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A metho& is reported for the detection of very‘olow-energy gamma )

raya The method utilizes aciﬁtmatmn detection with Nal-T1l crystals espe- o

c:ially spm a,nci mounted far the work, and selécted single 5819 or 6292 photo- N

multipliei‘s. 'rypical performmce ia unit (Zu) efﬁmency with background of l
. ,Q',.‘;»» cbunt per minute £or gamma enérgies betweea 5 and wo kev. . co

,‘,
(SN

| m?nowﬁ*fzoﬂ

o EEEY Y study of the propertien of the neutrou-deiieient rubidtum isutopes ,
- A by the methoﬂ of atémic beams haa pmmpted the aevelopment of high»efﬁciency_ L
_. j’ iaw—background cmmtera to detect ® k-vays ("15 kev) emittod when the mate‘— T
3 -rial K-captures or internally cenvertn. ‘The two methods in genera! use that
- xatisfy the given requirementn are gas counting using rather elaborate gr;d
chambera and prepertional techniques, or gcintillation counting. Contrary
to current conceptions. relatively high-resolutinn sciqtillation spectroscopy
using single photomultipliera not only is feasible for the region of interest, a
but can with care be made to give extremely low backgrmmds as well. . The '
ead prodnct is éefmitely superior to existing gaa cnuntera in. background and
) operatwnal utﬁit‘y. - : :

g i’!—w c@tmﬁ:it |

S The counting head as deaigned £or the purpoues of our investigation | ‘
Taee (i"ig 1) is an aluminum cup which fits over the face of the photomultiplier and
. into. which are cemented the gamma win&ow of 0.5-mil 2-3 aluminum, the

_ *Research sponsored by tha Ofﬁce of Naval R.esearch and the Atomic Energy
| Gornmission. _ ' ' ‘ _
Hobson, Hubbs, Nierenberg, Silsbee, and Sunderiand .to be published in the _ '

' Phyaical Review. | o S
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o useful lower 1imit of opera.tion to 1 kev."
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: crystal--ﬂ 25 by 0.5 inch by 1 mm-cand the. quartz light window. , Care is -
v f taken to prevent a film of the cement. Myva Wax. from covering either face
_' 'I'. of the scintiliator. The gamma»wiadow ttansmiuion is. approximately 90%
| ";.'for rubidium K x-:ayw thin-film teehaiquea might weu be used to extend the
' Sodium iodide crystals are parchased in large blocks and Bpli.t to size
. in a dry box with relative humidity less than 5% at 30° C. Cleavages are made

" :v by delivering a ught blow to'a razor 'blade lying along a crystal plane, and ac-

‘ ceptable fragmenta with no sign of fra.cture or dxscoloration are xmmediataly
. sealed between the two windaws to prevent sm‘face decomposition.
) Photomulttplier tubes ate selected from the large number of tubes
. acquired by the Radiation Laboratory (Berkeley) Initially only 5819'3 were
' avaﬂable. Perhaps one tube in & thousand would at that time mee: the requxre- ‘
: menta of less than one dark-current pu!le per minute above’ a pulae height

e equivalent to 5-kev gammas in Nal. The acceptance factor for the new Dumont

N 6292‘8 does. however--at least for same lotauruﬁ as: high as one tube- in
-twenty. . The common denamina,tor of tubés s0 selected is a very large ampli-~

' vﬁcation ior a given dynode volgage and.prgaumahly a raiagively high photo-

- cathode conversion efficiency. The relative dark-current raté is very nearly.

| independent of. dynode voltage over the normal region of Operatwn of the tubes.
‘High voltage curing of the phmomultipliera leads to no improvement of the =

. noise iigure. : L S

| ‘opmmﬂorz

: Gounting is performéd with standard Radiation Laboratory preamplifiers
~and singleachannel differential analyzers. The only stabilization nsed is that
of the analyzer and a Sorenenn regulator which is uaed to supply 110-v ac. 'I'he
counter window is customarily set'to accept at 1east 90% of the x-ray. lme. which
for 15-kev x-rays results in a_ mo% window, i.e., from one-half to one and
. one-half of the peak center, Only a 50% window {s required to achieve the game
results above 50 kev._ Under such adjustments as this, small drifts in window
width and height contribute a negligible change in counter efficiency and back-
ground, a factor of paramount importance for comzting periods which sometimes
_are as long as three months, The counters are shut down only after a counter .
electrOnics iaalure. which otcurs in a mean time of about four months. '
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The counter head is shielded with a stagger system, with concentric

f-"-(:ylindrical geometry a.nd using 2.5 inches of lead 1/8 inch brass, i/4 inch _
"iron. and 1 /8 inch or more aluminum, .For window settings above, the counter
L backgruund in the shield is one count per minute or less for all energy setﬂngs .

S 'between 5 kev and 100 kev. Mintmum background occurs in the neigh’borhood '

- of 40 kev, where it is typicany 0, 35 count per minute, | Comter ba.ckground

' outside the shield ia appro:ﬁ.hmtely 5 cmmtu per minute. Integral gettings- of

" the counter in the shield ami with a threshold cotreapanding to3to 5 kev result' '
T in approximateiy 8 c/m backgrcmnd for a eonfiguzatibn in which all mesons,

L ‘10w~eﬂergy gamma raya. and medium-energy electrons are detected with unit.

eiﬁc;ency. ‘l’ha integml eontribution of darkocurreut pulsea to cotmter back-
groand is, inr a. typical unit. approximately 10 exp (-E/ 5 kev) cmmta per

_ mmute between 5 | a.nd 10 kev., o .
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Fig l._ I)etaﬂ of scintillation head, : . o ;
: Figs Zﬂ Pulse~he1ght diatribution of mbidium K x-raya. ’,l‘hé;iowwnergy'peak‘ _
is dark current - - s |
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PHOTOMULTIPLIER TUBE - NaI (TI) ASSEMBLY
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