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PROMPT GAMMA RAY SPECTRA FROM PRCDUCTS FORMED

2520f

IN THE SPONTANEOUS FISSION OF
~ © J. B. Wilhelmy, E. Cheifetz,’ R. C. Jared, and 8. G. Thompson -
Lawrence. Berkeley Laboratory

® University of California
' Berkeley, California 94720

November 30, 1971
ABSTRACT

We present information on how to obtain and use a magnetic tape on which

is recorded gamma ray spectral information in coincidence with the prompt fission

of 7%

Cf., This dats is,supplied so that interested users may have access to a
large number and variety of gamma ray spectra sorted according to fragment mass
intervals. The inforﬁatiop was recorded in three and four parametef experiments
in which two fragment'kinetic energies.were measured in coincidence with gamma

rays and K x-rays.
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to determine ground state bands in even-even fission products,
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I. INTRODUCTION
We have pérformedvthreé and four parametef coincidence measurements on
the gamma ray and K x-ray emission of prompt products (O - 100 nsec) formed in
the spohtaneous fission of 252Cf (see Fig. 1). These data have been analyzed

1-3

as well as

inforﬁétion on the mass and charge distribution in fissionu‘and on the primary

fragment angular momentum.5 We are currently in the process of assigning tran-

sitions to specific odd A and odd;odd nuclei.,? In the course of these.experiments . .

we have recérded ~ 2.x1108 multiparameter coincidence events. It is therefore
impoésibié ﬁo publishlin detail all the experimehtal information. We therefofe
pfépose-to make afaiiéble, on request, the experimental data ( on magnetic tape)
£o any ind;viduals whb would find.it useful,

‘The purpoée df fhis report is\to preseht'a coﬁpilation of‘data neéessary
fér utiiizing the experimental informatigngﬁreéeﬁt on the maghetic tape, The
tapé‘containsvgamma>ray sPéctra-for‘selected mass intervals (in one case also

7 intervals). The masses are Calculated.from'the measured kinetic energies

&f the fragments and are based on the predétermined mass dependent neutron

emission distributions.6 The»masé’calcﬁlational procedure is outlihed'bélow

L

in Section II, Section III contains the general'description of the tape which

we will provide, The tapefwill be sent to the requester so that he will be‘able

to make a copy for himself and return the original to us.
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II. Mass Calculation

Multiparameter events of the form (Fl, Fz, Yys Yoo M) were recorded in,

chronological order on magnetic. tapes, F F, refer to fission fragment pulse

_ 1’ 2

heights of the-two coincident fission fragments."yl and T refer to pulse
heights from two photon detectors. M designates a marker dimension which con-
tained a classifiéation_of the event type. TFor a typical three parameter experi-
ment (i.e. with only one photen detegtor)each magnetic tape cpntained approximaﬁely‘
106 events Of"tﬁe type Fl Fz ¥ (v being Yl>or'Y2) and lO5 binary fission coigci-
fdénces, without a photon(i.e. Fy Fz). The biﬁary fission events wefe‘tgken by
recording one out of every fifty or a hundred binary events throughout the»
experiment. Each dimension was analyzed in a h096 channel ADC. The binary

" fission events were also:used forrstabilization of the gain by maintaining the
center position of the light frégment péak af a fixed channel (1664); Upon the
completion of the,experi@ent'the binary events were used for calibration;‘by
finding the:firsﬁjmoments between the 3/4 points of the two fission peaks. These

are defined here as PL and P, for the light and heavy fragments respectively.

H

- Sorting of the FlFZT events to oEtain gamma ray spectra as a functiop,
of mass interval was performed by generating a mass‘table»for all pulse height
combinations of the fission fragments. The table was based on the fission
fragment energy calibratiqn described previously and was constructed for each
- data tape in the manner similar to that‘described by Watson.7

The mass ﬁable was constructéd as a 100 x 100 matrix. In each fissioﬁ
dimerfsion the 8 most significant bits (256 channels) out of a total of 12 bits
were considered for the table, By restricting the fragment spectrum to 8 bits

(256 channels) the .centroid of the light fission peak (PL) was maintained, by

digital stabilization, in channel 104, The value of PH was usually at channel
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- 75. The 10,000 positions in the table were obtained from the matrix of channels

31 to 130 for both F, and F,. This range included more than 98% of all the

' v fission events.- The mass in each location of therﬁable was calculated by first
 obtaining a rough energy calibration:
E=a- "x+0Db : » » . C , o (1)

x is the channel number and a and b are constants

o
i

= 2440/ (P, -By)

b = 103.77 - a + P

L

Conservation of momentum leads to:

M 252 | ' | o (2)
lp ( l+E]_p]E2P) . R

sz

Mi and Ei denote mass in a.m.u. and energy in MeV of the i-th fragment. The

subscript p’denotes pre-neutron emission duantities. At the first stage Elp

and EZp were approximated by El and E2 (post neutron emission energies) in equa-

was derived. Also the total kinetic energy E; was approximated

1p T

by - ET,z Elp + E2p =B, +.Ezf | (3)

tion 2 and M

The values of Mlp~and sz were fhen corrected for the average number of

emitted neutrons (V) by‘using the tabulated experimental results of V (M,ET) of

- | Bowman et g£,6 The original table was stored in the memory of the computer and
the specific values of'?(M,ET) were found by.linear iﬁtérpolation within tﬁeg

© table, - R o . -

L%

The neutron correction takes the form

N o wln BV R o T - |
1 =My~ My Bp)s My = Mo - Vp(Mp ) - (4)
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Using the{final’maséeslMi and M_ the Schmitt mass dependént energy

2

calibration8 was»évéluétédf

It

E, = (240203 + 0.0357h M,) 52 S (5)

1

(24,0203 + 0.03574 Mi)
+ -.1370 M, + 89.6083
The values of Eip were then calculated

Eip = Ei(l + VM) : A , (6)

The new values of E, and E. were entered into equation (2) for continu- ..

1p 2p

ation of the iterative pfocess. This was repeated until the mass  values result-
ing from two consecutive iterations differed by less than 0.05%. 1In affew_rare
instances no éénvérgenCe»was achieved due to fluctuations within the neutron
correction tables. In such éasés'the calculation was stopped after the 20th iter-
éfioh.

The mass table was generated from the calibration points PL and-PH
before the -analysis of each magnetic tape of data._ With the table in the memory

F,, v were read from the tape. Each of the values

the:events of the type Fl, 5
of ﬁl”and szwhich consisted of 12 bits was separated iﬁto two numbers; The 8
most. significant bits formed the numbers Xi and Xé and the 4 least significanﬁ
bits formed the numbers Rl and RZ" To use the mass table we define Xl = Xi -30;
X2 = Xé - 30. The mass value corregponding to channels Fl’ F2 were then inferred
by interpolation from the 100 X 100 mass table-. _

M(Fl, FZ) = M(Xl, x2)+Rl[M(xl %1, xz) - M(Xl, XZ)] f% - A7)

+ R, [M(X,, Xé + 1) - M(gl, %,)] f%
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After finding the mass of each event the gamma ray>was placed in the
gamma ray specfrum corresponding to the appropriate maés interval.

The aﬁalysis of the eYents in the sorting program was done in integer
mode to séveitime. The maés table was prepared in units of a.m.u. X 256 and all
1'»'the'diviéion'operations were done Sy shifting bits. 1In this way~one magnetic
 tape.éontaining ébout;lo6 (Fl, Fz,y)eQents was sorted into 38 gammé ray spectra
_corresponding to 38 maSé intervals, Thissrequired a time of about.5 minutes in

tﬁe CDC 6600 computer,

The mass resolution of the experiment was inferred directly from‘the appear-
anéé'of‘a'specific gammé ray line in:sevefal adjacent mass intervals. -In this
experiment it was 4-7 a.m.ﬁ. (FWHM) and depended on the mass of the specific

fragment. An example of the mass dispersion for a single isotope is shown in

Fig. 2.
If sh uld'be emphasized that the mass éalculationsAare oniy approximate,

This is because the ‘neutron éorréctions which are applied to the data are
determined from measurements of average values, When applying these average
corrections to specific nucleivit is possible to introduce errors as large as

"1 - 1.5 a.m.u. Though the absolute value of the mass so determined may be
wrong,thé general trends of the mass distribution will be correct (i.e. lighter
isotopes wiil’appear7with mass centroids having lower valueé thanvheavy isotopes).
The only accurate way of determining the true mass is by establishing the system-
atics of the distributions. In practicé this means using our established'tréns-
itions in eVen—eyen nuclei és reference points where the true mass values are W

' known.,alt'is then possible by interpolatioﬁ to establish the true mass associated

with other transitions.’
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IIi.'_General Tape Description

The tape contains 6 files of gamma ray data followea by an extra end,
of file mark. The 6 fileé‘are then repeated and an additional end_pf file mark ‘ .
follows the -last gamma ray spectrum. The tape contains binary data Whiph is
written‘ih'an 0dd parity mode at a demnsity of 800 bits per inch, Table 1 presents
the general file structure of the tape. Table 2 presents the general format for
the spectra and. also the: identification written in the first word .of each
spectrum. Table 3 contains a complete Scelm Qf thé tape and.Table 4k is an octal
dump ‘of. the first spectrum in file i,

To.utilize the. presented spéctra it is necessary to know‘phe energy and
efficiency calibrations for}each detector. These are gi&en below along with

relevant déta of each experiment,

HR Experiment (files 1,8)
The HR-experiment was a three parameter measurement of gamma rays in
coincidence with-fission fragment kinetic energies. The gamma ray detector

3"Ge(Li),detector with resolution of 1 keV at 122 keV, The detector

was: a i cm
was. located. in. position YE (seé Fig. 1). An example of the gamma ray spectra
recorded 1in this experiment is shown in Fig. 3. Table 5 presents the energy
and-efficiency calibration data for the HR experiment. To find the energyﬁéf
any channel a linear: interpolation between values presented in the table will
give adequate reéults (£ .1 keV)., To determine the yield of any gamma fay it

is necessary. to divide the number of counts in the photopeak by an’interpolatedﬁ
number exfracted from the table. (Since the phétopeak efficiency of the detectér
is essentially a decreasing exponential function of energy it is probably best

to use a logarithmic interpolation procedure). The divided number then repre-

sents the yield of the gamma ray in %/fission. In our analysis of photopeak
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yields we. have used a computer code called SAMPO written’by-Routti.and Pruséin.9
Within the accuracy of.the efficiency determination (~% 15%) the results are
probably independent.of the,pa?ticular‘method used to analyze the photopeak
intensities but there will 1likely be slight &ariations in determined yields
dependent on thé method chosen for anaiysis.‘

As an example of the use of Table 5Isuppose that a photopeak has its
centroid at channel 2407.83 and has area above the background of'7970 counts,
The energy -of this gamma ray transition is

(2u07.83 - 2338.63

2158 Ol 2338.63) (249.73 gev -.233.89 keV) + 233.89 keV

"E = 240.77 kev = = - : : ,

‘The number of counts necessary for a l%/fission yield at 240.T7 keV is:

240,77 - 234, 6900
eXP [(zﬂz. —33r.) * (10 Z555) + 1n (7500)

16989,

Therefore the yield of the measured gamma ray is: o

_ 1919 _ 4 s
Y = 5989 = l.lh%/flsslpn,

G6 Experiment (files 2,9) - R : o

Two three parameter measurements were recorded in’the same experiment,
These are the (iata labeled 'G6!' :and 'Coax'. In the G6 experiment a 6 em3 Ge(Li)
gamma ray detector was locgted in position Yl' Table 6 presents the energy
and efficiency calibration data for the G6 experiment, The efficiency‘cali-
bration is for gamma rays emitted>from ffagmenfs stopped in detéctor Fl'

Transitions occurring in fragments flyiné toward detector F2 are Doppler shifted

. and Broadened‘(due to the fairly large solid angle for fragment deteétion) and

~
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arevusﬁally not‘resolvable into diScret? lines, However, transitions occurring
in ffagments which haQe sﬁopped'in detector‘F2 (theée are transitions which
occur at times greater than ~0.8 ns after fission) are’gon-Doppler shifted
and abpearras sharp gamma ray lines, vThe mass interval labelling the spectrum

. and therefore transitions from

is based on fragments stopping in detector Fl

fragménts'stoppéd in detector F2 are associated with the complementary masses,
Deciding if.é transition is ‘from the mass interval on which the sort was per-
formed or from a complementary mass can easily be resolved by observing. the

same transitioniin the HR, or Coax experiments. In these experiments the gamma

ray detector was located behind fragment detector F Therefore, from geometry

K
'considera?ions, gamma ray fragments stopped in detector Fl wiil always be
observed with more intensity than those stopped in F, even if the transition
lifetime is long compared with the transit time between the two detectofs;
This removés the ambiguity of the analysis and insures that the transition

is assigned to the correct mass interval.

GX Experiment (files 3,10)

The data recorded in the GX experiment represents the gamma ray portion
of three and four parameter measurements in which gamma rays and K x-rays were
recorded’, ~The gamma ray detector had a 6 cm> voluﬁe and waS'lgcated in position
 Yl.i'Téble 7 presents the energy and efficiency calibration data for the
expérimentﬂ' As infthe'G6«exPeriment the'efficiency calibration is for fragments
stopped’ in detector Fl;
COAX Experiment (files 4,11) : ' *

The data'presentéd'in the COAX file were recorded in the same experiment

as the'G6' data, The COAX data were taken with a 35 cm> coaxially drifted Ge(Li)
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N

detector located in'position Yz' Table 8 presents the energy and photopeak

efficiency calibration for traﬁsitions from fragments stopped in detector Fl.

HRF2 Experiment (files 5, 12)

This-experiment is the same data-that is presented in the HR experiment

_but in this case the data has been sorted into mass intervals relative to the

fragment stopping in fragment detector FZ’ " This means, for example, in the first
spectrum 4f this file the mass interval 87-89 is relative to fragments within
this mass interval stopping in detector FZ' The sbrting is performed in this

manner sobthat transition lifetime information can be extracted from the T-ray

intensity measurements. By observing, over the same mass intervals, the. intensity

of a specific gamma ray in the HR and HRF2 experiments and knowing the velocity

of the fragment and. the geometry of the detectors it'ié péssible to estimate the
transition life time from a £wb point decay curve. " Since the fragment'detectors
afe,éepérated by.Q 8.ﬁm and fission fragments have velocities of ~ 1 cm/ns it is
possible'fo obtain tfénsitidn iifetime information ofer a region of about 0.2—2.

nsec. Transition lifetimes which we have extracted utilizing this technique

_are presented in Ref, 1-3,

The energy calibration for the HRFZ data is the same as the HR energy
calibration presentea in Tabie 5. There is no efficiency calibration data availa-
ble since the observed yield of the gamma ray is dependent on the transition life-

time

Z Experiment (files 6, 13)

1

This experiment presents gamma ray data obtained in a four parameter
experiment in which two fragment energies were recorded in coincidence with

gamma. rays and K x-rays. The fragment energies were used in the standard way to
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~identify fragment masses. The K X-rays were used for identifying the atomic numbers
of the fragments._ The gamma ray data were recorded using the detecter in the GX
experiment.b The energy calibration is the same as nresented-in Table 7.
In this file there are 27 spectre. Eaeh spectrum.is labeled with an
atomic number. vThese atomic numbers were established by placing windows en the
.appropriate interval centaining the K& x-rays of each element; The energyvresolu-
tion of the‘Si(Li) deteetqr used for the K-X-ray measurements was ~ 0,7 keV at
| lh_kev. The resolution was this poor because, for the sake of detection effiei—
enqy,va,largelsurfacenanea deteetor wae3used (2 cmz). Eten at this resolution
:.;it_ielnoseible;te.separete the x-rays ofyadjacent elements reesonably well.
Eaeh'spectnqm in this_file has, in addition to a windew on the»K—x—rey energy
wintefval, an'edgitiqnel window on a mass intertal, The mass interval window was
”ehdsen to be 12 a.m.u. wide and centered on the most probable mass (Ap) for
. each velue Qf_Z,u The atomic nnmber of the fragment with which the transition
.is assoeiated can be extracted from these data but the nass of the traneition
,should be obtained frgmione of the sets of three dimensional data presented
above,

It should(beﬂremembered\that there are th fragments associated with
eech'fission and it is therefore possible to have x-rays in coincidence with
Y-rays from compiémentary fragments. It is easy to resolve this ambiguity by
observing whether the traneitipn is predominately eeen with a light or heavy.

fragment mass in one of the three parameter experiments,

w
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Table 1, File indentification.
File Experimental Vbeﬁectof Pbéition Resolutidn Usuable Enefgy Number of
Designation o (Fig.1)- Range of Data  Spectra
N ~ (keV)
1 HR . 1 ¢m3Ge(Li) T, ~1 keV at 122keV 40-400 b1
; . . . . \
2 a6 6 cmSce(Li) T 1.6 keV at 279%keV .60-1L00 1
3. .GX. 6 cm3Ge(Li) ’Yl 1.6 keV at 279keV  60-1400 41
b coax 35 cmdGe(Li) . T, 2.5 keV at 279%keV  150-1900° 41
5 _ ERF2 1 qm3ée(Li) T, “1 keV at 1éékev uo-&oo u1
6 X 6 cmiGe(Li) fl 1.6 keV at 27%keV  60-1400 27
7 (Blamk) | |
8-13 reéeat of files 1-6 respectively.
14 (Blank)




Table 2. Genéral tape information.
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*. Format of each spectrum

Number .of 60 bit words

~1lst Word

2nd Word
Words 3-4098
Words 4099 - L4112

~ Spectrum

1
2

38

39
e

41

- 4112 (eight 512 word records and one 16 word record)

1

Contain the number O,

“Contains the number k.

Gamma ray ¢hannels 1 - 4096,

Spectrum identification (see below)

Spectra Identification for Files 1 - 5 (8-12).

TIdentification (1lst Word)

8700089
8900091

9900101
10100103
10300105

16100163
8700163
8700123
12300163

Mass interval

87-89
89-91

99-101
101-1o3f
103-105

161-163.

87-163 (all mass intervals)
87-123 (light mass intervals)
123-163 (heavy mass intervals)

Spectra Identification for File 6 (13)

Spectrum

1
2

13

W

15

26
27

Tdentification
(1st Word)

37
38

L9
10050
10051

;0062
10063

7

37

38
o
50

51

- 62

63

)

Mass Interval a)

8 - 98

89 - 101

117 - 129

122 - 134

125 - 1137
. 152 - 16k

155 - 167

a) The mass interval is for each Z the.most probable mass value of the chain
(Ap) + 6 a.m,u, (Ap values are in ref, 4).
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Table~3, 'Complete Scelm of-Magnetic~Tape;(m>--

(a) Due to core limitations in the computer on which the Scelm was performed
a full record (512 60 bit words) is recorded in the listing as 463 words and

5 characters.




n
k!

#%% GENERAL SCELM & TAPE-BUFFER SIZE 1S 0463 60-BI1T WORDS AND 5 65-BIT CHARACTERS -
— **% ____...lcee) ok : - -
" CNDISE' RECORD LIMIT 1S 018 CHARACTERS e
, ;
I e . . e e
'_J_
e e ) S e B
1
. S e - S— . i



BEGIN FILE
: g G000
1 GOGL
8 GCGD
_1. GGon
£ GOCD
1 Gonon
8 G000
1 6ono
8 GC0B
1. 60ono
8 GOCD
.. 1 GooD

8 GCOD

1 GOCD

8 GOOCDL
e 1..G0OD
T 3 GR0D
e . L GORD
8 GOOL

1 6000

8 GOCD

1..6N0D .

8 GQOL
. 1 GGOD
8 GOCD
1 60CDh
8 GNOD
1. Goeo
"8 GOoD
e 1 GOOD

8 600D

1 Goon

8 Goun
e L_GOOD
3 GOGkR
1 GOUD

g Goon
1 GO0D
8 GOOD
1 cocp
g Gonn
-1 Gach
8 GOGDL
.1 6060
8 GCOD

8 GOCD
16000
8 600D
1 6OCD
8 GOOD
1 GOSu
8 GOCD
1 G0N0

1
BINARY
BINARY
BINARY
¢ INARY
T INARY
BINARY
BINARY
BIwaRy
SINARY
BINARY
BINARY
BIMARY
BiNARY
BINARY
BINARY

BINARY

BINARY
BINARY
RINARY
RINARY
BINARY

BINARY.

BINARY
BINARY
BINARY
BINARY
BINARY
BIHARY
BINARY
B INARY
BINARY
BINARY
BINARY

BINARY

BINARY
BINARY
BINARY
BINARY
BINARY

. BInary

SINARY
BINARY
BINARY
BINARY
BINARY

CBINARY.

BINARY

¥ BINARY

BINARY
BINARY
BINARY
BINARY
BINARY
2 IMARY
BINARY
BINARY
BINARY
DIHARY

LENGTH 0463

RECORDS. OF WORDS AND 5 CHARACTERS IN FILE 1y RECORDS 1
RECORDS OF LENGTH 0016 WORDS e INFILE____ 1, RECORDS ___ 9
RECORDS OF LENGTH 0463 WORDS AND 5 CHARACTERS . . IN FILE .1y RECORDS 10
RECORDS OF LENGTH UO16 WORDS __ _ IN_FILE 1y RECORDS _ 18
RECCRDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE ~ 1, RECORDS 19
RECORDS OF LENGTH 0C16 WORDS . . _ IN FILE Y, RECCRDS 27
RECORDS DF LENGTH 0463 WORDS AND 5 CHARACTERS. IN FILE 1y - RECORDS 28
RECURDS OF LENGTH 0216 WORDS . S . _INFILE_  _ 1, RECORDS 36
RECORDS OF.LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE s RECORDS 37
RECGRDS OF LENGTH 0G16 WORDS o IN_FILE: 1, RECORDS. 45
RECORDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1, RECORDS 46
RECORDS OF LENGTH 0216 WORDS . . T IN FILE 1, RECDRDS. | 54
RECCRDS UF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1, RECORDS 55
RECURDS DF LENGTH GCl6 WORDS e o INCFILE 1, RECORDS . 63
RECDRCS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1+ RECORDS o4
RECGRDS OF LENGTH 0016 WORDS ___ o IN FILE .1, RECORDS 72
RECURDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1, RECORUS 73
RECORDS DF LENGTH 0916 WORDS ~ ° .~ 7 .= - IN FILE. _ 1, RECORDS __ 81
RECURDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1, RECORDS 82
RECGRDS OF LENGTH 0016 WORDS . . e INCFILE 1y RECORDS __ 90
RECORDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 1, RECORDS 91
RECOROS OF LENGTH 0016 WORDS_. : IN FILE _ 1, RECORDS___ 99
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1 GOCD BIRARY RECORDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 9 YO 9 INCLUSIVE
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1 GOCD BINARY RECURDS OF LENGTH 2616 WORDS IN FILE 10, RECORDS 18 10 18 INCLUSIVE

... 8 GOCD BINARY RECORDS OF LENGTH 0463 WORDS AND_S5_CHARACYERS.__ ___ IN FILE__ 10, RECORDS__ 19 TO _ 26 INCLUSIVE §
1 GOOD BINARY RECURDS OF LENGTH CG16 WORDS IN FILE 10, RECORDS 27 10 27 INCLUSIVE
8 GOCD BINARY RECCRDS UF LENGTH 0463 WORDS AND.5 CHARACTERS__ ____ IN FILE . 10, RECORDS . _ 28 TO 35 INCLUSIVE
1 GCOD BINARY RECGROS OF LENGTH 0016 WORDS IN FILE 10, RECDRDS 36 TD 36 INCLUSIVE

8 GOCD. BINARY RECURDS OE_LENGTH.0463_WORDS_AND_S_CHARACTERS IN_FILE 10, RECORDS____ 37 _TO___ 44 INCLUSIVE .
1 GOCD BINARY RECORDS OF LINGTH 0016 VORDS IN FILE 10, RECORDS 45 70 45 INCLUS]IVE

e 8 GOO0D BINARY RECORDS OF LENGTH 0463 WORDS AND._5 CHARACTERS _ IN FILE. 10, RECORDS ... 46 TO_. .53 INCLUSIVE .-
1 GOOD BINARY RECORDCS OF LENGTH DOlé WORDS IN FILE 10, RECORDS 54 TQ 54 INCLUSIVE

.8 GOBD BINARY RECURDS OF LENGTH 0463 WORDS AND.S.CHARACTERS__ CIN FILE___10, RECORDS ___ 55 TO _ _ 62 INCLUSIVE X
1 CCOD BINARY RECCRDS UF LENGTH 0016 wORDS IN FILE 10, RECORDS 63 TO 63 INCLUSIVE
.8_G00D _BINARY RECURDS OF LENGTH_ 0463 WORDS_AND_S_CHARACTERS IN FILE_ 10y RECORDS_ __ 64 TO____ T1 INCLUSIVE
1 GOCD BIMARY RECCRDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 72 10 72 INCLUSIVE

o8 GOCD BINARY RECOKRDS OF LENGTH 0463 WORDS AND_ 5 CHARACTERS. _____ IN FILE___ 10, RECORDS __ 73 TO __ 80 INCLUSIVE, .
1 GOOD BINARY RECORDS OF LENGTH 0C16 YORDS IN FILE 10, RECORDS 81 TO 81 INCLUSIVE

_ ... 8 GOOD BINARY RECURDS OF LENGTH 0463 WORDS AND_S5 CHARACTERS ___ __ IN FILE __10s RECORDS _ _ 82 TO 89 INCLUSIVE
1 GOCD BINARY RECURDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 90 TO 90 INCLUSIVE
8_GOGD BINARY_ RECCRDS_DF._LENGTH. 0463 WORDS_AND._ 5 CHARACTERS __ JN FILE 10, RECORDS._____91_TO____ 98 INCLUSIVE -
1 GODD BINARY RECORDS OF LENGTH 2CGl6 WORULS IN FILE 13, RECORDS 99 TO 99 INCLUSIVE

... B8 GOOD BINARY RECORDS OF LENGTH 0463 WORDS AND _S.CHARACTERS ______ __IN FILE __ 10, RECORDS . 100 TO. . 1CT7 INCLUSIVE S
1 GOOD BIMARY RECCRDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 108 TO 138 INCLUSIVE &

e ... 8 GOCD BINARY RECCRDS UOF LENGTH 0463 WORDS. AND.S . CHARACTERS____ __IN FILE __ 10, RECORDS ... 109 TO .. 116 INCLUSIVE ____ . . \O _
1 GOCD BINARY RECURDS OF LENGTH G016 WORDS IN FILE 10, RECORDS 117 TO 117 INCLUSIVE !
8_GOOD._BIMARY RECORDS OF LCNGTH 0463 WORDS_AND_5_CHARACTERS _ _ _ IM_FILE___ 10, RECORDS__118 TO__ 125 INCLUSIVE
1 GOOD PINARY RECORDS OF LENGTH 0016 WORDS CIN FILE 10, RECDADS 126 TO 126 INCLUSIVE

e 8 GOOD BINARY RECORDS OF LENGTH 0463 WORDS AND. 5 CHARACTERS. ___ IN FILE _ 10, RECORDS __ 127 TO _ 134 INCLUSIVE i L
1 GOUD BIMARY RECURDS OF LENGTH 0016 WORDS ' IN FILE 10, RECORDS 135 TO ~ 135 INCLUSIVE

__ .. 8 GOCD BINARY RECURDS 0OF LENGTH 0463 WORDS AND S5 CHARACTERS __ ____IN FILE___10, RECORDS __136 TO _ 143 INCLUSIVE ~
1 500D BINARY RECURDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 144 Ta 144 INCLUSIVE
8_G0OQD PINARY. RECURDS_DF. LENGTH 0463 WORDS_AND_5_CHARACTERS IN_FILE__ 10, RECORDS___145 TD__ 152 INCLUSIVE
1 GODD BINARY RECORDS OF LENGTH 0Clé WORDS IN FILE 10, RECORDS 153 TO 153 INCLUSIVE

——s._..8 GOOD BINARY RECORDS OF LENGTH 0463 WORDS AND_5 CHARACTERS . IN FILE __ 10, RECORDS.__ 154 TO . 161 INCLUSIVE. ____ . _
1 GOOD BINARY RECURDS UF LENGTH 0316 WORDS IN FILE 10, RECORDS 162 TO 162 INGLUSIVE

e B GOOD BINARY RECORDS OF LENGTH 0463 WORDS AND.5 CHARACTERS ... IN FILE__ 10, RECORDS . 163 TG _ 170 INCLUSIVE ... _. __
1 GOOD BIMARY RECOKRDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 171 TO 171 INCLUSIVE
8 GOCD BINARY RECGRDS OF_LENGTH 0463 WORDS _AND_S _CHARACTERS _IN_FILE__ 10, RECORDS__ 172 VO ___ 179 INCLUSIVE R
1 GOOD BIMARY RECORDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 180 TO 180 INCLUSIVE

_ .8 GOOD BINARY RECORDS UF LENGTH 0463 WORDS AND_5 CHARACTERS ____  IN FILE __ 10, RECORDS __181 TO __ 188 INCLUSIVE L
1 GOUD BINARY RECORDS DF LENGTH 0016 WORDS IN FILE 10, RECORDS ~ 189 TO0 189 INCLUSIVE

... 8 GOCD BINARY RECURDS OF LENGTH G463 WORDS AND_5 CHARACTERS __ __ IN FILE _ 10, RECORDS 190 TO _ 197 INCLUSIVE
1 GOOD RINARY RECORDS OF LENGTH D016 WORDS . IN FILE 10, RECORDS 198 TO 198 INCLUSIVE

——_.8.GO0D BINARY RECORDS OF. LENGTH 0463 WORDS AND_5 CHARACTERS IN. FILE_ 10, RECORDS___199 TO___ 206 INCLUSIVE
1 GGOUL BIMARY RECDRDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 207 TO 207 INCLUSIVE

e ... 8 GODD BINARY RECORDS OF LENGTH 0463 WORDS AND. 5 CHARACTERS ______IN FILE 10, RECORDS __ 208 TO__ 215 INCLUSIVE ___--_
1 GOOD BINARY RECORDS OF LENGTH 0G16 WORDS IN FILE 10, RECORDS 216 TO 216 INCLUSIVE

.. 8 GGOD BINARY RECURDS OF LENGTH 0463 WORDS AND_5 CHARACTERS_ _ IN FILE__ 10, RECORDS __ 217 TO__ 224 INCLUSIVE _ ___

/1 GOOD BIMNARY RCCCRDS OF LENGTH 0016 WORDS IN FILE 10, RECORDS 225 TO 225 INCLUSIVE

8 600D BINARY RECDRDS OF LENGTH 0463 WORDS AND 5 _CHARACTERS _____IN FILE___10, RECOROS__ 226 TO __233 INCLUSIVE e
1 GNCD BINARY RECCORDS OF-LENGTH 0016 WORDS : IN FILE 10, RECORDS 234 TO 234 INCLUSIVE

—... .. 8 GCDD BINARY RECGRDS OF LENGTH 0463 WORDS AND _5_CHARACTERS _ __ IN FILE _ 10, RECORDS __235 TO _ 242 INCLUSIVE
1 GOOD BINARY RECURDS GF LENGTH G216 WORDS IN FILE 10, RECORDS 243 TO 243 INCLUSIVE
8 GNOD BINARY RECOKDS OF LENGTH 2463 WGRDS AND 5 CHARACTERS IN FILE 10, RECORDS 244 TQ 251 INCLUSIVE
1 GOOD BIMARY RECURDS OF LENGTH 0716 WORDS IN FILE 252 TO 252 INCLUSIVE
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8 GOCD BINARY RECHRDS OF LENGTH 0463 WDRDS AND 5 CHARACTERS IN FILE 10, RECORDS 253 TO 260 INCLUSIVE
—1.GOCD_BINARY RECURDS_OF_LENGTH 0016 WORDS. . ____IN_FILE___10, RECORDS__ 261 TO__26) INCLUSIVE _ . _ .
8 GOOD BINARY RECCRDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 10, RECORDS 262 TO 269 INCLUSIVE
1 GOGD BINARY RECORDS OF LENGTH 0016 WORDS. _IN FILE 10, RECORDS 270 TO __ 270 INCLUSIVE
8 GOOD BINARY RECORDS OF LENGTH C463 WORDS AND § CHARACTERS IN FILE 10, RECORDS 271 TO 278 INCLUSIVE
. .1 GCOD BINARY RECORDS DF LENGTH 0016 WORDS o ) . _IN FILE _ 10, RECORDS _ 279 TO _ 279 INCLUSIVE .
8 GOGD BINARY RECOROS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 10, RECORDS 280 1O 287 INCLUSIVE
1. GCOD. _BINARY RECORDS (F LENGTH 0016 WORDS _ N IN FILE 17, RECORDS__ 288 TO__ 288 INCLUSIVE
8 GOON BINARY RECORDS OF LENGTH 04563 WORDS AND S5 CHARACTERS IN FILE 10,y RECORDS 289 TO 296 INCLUSIVE
_ 1 GOOD BINARY RECORDS OF LENGTH 0016 HWORDS L , . IN FILE__ 10y RECORDS __ 297 TO 297 INCLUSIVE
8 GODD BINARY RECCRDS OF LENGTH 0463 WDRDS AND 5 CHARACTERS IN FILE 10, RECORDS 298 TO 305 INCLUSIVE
. __ . 1 GOUD BINARY RECURDS OF LENGTH QOlé WORDS . . . __IN.FILE __10, RECORDS _ 306 TO _ 306 INCLUSIVE L
8 GOCD BINARY RECORDS OF LENGFH 0463 WNRDS AND 5 CHARACTERS IN FILE 10, RECORDS 307 TO 314 INCLUSIVE
1.60CD BINARY RECCRDS CF LENGTH 0016 WORDS. L IN FILE 10, RECORDS___315 TO__ 315 INCLUSIVE o
8 GOOD BINARY RECHRDS OF LENGTH 0463 WORDS AND 5 CHARACTERS INFILE. 10, RECORUS™ 316 TD 323 INCLUSIVE
. ._.1.600D BINARY RECCRKDS OF LENGTH GO16 WORDS ~_IN FILE_ 106, RECORDS _ 324 TO __ 324 INCLUSIVE ~ ) -
8 GOOD BINARY RECUGRDS OF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 10, RECURDS 325 TO 332 INCLUSIVE
C__ 1 GOCD BINARY RECORDS OF LENGTH 0016 WORDS _ _IN FILE __ 10, RECOROS._ 333 TO _ 333 INCLUSIVE . .
8 GOCD BINARY RECURDS OF LENGTH G463 WORDS AND 5 CHARACTERS 1M FILE 13, RECORDS 334 TO 341 INCLUSIVE
— . 1.60CD BINMARY RECGRDS DF LENGTH 0016 _WORDS IN FILE_ 10, RECORDS___ 342 TO___342 INCLUSIVE
8 GOOD BINARY RECURDS DF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 10, RECORDS 343 TO 350 INCLUSIVE
1 GOOD BINARY RECORDS OF LENGTH 0016 WORDS .  ____IN FILE _ 10, RECORDS __ 351 TO __ 351 INCLUSIVE o
8 GOUD PINARY RECUORDS GF LENGTH G463 WORDS AND 5 CHARACTERS IN FILE 10, RECORDS 352 TO 359 INCLUSIVE
.1 GOOD BINARY RECCRDS OF LENGTH 2016 WORDS . "IN FILE - 10, RECORDS __ 360 TO __ 360 INCLUSIVE )
8 GOOD BINARY RECURDS COF LENGTH 0463 WORDS AND 5 CHARACTERS IN FILE 10, RECORDS 361 TO 368 INCLUSIVE
_1_GOOD_BINARY _RECORDS_OF LENGTH CC16_WORDS IN FILE 10y RECORDS___ 369 TO0 369 INCLUSIVE
..SUMMARY .. N - S - _ e e
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Table 5. Energy and photopeak efficiency calibration "for HR experiment.

Energy Calibration

Channel - Energy . Chénhel ‘ Energy - Channel Energy

(keV) _ (keV) (keV)
713.93 71.55 1763.48 177.05  2690.40 - 268.89
1048.46  105.2h 2038.0k - 204 .11 2969.70 296.58
1121020 121.57 2081.28 208.37 - 2994.60 299.16
1359.79 136.66 2142.59 214,49 3281, 40 127,82
1463.58 147,12 2179.93 = -218.10 37&7.01 378.72
152k.48 - 153.27 228436 22849 378091 385.23
171172 . 17133, . 2338.63 233.89° 3855.30" 413.86

173947 174.37°  2498.04 . 249.73 ' 38614.88 418.73

Photopeak Efficiency Calibration

Energy Counts for Energy Counts for Energy Counts for

(kev) - l%/Fission»Xiel@ (keV) 1%/Fission Yield (keV) 1%/Fission Yield
30.0 1.8 x 105 116, 3.70 x 10% 225, 8.35 x 103
47,07 1.48 x 105 121, 3.92 x 104 234 . 7.50 x 103
52.0 ©  1.33 X 109 125, 3.15 x 10%. 2Lz, 6.90 x 103
60.0  1.10x10°  130. 2.89 x 10% 251, 6.25 x 103
70.0 8.85 x 10" 136, 2.68 x 10% 262, - 5.70 X 103
72.5 8.45 x 10% 1, 2.48 x 10% 27 5.20 X 103
5.8 7.90 x 10" 146, 2.30 x 10% 284 k.72 X 103
78.5  7.45 x 1% 152, 2.10 x 10 20k, 4.28 x 103
81.5  7.00 x 10% 158, 1.93 x 10* 308, 3.86 x 103
848  6.60x10% 16k, - 1.75 x 104 319, 3.51 x 103
88.3 6.15 x 10% 171, 1,61 x 1o* . 331, 3.21 x 103
1 92.0 5,70 x 10" 1WQ”'ﬁmxm4"'%y 2.59 X 103
95.7.. 5.30 X 104 185. 1.33 x 10% 358, 2.45 x 103
99:5 .90 X 10% 192, - 1,23 x 104 372. 2.31 x 103
103.0 k.56 X 104 199. 1.11 x 104 388, 2.21 X 103
107.0 k.35 x 104 206, 1.02 x 10% 405 1

‘ .96 x 103
111.0 3.98 x 10% 216, 9.25 X 103 |
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Table 6. Ehergy‘and photopeak efficiency calibration for G6 experiment,

. Energy Calibration

Channel Energy Channel ~ Energy " Channel Energy
o (keV) ; (keV) _ - (keV)
276.9 99.6 17685 _zTﬁé _ 2832.3 1015.1
288.3 103.8 996.0 359.7 3279.3 11732
580.7 , 209.8 . 11714 423.1 ©.3532.0 1279.2

631.7 ( 228.2 1634.8 589.6 3709.7 1332.5

)

fEnefg§ Counts for Energy Counts for Energy
(keV)  1%/Fission Yield (keV) - 1%/Fission Yield (keV)

Photopeak Efficiency Calibration 2 , -
Counts for
1% /Fission Yield

60, - 486k, 190. 317k, 580. 389.
. 70. 5888, | 200. 2892, - 600, 376.
80. 6528. 220. 2406, 650. 333.

S 9. T 6912, 2b0. 1997, 700. 297.
100, 678k, 260. 1638, - 750,  269.
11000 - 6400. 280. 1357, 800, 2h1,
120.° 61k, +300. 1203. 850. - 218,
130, ¢ 5708,  3ko. LT . 900. 19k,
140, 5325, 380. 806 . " 2000, - 161,
150, 4838, 420, 678. 1100, 138.
160. . 4378, . 460. 576. 1200, 118.
170, - 3917, © 500. 491, 1300. 105,

180. -, 3584, 540. - 433,

- a) .These absolute efficiencies are not as well determined as the HR
experimental efficiencies. For bestvabsolute accuracy a photopeak
should be normalized to the HR results and then use these efficiencies

’ C ) ) - .

_as relative standards.
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Table 7. Energy and photopeak gfficieﬁcy calibratiéh for GX experiment.

Energy Calibration

Channel Energy Channel Energy . Channel Energy
' - ~(keV) i - (keV) , : (keV)
315.1 1040 613.2 - 211.6 11660.0 589.0
502.8  17LT 9k9.7 332.9 2287.2 815.L
519.% . 199.k 1024.0  359.7 . 3568.2 $1279.5

a)

- Photopeak Efficiency Calibration

Energy 'Counts for Energy Counts for - Energy Counts for
(keV)  1%/Fission Yield (keV) 1%/Fission Yield (keV) 1%/Fission Yield

160, 42670, 190, . 278uo.  - 580. - 3k12,
70. 51650. 200, 25370.. 600.. 3298,
80. - 57260. 220 21100, 650.  2921.
%. . 60630. 250, 17520, T00. 2605

100. 59510, 260. - 14370. 750. 2359.

110. 561L0. - 280. 11900. 800. - 211k,

120. - 53890, 300. 10550, 850, 1912.

130. 50070. 340, - 8307. 0. . 170L.

140, 46710, 380. " 070. 1000, 1412,

150, . h2lho. . b20. - 5OMT. 1100, 1210,

160. - 38400. 460, 5050. 1200, . 11035.

170. 34300, 500, 4307. 1300, 921,

' 180.. . 31k, 540, 3798.

a) See note on Table 6.
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’Table;8. Energy and.Ehotopeak‘EffigiencyvCalibratiop.for_COAX_Expefiment,

“Energy Calibration -

Channel Enefgy Channel Energy " Channel Energy

' ' (kev) w N (keV) , i (keV)

39%6.9 0 199.3 513.0 0 258.5 173.9 - 589.6

421.0 211.6 585.4 296.0 2348.5 1173.2

k0.5 - 236.9 659.4 332.9 2667.5 . 1332.5

178.8 240.8 7124 359.7. S | ‘
a)

Photopeak Efficiency Calibration

‘,Eﬁergy ﬂ} ﬁCoun£sffoff _ Ehérgy N ~ Counts for Energy  Counts for
. (keV) . 1%/Fission Yield (keV) 1%/Fission Yield (keV) 1%/Fission Yield

130. 24395, 380, shrh. 900, . 1549,
o150, - 21k20. o, 4403, 950, 1481,
1707 16838, 460, }65. 1000, 1374,
190;’"“t 14399, 480. 3927. | 1100. 1190.
210. 12495, 500. © 3689.  1200.° .~ 1053.
230. 11126, 540, - 3320, 1300, 9ko.
250, 9996. 580. 2986, . 1400, 8ls5
2701'”"'_ 8865." 600, ‘ 2856. 1500, 768. -
290.:';, 8032.”\ 650. 2558, 1600, 708,
300, 7616 700. 2350.  1700. 648,
320, 6961. 750. .. 2130, 1800, 601.
3h0. 6u26.  800. 1909. 1900, 559.
360. 5890.. 850. 1749, 2000, - 523.

a) See note on Table 6,
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FIGURE CAPTIONS

General schematic representation of the detector configuration,

Detectors Fy (with electrodeposited 352cf) and F, measured kinetié

energies of the fragments. .Detectors Ty and YZ measured energies of

‘x—rays\and/orAx-rays, The sources and detectors indicated in thew

bottom of the figﬁre were used for external stabilization of the
photon detectors,

An example showipg.thé mass_resbluﬁion fbr four specific trénsitigﬁs
associated with the iSbtopéllhuBa._ Each point represents the intensity

of the gammadray‘observed‘in the mass interval indicated on the abscissa,

The width of the ‘distribution for this isotope is ~ 5.6 a.m.u. (FWHM) .

... Depending.on the mass\with which the y-ray is associated the width

“can vary.from ~ 4-7 a.m.u. It should be noted the centrdid of. this

v

‘diéfiibution is about A = 143.5 and‘not~A = 144 even though these trans-

itions are associated with the isotope }uuBa'(éee text for discussion

on this subject),

An example‘of{portions of masé sorted gamma ray spectfa recorded in

'thev§3”eXperimént. The top spectrum is for transition from:fission

products stopped in fragment detector Fl having’masses between 103-105

and the bottom spectrum is for the mass interval 105-107. The straight

ﬂlinevis for energy‘calibration. Each spectrum is plotted twice with

- the top spectrum being equal to the bottom spectrum multiplied by 5.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility: for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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