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1. INTRODUCTION 

One of the thrusts of the research program of the photonuclear tagging group is 

aimed at resolving the nature of the mechanism whereby a high energy photon 

(~100 MeV) causes protons, neutrons, and correlated p-n pairs to be emitted from a 

nucleus. This report describes the results of a preliminary experiment where de-

excitation 7-rays were detected from states in 1 9N following the 160(-y,p) reaction. 

The feasibility of this experimental method in this energy region is discussed, and it 

is concluded that we will be able to resolve the nature of the reaction mechanism 

using this method. 

2. THE PHYSICS INVOLVED 

Two Contending Mechanisms 
Of the several proposed reaction mechanisms, two are able to explain most 

features of the experimental data: the Quasi-Deuteron Model (QDM) and 

microscopic models. Yet these are remarkably different in their basic assumptions. 

The QDM, as modified by Shier and Schoch1 treats the nucleons as correlated 
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neutron-proton pairs, coupled to S=1, T=0, within the nucleus. In so doing the 

model hides one of the most fundamental properties that influences the reaction 

process: the short range correlations between the nucleons. These correlations, 

meson-exchange effects and ground state correlations would seem to be critical, 

and are specifically treated in microscopic calculations such as those of Gari and 

Hebach2 and more recently those of Ryckebusch3 

Specifically in the case of photodisintegration of " 0 , the low-lying states that are 

populated in the residual nuclei depend on the reaction mechanism involved. 

Recent experiments, including some by this group, have attempted to resolve 

population of the excited residual states, as a function of excitation energy, by 

direct detection of the energy of the emitted proton (for 1 60(%p)) or proton-neutron 

pair (for 1 60(%pn)). The necessary resolution of the particle spectrometers is only 

marginally adequate, and so far definitive data is not available. 

The results presented here confirm a novel way to check for excited residual state 

population as a function of excitation energy, by detecting the de-excitation -y-rays 

emitted from the excited residual states as a function of excitation energy (initially 

up to 100 MeV). 

The Significance of Photo-reactions involving " 0 

A recent high resolution measurement of the 1 60(%P) reaction cross section by van 

Hoorebeke et al.4 taken at an excitation energy of about 61 MeV, observed that 

proton emission from " 0 not only populated the GS and 6.3-MeV -ve-parity states 

of 1 S N as expected, but significantly populated the +ve-parity doublet of 1p-2h 

states near 5.3 MeV. Confirmation of this observation was made by our group, and 

reported in January of this year9. 

The significance of this observation is that, if a two-step reaction process is 

discounted (as van Hoorebeke ef al. show), the 5.3-MeV doublet cannot be 

populated if the generally accepted form of the quasi-deuteron mechanism is 
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involved. They solved the dilemma by proposing a modification of the QDM to 

include a significant component of quasi-deuterons with isospin T=1. 

Our paper (ref. 5 ) suggested that, at least for energies up to 40 MeV or so, 

evidence of population of this doublet might be explained in terms of collective 

effects and the known 2p-2h components of the " O ground state wave function. 

Certainly this explanation was accepted when population of these states was seen 

in early studies of de-excitation y-rays following photodisintegration of 1 6 0 (ref. 6). 

Van Hoorebeke et al.7, refute this explanation in a later response to our comment. 

They cite evidence from data for the 12C(7,p) reaction that is published in their 

earlier paper (ref. 4), which shows that population of the equivalent +ve parity state 

in "B occurs, and increases relative to the population of nearby -ve parity states 

when the excitation energy is increased to 70 MeV. Their data is however limited 

because of poor resolution; they cannot actually resolve the state from its 

neighbours. 

A change in reaction mechanism near 60 MeV 

It is necessary to clarify this conflicting and incomplete evidence. The importance 

of defining the reaction mechanism is fundamental to an understanding of photo-

reactions in this energy region. This is best done for the case of " 0 , since the 

relevant states in 1 5N (the +ve parity doublet near 5.3 MeV and the -ve parity state 

at 6 3 MeV) are well separated. 

The results presented here confirm that it is possible to measure the population of 

the first three excited states in 1 S N by detecting y-rays from their de-excitation. 

Nature of the low-lying states in " N and "O 

An understanding of the nature of the low-lying states in 1 £ N makes the importance 

of these measurements evident: The GS (1/2) and 6.3-MeV (3/2) states, are both 

single p-shell particles coupled to the S=1, T=0 GS of "N . Population of these 

states is expected on the basis of either the QDM or microscopic models. The 
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+ve-parity doublet is however a single particle in the s-d shell coupled to the 1st-

excited (S=0, T=1) state of "N ; and as such cannot be populated via the standard 

QDM involving (T=0) quasi deuterons. 

One implication of this, that can be proven by simple isospin-coupling arguments, is 

that the 160(7,pn) reaction should not populate the 1st excited state (with T=1) of 

" N if the QDM is dominant. In the full-blown experiment that should derive from 

this test, evidence of population of this state at 2.13 MeV in "N will also be 

checked by detection the r r a y emitted in its de-excitation following the 160(7,pn) 

reaction cross section. 

3. EXPERIMENTAL DETAILS 

One could resolve the relative population of the residual states using the immediate 

7-ray decay following the proton emission. This imposes a less critical requirement 

on the proton energy resolution compared with that for direct proton measurement. 

In order to limit the de-excitation 7-ray detection to those reactions where a proton 

is emitted, the data acquisition system is triggered only when a proton is detected 

from the target using an efficient proton detector placed near " 0 target. 

The proton trigger also allows us to reject any de-excitation 7-rays that follows a 

decay of higher energy residual state. As an exrmple, the next state in 1 5N at 7.16 

MeV decays mainly via the 5.27 MeV state, thus increasing the count rate of 7-rays 

from this state. To exclude the 7-rays from this cascade contribution one must 

determine proton energy with an accuracy of about 2 MeV. This is an advantage 

over the direct measurement of proton energy in 1<0(?,p) reaction which requires 

proton energy resolution less than 1 MeV. Also the rough measurement of proton 

energy allows us to distinguish between the de-excitation 7-rays following the 

decay of residual nuclei in 10O(7,n) and 160(7,np) reaction due to different threshold 

energies of these reactions. 
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Expected y-nys from "N (blowing "0(?,p) 

E, E, Branch •y-ray (MeV) 

527 0 100% 5.27 

5.29 0 100% 5.29 

632 0 
5.29 

-100% 
< 1% 

6.32 
1.03 

716 0 
5.27 
5.29 

< 0 01% 
100% 
<4% 

7.16 
5.27. 1 89 
5.29. 1 86 

757 0 
5.27 
529 
6.32 

13% 
98 7% 
<4% 

<0.5% 

757 
5.27. 2.3 
5.29. 2.28 
6.32. 1.25 

The 7.16 and 7.57 MeV states give rise to 5.27 MeV state population what could 

be distinguished using energy of the emitted proton. Fig 1 shows de-excitation y-

ray decays of 1 5 0 and 1 4N nuclei following the 160(-y,n) and 160(7,np) reactions 

respectfully. Using the proton energy information we also can identify -y-rays 

belonging to 1 S 0 or "N decay in the energy region of 5-6 MeV. 

For the experiment at Tohoku University (October 1993) a 4n-diameter Nal 7-rays 

detector was used for measuring the 7-ray spectrum. The energy resolution was 

determined by the empirical equation R = 0.09*(EY) 1 / 2 , which gives the following 

resolution 

E Y (MeV) AE (keV) 

6.3 200 
4.4 180 

1.2 100 

These figures were checked using a Nal detector and Am-a-Be 7-source (4.43 

MeV line) and M Co source (1.17 and 1 33 MeV lines). 
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Estimated count rate 

Using the described equipment located as described in the Experimental Layout 

section, the count rate was estimated. For the reaction leading to the 5.3 MeV 

doublet and 6.3 MeV state in 1 5 N, triggering by a proton, the count rate of these y 

rays from both 5.3 MeV doublet and 6.3 MeV state was estimated as -12 per day. 

Tagged photon source 

The electron tagging spectrometer of the Laboratory of Nuclear Science of Tohoku 

University was used to provide tagged photons in energy bins of less than 250 keV 

width between 40 and 80 MeV. The 100% duty factor electron beam was derived 

from Small Stretcher Ring (SSTR) of the Laboratory. 

Experimental Layout 

The experimental layout is shown on Fig.2. The rate of incident electrons was 

10* e/sec that producing about 2*105 tagged photons. The 2-mm thick water target 

was placed at an oblique angle of about 15° relative to the beamline thus providing 

effective thickness of ~5 mm for the beam but allowing the protons to leave the 

target in the direction of proton detectors with an acceptably small energy loss . 

The proton detecting arm consisted of nine 20-cm long by 10-cm diameter NE102 

plastic detectors. They were chosen because of their fast light response ("5 ns) to 

an ionizing particle. The detectors were assembled in groups of three with a 

common thin 2 mm plastic delta-E detectors for every assembly. They were placed 

25 cm away from the centre of the target, at angles of approximately 75°, 90° and 

105° relative to the beamline. 

The Nal gamma-detector was placed opposite the proton detectors 30 cm away 

from the centre of the target. In order to eliminate the -y-ray background 10 cm 

thick lead shield was placed around the Nal detector, leaving a window looking on 

target. This opening was shielded with 2 mm lead foil to attenuate the low-energy 

7-ray background scattered from the target. 
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In order to discriminate against the large number of false triggers due to electrons 

entering the proton detectors. Thin delta-E detectors were placed in front of the full-

E plastic detectors. The delta-E detector was used to identify the particle by using 

the energy loss characteristics of the particles. The values for energy loss are well 

known for protons and electrons, and because the properties of a proton are quite 

dissimilar to those of an electron, the particles can be identified. When a plot of the 

energy loss in the full-E detector vs the energy deposited in the delta-E detector (a 

scatter plot) is produced, two distinct bands are present, see Fig. 3. The lower 

band corresponding to the particles with less energy loss in delta-E detector are 

electrons and pions and can be excluded from data. 

An event was recorded when there was a coincidence between a signal in delta-E 

detector, a signal in one of the three proton detectors and a signal in the Nal 

detector. A rough cut of the data from proton arm was applied so to eliminate the 

triggering of the data acquisition system with the electrons and other background 

particles. 

4. RESULTS 
The effective data collection time was about 70 hours and about 60 Mbytes of 

compressed raw data were collected. The expected number of de-excitation y-rays 

in the energy region of 5-6 MeV for this length of run-time was 35 for the conditions 

described above. The Y-ray spectrum after processing reveals a number of -y-rays 

in that region of energies consistent with this estimation. A rather high photon 

background was present in region of energies below 1 MeV, particularly due to 

neutron capture in Nal crystal and inelastic scattering on lead. These peaks can be 

se;>n in the y-ray spectrum, Fig. 4. 

6. CONCLUSION 
This short experiment test gives an indication that under more favourable 

conditions it will be possible to detect a statistically significant number of de-

excitation ?-rays. Thus, using a higher intensity beam (107 e/sec) and 10" Nal 
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detectors placed closer to the target, the estimation of the de-excitation -y-ray 

intensity is about 500 per day that gives an opportunity to measure the relative 

population of first excited states in 1 5 N with significant accuracy. 
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Figure captions 

Figure 1. Scheme of energy levels in 1 SN and 1 4N. 

Figure 2. Experimental setup. 

Figure 3. Scatter plot. 

Figure 4. Final y-ray spectrum. 
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Fig. 2. Experimental layout of the setup for "0(y,py')15N experiment. 
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Fig. 3. Scatter plot. 
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