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In this ]étter; we report the results on the nucleon structure fdnc-

tion, uwz, measured at Fermilab by écattering_Z.l X 10]0

positive muons of
energy 147 GeV from a 1iquid deuterium target. Preliminary results for vw2
and some results for the distributions of muo-produced hadrons from hydrogen

(1)

have a]reédy been reported.

In the first Born approximation, the differential cross section for the

scattering of muons of energy E to a final energy E? through an angle ¢ is

(2)

related to the two inelastic structure functions W, and W, by
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where v = E-E*, q° = 2(EE' - PP‘cosé -'muz). The ratio of the inelastic structure
functions can be expressed as w]/wé = (1 + v2/q2)/(1 + R), where R = cL/cT, the
ratio of the photo-absorption cross sections for the longitudinal and trans-
verse photons(s). The values of the nucleon structure function i, (w,qz)
are obtained by assuming R = OQ]8(4). where w = ZMv/qz, the Bjorken scaling

variab]e(s). We propose to measure the value of R in subsequent experiments.

Figure 1 is a schematic drawing of.the apparatus. Positive muons of
147 GeV/c strike a 122 c¢m long, 17.8 cm diameter, liquid deuterium target.
~ The apparatus'is triggered when the counter logic conditioﬁ B.N.G.M. is satis-
fied. B'§igna1s th? incident'muon with’no accompﬁﬁying‘hal? muon (ve?oed by
hodoscope V). N is the downstream beam veto, and G and M are the counter hodo-
scopes before and after the 2.44 m steel hadron absorber A. During most of the

'runs, the muon beam intensity was 7.5 x 105

u's/pulse. The pion contamination
of the beam was measured to be less than 10-6. The typical trigger rate was

4/pulse. The incident muon track is reconstructed from the proportional cham-

(Missing subsequent pages. Continues with page 4.)
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have been made using different trackfinding methods and different treat-
ments of the background events. The results are in overall agreement and
the differences are both statistical and ;ystematic in origin. The average
difference between the two analyses is 10% per point in figure 3, and the
largest difference is 26% at < w > = 800 which is a statistical fluctuation
of the difference in background subtraction. The average values are re-
ported here with ercors appropriately increased._ The systematic errors vary
from approximately 11% in bins with w < 5 to approximately 5% in the high w
bins. In addition there is an overall normalization uncertainty of 5%. An
empty farget subtraction has been made‘using data where the target contgihed

only deuterium vapor.

. The radiative corrections were made by calculating the ratio

" dnel,, inel . quasi , _.elastic
6p =0 /loradiated * tail * tail )
inel

where ¢ is the assumed inelastic scattering cross section; o}gg}ated, the

quasi
tail ?

_the radiative tail from quasi-elastic scattering from the deuteron; of.o3% Cs

(6)

inelastic scattering cross section with radiation effects folded in; o
the radiative tail from elastic muon-deuteron scattering. The true cross
section was given by the product of the experimental cross section and Sp-

The results were compared with the input cross sections, and iterative correct-

jons were applied until the differences became negligible. The magnitude of

the radiative corrections ranged from 0 to < 30%.

The region of q2 and v covered by the data is shown in Figure 2. The
limits have been chosen so that the acceptance in the (qz,v) region is greater

than 10%. In addition the low q2 1imit is set so that there is no significant
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contamination from pe scattering. It should also be noted that for w values
of greater than 60, the kinematics and the apparatus acceptance Timit our
data to ranges of q2 which become rapidly narrower and progressively lower

as w increases.

Figure 3 shows vw2( z,w) per nucleon as a function of q2 for various w
~values. The results show that, for w < 3, vwé decreases with increasing q2
in agreement with muon scattering from an iron target at-Fermi1ab(7) and with
the SLAC measurements at lower energy. 8 For 3 < o < 80, there are no gross
violations of scaling for vwz. However, in order to make a test of any vio-
~lation we have taken all data in the ranges 2 < q2 < SO(GeV/c)2 and 3 < u <80
and fitted to the form (9)

' vwz(w.qz) =‘vwz(w,q;2) [1 +aIn (qz/qoz) In (m/mo) ].

2

We find a = .0724 ,038 for X~ = 16.9 for 23 degrees of freedom with w = 6

and q, 2= 3(GeV/c)2 fixed. This parameterisation for‘§caling vio]ations is
essentially the same, as far as the value of a 1s concerned, as that used by

Chang et al. (7) for muon scattering from an iron target They find a-= 0.099

+ 0.018 for data in the range 3 < w < 50, 1 < qz

(10)
lations of this nature have been predicted .

< SO(GeV/c) . Scaling vio-

In Figure 4, we plot sz averaged over the apbropriate q2 range against
w. The values of vW, and their q2 range are given in Table I. The data show
a decrease of vwz for w > 60. One possible explanation of this behaviour is

that the measurements of vw2 are not in the sca11ng region but rather indicate

2 (11)

hat the onset of sca11ng is at q
at lower .

-~ indicate scaling at q 21 (GeV/c) .

2 3 (GeV/c) Lower energy measurements
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An alternative explanation is that the data lies within the scaling
region and i, decreases with increasing w. The decrease of v, at large
w is predicted by a few specific models, using valence quarks and an infin-
ite sea of parton-pairs, as suggested by Kuti and Neisskop#xz), and by

(14) .

Attarelli et a].(13) Regge pole models can also predict the same behavior.

There is no indication inAthese data of a threshold excitation of a
- new or heavy quark that would be sign}fied'by an increase of vwz at large

values of m.(]5’ 16, 17)

The results permit an extension of the integration 1imit for evaluat-

ing the sum rules involving W, using average measured values of Wi,
) 18

for q2 > 1.0 (GeV/c)z. We obtain for the Gottfried sum rUle( )

240 i

i, —gﬁ- = 1.38 + 0.07 per nucleon

(19)

and for the Callan-Gross sum rule s

240 .

sz d; = 0.153 + 0.005 per nucleon

o .
1
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-7

REFERENCES

W.A. Loomis, et al., Phys. Rev. Letts. 35 1483 (1975).

L.W. Mo, Proceedings of the 1975 InternationéT Symposium on Lepton and

Photon Interactions at High Energies, W.T. Kirk, Editor, p. 651, Stanford

University, Stanford, California, 1975.

S.D. Drell; and J.D. Walecka, Ann. Phys. 28, 18(1964}.

L.N. Hand, Phys. Rev. 129, 1834(1963).

G. Miller, et al., Phys. Rev. D5, 528(1972). The latest results on R
are given by E.M. Riordan et al., Report No. SLAC-PUB-1634, Stanford

Linear Accelerator Center, Stanford, California (1975).
J.D. Bjorken, Phys. Rev. 179, 1547(1969).

L.W. Mo and Y.S. Tsai, Rev. Mod. Phys. 41, 255{1969). Y.S. Tsai, “Radiat-
ive Corrections to Electron Scattering”, Report No. SLAC-PUB-848, Stanford
Linear Accelerator Center (1971). The elastic deuteron form factors were

those defined by T.A. Griffy and L.I. Schiff, High Energy Physics, Vol. 1,

p. 341, Burhop, Editor, Academic Press, N.Y., 1967. The deuteron wave fun-
ction was that given by R.V. Reid, Jr., Ann. Phys. 50, 411(1968).

Y. Watanabe et al., Phys. Rev. Letters 35, 898(1975); C. Chang et al.,
Phys. Rev. Letters 35, 901(1975).

R.E. Taylor, Proceedings of the 1975 International Symposium on Lepton

and Photon Interactions at High Enerqgies, W.T. Kirk, Editor, p. 679,

Stanford University, Stanford, California, 1975.



0.
11.

12,

13.

14.
15.
16.

17.

18.

19,

-8-

The quantity W, (v, qg) was parametised using the form wz(v, qg) =
ald - x)% + 801 - x)* + ¥{(1 - x)° where x = 1/u, giving o = 01746
+ 0,007, 8 = 0.540 £ 0.008, <y =-0.997 * 0.009 and the errors are

highly correlated.
Wu-Ki Tung, Phys. Rev. Letters 35 490 (1975).
S. Stein et al., Phys. Rev, D12 1884 (1975).

J. Kuti and V.F. Weisskopf, Phys. Rev. D4, 3418 (1971). A modified Kuti-

~ Weisskopf model is discussed by R. McElhaney and S.F. Tuan, Phys. Rev.

D7 2267 (1973), and also Nucl. Phys. B72, 487 (1974).

G. Altarelli, ﬁ. Cabibbo, L. Maiani, and R. Petronzio, Nucl. Phys; B69,

531 (1974). 1In this mcdel the partons are inside the three quarks.
F.E. Close and J.F. Gunion, Phys. Rev. D4, 742 (1971).

Y. Nambu and M.Y. Han, Phys. Rev. DIO, 674.(1974).

J.C. Pati and.A. Salam, Pﬁys..Rev. Let£ers 36, 1N (1;76).

G.J. Gournaris, E.K. Manesis, and A. Verganelakis, Phys. Letters 598

391 (1975).

K. Gottfried, Phys. Rev. Letters 18, 1174 {1968). In evaluating this sum
rule, the result of integration between limits of w from 1 to 20 is taken

from J.1. Friedman and H.W. Kendall, Ann. Revs. Nucl. Sci. 22 203 (1972).

C.G. Callan and D.J. Gross, Phys. Rev. Letters 2}, 311°(1968). In eval-

| uating this sum rule, the result of integration between 1imits of w from.

-1 to 20 is taken from J.l. Friedman and H.W. Kendall, Ann. Revs. Nucl.

Sci. 22 203 (1972).



-9-

TABLE I

Wi, for 147 Gev/c Deuterium Data

e w Range ?Eeﬁig?g (per :ﬁg]eon)
1.7 1-2 9 - 50 0.05 + 0.02
2.5 2 -3 3-50 0.15 + 0.02
3.5 3-4 2 - 50 0.22 % 0.02
4.5 4 -5 2 -5 0.27 + 0.03
6.0 5-7 2 - 30 | 0.32 £ 0.02
8.0 7-9 2-30 ©0.31 £0.02
10.0 BT § S 2-15 0.34 + 0.03
12.5 M- 14 2 - 15 0.34 + 0.03
17.0 14 - 20 2 - 15 0.33 ¢ 0.02
27.5 20 - 35 2 -10 > - 0.30 £ 0.02
40.0 35 - 45 2 - s_' | 0.31 + 0.03
52.5 . 45- 60 2 -6 0.33 £ 0.03
70.0 60 - 80 2-4- 0.28 + 0.03
100.0 80 - 120 1-3 0.27 + 0.02
140.0 120 - 160 1-2 . 0.26 £ 0.03
200.0 160 - 240 0.8 -1.4 . 0.22 + 0.02
320.0 240 - 400 0.4 - 1.0 0.21 = 0.0]
500.0 400 - 600 0.3 - 0.6 0.17 + 0.02
800.0 600 - 1000 0.2 - 0.5 0.13 + 0.02
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FIGURE CAPTIONS

Figure 1 Schematic layout of muon scattering spectrometer.
| S0, S1 are multiwire proportional chambers; $2,
$3, S4, S5, S6 are multiwire spark chambers; B,
G, H, M, N, V are counter hodoscopes; 1E4, CCM

are magnets; R, C, A are absorbers.

Figure 2 : The kinematical region explored by this experiment.
The lower shaded area contains no events because of
the beam veto counter. Some acceptance contours are

also shown.

2 for various w

Figure 3 vwz per nucleon as a function of q
bins. The open circles indicate data measured at

SLAC by Riordan et al. {Ref. 4).

Figure 4 | sz per nucleon vs. w = ZMv/qz. The open circles in-

dicaté q2 Tess than 2 (GeV/c)z.
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