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Nuclear photoabsorption at photon energies between 300 and 850 MeV
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We construct the formula for the photonuclear total absorption cross section using the projection method and
the unitarity relation. Our treatment is very effective when interference effects in the absorption processes on
a nucleon are strong. The disappearance of the peak around the positionDof;tftesonance in the nuclear
photoabsorption can be explained with the cooperative effect of the interference in two-pion production
processes, the Fermi motion, the collision broadeningd @nd N*, and the pion distortion in the nuclear
medium. The change of the interference effect by the medium plays an important role.
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I. INTRODUCTION hand, the experimental total cross sections on nuclei show
that the above valley is almost filled up. Furthermore, it is
The total photonuclear absorption cross section has beerery interesting to note that the mass number dependence of
measured over broad mass number and in the energy rantgial cross sections quite vary with the photon energy as
300-1200 MeV at Franscdti—3]. Especially, it was noted follows: A®® around 300 MeVA®’ around 500 MeV, and
that the excitation peaks around the position offhg (1520  A%®> around 750 MeV. We will discuss whether the mass
MeV) andF,5 (1680 Me\) resonances disappear and abovenumber dependence of total cross sections can be explained
600 MeV there is a strong reduction of the absolute value oby our theoretical treatment and speculate what one can learn
the cross section per nucleon compared with the data fdirom the comparison of our results with the data.
hydrogen4,5] and deutrorj6]. These experimental findings  In Sec. Il we derive the formula for total nuclear photo-
have been confirmed by the contemporary data on the phot@bsorption cross sections and in Sec. Ill, numerical results
fission cross section of3U [7] and 2%®U [8] obtained at and discussions are given. Section IV contains our conclu-
Mainz up to 800 MeV. There were a couple of theoreticalsions.
attempts to explain the strong reduction of the cross section
[9-11]. _It_was necessary for them to assume large value_s for Il. FORMALISM OF TOTAL NUCLEAR
the collision widths of thepm andF 5 resonances to e>§pla|n PHOTOABSORPTION CROSS SECTION
the above strong reductid®,10]. However, it was pointed
out in Ref.[11] that such significantly increasing resonance The total photoabsorption cross section is propotional to
widths were hardly justified. These theoretical analyses mughe imaginary part of the elastic Compton scattefingatrix
miss some important effects other than the collision broad¥,,:
ening. In the previous paper we pointed out that the disap-
pearance of the peaks around the position of the resonances
higher than thel resonance in the nuclear photoabsorption or= "~ T'mTw @
can be explained with the cooperative effect of the interfer-
ence in two-pion photoproduction processes, the collision )
broadenings ofA and N*(1520), and the pion distortion in =i—(T,,~T), 2
the nuclear mediurfil2]. Our finding means that the change v
of the interference effect by the medium plays an important
role. which is obtained from the unitarity relation. Hefk is the
In this paper we present a formula for photonuclear totahormalization volume and is the relative velocity between
absorption cross sections based on the projection operattite photon and nucleus. We will use this relation to derive
technique and apply our method to evaluate them in the exthe formula of the total cross section. The expession foifithe
tended energy region between 300 and 850 MeV. The expermatrix T, is constructed using the projection operator tech-
mental total absorption cross sections on a nucleon show thaique and focusing on the second resonance energy region
there is a fairly deep valley between the energy region of thevhere theN* (1520) resonance plays an important role and
A resonance and that of tHd* resonance. On the other the two-pion photoproduction prevails in addition to the one-
pion photoproduction. Th&* (1520) resonance can decay
into both thewN and 77N channels, whose branching frac-
*Electronic address: hirata@theo.phys.sci.hiroshima-u.ac.jp  tions are comparable, and itsmN decay occurs through two
"Electronic address: takaki@onomichi-u.ac.jp dominant modes, i.ezA and pN. The two-pion photopro-
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duction takes place mainly through thé\ andpN channels. 1 137 &P
So we include th&*, wA andpN intermediate states in our op== ﬁf "dp,
formalism explicitly. v 8m(ki)®Jo
Along the above lines, we introduce the projection opera- da dp
tors to separate the nuclear Hilbert space into the following f q P (2m)*8*(k+p;—q—p)
subspaces: the space of photon plus nuclear ground state (2m)® (2m)®

(P,), the space of both one-pion plus nuclear ground state 1

and one-pion plus nuclear one part_icle—hole stafeg (the X2 E tEt |<qtﬂpv’tN|Tply|k>\plv)

space of two-pion plus nuclear particle-hole states)( the Ao trodn

space of ondN* plus nuclear one-hole stateB (), and the 2

space of bothmA plus nuclear one-hole states apdplus x|29(|5|_ktN) (4)
nuclear particle-hole state®g), respectively. The remain- 2k2wqEp Ep

ing space is eliminated and taken into account in an effective

interaction. Using Eq(2) and the projection operator tech- Tp =T+ Ta+Tg, (5)
nigue, the total nuclear photoabsorption cross section can be

obtained as whereTy« andT, represent thé&l* andA resonance terms,

respectively and g is the background ternk, p;, g, andp

are the momenta of the incident photon, target proton, out-

going pion, and outgoing nucleon, respectively; , wg,

andE, are the energies of the target proton, outgoing pion,

and outgoing nucleon, respectiveFrandv denote the pro-

+ E 2m8(E—H P2P2)|szy|2+ QSN( _ 2|ng1p)) ton number and the r(talative velocity between the photon and
nucleus, respectivelk" is the Fermi momentum depending

. ) on the isospin quantum numbigy. The notation for all other

XQp,,tQp (—2IMW)Qp,,—A1— Azl () gpin-isospin quantum numbers are self-explanatory. Nhe

resonance term is expressed as

Q
or=7 > 2775(E—HP1P1)|TP1y|2

=+
Here H is the total Hamitonian of the system a'h'dslpl TN*:FwNN*GN*(S)FyPN*v (6)
=P;HP, and Hp,p,=P2HP,. The first and second terms
correspond to the one-pion and two-pion photoproduction, Gir (8)={ V5= [ My« () + SM s ]
respectively, and in this expression ﬂﬁematricesTply and +i(FN*(s)+FN*Sp)/2}*1, @)

szy do not include the final state interaction. The third and h \/_, h | ¢ dCws |
. . 5 . where s is the total center of mass energy+ andI"y« in
fourth terms describe the genuine many-body absorption perhe N* propagatoiGy are the mass and the free width of

cesses arising from the*, wA andpN intermediate states. N*, respectively, which are given so as to describe the en-

Qp,, and{dp,, are matrix elements of a wave operator andergy dependence of theN Djzwave scattering amplitude
W{) andw?) are phenomenological one-body operators deand the branching ratios at the resonance energy. As the me-
scribing medium corrections in the; andD, spaces. The dium corrections, we introduce the mass shiftl+ and
termsA; andA, appear due to the introduction of the one- spreading widtH v« s, due to the collisions betweew* and
body operatofvvg)) and are subtracted in order to avoid the other nucIeonsTF*PN* andF _y\+ are theyPN* and wNN*
double counting of the processes includedWiiy). A de-  vertex functions, respectively, of which detailed forms are
tailed derivation of Eq(3) and definitions of the above ma- given in Ref.[15], and the former operator corresponds to
trix elements are given in the Appendix. Fgly in Eq. (A21) which includes the vertex correction. The

Now we turn to discuss how to practically evaluate thep resonance terni¥, is written in a similar form withT g«
total cross section based on Eg). Below the second reso- pyt is important only at the low energy range less than 500
nance energy region, the contribution frofrhole states MeV. The effective yPA coupling constant including the
must be added to E@3) and is treated in the same way as vertex correction is obtained by the same way used in the
the N* resonance. Actual calculations for it are described infixing of the yPN* coupling constant. Here the Born term
the pages that follow. For the one-pion photoproduction, thevith the cutoff form factor employed in Rdf23] is assumed
T matrix is given in terms of thé andN* resonant ampli- as the background multipole amplitude. The Pauli blocking
tudes described by the isobar model and the remaining bacleffect for theA decay intorN becomes non-negligible at
ground multipole amplitudes. We employ the model by Ochilow energies, since the probability of the nucleon being emit-
et al. [16] for the two-pion photoproduction. For simplicity ted with a small momentum increases compared with the
we use the Fermi gas model for a nucleus. energy region of th&* resonanc¢24,25. Thus we include
The cross section of one-pion photoproduction off a prothe Fock term in theA propagator to modify the freé
ton in the nuclear matter is given in the laboratory frame byself-energy in addition to the collision width. The back-
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i A A d o rate such an effect from a more fundamental level, it could
5771 E FPP’\I\F‘::_“J be still applied to nuclear reactions as far as the present pur-
N G Nas20) [/ s N NG N1520) N

(b)

A pose is concerned.
The cross section of the two-pion photoproduction off a
proton is given by

L P FI R
/// /// \/\/\/\4\/\/\{,~ //// 1 32 kp ) d al d az dF_),
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: Where(il andﬁz are the momenta of the outgoing pions. The
(8) (b) medium-modifiedTp_, matrix is expressed as

FIG. 1. Diagrams for the two-pion photoproduction on a
nucleon and genuine many-body absorption processes on a nucleus.
(@ The N* — 7A contribution.(b) The N* — pN contribution.(c)

The A Kroll-Ruderman term(d) The A pion-pole term(e) The p
Kroll-Ruderman term.(f) The many-body absorption process
through theN*. (g) The many-body absorption process through the

A. (h) The many-body absorption process throughtie A is the The A Kroll-Ruderman term is written as
mass number of the target nucleus.

S d
TPZy:TAKR+ TAPP+TN*7TA+TN*7TA

+TpKR+ TN*pN . (9)

- +
ground amplitudelg is evaluated by using the experimental Takr=FznaGra(8,Pa)F akr: (10
multipole amplitudeq14]. We neglect medium corrections
for the background amplitude, because its energy depen- - - -
dence is weak compared with the resonant amplitude and Gra(8,Pa) ={VS= ©(Pa) ~[Ma(8,Ps) + M, ]
therefore the influence from these corrections to the total ; = > -1
cross section is expected to be small. The integration over T a(s,Pa) + Faspl2=Va(@z)}
final particle momenta in Ed4) is performed by using vari- (13)
ables defined in theN center of mass system. We are inter-
ested in th'e absolu'te valyes of' total nuglear photoabsorptiOf;]ereFWNA is the mNA vertex function, andF } cx is the A
Cross sec_tlons_. To investigate 't§ O_Iamplng effe_ct, we need Rroll-Ruderman vertex function. The detailed forms of ver-
model which gives a good description of two-pion photopro- i i ) > )
duction on nucleon. We use a simple model of Oehal.  tex functions are given in Ref15]. V.(q) is the pion self-
[16] where the total cross sections of its elementary pro€nergy due to the distortiomp, is the yN center of mass
cesses are fairly reproduced as shown in Sec. Ill by takingnomentum ofA and g, is the outgoing pion momentum.
into account the processes of Figg$a)t-(e). For simplicity, M, andI", in the propagato6 ., are the mass and the free
other possible diagrams obtained from the requirement of th@idth of A, respectively, and’M, and I'sp are the mass
gauge invariance and nonresonant background processes &f#ft and collision width, respectively. Here we assume that
neglected since these contributions are shown to be smathe one-body operatcw(szp) is given by the sum of the pion
[17]. Here we remark on the range parameter of pher  optical potential and thé. spreading potential. We neglect
vertex function in the diagrarfe). This range parameter was the medium correction for thp meson since it is far off
found to be rather small. Within our model, taking such ashell. The other terms in the right-hand side of E®). and
small value is only one way to fit the large cross section ofthe correction termi; are expressed in a similar way. The
yp— " n. Its smallness may be related to the enhancegetailed forms of fred matrices are given in Ref15].
ment of the mass spectrum of the exchanged isoveetor In addition to the one- and two-pion photoproduction pro-
system, which is derived from théN— 77 p-wave ampli- cesses, there are three genuine many-body processes which
tude, in the lower energy region below themeson peak are shown in Figs. (f)—(h). The cross section for Fig.(f)
[16,26. Although our model must be improved to incorpo- corresponds to the third term of E) and is given by
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; 1 37 fkpd 400.0 ‘( )
ON*(A-1) . = o3 Pl n*sps | AT.A. Armstrong et al. (1972) a)p ]
A7 v 8a(kP)3Jo 2 350.0 T M. MacCormick et al. (1996)
300.0 | ]
X E |GN*(S)<pN* VN*|prN*|k)\p1V>|2
Avenx 250.0
1 M :; 200.0
P1 150.0
The cross section for Fig(d) has a similar form to Eq12). 100.0
The cross section for Fig() corresponds to the fourth term
of Eq. (3) and is given by 50.0
p 400.0
oP f ki J ®)
TmaA-1Ty g (kp)S (2m)3 (277 3500 [ VT.A. Armstrong et al. (1972) 1
x[FAsp+2|mv,,<d>]<2w>35<k’+ P1—d—p) %000
250.0
>< G A(S, t tu|F5 =
2 %A | 7TA pA)<q va A| yPmA g 200.0
©
X |[knpyv)[? v (13 e
piv s
2k2wg E,;1 100.0

whereF,_, describes theyP— A transition correspond- 50.0

ing to Figs. 1a)—(d). To evaluate the cross section of Eq. _
(13), one needs to know the momentum dependende,gf 400.0 500.0 600.0 700.0 800.0

~ . . . MeV
and InV.(q). The widthI",, is assumed to be constant in EMeV]

the kinematical region where the processl—NN occurs FIG. 2. The total photoabsorption cross sections on a proton and
and zero outside this physical region. The second term res neytron. The dash-dotted line is the contribution of the one-pion
lated to Im/W(q) describes the process that theresonance production obtained by using SM95 amplitudes of Aratial.[14].
decays intorN while the pion is absorbed by nucleus. In The dashed line is the contribution of the two-pion production cal-
order to include this instability of theA, we replace culated by our modef15,16. The solid line is the sum of those

ImV_(q) with Imv (d E,) which is written as contributions.(a) Open circles and triangldsip) represent the data
m A=A of total photoabsorption cross section on a profbr6]. (b) Tri-

angles(down) represent the data of total photoabsorption cross sec-
ImV_(4,q0), (14) tion on a neutrorn6].
actions on a nucleon over the photon energies from 300 to

850 MeV are the one-pion and two-pion photoproduction
[13]. At first it is noted that the peak of thid* resonance

- . 1
|me(Q:EA):( ——Im

1
D(v/sy)

wheres, = Ei— 52 andqo=k+ Ep,—Ea. respectively, and

D(‘/,S—A) is the freeD function of theA. Then the expression  gnargy region shows up clearly by the combined effect of
obtained is mtegrated over the energyE, in addition to  jna. pion and two-pion productions as shown in Figs) 2
momenta ofp,, g, andp. Generally, the pion absorbed be- and(b), where the cross section of one-pion production has a
comes off shell, but in our calculation we use the one-shelsmall peak around 720 MeV and the cross section of two-
value atsz:qg—az for Im V_(q,q,) as an approximation. pion production starts to grow from 400 MeV and increases
The correction term\, in Eq. (3) is evaluated in the same Uup to around 800 MeV. The cross section of one-pion pro-
way as Eq(13). The cross sections of photoabsorption on aduction is calculated by using the amplitudes of Aredal.
neutron in the nuclear matter are also given in a similar forn{14] and that of two-pion production is calculated by our

with those of a proton. model[15,16].
We briefly review our model for the two-pion production.

For theyN— 7" 7~ N reaction, four processes expressed by
the diagrams Figs.(2)—(d) are assumed to contribute to this
Let us start from the comments for photoabsorption reacehannel. In these processes, theKroll-Ruderman AKR)
tion off a nucleon because the information of the elementargerm[Fig. 1(c)] and theA pion-pole APP) term[Fig. 1(d)]
pion productions is very important to understand the stronglominate on the cross section. TN& contributions alone
damping mechanism of tHe* resonance. The dominant re- are small, but the interference among Me terms, theAKR

IIl. NUMERICAL RESULTS AND DISCUSSIONS
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P-—>TTp Paramgter set (Ill) yp-—->'n"'n Parameter—set (I1)

120.0 T 80.0
@® ABBHHM Colab.{1968) E A.Braghieri et al. (1995)
100.0 [ DA Piazza et al.(1970) Z : W.Langgartner et al. (2001) (a)
4 F.Carbonara et al.(1976) P (@) . 60.0 T nAchannel i
[\ ABraghieri et al.(1995) e T~ S ¥ E-- N-->rA(s and d wave) el
_ 80.0 A channel ——— e = N~ % —— N-->pN _E%
i 60.0 :_—_— s::;ﬁ(s andd) - = E 40.0 Co-p Kroll Ruderman term f,j: iﬁi ]
© 40.0 :—'—TDA+(N' - ©
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80.0 |t
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2 Z 400
© )
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0.0 = I I I I - 0.0 B =" ‘ ‘
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E[MeV] E[Mev]

FIG. 3. The total cross section for thgp— 7" 7~ p. (@) The
solid line is the contributions of thé Kroll-_Ruderman_anq& PION- solid line is the contribution of tha Kroll-Ruderman and\ pion-
pzle terms @A channe), the dashed line is the contrlbut_|ons of the pole terms rA channel, the dashed line is the contribution of the
N*—mA (s- andd-wave terms, the long dashed line is the con- \x _, (s- and d-wave terms, the long dashed line is t
tribution of theN* — pN term, and the dash-dotted line is the sum . pN term, and the dash-dotted line is the contribution d€roll-
of contributions fromrA channel andN* — A term. (b) The solid Ruderman term(b) The solid line corresponds to the full calcula-

line corresponds to the full calculation. Theoretical lines are Ob'tion. Theoretical lines are obtained by using the parametefiisgt

tained by using the parameter $éit) in our model[16]. Experi-  , or model[16]. Experimental data are taken from Refs3,23.
mental data are taken from Ref43,18-21.

FIG. 4. The total cross section for thgp— 7+ #°n. (a) The

and APP terms is important as shown in Figéa)3and (b).  terms is very important. So, we expect that the delicate bal-
Because of this, th&l* excitation is regarded as an impor- ance of the interference is broken in the nuclear medium by
tant ingredient in the two-pion photoproduction. For g the collision broadenings a&f andN*, the pion distortion in

— o 7% and yn— 7~ 7% reactions, thep meson Kroll-  the wA channel and the Fermi motion, and therefore, the
Ruderman KR) term can contribute to these isospin chan-bump is strongly suppressed due to cooperative effects of the
nels in addition to four diagrams appearing in thé&\  broadenings and interference.

— a7 N. The pKR term [Fig. 1(e)] and theN* terms Now we discuss the total cross section of nuclear photo-
dominate in this case, and the interference amongotkie ~ absorption. For simplicity we adopt the Fermi gas model for
term,N* pN term, and theAKR term is important and gives a nucleus, an&® ;= [drp(r)k:(p) as the Fermi momentum
rise to the bump in the excitation curve as shown in Figsin order to take into account the finiteness of nucleus. In our
4(a) and (b). With regard to theyN— 7°7°N reaction, the calculation, the total cross section per nucleon is obtained by
magnitude of the cross section is underestimated about taking the average of contributions from a proton and neu-
factor of 2 in our model. However, the underestimate of thistron in the nuclear matter.

channel does not affect our conclusion as far as the total As shown in Fig. 5, the Fermi motion produces strong
cross section is concerned, since the cross sectiopNof damping of the cross section around tK& resonance en-
—797°N reaction is smaller than 10% of total two-pion ergy region. However, the small bump still remains and its

production reaction. effect cannot fill up the valley between 380 and 500 MeV.
What we learned from the elementary processes are thieor comparison, we also show the experimental cross section
following. on a free proton with the theoretical curve in Fig. 5. Further-

(i) The cross section of one-pion photoproduction hasmore, to see the details of the Fermi motion effects, indi-
only a small bump for a proton and a shoulder for a neutrorvidual contributions for the one-pion and two-pion produc-
in the N* resonance energy region. Therefore we can easiljions are presented in Fig. 5. The size of the Pauli blocking
make theN* resonance peak from the one-pion productioneffect for the intermediate and final states is found to be
vanish by introducing a much smaller width due to the col-small but non-negligible as is seen from the difference be-
lision broadening than those given by Alberiebal.[9] and  tween the dotted and thick solid lines.

Kondratyuket al. [10]. To explain the data thus one inevitably needs the other

(i) For the two-pion photoproduction tié* contribution ~ damping mechanisms. As additional medium corrections, we
alone is not large. In order to give rise to the bump in thetake into account the spreading potentigl®] for the N*
cross section, the interference betweenNkieerm and other and A resonances, and the pion distortion appearing in the
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FIG. 5. The Fermi motion effects for total nuclear photoabsorp- FIG. 6. The total nuclear photoabsorption cross section on nu-
tion cross section on nuclei. The dotted line is the nuclear crosslei. The solid line is the full calculation. The dash-dotted and
section averaged over the initial nucleon momentum. The thicldashed lines are the contributions of the one-pion and two-pion
solid line is the nuclear cross section including the Pauli blockingproduction, respectively. The dotted line is the contribution for the
effect for the final emitted nucleon and intermedidtestate in  processes of Figs.(fl and(g). The long dashed line is the contri-
addition to the average over the initial nucleon momentum. Thebution for the process of Fig.(l). Experimental data for nuclei are
dash-dotted and dashed lines are two components of the thick solidken from Ref.[3]. The open circles represent data of the total
line, i.e., the one-pion and two-pion production, respectively. Thephotoabsorption cross section on a proton from Re}.
thin solid line corresponds to the cross section on a free proton ) ) ) ]
calculated by using multipole amplitudes. Experimental data foProduction (dash-dotted ling the two-pion production
nuclei are taken from Ref3]. The open circles represent data of (dashed ling the many-body absorption through the
the total photoabsorption cross section on a proton from [8¢f. ~ A-nucleus state and\*-nucleus statgdotted ling corre-

sponding to Figs. (f) and(g), and the many-body absorption
formula derived in the previous section. The mass shift andhrough themrA-nucleus statélong dashed linecorrespond-
collision width of A have been already known in the studiesing to Fig. 1h). The correction terma, andA, in Eq. (3)
of pion-nucleus scattering using the-hole model[25,27—  are already included in the calculations of the dashed and
29] where they can be identified as the spreading potentialong dashed lines, respectively. The size of the correction
The spreading potential found in these studies is almost erterms is small but non-negligible. For instance, there is about
ergy independent. We takeSM,=6 MeV and I'ys, a 20% effect at 750 MeV for the two-pion production. In the
=36 MeV. As the pion self-energy, we adopt the pion opti-one-pion photoproduction, the bump near the mass ofithe
cal potential used by Arimat al.[30]. As for the mass shift disappears by the spreading potential 8. The cross sec-
and collision width ofN*, there are no established values attion of the two-pion photoproduction is about three times
present. For simplicity, we assume thi#Ml \« andl'y«sp,are  smaller than that of the elementary process by the coopera-
energy independent likéM, andI',s,. Then we vary the tive effects between the following medium corrections: the
values so that the total nuclear photoabsorption cross seepreading potentials fak and N*, the pion distortion, and
tions from 600 to 800 MeV are reproduced. We foundthe change of the interference among the related reaction
oM+ =12 MeV andl'y«s,=48 MeV. processes. The cross sections of the other many-body pro-

The total photoabsorption cross sections per nucleoresses are almost flat in the energy range above 600 MeV
(solid line) calculated with the above parameters are showrand small. As a consequence of these effects, the excitation
in Fig. 6. It is found that the simultaneus inclusion of the peak around the position of tHe* resonance in the total
spreading potentials for thd* and A resonances, and the nuclear photoabsorption cross section disappears differently
pion distortion gives rise to the complete suppression of thérom the hydrogen.
bump around theN* resonance energy region. To see the Our model, however, underestimates cross sections in the
detailed contents of our calculations, furthermore, we showalley region between 380 and 500 MeV by about 15%
each contribution of the absorption processes: the one-piofr-45ub). There must be some important processes which
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APPENDIX: DERIVATION OF TOTAL NUCLEAR

A A
W/}é/ﬂ A" PHOTOABSORPTION CROSS SECTION
-1 -1
\ We give a derivation of total nuclear photoabsorption
Ty p cross section by using the unitarity relation and the projec-
\\<:_1 y tion operator technique.
(a) (b)

In order to simplify the formulation, we turn off the back-
ground interactions except tH2;5; channel in the one-pion

FIG. 7. The diagrams of two body contribution in the one-pion
production.

production process, which will be later added in the formal-
ism. We use the following projection operators to separate
the nuclear Hilbert space into subspaces:

give enhancement for the nuclear photoabsorption in the val- P,+p+q=1. (A1)
ley region but do not appear in the photoabsorption off .
nucleon. The candidates for such processes are shown I projects onto the space of photon plus nuclear ground

Figs. %) and(b) where the intermediate pion apdmeson state,p onto the spaces of both nuclear ground state and

- . nuclear one particle-hole states except Ehespace, and)
are far off shell. Two nucleons explicitly contribute to these . " space of nuclear many particle-hole states. We as-

processes and their short range correlation may be importargume thatP, and q do not couple directly, i.e.H

These contributions are suitable to explain the mass number p Hg=0 and neglect higher order terms of .pHot{)qcou—
17 o ; y ,

dependencé™ " of total cross section in the valley region. In jing HereH is the total Hamiltonian of the system. Under

Refs.[11,3] the contribution from Fig. (&) is taken into  gych assumptions, the elastic compton scatteFingatix be-
account to increase the cross section of one-pion productiogomes

The cross sections are also underestimated slightly at the
A resonance energy around 320 MeV. This missing strength

may be due to the coherent® production mechanism in Tyy=Hyp E—prpr’ (A2)
addition to the above two-nucleon mechanism. The coherent

% production is not included in our calculation using the With

Fermi gas model. In this energy region, our model has to be

extended so as to treat the finiteness of the nucleus more H=H+H a H, (A3)

reliably, as was done by Koacét al. [24]. E—Hgq

where,,=pHp andHq,=qHq, andE is the total energy
of the system. The effective Hamiltoni&t is introduced so
as to eliminate the space. Thep space is further divided

_ _ o into the following spaces:
The formula derived by using the projection method for

the photonuclear total absorption cross section has been pre- p=P+D, (A4)
sented. Our method is very effective for the case that the
interference effect in the photoabsorption off a nucleon suchvith
as two-pion productions is strong.

The disappearance of the peak around the position of the
D5 resonance in the nuclear photoabsorption can be ex-
plained by taking into account the cooperative effect of the

interference in the two-pion photoproduction processes, thghere P, projects onto the space of both one-pion plus
collision broadening o andN*, and the pion distortion in  nuclear ground state and one-pion plus nuclear one particle-
the nuclear medium. The change of the interference by th@ole states,P, onto the space of two-pion plus nuclear
medium plays an important role. The mass shift and collisiorparticle-hole statesD,; onto the space of on&* plus
width of N* are found to besMy«=12 MeV andl'yxs,  nuclear one-hole states aftp onto the spaces of bothA

=48 MeV, respectively. The collision width obtained is plus nuclear one-hole states, gnglus nuclear particle-hole
about six times smaller than those in Rdf,10]. The total  states. Sincéd,,=0, thenH,p =H,p ., H,p,=H,p,, and

absorption cross sections in our theoretical calculationy =H,p, Unlike the A-hole model in the pion-nucleus

around 320 MeV are about 5% smaller than average eXperis'cht'ierin theD . space is not a doorway between the sub-
mental cross sections for several nuclei. Furthermore, theo- 9 1 SP y

retical total absorption cross sections in the valley regio spaces, and P, +D,, since thg (;hrect couplings described
between 380 and 500 MeV are about 15% smaller than thdY H»p, andH,o, are -non-negllglbIeH yp, COIesponds to
average experimental cross sections. In this energy region i€ background term in th®,; channel andH ,p, corre-
may be necessary to take into account such reaction prgponds to thel andp Kroll-Ruderman terms. This fact re-
cesses as Figs(a@ and (b) involving two nucleons explic- flects the structure of the elastic compton scattefimatrix
itly. which will be shown later. To simplify the evaluation of the

IV. CONCLUSIONS

P=P,+P,, (A5)

D:D1+D2, (A6)
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T matrix of Eqg.(A2), we must make some approximations In our formalism, the background coupling &, and P,
for the reaction mechanism of the two-pion producti@h):  described byH ,p, Is included because the vertex correction
P, and P, does not couple directly, i.eH,p =0, so that  of the second term in Eq§A18) and (A19) is known to be
H,p,=0. (ii) The transition between the space Bf+D; non-negligible in the elementary process. Since the strength
and the space d?2+ D2 proceeds On|y from the direct cou- of H},p:L itself, however, is small, we neglect the process of
pling of D, andD,, so that?-[plpzszlDzszlezo, and P,—P;—q. Thus Eq.(A8) is approximately written as
Hp.p.=Hp.p.. In this way, we assume that th2, space
1-2 1-2 . VY 0
plays the role of the doorway to two-pion states. Tp/=H,p,Gp Hp,,, (A20)
Inserting the projection operators of E¢84)—(A6) into
Eq. (A2) and using the above-mentioned approximations, Weynd Eqgs.(A18) and (A19) become
obtain the elastic compton scatterifignatrix given by

+ - 0
T, =TR+TE+TE, (A7) Fo,,=Hp,y+Ho,p,Gp, He 4 THo,0,G0,Ho,y,
(A21)
with
= —_ 0
TE'=H,p,Gp Hp,;, (A8) Fy0,=Hy0, +Hyp,Ce,Meyo, o0, G0, Moy,
1 17 Y (A22)
YY_F +
TDl FleeDlFDlv’ (A9) Hereafter, we use these approximate forms.
vy From Eq.(A7), we find the imaginary part of th& ma-
Tp,=H,p,Gp,Hop,,- (A1) rix:

The Green'’s functions in Eq§A8)—(A10) are defined as N — 0 " 0
Tw—Tw—TplyAG,DlTplwaTpﬂAGPZTpﬂ

Gp.=(E—Hp.p.) L (A11)
' v +Qp (30,35 )0,

Gp,=(E—Hp,p,~ HszngzH P, 2p,) 4

(AL2) +05,,(20,~3p,) 00,y (A23)

Gp,=(E—Hp,p,~Hp,p,Gp Hp p, with
—3p,—Hp,0,Gp,Hp,0,) " (A13) QD17:GD1F517’ (A24)
where . Qo,,=Go,(Ho,,+Hp,0,Go,Fp,).  (A25)

EDlequE_—quHqDl and
+HD1P1GP1HP1D1_HD1P1Gg1H p,o, (Al4) To =Hor, Ho oo,y (A26)

1

2DZZHDZqE_—quHqD2 Te,y=Hp,0,0p,y, (A27)

0
+Hp,p,Gp,Hp,0,~Ho,p,Gp,Hp,p0,, (A15) B . _
where AG=G—-G™. T matrices of Eqs(A26) and (A27)
and describe the one-pion photoproduction and two-pion photo-
production, respectively. The final state interactions, how-
G(F’,1=(E—lepl)*1, (A16) ever, are not included in these expressions. Thus the cross
sections calculated by Eg6A26) and (A27) do not exactly
G2 =(E-Hpp) L (Al7)  correspond to experimental cross sections. In our formalism,
2 22 the effect of the final state interaction is contained in the
The vertex functions in EqA9) are defined as thlrd_an_d fqurth terms of EqA23) and the_refore_there is an
ambiguity in partitioning of the nuclear inelastic cross sec-
Fo,,=Ho,,*+Hp.p,Gp,Hp ,+Hp p,Gp,Hp,, tion. However, as far as total cross section is concerned, one
(Al1g)  can use Eq(A23) to estimate it.
In the Green’s function Gp,, the  operator

0 . .
F,p,=Hyp,¥H,p,Gp Hp b, +H,p,Gp,Ho b, Hp,p,Gp,Hp,p, is the free self-energies of tha and p
(A19) meson corrected by the Pauli-blocking effect. In order to
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clarify the physical content of operators in the Green'’s func- Using the expressions of E¢A23) with Egs. (A31) and
tion GDl, we rewrite it as (A32), the total cross section can be written as
Gp.=(E—Hp.p.—Hp.p. G H @ 2
Dy DiDy T 'D4P1 PP, TPDy oT= 2 2775(E_HP1P1)|TP1y| +2 2w

— 0 _ _3/ -1
HDlDZGDZHDZDl EDl EDl) . (A28 ><(E_HP2P2)|TP27|2+QSN(_2|ng1p))QD

where
. Q5 (—2ImW)Qp ,— A= A,|, (A33)
%p,=Hp,0,(Gp,~Gp )Ho,p,: (A29)
where
and
— _ 2
Gg2=(E—HD o, Hb PZngHp o) L (A30) A =2 2mo(E HP2P2)|HPzDZGDzHD2D19D17|
0 .
Here the operatoH DlplelH p,D, CONSists of both the free _2 2775(E_HP2P2)|HP2D2GODZHD 5 QD17|2’
N* self-energy due to the one-pion channel corrected by the
Pauli-blocking effect and the pion rescattering term arising (A34)

from the coherent #° production. The operator . N )
HDlDZngH D,D, corresponds to the freg* self-energy due AZ_QDnHDlDzGDz(_ZlmWSD )GDzHDzD;LQDn

to the two-pion channel corrected by the Pauli-blocking ef- (A35)
fect. The self-energies +ED andED in Egs.(A12) and  Here the termg\; andA, appear due to the introduction of

(A28) are complicated many- body operators arising from thghe one-body operatcw(l) and are subtracted in order to
g-space coupling as well as tiRg - and P,-spaces coupling. avoid the double countlng of the processes mcludewgb?
The latter coupling is related to the final state interaction inEq. (A33) is our starting point to calculate the total cross
the one-pion or two-pion production. In practical calcula-section. This equation shows that the absorption processes
tions, these operators are assumed to be simple one-bodgnsist of three components, i.e., the quasifree processes
operators, such as the one-pion photoproduction and two-pion photo-
1 production, and genuine many-body absorption processes
Sp, T30 =W, (A31)  arising from the interaction between the resonaforepion)
and the nucleon in a nucle(24]. In actual calculation, tha

pI W(szp), (A32) excitation and the remaining background processes except
the D43 channel in the one-pion photoproduction must be
which are phenomenologically determined. added in the above formula.
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