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pends on both the magnitude and sign of G;/G,.
Unpolarized elastic scattering experiments de-~
termine Gz* and G,?, but not the sign of Gz/G,,.
For @%*=0.765 (GeV/c)? these experiments!® give

| LGz/Gyl=0.98+0.04 in which p=2,79. If G
and G, have the same sign, Eq. (2) yields A
=+0.112+£ 0,001, while if Ggz and G, have the op-
posite sign Eq. (2) gives A=-0.017+£0,002, From
our measured value of A we conclude that the the-
oretical and experimental values are in good
agreement provided the signs of Gz and G, are
the same. The effect of proton structure on the
hyperfine-structure interval in hydrogen involves
an integral of the product of the proton structure
functions and also gives the sign of Gz/G,, to be
positive,!!

The experimental method described in this Let-
ter could in principle®'? be applied to determine
Gy in the region Q®< 2 (GeV/c)?, where Gy is not
well known, but its practical usefulness is limited
by low counting rates.
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We report measurements of the asymmetry in deep inelastic scattering of longitudinally
polarized electrons by longitudinally polarized protons. The antiparallel-parallel asym-
metries are positive and large in agreement with predictions of quark-parton models of
the proton. A limit is obtained on parity nonconservation in the scattering of longitudinal-
ly polarized electrons by unpolarized nucleons.

Experimental and theoretical studies of deep in-

elastic electron scattering from protons and neu-
trons have led in the past eight years to the im-

portant discovery of scaling and to the quark-par-

ton model of nucleon structure.! Deep inelastic
muon? and neutrino® scattering have confirmed
these general ideas.*

For deep inelastic electron-proton scattering,
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accurate data have been obtained on the differen-
tial cross section d?c/dQ2dE’ over a wide range of
the energy loss, v, of the electron and the square
of the four-momentum transfer, ¢*, to the proton.
The two spin-averaged proton structure functions
W,(v,q?) and W,(v,4°%) have been determined from
these data. Important, independent information
is contained in two additional spin-dependent pro-
ton structure functions whose determination re-
quires the measurement of spin correlation asym-
metries.’

In this Letter we report the first results of an
experiment done at the Stanford Linear Accelera-
tor Center (SLAC) to measure the asymmetry, A,
in the deep inelastic scattering of longitudinally
polarized electrons by longitudinally polarized |

protons, where A is given by

A=ldo() —do(tt)]/[do(N) +do(th)], 1)

with do denoting the differential cross section
d*s(E,E’,0)/dQUE’ for electrons of incident (scat-
tered) energy E (E’) and laboratory scattering an-
gle 6, and the arrows denoting the antiparallel
and parallel spin configurations.

If the scattering is described by the one-photon-
exchange approximation, then for unpolarized
electrons the virtual photons are linearly polar-
ized, whereas for polarized electrons the photons
are elliptically polarized. The differential cross
section for the scattering of longitudinally polar-
ized electrons by longitudinally polarized protons
is

2
a5, etz ) et - conia s acta - simi ), @

in which (do/dSt)y is the Mott differential cross |
section, € =[1+2(1 +v3/@? tan®36 "', @*=-¢?, where
R =0, /0 is the ratio of the cross sections for ab- ,
sorption of longitudinal and transverse virtual D =(E -E'€)/E(1 +€R)
photons, and ¢ is the angle between the directions =(1-€?2cosy/(1 +€R), (5)
of the virtual photon momentum and the proton and
spin. The + (-) signs in Eq. (2) refer to the anti-
parallel (parallel) spin configurations. n=€(Q%)'?/(E - E’¢)

The spin-dependent terms A, and A, are two =[2¢/(1 +€)]* tany = tang. (6)

new measurable quantities which can be expressed
in terms of two spin-dependent structure func-
tions.®*® Equivalently, they can be expressed in
terms of the total absorption cross sections of
circularly polarized photons on polarized protons
as

A =0, 03/2)/(0112 +03/0),
(3)

Ay =2071/(0,,5+03,),

where 0,,, (0;,,) is the total absorption cross sec-
tion when the z component (z is the direction of
the virtual photon momentum) of angular momen-
tum of the virtual photon plus proton is % (3), and
orr, Which may be negative, is a term which
arises from the interference between transverse
and longitudinal photon-nucleon amplitudes. It
should be noted that o,,, and 0;,, are related to oy
by 0/, 405/, =207.

For the case of protons polarized along the inci-
dent beam direction, the asymmetry A of Eq. (1)
is

A=D(A,+n4,), (4)
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The quantity D can be regarded as a kinematic de-
polarization factor of the virtual photon and is
~0.3 for our kinematic points. Positivity limits
imposed on A, and A, are’

lA,l<1, |A,l<VR. (7

In this experiment we determine the combination
A, +nA, by dividing the measured electron-proton
asymmetry A by the depolarization factor D. Al-
though we do not separately determine A, and 4,,
our result is dominated by A, because the kine-
matic factor n is small.

On the basis of a high-energy sum rule derived
with the algebra of currents for a quark model,
it has been predicted® that A, has a positive value
greater than 0.2 over a large region of the deep
inelastic continuum. Scaling relations are pre-
dicted for the spin-dependent proton structure
functions, and hence also for A, °:

A, -A (v) as v, @*~ =, with w held
constant
(w=2Mv/Q%, M is the proton mass). Specific
models of proton structure make widely varying
predictions for A,. The simplest quark-parton

(8)
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TABLE 1. Results of asymmetry measurements.

E 6 Q? we A
(GeV)  (deg) [(GeV/c)!] (GeV) w (%) AP De A4, [ A,
9.711  9.000 1.680 2.059 3 0.44+0,11 0.191+0.057 (0.044) 0.284 0.67+0.20 (0.16) <0.146
12,948 9,000 2,735 2,519 3 0.50+0,17 0,215+0.089 (0.080) 0,352 0.61+0.25 (0,23) <0.109
9.711  9.000 1.418 2.560 3 0.28+0,11 0,141+0.058 (0.051) 0,412 0.34+0.14 (0.12) <0.087

W is the missing mass of undetected hadron system.

PThe total errors are the statistical counting errors added in quadrature to the systematic errors in P,, P, and
F; the numbers in parentheses are the 1-standard-deviation counting errors.

°D is obtained from Eq. (5) using R =0,14,

model predicts that A, =2, and more elaborate
models also predict large positive values for
Al(w).s,lo

The method of measuring the experimental
asymmetry, A, for deep inelastic electron-pro-
ton scattering was the same as that described for
elastic scattering in the preceding Letter.!* For
the inelastic case, the scattered electron counting
rate was lower (0.02 to 0.06 electrons per pulse).

TABLE II. False asymmetries.?

Average
Combination of asyrm’netryb x*(0) per degree
miniruns 0 of freedom

w=3, @*=1.680

(1234) — (5678)

.04+0.11 18/34

(1234) 7 (5675) 0.04x0 /3

(1357) — (2468) _ 38/34

(1357) + (2469) 0.04%0.11 /

(2367) — (1458) . 27/34

(2367 T (1459) +0.14+0.11 /
w=3, @*=2.735

(1234) — (5678) a

(1234) 7 (5679) 0.30=0.17 33/30

(1357) — (2468) _

(1357) = (2468) 0.03+0.17 26/30

(2367) — (1458) .

(2367) + (1458) +0.24+0.017 40/30
w?=5, @*=1.418

(1234) — (5678) 3

(1234) 7 (5678) 0.12+0.11 34/35

(1357) — (2468) a

(1357) + (2469) 0.10£0.11 34/35

2367) — (1458 —0.03+0.11 30/35

(2367) +(1458)

2See preceding Letter (Ref. 11) for definitions of false
asymmetries.
bIm‘espective of sign of target polarization.

Background due to misidentified pions was again
negligible.

The antiparallel-parallel asymmetry A was
measured for three deep inelastic kinematic
points and the results are given in Table I. Sev-
eral false asymmetries were also measured and
are listed in Table II, together with the x? values
for the agreement with zero of the measured false
asymmetries for the indicated degrees of freedom
(number of individual runs). No statistically sig-
nificant false asymmetries were found.

The asymmetry A of Eq. (1) is related to A by

A=P,P,FA. (9)

The electron polarization, P,, was 0.51+0.06,
and the average target polarization, P,, mea-
sured for each kinematic point, was = 0.40 with
10% uncertainty. The quantity F is the fraction of
detected electrons scattered from free protons.
This is taken as the ratio of the number of free
protons to the total number of nucleons in the tar-
get, including measured contributions from heli-
um and other background sources. A small cor-
rection for the difference in scattering cross sec-
tions of neutrons and protons was also included.
The value for F, determined for each point, was
=~ (.11 with a 10% uncertainty.

The measured values of A are listed in Table I.
The uncertainties are dominated by counting sta-
tistics. No radiative corrections have yet been
made. Also listed are the quantities D (evaluated
using R =0.14),' A/D=A, +14,, and upper limits
for [nA,| (taking A, =VR). From Table I it is
seen that A/D is dominated by A,. Furthermore,
parton theories predict'? that the interference
term A, will be considerably smaller than its pos-
itivity limit VR. It is therefore valid to compare
our measured value of A/D to theoretical predic-
tions for A, as shown in Fig. 1.

With the explicit assumption that A/D=A4,, our
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FIG. 1. Experimental values of A/D~A, and
theoretical predictions of the virtual-photon-pro-
ton asymmetry A, versus w. Theoretical curves
a, b, c, and d are obtained from Refs. 5, 10, 13,
and 14, respectively. For curve ¢ the quark mod-
el with symmetry breaking is used: The model
does not give values for A, in the range 1<w<2,
but rather gives A,(1) =1. For curve d the quanti-
ty u%/m,? in the theory is taken equal to 0.12.

values of A, are indeed positive and large in ac-
cord with early theoretical expectations from sum
rules.®!. The two values for w =3 agree within
their errors, which is consistent with the expecta-
tion that A, satisfies the scaling relation, given
by Eq. (8). Our data are consistent with the pre-
dictions of the quark-parton models shown as
curves a® and b '° in Fig. 1, but disagree strong-
ly with the resonance model*® (curve ¢) and the
bare-nucleon-bare-meson model** (curve d). We
note that the theoretical curves are all given for
the scaling limit.

Data from this experiment can also be used to
place a limit on parity nonconservation in the
scattering of longitudinally polarized electrons
from unpolarized nucleons, i.e., an interaction
term of the form &,'p, in which 0, is the electron
spin and f)e is the electron incident momentum.

If we define A™ (A") as the asymmetry for protons
polarized along (against) the beam direction and
if the magnitude of P, is the same for both cases,
then we can define an asymmetry, Apyc, associat-
ed with parity nonconservation by*®
Apnc=(aT=47)/2=7P,, (10)
in which » =(do” =do")/(do” +do™) is the asymme-
try for electron polarization P, =1, and the minus
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and plus superscripts refer to the electron beam
helicity. From the deep inelastic scattering data
summarized in Table I for * between 1.4 and 2.7
(GeV/c)?, we find that » is consistent with zero.
For the combined data we have an upper limit of
¥<5x107°% with a 95% confidence level. For the
elastic scattering data reported in the preceding
Letter,' again » is consistent with zero and its
upper limit is less than 3x 1072 with a 95% confi-
dence level. The gauge theories of weak and elec-
tromagnetic interactions, which contain parity
nonconservation, predict'®’!” considerably small-
er values of »= (107° to 10™ %)Q%/M2.
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Observation of a Population Inversion in a Possible Extreme Ultraviolet Lasing System
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Spectrographic observation of a population inversion between the levels =3 and n=2
in a rapidly expanding C vi plasma is reported. These and other results are shown to be
in good agreement with a computer model, which is used to predict the conditions re-

quired to obtain laser action at 182 A.

For some time now there has been considerable
interest in obtaining laser action at extreme ul-
traviolet and x-ray wavelengths and a large num-
ber of schemes by which this might be achieved
have been proposed.?® Although Jaeglé et al.®
have reported gain at 114 A on the 2p%4d °P -
2p°1S, intercombination line in AI**, the mecha-
nism producing the inversion is unclear and the
interpretation of the results has been disputed by
other workers.* A population inversion in the ex-
treme ultraviolet region has been observed in a
laser produced carbon plasma by Irons and Pea-
cock® but at densities too low to obtain useful
gain.

In this work we have achieved a population in-
version of the n =3 to n =2 transition of C VI at
182 10\, using the recombination scheme,® which
is sufficiently high to allow a laser to be con-
structed. The basic difficulty in this scheme is
the need to obtain extremely rapid expansion and
cooling of a fully ionized plasma’; recombination
then leads to a preferential population of the up-
per states and hence to an inversion. In this work
we have used very thin cylindrical carbon fibers
irradiated in vacuum by a Nd glass laser; such
targets allow a limited number of particles to be
uniformly heated which then rapidly expand in all
directions.

The carbon fiber, 5.3 um in diameter, was sup-
ported vertically at the focus of the laser beam
13 cm in front of the horizontal entrance slit of
a 2-m grazing incidence spectrograph (Hilger and
Watts type E580). The spectrograph was careful-
ly calibrated for absolute intensity measurements
over the wavelength range 10-100 A using the
calibrated x-ray source and proportional counter

system described by Morgan, Gabriel and Bar-
ton® and it is of interest to note that the calibra-
tion was practically identical to that reported for
similar instruments by both Morgan, Gabriel,
and Barton,® and Hobby and Peacock.® Irons and
Peacock'® have also demonstrated that in this
wavelength range, there is no reciprocity failure
for the photographic emulsion used (Ilford Q2).
An auxiliary vertical slit between the fiber and
the spectrograph gave a spatial resolution of 100
pm. Without this slit, spectra could be obtained
with a single laser shot, whereas with it in posi-
tion thirty shots were needed to obtain a satisfac-
tory exposure.

The laser was a conventional Nd-glass system
giving up to 0.5 J in a pulse of 140-ps duration
although energies of only 150 mJ were used in
these experiments. Streak-camera measure-
ments'! showed that the pulse width was reproduc-
ible to + 10 ps and that there were no spurious or
satellite pulses. The single-pulse extinction ra-
tio was at least 10™* and the fiber was further
protected from spontaneous emission and stray
flash-lamp light by a saturable absorber. The
laser energy was reproducible to + 30 mJ for
about 75% of the shots; on the remaining 25%
there was an oscillator malfunction leading to a
very weak output pulse. The contribution of these
weak pulses in multishot experiments was less
than the 10% of the total plate intensity and can
be neglected; this is confirmed by the good agree-
ment of single-shot and multishot intensity ratios
of the Lyman lines.

We have found it necessary to use a small pre-
pulse to break the fiber and form a dense cold
plasma with which the main pulse interacts. Since
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