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Abstract 

We have carried out an experimental study of the 
neutron and proton deep-inelastic electromagnetic 
structure functions. The structure functions were 
extracted from electron-proton and electron-deuteron 
differential cross sections measured in three ex- 
periments spanning the angles 6O, loo, lS", 18O, 19O, 
26O, and 34O. We report primarily on the large angle 
(lS"-34') measurements. Neutron cross sections were 
extracted from the deuteron data using an impulse 
approximation. Our results are consistent with the 
hypothesis that the nucleon is composed of point- 
like constituents. The variation of the cross section 
with angle suggests that the hypothetical constituents 
have spin l/2. The data for an/o 

P 
, the ratio of the 

neutron and proton differential cross sections, are 
in the range 0.25 to 1.0, and are within the limits 
imposed by the quark model. Detailed studies of the 
structure functions were made for a range of the scal- 
ing variable w from w = 1.3 to w = 10.0, and for a 
range of invariant four-momentum transfer, Q 2 , from 
1.0 GeV2 to 20.0 GeV2. These studies indicate that 
the structure functions approximately scale in the 
variable w ,although significant deviations from 
scaling in w are apparent in the region 1.3 < -w < 3.3. 
These deviations from scaling are in the same direc- 
tion and of similar magnitude for both neutron and 
proton. The interpretation of the data in terms of 
various theoretical models is discussed. 



-3- 

Acknowledgements 

-We wish to express our gratitude and appreciation to 

all members of the Stanford Linear Accelerator Center. We 

thank Professor W. K. H. Panofsky and the Technical Division 

under Dr. R. B. Neal for their support in this experiment. 

Technical support from the Spectrometer Facilities Group, 

particularly E. Taylor and Dr. C. K. Sinclair, is much appreciated. 

We thank Dr. J. R. Johnson and Dr. R. L. Anderson for their 

help in the setup of the 1.6 GeV spectrometer. The help of 

K. Stone and Dr. K. Tsipis in the running of the experiment is 

much appreciated. 

We are indebted to the members of SLAC Group A, particularly 

Drs. E. D. Bloom, R. L. A. Cottrell, H. DeStaebler, C. L. Jordan, 

H. Pie1 and R. E. Taylor for use of the 6O and loo data and for 

valuable discussions. 

Special thanks goes to W. B. Atwood for making available 

his resonance fitting procedure and for numerous valuable dis- 

cussions about deuteron binding effects. 

We thank E. Miller and Dr. R. Verdier for programming 

assistance. Discussions with Dr. G. Miller and help from 

M. Mestayer and Dr. Steve Stein of Group A are appreciated. We 

are indebted to Dr. R. L. Jaffe for illuminating discussions 

about the interpretation of the oL/aT measurements. 

We are grateful to the M.I.T. Physics Department and 

Laboratory for Nuclear Science for their support of the M.I.T. 

collaborators. 



-4- 

1; 

II. 

III. 

IV. 

TABLE OF CONTENTS 

- Introduction and Kinematics 

The Experiments 

Experimental Apparatus 

A. Introduction 

B. Electron Beam & Charge Monitors 

C. Targets & Density Monitors 

D. Spectrometer 

E. Particle Detectors 

E.l Introduction 

E.2 The Threshold Cerenkov Counter 

E.3 Trigger Counters & Hodoscopes 

E.4 The r/e Discriminator 

F. Data Logging 

Data Analysis 

A. 

B. 

c. 

D. 

D.l 

D.2 

D.3 

D.4 

D.5 

D.6 

Introduction 

Event Analysis 

Run Combination 

Radiative Corrections 

Introduction 

Radiation Lengths 

Elastic e-p Radiative Tails 

Elastic and Quasi-elastic e-d Radiative Tails 

Inelastic Radiative Corrections 

Treatment of Errors 



- 5- 

V. Cross Sections 

A. Proton and Deuteron Cross Sections 

- B. Error Summary 

C. Global Fit 

D. Neutron Cross Sections 

D.l Introduction 

D.2 Smeared Proton Cross Sections 

D.3 Unsmeared Neutron Cross Sections 

E. Combined Cross Sections 

F. Normalizations 

VI. Separation of R and The Structure Functions 

A. Interpolations of the Cross Sections 

Separation of R 
P' 

Rd 

C. Kinematic Variation of R and R . 
P d 

D. Separation of the Structure Functions 

VII. Tests of Structure Function Scaling 

A. Introduction 

B. Comparison of 2MWl and vW2 

C. Comparisons of Scaling Variables 

D. Deviations in Scaling in x or x' 

VIII. Conclusions 

APPENDICES 

I Spectrometer Solid Angle 
II Radiation Correction Formulae 
III Nuclear Binding Effects in the Deuteron 
A.II1.A Identification of Off-Shell Structure Functions 
A.II1.B Deuteron Wave Functions 
A.II1.C Effects of Smearing on R 
A.II1.D Other Deuteron Corrections 



-6- 

TABLES 

I. 

II. 

III. 

IV, 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

xv. 

XVI. 

XVII. 

Properties of the 8 GeV Spectrometer 

Event Tribes 

Correction Factors 

Radiation Lengths Used in Radiative Corrections 

Combined Cross Sections from Experiments A and B 

Random Errors in Cross Sections 

Systematic Uncertainties in Cross Sections 

Global Fit Parameters 

Ratios a,/0 
P 

from Experiment A 

Ratios an/a 
P 

from Experiment B 

Normalization Factors 

Separated Values of R 
P' 

Rd, and 6 

Best Fit Parameters for Various R 

Best Fit Parameters b 

Separated Values of 2MWl and vW2 

Deviations from Scaling in wI from least squares fits 

of the form Fi(x,Q) = Fi(W)hi(Q2) 

Deviations from Scaling in w', from least squares fits 

of the form Fi(x,Q) = Fi(w1)hi(Q2) 

XVIII. x2/N, for Various Scaling Fits to vW2 

XIX. Fits in the Scaling Variable uA 

xx. Scale-breaking Fits to vW2 = f(w)h(Q2) 

XXI. Scale-breaking Fits to vW2 = f(W')h(Q2) 

XXII. TRANSPORT Model of the 8 GeV Spectrometer 

XXIII. Magnetic Field Strengths Used in Transport 

XXIV. Measured Transport Coefficients 



-7- 

xxv. Transport Ceofficients from the TRANSPORT Model 

XXVI. Acceptance of the 8 GeV Spectrometer 

XXVII. Nominal Smearing Ratios 

XXVIII. Smearing Ratios for Off-Shell Corrections 

XXIX. Typical Values of y 
P 



- 8- 

FIGURES 

1 '47 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Feynman diagram for inelastic electron-nucleon 
scattering in the first Born approximation. 

Ranges of E and E' in experiment A. 

Ranges of E and E' in experiment B. 

The experimental set-up. 

Beam line configuration. 

Target configuration. 

Magnet focal plane detector arrays. 

The fast electronic logic. 

The quantity VW: extracted from inelastic e-p 
cross sections measured at 18O in experiment A 
assuming R 

P 
= 0.18. 

The quantity VW: extracted from inelastic e-p 
cross sections measured at 26O and 34O-in experi- 
ment A assuming R 

P 
= 0.18. 

The quantity VW; extracted from inelastic e-p 
cross sections measured at 15O and 19O in experi- 
ment B assuming R 

P 
= 0.18. 

The quantity VW: extracted from inelastic e-p 
cross sections measured at 26O and 34O in experi- 
ment B assuming R = 0.18. 

P 
The quantity VW: extracted from inelastic e-d 
cross sections measured at 18O in experiment A 
assuming R d = 0.18. 

The quantity VW: extracted from inelastic- e-d 
cross sections measured at 26O and 34O in experi- 
ment A assuming Rd = 0.18. 

The quantity VW; extracted from inelastic e-d 
cross sections measured at 15O and 19O in experi- 
ment B assuming R d = 0.18. 



- 9 - 

16. 

-n 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

The quantity VW: extracted from inelastic e-d 
cross sections measured at 26O and 34' in experi- 
ment B assuming Rd = 0.18. 

The quantity VW; measured at 18O and lS" in the 
resonance region. 

The quantity VW; measured at 19O and 26O in the 
resonance region. 

The quantity VW: measured at 18O and lS" in the 
resonance region. 

The quantity VW: measured at 19O and 26' in the 
resonance region. 

The quantity v% extracted from inelastic e-p 
and e-d cross sections measured at 18O in experi- 
ment A. 

The quantity vs extracted from inelastic e-p and 
e-d cross sections measured at 26O and 34O in experi- 
ment A. 

The quantity VW; extracted from inelastic e-p and 
e-d cross sections measured at lS" and 19O in experi- 
ment B. 

The quantity v$ extracted from inelastic e-p and 
e-d cross sections measured at 26O and 34O in experi- 
ment B. 

25a,b Values of a,/a 
P 

as determined from experiments 
A, B, and C as functions of x and x' respectively. 

26. Ratios, r(Q2), of the elastic e-p cross sections measured 
in experiments A,B, and C to elastic cross sections cal- 
culated using the dipole form factor in the Rosenbluth 
equation. 

27. The kinematic region of Q 2 2 -W space available for the 
separation of R and the structure functions. 

28. Sample least square fits to C(v, Q2, 0) vs. E(V, Q2, 0) 
in comparison with data. 

29. Average Values of 'the quantity 6 = R -R 
d P' 



- 10 - 

30. The values R 
P 

and Rd plotted against x. 

3L Best-fit parameters of fixed-x fits to the R 
and Rd data. P 

32. vRp plotted against Q2. 

33. vRd plotted against Q2. 

34. Values of K, averaged over Q", plotted against x for 
the proton and deuteron. 

35. Values of K, averaged over x, plotted against Q2 for 
the proton and deuteron. 

36. Separated values of 2MWl=Fl(x,Q2). 

37. Separated values of wW 2=F2(x,QL). 

38. Values of VW;, v$, and VW; plotted against x. 

39. Values of VW;, vW1;I, and VW: plotted against x'. 

40. Ratios of FF= 2MWy and FI=vWg to the polynomials fl(x) 
and f2(x) taken from least square fits-of the form 

41. d Ratios of Fl = 2Mf and Fz = VW: to the polynomials 

fl(x) and f2(x) taken from least square fits of the 

form Fi(x,Q2) = fi(x) (l-2Q2/+. 

42. Feynman diagram for inelastic electron-deuteron 
scattering. 

43. Momentum distributions in the deuteron for five 
different wave functions. 


