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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. 

E3l9 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/E3l9/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 q2 of the cyclotron spectrometer
• 

depends vertically on the M counter hodoscope, divided by the 

distance 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 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 target 

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 50 0 K temperature. We believe such a 

target can be cooled by a 50 W (at 20oK) and 200 W (at 50oK) 

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

Discussions on construction, testing, and operation have 

begun 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 Fig. 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 momentum transfer open to the experiment 

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

has included some low q2 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 ~e events) so that the apparatus is not choked. 

v 

_________._. __n_ 
. 0 B 


8B 

M 
Fig. 1 

Scattered Huon is detected 
Halo Muon ------ is vetoed, even if 

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

even if in random coincidence with M. 
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Acceptance and Count Rate. 

The present configuration of E98 is limited at high 

momentum 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 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 lOll muons but more likely is 800 hrs. of muons 

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

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

X 10106 muons incident on 10 meters of hydrogen. 

Enclosure 

We enclose the report to the Tbilisi conference on a part 

10of the E98 data. These statistics were obtained with 5 X 10

muons/p'ulse on a 1.2 meter target. W~ expect to reduce the errors 

by at least a factor of 3. 
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Abstract:- This paper presents the results of the analysis of a 


deop inelastic scattering experiment using 100 and 150 


GeV muons incid~nt oa a liquid hydrog,en target. 


Values of the' 'proton structur~ function vh'i are 

presented in the reg.i on 0.2 < q2 <: 50 (GeVI c) 2 ~~d 5 <: v 

< 130 GoV. A limit is set on R =aLlOT in arestrictcd 

kinematic region • 

.. . Tho data is combined ,o/ith previous deuterium meas

urements to provide it nelltrpn-proton comparison and to 

evaluate sum rules. 

--------------_............_ .. 
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We report the results :)f a preliminary analysis of inelastic 

scattering of 100 and 150 GeV muons from a liquid hydrogen target. 

We limit thl's report to presenting the interesting features of the 

data rather than' a comprehensive presentation over the entire kinematic 

region covered by the experiment. 

-
The.differential cross-section for the sc~ttering of muons of energy 

E to fI final energy E' through an an~le e is related to the t1'iO inelastic 

structure functions WI and \'1 by(l)
2 

2«2 n'p:... )q:+ p 

wl1ere v !: E - H' and q2 = 2(E)!' - pp' cosS - M1l2) 


The ratio of the inelastic structure functions can be eXpressed as 


Wl /l'/2 ::; (l +v2lq2)/ (1 + .R) 1-lhere R ,= CJ L/ , the ratio of the pboto

aT

absorption cross-sections for longitudinal and transverse photons. The 

differential cross-section may be written explicitly in terl1!s of the virtual .. 
photo-absorptio~ .cross-sections (2): . . '., 

.
where r is the virtl~l photon flux factor, 0 

2(q2 + v?) tan 2e/2
and £ = 1/[1 + -- is the ratio of the fluxes of longi tudinal 

q2(1-q2min/q2)2 
and tr.msverse photons. The apparatus and its acceptance.. the analysis 

... 
method and radiative correction procedure have been briefly described 

cl~cwhcre (3) • \'/e present here data from 1. 7 x 1010 incident muons at 

OlO"'d ISO G V 100 GeVand 1 6 • X 1 1nCI ent muons at e ~ 

Figure 1 shows the proton !?tructure function F2 = vl'l2 ~,q2.) as a 

function of q2 for various values of W (0.;= 2mv/q2) using only the 150 GeV 
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data roHl assuming R = 0.18. 1he data exhibits the features disclosed by 

previous measurements with \)1'1 falling at low omega and risint~ at large omega
2 

with increasing c(f4-,5~3). It should be noted that our data in contrast with 

thn SLAC data is not appreciably affected if it is rebinncd usi.ng w' or 

the Geol'gi-P~li tzer variable (6) ~here lIt = ~ (1 + pmpz) 
2 2~ q w

I:igure 2 shows the same data plotted as a function of X (= l/w) 

for vari.ous values of q2. The data is shO\m combjned \dth the precise low 

energy dectra scattering measurements from SLAC(S). The smooth curves are 
5 ithe results of fi ts to the d&tCl using the form F2 (x) = •L a. (I-x) •

1=3 1. 

Figure 3 shows the resultant fjts for all data sets. If the fits are used 

to extrapolate into )'egions not covered by the data points then 

I! F (x)dx = 0.18 ± 0.01(7) for each q2 region.
2

Figure 4 5ho\-IS the total photo-absorption cross-section O'T + £CfL 

measured at 100 and 150- GoV in .the region of q2 from 1 to 6 (GeV/c)2 and 

W2 (=2mv :. q2 + f.1 2) from 100 to 144 GeV2. We find for q2 from I to 2 
. - p 

(GeV/c)2 R = -0.10 ± 0.27 and for q2 from 2to 6 (GeV!c)2 R = 0.02 ~0.30. 
. 

The errors quoted are statistical and no allowance has been made for 

systematic errors. These results are compatible with the lower en~rgy 

measurements of R(5) and indicate no substantial rise of R \ii th increasing roo 

An atb'active and complete explanation of the behaviour of this data is to 

be fOWld in' renormalizable field theories (8). The observed behaviour of 
. . . , . 

P2(x) as a function of q2. the constancy of the integral Jcf2(x)dx as 

a function of q2 arc predicted by these theories. 

Wo sincerely thank tho Fermila:b and the support staff at Chicago~ 

Harvant, Illinois, Oxford and the Rutherford Laboratory for their invaluable 

contribution to this experiment. 
: 



3. . . 

.' 

1. 	 S. U. Drell :lHd .1. D. Wal·.!cka, Atm. Phys. 28 18 (19(\4). 

2. 	 L.N. Hand, Phy. Rev. 12'~ 1834 (1963). 

3. 	 W.A. tOClluis ct al, Phy. neve tetters 35, 1483 (19;5) 
It. I.• A.nd~·l'son ct aI, Ph:v. Hev. Letters 36 .. 1422 (1976) 
11.1.; Anderson et a1, PhI. Hev. Letters .. 37) 4(1976). 

4. 	 Y. Wettanabe et 31, Phy. Rev. Letters 35 .. 898 (1975). 
C. Changet aI, Phy. Rev. Letters 35, 901 (1975). 

S. 	 ~.~I. IUordan ct aI, Report. No. SLAC-PU13-1634, SJ~AC .. Stanford, 
. Cnl i fomin (1975). 

6. 	 II. Georgi Dnd H.ll. Politzel', Phy. Rev. Lettel's 36, 1281 (1976). 

7. 	 The abs(~nce of high x .points for the datn in fhe region q2 from 
1 to 2 (GcV/c)~ leads to a larger crt'or in J F (x)dx. 

. 	 0 2

8. 	 Sec 11. D. Poli tz-er .. Phys. Reports 14C No.4 (1974) 
K. Kogut and L. SU5shilld, Phy'. Rev. D9, 697 '(1974) .. and 3391 (1974), 

( 




4 . . . , 

Ei l!~~~'C !..~~f 
\I\~2P as n. function of q2 fo)' various to) bins. The t dangles 

indicate data nt(;3sured at SLAC hy Riordan ct al~S) 

Fi I:urc 2;1 to d 
. p 

F (x) = \ll~2 as a functh)lI of X for various q2 bins. 'fllC
2 

t riantiles indj cate data measured at SLAC by Riordan ct a1 ~5)Thc 

soli d curves arc fits to the combined data• 

.figure 	3 

1=2(X) as a function of X showing the fitted curves for the data. 

'rhe area tindel' the curves rCIDr.ins constant. 

l:igure 	4 

O'T + cal. as a function of E J for various q2 bins in the region 

2W = 100 144 GcV. 
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