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Two and three nucleon induced photon absorption

E. Oset
Departamento de Bica Téaica and IFIC, Centro Mixto Universidad de Valencia-CSIC, 46100 Burjassot, Valencia, Spain

A. Ramos
Departament d’Estructura i Constituents de la Mdéde Universitat de Barcelona, Diagonal 647, 08028 Barcelona, Spain
(Received 27 March 1995

We have investigated the mechanisms leading to two and three body photon absorption in nuclei. At photon
energies around the pion production threshold we obtain a fraction of three body absorption of less than
10% of the total, contradicting previous theoretical claims that it dominates the absorption process. The
strength of the three body channel grows smoothly with the photon energy reaching a maximum of about
60% of the total direct absorption at energies of the photon around 400 MeV.

PACS numbsd(s): 25.20.Dc

[. INTRODUCTION way of photon absorption is usually addressed as indirect
photon absorption and has proved to be very important at
The subject of how many nucleons are involved in photorenergies around th& excitation and above in ligHi6] and

absorption in nuclei is bound to follow a similar trend as theheavy[7] nuclei.
same guestion in pion absorption. This latter topic has at- In Ref. [8] it was suggested that the whole strength of
tracted much attention experimentalij and the findings in  photon absorption around the pion production threshold
medium and heavy nuclei support a picture of pion absorpeould be due to genuine three nucleon mechanisms in the
tion where the two nucleon mechanism is largely dominankense used here. Comparisons of this model with estimates
at low pion energies but the three body mechanism becomest two body absorption, based upon the empirical quasideu-
more important as the energy increases,_ reaching a maximuggron model, were made in RdB] and reinforced the idea
aroundT =250 MeV where its strength is about one-half of {hat photon absorption should be dominated by three body
the total absorption rate. The experimental findings fo”OWabsorption around pion creation threshold. However, calcu-

closely the theoretical predictions of RE2] calculated Up to  |54ions of the two body absorption channels at the same en-

T,.=400 MeV. A semiphenomenological evaluation at ener- ; ;
™ ~ergy[5] show that the two body mechanisms provide a rea-
gies above thé resonance shows the three body absorptio 0y 5] y P

lavi " le than the two body ofg] Yonable reproduction of the experimental ddf@—12.
playing a smailer role than the two body ortg. . On the other hand some experimental analyses around the
When talking about two and three body absorption one N .
e ) X . same photon energy ire(e’) reactions came to suggest that
must clarify its meaning. Usually many particles are in-

volved in the process of pion absorption. For instance a pi0|11hree body absorption might account indeed for a consider-

can undergo quasielastic collisions with other nucleons be"Elble fraction of the total absorption raf&3]. Some other

fore it is finally absorbedi4]. On the other hand the nucleons dat@ in light nuclei suggest smaller fractions of three body
coming from the quasielastic collisions or pion absorption@2S0rption[14]. The experimental situation is now experi-
can scatter with other nucleons on their way out. Hence on€NCing & boom and plenty of data are being analyzed, which
distinguishes the genuine absorption mechanisms as the on@ould shed light on these issyds.
step processes where the pion is absorbed, leaving apart ini- Meanwhile the idea of Ref8] stimulated an interesting
tial state interaction of the pion or final state interaction ofwork on two nucleon induced decay[16] which had re-
the nucleons. In terms of Feynman diagrams for the proceggercussions on the neutron to proton indudedecay ratio,
it means that genuine absorption diagrams are those whemme of the puzzles il\ hypernuclear decall7]. The idea
on shell pions and on shell nucleons do not appear in thevas caught in Ref[18], improving on several approxima-
intermediate lines of the absorption amplitude. Since the partions of Ref.[16], with the result that the two nucleon in-
ticles involved in the diagrams will be off shell, they are duced channel represents about 15% of the one nucleon in-
short lived and the process is of relatively short range. duced channel, but still can have large repercussions in the
Similarly, when we talk here about genuiiter direch experimental analysis trying to extract the ratio rofto p
photon absorption we refer again to mechanisms in whiclinducedA decay. The steps given in Ref46] and[18] have
real pions or real nucleons are not present in intermediatiid the ground for an accurate evaluation of the three
states in the absorption amplitude. The contribution of sucmucleon mechanism suggested in R8].for photon absorp-
mechanisms in the region of dominance of théhas been tion and its comparison with the two nucleon mechanisms
studied in Ref[5]. In addition to this, one has alternative studied in Ref[5]. This is the purpose of the present work.
mechanisms for photon absorption in which a real pion isThe analogy with the two nucleon and one nucleon induced
created through they(7) reaction and the pion is subse- A decay in nuclei is apparent and we shall closely follow
quently absorbed by two or three nucleons. This alternativ&kefs.[16] and[18] in the evaluation of the absorption rates.
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FIG. 1. (a) Photon self-energy diagram obtained by folding the
yN— 7N amplitude. The circle indicates the sum of the terms of
this amplitude.(b) Photon self-energy diagram obtained from the
one in(a) when the pion is allowed to exciteh. The cut in the
figure (dotted ling corresponds to two nucleon photon absorption.

The details of the formalism and the approximations used arf

presented in Secs. II-IV. The results are shown and di

S_
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FIG. 2. Diagrammatic representation of ti photonuclear
excitation piece, including\ self-energy corrections. The dotted
lines indicate the sources of imaginary part of the photon self-
energy when the internal lines cut by the dotted line are placed on
shell. The cut in(@) accounts for the ¢, 7) channel, the one ifb)
for y absorption by two nucleons, and the onddpfor corrections
to (y,m) when the pion, in the pion exchange included as part of
the interaction, is placed on shell. The cut (d) accounts for
2p2hls excitation. The cut in(e) accounts fory absorption by
three nucleons.

herell(k,p) is the self-energy of a photon of momentlm
In nuclear matter of density. A local density approximation

cussed in Sec. V. Finally, Sec. VI summarizes our concluis implicit in Eq. (1) sincep is substituted by(r), the local

sions.

Il. GENERAL CONSIDERATIONS ON PHOTON
ABSORPTION IN NUCLEI

The many body approach followed in RefS,7] offers a
unified treatment of all the reaction channels in photo

n

density of the nucleus, and an integral is done over the whole
nuclear volume. This approximation was found to be ex-
tremely good in Ref.[5], where it was mathematically
proved that folding the local self-energy with any finite range
of the interaction leads exactly to the same cross section.
The imaginary part of the photon self-energy is obtained

from the many body diagrams when the set of intermediate

nucleus scattering. At photon energies below 500 MeV thos&t&(es cut by the dotted lines in Figs. 1 and 2 is placed on

channels are essentiallyy(7) and photon absorption by
nucleons. The starting point in Rd5] is a model for the
elementaryyN— 7N reaction, similar to the one of Ref.
[19], which contains the pion pole, Kroll-Ruderman term,
nucleon direct and crossed terms, ahdlirect and crossed

shell in the intermediate integrations, a procedure which is
easily implemented in terms of Cutkosky rules. In Fig. 2 one
can see that the cuts ¢8), (c), and(d) lead to the ¢, w)
channel, while(b) leads to 2N photon absorption an) to

3N photon absorption.

terms. One can obtain photon self-energy diagrams by fold- L€t US concentrate in diagrate) of Fig. 2. The evalua-

ing the terms of theyN— 7N amplitude and summing over
occupied states. Such terms are depicted in Fig). JAt
higher orders in the nuclear density the pion in Fi¢p) is
allowed to interact with the medium, exciting a particle hole
(ph), for instance, as depicted in Fig(b). Higher order
terms in the nuclear density are also considered in éf.
As an example we show in Fig. 2 terms involving one, two
or three occupied nucleons or, equivalently, terms linea
guadratic, and cubic in the nuclear density approximately.
The total y nuclear reaction cross sectipomitting the
negligible Compton and cohereny,(r®) channel}is given

by [5]

@

g

1 -
‘EJ &3 ImII(k, p(F)),

tions in Ref.[5] are done omitting the on shell pion in the
interaction line(serrated ling closest to the photon in the
figure. This is done to obtain the genuine absorption contri-
bution. Assume for a moment that the interaction line corre-
sponds to a pion and the pion is on shell. The process then
qualifies as a ¢, ) step followed by the absorption of the
pion by two nucleons, which is what we call indirect photon

’rabsorption and is evaluated in Re¢f]. This latter result

looks intuitive but an analytical proof can be found in Ref.
[20]. At photon energies where the pion has a kinetic energy
of around 100 MeV or more, the propagation of these pions
in the nucleus can be done accurately in terms of a Monte
Carlo simulation[21] where the real pions move along clas-
sical trajectories between collisions or before absorption,
with probabilities for these processes calculated with the
many body scheme of Rdf5]. However, if we assume once
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momentum when evaluating the amplitude, which then be-
comes well behaved. In nuclear matter, the nucleon states are
plane waves; hence, the pion momentum is well defined for a
given final state configuration and no momentum integration
is required in the amplitude. Therefore, the cross section,
obtained by squaring the amplitude and integrating over the
final nucleon configurations, is infinite since it involves inte-
q grals of 62 which are divergent. This might look like an
LT absurd result but it is not. It is the exact measure of what one
is evaluating there. Indeed, the physical meaning is illus-
trated in Ref[20] and corresponds to the probability per unit
length that there is &N— 7N collision times the probability
that the pion is absorbed by a pair of nucleons in nuclear
FIG. 3. Photon self-energy diagram accounting for the thregnatter integrated over the lifetime of the pion. S_inc«_a the pion
body absorption discussed in REg]. has become on shelits propagator has zero widthit can
live forever and the probability obtained is infinite. In finite

more one pion exchang®PB in the same interaction line nuclei, unlike in infinite nuclear matter, the real pion only
P! X ' ' lon I meets pairs of nucleons in the finite volume of the nucleus

and go down with the photon energy just below pion produc- e . .
tion threshold, then the OPE corresponds necessarily to and the probability is well behaved. In view of that it looks

off shell pion and the mechanism has become a genuine thri%e the answer 1S _clear: EvaI.ug_te thesg diagrams in finite
IpucleL This is certainly a possibility and indeed some calcu-

body absorption. This is so since in the photon absorptioI . d in thi it look h
diagram[just the lower half of diagrarte) below the dotted 'ations are done in this we]. However, if one looks at the
real situation in medium and heavy nuclei, where a pion can

line] there are no on shell pion or nucleon intermediate lines. <« e
The process involves the absorption of the photon by thredndergo two or three collisions before it is absorbed and each

nucleons and is a one-step process. of the emitted nucleons can undergo a couple of collisions
This latter mechanism is the one considered in Rgf.  before they leave the nucle(i21], it becomes immediately
although we have used a different language and motivatioflear that the Feynman diagrams associated with these pro-
in order to put the mechanism in a general framework in thecesses in finite nuclei become technically prohibitive. Not in
light of recent findings in photoabsorption. On the othervain, these finite nuclei calculations are only available in
hand, such a contribution for the excitation pieces in Fig. very light nuclei like *He [6].
2 is also considered in Ref2] and[5], but this is irrelevant The realization of this complexity is what has forced
for photon absorption around pion threshold because, gseople to tackle these problems with multiple ramifications
shown in Fig. 49 of Ref[5], photon absorption at these using cascade methods, like the Monte Carlo simulation of
energies is practically all given by the nonresonant terms, le@efs.[7,21,29. The separation of the contribution where on
essentially by the Kroll-Ruderman and pion pole terms in theshell pions appear in the final state is mandatory in such
yN—aN vertex. The three nucleon mechanisms discussegrocedures. The methods are precisely based on probabilities
above, but driven by the background ternen-A termg in  of genuine processes where no on shell particles can appear
the yN— 7N amplitude, were not considered in REB] and a5 intermediate states in the corresponding amplitudes. Then

the assumption was made that the proportion of three body tg,o process which we have discussed, where a real pion ap-
two body absorption would scale, as a function of energy.

like th ; i which he th bod n]pears after the, 7) reaction and is subsequently absorbed,
ke the resonant pieces, in which case the three body termg naturally treated as a two-step process in the Monte Carlo
would be negligible at the low photon energies where the

X . simulation, hence the need to be excluded as a genuine pro-
nonresonant absorption dominates. However, the expected e .

. ) ) i cess. Thus only processes with finite probability appear as
detail of the coming experiments and the existence of pub:

lished work claiming a dominance of theN3mechanism input in the simulation. Furthermore, the two-step processes

around pion threshol@8,9] call for a careful evaluation of which had an infinite probability in infinite nuclear matter
this mechanism which we conduct in the next section. become finite, since the nuclear size is taken into account

The distinction between genuine and nongenuine thre@Nd when a pion leaves the nucleus it can no longer be scat-
body absorption might look artificial or just a question of tered or absorbed by the nucleons. _ _
taste. This would be so if, in evaluating the amplitudes of the The former discussion justifies the separation of genuine
Feynman diagrams, there is an integration over the variablrocesses from the theoretical point of view. However, this is
of the pion propagator which can become singular, as is thgot the only justification since experimentally, by means of
case in finite nuclei using nuclear wave functions, but not indetailed analysis and selection of events in different regions
nuclear matter. Let us clarify this. Take the amplitude corre-of the Dalitz plot, one can separate approximately genuine
sponding to the photon absorption diagram below the dottefom multistep processes. For instance, analysis of invariant
line in Fig. 3e) and look at the pion in the serrated line masses of pairs of outgoing nucleons leads to distinctive
closest to the photon. The pion propagator can become sipeaks theoreticallj20] and experimentallj23] if they come
gular (pion on shell and must be split into a principal part from the absorption of a real pion, and this can distinguish a
and aé function. In finite nuclei the nucleons have a mo- (y,w) event followed by absorption of a real pion from a
mentum distribution and one must integrate over the piorbackground of genuine three body absorption.
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IIl. TWO AND THREE BODY ABSORPTION and pion pole terms are given by
AROUND PION THRESHOLD

By following the formalism of Refs[16] and [18] we —jtkR= iei\/f(;- eF _(k—q),
would like to evaluate the photon self-energy corresponding M
to the diagrams of Figs.(lt) and 3 around the pion threshold. ¢ 1
The results of Fig. 49 in Ref(5] indicate that theA-led _PP_ o SRS _
terms account for less than 10% of the direct two body ab- It _e,U«z V2¢-q0-(a-k (q—k)z—,U«zF”(k D,
sorption cross section at this energy. Thus, we only consider (2
here the Kroll-Ruderman and pion pole terms which are the R
dominant nonresonant terms in tw_) N amp||tude[5] Wheref2/477=0.08,6 is the photo_l:]_)p0|arizati0n veCthe
there. They only contribute for charged pions up to a smalwork in the Coulomb gauge®=0,ek=0), andF .(k—q) is
contribution in theyp— 7°p case which we neglect. We also a monopole form factor witth .= 1300 MeV which we take
neglect terms of ordex/2M in the charged pion amplitudes, from Ref.[24]. The + (—) sign in Eq.(2) stands for the
wherex andM are the pion and nucleon mass, respectivelyreactionyp— 7" n (yn— = p).

All these terms introduce corrections of order/2M)? in In spin-isospin saturated nuclear matter, the photon self-
the final result of the photon self-energy and can thus benergy for the sum ofr™ and 7~ exchange in the diagrams
disregarded. With these simplifications the Kroll-Rudermanof Figs. Xb) and 3 is given by

. diq 1 . R — o
—|H<k>=2JWlZUN<k—q)[|Do(q>]2[—IHw(qn; 2 2 (=ine=ith, &)

whereU(k—q) is the Lindhard function foph excitation,Dy(q) the pion propagatot,the yN— 7N amplitude, and1* the
pion self-energy. We sum over initial and final spins of the nucleons frand average over the photon polarization.
In order to obtain Inil we apply the Cutkosky rulgf25] adapted to the present case,

T1(k)—2i ImII(k),
Un(k—a)—2i 8(k°—q°)ImUy(k—q), 4
IT%(q)—2i 6(q°) ImIL%(q),

and we obtain

4

| -
lmH<k>=—f—q ImU(k=) 8K~ o(@)Do(@?mIT3 @S S 3 12 5)

(277)4 Si St

where the sum and average [0 is given by

> 2 2 tP=Fik-q)|T/?, (6)
A Si Sf
with
f2 2., (k@) 1 ., (k-g)?
|T|2:492? P1+2m (q_k)z{qz_ K2 P2+2(q 7= 2 q?— | Ps (7

and Pl: P2: P3: 1

The results of Eqs(6) and(7) must still be corrected for effects of nuclear polarization and short range correlations. The
polarization would account for the random phase approximdf®###A) diagrams depicted in Fig. 4. We follow here the same
steps as in Ref5] to include both effects. The details needed for the present case are presented in the Appendix. When these
corrrections are implemented E@) is replaced by
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d4q 0 0 0 ~ - - 2
ImH(k)=—fW ImUpn(k—=q) 8(k"—=q~) 6(q")[Do(q)F () F (k=) =Do(a)F -(Q)F -(k—q)]

£2/ 42)GAmIT* (q) —
><( #7)97Iml ”(qZ)ITIZ, ®
| 1=V ()T ()]

whereD,,F . are the same functior®,,F . but substituting Although the sum of Eq(8) and(11) seems to consist of
42 by g%+ g2 with g.~780 MeV. On the other handiT|2is & numerator with & function, from InDg(q), and a broad
given in Eq.(7) taking the values oP,, P,, andP; defined ~ Peak, from|1—V (q)IT%(q)| "2, one can see, by summing
in the Appendix. In Eq(8), V. (q) stands for the longitudinal @nalytically the two terms, that there is only a broad peak
part of the spin-isospin interactidisee Eqs(A2) and (A3) around the renormalized pion pole with a width related to

of the Appendi3, andIT* is related toll* by means of ImH’Z*th_. The whole strength corresponds now to a pion in
the medium. However, because of the spreading in momen-

. f2 P tum space of the pion strength, some regions of the spectrum
7 (q)= s FZ()II7(q), (9 cannot show up as a physical asymptotic pion because they
would violate energy and momentum conservation, and they
wherell*(q) is the irreducible self-energy in the sense thatare forced to appear ap2h excitations of the pionic mode.
none of the diagrams it contains consists of pieces connectefl Order to evaluate the pion emission rate we take here the
by V, . same prescription as in Reff18] which leads to realistic

We now splitﬁ* in the numerator of Eq8) into its three rates of pion e_missi(_)n in th& nuclear decay. For this pur-
components pose we substitute, in E¢l1),

IT7.(q) =T pg0(a) + HXH(Q) + T155n(a), (10

. ) i wherew(q) is the modified dispersion relation of the pion in
corresponding to the coupling @h, Ah, and 202h excita- e medium given by the solution of
tions and defined in EqA4) of the Appendix. Below the
pion threshold we have IR, =0, and then the contribu- ®2(q)—q?— u?—1I (&(q),q)=0. (13
tions proportional to Iffl},,,, or to ImIl}_,, correspond to .
photon absorption by twg nucleons an[():i three nucleons, re-I:he functionl .,
spectively, since one extra nucleon is implicit in

ImDo— ImD(q)=—m5((q°)*— &*(q)), (12

*
ImUy(k—q). As we have commented in former sections the ,(q)= _HZL (14)
two nucleon contribution is the one considered in Ré&i. _ f—g’lT*(q)
while the three nucleon contribution, obtained from the term ues o

proportional to Inil3,,,, will be new. . . , ,
We shall also extrapolate the results of this new channef the pion proper self-energy, which excludes those dia-

to energies a bit above the pion threshold. Here one mu rfmsh\_/w:]h p'efe;' gort}?ec(tfd by one pion etxghaémlgﬁlfe full
deal also with the pion production channel. In this case, sinc which exclude e diagrams connected Dy the Iu

* . . . L, i.e., those connected by one pion exchange plus those
ImlI;,, =0 when the pion is on shelho pion absorption by e g byg’, the parameter of the induced Landau-
one nucleoh there is no admixture between the pion pro-

. ) Migdal interaction.
ductloq mode_a*nd the two nucleon.absorptlon channel. How- In order to extract the three body absorption contribution
ever, since Inlz,,,70 when the pion can be on shell, the j, the present case we evaluate the totalTifilom the sum
two modes are mixed and a separation must be made. In Reft £qs. (8) and (11), subtract the two body absorption con-
[7] this is done with the help of a Monte Carlo simulation, by trinution obtained from Eq. (8 by keeping only
Ibettlnhg adplon be pr;)ngcedhaccr(])rdmg to the prol:r)]ablht)r/] g'r\]'enlmH’l*plh(q) in the numerator, and then subtract the pionic
y the diagram of Fig. (), then propagate through the contribution with the prescription given above. The results
nucleus, and eventually be absorbed by two nucleons. As w re discussed in Sec. V.
mentioned, this gives rise to the phenomenon of indirec U
photon absorption. At very low pion energies we can take
advantage of the fact that pions are little absorbed to make a
simplified, yet realistic, calculation.

The first step is to add the pionic decay channel of Fig. As we go to higher energies, the excitation becomes
1(a) to our results of Eq(8). This is easily done by means of gradually more important and, at energies 300 MeV
<E,< 500 MeV, photon absorption is dominated by the
terms(see again Fig. 49 of R€ff5]). In pion nucleus scatter-
ing the three body absorption has a maximum of about
5 = 60% of the total at energies,.= 400 MeV. Here we should
XFZ(k—q)ImDo(q)|T|*. (11)  expect the same since at photon energies ardye 400

IV. THREE BODY PHOTON ABSORPTION
AT HIGHER ENERGIES

d4
ImIT9) (k) = — f ﬁ ImU (k—q) 6(k°~ g% 6(q°)
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MeV the total absorption iA dominated in about 90%. As a body absorption terms in th# region is done and hence we
consequence we expect a curve for the ratio of direct twamit the details here. We simply summarize the most impor-
body photon absorption to the total direct absorption prettytant elements in order to establish the connection with the
much the same as the one given in Fig.(44lid line) of Ref.  evaluations done in the former section. Thexcitation con-
[2]. tribution to the photon self-energy is given by Eg4) of

In Ref.[5] a detailed evaluation of the two body and threeRef. [5],

¢ 3)24»2 § T(k+p)+Colplpo)*+ Caalplpo)*+ Caslplpo)” s

(A (1) — ap *( —]
ImII (k) 4J (27T)3n(p) w gkc.m. |\/§—MA+%|f(k+p)_2A(k+p)|2

wheref =0.12 is theyNA coupling constantp is the mo-  counts for corrections toy, ) and is included in the&Cq
mentum of the nucleon in the Fermi sda,, the photon term, and there is also a term includedGRz which corre-
momentum in theyN center of mass syster#, the Pauli SPonds to Fig. 5. _ .
corrected A width, and Cq,Cp,,Cas coefficients of the For completeness we should also mention tha_t in Fef.
terms of the imaginary part of tha self-energy related to & Néw source of genuine three body absorption is calculated
the (y,7) channel, two body, and three body absorption,i€d to theyN—azN channel, instead of thgN— N to
respectively. Analytical parametrizations of these coefficientdVNich the former pieces are tied via exchange current
can be found in Ref26]. mecharpsms. The corresp_ondlng dlagram is shown in Fig. 6.
Equation(15) corresponds actually to the diagrams of Fig. It contributes only appreciably at energies above shee-

2, where iterationgin the Dyson sengef the A self-energy giO(I;L For instance, & =450 MeV it contributes about 10—
insertions in the figure are implicitly assumed. This is auto-L> % ©Of the cross section, which is a sizable fraction of the

direct photon absorption cross section.

The results for the totay cross section and direct photon
absorption can be found in RdE]. In the next section we
show the splitting of this cross section in two and three body
contributions.

matically done by adding the proper self-energy to the
mass in the\ propagator. The imaginary part of thepropa-
gator is the fraction appearing in E@L5). The sources of
ImX, shown in the numerator can be traced back to th
contribution of the diagrams in Fig. 2. The term wikhis
associated with diagraia) [ (y, )], the term withCq, to the
cut in diagram(c) [correction term to 4, )], the term with V. RESULTS AND DISCUSSION
Ca» to diagram(b) (two body absorption and the term with

Our results for direct two and three nucleon photon ab-
Cas to diagram(e) (three body absorptionDiagram(d) ac- P

sorption are shown in Fig. 7 as a function of the photon
energy for two different nuclei?C (solid line) and 2°%b
(dashed ling We observe that the two body absorption re-
sults are consistent with those obtained in R&f. The three

FIG. 4. Photon self-energy diagrams, with Kroll-Ruderman and
pion pole terms in theyN— 7N amplitude, showing the medium
polarization through RPAh and Ah excitations induced by the FIG. 5. Three body absorption diagram also included in Eg.
pion. (15).
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100 200 300 400 500 800
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FIG. 8. oa3/0a,: ratio of three to two body direct photon ab-
sorption in!2C as a function of the photon energy. See explanation
in the text.

problem. As was shown in Ref18], neglecting this leads
again to an overestimate of the rate. Furthermore, the nuclear
FIG. 6. Three body absorption diagram considered in Rgf. polarization effects discussed here also lead to a reduction as

and which provides contribution above theresonance region. was shown in Refl5]. The apparent good results compared

to the data obtained in Refi8], using only the three body
nucleon absorption cross section is very small, of the ordefPsorption channel, are not surprising in view of the previous
of 2-12 % of the two nucleon absorption channel in thediScussion and the fact that there was a cutoff parameter in
range 100 MeV<E, <200 MeV. These results show that Relf. [?:]. WhéCh Wai adjur?ted to lf't tpe dr?ta. oo/ .
photon absorption around pion threshold is essentially a twg, n Fig. 8 we show the results for the rattgsz/oa, 0

body process(leaving apart final state interaction of the . ee to two body direct photon apso_rption.li?{.: as afunc-
nucleon$ and strengthens the results obtained in RES$. tion of the photon energy. A very similar ratio is obtained for
and[7] heavier nuclei like?*®Pb.

One can wonder why these results are so much smaller Thg cufrves in_':ligb?vla(f obztggn(;/(lj 35 follows. '(Ij'he line
than those obtained in ReBJ. For this purpose let us recall SPanning frome, = evio eV corresponds 1o a

that several approximations were done in R, which calculation in which only the Kroll-Ruderman and pion pole

necessarily lead to a larger three nucleon absorption rate. d rms are included in th?N_’WN ampl?tude. These are thg
the one hand a constant density: p, was used in Ref8], ominant ones for energies around pion threshold. The line
while we use here the local density approximation. Since th§Panning frome, =180 MeV up to 540 MeV corresponds to

three body absorption terms are roughly of org&rone can photon absorption led by th& excitation terms alone which
see from Eq. (1) that oas/A is proportional to are calculated from Eq. (15). These two curves are dominant

[d3 p3(r)/A=Cp2. Using ar-dependent density we obtain at low (<150 MeV) and high energies¥300 MeV), respec-
C=0.32. 036 a(;]d 0.66 fof2C, 60, and 2%%Pb, respec- tively, and, as we see in the figure, they cross each other
tively' while C=1 for a sphere of constant denéw on  aroundE,=210 MeV which is also a transition point for the
the o'ther hand a pion self-energy independerm%fs.also dominance of the two types of mechanisms. A calculation

employed in Ref[8]. This does not provide the necessary off co_n':ammg a;'.l terms togetherr]_wr?uld r?der%]e the results of F'?H
shell dependence of the self-energy needed for the preser81ttm 0 a continuous curve which woulld show up as a smoo

interpolation between the two curves around the crossing

region. This is indicated by the dashed line, which is merely

100 . a guide to the eye. Inclusion of the extra terms considered in

i - ] Ref.[5] at higher energies does not change the figure much,

T 1 with the background terms adding to two body absorption

] and the contribution from Fig. 6 to three body absorption.
\ Hence, the line in Fig. 8 spanning fro,= 100 MeV to 550
r 1 MeV gives a fair account of the predictions of the model of

Ref. [5] complemented with the background three body ab-
sorption terms introduced in the present work. We can sum-
marize our findings by saying that two body absorption is
dominant at low energies but from energigs=400 MeV

on the three body contribution is sizable and comparable,
even bigger, than the two body one, as was also found for

_ _ three body pion absorptidi2].
FIG. 7. 044/ A as a function of the photon energy for direct two

Uabs/A (,LLb)
(@]
o

body and three body absorption. Upper two lines: two body absorp- VI. CONCLUSIONS
tion. Lower two lines: three body absorption. Dashed lines are for
20%pp and solid lines for?C. Only the Kroll-Ruderman and pion In view of theoretical claim§8] that photon absorption at

pole terms are included in theN— 7N vertex. energies around pion threshold is dominated by three
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nucleon absorption_ a_nd t_he contradiction with other_ theoreti- VphE{VL(q)qiqj +V1(q)(8; —éliflj)}, (A2)
cal claims[5] that it is given by two body absorption, we

carried a thorough investigation of the three nucleon channevith

incorporating all the theoretical ingredients that have proved 5

relevant in recent studies of photon nucleus interaction. The V()= f—z[ﬁzFi(Q)Do(QHQ'],

experience gained in the study of one nucleon and two 2

nucleon induced\ decay[16,18, which is analogous to the
present problem, was of much use. The results obtained here
give photon absorption rates by three nucleons which are of
the order of 10% or less than the two body one around pion
threshold and stresses the two body dominance of the photéh =0-6, D, the p propagatorC,=2, andF,, the monopole
absorption mechanisms at these energies. The large resusform factor with A ,=2500 MeV [18]. Another version
obtained in Ref[8] were traced back to different approxima- UsingC,=3.96 andA ,= 1400 MeV[24] leads basically to
tions used there, all of which magnified the relevance of théhe same results. The functidii; , related toll; by means
three body channel. At large photon energies dominated b9f EQ. (9), contains, as shown in Eq10), ph, Ah, and
A excitation the situation is different and, analogously to the2p2h excitation terms given by

results obtained in pion absorption, which uses the same in-

f2
vT<q>=7[q2F§<q>Dp<q>cp+g']. (A3)

put for theA self-energy as the study of photon absorption in H’fplh(Q) =Un(9),
Ref.[5], one finds here that the ratio of three body absorption — B
to two body absorption increases smoothly from a few per- I3n(a@)=Ua(a),
cent at energies around pion threshold up to a ratio close to 2\ -1
1.5 at photon energies around 400 MeV, or equivalently, ;th(q):—A].qT Recgp?l(_z)
three body absorption represents there about 60% of the total H
absorption. PH(q%q.p) [ f2) 1
We expect that the coming photon experiments will shed —idm |mC6p§ﬁ;(—2 ., (A4)
light on this issue much as the experiments in R&f.have PH(u,0per) | 1

;hed mugh Ii'ght on the question of the number of ”“Cleon%hereu,\, ,U, are the ordinary Lindhard functions forh or
involved in pion absorption. Ah excitation[27] with the normalization of the appendix of
Ref.[28]. We use the valu€} =(0.105+i0.096)u © [18].
ACKNOWLEDGMENTS The functionPH takes into account the phase space avail-

We wish to acknowledge financial support from the EU ablti for real D2h excitation with incoming momentum
under the program of Human Capital and Mobility Contractd®,d in nuclear matter at densiy. Explicit expressions for
No. CHRX-CT 93-0323. This work has also been partly sup-PH can be found in Eqs27)—(31) of Ref.[18].
ported by CICYT Contracts Nos. PB 92-0761 and AEN 93- What one has done in E¢A4) is to take the empirical

1205. input for IT3,,, from pionic atoms and extend it to off shell
situations. This is done by multiplying the on shell values by

APPENDIX: POLARIZATION the ratio of phase space fop2h, at the appropriate values

AND CORRELATION CORRECTIONS of q°, g, and p, to the one for the case of pionic atoms,

o _ “namelyq®=u, q=0, andpes=0.7%, [29].

The nuclear polarization effects proved to be importantin - on the other hand, Fig. 4 contains also the polarization of
Ref. [5]. We show here how they are incorporated in thethe ph excitation on the left of the diagram of Fig(t.
terms which we are considering. Nuclear polarization effectsrhese corrections must also be implemented in the diagram
are taken into account by summing up the RPA diagramgf Fig. 3. This affects in a different way the three contribu-
implicit in Fig. 4. We follow here the steps of Sec. 9 of Ref. tjons to |T|2 in Eq. (7). The first term corresponds to the
[5]- On the one hand we must substitute square of the Kroll-Ruderman term while the other two cor-

N respond to the square of the pion pole term and the interfer-
- 'me(_Q) (A1) ence of the two terms. The polarization can be taken into
1=V (@)IT%(q)|? account modifying the terms in E¢7) as done in Sec. 9 of
Ref. [5]. Each term is multiplied by the factde;, with

ImIT7 (q)

whereV| (q) is the longitudinal part of th@h interaction, i=1,2,3, respectively, where
1 3?1 1 3?1
P,= — 5 9q92_ 1—cos )+ — 5| 1- 9q$2—(l—c0§0) ,
|1-Vi(k—)IT* (k—)|? (k—q)* 2 |1=Vr(k—a)IT* (k— )| (k—q)*2

1

P,=P,= — ,
2 1 VU= Q)T (k— ) |2

(A5)
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and @ is the angle betweek andd.

The difference in the three terms appears because the first term is a mixture of spin longitudinal and transverse parts, while
the other two are of pure spin longitudinal nature.

The polarization takes into account long range correlations. One must still correct for the effect of short range correlations
and this is done again following the steps of Réf.(Appendix D. We use here a simplified version of this latter work, which
leads practically to the same results, and consists in replacing

Do(Q)F 7(Q)F ,(k—a)—Do(Q)F (q)F -(k—q) = Do(q)F ,(Q)F ,(k—0), (A6)

whereﬁo,lzw, are the same functiori3g,F . but substitutingﬁ2 by 62+ qﬁ, whereq,=780 MeV is the inverse of a typical
nuclear correlation distand&0].
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