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A four-nucleon calculation of the totaiHe photodisintegration cross section is performed. The
full final-state interaction is taken into account for the first time. This is achieved via the method
of the Lorentz integral transform. SemirealistioV interactions are employed. Different from the
known partial two-body*He(y, n)>He and*He(vy, p)*H cross sections our total cross section exhibits
a pronounced giant resonance. Thus, in contrast to digletp) data, we predict quite a strong
contribution of the(y, np) channel at the giant resonance peak energy. [S0031-9007(97)03284-5]

PACS numbers: 25.20.Dc, 21.45.+v, 24.30.Cz, 27.10.+h

The photodisintegration ofHe has received much at- to somewhat higher energies taking into account FSI
tention in the last 25 years. Experimental work con-due to other channels approximately. Bf > 50 MeV
centrated mainly on the two dominant two-body breakuphe two-body reactions were treated in the plane-wave
channels {He + n, *H + p). In a first round of ex- approximation [2].
periments a rather strong peak of the giant dipole reso- We calculate the total photoabsorption cross section in
nance was found, while more recent experiments find she whole energy range below the pion threshold. We
much less pronounced peak. The suppression of the twa@onsider theEl transition in the long-wavelength limit
body breakup peak was confirmed in four-nucleon calusing the unretarded dipole transition operator
culations that take into account the important final-state R z R
interaction (FSI) via a semirealistVN potential [1,2]. D = Z(?,» — Rep).

Much less is known about the total photoabsorption i=1

cross section*He + y — X). In the vicinity and be- In this way we take into account meson exchange currents
yond the peak there are neither theoretical calculations thafa the Siegert theorem. THe2 contributions to the total
take into account FSI nor experimental total cross sectiooross section are small even at high photon energy [2], and
measurements. they tend to cancel with thEl retardation contributions

The situation for théHe photodisintegration seems to [5]. Our nuclear Hamiltonian includes central even local
be settled only for the two-body breakup channels at loweNN potentials and the Coulomb interaction.
energies. Yet the results are rather puzzling because it is We can write down the total photoabsorption cross
not understood why the particle should have such a sup- section as
pressed giant dipole resonance. Cross sections for transi- — A4-2(2
tions to other channelgy, pn)d, (y,2p2n), and(y, d)d _ Utm@y) dmle /EC)EYI_Q(EV)’
obtained in the older experiment [3,4] are very small angVhereR is the dipole response function,
cannot influence the general picture at all. Furthermore, 5
the new(y, p)*H and(y, n)*He data combined with those ~ R(Ey) = f df (WD |Wo)I"6(Ef — Eo — Ey).
cross sections would lead to a bremsstrahlung weighted i i i i
sum over the photoabsorption spectrum which is suptiere¥o is thea-partlcle wave function an®, are final-
stantially lower than the well known model-independents'sate wave functions normalized &¥,[¥;) = 6(f -
sum rule estimate. A theoretical calculation of the to-/')- In the above relations we neglect the very small
tal photoabsorption cross section would certainly help tditclear recoil energy. We calculate the response function
get a better understanding of these problems, since the gt Vi2 evaluation and subsequent inversion of its Lorentz
ant resonance is in principle a feature of the total crosdltegral transform, a method we proposed for the response
section. of an arbitrary N particle system to an external probe

In the present work the theoretical calculation of the total®l: The method has already been succ?ssfully applied
cross section is carried out with consideration of the fullfor obtaining the accurate longitudin&k, ¢’) response
FSI. Previously the FSI was taken into account completel;FmCt'onS of the two-, three-, and four-nucleon systems
only below the three-body + n + d breakup threshold L0—8]- The transformL (o) of the respons& is found
E, = 26.1 MeV [1,2]. For the two-body breakup the 23S o
resonating group calculation of Ref. [1] was extended L(o) =(V(o)|V (o)), @
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¥ being the solution to the Schrédinger-like equation  in comparison to those of a realistic interaction (Paris
o i _ potential [11]). It is evident that MT and TN potentials
H = Eo + o)¥(o) =0, - ) do not lead to significantly different phase shifts than
with the source termQ = D.W,. The function¥ is  the Paris potential. ThéS, scattering length equals
localized and continuum calculations are thus avoided in-17.9 fm for the TN potential and—23.3 fm for the
our approach. MT potential, so the MT potential is a little bit more
We use the sam&/N potential model, Trento (TN) attractive in the'S, channel than the TN potential. The
potential, as in our work on the longitudinal responseTN scattering length is close to the valueof and pp
function [8] We also consider the Malﬂiet'Tjon (MT)‘“’ (no Coulomb force) Scatteringl’[n(lso) = —17.6 fm for
1l potential [9], which was used in Ref. [2] for calculating paris potential], while the MT scattering length is close to
the reactiony + *He — *He + n. We use the value of that of np scattering Gy (1S0) = —23.7 fm].
A = 1555 fm~! entering the attractive part of the MT e solve Eq. (2) for = T = 1 and S = 0 with the
potential as listed in Ref. [10]. This value just leads tohelp of the correlated hyperspherical expansion and the
correct low-energy parameters 8V scattering as given hyperradial expansion of the same form as in Ref. [8].
in Ref. [9]. In some'He bound-state calculations the value The Kmax Value equals 7. The value in Egs. (1) and
A = 1.55 fm~! listed in Ref. [9] has been used that IeadS(z) is of the form—or + io; with o; = const, and the
to an increase in the,(‘He) value by about 1.4 MeV.  vajues ofe; = 20 and 5 MeV have been employed. In
Oura—particle wave fUI’ICtiOﬂI’O isan eigensolution for F|g 2 the convergence of the transform’ Eq (1), with
the saméVN potential. The corresponding matter rms ra-respect toKmay is shown foro; = 20 MeV for the MT
dia and binding energies are 1.41 fm and 30.5 MeV for thgotential. While inverting the transform the true low-
TN potential, and 1.43 fm and 29.2 MeV for the MT po- energy behaviofE, — (Ey)mm]3/2 has been incorporated
tential. The latter value is close to those reported in the litinto our trial response. The inversion has been performed
erature, see Ref. [2]. The binding energies are reasonabigyth for o; =20 MeV and for a combination of the
as compared to the experimental value of 28.3 MeV, angansforms witha; = 5 and 20 MeV chosen so that the
the radia are close to the eXperimental value of 1.45 fm. former transform gives a predominant contribution to
In Fig. 1 we show the-wave phase shifts (no Coulomb the very steeply rising low-energy wing of the response
interaction included for'Sy) of both potential models and the latter ones to its high-energy wing. The responses
obtained in these two versions practically coincide with
150 . each other. The transforms in Fig. 2 wikh,,x = 5and 7
lead to practically identical responses, and thaikfgg, =

'Sy @ 3 is also not very different. For the TN potential one finds
100 - — Paris 1 a similarly good convergence i.x as well.
——-1TN .
,,,,,,,,,,,, MT Besides the checks of the convergence, the overall

test of the final results is provided by sum rule calcula-
tions. We compare the bremsstrahlung weighted sum
o = [pn o(Ey)E; " dE, and the TRK sunorrg =

fz,yh owi(E,) dE, = 59.74(1 + k) MeVmb calculated
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FIG. 1. NN scattering phase shifts of the partial wavsg (a)
and3S; (b) for the following potentials: TN (dashed curves), FIG. 2. The Lorentz transform for the MT potential with
MT (dotted curves), and Paris (full curves). variousK . values.
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with our cross sections with an independent calculation of 490
these quantities using the sum rules, = 472(e?/lic) X
(Vo|D.D W), « = (¥ol[D.,[V,D.]]I%o) (m/h*)A/

NZ]. The sum rule values are, = 2.41 mb,x = 0.727 a0 L
for the TN potential ando, = 2.48 mb, « = 0.684
for the MT potential. By integrating our cross sections
explicitly we obtain o, = 2.40 mb, x = 0.754 for the 7
TN potential ando;, = 2.48 mb, k = 0.712 for the MT B2
potential. The agreement of the, values with the sum
rules is perfect that reflects a good accuracy of the low-
energy wings of the responses obtained. The resulting 10}
relative deviations from the TRK sum rule are about 1.5%
for both potentials.

One may note that the values for the potentials we 00 L2 _ , ‘
use are lower than those provided by fully realistio/ 2 . Mev] 30 %
interactions. The latter values range from 1.0 to 1.3 [12— !

14], thus we underestimatetrx by 15%—-25%. We FIG. 3. Theoretical results for the totAHe photoabsorption
believe that the main part of the missing strength shouggoss section at low energy with MT (dashed curve) and

- . . . IN potentials (full curve). Also shown is the estimate for
lead to an increase of the cross section at higher energigg, two-body breakup (dotted curve with typical size of the

while our potential models should provide quite realistiCexperimental error), which is based on the experimental results
results up to the pion threshold. In fact, a rough estimatef Refs. [15,16] as well as doubled experimental cross sections
of o5, which we performed for realistityN interactions, for (v, p) [19] (open circles) and fofy, n) [18] (triangles) and

is close to ther;, values for our potentials. In any case, [20] (full circles) (for further explanation see text). The three-
an increase in thec value would only strengthen our body breakup threshold is marked by an arrow.

conclusions about the strorig, np) cross section which

we predict below. breakup threshold. The MT potential leads to a slightly

At this point we should mention that our calculation is higher low-energy cross section than the TN potential that
performed consistently with our semirealistic Hamiltoni- may be related to the somewhat stronger attraction in the
ans; i.e., applying the Siegert theorem we use the energyn 'S, channel. For the MT potential we find a similar
eigenvalues of the Hamiltonian. However, for compari-agreement with experimental data as was found in [2] for
son with experiment we perform the shif(E,) — the same potential model for ttig, n)>He channel.
ow(Ey + AEy), AE;, being the difference of the calcu-  Beyond the three-body breakup threshold our cross sec-
lated and experimental binding energies. In this way weions reveal further increase. Since theoretical as well as
obtain the proper breakup threshold thus correcting foexperimental results for the, p) and(y, n) cross sections
some overbinding of oud particle.

Unfortunately there are no direct experimental data on
the *He total photoabsorption cross section. Nevertheless
we would like to make a comparison with experimental
data. Therefore we proceed as follows. For the low-
energy region we make interpolations of thg n) data
from [15] and the(y, p) data from [16] and sum up the
resulting (y, p) and (y,n) cross sections (dotted curves 2%
in Figs. 3 and 4). Since théy,d)d cross section can g ,,
be safely neglected (see, e.g., [17]) this should lead tos
a rather good estimate for the total cross section below 1s
the three-body breakup threshold. Furthermore, we also
show the cross sections of other low-energy experiments 10
[18—20]. Assuming thaty, p) and(y, n) cross sections
are more or less equal we double the experimental cross
sections in order to have further estimates for the two- o0 =
body breakup. Beyond 26.1 MeV they represent lower 0 2 “© mEMewso 1% 120 10
experimental bounds for the total cross section. In Fig. 3 .
these estimates are shown together with the calculate’{:JG- 4. As Fig. 3, but for an extended energy range up to

i for MT and TN tential Th . 40 MeV. Estimate for lower experimental bound (dotted
Cross sections for an potentials. €re 1S & yrve) and additional lower bound estimates with data from [3]

rather good agreement of our responses with the estimategiamonds), [19] (open circles), and [21] (squares) (for further
experimental two-body cross section up to the three-bodgxplanation see text).
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