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The cross sections of the proces&es(y, p)°H and*He(y,n)®He are calculated taking into account the full
final state interaction via the Lorentz integral transform method. This is the first consistent microscopic
calculation beyond the three-body breakup threshold. The results are obtained with a semirealistic central
nucleon-nucleon potential including also the Coulomb force. The cross sections show a pronounced dipole
peak at 27 MeV which lies within the rather broad experimental band. At higher energies, where experimental
uncertainties are considerably smaller, one finds a good agreement between theory and experiment. The
calculated sum of three- and four-body photodisintegration cross sections is also listed and is in fair agreement
with the data.
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I. INTRODUCTION interaction(FSI) was performed in the energy range below

The photodisintegration of théHe nucleus has a long- the three-fragment breakup threshpk8]. The semirealistic
standing history. First experiments on tlig,n) reaction MTI-lIl potential [24] was employed. The results of Ref.
were performed some 50 years dg9. In the following 25 [23] s.howed a rather Sl_Jppressed giant dipole peak. _In the
years various experimental groups carried out measuremerfi@lowing year a calculation of the totdHe photoabsorption
for both the*He(y, p)®H and“He(y,n)3He reaction channels Cross section up to the pion threshold was carried[2&}
and the inverse capture reactiof®s-15. Dramatically con-  Full FSI was taken into account in the whole energy range
flicting results have been obtained as a result of this workvia the Lorentz integral transforrLIT) method [26] that
The (y,p) data were consistent in showing a rather pro-does not require calculating continuum wave functions. The
nounced resonant peak close to the three-body breakdpur-nucleon dynamics was described with the same
threshold. At the same time, the,n) data at low energy nucleon-nucleonNN) potential as in Ref[23]. Different
were very spread, and measurements showed either fepm the previous work a pronounced giant dipole peak was
strongly pronounced or a rather suppressed giant dipoléound. These results have been reexamined in R A
peak. In 1983 a careful and balanced review of all the availsmall shift of the peak position has been obtained, but the
able experimental data for the two mirror reactions was propronounced peak has been confirmed.
vided[16]. A strongly peaked cross section at low energy for In order to understand the origin of the large total photo-
the (y,p) channel and a flatter shape for thg n) one was nuclear cross section in terms of the various channel contri-
recommended by the authors. Three new experiments on thritions, a separate calculation of the channel cross sections
(y,p) reaction were subsequently carried out, two of themis necessary. The present paper reports a theoretical study of
contradicting and one confirming the recommended crosthe two-fragment breakup processeie(y,p)°H and
section. In particular, in Refd17] and [18] a suppressed “He(y,n)®He. For these exclusive reactions we investigate
dipole resonance was found, whereas R&%] proved to be the issue of the giant dipole peak height, and we also calcu-
in agreement with the previous strongly peaked results. Medate the cross section at higher energies, up to the pion
surements of the ratio of they, p) to (y,n) cross sections in  threshold. The calculation includes full FSI via the LIT
the giant resonance region were performed as well and, anmethod[28] and employs the semirealistic MTI-IIl potential
variance with the cross sections recommended in Réi, [24].
results very close to unity were reportg2D,21]. Finally, in The LIT method has already been successfully tested for
1992 additional cross section data were deduced from exclusive reactions in thel(e,e’p)n process[29]. The
Compton scattering experiment diHe [22]. A strongly  present calculation represents the first applicatiorte2.
peaked cross section for tdele total photoabsorption was We would like to emphasize that in our study FSI is taken
found suggesting &y,n) cross section considerably larger into account rigorously also beyond the three- and four-body
than the one recommended in REL6]. breakup thresholds. In addition, combining our cross sections

In 1996 the first theoretical calculation of the two- with the total photoabsorption cross section calculated in
fragment breakup cross section with inclusion of final stateRefs. [25,27] for the same potential, we obtain the sum of
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three- and four-body photodisintegration cross sections of B. The LIT method for exclusive reactions
4 . ; .
He, for which some experimental data are available o the case of an exclusive perturbation-induced process,
[30-33. all the information about the reaction dynamics is contained
in the transition matrix element of the perturbati@nbe-
Il. GENERAL FORMALISM tween the initial(W,) and final(¥;) states,

A. Cross section _ ~
T¢(Ef) = (V7 (Ep)|O[¥). (4)

The total exclusive cross section of thide photodisinte- ] ) )
gration into the two fragments and 3, where\ refers to the The calculation of such a maitrix ejement can t_)e carried out
scattered proton(neutron and 3 refers to the’H (*He) with the LIT method as outlined in the following28,29.
nucleus, is given by For 5|mpI|c_|ty we restrict our dl_scussmn to an exclusive re-

action leading to a final state with two fragments, a fragment
a with n, nucleons and a fragmebtwith n,=A-n, nucle-
ON3= 4712ﬁ—k,uw7 ons, though more complex fragmentations of the initial
¢ A-body system can be treated as well. Denoting witlthe
2 f @ (Ex DT 0 full nuclear Hamiltonian, we have a formal expression for
X . (W a(Ena) D W o) dC, Wi_,p in terms of the “channel statep;_, p(Ei-ap) [34],

=t
MaMy=t5

1 ~ _
ﬁflw ®an(Eap))

Eqp—i
(5)

In the equation above we neglect the very small nuclear re- -
coil energy. Withx andk we denote the reduced mass andwhere A is an antisymmetri;ation operator. In case that at
the relative momentum of the fragments, respectivelyjs Ie_ast one of the fragments is chargeless, the qhannel state
the incident photon energyl,, is the ground-state wave ®ap(Eap) is the product of the internal wave functions of the
function, W, 5 is the final-state continuum wave function of fragments and of their relative free motion. Correspondingly,
the minus type pertaining to tH¥, 3 channel[34], andg, Y in Eqg.(5) is the sum of all interactions between particles
and Ey ; are the energies of the corresponding initial andbelonging to different fragments. If both fragments are
final states(Ey 3=k?/2u+Es, E; being the energy of frag- chargedg, ,(E,p) is chosen to account for the average Cou-
ment 3, respectively. The sum goes over projectidbhgand  lomb interaction between them, and the plane wave describ-
M, of the fragment angular momenta in the final state.ing their relative motion is replaced by the Coulomb function
The continuum statesVy, are normalized to k  of the minus type. Correspondingly,in Eq. (5) is the sum
=K") Bz Sy - of all interactions between particles belonging to different

As in ﬁefs_[%,zﬂ only transitions induced by the unre- fragments after subtraction of the average Coulomb interac-
tion, already considered via the Coulomb function. We write
dap(Eap) in the partial wave expansion form

W o(Eap)) = Aldhs p(Eap)) +
Enz= o, +E,. 1

tarded dipole operator,

4 3
1+
AN _ D1, .. ) Py(ny+ 1, .. A)
D, J% ! @ gy (Eap) = e
©
are taken into account. Heré denotes the third component o s (o We(K;T) .
of the jth nucleon isospin ang represents the component xam2, 2 Qe kr Yem() Yer( ).

. . €=0 m=—¢
of the distance between th¢h nucleon and the center of "

mass of the system. This form of the transition operator al- (6)

ready includes the leading effects of meson exchange Cufygre ®,1,...n,) and dy(ny+1,... A) are the internal

rents via Siegert's theorem. Additional contributions to the, ...« finctions of the fragments,=(r,Q,)=R3 -R®

total cross section are small at the energies considered he .
(see also Refd35.36). rrgpresents the distance between them, and the energy of

A : . the relative motion ik?/2u=E,,—E,—Ep, whereE, and
_The main difficulty in the calculation of such a cross SCC"E, are the fragment ground-state energies. The functions
tion is the presence of the continuum wave function

W, .(Ex) in the transition matrix element w,(k;r) are the regular Coulomb wave functions of order

N,3V=N3 ¢, and 5,(k) are the Coulomb phase shift34].

The internal wave functions of the fragments are assumed
to be antisymmetrized and normalized to unity, so that the
properly normalized continuum wave function in E§) is
obtained via application of the antisymmetrization operator

Tn,3(Eng) = (W 3(Ena) DAV ) (3

As will be explained in the following section, with the LIT
method one is able to perform ab initio calculation of this

transition matrix element in the whole energy range below A a1 nn A
the pion threshold without dealing with the continuum solu- A=A /""A—Ib' 1-> > Pi |, (7)

tions of the four-body Schrddinger equation.

i=1 j=ng+i
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whereP;; are particle permutation operatd4]. © Fab(E)
When one inserts E@5) into Eq.(4) the transition matrix L[Fapl(o) =
element becomes the sum of two pieces, a Born term,

— 5 —dE
g, (E-op)?+of

_ ” Fa,b(E)
- JE;h (E-o)(E- a*)dE

TEUY(Eqp) = (¢3p(Eap)AO W), ®
= di bap(Eap)

Vit
H

* \I,V(EV)>
-0
1 -
BN
H-o

= {(V,()[¥4(0)), (12)

VA——— ‘\I’o>. (9
Eaptie—H with o=or+io,. Here we denote

and an FSI dependent term,

><<‘I’V(EV)

T;%'(Ea’b) = <¢;,b(Ea,b)

_ _ _ _ Wi(0) = (H - 0) 0| Wy),
While the Born term is rather simple to deal with, the deter-

mination of the FSI dependent matrix element is rather com- _ . )
plicated. We treat this term within the LIT approach as out- V5(0) = (H = 0) AV ¢, (Eqp)) - (13

lined in the following. ) .
Let W (E,) be the eigenstates of the Hamiltonian labeledEauation(12) shows that[F, (o) can be calculated with-

by channel quantum numbers and normalized as out explicit knowledge of,,, provided that one solves the

(P,|P,y=8(v—71"). Using the completeness relation of the two equations,

setW,(E,), the matrix elemenT;3/(E,p,) can be written as

(H-o)[W,) =O[Wy), (14)

T3 (Eap) = 3 dv (3 5(Eap) VAW, (E,)) (H = 0)[ W) = AV| ¢ 4(Eap)), (15)

which differ in the source terms only.

><Eab+i.s—Evmrv(EV”OhI’O> It can be seen tha¥; and ¥, are localized, i.e., have
L finite norms. Assuming that, # O, this is ensured by the fact
:f I:a¢(E)dE that the source terms in the right-hand sides of Et#). and
Ep Eaptie—E (15) are localized. In fact in the coordinate representation the
. source term in Eq(14) decreases exponentially for increas-
=~ i7Fap(Eqp) ing distances between particles. The source term in(Eg).
* Fap(E) contains two potential contributions, i.e., the nuclear force
+P ~ de, (100 component and the Coulomb interaction. The contribution
th &

due to the nuclear interaction vanishes exponentially for in-
creasing distances between particles. Since the average Cou-
lomb potential between the fragments is already taken into
whereF, ,(E) is defined as account via Eq(6), the remaining Coulomb contribution be-
haves liker 2, as the distancefrom the fragments increases.
Therefore, the source term remains localized also in the pres-

E. . (E)= - (E A (E ence of the Coulomb force. In our calculation this Coulomb
ao(®) i A ol an)| VAIW(E,) term arises in case of thg 3H channel and its contribution
X(¥ (E,)|O|Wo)S(E-E,), (11)  to the results is found to be very small.

In case of breakups into more than two fragments it is
convenient to write Eq(12) in another form:
)

andEy, is the lowest excitation energy in the system, i.e., the 1
breakup threshold energy. To calculdE}' one needs to  L[Fapl(0) = ——{ ¢ (Eap)
know the functionF, ;, for all energy values. The direct cal- 2oy

N 1 1
——-—1|0
VA{H—G' H—O':|

culation ofF,, is of course far too difficult, since one should 1 _ ~—

know all the eigenstate¥, for the whole eigenvalue spec- = Tm[@a,b(Ea,b)WAN’l(‘T»

trum of H. However, an indirect calculation &, is pos- o

sible applying the LIT method. To this end, one introduces ~{Pap(Eap) VAP i(0))]. (16)
an integral transform of,, with a kernel of Lorentzian . .

shape, HereW,(o) is the same as above, adt(o) satisfies
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(H=o")[W}(a)) = O[Wy). (17

Therefore, also in this case, one has to deal with a localizec 1r
solution. &

When solving Eqs(14), (15), and(17), it is sufficient to % 0.9
require that the solutions are localized, and no other bound,
ary conditions are to be imposed. Therefore, similar to what7g %3 |
is done in bound-state calculations, one can use an expansic
over a basis set of localized functions. A convenient choice is's %7 [
the basis set consisting of correlated hyperspherical harmon
ics (CHH) multiplied by hyperradial functions.

As discussed in Ref[27] for the case of the totatHe
photoabsorption cross section, special attention has to b
paid to the convergence of such expansions. A rather large
number of basis states is necessary in order to reach conver-
gence, thus leading to large Hamiltonian matrices. Instead of FIG. 1. The Lorentz transform of Eq18) for ;=20 MeV at
using a time consuming inversion method we directly evaluEn3+e=27-9 MeV with variousk,,, values. In the inset the devia-
ate the scalar products in E(L6) with the Lanczos tech- t10nSR=100L(Kya=29) ~L(Kmna) I/ L(Kmay=29) are shown.
nique [37]. Inserting the Lanczos orthonormal basis i
=0,...,n} into Eq. (16), where ¢, is taken to be the right-
hand side(normalized to unity of Egs.(14) and (17), one

1.1 T T T T T T T

trized HH which originate from the nonsymmetrized HH
with €, greater than 2 and& greater than 3 and, beyond

gets Kmax=19, those with¢, greater than 0 anHl greater than 1.
< |A TA‘ N This selection is similar to that justified and used in noncor-
WV|0'0O1Y, _ - related HH bound-state calculatiofsee Ref[41] and refer-
L[Fapl(0) = 2i0, Z (ab(Eap VAl @) ences therein An additional selection has been performed
=0 with respect to the permutational symmetry types of the HH.
1 1 For the quantum numbeiS=0, T=1, HH of two permuta-
*\ ¢ H-0 H-o %o /- (18) tional symmetry types enter the expansion, those belonging

to the irreducible representatiopfg=[+] and[f]=[-] of the

The matrix elementse;|(H- o) Y¢,) can be written as con-
tinued fractions of the Lanczos coefficients.

After having calculated.[F,](o) one obtains the func-
tion F,,(E), and thusT, ,(E,p), via the inversion of the LIT,

four-particle permutation grouf, [39,41. For basis states
constructed from the HH of tHer] type the probability for a
nucleon pair to be in a relative even state and, in particular,
in the s state is substantially higher. We have found that the

as described in Ref38]. contribution to the LIT of states with the spatial symmetry

[-] is suppressed, and the corresponding HH Withalues
higher than 9 can be neglected in the calculation.
In Fig. 1, the convergence of the LIT with respectdiq.y

~ The ground states dHe, *He, and®H as well as the LIT i shown. One sees that fiff,,=29 a good convergence is
in Eq. (18) are calculated using the CHH expansion methodyeached.

In order to speed up the convergence, state independent cor- |y Fig. 2 we present our results for thele(y, n)3He cross

relations are introduced as in R¢89]. We use the MTI-IIl  section together with experimental data. The shaded area
[24] potential and identical CHH expansions for the ground-around the full result represents an estimate of the uncertain-
state wave functions dHe and of the three-nucleon systems ties of our calculation, which will be explained below, in
as in Refs[27,4(, respectively. o connection with the comparison of the present result with

Because of the choice of the excitation operd&e EQ.  that obtained in the inclusive case. The difference between
(2)], in solving Egs.(14) and (15) the hyperspherical har- he total cross section and its Born approximation shows
monics(HH) must be characterized by the quantum numberg,yge effects of FSI. At small energies FSI enhances the tran-
L=1,5=0, andT=1. In this calculation the maximal value of sjtion matrix element since the final-state continuum wave
the grand-angular quantum numi&r,,is equal to 29. Such - fynction inside the reaction zone becomes larger due to the
a high value ofKp,, has been made possible by neglectingaitraction between the fragments. At higher energies the tran-
states which have proved to give very small contributions tGsjtion matrix element including FSI becomes smaller than
the LIT. The selection of states has been done in the followihe Born one. This is due to shorter wavelengthigher

ing way. Our HH depend on three Jacobi vect§{sé;,&5  particle momentaleading to faster oscillations in the inte-
among which¢; represents the distance between a pair OGrands.

particles. The HH entering the calculation are obtained via ag it was pointed out in the Introduction, the experimental
symmetrization of the HH possgssing a defin?te relative Oryesults do not show a unique picture. In the energy region
bital momentum¢, associated witl¢; and a definite grand-  peyond 35 MeV there is an overall agreement of the data of
angular momentunk in the subspace of vecto&, &;. We Refs.[4,6,8,9,11,12 4R whereas in the dipole resonance re-
have found that beyonid,,,,=13 we can neglect all symme- gion big discrepancies are present. The data from Refs.

IIl. RESULTS
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2 T T T T

o -~
20 40 60 80 100 120
@y MeV]

FIG. 3. *He(y,n)®He in Born approximation: CHH(solid
curve), available results from Ref23] (dashed curve BMCS (dot-
ted curve.

approximation, since in this case only the ground-state wave
functions of ®He and“He are needed. In Fig. 3 the Born
cross sections are shown. The result of R28] has a very
similar shape as ours, but a much reduced strefaout
60 %).
In Ref.[23] the *He and*He bound states are determined
o L2~ - - by solving the homogeneous three- and four-nucleon AGS
®, Mev] 30 35 equations via thenV-matrix method[44] and the energy-
dependent pole expansigiEDPE) [45]. As already stated
FIG. 2. “He(y,n)3He cross section up to 120 Mew) and  above, ouPHe and*He bound states are calculated using the
35 MeV (b): full result with FSI included(solid curve, Born ap-  CHH expansion as in Ref$27] and [40]. As a simple test
proximation only(dotted curvg, full result from Ref.[23] (dashed we perform an analytical calculation using simgebody

curve). The shaded area around the full line represents the uncepound-state wave functiof®&\=3,4) of the type
tainties of our calculatiorisee text Experimental data up to 1983:

Ref.[4] (full gray squares Ref.[6] (open diamonds Ref.[8] (full 2p, \3(A-1)/4 A )2
gray diamonds Ref. [9] (open squargs Ref. [10] (full gray P, = (—A) ] ealri ~Reml X$ASA’ (19)
circles, Ref.[11] (open upward trianglgesRef.[12] (open circley, ™ i=1

Ref. [13] (full gray downward triangles Experimental data after a . . L .

1983: Ref.[42] (full black upward triangles where X1,s, epresents the antisymmetric spin-isospin func-
. i tion andb, is a free parameter.

[4,8-1Q show a rather pronounced dipole peak, while the Thjs |eads to the following Born model cross section

more recent ones from Refgl2,13 show a flatter behavior (BMCS):

[for more detailed information see also reviewd ¢fn) ex-

periments[12,14]. In the low-energy region our full calcu-

4 403

&2 9/2
lation favors the strongly peaked data of R¢#58—10. It is Thoe = 4772%k/.1,wy 3 i 2 g 23,
seen from the figure that the higher-energy experimental V2b,(bs +by)

cross section agrees quite well with our full calculation. We (20

would like to point out the large effect of FSI in the high-
energy tail. This is probably the region where large depen!f we choose the parameter§;=0.167 fmi> and b,
dences of the cross sections from the details of the force arl0.279 fm? in order to reproduce the same rms radii of
in particular of the three-body force are expectede Ref. °He (1.73 fm) and*He (1.42 fm) as for the MTI-III poten-
[43]) and where it would be desirable to have more accuratéial we obtain the BMCS result shown in Fig. 3. The
data. BMCS and Born CHH results have almost identical peak
In Fig. 2 also the*He(y,n)®He cross section of Ellerk- heights, while the peak positions are shifted by about
mann et al. [23], obtained with the MTI-Ill potential, is 10 MeV.
shown. It is evident that the two theoretical results are at We have calculated the BMCS result both by using di-
variance. In Ref[23] the cross section is calculated using rectly the analytical expression of EO) and by our com-
Alt-Grassenberger-Sandha@AGS)-type integral equations. puter code, and found identical results.
Since the Born matrix elemefisee Eq(8)] is an ingredient The *He(y,p)°H cross section is compared with data in
of both the AGS calculation and ours, it is instructive to Fig. 4. The experimental situation is similar to thgn) case
make a comparison between the two cross sections in Boreonsidered above. Again some experimental results show a

044002-5



QUAGLIONI, LEIDEMANN, ORLANDINI, BARNEA, AND EFROS PHYSICAL REVIEW C69, 044002(2004

0
25 30 35 40 45 50 55 60
@y [MeV]

FIG. 5. Ratio between théHe(y,p)°H and the*He(y,n)3He
cross sectionésolid curve; experimental data up to 1983 from Ref.
[20] (open circles and open squareRef. [6] (reanalyzed, as re-
ported in Ref[20]) (open upward trianglg@sexperimental data after
1983 from Ref.[21] (full black circles and full black downward
triangles.

using the fact that the norrtW,(o)|¥,(o)) represents the
LIT of this total cross section. Our present CHH calculation
reproduces the results obtained for the total photoabsorption
cross section with the effective interaction HH methad].

20 2 ®y MeV] b = This can be considered as one more test of our calculation,

and this is accomplished thanks to the present efforts made in
FIG. 4. *He(y,p)®H cross section up to 120 MeVa) and  order to increase thK . value up to 29.

35 MeV (b): full result with FSI includedsolid curve; experimen- The comparison of the sum of our cross sections for the
tal data up to 1983 from Ref4] (full gray squarep Ref.[5] (full  “He(y,p)®H and *He(y,n)He reactions with the CHH total
gray diamonds Ref.[6] (open diamonds Ref. [9] (open squargs  photoabsorption cross section below the three-body breakup
Ref.[11] (open upward trianglgsRef.[14] (open circley Ref.[15]  threshold is presented in Fig. 6. The agreement of the two
(open downward trianglesexperimental data after 1983 from Ref. curves in this region is quite satisfactory. There is only some
[17] (full black UpWard triangleﬁ Ref. [18] (full black CirCleS, Ref. discrepancy Very close to threshold. The discrepancy could
[19] (full black diamonds and Ref.[46] (full black downward  hresumably be resolved by a calculation of the LIT in the
triangles. threshold region with a smallex,. However, this also re-
ofuires an increase of the number of hyperradial basis func-

pronounced giant dipole peak at low energies, as in case . . L .
Refs. [4-6,9.11,14,1F and others present much Iess%ons along with a more precise determination of the nine

strength, such as Refd 7] and[18]. At higher energies there . : : .
is quite a satisfactory agreement among experimental data c
different groups. As in théHe(y,n)*He case, our full results 7
have a large cross section in the dipole resonance region an 5 | q
favor the strongly peaked data, while beyond the peak one
finds a rather good agreement between our calculation an i
all data. o F N ]
In Fig. 5 we show the effect of the Coulomb interaction in !
the “He(y,N)3 reactions. As expected, it is very small all i
over the energy range. VH . ]
Since the*He(y,d)d reaction is not induced by the dipole A
operator of Eq.(2), the sum of the*He(y,p)®H and | e —
4He(y,n)3He cross sections has to be equal to tHe total 0 . T
inclusive photoabsorption cross section below thep+d
breakup threshold. Comparison of the sum of our exclusive
cross sections in this region with the total inclusive photoab- F|G. 6. Total“He photoabsorption cross sectigsolid curve
sorption cross section calculated independently can therefowmpared to the sum dHe(y,p)°H and “He(y,n)3He cross sec-
serve as a test of our results. To this aim, we have calculatetbns (dashed curve more-body breakup cross section obtained by
also the total photoabsorption cross section. This was dongibtraction(dotted curvé

[mb]
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350 T ' ' two mirror channel,3H andn,*He with the MTI-IIl po-
tential using the LIT method and the CHH expansion. For
280 - i the first time a microscopic calculation for these reactions
3 has been carried out taking fully into account final state in-
210 - i teraction also beyond the thr_ee- and four-body bre_akup
i thresholds. The pronounced dipole resonance found in the
= total photonuclear cross sectiofb,27 is almost exhausted
© 140 by the two-body break up channel. THele(y,p)®H and
B “He(y,n)°He cross sections we obtain have a very similar
70 b ] structure. Both show a pronounced giant dipole resonance
peak at low energy as obtained in a previous calculation of
0 the total*He photoabsorption cross section with the sahe
20 120 potential model. This low-energy behavior of the cross sec-

tion is in agreement with the experimental data of Refs.
. [4,5,8-10,14,15,19 whereas other measurements
~ FIG. 7. More-body breakup cross sectigame dotted curve as 112 13,17,18show less strength. At higher energies there are
in Fig. 6). “He(y,pnd (full symbols and“He(y,2p2n) (open sym-  1,0h |ess differences among the experimental data and one
bols): experimental data up to 1983 from R480| (upward tri-  finqs o rather good agreement with the theoretical results.
angles, Ref. [31] (square} Ref. [32] (circles; experimental data &\ jndirect determination of the sum of three- and four-

after 1983 from Ref[33] (downward triangles body breakup cross sections shows an overall fair agreement

dimensional integralgat present Monte Carlo integratigns With the sum of three- and four-body breakup data.
and thus a considerable improvement of the numerical cal- V& hope to have convinced the reader that further theo-

culation. At present this discrepancy has to be considered 4§tical and experimental efforts are necessary for a better
nderstanding of théHe photodisintegration. The present

an estimate of the uncertainty of our result. This uncertaint)}“'h ical I full . | q
is in any case smaller than the error bars of available experfn€oretical results are fully consistent and complete regard-

ments in that energy range ing the treatment of the dynamics in the initial and final state,
Figure 6 also shows an indirect determination of thethough obtained with a simplN potential. In order to con-

three- and four-body breakup cross sections, which is obl'™ the size of the giant dipole peak one would need a more

tained by subtraction of théHe(y,p)3H and *He(y,n)3He _reqlistic description of this process considering modern real-
cross sections from the total photoabsorption cross section fztic NN potentials together with a three-nucleon force.
the region where significant differences are found. This
more-body breakup cross section is shown in Fig. 7 together
with the three- and four-body disintegration data. Though We would like to thank M. A. Marchisio for supplying us
there are some differences at lower energies and the peak with the computer code for the Lanczos algorithm. S.Q. ac-
the theoretical cross section is more pronounced, one findenowledges ECT for support. The work of N.B. was sup-
an overall fair agreement between theory and experiment. ported by the Israel Science Foundati@rant No. 202/02

In conclusion we summarize our work. We have calcu-V.D.E. thanks the Department of Physics of the University of
lated the total photodisintegration cross sectiofité in the  Trento for support and hospitality.
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