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Introduction 

The scattering of muons by protons and deuterons and nuclei 

in E26 and E98 has stimulated interest in studying the scattering 

at higher energies and momentum transfers. 

E98, as presently configured, is limited in its ability to 

study high momentum transfers by the muo~ beam, and by the target 

length. 

E26 uses a heavier target, which enables a respectable rate 

to be achieved, but at the expense of using a target which is a 

complex nucleus, with consequent corrections for Fermi motion. 

We anticipate that only modest improvements in the muon beam 

intensity will become available in 1976, and that significant im-

provements in event rate at high momentum transfers can only be 
. 

achieved by using a long liquid hydrogen or deuterium target. 

The compensatiops which are inherent in the geometry of the 

muon spectrometer of the E26 type are· not easy with a long liquid 

hydrogen target,_and we therefore propose to use the basic E98 ap-

paratus. 

In experiment E98 there is limited data, even at moderate mo-

mentum transfers, on several interesting hadronic channels. We will 

improve the statistics on these channels concurrently with the main 

"single arm" experiment. 

We propose that this experiment can be implemented in 1976 af-

ter E98 is complete. 
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The two target system 

We plan to use two targets - the present one which is 2 meters 

long, preceded by a longer one of 10 meters. A set of proportional 

counters will be placed between the two targets. These and the coun-
,,-···---~ 

ters and~par3 chambers downstream will enable us to identify, with 
""-""-~---

some certainty, the vertex of the scatte~ing event. This is already 

done in E98. Wi~h the higher momentum transfers envisaged .in this 

proposal, the muon scatters at a larger angle and the vertex will be 

correspondingly easier to locate_.: We expect, therefore, to be able 

to distinguish from which of the two targets the event comes. 

If, for example, we wish to measure the ratio of scattering 

from deuterium and from hydrogen to get scattering from the neutron 

by the equation N/P = D/H - 1, we can reduce systematic errors by 

exchanging hydrogen and deuterium in the two targets. Then normaliza-

tion and reconstruction errors will be much reduced. 

Location of target 

2 The acceptance at large q of the cyclotron spectrometer 

·aepends vertically on the M counter hodoscope, divided by the dis-

tance from the target; horizontally, primarily on the distance of 

the M counters from the cyclotron magnet. Thus we can consider two 

locations for the target which are equivalent for this purpose; one, 

approximately the present location for E98, stretching into the mag-

net, and one upstream Qf the present target. Both involve moving 
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the veto wall, and the second involves moving the target through 

the front of the muon laboratory, and relocating the halo veto 

outside also. These are appreciable changes, but are possible, 

The 10 metre target (construction) 

We do not plan to study hadrons escaping from the sides of 

the 10 metre target. Therefore we can use a tli.ick wall target cup) 

5 inches in diameter, and 130 litres in volume. There can be a large 

vacuum space to prevent pressure rise in the unlikely event of a 

break in the inner vessel. A heat shield can be connected to a 

50°K temperature. We believe such a target can be cooled by a SOW 

(at 20°K) and 200 W (at 50°K) Philips heat engine, such as is used 

presently at NAL. 

Construction, testing., and operation is clearly a matter which 

needs considerable thought and mutual discussion of responsibilities. 

Trigger s.cheme 

We will use basically the s<;3.me trigger scheme as E98, which 

is fairly satisf~ctory, with a few modifications. 

The basic trigger is shown in Fig. 1. A muon must be found 

in the beam, and must be found in the scattered particle hodoscope M. 

It must not be found in the halo veto, or remaining in the beam at 

the end of the experiment (beam veto). This double veto requirement 

reduces randoms to an acceptable level. 

The region of momentum transfer open to the experiment is de-

fined by the counter M. In present E98 running, this has included 
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some low q 2 events where the sea ttered muon has low energy (high.; ) . 

·we will now have ten times. the rate, and will alter the trigger to 

2 cut out the low q events (including µe events) so that the appara-

tus is not choked. 

At the same time we anticipate that there may be some specific 

hadron channels of interest of quite low rate where we can accept 

2 events at low q if a specific hadron signature is also present. 

V 

B B 

Fig. 1 

Scattered muon is detected 

Halo muon------ is vetoed, even if in 
random coincidence with B 

unscattered muon------ is vetqed, even 
if in random coincidence with M. 

M 
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Acceptance and count rate 

The present configuration ~f E98 is limited at high momen-

tum transfers by the size of the spark chamber and counters, and 

principally the muon detector. In E98 it has been found that at 

high momentum transfers, identification of a track in these spark 

chambers is unnecessary; so, accordingly: we can increase the accep-

tance by adding counters only; which is comparatively simple. 

11 · We calculate the count rate for 0.6 x 10 muons at each of 

three energies, 150, 300, and 500 GeV, on a 10 metre LH2 target. 

We present these in Figs. 3 and 4. 

With an anticipated improvement in beam we might obtain 2 x 106 

muons per pulse within the 4·11 diameter acceptance area. (Outside this 

area the muons may have scattered from magnet walls and must be ex-

cluded). With 10 pulses per minute, 0.6 x 1011 muons are obtained 

(in principl~) in 50 hours. This, with the usual allowance for in-

efficient beam usage, can be obtained in 100 hours beam time. 400 

hours overall can give these results at each of 150 GeV and 300 GeV 

.energies, and each of H2 and D2 (or 300 and 500 GeV if the energy of 

the accelerator has been increased)'. 
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Introduction 

The violations of scaling in the scattering of muons by 

protons and deuterons and nuclei in E26 and E98 has stimulated 

interest in studying the scattering at higher energies and 

momentum transfers. 

E398, as presently configured, is limited in its ability 

to study high momentum transfers by the muon beam, and by the 

target length. 

E319 uses a heavier target, which enables a respectable 

rate to be achieved, but at the expense of using a target which. 

is a complex nucleus, with consequent corrections for Fermi 

motion. 

We anticipate that only modest improvements in the muon 

beam intensity will become available in 1977, and that signifi-

cant improvements in event rate at high momentum transfers can 

only be achieved by using a long liquid hydrogen or deuterium 

target. 

The compensations which are inherent in the geometry of 

the muon spectrometer of the E26/E319/E203 type are not easy 

with a long liquid hydrogen target, and we therefore propose 

to use.the basic E98 apparatus. 

We propose that this experiment can be implemented in 

1977 after E398 is complete and concurrently with E203. 

The Target System 

We plan to use a long target of 12 meters. A set of 

proportional counters will be placed after the target. These 

and the counters and spark chambers downstream will enable us 

to identify, with certainty, the vertex of the scattering 

• 



event. This is already done in E98/398. With the higher 

momentum transfers envisaged in this proposal, the muon 

scatters at a larger angle and the vertex will· be correspond-

ingly easier to locate. We will, therefore, be able to dis-

tinguish from where the event comes. 

Location of Target 

The acceptance at large g 2 of the cyclotron spectrometer 
• 

depends vertically on the M counter hodoscope, divided by the 

distance from the t"arget; horizontally, primarily on the 

distance of the M counters from the cyclotron magnet'. Thus 

we can consider two locations for the target which are equiva-

lent for this purpose; one, approximately the present location 

for E98/398, stretching into the magnet, and one upstream of 

the present target. Both involve moving the veto wall, and 

the second involves moving the target through the front of 

the muon Laboratory, and relocating the halo veto outside also. 

These are appreciable changes, but are possible. 

The 12 Meter Target (Construction) 

We do not plan to study hadrons escaping from the sides of 

the 12 meter target. Therefore we can use a thick wall ~arget 

cup, 5 inches in diameter, and 150 liters in volume. There 

can be a large vacuum space to prevent pressure rise in the 

unlikely event of a break in the inner vessel. A heat shield 

can be connected to a S0°K temperature. We believe such a 

target can be cooled by a 50 W (at 20°K) and 200 W (at so°K) 

Philips heat engine, such as is used presently at Fermilab. 

Discussions on construction, testing, and operation have 

bcyun with the cryogenic group. If this experiment is approved 
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in November it is probable that the target would be ready 

in August, 1978. 

Trigger Scheme 

We will use basically the same trigger scheme as E98, 

which is fairly satisfactory, with a few modifications. 

The basic trigger is shown if Pig. 1. A muon must be 

found in ~he beam, and must be found in the scattered par-

ticle hodoscope M. It must not be found in the halo veto, 

or remaining in the beam at the end of the experiment (beam 

veto). This double veto requirement reduces randoms to an 

acceptable level. 

The region of momentwn transfer open to the experiment 

is defined by the counter M. In present E98 running, this 

has included some low q 2 events where the scattered muon has 

low energy (high v). We will now have ten times the rate, 
. 2 and will alter the trigger to cut out the low q events 

(including µe events) so that the apparatus is not choked. 

B 

V 

B 

Fig. 1 

.scattered Muon --- is detected 
Halo Muon------ is vetoed, even if 

in random coincidence with B 
Unscattered Muon----- is vetoed, 

even if in random coincidence with M. 

M 



Acceptance and Count Rate. 

The present configuration of E98 is limited at high 

momentwn transfers by the size of the spark chamber and 

counters, and principally the muon detector. In E98 it has 

been found that at high momentwn transfers, identification 

of a track in these spark chambers is unnecessary; so,. 

accordingly, we can increase the acceptance by adding counters 

only; which is comparatively simple. 

To make the most of the increased luminosity we would 

expect a total exposure equivalent to that of E398. Nominally 

this is 4 X 1011 muons but more likely is 800 hrs. of muons 

with 1.2 X 1013 ppp.-1.6 X 1011 muons after taking account 

of wastage and dead time. The tables show event rates for 

6 X 1010 muons incident on 10 meters of hydrogen. 

Enclosure 

We enclose the report to the Tbilisi conference on a part 

of the E98 data. These statistics were obtained with 5 X 1010 

muons/pulse on a 1.2 meter target. W~ expect to reduce the errors 

by at least a factor of 3. 
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