. 

For elastic scattering between 0.2 and 1. 5 (GeV/c)2 at 100 GeV/c an angular 

acceptance of 0.4 x 0.4 radians would be required to catch the recoil. Wire chambers 

would be an obvious means of detection. A large detector would be necessary to 

study N" decays. 

Rates 
6

The beam is limited to about 3 X 10 particles per burst if the Cerenkov 
1 2 

counters and hodoscopes are to work well. For 1. 65 usr' and £::, pip = 0.05'10,3 X 10 

interacting protons will give more than enough positive particles over the interesting 
12 

range of momentum. For negative particles 3 x 10 interacting protons per pulse 

will give about 2, 1, and O. 07 million particles per pulse at 50, 100, and 150 GeV/c. 

To calculate the number of events we use the magic formula: 
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4)
N t = (N /10 x (inches of liquid H x (l:>o) b For high-energy protons 

even s bearn 9 2) m . 
there will be 3 x 106/pulse = 3 x 10 beam particles/hour. 

l:>o= do/dt l:>t = do/drl l:>rl
la b la b 

= do/dt p2/ TT x 1.65 x 10-6 = 0.52 x 10- 6 p2 do/dt. 

For 10 in. of liquid hydrogen 

109/104 6p2N(ev/hr) 3 x x (10) x (0.52 x 10- do Zdt ) 

1. 56 p2 do/dt 
2.

for pin GeV/c and do/ dt in mb/GeV At 100 GeV/c, 15 events per hour will be
 

collected for do/dt = 1 fJ.b/GeV2, five orders of magnitude down from the forward pp
 

elastic cross section. For the pion elastic cross sections one should be able to follow
 

four orders of magnitude, for K+'s three orders of magnitude, K-'s and p's about two
 

orders of magnitude.
 

At present energies the N" (1400) and N'" (1688) cross sections are each typically 5%
 

of the elastic cross section and the range available for their study will be about two
 

orders of magnitude less than for elastic scattering, i , e., the rates for K- and p
 

production of N 's will be marginal, even ato', Crudely parametrizing the cross
 
8t,

sections as e five orders of magnitude gives a limit -t = 1. 5 (GeV/c)2; the loss of 

each order of magnitude reduces this by 0.3 (GeV/c)2. 
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