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ABSTRACT 

The high-resolution capability of the bent-quartz-crystal spectrometer  

in Cauchois geometry has  been extended above 400 keV by replacing the 

photographic emulsion with a Ge( Li) detector and using multichannel pulse 

height analysis. 

bands of f i s s i o n 7  rays  a r e  recorded which are free of Compton edges and 

other secondary processes .  

By proper collimation at the focal circle, extended spec t ra l  

I 
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W o r k  performed under the auspices of the U .  S. Atomic l inergy Coiiiiiiissioii. 
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A fissioning nucleus is generally a copious emit ter  of prompt and delayed 

Y r ays .  

transit ions in p r imary  post-neutron-emission fragments.  

Most of the prompt gammas (7 < 1 ns)  a r e  attributed to electromagnetic 

The delayed gammas 

(7  > 1 11s) originate in metastable-state decays of p r imary  fragments  and t ran-  

si t ions in /3-decay products. 

A program is presently underway at  the Livermore Pool Type Reactor 

to study f i s s ion7  rays  and x rays .  

the fission process  itself, but should also permit  a nuclear spectroscopy study 

of very neutron-rich isotopes which a r e  not normally accessible through any 

Such a study should not only shed light on 

other reaction. 

A s  a first part  of this program, we have car r ied  out a s e r i e s  of detailed 
235u. measurements  of the gamma spec t rum produced by thermal  fission of 

F o r  this purpose, we have combined the bent-quartz- crystal  spectrometer  with 

the lithium-drifted germanium detector s o  a s  to  use each to  i ts  best advantage. 
2 The resolution of the quartz crystal ,  bent in the 310 planes, varies a s  E . 

with an additional component at 

* 
The Ge(Li) detector resolution var ies  as 

low energies due to  sys t em noise. 

curves is at about 400 keV, above which the Ge(Li) detector becomes rapidly 

8 The crossover  point of these resolution 
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superior .  

proved at  higher energies by using a germanium crystal  instead of quartz, 

The energy resolution of a bent-crystal spectrometer  can be im- 
9: 

r3' and by using other planes o r  higher order  reflection. However, we have 

found that above 401) keV, the intensity and background character is t ics  of 

the bent c rys ta l  a l so  degenerate with respect to  the Ge(Li) detector. More- 

over, quantitative intensity measurements are difficult with the usual photo- 

graph ic e mu Is ion de t e ct or .  

The spectrum produced in a multichannel, pulse-height analyzer by a 

inonoenergetic Y r ay  in Ge(Li), is generally characterized by  a very sha rp  

full energy peak due to  complete absorption. 

lower energy is a continuous distribution due  mostly to  gammas which a r e  

Accompanying this peak at  

Compton-scattered out of the detector. 

peak and the upper edge of the Compton distribution is relatively empty. 

The region between the full energy 

In complex spec t ra  such as the fission gammas, the Compton distribu- 

tion of high-energy gainmas wi l l  generally obscure all but the most intense 

low-energy peaks. .Even when an anticoincidence counter is used around the 

detector, the Ge(Li) spectrometer  is limited by this effect. 

Most of the difficulties a re  circumvented by combining tne Ge(Li) de- 

tector  w'ith the bent-crystal  spectrometer,  as shown in Fig. l .  A lead 

collimator appropriately located on the focal c i rc le  permits  a predetermined 

band of gamma energies  t o  s t r ike the Ge(Li) detector. The width of this band 

is chosen so  that the upper Compton edges of a l l  gammas in the selected group 

fall below the bottom of the band of peaks. The spectrum consists then of only 

a s e r i e s  of full-energy peaks (see Fig. 2).  
9 

'I'lie Cauchois geometry (extended source, focussed image) is especially 

I'avorable w i t h  respect l o  the duMond geonietry (title S O U I ' C ~ ,  cstcnded dctcctoi.) 
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in that a reasonably smal l  detector may be used, and conveniently large 

spectral  bands may be accumulated at each bent-crystal  setting. 

A s e r i e s  of overlapping bands have been recorded, covering a region 

f rom 1 6 0  to  880 keV. 

quartz c rys ta l  and i ts  holder) is recorded by repeating the run with the quartz 

crystal  angle mis-set .  

attributed solely t o  correct ly  Bragg-reflected gammas. 

Background (including incoherent scattering in the 

The background subtracted data ( see  Fig. 2)  a r e  then 

Runs were  also taken during reactor-down time. Observed gammas in 

this case  are  attributed to  long-lived, /3-decay products. 

The energy sca le  is calibrated in each case by means of a l inear pulser 

fed into the preamplifier.  One o r  more  known standard gamma sources  a r e  

included in each pulser run, a s  wel l  as  in the corresponding fission-gamma 

r u n .  

band. 

These s tandards a r e  usually selected t o  fall outside the selected gamma 

The precision is 0.1-0.3 keV in favorable cases.  

Intensities within each segment a r e  determined by the Ge(Li) measured 

efficiency and the known quartz- crystal  reflectivity. 

The overlap of bands allows a check on internal consistency and permits  

intensity normalization to a single scale.  

surements  usually employed a r e  not easily ammenable t o  quantitative intensity 

determination, the Ge(Li) measurements  a r e  useful well below 400 keV where 

the bent- crystal  resolution is markedly superior .  

Since photographic emulsion inea- 

A total of 123  gammas have been resolved in the region 160-880 keV. 

Of these, 16 have been attributed to  long-lived, P-decay products, It is 

evident that many more  gammas exist with intensities too low to resolve.  

The absence of supplementary information in the l i terature  precludes, at  

present, our assigning the gammas to the respective neutron-rich isotopes. 
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The resu l t s  of this s e r i e s  of measurements is to be published, and in 

the interim the l is t  of gammas wi l l  be made available f rom the authors on 

request. The technique used has been convincingly shown to be extremely 

usefu l  for  the detailed study of very complex y - r ay  spectra .  
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BENT CRYSTAL SPECTROMETER WITH Ge (Li) DETECTOR 

REAC :TOR SH I ELD -1 FOCAL POSITION I M  

REACTOR CORE 
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Fig .  1. Scnernatic diagram of the bent-quartz-crystal spectrumetei.  used i n  conjuiiction w i ~ h  a 
G e ( L i )  detector. 
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Pig. 2. A typical spectrum taken i n  the i'egion 190-231 keV. 
with the bent-crystal angle mis-set .  
due t o  calibration gammas and a pulser. 

The lower curve is taken 
The pealis outside the imaiii spectrum a r e  
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