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Abstract

The sensitivity of the *He(&, ¢'d)p reaction to the nuclear and current structure has been investigated. It has been shown
that (e,e’d) channel provides information about the small §'- and D-components in the *He wave function, and also
about isoscalar/isovector structure of the nuclear electromagnetic current. Moreover, the effects from nuclear dynamics and
reaction mechanisms may be separated in special kinematics.
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Recently the possibility of examining the 3He
wave function (WF) in the reactions 3ﬁe(é‘, e'p)d
and 3H—é(é‘, e'p)pn was shown [1]. However, the
sensitivity of asymmetries to the mixed symmetry
components (S') and the spin-observables for the
SHe(¢&,e'd) p channel had not been investigated. We
will show here that i) this single reaction provides in-
formation on both the small $’- and D-components in
the *He WF, and ii) the (e, e’d) channel is a source
of information about isoscalar/isovector pieces of
two-body electromagnetic (EM) currents [2] at low
recoil momentum (P,), since one-body mechanisms
are strongly suppressed near the deuteron pole [2,3].
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In the (e, ¢’p) channel the two-body currents become
manifest only at high P, which makes it difficult to
investigate them [4].

The S-state part of the three-body wave function
(WF) may be represented [5] as:

¥ (PHe) s.wave = —V &+ WE —WE (1)

Here W is the fully symmetric space S-wave com-
ponent, accounting for ~ 90% of WF [5]. W', ¥”
are the space §-components with mixed symmetry,
which indicate the deviation from full symmetry state
due to the spin-momentum correlations and account
for ~ 2% of WF [5]. The spin-isospin pieces of the
WF are the fully antisymmetric £“ and the mixed sym-
metry &, ¢ configurations [5]. The $'-components
are intriguing objects: i) their probability is strongly
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correlated with binding energy [6] as Py ~ E;z'l;
ii) they do not exist for the deuteron; iii) for *He
they have [5] Ps: ~ 1-2%, while for “He we can ex-
pect their strong suppression ( Py < 0.1%) due to the
higher binding energies.

In addition to S- and §’-components, the *He WF
contains P- and D-waves. The P-state probabilities
are extremely small [5] (~ 0.1%) and we will not
discuss them here. Various D-wave components with
a total probability estimated [5] at Pp ~ 8% arise
due to the tensor part of the NN-forces and become
important only at high P,.

The cross-section for the & +3 He — &' + p+d
reaction has the general form [1.4]:

do=doo{l + SA® + A(A, + SA)}. (2)

d3a is the unpolarized cross section, S is the spin of
the target and A is the helicity of the electrons. A°, A,
indicate the asymmetries produced by the polarization
of only the target or only the beam, while A is the
asymmetry when both the beam and the target are
polarized. We will concentrate on the latter case where
only two asymmetries A, (S, L g and S, || ¢) are
not equal to zero in coplanar geometry:

_d*o(A=1;8) —d*o(A=—1;5)

T Bo(A=1:8) +d3a(A=-1:85)" (3)

Ax

We will use a relativistic gauge invariant ap-
proach [7-10] which allows us to combine the
requirements of covariance and current conser-
vation with accounting of nuclear structure, final
state interaction (FSI) and meson exchange current
(MEC) [8,10]. But in this letter we shall restrict our
examination to the minimal set of diagrams (Fig. 1),
providing i) nuclear current conservation [2] and ii)
a good enough description of the unpolarized cross
sections for two-body photo- [2,11] and electro- [2]
disintegration of *He. The details of calculations were
given earlier [2,11]. The first diagram in Fig. la
with the proton pole corresponds to the plane-wave
impulse approximation [2,9]. The diagram with
the deuteron pole corresponds to the quasi-deuteron
model (QDM) [2], while the third diagram with the
3He-pole is a part of FSI [2,9,12], stipulated by the
pole piece of the pd — pd T-matrix [2,11]. The last
(contact) diagram in Fig. la provides conservation
of the isoscalar current [2]. Its amplitude is deter-
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Fig. 1. Minimally necessary set of covariant diagrams providing
conservation of the isoscalar (a) and isovector (b) currents.

mined [2,7] by the Ward-Takahashi identities and
the structure of the *He — pd vertex. The physical
sense of the various contact diagrams is to provide
an accounting of the interaction current [7,8] (it is
MEC [8] in a meson theory) in a form consistent
with nuclear dynamics [9,10] on the each level of
consideration: pole-set of diagrams, one-, two-loop-
sets and so on. For each of the diagrams in Fig. la
the internal state of pn pair before and after the pho-
toabsorption is the same: spin = 1 and isospin = 0.
Thus, the isospin of pn-pair does not change during
photoabsorption [2] and in this sense this current
(Fig. 1a) may be called an isoscalar current.

The isovector current is given by the totality of di-
agrams in Fig. 1b. In this case the internal state of pn-
pair before and after photoabsorption is different [2]:
spin = 0 (isospin = 1) before the photoabsorption and
spin = 1 (isospin = 0) after it; hence in this case the
isospin of the pn-pair changes during the photoabsorp-
tion and this piece of the full current may be called an
isovector current. The diagrams in Fig. 1b are gauge
invariant themselves [2], since this is a purely trans-
verse transition: 'Sy —3 $; —3 D). For numerical cal-
culations we have used *He Faddeev WF’s [5] for the
Reid potential.

Although only the full currents in Fig. 1 are
conserved, for the processes with virtual photons
(contrary to the real photoabsorption) the ampli-
tude of each diagram is gauge independent [2] and
we can suppress the contributions of separate di-
agrams by special choice of kinematic conditions.
For the (e, e’p) reaction in quasi-elastic kinematics
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“on the proton™ v ~ —g*/2m (where ¢ = (v,q)
is 4-momentum of photon and m is nucleon mass)
the first diagram in Fig. 1a will dominate [2] at low
P,. Its amplitude may be factorized exactly [9], and
at low P,, where only the S-wave part of the vertex
3He — pd is retained, all information about nuclear
dynamics will be cancelled in the ratio (3). Then the
asymmetries will be given [1] by only the proton’s
EM form factors and the reaction 3I{-Za(é‘, e’'p)d pro-
vides no information on the S§'-components, which
manifest themselves only at small P,. In this case the
polarized *He is a simple polarized proton target [4].
Clearly, in the main S-wave configuration two protons
are in a spin singlet state and the orientation of neutron
spin coincides with the nuclear spin. But the deuteron
may be produced only due to the pn-pair when the
proton spin direction coincides with the neutron spin
orientation and, as a result, coincides with nuclear
spin. Then, the proton which absorbs the virtual pho-
ton in 3He(¢e, ¢’ p)d channel at low P, has selected
spin orientation — opposite to the nuclear spin.

For the (e, ¢’d) reaction in quasi-elastic kinematics
“on the deuteron”: v ~ —g*/2M 4 ( M4 is the deuteron
mass) it is the deuteron pole which is near the “physi-
cal” region and at low P, the contributions of one-body
mechanisms will be strongly suppressed [2,3]. Now
the full amplitude will define both the isoscalar and
isovector transitions, which are determined by two dif-
ferent amplitudes G, and G; of the *He three-body vir-
tual break up with production of pn-pairs in the triplet
(*He — p + {pn}) and singlet (*He — p + {pn},)
spin states [2]:

\I;s_q;ll \I’s*}—\lf”
Gi=—Fr—; Gi=——p—.

V2 V2

Due to the interference of the isoscalar and isovector
transitions the cancellation of the nuclear dynamics in
formula (3) is impossible, and in accordance with (4)
the asymmetries in the *He(&, ¢’d)p channel will be
sensitive to the $’-components.

In Fig. 2 the asymmetries Ay, for the *He(&, e'd)p
channel are plotted as functions of P, for the colinear
kinematics [13]: E, = 380 MeV and | ¢ | = 420
MeV/c. The large effects from $'- and D-components
arise in the different regions of P,.

There is a general reason for the strong sensitivity
of asymmetries, up to a change of their signs, when
switching on and off the D-waves. Indeed, for the
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Fig. 2. Asymmetries as a functions of recoil momentaat Q = 0.420
GeV/c. The solid curves correspond to the full calculations in-
cluding S-, §’- and D-states, while the long(short)-dashed ones
represent the results without §’( D)-components.

D- components the orbital angular momentum L =2
couples with the total nucleons spin § = 3/2 to the
nuclear spin J = 1/2. So, in the case of D-waves the
spin of all nucleons are dominantly oriented opposite
to the nuclear spin, while for the S-state the spin of
neuteron and one of the protons are oriented along the
nuclear spin. Therefore, the triplet pn-pairs in the S-
and D-states have different spin orientation in relation
to the nuclear spin direction and, as a result, their con-
tributions to the asymmetries will have opposite signs.

We see also that at 100 MeV/c < P, < 120MeV/c
there is practically no sensitivity of either asymme-
try to the $’- and D-components. Thus, this interval
of recoil momenta may be used for examining the
isoscalar/isovector current structure. It is evident that
this interval is practically model independent, as it
is determined only by the composition of the partial
waves in the momentum distribution functions which
are very similar for different realistic potentials [3]
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Fig. 3. Asymmetries as functions of momentum transfer at
P = 0.110 GeV/c. The solid curve 1, short- and long-dashed
curves are the calculations on the basts of the total conserved nu-
clear isoscalar + isovector current. But the solid line 1 reflects the
results which were obtained with the full *He WE, including S-,
§’- and D-states, while the long(short)-dashed lines correspond
to the calculations without S’ ( D)-components. The solid curve 2
(3) is the calculation with the full 3He WE, but on the basis of
only deuteron-pole diagram (conserved isoscalar current).

up to 0.3 GeV/c.

In Fig. 3 the asymmetries A, . for the *He(&, ¢'d) p
reaction are plotted as functions of 3-momentum trans-
fer at P, = 110 MeV/c. Clearly, in this special kine-
matics the effects from nuclear dynamics and current
structure are separated, since: 1) there is no sensitiv-
ity of A, ; to the small nuclear components (solid line
1, long- and short-dashed curves practically coincide)
and 2) there is strong sensitivity of the both asym-
metries to the structure of the nuclear current (com-
pare solid curves 1, 2 and 3). The difference between
curves 1 and 3 shows us the contribution of the isovec-
tor current, while the difference between curves 2 and
3 indicates the deviation from the QDM due to the

FSI 4+ contact current, and thus the role of isoscalar
current conservation.

To summarize, spin asymmetries in the exclusive
two-body (e,e’d) channel of quasi-elastic scatter-
ing of polarized electrons on a polarized He target
i) appear to be very sensitive to both the small §'-
and D-components, and ii) they also allow us to ex-
amine the isoscalar/isovector current structure. So,
3I—fe(€, e’'d) p reaction may be a source of information
about the isovector form factor of the two-nucleon
system, since we deal with bound states of pn- system
before and after the photoabsorpthion.

For the (e, e'd) channel, even at low virtuality, as
well as for the (e,e’p) reaction at high P,, the con-
tributions from the three last diagrams in Fig. 1a are
comparable [2]. So, it is important not only to take
QDM, FSI and MEC into account, but it is also neces-
sary to coordinate them exactly in the full nuclear am-
plitude due to the current conservation. The sensitiv-
ity of the asymmetries to different NN-potentials and
the estimation of two-loop corrections, corresponding
to the regular part of pd — pd T-matrix, will be the
subject of future work.
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