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ABSTRACT 

A simple magnet-less missing-mass experiment is pro
posed to investigate the mass-spectrum of non-strange bar
yons of isospins 1/2 and 3/2 in the mass-range from 4 to 
10 GeV with a resolution of ±25 MeV or better. 

The spacing between baryons expected from the empirical 
interval rule 6M2 = 1 BeV2 is 125 and 50 MeV for masses of 
4 and 10 GeV respectively; if the rule holds, one expects 
10 2 - 42 = 84 resonances in this range. 

We plan to use the reaction p + p ~ p + MM and to de
tect the recoil protons in the region of the Jacobian peak. 
The protons of momenta from 400 to 850 MeV/c are selected by 
means of time-of-flight, range, and pulse height and are re
corded in a pulse height analyzer. Since no magnets, wire 
planes, computers or any other major facilities are needed, 
the experiment can be done as soon as the beam, either full 
extracted (Option 1) or secondary diffracted (Option 2) or 
internal (Option 3) is available. 

OPTION 1: 

The extracted proton beam of 1013/pulse is incident on' 
either a H2 gas jet or CH2 foil acting as point targets. A 
100-element hodoscope at a distance of 15 fee~ measures the 
angular distribution of recoil protons in the·region of IIJaco
bian peaks", which gives the mass spectrum di:r:'ectly. For this 
option, an enlarged area near Exit G-l or Exit G-2 could be 
used. 
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OPTION 2: 

The diffracted proton beam of lOla/Dulse is incident 
on a liquid hydrogen target 1 cm long, vi~wed by the 100
element hodoscope. 

OPTION 3; 

The internal beam is incident on a H2 gas jet during 
the acceleration. A novel technique using one range tele
scope consisting of 5 counters is proposed ~investigate the 
same mass-spectrum of baryons as in Options 1 and 2, with sim
ilar mass resolution. Recoil protons of fixed momentum, 650 
MeV/c (e = 0.6), at a fixed laboratory angle (55°) are selec
ted by the telescope in the region of the Jacobian peak. At 
each passage of the beam the emission of the proton corres
ponds to different and definite value of the missing-mass, 
MN*' The time of each event is recorded; since it is propor
tional to the proton energy during the acceleration, the dis
tribution of trigger times gives the N*-spectrum directly. 
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I. Physics Justification and Aims. 

We propose to investigate the missing-mass spectrum of the 

recoil proton emitted backward in the center-of-mass in the reac

tion 

(1) 

+ 1 3where (MM) is a baryon resonance of isotropic spin I = 2 or 2' 

The search for heavy baryon resonances in the unexplored region 

above 4 GeV mass is expected to bring answers to the following 

questions: 

- Do baryon resonances above M = 4 GeV exist? 

- If so, are they only a small fraction of the inelastic 

cross-section or is the other extreme, IImultiresonance 

dominance II assumption, valid there? (See e.g. Hararil : 

"Is everything made out of resonances?") 

- How far in mass does the empirical linear relation between 

'M2 and spin hold? Will the Regge trajectory begin to bend 

over at a certain mass; if so, which way? (We will check 

this by investigating how far the equal mass-spacing persists). 

-How do the physical widths of the baryon resonances change 

with mass M? Do they get broader or narrower? (See e.g. 

Goldberg 2 : "Will the resonances on the leading trajectories 

become stable to strong decay at high Spin?") 

Assuming that the empirical interval rule 

AM2 =:: 1 GeV 2 (2) 

holds at heavy masses, the expected separation between peaks will 

be 

125 MeV at M = 4 GeV (3) 

SO MeV at M = 10 GeV (4 ) 
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These numbers dictate that the resolution, r ,in the experimentres 

should be: 

r <1±62 MeVl at M = 4 GeV (5 )
res

rres~I±25 MeV] at M = 10 GeV (6) 

The proposed experiment will provide almost twice as good resolu


tion as the.values (5-6) [See Tables 2,3]. 


The number of peaks, expected on the basis of (2), in the region 


4 2between M=4 GeV and M=lO GeV is 10 2 - = 84. 
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II. Experimental Method 

The experiment can be performed in anyone of three proton 

beams: 

- the extracted beam of 1013 protons/pulse (OPTION 1); 

- the 'diffracted beam of 1010 protons/pulse (OPTION 2); 

- the internal beam inside the main ring (OPTION 3). 

Options 1 and 2 are the lIo1d ll versions of the IIJacobian peak" 

3method in which the incident proton momentum P1 is fixed and 

different recoil angles are measured (Fig. 1). The essential8 3 

points of the measurement are that the angular distribution of the 

low momentum protons emitted at large angles gives directly the 

missing-mass distribution and that the angular resolution deter

mines almost entirely the mass-resolution (Fig. 5). 

Option 3 is a novel application of the method. If the experiment 

is done in the internal beam during the acceleration (Fig. 6), the 

hodoscope may be reduced to one element (i.e. no hodoscope is 

needed). In this case the variable is the incident proton momentum 

P1; both the recoil angle and recoil momentum Pa are fixed •8 3 
3 

This method uses the fact that at the maximum angle the recoil mo

mentum is constant to 5% while the bombarding energy changes from 

20 to 200 GeV. This is shown in Fig. 3. 

Mass Resolution: The mass-resolution, M, is the sum of three terms 

(8) 

The first (dependence on recoil proton momentum) is zero at 


the maximum angle and negligible over the angular interval ~e3 used. 
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aM 
-~-- = 0 at 03 = 03(Max) (9)
aP3 

The second term (dependence on incident proton momentum Pl) 

is negligible in comparison to the third term (dependence on recoil 

angle 63 ), which is 

9 MeV at 100 GeV/c (lOa)mrad 
aM 
a0 = 

3 
13 MeV at 200 GeV/c (lOb)mrad 

so that only needs to be measured accurately. 'Since the momenta63 

of the recoil protons are relatively low (400 to 850 MeV/c), the 

limiting factor in the measurement of 03 is multiple Coulomb scat

tering. The mass resolution as a function of incident momentum 

and missing mass is given in Tables 2 and 3 and in Figure 4. 

Selection of the "correct" protons without magnetic analysis 

The method requires the identification of the proton (dis

crimination of p from ~ and K) and the measurement of its momentum 

to 10%; the momentum range is 400 - 850 MeV/c. Both these re

quirements are met by combining the following 3 measurements: 

Pulse Height: Table 4 gives dE/dX values for the recoil protons 

in the various counter. Values range as high as 9x minimum ionizing. 

Pulse height discrimination will be used on all counters. 

Time-of-flight is measured between counter Cl and C3 which span 

10 to 15 feet. Time difference~ between protons of· interest and 

elastic protons are given in Table 4. 

Range Selection is achieved by two tapered aluminum absorbers; 

a thick absorber which determines the threshold momentum P3 and a 
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thin absorber, used in conjunction with a veto counter behind it, 

which determines the momentum bite ~P3' Absorber thicknesses are 

given in Table 4. 

Rejection rates of 99.5% for nts and Kts have been accom

plished in this manner. 

General Remarks; 

. . 3-6 f h . . . 11"I nvestlgatlons 0 t e mlsslng-mass spectrum ln co lSlons 

of the type (1) have hitherto been done mostly near 0° emission of 

the recoil particle whose missing-mass is measured. In contrast, 

we use the region of maximum angle (IIJacobian peak"), which has several 

advantages over the 0° region: 

- The detectors are far outside the major cone of background 

spray which is typically ±5° (Lab); for comparison, the 

maximum angle in reaction (1) is 45° to 70° (Lab). 

dnCM LabThe -+ dn transformation has a sharp maximum at 

B3 (Max); thus even for isotropic CM angular distribution 

the number of events is at least an order of magnitude higher 

than at any other angle. The peripheral production of N*'s 

enhances this number by a large factor, depending on the 

da/dt dependence. 

- At B3 (Max) the mass resolution is always better because 

of Condition (9). 

Since e (Max) is directly related to the missing-mass, the3
 

mass spectrum is given directly and immediately. 


<-<--.., .-··<·-·~c·-« 
! 
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III. Experimental Setup for Options 1 and 2 (Extracted Proton Beams) 

The experimental arrangement is shown in Fig. 5. It/e plan 

to use the extracted proton beam of 1010- or 1013/pulse intensity 

at two momenta; 100 and 200 GeV/c to scan the mass bands from 4 

to 7 GeV and 5 to 10 GeV respectively. The proton beam is incident 

on a IIpoint" hydrogen target (",}") and the recoil protons are de

tected at the maximum angle of recoil B3 (Max) by counters toCl 

C3 • A momentum bite ~p of 10% is achieved by means of two tapered 

absorbers (Fig. 5), the trigger logic being l234!. 

The position of each event is recorded by one lOO-element 

counter hodoscope (each element is ~II wide). This information, 

in conjunction with the point target, determines the recoil angle 

The horizontal angular acceptance per one hodoscope element 

is ~B = 1.4 mr/element. The vertical angular acceptance of the 

spectrometer is 33 mr. The corresponding laboratory solid angle 

is 

~n = 4.5 x 10-5 ster/element. 

The mass-bite per setting of the spectrometer is 1.3 GeV 

and 1.8 GeV at incident momenta of 100 and 200 GeV/c respectively. 

The spectrometer will be moved between BLab = 45° and 70° in four 

steps for both incident momenta to cover the mass region 4 to 10 

GeV with a mass resolution of ±25 MeV or better. 
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IV. EXDerimental Setuu for Qution 3 (Gas Jet in Internal Beam)
• + .. 

The experimental apparatus for this option (Fig. 6) consists 

of a hydrogen gas jet in the internal beam during acceleration. 

The jet is viewed by a counter-range-telescope at fixed angle, 

the telescope being small enough to fit inside the 9 foot wide 

main tunnel. The recoil. protons from the reaction p+p -+ p+MM 

are detected at a fixed momentum of ~650 MeV/c ± 5% and fixed 

angle of 55° (Lab). Under these conditions, during acceleration 

of the internal beam from 20 GeV/c to 500 GeV/c, the spectrometer 

selects Jacobian peaks corresponding to missing-masses from 3 GeV 

to 13 GeV respectively (See Fig. 3). The momentum bite 8P 

of 10% is achieved by means of two absorbers (Fig. 6), the trigger 

logic being 12345. The time of each event is recorded and 

since time-is proportional to the proton energy during accelera

tion, the number of events versus time gi"es the missing-mass spectrum 

directly. 

The protons of interest are selected by means of range, time

of-flight (8 ~ 0.6), and pulse height. Events are recorded in a 

1000 channel pulse height analyzer. No hodoscopes, magnets, wire 

planes or computers are used. The expected mass resolution is 

flO MeV and ±40 MeV at missing masses of 3 GeV and 13 GeV respec

tively. The resolution as a function of missing mass is given in 

Fig. 4 together with the expected separation between successive 

peaks. The variation of the recoil momentum P3 from 614 MeV/c at 

Pl = 20 GeV/c to 655 MeV/c at Pl = 500 GeV/c is smaller than the 

momentum bite 8p of 10% and does not contribute to the mass resolu

tion (See Eq. 9). 
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V. Counting Rates and Statistical "Sensitivity" to Detect Peaks 

To estimate the counting rate we need the absolute values of 

the double-differential inelastic pp cross-section do/edt dM). We 

assume the general behavior 

d
2 

0 [ 1 BeV)] = Aebt mbdtdM pp-)'p+(~M = (11) 
(GeV/c)2GeV 

Our compilation of the existing data up to 30 GeV on pp~p+MM indi

cates that the inelastic processes at medium t values (0.2 - .6) 

can be approximately described either by A = 50, b = 5, or by A = 200, 

b = 8. The first set of values is compatible with the theoretical 

calculation of Satz8 who predicts the asymptotic value of b for 

two-body (resonant + non-resonant) production: as M ~ ~, b ~ 5. 

For an average recoil momentum of P3 = 0.6 GeV/c, t = 0.36, A = 50, 

b = 5 gives 

10-27 2 = 8 x cm (12) 
(GeV/c)2GeV 

The counting rate (resonant plus non-resonant) is given by 

(13) 


where the quantities are given in Table 1. 

Equation (13) becomes 

Rate (Opt. 1,2) ~ 6 x 10-30 Np NH/pulse (over 100 hod.el.) (14) 

and 

Rate (Opt. 3) ~ 6 x 10-32 Np NH/pulse (105 traversals) (15) 

Let us call statistical significance s the total statistical error 

in , over the width equal to the full-width resolution, r ~ 50 MeV. 

: '\><' 



-11

This is typically 3 bins in our case, so that, for one day of 

running 

580 
s = %. (16) 

IRate/day 

We set the criterion that the peak has to have at least 5 standard 

deviations to be believed real. We define by S the sensitivity of 

the experiment to detect a peak equal to or narrower than the re

solution as 5 times s: 

16Sensitivity S = 5s = %. (17) 
IRate/pulse 

where we assumed 30,000 pulses/day. For example, S = 1% means: 

."a peak with signa1:background ratio 1/100 can be detected with 5 

standard deviations in ~ day of running." 
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VI, Experimental Mass Resolution 

The main contribution to the mass resolution rres comes 

from the derivative aM/ae 3 and the uncertainty fi6 3 in the measure

ment of e3 , Since the ,recoil momenta P3 are low (400 to 850 MeV/c), 

the limiting factor in the measurement is multiple Coulomb scat

tering in the material between target center and the hodoscope 

elements. The mass resolutions for options 1, 2 and 3 are given 

in Tables 2 and 3 and Fig. 4. 

VII. ComEarison of the Options 

A comparative survey of all options on this Proposal are 

given in Table 5. 

- It is evident that Option 3 is superior in all features. 

1013 17 
- If the beam becomes 5 x and the H2 jet 10 atomsl 

3cm , Option lA becomes attractive. 

- Option lB can be used for the search of 1% peaks with 

the presently planned parameters at a very early stage. 

- Option 2 is sufficiently sensitive already with the 

present parameters, but it requires opening of Area 2. 

- All options offer good resolution, satisfying conditions 

(5-6). 
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TABLE 1 


Counti~ate Parameters,Rates and Sensitivity to Detect Peak ( Formulae 12-17). 

Np = no. of inc. protons/pu1se/cm2 


2
NH = no. of target H atoms/em 


2
fit = mom. transfer acceptance in (GeV/c) 

fiM = typical mass bite in GeV 

fi~ = vert.ang acceptance of Hodoscope 

in mr 

fi~/21T = 

R=Rate=counts/machine pulse (res+nonres) 


RD=counts/day*** (res + nonres) 


s = significance of peak = ffiate)-1/2/ 50 


MeV mass band/day 

S = sensitivity to detect peak in day 

Option 1 


A(H jet) 
 B(CH2 )
2 


1013 
 1013 


5x1016 2x1019 

0.16 0.16 

1.81.8 

33 


-3 


33 


5 x10- 3 


3 


5x10 


1500;': 
7 ,'0

5x1 0 ~.100,000 

o. 4 %~.:~':2% 

10% 2% 

Option 3 


1010 1018
-----:-r,-----
3.6x10 22 

0.16 

1.8 

33 


5x10-3 

2000 


6x107 

0.1% 

0.5% 

5x1016 

0.16 

1.3x10- 2 

50 


8x10-3 


' 30,ooot 


10 9 


0.02.% 

0.10% 
,---- 

*Contribution from H2 only. Carbon background could be 10 times larger. 

**Corrected for the carbon background. 

***30,000 pulses per day assumed 

tover the mass band ~10 GeV 



TABLE 2 


Mass Resolution Options 1 and 2 


(External Beam, H2 gas jet and H2 liquid targets) 


I' 


Option 1 

H2 gas jet 

1013 Beam 

External 

Option 2 
Liquid 'H

2 
1010 Beam 

External 

-----'-- 

Recoil PI = 100 GeV/c, 3M/aea = 9 MeV/mr PI = 200 GeV/c, aM/ae 3 = 13 MeV/mr 
Momentum 
P3(MeV/c) Missing-mass Mass Resolution Missing Mass Mass Resolution 

(GeV) (MeV) (GeV) (GeV) 

400 4.0 ±24 5.6 ±34 

600 5.5 ±15 7.7 ±21 

-

850 7.0 ±12 10.0 ±17 

400 4.0 f33 5.6 ±47 

600 5.5 ±18 7 .7 f26 

850 4.0 114 10.0 ±20 
-  ---  .-~ .. -.-~.....-.-  --  --~- -

______ -i 



TABLE 3 . 

Mass Resolution Option 3 

(Variable incident momentum, i.e. internal beam) 

= 650 MeV/c, Angular Resolution = ±2. a mrPS< 

aM/aeMissing Mass MassIncident 3(GeV) ResolutionMomentum (MeV/mr) (MeV) 

20 

(GeV/c) 

±8 

50 

2.7 3.7 

±13 

100 

4.2 6.3 

±189.05.9 

13. ±26 

500 

200 8.3 

±402013.0 



--- -

TABLE 4 

Pulse Height, Time-of-Flight and Absorber Thickness 

.. 
Pulse Height Pulse Height ToF diff./lOft.Recoil r-lomentum 1st 2nd 

inelastic to Absorber Absorberin C4 ,5in Cl ,2,3P3 01eV Ie) elastic (nsec.) (in. of AI) (in. of AI)(x Min.lon.) (x Min. Ion. ) 

, 

1;00 4.2 9.0 0.715 0.2 

600 2.4 5.2 3.7 0.79 

1.7850 3.5 6 9.5 1.6 

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

1 



TABLE 5 

ComEarison of °Etions 

I ,I 
I 

:I Option lA Option lB Option 2 Option 3 

1013 extracted lOl~ extract"'d 1010 extracted internal 
i 

FEATURES: I beCllm 
I 

piS pIS pIS 

I 

1. Simplicity gas jet target, CH3 film target, Liguid H tar- Gas jet tar j)et 
100 el .. hodo 10 el. hodo gets,100 el. 5 counter 

of setup scope, 5 trig- scope, 5 trig hodoscope, 5 telescope 
gel" counters gel" counters trigger count

ers 
i , 

2. Simplicity IChange angle, 
I 

change angle, No changechange angle, 
of opera- timing and timing and timing and (fixed para: 
tion range between range between range between meters for c 11 

rruns runs runs masses) 

3. Resolution ±12' to ±24 ±12 to ±24 ±14 to ±33 ±13 to ±26, 
(MeV) 

4. Events per 
1.8 GeV per 105 5 107 6 x 107 10 9 -
day (res + x 

nonres) 

5. Peak signi
ficance s 2% 0.4% 0.1% 0.02% 
per day (16)1 

. ., I 

I 

6. Sens1t1v1ty 
S=5s to see 10% 2% 0.5% 0.1% 
peak/day( 17) I I 

7a.Running time I 
to scan mass 

1band 4-10 Gevl 300 days 12 days 1 day 24 min .. 
to,get S=l% 

I 

II 

7b. Running' time I ! 
to scan mass 

104 

I 10 3 102band 4-10 GeVj 3 x days days days 2 days 
to get S=O.l%1 1 

I 

1 
8 

• 

Expansion of I ! 
I 

I 

Exp. area i YES i YES NO NO 
needed 1 

I 

I 

I , 
ii i b . I ~ •• Exp. 

I • 

1 
9 

• 
Can be done i' •• eam 1S 

I 
... beam is area 2 i••• Beam 1S 

as soon as •. J extracted extracted I is open i accelerated
j I 

.' .. \ .~ .. ,- ~'-'~~.'~"'~' 
_____ ~._._._ ....... -----'_____~__-'--___l.______'____ 
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Fig. 2. 
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I Pi = 500GeV/c 
1.2 

1.0 

.8 

.6 

.4 
~.~M =13.0 

. 2 L....:.:r'>~t.,\ 1':-=':::'8:':':::,-- 

CL. .6'-- 

p,=200GeV c 

MM=13.0 

MM= 8.3 
.2 f;:.-----

O~----------~--------~--------____~____~~ 
,....... 1.6 

u 

~ 1.4 

OJ 
(9 1.2 

t 1.0 

rt> .8 


MM =4.2 
.4 

MM =2.7 

MM=2.0 
O~~~~____-+________+-____________~______~ 

I.6 p, =100GeV/c 
1.4 

1.2 

1.0 

.8 

MM=2.7
.6 

.4 
MM=2.oMM=5.9

.2 1----------
200 40° 60° 80° 20° 40°o 8po 

Fig.3. G .. 

p.=50GeV/c 

MM= 4.2 
Mrvl= 3.0 
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Fig. 4. 
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Appendix to Proposal #67 containing: 

1) Results from PPA using identical apparatus as proposed 
for NAL experiment #67 

2) Monte-Carlo results for proposed NAL experiment #67. 

o 
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Abstract Submitted 

for the Austin Meeting of 

The American Physical Society 

November 5-1, 1910 

,Physical Review Bulletin Subject Heading 
Analytic Subject in which paper should be placeQ 
Index Numbe~ 6c3.6 Baryon Resonances (Exper~ment) 

,/ Measurement of N* Widths with New 
Hissing-Mass Spectrometer. f F.'SANNES, W. E. 
ELLIS, J. NOREM, M. SILVERMAN, B. MAGLIC, J. 
ABATE, D. BUNCE and D. HARTMAN, Rutgers

i University. -- The missing-mass spectrum ofJ 
.protons from the reaction p + p ~ p + MM is 
measured at PPA in the mass region from 1200 
to 1800 MeV with6a resolution of ±5 MeV and 
statistics of 10 events per 2 MeV bin. The 
magnet-less spectrometer consists of only a 
"pointll liquid hydrogen tar.get (2 cm) and one 
60-element hodoscope measuring recoil angle. 
The IIJacobian peak" protons are selected by 
means of range and time-of-flight. The hod
'~scope angular distribution of these protons 
gives the N* mass spectrum directly, displayed' 
on a pulse-height analyser. Strong fi(1236), 
N*(1520) and N*(1690) peaks are observed. The 
preliminary values for the widths' of the three 
~eaks are 102±12, 18±5 and 110±20 MeV respec

I tively.
I 
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Figure ,1 

) 

Figure 2 

Figure 3 

Figure 4 
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FIGURE CAPTIONS 


Missing-mass spectromet~r eXPlfimental setup. The 
extracted proton beam (2 x 10 /sec) of variable energy 
2.7 - 3 GeV comes from the left; by monitoring the 
extraction time the proton energy is known for each 
trigger. The trigger time is recorded in one dimen
sion of a 2-dimensional pulse-height analyser, the other 
dimension being the hodoscope element (angle of the 
recoil proton). The timing counters are from 1/32" 
to 1/4" thick with isochrorious light pipes. Each , 
hodoscope elemen,t is 1/2 II wide and 4 I high, subtend
ing 3 mr. 

Kinematics: Laboratory proton angle versus laboratory 
proton momentum. The boxes illustrate the spectrometer 
acceptance at one setting. 

Missing-mass spectrum in the region of ~(1236): Rate 
versus Mass (GeV) in 2 MeV steps. 

Missing-mass spectrum in the region of N*(1520): Rate 
versus Mass (GeV) in 2 MeV step. Note suppressed zero 
on vertical scale. 

j 
I 
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The Rutgers group has developed a Monte Carlo program to 

investigate the sensitiv~ty of our apparatus to expected resonances 

in the reaction p+p~p+Missing Mass. Working backwards from reason

able assumed properties of resonances and of background, experimental 

resolution was folded in to see what kind of experimental data can 

realistically be expected. By using physical parameters correspond

ing to our apparatus we have shown that the proposed experiment 

could indeed provide a meaningful set of results and conclusions. 

Because of the simplicity of the experimental apparatus it has been 

possible to check analytically the results of the Monte Carlo pro

gram. 

The essential 'ingredients' of the program are as follows: 

I. Experimental aEparatus 

This is discussed in detail in our proposal and only those 

aspects relevant to the Monte Carlo Calculation are mentioned here. 

Effects considered are: 

1) Multiple scattering along spectrometer and in target 

2) ddE 
x losses along spectrometer. 

3) Nuclear scattering in counters, absorbers and target 

cell walls 

4) Finite target volume 

5) Finite beam size 

6) Finite size of hodoscope elements 

The spectrometer consisted of the following elements: 



scale ____ 

Hodoscope 

-2

Distance from 

Thickness target 

Element Material (inches) (inches) 

'l'arget 

Target cell wall 

Cl 

C2 

Hodoscope 

C3 

1st absorber 

eli 

2nd absorber 

C5 

not to 

Target 

--~-absorbers 

\ 
! 

I 
i 

I 
I 

! 

H2 

CH 

CH 

CH 

CH 

CH 

Al 

CH 

Al 

CH 

.2 

0.006 

0.036 

0.25 

0.25 

0.25 

variable 

0.25 

1.0 

0.25 

0.2 

120 

179 

180 

240 

246 

260 

272 

284 
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II. Resonance 

Resonances were assumed to be spaced following the empirical 

i~terval rule ~M2 ~ 1 Gev2 • The physical widths were taken to be 

certain fractions of the spacing. Obviously the cleanest detections 

are for the narrowest widths and, as expected, the spectrometer was 

insensitive to resonances with widths ~ spacing between neighboring 

bumps. As the mass increases, there are reasons to expect resonances 

to become narrower more' quickly than the spacing between resonances 

assumed and, by fixing the value of a~~;, the constant A is deter

decreaaes. 1 The cross section for resonance production was taken 

to be of the form 
daRes 

dt = 
bt 

A~ • The value of b = 5 (Gev)-2 was 

2 

mined by integration. 

III. Background 

The amount of nonresonant background relative to resonances 

was determined in the following way. First, a simple expression 

for the inelastic background was found which reproduced the data 

of Awschalom and \"7hi te. 3 The empirical form found was 

da. '1l.ne .-=---:.-=- =:; 

dP~dPll 

where P~, Pll are in c. of m. This result is similar to that of 

4Trilling. 

The cross section for background accepted by our apparatus 

can then be determined by integration. to be 
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f (P~) g (Pll ) 

= !acceptance 
x 0inel.f f g (Pll )(P..JJ 

everywhere 

where 0inel is taken to be 31.5 mb. 

The cross section for a resonance to be accepted by our 

apparatus is 

t max 
bt

60Res = J A1
t min 

(where A and b are discussed in II). 

Because we are looking in the region where, with A constant and b 

variable, the lines ~~ vs t cross, the value of 60 is insensiRes 

tive to the exact value of b used (within the range 2 ~ b ~ 15). 

The number of background particles NBg is then related to 

the number of resonance particles NRes by 

~ 
NRes 

Because the background function has no structure and varies 

slowly over the hodoscope, background particles were distributed 

randomlx over the hodoscope counters according to the background 

distribution. 

Since the total background is in correct proportion to the 

number of resonance particles the size of statistical fluctuations 

of background relative to resonance peaks is shown for an assumed 

tot .
aRes and assumed total experimental counts. 
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When the spectrometer is set at the Jacobian peak of a 
given missing mass (6.0 GeV in this example), a finite recoil 
momentum bite ~P3 produces a small spread in the recoil angle 83 . However, the apparatus also accepts masses, which are not at their 
Jacobian peaks. These masses will have recoil angles with spreads 
~83 and, therefore, reduced mass resolution. One solution to this 
problem is to-reduce the size of ~P3. This effect is shown in the 
following two computer outputs which have identical input except 
for the size of ~P3' 
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!"LO! :-'U M8£i( 2 HJOTH 

XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++xX++++++++XX++++++++XX++++++++XX 
250cP< ' X 

+ 	 P. = .too GEVi = 5·5 GEVi =. :L MEV • 
~ 	

MRES rRES 
+ + 
+ 
+ 	 • 
+ 	 a - 1 ME; SPACING = q, MEV; P-BITE = ± /0 MEV +

TOT -. • 
+ + 
+ + 
+ 
x 	 TARGET: L'g'...LC.lcL ~'ic.lA ..., .......... - ± c.1Io'?- ol"--~ • 

X 

2ltvo,;X X 

+ 
+ 	 • 
+ 	 •• )
+ 	 3 4. 4. 3 4 3 X • 
+ 34 	 4, IX , X: X X XX :X3 :4X 4 X 4 X • 
+ 3 3 33..3 Xx 4XX. :XX :XX: 3XX 3X3 Xx X.X XXXX XXXXIXXX 343X Xl X 4 .X3X: • 
+ X3 X3XXX XX:4X3XX. XXXX3XXX, XXX I 3.XXXX XXX: :XXXIX:XX .4XXX XXXXX XXXXXXXX4XXXXX4XX3X3XX4XXXXX: • 
+ 3X X3XX XX XX IX XXXX Xx XX 3X Xx XX XX XX XXXX Xx XX xX X: XX XX XX xX xX XX X4XXXX X4XX XX X, XX XX XX XXxX XXXX XXXXXX xX XXXX XX X. • 
X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 

15m'X XXXXXxXXXxXXXXXXXXXXXXXxXXXXXXXxXXXXXXXxXXXxXxXXXxXxXxXxXXXxXXXXXXXXXxXXXXXXXxXxXXXxXxXXXXXxXXXXXXX X 
+ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX • 
+ XxXXXxXxXxXXXXXXXXXxXxXxXXXXXXXXXXXXXxXXXXXxXXXXXXXXXXXXXXXxXXXXXXXXXxXXXXXxXXXxXXXxXXXxXXXxXXXXXXX • 
+ XXX XX Xx XX XX XX XX XX XX XX Xx XX XX XX XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx • 
+ XXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX •11.1 

E-t +XxXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXxXXXXXxXXXXXxXXXXXXXXXxXXXXXXXXXXXXXxXXXxXXXXXXXXXXXXXXXxXXXXXXXx • 
+xXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXxXxXXXXXXXXXXXXXXXXXXXXX •

E +XXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXxXxXxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX • 
+xXXXxXXXxXxXxXXXxXxXXXXXXXXXXXXXxXxXXXXXxXXXXXXXXXXXxXXXXXXXxXxXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXX • 

~ x)lx XX XX xx XX xx XX Xx XX XX Xx Xx Xx XX Xx XX Xx XX XX XX XX XX XX XX Xx XX XX XX XX Xx XX XX Xx XX XX Xx XX Xx XX Xx XX Xx Xx Xx XX Xx XX XX XX XX X 
100;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Xn: 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX • 

~ +XX xX XX XX XX XX XX xX XX XX XX XX xX XX xX XX XX XX XX xX XX XX XX XX XX xX xX XX XX XX xX xX XX XX XX xX XX XX xX XX XX XX XX XX xX XX XX XX xX XX • 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX •:i!li 
+XX)lX XX XX xX XX xX XX)(l( xX XX XX XX XX xX XX xX XX XX XX XX XX XX xX xX xX XX xX XX XX XX Xx XX XX xX XX XX XX XX XX XXXX XX XX xX XX XX XX XX xx • )+Xx Xx XX XXXX XX Xx XXXX XX XX XX Xx XX XX XX Xx XX Xx XX XX XX xx xx XX XX XX XX XX XX XX xxxx Xx Xx Xx xx xx Xx XX Xx XX XXXX XX XX Xx Xx Xx XX • 
+xX xX XX XX XX XXXX xx xx XX xX Xx XX XX xX XX XX XX XX xx XX XX XX XX XX XX Xx XX XX XX XX xX XX XX XX XX XX XX XX XX XX XXXX XX xX XXXXXX XX xx • 
+xx XX XX XXXX XXXXXX xx XX XX XX XX XX XX XX XX xx XX XX xx XX XXXXXX xx XX XXXX XXXX XX XX XX XX Xx xx xx XXXx XX XXXX XX XX XX XX XX XX XX + 
+XXXYxXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXX)(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX • 
XXX XX XX xx XX Xx Xx XXl(x XX Xx Xx XX Xx XX XX XX XX Xx XX Xx XX XX XX XX Xx XX XX xx XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX Xx X 

50;XXXXXxXXXxXxxxxxxxXxXxXxXxXXXxXXXXXXXxXXXXXXXXXXXXXxXxxxXXXXXXXxXxXXXXXXXxXxXXXXXxXXXXXXXXXXXxXXXXXXX 	 X 
+XXXXXXXXXXXxXxXxXXXXXXXXXXXxXXXXXXXXXXXXXXXxXxXxXXXxXxXXXXXXXxXXXXXXXxXXXxXxXXXXXxXXXxXXXXXXXXXXXXXx • 
+XXXXXXXXXXxXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX • 
+XX XX XX XX XX XX XX XX XX XX XX XX XX XX xx Xx XX Xx XX Xx XX XX XX XX Xx Xx Xx Xx Xx Xx Xx xx Xx Xx Xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx XX Xx • 
+XXYXXXXXXXxXXXXXxXXXXXXXXXXXXXXXXXxXXXxXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXxXxX • 
+xx xx XX Xx Xx Xx XX XX Xx Xx Xx XX Xx xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx • 
+XXXXxxx~XXXXXXXXxXxvXXXXxXxXxXXXXXXXXXXXXXXXXXxXXXXXxXXXXXXXxXXXXXXXXXXXXXxXXXXXxXXXxXxXXXXXXXXXXXXX • 
+Xx Xy XX Xx xx Xx Xx Xx Xx Xx Xx)lx Xx Xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx 4 • 
+XXXXXY)lXXXXXXXXXXVXXXXXXXXXXxXXXXXXXxXXXxXXXXXxXxXxXxXxXXXXXXXXXXXXXXXxXxXXXXXXXxXXXxXXXXXXXXXXXxXXXX + 
XXXXXXXXxX~XxXxXxX~XXXXXXXXXXXXXxXxXXXX~XXXxxXXXXXXXXXxXXXXXxXxXxXXXXXxXXXXXxXxXXXXXXXXXXXXXxXXXXXxXxX X 

o XX++++++++XX++++++++X(++++++++Xx++++++++~x++++++++xx++++++++XX++++++++XX++++++++Xx++++++++xx++++++++XX++++++++XX 
~.~0E-01 1.0?E+r1 2.0ZE+01 3.~~E+01 4,~~E+~1 5,00E+~1 6.0~E+01 7.00E+01 8.0~E+01 9,00E+01 1.00E+02 1.10E+02 

4·4(, erN 	 (,.9'1 G-,v 
TOTAL wEIGHT OF EVE;TS PLOTTED: 16 66 4 • 8 HODOSCOPE ELEMENT (MASS) {G.: 49.9649 wIDTH: 28.7320 

~_TE: ~2/23/71 TI~E: 23:43:52 HUNT: ;E LAST cALL: 229a.267 SEC, TIME/EVENT : 
 1,14513 

http:L'g'...LC


PLOT NU~8E.R 2 H 
3r .:2.. MEVPi 2..00 GEVj MRES 10 GEVi RES 

+XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX • 
X X : X 
X X X : +

50 MEV; P-BITE ± I S" MEVcr == .1 HBi SPACING X X X X X +
TOT X I X Xx : Xx X + 

• X X X X X X X X X X X X X + 
XXXX XXXX XXXXX X + 

TARGET: q.... -4" X X X X X X I X X X X X X X X X X I X X +0 

f q X I I X X X X X X X X X X X X X X X X X .X X X +0 

+ X X X X X X X X X X X X X X X X • X X X X X X)( Xx X X + 
X X X X X X X X X X X X X X X X X X X X X X X Xx )( X Xx X )( 

1211J;X )( X X X X X X X X X X X X X X X X 0 X X X X X X xX Xx XX X: X 
+ X X X X X X X X X X X X X X X X X X XX XI X X X X Xx xX Xx XX + 
+ XX. X X X X X X X X X X X X XX X X X X XX Xx xX X, X IX :X xX Xx XX Xx + 
+ XX XX X X X X X IX X X X X X xX XX Xl X X X Xx xX Xx XX X Xx XX Xx XX XXXXX + ) 
+ xX Xx X X X X X XX X: X X X X Xx XX Xx X X X XX Xx xX Xx X XX XX XX XXXXXXXX i 

+ I Xx XX XX X X X X XX XX X. X X X XX Xx XX X X X Xx XX Xx xX XXXX:XXXXX XXXXXXXX X, ++tt::. xX Xx XX X X oX IX xX Xx XX X X X Xx XX Xx X :XIIX XX:XX XX:XXXXXXXXXXXXX.XXXXXXXX X XX + 
+ XX XX XX Xl X Xx XX Xx XX Xx X X Xx XX Xx xX X,XXXXX,XXXXX.XXXXXXXXXXXXXXXXXXXXXXXXX,XXXX + 
+ jW.u.~XX XX XX XXIX XX Xx XX Xx XX X X XX Xx XX,XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
X XX XX XX'XXXX Xx xX XXIXX XX.X .X Xx XX XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 

Ol 90.X XX XX XXXXXXX.XX.xxtxxXXX:XXXXIXX XXIXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
E-t
:a + XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 

+ : 'X:· XXXXX:XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX +~ +XX XX X: XX. Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + 
r.. +XXXXXXXXX:XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
o +XX XX Xx XX XX XX XX XX Xx XX Xx Xx Xx Xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + 
P: +xX XX XXXXXX XXXX XX XXXX XX XX XX xX XXXX XX XX XX XXXX XX XX xX xX XX XX XX XX XXXX xX XXXX XX XX XX xX XX xX XX XXXX XX XX xX xX XXXXXX +
M +XX XX Xx Xx Xx Xx XX XX Xx Xx Xx Xx XX XX XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + ~ 
:> +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXX + 
:a XXXXXXXXXXXXxXXXxXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 

60~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 
+XXXXXXXXXXXXXxXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXxXxXXXxXXXXXXXXXXXXXXX + ) 
+XX XX Xx XX Xx XX XX XX XX Xx Xx XX Xx xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XX Xx Xx XX Xx Xx Xx XX Xx Xx Xx Xx Xx Xx xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 

311J~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X 
+Xx XX xx XX XX XX XX XX XX Xx XX XX XX Xx XX Xx Xx XX Xx Xx Xx Xx Xx Xx xx XX Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx Xx + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXX(XXxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXxXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
+XXXXxXXXXXXXXXXXXXXXX(XXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX + 
xxxXXXXXXXXXXXXXXXXXXXXxxxxXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX x 

o XX++++++++XX++++++++XX++++++++~X++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX++++++++XX 
~.B3E-Zl 1.00E+01 2.0~E+01 J.0~E+11 4.0eE+01 5.00E+01 6.a3E+01 7.0SE·a1 8.00E+01 9.00E+01 1.00E+02 1.10E+02 

<i.O] (~r>l HODOSCOPE ELEMENT (MASS) 1f,J·1i1 G-E:v 

TOTAL ~£IGHT or EVE~TS PLOTTED = 1~951 AVG.= 51.7159 wIDTH: 20'1862 
·JATE: W?/21.17t TIME: V'2:4an~0 Kln<l. ~'~;""''1,p ~UN~I~G I lM~ ~INCE LAST GALL = 4239.567 SEC. TIME/EVENT: 4.23957 
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Revised 


TABLE 5 


Comparison of Options 

FEATURES: 

Option lA 

1013 extracted 

p!s 

, Option IB 
101~ extract"'d 

p's 

Option 2 

1010 extracted 

p's 

Option 3 

internal beam 
: 

1. Sir.1plici-ty 

of setup 

l:r s jet target)
Il"~ el. hodo-U!J 

scope) 5 trig
ger COU7iters .-

Liq. Hyd. target, 
100 el. hodo
scope, 5 trig
ger counters 

Liguid H tar
gets)100 e1. 
hodoscope) 5 
trigger count
ers 

Gas jet targe1 
5 counter 
telescope 

2 . Simplicity 
of opera
tion 

change angle) 
'timing and 
!Y'ange bet\']een 
::,uns 

change angle) 
timing and 
ra:1ge between 
runs 

change angle, 
timing and 
range betvzeen 
runs 

No change 
(fixed para
meters for 0.1: 
masses) 

3. Resolution 
01eV) 

±12 to 

'SiM::XMM 

±24 

4 ....... 

±14 to ±33 
±14 to ±33 ±13 to ±26. 

4. EvenTS per 
1.8 GeV per 
day (res + 
nonres) 

, 

2 x 10 6 
6 x 10 10 6 x 

"'"<,,,,,,,,," 

107 2 x 1010 

-
5 • Peak s:. 

ficance 
per day 

~-

s 
(16) 

.45% .003% 0.1% 
.005% 

6 . Sens ivity 
S::5s to see 
peak/c.ay(17) 

2.2% .017% 0.5% .022% 

7 c... Runr:ir~g :;::iDe 
1:0 scan ;:.ass 
band Lt-l2 GeV 
to·get <:: •• ,c. 

v ......."" 

7b. -~ 

~ 

to scan :Ti2SS 

b2.r'J.d 1] -1 J GeV 
·co Ee-t S=J.l~~, 

8. 7' 3i of-. 
Ex.?_ Gr'e:a 

r.eeded 

15 days 

.' 

10 31.5 x 

days 

YES 

1.5 minutes 

150 minutes 

YES 

\ 

1 day 

10 2 days 

NO 

1.2 minutes 

. .. 
2.4 hours 

_ ..!'!!!!5!WS NO.'" 

NO 

a
-' . Can c'Je (.o:-:e 

as seen 2.5 •• 

..• beam is 
extracted 

... beam is 
extracted 

•• Exp. area 
is open 

2 •. Beam is 
accelerated 
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