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The rise-time pulse-height distribution is divided by the energy

• distribution before storage in the computer memory . This
normalization facilitates subtraction of the unwanted gamma sensi-
tivity of the proton-recoil detectors , particularly at low neutron
energies.

The elimination of the analog divider improves performance
and simplifies the operation of the spectrometer.
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1 - INTRODUCTION

Harry Diamond Laboratories (H DL) is presently developing a capability for fast-neutron spectrome-
tr s- One method being pursued is the proton-recoil technique.” Wit h this method, neutrons from a
nuclear reactor penetrate a detector containing hydrogen or methane gas and collide with the protons. The
protons recoi l and create in the gas ion pairs that are collected by an applied electric field. The voltage
pulses resulting from the collected ions are proportional to the energy of the protons. Pulse-height analysis
of t he voltage pulses allows the energy spectrum of the protons to be determined . The proton spectrum is
t hen analyzed to provide the energy spectrum of the high-energy neutrons.

Any cause of ionization in the detector gas other than the protons is a source of noise. In particu lar,
gamma ray s t hat accompany the high-energy neutrons also ionize the gas. Voltage pulses that have gamma
rays as t heir origin must be separated from those which are due to the neutrons.

2. METHO D OF GAMMA-RAY DISCRIMINATION

Usua lly, t his separation of pulses is performed by pulse-shape discrimination. Because the protons
have a greater specific ionization than Compton electrons that result from gamma interactions, they have
shorter path lengths in the gas. Hence, their voltage pulses have shorter rise times than those due to the
gamma rays.

Figure 1 illustrates the pulse-separation technique. Figure 1(a ) shows the differences in pulse-height
distributions from neutrons and gamma interactions. In figure 1(bI , the separation is increased for the
sma ller pulse heights by use of specific ionization rather than rise time to distinguish between the neutron-
and gamma-ray-induced pulses. The specific ionization is obtained by dividing the rise time of each
voltage pulse by its magnitude. The resulting dual-parameter distribution is pictured in figure 2.

NEUTRON — b
INDUCED
PULSES NEUTRON —

RISE TiME SPECIFiC IONIZATION

Figure 1 Distributions of neutron and gamma-ray pulses. Fnerg~ versus rise time al and energy versus specifk
ioniiation hi .
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Figure 2. Dual-parameter data distribution.

3. DIFFICULTIES WITH METHOD

•\ key element of the gamma-ray separation technique is the division of rise-time pulses by voltage
pulse height. The desired division can be accomplished by either an analog or a digital divider . However ,
experience wit h an analog divider was the principal emphasis for our need to develop a digital di~ide
tec hnique. In order to perform the analog division corre ctly , t he rise-time and pulse-height signals had to
enter t he analog voltage divider in coincidence. Because of this requirement , t he analog divider s~ as
sensitive to f luctuations in time. It was also sensitive to variation in signal size or the presence ot a dc level
in the input signal . The elimination of the divider eliminates these problems and great ls redui es the time
necessary to place the system into operation.

4 METHOD OF SOLUTION

The method developed to do this division was to modify the electron ics and the computer program
w hich control data acquisition from the proton-recoil detectors The electronic modification i.

~ relatively
simp le and is described first. The modification of the computer program and back ground information
necessary to operate the program arid to interpret the results are discussed in I~~I~ remainder of the report .

5. ELECTRONIC MODIFICATIONS

Origina lly, t he electronics that couple the proton proportional counters (the detectors for the neutron
spectrometer) through the Al)C’s (ana log-to-digital converters ) to the minicomputer were arranged as
shown in figure 3 The signals from the proton-recoil counters were amplified to give a total amplitude 
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Figure 3. Electronics with analog voltage division.

pulse in one ADC. Such pulses are proportional to the energies of the recoiling protons. Simultaneous with
this energy measurement , the timing- filter amplifier differentiates and amplifies the signals to give the rate
of rise. These signals (energy and rate of rise) are fed in coincidence into the YIX analog-voltage divider to
produce the input to the second ADC, w hich forms the specific ionization axis of the dual-parameter array.

Since the ADC’s and memory units are under control of a minicomputer , it is possible to have the
alternative arrangement shown in figure 4. The total amplitude (energy) signal is the same as before , but
since the Y /X  division is now done digitally within the minicomputer , the second ADC accepts rate-of-rise
information directly.
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Fi gure 4. Electronics wit h digital voltage division.

6. PROGRAM MODIFICATIONS

6.1 Description of Program

The digital divide program is listed in appendix A . It is written in assembly language’ for the
ND81 2 computer and is in the form of an overlay for the ND-1075-O1 , which is the dual-parameter data-
acquisition program.1

T~uc lèar Data Incorporated. Software InstrUction Manual , BASC. 12 Genera) Assembler , Palatine, IL) 196 2) .

Nuclear Data Incorporated, Software Instruction Manual. ND4420 Single/Dual Parameter Monitor . Palatine, II. 1972
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The NI) 1 0~ ~, -01 has a spec i,i1 suhrt)UtiIit’ whi h handles data ( 0tilit1 ~ I o In ihi’ ~I )(

01,111 ’, this subroutine polls the ‘\ I )( ‘ ‘ to ( (II 1e I \ and Y input a rid t hen inc renwnts the II pr iq ir late

p01111 in memor’, t he digital divide moditit ation )t’ ,i’, c’s the \ input uric hanged, but tin idilies the ‘i input fi~
dis ding it bs \ Then the appropriate point in memory is in( remented. All th~ ot her routines ot NI)- 1) 17’ )

0 1 are unaffected , w ith the ex eption ot the auto-experiment routines . These routines ,Ire hanged onls
because the o’,t’r),l’, had to be put somewhere in memory and the auto-experiment routines ,ire rare)~ used
for proton—recoil data acquisition. If one had to use these routines , the ovi’rla’ , ‘,‘,ould have to he moved to
an unused portion ot memory -

6.2 Esp /anat,on ot Subroutines

The digital divide overl ay ’, t ) ns~sts of four subroutines: RSSAV , RSRFS, NFW 1 . and NI \V2 T he
subroutine RSSAV modifies the ADC handling routine to save the R and S registers 51) that these registers
ma’,- be used bs t he other portions of the NI)- 1075-01 . RSRES restores the R and ‘~ registers to
w hate~ er their original contents were betore t he AD(’ interrupl iic ( urred. This is nec essar’ , bec ,iij si’ the R
and S registers ha~ e me,lning to portions of the 1 0 S program external to the -\ I )( r~ iutines . I o ,ition
FIRST also has to be saved and restored because the location of the pak hes eliminates the instru ’ , lion that
normally does this .

The routine NEW 1 stores the results of the X-A I)C for future reference . The routine NF\V2
takes the resu lts of the V-A BC, multi plies by a sca le factor FMP , div ides hi, the \ - ‘\t )( result s and then
returns contro l to the NI)- 1075- 01 program with the results in the K register. The Nt ) -  10Th - Ui uses the
rt ’ s i i ) t s  ri the K register as t heY input and increments the appropriate location in memor’,

o L si’ot Program

First , the ND-i 0 5-0 1 program is loaded into fields 00 and 01 ot the ND8 1 2 Oiflpiitt’r. -\

hinars s ers ion of the digital divide program is overlaid on top ot this in field 00 hs the paper-tape loader .
[he multip lication factor FMP location 50~ , fie ld 00) m,~’, be varied to move the V 7 \ result to the Hf or
right on an oscilloscope disp lay -

6.4 ( onstra,nts on ~- ti-’t hod

Pre auti ons must be taken with digital divisio n because of the siic’ c it the rate-ot-ris e pulses
coming into Al)(’ no, 2 Wit h analog division , t hese pulses consisted of pulse height dis idi’d l s  rise time
and ( s i n ’  independent of pulse height. Therefore , t he gain 01 the timing filter amplifier could be set to ~~i \ 1’

adequate resolution at one energy and it ss ,is automatically adequate at all energies.

In the digital division arrangement , t he pulses coming into ABC no. 2 are proportional to
- One may set the timing filter amplifier to give adequate resolution in the middle of the envrgs

range , but there . m e  still problems at the extreme low and high ends of the energy range.

First , consider the lo~v end of t he energy range. The input to AIX’ no. 2 orisis ts 01 ‘411,111
soltagc’ pulses , sshi h are digitiied to only a few significant f igures . This causes a loss ot acc urai.s- in the rise
time , making the separati i)n of gamma rays more difficul t. Fortunately, sufficient ,i’, cur,lc ’, ma’, be
,mc hievc’d in the digital tec hnique hs in c r ea s ing the resolution of AI)(’ no. 2 from 256 di~ sions full s ca l t ’ ,
ss hic h ss is ade’qu,mtc’ ‘,‘, ith the ,iri,mlog dis 151011 arrangement , to 4096.

_ _ _ _ _ _ _ _  ~~~~~- . - .
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Next . consider t he high end ot the energy range [he input pulses to Al )(‘ no. 2 ~ri ss larger
ss iii enengs ,miic l 111,1’, l’k( eed the riia’simum signa l ,ip.i~ i t’, ot the’ .-\ l )( - It th is o curs , dat,m s ill he I( st - ‘[his
cl,m t ,m loi,s iia ’, In’ as-em ided hs keeping the gain ot the timing ti lter amplifier sufl ic ientlv I s~ -

[he oper,it i in 1110sf rementln ’r  Oi s(’t the resolution ci t  Al)(’ rio. 2 to 4096 . Scn i i’ the i~~ i’ r ) ,i’,
,mutc )m ,mt ,c ,mll’ , int c ’ rac ts  si, iii the ND - 1 0 T h  - 1)1 , no turt he’r at lion on the part of the operator s mn c’ss,in s -

Ant ,msst’iiibl - l,i ilgci,ige I) niputi ‘r po mgr,m iii has been ss r it Ii ‘n w h ic h ,ml 1 w s t hi’ c’Iec to ri i a nab g
(f iS idt’r tei be v1i on n itt ‘(I to nit the 11)1 po lOin ri”, c h I  spec t cc is ups s’, ste’ni this has the’ ids .ini age 1)1
sinip lit’ , rig the i’lt’c t ronn s ,mrid gre,itl’, n i b , i,i c~ t he h u h ’  li’, * ‘ ss ,O\  to set up t he si, stem In order to use the
program . the re’sti(uticin ci t -\l )( 01) 1 h~ r isi’ Ici ni ’ -‘0 )( hi s Id hi’ Inc ri’ ,tsed t im 40~l6 c li’, s u n s  ,ind ca nt ’
111051 he’ t,mkeui t i m see that the r i se  t u r n-  signal l i i i ’ s miii ~~r I  ,v. ht’’,iirid the e ,tp,ie i t ’ , ut -\l )( nil). 2 In’tore the
energs sign,il gruI ’,ss hi ’’,iurul tin’ c . ip .o  i t’ ,  ot i t s  -\I R

)l I I ~~\t L k’f i ; f h )

1 1 1 i , - , i r ~ , -~ i ,m rid I I ~
- .- hi’, ~~~~~~ i ntl \ , .ii~ S, ’’ , i t I ,I’.I )s’ i ’ .i , l iii s.I’ujt r u,Ic “~) c i ’ u 1 1 , 1 5 1  i i ; s s~ith
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APP ENI) )X ‘\ I ))( ,ITA ( I) IV II)E PROGRAM

This dsgita l di’, dc’ program is ‘,~ rit ten in ,i~si’rniIil’ , I .i nKU,i~~i.
’ he ir the ND8 t 2 computer. h i s  in the form

of an 0’, en Ia~ for the ND- 107S-01 , ‘,s hi( h is the du,i) - p in  ,inueter data-acquisition program. 2

0
V
U

SE 5353
~~~ CJX - 1374

— 7407
l~~V1 — 7400
?~~V2 - 7410
NE WP — 7400
~~ RES — 7440
RSSAV — 7425
i6TR 7436
SSTR - 7437
X — 7406
~~ 0000
A
A’cA~ A<B c\,~ — ‘c a ) ) ’—

C J , ( ’c )~~CG ’c

EXJX-1 374
NE WP=7 400 /NEVP LOC ATES THE OVERLAY

P Os! TI ON
/ THE FOLLOWING TVJMP ’S ARE PATCHE S INTO THE 1075 WHICH
/ DIRECT IT TO THE DIGITAL DIVIDE ROUTINES
/

*0111

0111 0600 TW~J!’W
0112 7425 RSSAV

*0117
0117 0600 TVJ~~
0120 7440 RSRZS

*0136

0136 0600 TWJ!~~
0137 7400 NEW !

Nuc lear Data incorpuirarc ’d, S,,ftwar i ’ Instruction Manual , BASC. 12 Genera) Assembler , Palatine’ , IL ( 1 9 6 2 1

Nu, )c ’ar Data Inc curporaned , S,ittcs ,,ri’ Instruction Manual , ND4420 Singk’/ Dua) Parameter M,in,tur P,,) ,m,ine’ , ft
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*02 10

0210 0600 TWJM?
0211 7410 NEW2

*NE WP

/ UPON ENTERING NEW t . J CONTAINS THE VALUE OF THE X ADC.
/ THE EX JX. TWSTJ DO WHA T USED TO BE DONE BY THE 1075
/ WHERE THE TWJMP NE Wt IS NOW LOCATED
/
7400 5406 NEWt, STJ X
7401 1 374 EXJX
7402 0540 TWSTJ
7403 0175 0175
7404 0600 TWLJMP
7405 0140 0140 /RETUBN TO THE 107S

7406 0000 X . 0
7407 0400 FlIP. 0400 /NORMAL I Z .AT ION FACTOR

/ NE W2 TAKE S THE Y-ADC VALUE. MULTIPLIES BY THE SCALE FACTOR
/ FlIP. DIVIDES BY THE X-ADC VALUE. AND STORS THE RESULT INTO
/ THE 1075 SO THA T THE APPROPRIAT E DATA LOCATION MAY BE
/ INCRE MENTED AND DISPLAYED
/
7410 1374 NE V2 , EXJIC /J{ y AF’I’E R

7411 0540 TWSTJ , ~~~~~~ . 1

7412 0175~ 0175
7413 51042’ LDJ FM?
7414 1000 ~ MPY /N ORMALIZE Y
74 15 5 1O7~.T LDJ X
7416 1303 EXJRKS
7417 1001 DI V /Y/X
7420 1374 EXJX /PUT IN K
7421 0500 T WLDJ / RESTORE J
7422 0175 0175
7423 0600 TVJMP
7424 0212 0212 /RETU~~ TO 1075

/ R SSAV SAVE S THE CONTENTS OF THE H AND S REGISTERS
/ SO THAT H AND S MAY BE USED IN THE D I V I D E  I N ST R U CTIC X4
/

/ FIRST MUST BE SAVE D BECAUSE THE TWJMP RSSAV IS IN THE
/ LOCAT ION WHERE FIRS T IS USUALLY SAVED
/

12
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7425 5000 RSSAV. LDJ FIRST
7426 0540 TWSTJ
7427 0173 0173 /STORAGE LOCATION FOR FIRST IN ADC
7430 1302 LJKFRS INT ERRUPT
7431 5405 STJ RSTB 

—

7432 0550 TVSTK
7433 7437 SSTfl
7434 0600 TWJM?
7435 0113  0113 /RETURN TO 1075

7436 0000 RSTR, 0 / STORAGE LOCATION FOR H
7437 0000 SSTR. 0 /STORA GE LOCATION FOR S

/ RESTORE H AND S BEFORE LEAVING ADC INTERRUPT R CXJTINE
/

7440 5102 ESHES, LDJ RSTR
7441 0510 TWLDK
7442 7437 SSTR
7443 1301 LRSFJX
7444 1410 CLR FLAG
7445 1450 CLR 0
7446 0600 TVJMP
7447 0121 0121

SE 5353
~~CJIC - 1374
~11P — 7407
NEW! - 7400
NE W2 - 7410
NE WP — 7400
RSRES 7440
RSSAV - 7425
RSTh - 7436
SSTR 7437
X — 7406
~~ 0000 

-~~ --- -.-- - -~~~~~~~ -----‘- --‘--



- -- ‘~~~~~~~~~~~~ ‘ ~~‘•~~~~~~~

D I S T R I B U T I O N

DEFENSE DOCUMENTATION CENTER US ENERGY RESEA~~ H & DEVELOPMENT
CAMERON STATION , BUILDING 5 ADMINISTRATION
ALEXANDRIA , VA 22314 TECHNICAL INFORMATION ORGANIZATION
ATTN DDC’-TCA (12 COPIES) P.O. BOX 62

OAK RIDGE, TN 37830
COMMANDER
USA RSCH & SID GP (EUR) DIRECTOR
BOX 65 ARMED FORCES RADIOBIOLOGY RESEARCH
FPO NL~ YORK 09510 INSTITUTE

ATTN LTC JAMES M. KENNEDY , JR. DEFENSE NUCLEAR AGENCY
CHIEF . PHYSICS & MATH BRANCH NATIONAL NAVAL MEDICAL CENTER

BETHESDA , MD 20014
COMMANDER
US ARMY MATERIEL DEVELOPMENT DIRE CTOR

& READINESS COMMAND DEFENSE ADVANCED RESEARCH
5001 EISENHOWE R AVENU E PROJECTS AGENCY
ALEXAND RIA , VA 22333  ARCHITECT BLDG

ATTN DRXAM-TL , HQ TECH LIBRARY 1400 WILSON BLVD
ATTN DRCDE-A , PROGRAM SUPPORT OFC ARLINGTON , VA 22209

ATTN TECH INFO OFFICE
COMMANDER
US ARMY A RMAMENT MATERIEL DIRECTOR

READINESS COMMAND DEFENSE NUCLEAR AGENCY
ROCK ISLAND ARSENAL WASHINGTON , DC 20305
ROCK ISLAND , IL 61201 ATTN PETER HAAS , DEP DIR ,

ATTN DRSAR-ASF , FUZE & MUNITIONS SCIENTIFIC TECHNOLOGY
SPT DIV ATTN RADIATION DIRECTORATE

COMMANDER CH IEF
USA MISSILE & MUNITIONS CENTER & SCHOOL LIVERMORE DIVISION ,
REDSTONE ARSENAL , AL 35809 FIELD COMMAND , DNA

ATTN ATSK-CTD-F LAWRENCE LIVERMORE LABORATORY
P .O.  BOX 808

NAVAL TRAINING EQUIPMENT CENTER LIVERMORE , CA 94550
ORLANDO , FL 32813 ATTN H.  KLAPPER

ATTN TECHNICAL LIBRARY
OFFICE , CHIEF OF RESEARC H , DEVELOPMENT

ARGONNE NATIONAL LABORATORY & ACQUISITION
9700 SOU TH CASS AVE DEPARTMENT OF THE ARMY
ARGONNE , IL 60439 WASHINGTON , DC 20310

ATTN ENGINEERING R&D ATTN DAMA-AR , RESEARCH PROGRAMS

US DEPARTMENT OF COMME RCE PROJECT MANAGER, M6O TANKS
ASSISTANT SECRETARY FOR SCIENCE US ARMY MATERIEL DEV &

& TECHNOLOGY READINESS COMMAND
WASHINGTON , DC 20230 28150 DEQUINDRE

WARREN , MI 48092
US DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS COMMANDER
WASHINGTON , DC 20230 US ARMY NUCLEAR AGENCY

FORT BLISS , TX 79916
US ENERGY RESEARCH & DEVELOPMENT ATTN PtTCN-W , WEAPONS EFFECTS DIV

ADMINISTRATION
WASHINGTON, DC 20545 COMMANDER

ATTN DIV OF REACTOR RES & 0EV WHITE SANDS MISSILE RANGE , NM 88002
ATTN STEWS-ID, INSTRUMENTATION IDR
ATTN STEWS-IN , INFO OFFICE

15

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

-



- 
-“U,

DISTRIBUTION (Cont ’d)

COMMANDER COMMAND ER
FDGEWOOf) ARSENAL ~W WEAPONS LAB , AFSC
EDGEWOOD ARSENAL , MD 21010 KIRTLAND AFB , NM 87117
ATTN SAREA-R , RFS LABORATORIES ATTN SE , NUCLEAR SYS DIV

COMMANDJ-:R DIRECTOR
US ARMY ARMAMENT RESEARCH & NASA

DEVELOPMENT COMMAND (‘,ODDARD SPACE FLIGHT CENTER
PICATINNY ARSENAL C F1EENBELT , MD 20771
EOVF.R , NJ 07801 ATTN 250 , TECH INFO DIV

ATTN DRDAR-ND-W , WEAPONS VULNERAB I LITY
HARRY DIAMOND LABORATORIES

COMMANDER ATTN RAMSDEN , JOHN J . ,  LTC , COMMANDER/
US ARMY ABERDEEN PROVING GROUND FLYER , I.N./LANDIS , P.E./
ABERDEEN PROVING GROUND , MD 21005 SOMMER , H ./OSWAL D , R. B.
ATTN STF,AP-TL, TECH LIB ATTN CARTER , W.W ., DR. , TECHNICAL
ATTN STEAP-MTM , METHODOLOGY & INSTR DIRECTOR/MA RCUS, S.M.

ATTN DANIEL , CHARLES 0., JR ., MG ,
OFFICE OF RESEARCH , DEVELOPMENT , COMMANDING GENERAL (E RA DCOM )

TEST & EVALUATION ATTN KIMME L , S., PAO
DEPT OF THE NAVY ATTN CHIEF , 0021
WASHINGTON , DC 20360 ATTN CHIEF , 0022
ATTN NOP-985, NUCLEAR ENERGY DIV ATTN CHIEF , LAB 100

ATTN CHIEF , LAB 200
DI RECTOR ATTN CHIEF , LAB 300
NAVAL RESEARCH LABORATORY ATTN CHIEF , LAB 400
WASHINGTON , DC 20375 ATTN CHIEF , LAB 500
ATTN CODE 2620, LIBRARY ATTN CHIEF , LAB 600
ATTN CODE 4000 , RESEARCH DEPT ATTN CH IEF , DIV 700
ATTN CODE 6620 , RADIATION EFFECTS ATTN CHIEF , DIV 800

ATTN CHIEF , LAB 900
COMMANDER ATTN CHIEF , LAB 1000
AE ROSPACE RESEARCH LABORATORIES ATTN RECORD COPY , BR 041
WRIGHT—PATTERSON AFB , OH 45433 ATTN MDL LIBRARY (5 COPIES)

ATTN CHAIRMAN , EDITORIAL COMMITTEEDIRECTOR 
AT CHIEF 047Al’ OFFICE OF SCIENTIFIC RESEARCH 
ATTN TECH REPORTS , 0131400 WILS ON BLVD 
ATTN PATENT LAW BRANCH , 071

ARLINGTON , VA 22209 
ATTN CIDEP OFFICE , 741ATTN DO , RES OPERATION S 
ATTN HE IMBACH, C. R., (20 COPIES)

16

__ ---- - --‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


