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Measurement of the Longitudinal, Transverse, and Longitudinal-Transverse
Structure Functions in the 2H(e, ¢/p)n Reaction
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We have separated the longitudin@ly), transversg f1;), and longitudinal-transverse interference
(fo1) structure functions in théH(e,e’'p)n reaction at|g| = 400 MeV/c and w =~ 110 MeV. A
nonrelativistic calculation which includes effects due to final state interactions, meson exchange
currents, and isobar configurations agrees with the meagijreahd f,; but overpredictsfy, by 25%

(20). The data are also compared to the results of previous structure function measurements.

PACS numbers: 25.30.Fj, 25.10.+s, 27.10.+h

A thorough investigation of the deuteron is of funda-whereC is a function of the electron kinematics,
mental importance to nuclear physics. Many-body effects lab
. 1e% 1 kf
are absent in the two-nucleon system, so that the deuteron = — — (2)
wave function can be obtained exactly given a model of the 67> 0% k;

nucleon-nucleonNN) potential. The absence of many- pl2b (x2*) is the initial (final) laboratory energy of the
body complications also permits exploration of electro-glectron,« is the electromagnetic fine structure constant,
magnetic currents in the deuteron via reactions involvingyng 92 — G? — w2 ¢S is the azimuthal angle (with

both real and virtual photon probes. Theoretical predicregpect to the axis defined by ) of the relativenp mo-
tions of observable effects in deuteron photodisintegramentum in the final state$<™ = 0 or 7 corresponds to

n

tion and electrodisintegration arising from meson exchangg,e ejected proton in the electron scattering plane. The
currents (MEC) and isobar configurations (IC) have beern,s \which are functions of the electron kinematics only,
available since the latter half of the 1970s [1-3]. In addi-zre components of the virtual photon polarization density
tion, the effects of final state interactions (FSI) on the reytrix: the subscripts 0+1 denote the longitudinal and
action mechanism can be calculated explicitly for deuterofy) transverse polarization states, respectively. Expres-
electrodisintegration. o sions for thep’s may be found in Ref. [1]. The structure

Exclusive measurements of deuteron electrodlsmtegrernctionsf, which (for in-plane kinematics) depend only
tion, in which an ejected particle is detected in coincideanJpon the momentum transfer= |3, the energy transfer
with the scattered electron, can provide detailed infor-,, and the anglé,, between the ejected proton add
mation about the responses of various components of theyntain all of the nuclear structure informatiorfy, and
nuclear electromagnetic current. In the first Born approxi-r,, are the longitudinal and transverse structure functions,
mation, the electro.magnetl.c interaction of an electron Wltr}espectivew. for andf_,; are the longitudinal-transverse
the target nucleus is described by the exchange of a singlghq transverse-transverse interference structure functions.
virtual photon of four-momentunp, = (@.g). Inthisap- |t can be shown [4] that the two interference structure func-
proximation, the(e, ¢'p) cross section can be decomposedijons are proportional to sil,,), and thus vanish in par-
into responses of the nuclear electromagnetic current tgjje| kinematics 0, = 0).

longitudinal and transverse polarization states of the vir- gapian and Arenhével [1] have shown that the four

tual photon probe [1], structure functions have different sensitivities to the effects
o of FSI, MEC, and IC. In general, they show that and
dolabgQlabgQem Cleowfoo + puifu fo1 are sensitive to FSI, whilg,; andf—, are primarily
¢ " om sensitive to MEC and IC.
+ poifor cod ¢, Two separations ofyy and f;; have been reported to

+ p-uf-ucod2¢,)], (1) date[5,6]. Longitudinal and transverse data measured at
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NIKHEF [5] [0.05 = Q% = 0.27 (GeV/c?)] are underes- TABLE I. Experiment kinematics (all quantities in laboratory

timated by~16% on average by Arenhovel’s nonrelativis- frame).

tic (NR) calculation and by a fully relativistic calculation ki k 9

by Hummel and Tjon [7]. In contrast, Arenhével's modelpeasurement (MeV)  (MeV)
i =

overpredictsfyy and f1; data taken at Saclay [$).04 = L/T Sep. (1) 5771 4685 437 5390 450

0% = 0.4 (GeV/c?)] by ~12% on average. Measure- L/T Sep. (2) 5027 1841 1130 251 450
ments of fo; and the longitudinal-transverse asymmetryfo1 (¢ i 0) 576.0 4670 440 429 440
np . . . :

Ay, given by for (¢uy = 7) 5760 467.0 440 64.7 440

e 0p pPf
(deg)  (deg)(MeV/c)

Ay = (00 — 07)/(00 + 04), ) measured to 1 part in0® by the differential recoil tech-

nique, using>C and beryllium oxide targets. Deuterated

where oy and o, are the cross sections measured apolyethylene, Cb, spinner targets of thicknesse$.4
énp = 0 and =, respectively, have been performed atand 44.3 mg/cn? (L/T) and 77.5 mg/cn¥ (fo1) were
NIKHEF [8] [Q? = 0.21 (GeV/c)?], Saclay [6][Q> = used. The scattered electron and the ejected proton were
0.15 (GeV/c)?], Bonn [9,10][Q? = 0.18 (GeV/c)?], and  detected in coincidence. The high-resolutigkp(/p ~
SLAC [11][Q? = 1.2 (GeV/c)*]. Arenhovel's NR cal- 107%) energy loss spectrometer system (ELSSY) [15]
culation underpredictd 4| at missing momentunp,, >  and the prototype OOPRp/p ~ 0.5 X 10~2) detected
100 MeV/c by 25% to 60% for the three low? data and momentum analyzed electrons and protons, respec-
sets and by as much as a factor of 5 for the high- tively. Table I lists the experiment kinematics. For the
data set. Calculations including relativistic effects per-L/T separation, théH(e,e’p) cross section was mea-
formed by Hummel and Tjon, Mosconi and Ricci [3], and sured at two sets of kinematics with fixed values of energy
Arenhovel generally provide much better descriptions otransfer, » = 109 MeV, and momentum transfegy =
the asymmetry data. Arenhovel’s NR calculation simi-402 MeV/c. Protons of momentunp, = 450 MeV/c
larly underpredicts the NIKHE[F,; data by 60% to 100% were detected in parallel kinematics, and thus the missing
on average, while the relativistic calculation of Hummelmomentum,p,,, was centered &0 MeV/c in the direc-
and Tjon is once again closer to the data. In contrast, thiton of g. For thef,; measurement, theH(e, e’p) cross
Saclayfy; data are adequately described by Arenhével'ssection was measured in nonparallel kinematics at two
NR calculation. proton anglesp4.7° (6,, = 10.9°, ¢,, = 7) and42.9°

We report here two sets of measurementsqgat  (6,, = 10.9°, ¢,, = 0), for fixed electron kinematics,
400 MeV/c andw = 110 MeV: (1) Two measurements 6, = 44.0°, » = 109 MeV, andg = 404 MeV/c. The
of the 2H(e,e'p) cross section performed in parallel proton spectrometer central momentum was fixed at
kinematics, keeping and w fixed, but varying the beam 440 MeV/c, corresponding top,, = 95 MeV/c. Note
energy and scattering angles. This permits a Rosenbluthat the electron kinematics for the/T separation and
separation [“l/T (longitudina)/transverse) separation”] of the f,; measurement were very similar, whitg, for the
foo and f1;. (2) Two measurements of thiH(e,e’p)  two measurements differed slightly.
cross section in nonparallel kinematics @f, = 11°, The absolute efficiency for detecting electrons was es-
¢, = m,and 0. This permits extraction ¢f;. These tablished by measuring théH(e,e) cross section and
were the first in a series H(e, e’p) structure function comparing it to values predicted by using form factors
measurements using one or more out-of-plane spectromeieasured and parametrized at Mainz [16]. The effi-
ters (OOPS) [12-14] to detect protons. The OOPS areiencies at the forward and backward electron scattering
relatively lightweight (16 tons) spectrometers designed foangles were(98.4 = 0.2)% and (99.1 = 0.3)%, respec-
convenient positioning out of the electron scattering planetively. The absolute efficiency of the proton spectrome-
In this commissioning experiment of the prototype, theter was(97 *+ 1)% (after 4%—6% corrections for known
OOPS was always positioned in-plane. sources of dead time in OOPS), as determined by measur-

The experiment was performed in the North Hall ofing 'H(e,ep). In addition, the time-dependent deuterium
the Bates Linear Accelerator Center. The duty factorcontent of the CBb target was monitored by periodically
of the electron beam was about 1%, with average curmeasuring the elastiéH(e, ¢) cross section. A 4% to
rents of 3 to4 uA. The electron beam energies were 6% depletion of the deuterium content was found in each

TABLE Il. Comparison of /T data to Arenhével’s theory; = 402 MeV/c¢, = 109 MeV, p,, = 50 MeV/c.

o (nb/MeV sP) Soo Ju
577 MeV 292 MeV (fm) (fm)
Data 36.1 =05 *=1.0 450 = 0.10 £ 0.24 1.78 £ 0.07 = 0.15 1.60 = 0.06 = 0.16
Theory 42.2 4.89 2.24 1.63
Datg/theory (%) 855 12 =24 920 =20 *49 79.5 = 3.1 £ 6.7 98.2 = 3.7 = 9.8
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TABLE Ill. Comparison of LT interference data to Arenhével's thegyy= 404 MeV/c, = 109 MeV, p,, = 95 MeV/c.

o (nb/MeV sP) foi Ay
¢l‘l]) =m ¢l‘l]) = 0 (fm) (%)
Data 6.27 £ 0.19 = 0.37 4.12 = 0.19 = 0.16 —0.116 = 0.014 = 0.016 =207 £ 27 £ 22
Theory (NR) 8.30 5.98 —0.125 —16.2
Data/theory (%) 755 £23 %45 689 £32 =27 92.8 £ 11.2 = 12.8 128 £ 17 £ 14
Theory (R) 8.21 5.41 -0.151 —-20.6
Data/theory (%) 764 * 23 *+ 45 762 * 3.5 * 3.0 768 =93 + 11.3 100 = 13 = 11

of the targets. Uncertainty in the measured rate of thid/14 [23]) is only about 2% to 3% at our kinematics. Again,
depletion yielded uncertainties of 1.9% and 4.8% in thethe precision of our data is not sufficient to permit a clear
577 and 292 MeV cross sections, respectively. Aftediscrimination among these potentials.
corrections for these various effects, the uncertainty in the In Fig. 1 we compare our AT data to results measured
knowledge of the deuterium content of the targets stillat Saclay [6]. The structure functions are expressed as
dominates the uncertainty in the cross sections. ratios to Arenhével's FSKk MEC + IC calculation as a
The?H(e, ¢'p) cross sections used for the'T separa- function of p,,. Our fo, andf;; data agree with the trend
tion were measured over the same rangesofl04 to  of the Saclay data: The calculation is in good agreement
112 MeV) andp,, (30 to 70 MeV/c) for the two sets with the measured transverse response, but overpredicts
of kinematics. For thefy; measurement, the@ range the longitudinal response for the points gt of —20,
was 101 to 117 MeV, and the, range was 81 to 50, and100 MeV/c. In Fig. 2 we compare our data to
106 MeV/c. Radiative corrections (16% to 21%) were theq = 380 MeV/c measurements made at NIKHEF [5].
applied to the /T cross sections according to Ref. [17]. Note that our data represent averages over the range 30
For thef(;, data, radiative corrections in nonparallel kine-to 70 MeV/c in p,, while the NIKHEF data have been
matics (26% to 29%) were performed using the codeaveraged ovef MeV/c bins. Also note that the NIKHEF
SIMULATE [18]. The structure functions were extracted
using the kinematics determined from the central values
of the spectrometer acceptances. Thus, our results repre-

sent averages over the acceptances, which was necessary o 4 ® Saclay 7
to maximize the statistical precision. Tables Il and 1l O Bates
present the results of the/T separation and th&,; mea- & 100 === mmm e
surements, respectively. Uncertainties are listed in the§

order *(statistical)-(systematic). The statistical uncer- < g5 L '
tainty of the structure functions is 4% f@, and f1;, and %

12% for fo;. The statistical uncertainty idy is 13%. 8 [}

The systematic uncertainties in the structure functions and™ 80 f % |
the asymmetry (8% to 10% fgfipo and f1,; 14% and 11%

for fo1 andAy, respectively) reflect both the uncertainties 70— = o % 00

in the cross sections and in the kinematic quantities (

andé,) used in the separations. - ' - - T
We compared the cross sections and structure func- 110 3 .
tions to calculations provided by Arenhdvel [19]. Table I ]
shows the ratios of the AT data to Arenhovel’s full NR 100 koo T ]
(FSI + MEC + IC) calculation with the Paris [20NN % % '
potential. The calculations have been averaged over our

experimental acceptances using a Monte Carlo technique.a. % [ ]
The calculation agrees with the transverse data but over- &

Aren (%)

. A - Saclay |
predicts the longitudinal data by about 25%2w). The « 8o} <.>B?1<t:e2y _
calculatedfoo andf; at our kinematics are relatively in-
sensitive to MEC and IC contributions@%). Hence, the

- . - S : 70 :
precision of the data is not sufficient to distinguish contri- -100 -50 0 50 100
butions from these small effects. But the effects of FSI P, (MeV/c)

o N . ) L
(13% ];?]rfoo' 7% fortf“.)tr?:ﬁ cldea;rly qllacermbledqndtrl]m FIG. 1. Ratio of measuredy, and fy; structure functions
prove the agreement wi € data. € spread in he Ca{() Arenhdvel’'s calculation for this experiment and the Saclay

culatedfoo and f1; resulting from the use of differeMN  experiment of Ducretet al.[6]. Only statistical errors are
potentials (Paris, Nijmegen [21], Bonn [22], and Argonneshown.
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FIG. 2. Separatedfo, and f,; structure functions for this
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