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Abstract

The machanism of photon absorption on light

nuclei in the A-resonance region is discussed. The

present status of experimental results is briefly

summarized. A recent data from 1.3-GeV Tokyo ES

using a n sr spectrometer is introduced. Exclusive

measurements of the photodisintegration of ^He and

^He may be a clear way to identify 2N, 3N and 4N

absorptions.

Invited talk at the 4-th Workshop on "Perspectives in

Nuclear Physics at Intermediate Energies" at Trieste, Italy

(May 8-12. 1989)

I. Introduction

The total photoabosorption cross section per nucleon is

the same for a wide range of nuclei (from 9Be to U) . A

sizable part is due to the absorption of the photon by two

correlated nucleons.U Therefore using the nucleus as a

laboratory, it may be possible to probe the spatial

structure at distances of equal to or smaller than the the

nucleon size, where short range corralations between few

nucleons are important. This may open the study of non-

nucleonic degree of freedom in nuclei; mesons, isobars and

quark-gluons.

An important and classical question is that how many

nucleons are involved to absorb a photon to disintegrate

nuclei. Studies on photo-disintegrations of light nuclei

like 4He, 9Be and 1 2C have been performed in the A-resonance

region to investigate the mechanism of photon absorptions on

a few nucleon system in nuclei. If the absorption of photon

takes place on a single nucleon (INI, the nucleon must have

a high momentum to satisfy the kinematics, accordingly the

cross section of this absorpcion mechanism is small in

comparison with that involve more than two nucleons.

Absorption on two-nucleons (2N) can proceed through 1=1

pairs (pp, nn, pn) and 1=0 np pairs. The absorption on J=l,

1=0 np pairs is well known as the quasi-deuteron model

(QDM).2,3) Experimental support to the dominance of this

QDM comes from both photon and pion absorptions. Recently,

many experimental analyses on pion absorption 4'71 report

the existence of contributions from multi-nucleon (3N, 4N)

absorptions. Experiments of pion absorptions on light

nuclei are more actively pursued due to the large cross

sections of iffl interactions. However, absorption of piona

occurs almost on the surface of nuclei, while photons, with

a long mean free path in nuclear matter, look at all
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nucleons equally. This fact and the vector nature of photo-

nucleon coupling make it worthwhile to do experiments on

photoreactions though cross sections are smaller by the

order of 2-3.

In this situation, I raise a question on the present

under-standings of the photon absorption mechanism on light

nuclei. Up to now we have little experimental evidence that

photon is absorbed by three or four nucleons. Is there any

difference between pion and photon absorptions to explain

this absence of multi-nucleon absorptions by photon? There

seems to be an ambiguity in the analyses of the experimental

data to extract information about the absorption sr. ^nanisms.

If there are 2N, 3N, 4N... absorptions, is there any

reliable method to separate out each contribution from the

experimental data? if one wants to study short-range nature

of nucleons in nuclei through photon absorptions, we must

answer the above questions before going into it.

In this talk I give the present picture of photon

absorption on light nuclei in the energy region of 100-500

MeV. Then I stress the importance of exclusive measurements

to determine the mechanism of photon absorption on light

nuclei.

II. Two-Nucleon Absorption?

Up to now, data on the (v.p) reaction on light nuclei,

such as 4He, 9Be and ^c have been accumulated by various

authors 8-12) above 0.1 GeV. Homma et aJ.SI measured

momentum spectra of protons emitted from these nuclei, and

observed a prominent two-peak structure as shown in Fig. 1.

In the data the positions of the second peak at higher

momenta follows the kinematics of y+d-»p+n reaction. Taking

into accout the effect of binding energy, they could

consistently interpret the second peak as the quasi-free

y+'d'-*p+n reaction.

More recently, Homma et al.11' performed pn coincidence

experiments on 9Be, 12C and 16rj in the AU232) region. They

confirmed the back-to-back production of a proton and a

neutron. They also claimed the dominance of the (V, pn) over

(y, pp) process. Dancer et al.13' measured pn from 12c with

a better energy resolution in the energy range between 83

and 133 MeV. The results of these investigations on the (y,

pn) reactions were considered as clean signatures of the QDM

in the photo-absorption process.

The same aspect has been extensively examined also in

the pion-absorption process 5-7,14-17) (For a review, see

Ref. 4). In this process the energy-momentum conservation

requires that at least a pair of nucleons must participate

in the absorption processes. The similarity between photon-

and pion- absorption in the A-resonance region was

emphasized by Weise.18)

The following reasonings from photon absorption can be

listed to support the QDM.

1. Two-peak structure of d2o/dfldp.

2. Back-to-back p-n correlation.

3. A relation; o(y'd'->pn) / o(yd-pn) = L NZ / A,

where, L is the Levinger constant, seems to work

well.

4. Differential cross sections of 'pn' has a similar

behavior as that of deuteron photodisintegration.

5. There is a strong suppression of pp/pn ratio; 0(yA->

ppX)/o(yA— pnXX<l.

Among the five reasonings, the last three depend on the

assumption that th« 2N absorption is dominant.



Apparently there exists little doubt about the

qualitative correctness of the exsistence of two-nucleon

(2N) absorption mechanism; but there is a question whether

the angular and momentum correlations of the outgoing pn do

really imply the 2N absorption. It is important to

determine to what extent the undetected nucleons play the

role of spectators. In the next, we examine if 1 and/or 2

really imply the 2N absorption of photons.

Ill. Photodisintegration of *He Nucleus

To answer the above questions, the study of the reaction

mechanism of the photodisintegration of ^He is quite

suitable; it is possible to deal with all particles in the

final state more easily than for heavier nuclei. Moreover,

the ^He nucleus is of particular interest as the central

nuclear density is at least twice as high as that of heavy

nuclei^), and one anticipates that strong correlations

would manifest itself in this nucleus.

III-l 4He(y. P)

Typical examples of the proton momentum spectra measured

by Homma et ai.12) is shown in Fig. I. Data are fitted by a

sum of two gaussians with six free parameters. They

assigned the gaussian at higher momenta as the contributions

from yd*-»pn.

I have tried another fit to the *>ame data, and the

result is shown in Fig. 2. Two contributions are included

in the fitting function; yN'-»p7r and y'3N'-*pNN. Fermi

motion *9) i s taken into account for the quasi-free (OF) prr.

The fitting involve two free parameters for 30° and 60°

data, and only one for 90° and 105° data. With this simple

model, the data are reproduced fairly well.
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We could not say that 3N-absorption mode is dominant,

but it is fair to say that we may need 2N, 3N and 4N

absorptions to reproduce the data. No special reasoning can

be found to use only 2N. Especially at backward angles,

where large contributions from QF prr are expected by Homma

et al.t mutil-N contributions seems to be more simple and

natural. What we want to stress is that depending on the

fitting functions the size of contributions from OF and the

QDM change.

III-2 4He{y,pn)

An experiment to measure the ^Hely, pn) reaction at Ey =

170-450 MeV^O) has been done using the tagged photon beam of

10% duty cycle^D and a large-acceptance magnetic-

spectrometer, TAGX, 22,23) a t t n e 1.3-GeV Tokyo electron

synchrotron (ES). The layout o£ the TAGX spectrometer is

shown in Fig. 3. It consists of a set of inner- hodoscope

(IH) and outer hodoscope (OH) plastic scintillators and two

semi-cylindrical multi-layer drift chambers (CDC) sandwiched

between the IH and OH, extending over a solid angle of ft sr

for charged particle decection. The IH and CDC are situated

in a vertical magnetic field of 5 kG. The CDC has three

layers of wires for charge division measurement to determine

the azimuthal orientation of the particles in addition to

eight layers of wires for the horizontal readout. Particle

momenta are determined by track reconstruction. Time of

flight (TOP) between the IH and OH and the energy losses in

the IH and OH are used to discriminate protons from other

positive particles. These hodoscopes are used also for

event triggering. A set of thick plastic scintillators,

subtending a solid angle of 0.85 sr, is employed for neutron

detection. Detectable angular ranges are 15°-165° for

protons and 20°-150° for neutrons.
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First of all, the missing mass (MX1 distribution for
4He(y,pn)is shown in Fig. 4. (Fig. 4). It is clear that the

contamination of the pion production above the threshold at

M x = 2.01 GeV/c
2 is negligible. The data were fitted with a

distribution, taken as a weighted sum of the missing mass

distributions for 3-body (pnd) and 4-body (pnpn)

disintegration modes with deuteron and unbound pn pair as

the escapes, respectively. The shapes were calculated with

a Monte Carle simulations which included the detector

geometry, efficiency and resolution of the TAGX. The ratio

pnd/pnpn was obtained to be less than 9%. The four-body

break up is dominant in this energy range, and hereafter we

can safely neglect the pnd final state.

The distribution of the correlation angle between the

outgoing protons and neutrons are shown in Fig. 5 in

comparison with the calculations of 2N, 3N and 4N

absorptions. In these calculations, we assumed the

independent particle model and the impulse approximation;

two or three nucleon systems are made by a random

combination of protons and neutrons in ^He, and the momentum

distribution of nucleons due to the Fermi motion is assumed

to be Gaussian with an rms width of 104 Mev/e,19* an(j

binding energy is taken to be 20 MeV. The effect due to the

final state interaction is not taken into account. All of

three calculations reproduce the data fairly well.

For further test of the 2N-absorptian assumption, it is

worthwhile to sec whether the momenta of proton and neutron

satisfy the yd — pn kinematics. The difference between the

measured and calculated emission angles of neutrons are

plotted in Fig. 6. Calculations for 2N, 3N and 4N

absorptions are done for comparison. As expected, 2N

absorption reproduces the data, but 3N and 4N absorptions

also mock the yd -• pn kinematics. It is clear that

kinematical arguments (momentum distributions and angular

correlations of pn pairs) do not uniquely lead to the QDM.

These observations may suggest that the predominance of 2N

absorption in the photodisintegration of 4He can not be

extracted as far as one relies upon such kinematical

arguments that have so far been made.

If there were 2N, 3N or 4N absorptions, anyone of them

could make the contributions at around the 'second peak'

structure in iy, p) , and back-to-back coincidence with

correlated momenta in (y, pn) . Thus the discrimination of 2N

absorption from 3N and 4N is difficult only by kinematical

analyses using the momenta of two outgoing particles. For

heavier nuclei, since the experimental and theoretical

determination of residual nucleus states are almost

impossible at present, the discrimination seems to be more

difficult than for 4He.

IV. Origins of back-to-back p-n correlation24*

The back-to-back production of a proton and a neutron

has been thought to be a clear evidence for the QDM.

However, 3N or even 4N absorptions reproduce the angular

correlation of protons and neutrons. In this section, we

discuss the reason why 3N absorption reproduces the p-n

angular correlations of the data, we use the word of back'

to-back as follows,- angles between the momentum vectors of

two particles are greater than 90°.

For 2N, a system of nucleons (pn) is photodisintegrated

into two nucleono. They have a unique momenta and have

angular correlation at 180°. In the lab. frame (Ey = 340

MeV) the peak moves to 150°. In case of the QDM, the Fermi

motion must be taken into account. A gaussian distribution

of rsm width of 104 MeV/c is assumed. The peak sits on the



same position, and the width becomes 50°. The calculation
at Ey = 170-270 MeV is the one quoted as 2N in Fig. 5.

For 3N case, a system of nucleons (ppn or pnn) is

photodisintegrated into three nucleons according to the 3-

bcdy phase space. Angular correlation of a proton and a

neutron in the c m . frame is given in Fig. 7 It has a peak

at 155° with a FWHM of 70°. In the lab. frame the peak

moves to 150°. Usual experiments have detector biases of

minimum momenta to be- measured. For the TAGX, these

thresholds are 300 MeV/c (p) and 100 MeV/c (nl, and these

are applied to the above distribution. The distribution has

a narrower width than that of before the cut. The peak

locates at the same angle and the FWHM is 55°. This is the

plot which is used in Fig. 5. Except for a slight

difference at the tail part, 2N and 3N agree quite well.

The rectnon why 3-body phase space creates back-to-back

p-n correlation is the energy-momentum conservation. This

is clear that: even in the cm frame p-n has an back-to-back

angular correlation. We could play the same game for 4N.

V. Exclusive measurements of y3He and y4He

Taking into account the above considerations, we examine

how to determine experimentally the contribution from each

of 2N, 311 and 4N absorption. As we have seen in the

preceeding sections, measurements of single-particle

spectrum or two-particle correlations, that have so far been

made, seem to be insufficient to determine the absorption

mechanism. To study the reason, we have calculated momentum

spectra of four nucleons produced in the photodisintegration

of 4He at Ey = 340 MeV. In Fig. 8, we show the momentum

spectra of the particles in the order of decreasing momenta;

particles are sorted depending on the size of momentum in

one event. As can be seen in the Fig. 8, spectra of first

and second are very similar independent of the absorption

mechanisms. This might be the cause that two-particle

correlation has the similar behavior for 2N, 3N and 4N. For

third particle there is a distinct difference between 2N,

and 3N of 4N. So our proposal is just to measure this

momentum spectrum, and to determine the following ratio as a

function of the photon enorgies;

Rl = 2N / (3N + 4N).

For the slowest particles, there is also a difference

between 2N or 3N, and 4N. This data may give the following

ratio;

R2 ••= (2N + 3N> / 4N.

From Rl and R2, we could determine the ratio 2N:3N:4N.

To measure the above momentum spectra, we must measure

the momenta of all four particles, however, measurements at

low momenta are hard. Our try is to measure three particles

and to calculate the missing mass and the missing momentum

to determine the slowest particle.

Such measurements, with the TAGX spectrometer, got

started in May 1989. we hope to have 5k exclusive events by

the end of this year.

It is very promising to do the same kind of experiment

on a 3He target. In this case measurements of two particles

are sufficient to be exclusive. The third particle is the

spectator for 2N which has softer momentum than that of 3N,

a ratio of 2N/3N can be obtained using the momentum

spectrum. We have a plan to measure y^He -* ppn reaction in

the next year.

VI. Summary

- 1 0 -



In summary, the experimental determination of photon-
absorption mechanism seems to have ambiguity. Besides tne
quasi-deuteron mechanism, 3- and 4-nucleon absorptions must
be taken into account. Exclusive measurements on Y^He-»pnpn
may shed light on how to determine each contribution. An
experiment to measure the reaction using a 10%-duty tagged
photon beam and a n sr spectrometer is in progress at the
1.3-GoV Tokyo ES.

Acknowl edg emen t s

The author is indebted to the members of the TAGX
collaboration for their help to prepare this talk. He
appreciates the support from Prof. S. Vamada and Prof. K.
Voshida to this work. He thanks Prof. H. Okuno, Prof. C.
Rangacharyulu and Mr. K. Niki for their critical reading of
manuscript. Mrs. M. Tsukada and Mrs. H. shigeta helped me
to make clean manuscript.

References

1) J. M. Laget, New Vistas in Electro-Nuclear Physics,
{Plenum Press, New York and London, Edited by E. L.
Tomusiak, H. S. Caplan and E. T. Dressier, 19B5), p361.

2) J. S. Levinger, Phys. Rev. Si, 43 (1951).
3) K. Gottfried, Nucl. Phys. £, 557 (1958).

41 D. Ashery and J. p. Sniffer, Ann. Rev. Nucl. Part. Sci.
16., 207 (1986).

5) G. Backenstoss et al., Phys. Rev. Lett. £5., 2782 (1985).
6] K. A. Aniol et al., Phys. Rev. C33. 1714 (1986).
7) G. Backenstoss et al., Phys. Rev. Lett. £1, 923 (1988).

8) S. Homma et al., Phys. Rev. Lett. 45, 706 i1980);
Phys. Rev. £22, 31 (1983).

9) J. Arends et al., Z. Phys. A298. 103 (1980).
10) K. Baba et al., Phys. Lett. JJLJ£, 459 (1982); Nucl.

- 1 1 -

Phys. A415. 462 (1984).

11) S. Homma el al., Phys. Rev. Lett, JjJ, 2536 (1984);
M. Kanazawa ee al., Phys. Rev. £15, 1828 (1987).

12) S. Homma et al., phys. Rev. C36. 1623 (1987).
13) s. N. Dancer et al., Phys. Rev. Lett. £1, 1170 (1987).

14) H. E. Jackson et al., Phys. Rev. Lett. 3J!i 1601 (1977).
15) R. D. McKeown et al., Phys. lett. 16., 1033 (1980);

Phys. Rev. £21, 211 (1981!.
16) J. Kallane et al., Phys. Rev. C28. 304 (1983).

17) K. Nakayama et al., Phya. Rev. £3_3_, 1002 (1986).
10) W. Weise, Nucl. Phys. A358. 163c (1981).

19) Y. Akaishi, Cluster Models and Other Topics,
(World Scientific publishing Co., shingapore, 1986),
p260.

20) I. Endo et al., INS Report No. INS Rep. 724 (1988),
Institute for Nuclear study, Univ. of Tokyo.

21) K. Yoshida et al., IEEE Trans. Nucl. Sci. NS-32, 2688
(1985).

22) K. Maruyama, Nucl, Phys. A478. 523c (1988).
23) M. Harada et al., Nucl. Instr. and Meth. A276, 451

(1989).

24) K. Niki e t a l . , Proc. of 17th INS Internat ional
Symposium, Nuclear Physics a t Intermediate Energy
(1988).

- 1 2 -



Figure Captions

Fig. 1 The proton momentum spectra o£ ^He(y, p) at EY=337

MeV. The solid curves in the figure show the

results of fitting.121

Fig. 2 4He(y, p) at Ey=337 MeV.12) The solid and the dashed

curves are for the y'N'-*p7T and the 3N, respectively

(gee text) .

Fig. 3 A plan view of the TAGX (see text).

Fig. 4 The missing mass distribution in the ^He(y, pn)X

reaction at Ey= 170-270 MeV. The dashed histogram

indicates the result of the fitting for pnpn final

state. The solid one corresponds to an upper limit

for pnd (see text).2Q)

Fig. 5 The distribution of correlation angle between the

proton and neutron. Calculations for 2N, 3N and 4N

are shown together. Total entries are

normalized.201

Fig. 6 The plot <jf the distributions of difference in the

measured (̂ Hely, pn)) minus calculated (d (y, pn))

emission angles for detected neutron. For the

calculated one, the measured incident photon energy

and the proton emmision angle are used. Total

entries are normalised.20)

Fig. 7 Angular correlations of p and n for 2N, 3N and 4N

absorptions in the cm. frame (see text) .

Fig. 8 Momentum spectra of nucleons calculated at Ey = 340

MeV. Particles are sorted depending on their order

of momenta in a event. The first means the fastest

particle. See text.
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