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High-Resolution Measurement of Fine Structure in the Photoabsorption Cross Section ¢fO
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A new experimental method for the high-resolution measurement of photoabsorption cross sections
has been developed. The energy resolution of about 0.1% is achieved by measuring the transmitted
photons from a target with a high-resolution high-energy photon spectrometer. The method is applied to
the measurement of the photoabsorption cross sectidtOoin the giant resonance region. Significant
fine structure of the resonance is observed. [S0031-9007(97)04928-4]

PACS numbers: 25.20.Dc, 27.20.+n, 29.30.—-h

The fine structure in photonuclear reaction cross secmeasurement methods, but white photon beams whose
tions, such as that observed in oxygen [1-5] and otheenergy covers the fine structure peaks of interest. By
light nuclei [6—8] in the giant resonance (GR) region, counting the transmitted white photons from a target with
can provide important information for the understandingHHS, the photoabsorption cross section is deduced [20].
of the GR. In particular, the intrinsic width of the fine For the transmitted photon counting method, the use of
peak in the GR region is important because it gives inforlaser compton photons (LCP’s) [21,22] is more effective
mation on the configuration of the resonance. TheoreticdR3] than that of bremsstrahlung photons because of its
approaches reproduce only the position and strength dfardness on energy distribution and its energy selectivity.
the peaks and do not account for the width [9—-13]. The The HHS (Fig. 1) consists of two largh-type Ge
width has been treated just as a free parameter to fit theéetectors and thick bismuth germanium oxide (BGO)
experimental data [9]. In some light nuclei, the widths ofdetectors surrounding the Ge detectors. The sensitive
the levels in the GR region are deduced from the data ofolume of two Ge crystals i668 cn. The relative effi-
the (e, e’), (p,y), and(a, v) reactions; the value of the ciency of each detector was 95% at 1.33 MeV relative to a
total level width ranges from a few keV to a few hundred3 in. diam X 3 in. Nal detector and the energy resolution
keV [14—16]. However, the energy resolution of the pho-of each Ge detector was 2.2 keV FWHM at 1.33 MeV.
tonuclear cross section measurements using tagged phbhe two Ge crystals are arranged like twins along a beam
tons or monochromatic photons is typically a few hundredaxis to obtain large photopeak efficiency for high-energy
keV [17-19] and is, therefore, not enough to deducephotons. Signals from the two Ge detectors are summed
the intrinsic width. The high-resolution high-energy pho-by a high gain-stability sum amplifier. The energy reso-
ton spectrometer (HHS) was constructed at the Powdution of the twins used in the summed mode was 12 keV
Reactor and Nuclear Fuel Development Corp. (PNC) td&WHM (0.13%) for 9.04 MeV photons generated via a
investigate the fine structure of photonuclear reactior'*Cd(n,y) reaction. This performance on energy reso-
cross sections [20]. The HHS was designed to measuietion for high-energy photons is almost the same as that
high-energy photons, typically 10—30 MeV, with an en-reported for a small Ge(Li) detector [24]. To improve
ergy resolution of about 0.1% and with high photopeak-the twin peakbackground ratio, the BGO detectors work
to-background = totalphotopeak ratio. as an anticoincidence spectrometer [20,25] with the dis-

The high-resolution measurement using HHS needs noriminator set at about 100 keV. A beam window of
monochromatic photon beams in contrast to the foregoin§ cm diameter is provided in the front BGO detector.
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FIG. 1. A schematic representation of the HHS.
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The HHS was designed using the Monte Carlo electrona personal computer at the interval synchronized with the

gamma shower simulation code, EGS4 [26]. According tanovement of thé®O and'®O targets.

the simulation, the absolute photopeak efficiency of HHS Figure 3(a) shows the transmitted photon spectra,

is 6.5% for a collimated 15 MeV photon beam of 2 cm Y('°O) (W) and Y('*0) (O), observed by HHS for the

diameter. 10 and 180 targets, respectively. Each spectrum was
The experiment was performed at the electron storebtained by summing 837 spectra and packing 50 channels

age ring TERAS [27,28] of Electrotechnical Lab (ETL). into one channel to present the data with high statistics.

The experimental arrangement is shown in Fig. 2. A secFigure 3(b) shows the subtracted spectrur{!°O) —

ond harmonics of yttrium lithium tetrafluoride laser beamY ('80). Significant fine structure is shown at the region

(A = 527 nm and the power 1-3 W) entered the win-of ~8-13 MeV. The gross feature of the fine structure

dow of a vacuum chamber inside the bending magnet afagrees with the previous data [3,4,16], where the only

ter being reflected by a mirror and passing through a lens

(f = 2.0 m), and then interacted with the stored electron

beam at the straight section. The energy of the stored ' ' ‘ ' '

electron beam was 615 MeV and the stored current was 16000001 @) >
15-150 mA. The maximum energy of the LCP’s was g '500000 1 0 o e, 2
13.4 MeV in this case. The lead collimator of 150 mm § 1200000 1| . 18 ° o
in length and with a hole of 5.0 mm diameter was placed & 900000 - °
along the LCP beam axis to cut off the low energy tail of § 600000 - ° 1
the LCP beam. The distance between the centers of the®
interaction region and the collimator was 5.2 m. 300000 1 °
The '80 target consisted of an acrylic cylinder of 0 - SS T Ay s
602 mm in inner length and 11 mm in inner diameter, 18000 1 ) S22 FsS 2
filled with H,'80 enriched to 98% il®0. A 60O target ~ 15000 23 o =2 o
of the same size was also prepared for the comparison £ 120001 3 gg ‘_\{ - i Al
of the transmitted spectrum 6fO with that of '80; the 2 2 o T
difference of the spectra clearly shows the difference £ 9000 1 2 9 \4 \
between the photonuclear cross section'®® and that § 6000 - i |
of 10O because the photon-atom cross sections are the
. . ) 3000
same for the isotopes. The photoabsorption cross sectior
of 10 can be deduced from the data of tH®(e, '), 0 -
I5N( p, vo), and '2C(a, o) reactions [15]. Both of the 2 esdworn | © 2
targets were set, in parallel to the LCP beam, on the S g J 7 Kneissl 0
pulsed-motor driveiX stage. TheX stage was controlled £ -
to change the targets at an interval of 100 sec via the S 6- i
CAMAC controlling system. The summed signals of the §
two Ge detectors were transferred to an analog-to-digital @ 31 -
converter (Canberra 450 MHz model 8077) that was S /r _
gated by twin-BGO anticoincidence signals. The pulse 0 I
height data with 8k channels were stored in a hard disk of 3 .“
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FIG. 2. Schematic overview of the photonuclear experimentatontributions of the three dip peaks B are corrected using
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axis. Ref. [15].
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four resonances were reported at 9.1, 10.3, 11.4, and 13Fig. 3(b) to 13.0 MeV in Fig. 3(c). Forthe peaks at 10.4,
MeV. The present data resolves the four resonancekl.4, 12.5, and 13.0 MeV in Fig. 3(c), the peak cross sec-
into nine resonances. For example, the 11.4 MeV resdion values are larger than those of Refs. [3] and [4]. Itis
nance is resolved into 11.2, 11.4, and 11.7 MeV resoalso important to note that the widths of the observed peaks
nances. The three resonances are seen ifhthe) and are much narrower than previous data [3,4,16]. These
(v, ny) transitions measured by the photoneutron time-ofdata are summarized in Table | along with the values
flight measurements of Ref. [2], but have not been reof Ref. [16] for comparison. The peak cross secti®sn
solved in the ¢, total) cross section measurements [3,4]. and the total widthl',,, are not presented for the 8.8 and
The difference of the photoabsorption cross sections9.6 MeV peaks because of their poor statistics. There is no
Tabs(180) — 0415(100), is given by experimental systematic uncertainty in the determination
1 — expl—pi[aaps(BO) — gaps("CO) T} of beam current, detector efficiency, background subtrac-
6 8 6 tion, and reaction losses in contrast to previous measure-
=[U("0) = UC*O)J/U(®0), (1)  ments[3,4] because Eq. (2) requires only the ratio between
where o and . are, respectively, the atomic density the unfolded HHS spectrum of tH&O target and that of
of 19180 and the length of thd®!80O target. When the'®O reference target. Uncertainty in the simulation of
pLoaps < 1, EQ. (1) is approximated by the HHS'’s response functions contributes to the system-
Tabs(B0)— a1 (1°0) atic uncertainty of the photoabsorption cross section with
) 6 8 6 magnitudes up to 20%. Statistical uncertainty contributes
= [U(P0) = UCPO))/U(CPO)/pe. (2)  to the error of the cross section with0.8—1.1 mb in the
The U in Egs. (1) and (2) is obtained by unfolding the region of ~ 10-13 MeV and~ 1.1-1.8 mb in the region
observed spectrurd with the response functions of HHS. of ~8-10 MeV.
The response functions of HHS were calculated using the The measurement using HHS and LCP resolved four
EGS4 simulation code [23]. Here, thé represents the resonance peaks into nine resonance peaks in the regions
energy distribution of the transmitted photons. ~8-13.4 MeV. It was found that the widths of resonance
The difference of the photoabsorption cross sectionpeaks at 10.2, 10.4, 11.2, 11.4, 11.7, 12.5, and 13.0 MeV
Tabs(180) — 04ps(1°0), deduced by Eq. (2) is shown by of the 0 target are much narrower than those measured
the dash-dotted line in Fig. 3(c). The dashed and dottedsing a quasimonoenergetic photon beam from positron
lines show the data of Kneisst al. [3] and Woodworth  annihilation in flight [3,4]. However, the high-resolution
et al. [4]. Itis expected that there are three large photoabperformance of HHS cannot be fully exploited due to lim-
sorption peaks irf®0O in the energy region 8—13.4 MeV ited statistics of the HHS spectra and moderate sharpness
that have been measured via th&(e, ¢’), >’N( p, v0),and  of the fine structure peaks observedi®. Higher statis-
12C(a, ) reactions [15]. The excitation energies of thetics data have the possibility to show the intrinsic shape of
peaks of °0O are 11.52, 12.44, and 13.09 MeV. The solidthe fine structure that should be compared to microscopic
line in Fig. 3(c) shows the photoabsorption cross section o$tudies of the resonances [13]. When the new measure-
130 where the contributions of the three dip peaks®@  ment method of photoabsorption cross section using HHS
are corrected using the values of the radiation widths andnd LCP is applied to a number of nuclei, it will be a
the total widths of these levels given in Ref. [15]. Thesound experimental basis for the study of fine structure in
spectrum in Fig. 3(c) clearly shows the fine structure ofphotoabsorption cross section. The energy resolution of
130 as well as that in Fig. 3(b). The largest correctionthis measurement is more than 10 times superior to that
at 13.09 MeV shifted the peak energy from 12.9 MeV inachieved by previous measurements [1-8,17—-19].

TABLE I. Resonances iffO + y.

This expt. Previous data [26]
Ex (MeV) o (mb) e (MeV)? Ex (MeV) o (mb) I (MeV)
8.8
9.6 9.1 11 0.6
10.2 5 0.1
104 9 0.1 10.3 5.3 0.9
11.2 4 0.1
11.4 11 0.1 11.4 9.0 0.7
11.7 7 0.1
125 6 0.1
13.0 9 0.1 13.1 8.6 0.7

20Observed width. The experimental resolution is 0.1 MeV.
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