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Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any watranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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Addition to LLL Status Report to USNDC  (UCTD-16258)

.z- . . '
, Atlas of Photonequon Cross Sections ODLalHEd w1th

v VonoenergeLlc Photons (B L. Berman)

A COlelat101 in a unlrorm format and current as of earl/ ’970, of
photoneutron cross-section data ODLalned with ronoeﬂerseulc photons. from
p031t“on annlnllaLlon in fllgnL has been issued as UCRL-74622. This
atlas was dls‘rlbuted at the Internarlonal COﬂference on PhoLOﬁuclear
Reactions and ADpllcatlons in March. The USNDC has, of course, ex-
pressed its great desire that such a compllatlon be made avallable for -

a varisty of anpl*caglons purposes . , . '

- Over the years, a considerable body of data on-phdtoneutron Ccross
sections obtained with monoene*vetic photons from the annihilation in
flight of fast DOSL*rons has been aCQUlDed at the leerwore, Saclay, and
General Atomic Laboratories. - The data on 65 nuclel studied with annihi-
lation photons (49 from Livermore measureménts, 25 from Saclay,’and two
from Generel Atomic) are gathered together here and presented in a uni-
form format, in order to serve as a nucleus for a more cor@lete compila~
tion and evaluation (which would‘include-data obtained with ‘continuous
brersstranlung radiation sources as well). . The photonuclear group at
the National Bureau of Standards is undertaking such a comprehensive
corpilation and evaluation, and the data in this atlas will be a major
part of_it. Mearwhile, these data are available in both graphical and
digital‘férm. It is hoped that this service to the physics community
will be utilized both for purposes of theoretical anélysis and for those
associated with applicéfiqns to other scientific disciplines and tech- -
nologies.

No attempt was made here to evaluate the data; i.e., to choose be-
tween two sets of data for the same nucleus measured at different lab-

. ' oratories, or to compromise between them by présen%ing a set of recommended
intermediate values. It should be noted, however, that the overall agrec-

v rment and consistency between measurements made at the three laboratories is
very good indeed, especially when viewed in the light of the enormous dis-

repanciles between churuuorxcq‘frequently obtained in the past for brems-

0

strahlung-induced Dﬂotonuclear measurements.



LAWRENCE LIVERMORE LABORATORY

A. NEUTRON PHYSICS

1. 235y Fission Cross-Section Measurements (J. B. Czirr and G. S.
Sidhu) Relevant to Requests 388, 389, 390 and 391.

Cross-section measurements are currently underway at the LLL
Linac on the ratio of the 235y fission to (n,p) scattering cross section
from 2 to 20 MeV.. '

The fission data are obtained from twelve planar 0.1 mg/ cm?
f01ls placed in a cylindrical fission chamber. This chamber is rotated
relative to the neutron beam in order to compensate for changes in the
fission fragment angular distribution with 1nc1der1t neutron energy.

The neutron flux measurement is obtained from a rec011-proton
telescope used in ring geometry with a 7L1—glass scintillator as the
proton detector. A 1 mg/cm? polyethylene radiator foil is replaced by
a deposited carbon foil for background measurements.

Cross-section measurements from thermal to 2 MeV are planned
followmg the completion of the above experiments. The accurate norm-
alization of the high energy data to the well-known ther'mal values will
awalt these latter results.

’2. Fission \) Measurements (R. ‘E. Howe, T. W, Phillips and C. D.
Bowman™) Relevant to Requests 395 and 452.

We are currently performing measurements of v for neutron-
induced fission of 23% in the energy range 0.5 to 100 eV. Fast,
spectr'ally-lndependent detection of the prompt flSSlOI‘l neutrons is
achieved with the system previously described.* '

Recent work has lowered experimental background rates and elec-
tronic deadtimes thus greatly reducing the magnitude of corrections ap-
plied to the data.

We are hoping to present our results at the IAEA Third Symposium
on the Physics and Chemistry of Fission, August 13-17, 1973.

Future plans include completion of v measurements for 235U from -
thermal energy up to 15 MeV. We also plan to evaluate ¥ for 23%u
neutron-induced fission over a similar energy range.

* National Bureau of Standards, Washington, D.C.
*% USNDC Report, dated 10 November 1971, UCID-15937.
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3. Isoperic Fissiop in 243Py (J. C. Browne and C. D. Bowman®)
Relevant to Request 483, ; v )

sion from subthreshold fission groups®® to the ground state in the
second well for 243Pu indicates the possibility of the existence of two
fission isomers for this nucleus, one being the 33-ns isomer already
observed and another being much longer-lived (v100us). If this is the
case, the 33-ns isomer is consistent with being a two-quasiparticle -
state at an excitation energy of approximately 1.2 MeV above the ground
state in the second well (whose excitation energy was previously
measured to be 1.86 MeV above the equilibrium ground state). This work
has been submitted for presentation at the Third Symposium on the
Physics and Chemistry of Fission at Rochester, August 13-17, 1973,

4. Thermal-Neutron Fission Cross Sections of 251cf and 255E'm

(R. C. Ragaini, E, K. Hulet, R. W. Lougheed and J. F. Wild)

Analysis of the results from & investigation of y-decay emis-

The thermal-neutron fission cross sections of 251Cf and 255mm

“have been measured by comparison of . fission rates with a 233U reference

standard. The values obtained are 4800 * 250 barns for 251Cf and 3400
t 170 barns for 255Ffm. An initiallg'gure sample of 20,3-h 255Fm was
fission counted altemately with a 233 standard in the thermal colum
of the LPTR during its decay to 900~y 2°1Cf. The atoms of 255Fm-25lcf
and 233U present on the thin targets were accurately determined by o-
pulse analysis. A value of 531 barns was used for the fission cross

section of 233U in calculating the cross sections of 251Cf and 255Fm.

5. Decav of 2%8cf (E. K. Hulet and J. F. Wild)

 The total half-life of 248Cf has been determined to be 333.5 *
2.8 d by long-term alpha and fission counting in ionization chambers.
In addition, the alpha-to-spontaneous fission disintegration ratio was
determined to be 35000 * 3000, resulting in a SF partial half-life of
(3.2 * 0.3) x 104 vy. ,

The fraction of 2*cf alpha decays proceeding to.excited levels

in 244Cm was measured by determining the fraction of alpha particles in
coincidence with L X-rays arising from internal conversion decay of the
excited levels in curium, This fraction, 0.170 * 0.005, results in a
calculated hindrance factor of 2 3.1 for decay to the first excited
level in 244Cm at 42.9 keV. |

* National Bureau of Standards, Washington, D.C.

*% USNDC Report, dated 10 October 1972, UCID-16136.



6. Trensmission Data Analysis’ for Neutrons on 207Pb (T. W.
Phillips and B. L. Berman)

Data from the two-parameter measurement of the neutron total
cross section of 207Pb obtained as described in a previous report* is
being analyzed to yield information on the decay width, spin, and
parity of the levels of 208Pb, The transmission function for neutrons
has been obtained for energies between 90 and 1000 keV. The analysis
of this transmission function is complicated by interference effects

between adjacent levels and 1nterference with the appreciable potential

scattering which occurs at these energies. It has been found that to
adequately account for these effects a large number of levels must be
fit simltaneously. A computer code is being acquired to handle this
problem. In the interim, a code which handles up to three levels with
two poss:Lble sp1n states has been .used. An example of the fit obtained
in this manner-is shown in Fig. A-1. The parameters for the three levels
used in ‘thlS fit are listed below. , . b

B o I S —— p—

E-resonance (keV) W:Ldth (keV) - Spin and Parity -

317.5 - ‘ . 0.850 S
. 317.7 S 4.0 , 1+
330.0 . 8.5 - 1-

7." The 128T¢ (n,y) and 130Te (n,y) Cross Sections from 0.5 eV to
. 7T keV and the Xenon Anomaly In OId Tellurium Ures J. C. onwne '
and B. L. Berman)

Preliminary results of this experiment were presented in a
previous USNDC report.** Analysis of these data has been completed.
Figures A-2 and A-3 show the 128Te (n,y) and 130Te (n,y) cross sections
along with data taken using a natural tellurium sample. No resonances
were observed for 128Te below 425 eV and for 130Te below 1143 eV. Calcu-
lation of the resonance absorption integral for the 16 resonances '

‘assigned to 128Te and for the 6 resonances assigned to 130Te indicates
that the ratio of 129%Xe/131lXe that could be fomed in tellurium ores

which were bonbarded by a 1/E neutron flux is 3.8 % 0.55, The measured
ratiot in tellurium ores varies from 1.6 to 3.0. The ratio of 129%e/
131Xe predicted by thermal-neutron capture alone is 0.6. Therefore, the
measured ratio will depend on the thermal/epithermal flux ratio incident
on the tellumum ores throughout their history.

"% T, W, Phillips and B. L Berman, USNDC Report dated 10 November 1971 |

UCID-15937,

** J. C, Browne and B. L. Berman, USNDC Report dated 10 October 1972,
UCID-16136

t+ B. Srinivasan, E C. Alexander, Jr. and O, K Manuel, J. Inorg Chem.
34, 2381 (1972).



Previous neutron total cross-section measurements® on natural
tellurium have extracted agln® for various resonances in this energy
range. (a = fractional abundance of an isotope). Since we can assign
resonances to 128Te and 130Te, we can thus obtain values of g0 for
these resonances, Thege values of gI',® are listed in Tables A-1 and A-2
From the area under these resonances We can also extract values for gly
for these resonances which are listed in Tables A-1 and A-2,

‘ 128

Table A-1. ~“"Te Résonanc’:ePa_irametefs 5

- Previous Measurements :

Present Results
- 0

Eg gI‘nI‘Y/ r: gI‘rl gPY
(meV) (meV)* (meV)

. 424,9 4.4 1.20 34

4364 9.2 0.5 Ty
Il 8.8 0.17 -
1323 5.85 0.09 -

1461 23.7 ©2.83 39

1587 6.2 0,25 17

1839 26.7 12.3 - 28

2969 - 21.2 4.5 22

3268 u7.u .42 114
3549 27.9 0.5 398

-. L4082 30,1 0.79 75

4256 10.45 0.38 18

Table A-2, 130Te Resonance Parameters
Present Resgults Previous Measurements

E, grr, T gr,© , gr,
(meV) (meV) (meV)

1143 7.85 0.32 29
1715 21.5 1.02 4y
3201 25.9 0.8y 57

4450 -31.7 2.0 - 42

% S, Wynchank, J, B, Garg, W. W. Havens, Jr. and J. Rairwater, Phys.
© Rev. 166, 1234 (1968), | '
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8. Capt ure Y-Ray Spectra for 181’I‘a (n;Y) from 2 eV to 5000 eV,
(M. L., Stelts and J. C. Bmme) :

The spectra of y-rays from the 181Ta (n,y) reaction have been
measured for incident neutrons in the energy range of 2 eV to 5000 eV
using the LLL linac, The y-rays from the Ta sample located at 13.u4
meters from the neutron source were detected by a three-crystal
(Ge(Li) - NaI) spectrometer with an energy resolution of 6 keV for 6-MeV
photons. The energy scale and absolute efficiency were.
measured using calibrated radioactive sources and the C1 (nthermal.Y)
reaction, Data were stored on a magnetic drum in a two-dimensional
array of 4096 pulse-height channels by 624 time-of-flight channels. The
resolution of the expemment was such that most resonances below 200 eV
were resolved.

: Flgune A-U4 shows a pOI’thl’l of the pulse-height spectmm for the
hlghest energy y-rays obtained by summ:mg over all neutron energies from

.2 eV to 60 eV. The ground-state transition is indicated by "GS" and

higher excited states by integer labels. All levels seen in the 18lTa
(d,p) reaction® and the 18lTa (nNthermal, Y) reaction ** below 1-MeV |
excitation energy are seen here plus ma.ny states not excited in these -
reactions. _

The y-ray spectra for individual neutron resonances exhibit
marked intensity variations from rescnance to resonance for the various
transitions. Data analys;Ls to extract the par'tlal Y~decay widths for
individual resonances is in progress.

9. Capture Cross-Sectlon Measurements (J. B. Czirp and M.- L.
Stelts)

gaper with the title Capture Cross-Section Measurements for
165H0 and 137Au has been submitted for publication.. The abstract for
this paper 1s as follows: '

As part of a contlnu:Lng program to accurately measure neutron-
capture cross sections, we have obtained data for 155Ho and 197au in the
167 eV to 0.6 MeV energy range.

All capture reactions are measured relative to the flSSlon rate
of 235U for neutron energies above 800 eV and to the 10B (n,o +a1)
reaction below 20 keV. In addition, current best estimates o% op( 35U)

%# J, R. Erskine and W. W. Buechner, Phys. Rev 133, B370 (1964).

*t G, A. Bartholomew, J. W. Knowles, G. Manning and P. J. Campion,
Atomic Energy of Canada Limited. Progress Report No, 517 (1957),
unpublished. ' :
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- and oy (10B) are used to convert these ratios to up-to-date capture
. cross éectlons The 3.9 eV "black resonance" of 165Ho is used to norm-
alize all cross. sectlons. - '

Data have also been obtained for natural In in the 300 eV to
0.6 MeV energy range and will be pub]ished in the near future. '

10. Cross Sections for Gamma-Ray Productlon by ll&-MeV Neutron :
' (L. G. Multhauf and S: M. Matthews) L o v

o For many elements, y-ray. productlon cross sections at 14-MeV
neutron energy either have not been accurately measured or can not be

determined with confidence due to inconsistencies in repor'ted values.

We are under'taklng, therefore, to measure this cross section for a range

of elements using the hlgh—flux lU-MeV-neutr'on fac111ty at LLL

The samples are placed in 4 ring geometry about the neutron
source at a distance of 8 meters from the detector which is shielded
from the major sources of neutron-induced background by a 1.9-meter-
thick cement wall. In addition, t:Lme—of—flJ.ght measurements provide a
clean separation between y-rays produced in the sample and scattered
‘neutrons.  Preliminary measurements have shown background levels to be
very low. S ' . S .

_ Monte Carlo calculations are being made for each sample material

to determine the effects of both Yy scattering and neutron multiple
scattering. Ring dimensions for each element will be chosen such that
these effects are either negligible or small enough that a correction
can be made to the spectr'um : ‘

The detector systems consist of a 30-c:m x 30-cm NaI(T2) annulus
operating in an anticompton mode, and having as a central detector
either a large volume (Ge(Li) crystal or a NaI(T%) well crystal of
dimensions selected to optimize the peak efficiency and peak-to-total
ratio. The well detector will be used to measure continuumy-rays. The
measured spectra will then be unfolded using measured detector response
functions. .

We have constructed a set of proton—reco:.l counters to measure
the neutron flux. We will also use isotopic activation for an indepen-~
dent determination of the flux. We have employed, for example, 24Na
activation, using the well measured 27A1(n,0) cross section.



‘B, PHOTONUCLEAR PHYSICS

5

1. Photoneutron Cross Sections of 55m and Jco (R. A, Aivarez,

‘B. L. Berman, F. H. Lewls, and P. Meyer)

We have measured the photoneutron cross sections of 55Mn and
53Co from threshold to 36 MeV using photons from in-flight annihilation
of positrons from the new Livermore positron-electron linac. The tech-
nique and apparatus used were essentially identical to those employed in
a number of previous experiments; a description appears in the litera-
ture.* The principal differences in the present measurement were the
higher available positron beam currents (which made possible measure-
ments with higher photon energy resolution) than were available on the
old Livermore linac, and a remote-controlled target-sample changer,
which allowed measurements at each beam energy to be made on each
isotope with identical accelerator and beam-transport system tuning.
This improvement in the technique provides added confidence that fine
structure observed in one isotope but not the other is indeed an effect
of the nuclear dynamics and not a fluctuation caused by the apparatus.

Our results are shown in Figs. B-1 and B-2. The photon energy.
resolution is approximately 90 keV at 10 MeV and 160 keV at 35 MeV,
Error bars shown are statistical only. In addition there are several .
sources of systematic uncertainty, which could introduce overall errors
into the absolute cross section of up to about 10% in the region of the
giant resonance peak and perhaps 40% at 35 MeV.

- In both nuclei the giant resonance is rather broad and is
divided into three main groups of substructures. There is a consider-
able amount of superimposed fine structure from theshold to 25 MeV or
higher. Fine structure is evident in the (y,2n) cross section of both
isotopes, as well. The integrated total cross sections are 807 MeV-mb
for 55Mn and 894 MeV-mb for 59Co, while the integrated (y,2n)
cross sections are 166 MeV-mb and 139 MeV-mb, respectively. The (y,3n)
cross sections of both nuclei are very small. o

C. APPLICATTONS

1.  Intense Sources of Fast Neirtrons (H., H. Barschall)

Methods for producing intense sources of neutrons of average
energy above 10 MeV are investigated for applications in biology, medi-
cine, radiation damage studies particularly for the CTR program, and
cross section measurements. : ' _

* B, L. Berman et al., Phys. Rev. 162, 1098 (1967).
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(a) Intense source of 15-MeV D-T neutrons. The rotating tritium target
previously described has been replaced by a 22-cm diameter target.
(UCRL-74285). The new target permits operation at higher source
strength. In 30 hours of operation at a source strength between 2.5 and
3.0 x 1012/sec no appreciable decrease 1n source strength was observed.
During this operation a fluence of 1017/em? was delivered to a small
sample for radiation damage studies. A new high-voltage power supply,
which is scheduled for dellvery 1n June 1973, should permit operation at
higher source strength. -

(b) A study of the neutron product:.on from deuteron bombardment of
deuterium, lithium, beryllium, and carbon targets has been completed.
In UCRL 51310-Addendum, spectra and yields are given for the followmg
conditions: _

 Target _ Deuteron Energy (MeV) Lab Angle
Thick Li 5 - 19 30 - 320
Thick Be - 3-20 . 30 - 320
Thick C 12 - 18 30 - 320
Thin D 16.5 and 18.6 ‘ 39, 90, 320
Thin Be =~ = - 5 - 18 v ¥ -30

Average neutron energies and available doses are presented in UCRL-51310.

2. O,zone—Tagging for Biomedical-Purposes (P. Meyer)

- . Ozone has been identified as a significant component of ambient
air pollution where atmospheric photochemical activity occurs. The
importance of ozone (03) as a toxicant is recognized and sewveral of its .
effects have been defined, although the damage mechanism is still un-
certain. At present, the distribution of the ozone-uptake throughout
the respiratory system is unknown.

We have 1nvest1gated the poss:.blllty of tagglng ozone with an
oxygen isotope, 150, a positron emitter with a half life of 122 seconds.
With the use of the Anger pos:Ltron camera® at the Livermore Linac, one
can then in principle visualize the distribution of the radiocactive

‘ozone (or other gases) by observing the annihilation gamma rays fmm the.

decaylng oxygen isotope,

The 150 isotope is obtained by irrediating 160, with bremsstrahlun
from the 100 MeV Linac, via a (y,n) reaction 1n 160, The measurement o
the ratio of activated to unactivated ozone, 03*/03, is the object of -
this experiment. Results using 02 as a target gas 1ndlcate that an 03
concentration of 1 ppm and a ratic of *03/03 of 8 x 1010 are the satura-
tion points at the end of an irradiation. 1 the ozone is trapped at
dry-ice temperature and then mixed with a breathing gas in varying
proportions for use in a practical application.:

*4. 0. Anger, Scintillation Camera and Positron Camera in Medical
Radioisotope Harming, (IAEA, Vienna, (19538), p. 59.




Prellmmary experlments w1th small dogs have recently been
carried out with the 16-inch diameter Anger camera at Livermore. Ozone
concentrations used were 1 ppm and 5 ppm: Early results indicate that .
oxygen as a target gas provides sufficient amounts of tagged ozone to
do useful lung function studies with ozone concentrations of perhaps
> .1 ppm. Activated nitrogen, 13N, carbon dioxide, 11C, and oxygen

. -were also used for compamson. Data analysis is in progress at this

time.

D. FACILITIES

l leermone Cyclograaff Fac111ty (J C. DaVJ.S and J. D.
' Anderson) v

'I'he Livermore Cyclograaff is the successor to the 90" var-
1able energy cyclotron used for baSlC and programmatic research at

_L:Lverm)re for fifteen years. The 90" cyclotron was shut down and dis-

mantled in February 1971 and the cyclograaff became. fully operational
for experimental use in late 1972, Easy productlon of high resolution
or pulsed proton beams over the 1-27 MeV energy range was the primary
advantage of the cyclograaff as a r'eplacement accelerator, However, the
high versatility with respect to particle species, beam energy, and beam
intensity as well as significant financial advantages over alternate
accelerators were important in the selection of the cyclograaff. The
physical layout of the cyclograaff facility is shown in Fig. D-1. Most
of the nuclear physics experiments in progress utilize micrvoampere
proton beams in either a high resolution mode for charged particle
spectroscopy (AE/E £ 0.1%) or in a pulsed mode for neutron time-of-flight

and gamma ray production studies (At v 1 ns, £~ 5 MHz). Similar work
will be done with the 1-20 MeV deuteron beam. A detailed description of
the accelerator facility and the pulsed beam capbilities appears in the

“June 1973 issue of the IEEE Transactions On Nuclear Science.
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