Use of G4 in Gzs Counters 28 & Neutrzl Current Detector in SND
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INTRODUCTION

Gzdolinium has 3 number of srorerties which make it zn
interesting element for use in SND z¢ a3 meutral current
detector. Theze rrorerties are!

¥ The isotores 15564 and 1576Gd hsve larse cross sections Tor
carture of thermzl neulrons.

X The de-excitation of the nuclei 2fter neytron corture does
through their first excited states with high srobeblilite.

X These cstaztes have hidh cornversion electron coefficiente:
thue rroducing electraons with energies us Lo 20 kel i bs
nign efficiency on newtron castuyre

b4 The hish enerdgy neutron capbure damme rawe are e3:ilw

detected by the SN0 rhotomullisliers.

These srorerties combiinme in tie Following ws

Gad useful in detecting the meubtrsl coarrent peoglyon i SNO.
The hign rmeutron cerpture cross L i
certure a large fraction of the neubrons Froc
& emall zmount of materiszl. The nhigh
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coefficiant nf the first esuciter &
large fraction of meutron czerigres s
makez 1t rossibl to detert z lzrgc
cartures in realativels simele deltect
between the counters and the SND shotomultieliers mak
roselple to eliminste the packsrounds from no
counters and radiczeotivite i Lhe materizlszs o
none of which have hish snerdwe gSami rews esaillw
itn SN, The =m=11 amount of mztisrisle veouired in
counters make it rFrozsitles Lo recduce Lo ressornahle 1=
redtron sroductiog ir Lbhe DZ0 Trop disintegvralion o
degteron tw gamma raws shove 2.2 Mell From Lhe coonler
material.
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The detziled srorerties of G zre siven in Table 1.
Tatle T
Frorerties of Gadoliniow

Frorertw 15504% 15764+ Notural Go

A
207

[lenmsity 7
Atomic number & 4
K Einding enersze (ke 50239

L Binding ernergue (kel) EeZ76r 7.931s7.247

k=1

M Binding enersgs (kel) 1.5

+

Goundance (%) 14.8 15,7
Cross section (bzrms) A4y 000 RS, 000 49,122
Neutron bindinsg enerzw (Mol 2.4 R
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E 1t excited state (hel: ng,07
E Znd-1st excited stzte (Lol 199,32
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1-+0 transitions/n-cart c 74 Y 0,74
2=21 tranzitionssn-cart FS4R e 239 Db sE
i-=0 e an— grt + 7 7B LSE7

2==1 s/n-cart DAY L0948

Totsl e’r/n cart A N 0.66
Total/K conversion 2,832 2.574

Fe (K conversiaon) (kell 4G, 30,

Ee (L conversion) (kell} 70. 20,

dEAdx{Gd) 30.0 kel (keV micron? 343
70,0 kel (kelU/micron? 2
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This use of G4 was initiszted bw discussions wiilh
Victor Ferez-Mendes and Ali Mireshghi of LBL sbout the use of
amorerhous silicon hudride countercs (3-3iiH) with Gd neutron
converters as 8 roscible neutrorn detector 1n END. Ae @
resiylt of our discussionsy thew made us 2 3-8itH detecltor
which I have tested. The results of thizs test are desoribed
in 2 cerarate rarer.

Ire this rarer we describe 3 methoo of using Gd in BHO
ae & newutral rurrent detectior. Im the first sectione wo
caleulate the amount of Gd recguired to delect the meublrons
Wwitn resszonable efficiency. Im the second sections we discuss
the conversion electron detection efficienc=. The tnird
gsecrtion describes the coincidence cereilitby. Zecltion <
discusses the efficiency for detection of the neutron

cesture gzmms rs=s in SN0 In thie Tifth zectione we i 2
and discuss the rroporticonal wire ohamnoe % i Serot i 4
dicscussez the oversll mewntron detection o= Qi

7 dezcribes Lhe mezsuaremernts wilh
foil, In sectiaon 8y uwe give

technieue and in Section ¢ w LTS .
frrendly I exsande on Lie ol ﬂoumtz'” i1
the LH20 witn rarticulzar zeel crovar e

1. NEUTRON TAFTURE EFFICTENCY It SHO USTHE G0 ETRIFS

.

iy Imtroduction

It is essentizl to know the ssount of Gd one will meed
to carture 2 significant number of neulrons in SHO. & Nonte
Carlo srogram (ref 1} has bheen written Lo celeoulate tine
neutron czeture efficiency for & varisty of cartuore sdent
geometries., This srogram has been osed to simulate varicas
arrangements of Gd in the volume of ZHI, An dinitigl
efficiency calculation was made far Gd dissolved in the D20
of SNO. This rcalculation gives the maximum nrhiﬂvahlw
efficiency for & gSiven mzcs. Aall the other atficiencw
caleculations described in thie section have been dorne Tor |
micron thick striss of 15764 2=z 2 function of tolxl :
These calculations mavy e tramselzt
tazking into account the croes seoti
gpundences of 189554 and 1876Gd, The

recuUires Increas
b

the thickrness of the strirsr by ths :cflw of aﬁé rredtron
carture crose zsection of 157G3 znd matursl G909y 2 Fi oF

;0'.1,(}

For the strieg seometryr two adifferent calewlztions




heve beern made., In the firszt celeulsticns the strics
uniformle distributed throuzh the full wolume of SHO.
secaong caleulations an sttemrt was made o0 ortimi-e
carture efficience far 2 fived mase of G © METYINE
inner and ocuter radii of the =trisz keesing the dist

of the strises uniforn between these two redii. ThHe rezyltbs
the HMonte Carlo srosran have besn comeszred with othe
erograme 1n the 5ND collzboraticon z2nd found teo €ive
comrarable numbers.

1172 Neutron Carture Efficiencs in SNO for Gadolinium

The resultz of these reutron czeslure efficiencw
calculations for Gadoelinium distributed in SNO &re rlolted
against mass of 1576d 2nd sre chown I Fisg, 1 zned Fig. 2.
The usrrper curve is for Gd diszclved in the D20, This
rerresents the masimum rossible efficiency for negtron
carture. The lower curves dissrlze the results of the
calculations for strirs with widths of 0.5 1.0 S, 04 10.6s
and 15,0 cm on lattices of S0y 75 z2nd 100 om. Limes aof
constant lattice serecing 2re drewn with so0lid lTines while
limes of constent strie widbh zre drswn witih dabted L
Ornece the lattice sracing i othe lengstn of 4
determineﬁ znd since the tiinkrnezs
Ernowrs the totzl volume ,gtaﬁminmﬂ
MaEss . Orne can draw a2 numner of conclusians
czloulations.
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. In order to de
400 sms or mor K
I micron lawers 500 dgms v
meters, Trhiz latter soind
the finzl volume of counters veaulved.

The 15754 camnm be formeo ow rolling oy wvacuum
derosition into self-surrorting 1 microrn thick foil:s wrich
sre then =lzced in g2z counters (5.2 wicron thick foils of
natural G6d would €ive Lhe zazme rezsultl. The mezn Free po
newtron atbsorrtion of the 15764
arez of the Gd iz 1.264%ES {c

1 sttt 1.3 microns. Ty
me A 100sm .

ii1) Ortimization of the G4 Fgil Distribulion o SHD

igationg zhove
ions af thp g1

In these i

In zddition to the inves
Wwe conducted detziled inmve=ztiz:
i foil rrorortionz]l tuhes
ater poundary of the
thie SNO veszel outer bound 4t Mass o
fimea. Thecse inwec+igatian5 snnwesd thet fthe gf
o dlmrroveds ;Er+1eu1~r] for low mass ofsese by s ho 187
The ortimum outer bounders for the tubes ceegned to cocur =h
apout 550 com. This effect ig demopstrazted in Fisz. S, in

N



whichn the efficiency s & function of owler radil for &
fived mess is elotted. We alsa wvwariedg the dnnery bagndsrse oo
faund thaet this glwavsz redyred the efficienowy 5o tﬁﬁm all
calculsticons riscussed here zre for bLthe innmer houndcs sel

TeTO. The imrortznece of thic reswllt is that this
eauivalent to reducing the rumber of connters bw
(A dictinect difference betuweern the rrososed IHe
the Gd foil detectors which we investidsted 1g ine
the low masz Gd foil rounters were not neualron blzchk and
therefore nmeutron carture efficiency could be imsroved in
some cases b movinsg the Gd inwards.:

ivi Discussion

The calculstions z¢ shourn inm Fig. 1 and Fig 2 indicate
thet we can obteiney with reasanstle deometriesr & neutron
carture efficiency of e to 0¥, Tiie nigher the r@@ujr ini
rnegtron carture efficiencer thse greater the =hato losses a0
the dreater the criticzl rzdius. =] ﬂeanan%*lp comsromi e
which we will wuse for the rest of Lo 45% neulron

carture efficiency, O 5 106G om & will
schieve 458X meutron cariure efficienc B 21y

14% 1pmgs of lisnt signels due to obztrushion.

2. CONVERSION ELECTROM EFFICIENCY TN GABOLINTUM

= regulired to koow the srobshi

One

i
conversian electron after & neutran car

carefulle studied 2rnd one can sxtract i

literature: The crocs sections for rmsulro 1w
mzin dszobores oan be foumdg in Taiole 1. T

of cartures which g through the first exncite

other relevent tramnsitionsz for the two main 1 z3

't. "‘!ll——‘n
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he found in th

THere i conziderzole H and L ol
exeited state &nd sone

nave &xt*ﬁciﬁn tie frch+Juu mf AP TR
for 157Gd srnd 7920 for 10EGE.  The efficiency T
e oz combinetion of these two numDecs and zdods o as e goowud

Irv order to convert theses pumbers into wsaf
efficisnciess one hes to work oot the rrobabhilitye for 3
caonversion electron getting out of tihe Gd foll z2rd mebing s

meacuratle sisnal in =2 detector. This will desendg o bho
thnicknrness of the foill znd the srnerdy = ~trum of hie

electrons. The energw of the K comverszion electrons 1y
hetween 30 2nd 40 kel while the L electrons have between 70
and B0 kel derending on the isotore. The estimaled snerdw
loss of electrons in Gd iz 3. eMs/micron at 30 ke ane 2.7
eVl micron &t 70 kel, Thus the ?f iriencye for deteching
. electrons in foils of 2 feu o
while thnat of the K electrons 1 e lowsr, Howewe
alrhsitobtzl) elrnzik) 1e 2446 1%40d and 2.94 for
Tm refore most of the electronz will haws the nlﬁher
ano we can exrart the efficiencies of the cournters Lo
Hign. We intend to mezsure this and &lso to caloulate o
ueaing the EGS code.
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Here Richance?! = the orancs

For the surroses of this sarer: we
seigd

efficiency Tor natursl dacdoliniun convers FOME D¢
85%. There z2re two cortions oren which wo one Lo oge

to higher overzll] efficiencies, These zre lo use the sore
lentores., The isoltore 1576Gd would 2llow ore Lo inor
carture efficiency while 155G = migher sonvarsior
electron efficiency,

3. THE COINCIDENCE OFTION

A mador fezture of this technicue is the wuze of
coincidences between the Gd cornverzion electronme in & counte
agned the Cherenkov lidght rroduced in SNO by the zssociated
neutron carture gammz ravs This coincidence measurement
makes 1t Frossinle to orerzte counters 1rn SNO with 2 zingles
rate which cne can rezsonehly expect in normel counters,

For imstance for the srorgeed cournters 2 simele
caleculations snouws?
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the number of rrorortionz] countevs
t thne roise rete rer

BT = the rezolwving
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Futting tne following rezsornsol
rraorFortionel counter swostem 1nto eauztion 12
: = R0 drw)

(15000 roonha =g

CEOQ 000 counts
- *
sives
N = B00000 Hz (4 Mel fhrestiold)
NER = ZAYOU0 Hz (F Mesd threshold)

:lue for N d1s 1000, Thereforey the

4]

A reasonable v
rztes for the two css
that the counters are csummes Tor mezsurszment Fur=ooes.
Howewver 1if one assumes thet the resolution of SHO 1s ¢
ernough o that one can rezolve ingiviuel counterse thon M
1 and these rates then asele to the indivuel counters. One
can exrect that reazsonable numbhers For dhe simgles rate i
the counters in the SN0 envirornment would be lower 15
1f careful attention is egzid to materizls a2nd zebivit
levels, it is further cbhvicous thet one would bhe epoiiw
to work with rezcomzble varistione in Lhe razles fronm
like counter nrezkdown z2rd electronic moize,

4., EFFICIENCY FOR GADGLINIUM NELTEGHN DAFTURE SamMag Favs IN

RIS

The enerdw csrectrum of the carf
in SN0 d8 ecsleoulated 23 2 function of ernepsg
Bocok and the ewxrected bheacksround rates in SN
faor the rerort to the NSERD review committsze.

petween SN0 snd the counle

= mew e divied by 1000 i one sssmes




Fig, 46 resrectivele. The efficiencs for ochzervirg Lhe Zsnes
raze will derend on the lowest enerdgw gt which we can ob .
colncidencee between the counter swetem and END withowl being
swamred by chance coincidences., This number Wwill derend on
the srectrum of becksround sulses znd the singlies rates in

SN . To calculzate this number we have wused fairlsz
ronservative numpers from Fis 4 z¢ shown in Fig 5, Thia™
figure is a drarh of efficiencys and count razte in IND =33 =
furnction of the threshold ermerszw for gamma raw detection in
SNO . If we choose 4 Mel ze 2 rezsonable threshold then the
efficiency for detecting the gamma raws is about 70X, If the
rates in the counters =zre lower than the 100 Hz z2nd one mahkes
use of the sratizl resolution of SHO: one can sBasily o much
lower. at 3.0 MeV one would have arn efficiencs of F0O%. In
what follows we will wuse 70X.

Ore fzactor which hes to be taken imto gocounl is the
effect of the srorortiaonzl counters on the enerze srectrum of
the damms rade. It i rossible that the rumper of rhnotons
cauld be reduced bge a2s much 26 20%s in which caee we should
lower the officierncy corresrondingls.

Arothner factor which hnas to be svalusted 1z lhe
nackgrournd from rezl electron—-gamme rag colincidences dues fo
nack3drcund radicactivite dim the counters. Thiidle will desernd
orn the szmount of the variews radionuclides in the me

af the countere which hes not been determined osil.

5L, THE PROFPORTIONAL COUNTER DEGIGH

The rrorcosed des wourld uvuse z opulti-looenr
sropprhional wire Eéﬂdu Fig, & is & drawing of
caunter. For z fiven or zection of counters ope 2
number of foils in thé o his schleve

andg L
Ehan the width of

whnich iz conpsiderable 1
: counter Can

i1teelf., The =amount o
to be wnatever o needed.
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The rarasmetere of this design zre determinsd bhe
rmeutron detection efficierncs The srocess of arriving
sarameters follows the fellowing cters (esee Fidsuyres |

1. Fick the Efficierncw which wou reauire (Fig 1 or 2
118 .

JA Use this number to delermine the reauired mass (Fig, 1 ar
2 Horizantzal Axis) of carture zdent (Gd} for the lsasttico
of interest (the lensth aof the counters is determined oz
the latticel.

3. Thiz determines the width of foil recuired znd therefore the

cize of contazinment tube recuired.

4. For the Lattice srzcing and the foill width weork out the
rhoton lass fraction, Theze lozssce are shown in the
hottom hslf of Figures 1 & 2.

(S

We have determined Lhese rnumbers for latbices of 50
1

75 and 100 cm snd an efficiencs nf 45 53 and 40N, The

-
resylts of these determinaztions zre siven in Tapole TIT.

Tetle

henf
ek

Ferameters of Ged Dounter Tesidn
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Eff Latt Rzaa. Mazss Foil Tube ¥ of Lern,

neu tut Width Diam. fails otrs
car
. }.‘; o o m grams O (g s
45 160 350 PO 16.2 5. 4. FOo v 1A
100 &00 220 13.0 4.7 4 gez 18
75 30 &70 4.8 4.5 2 1249 19
73 600 680 T4 3.8 2 1588 20
50 550 4790 2.1 2.3 2 2781 e 2%
a0 600 480 1.7 2.2 2 3585 P 29

40 100 550 200

There z2re 2 numcer of concluszion
from this table!
1. The rneutron carture efficiency of the swslem co2m Pe made
veafullwy hign.

Wwhich can bhe drawn

2. The rhoton losses cezn be kert to 2 rezsonsble 1
Fe The mase of Qedeoliriom is not ounresscornzhle larse
4, The number of counters reaired aat o umresson
9. There are 2 number of esrzpsiesrs silable 1o

swstem.

. The counter of Fig., & would

rressure or sddusted i osuch &2 Wwav
i the tunhe balanecee the walter rreszuyre. At Ly
rresesure the vaoltase on the nuld be din
of 1%00 U which i¢ auite low = trerdled.,
2lso use 2 standard countinsg gg= like FI10 Lhus sus
ease of oreration z2rnd low =t The gsizgrnzle would
rezsaonzblerin the resion 1000 electrans hefore
would reaquire sfains of the or roof 1009 on the wi :
counters whnicnh iz verw low. It is rosgzible Lf nne ool
make the counters orerzte without z=nv rrezmes in Lhe hLybes
which would simrlify the electronics and increase the
reliebilite of the scestem.

(R~
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A
aof

The amount of materizl in the swstem could be cuite
smell since the f#s3s sreczccure carn be made te roughlu

the hedrostatic rrecssuare. For thiz resson one C30 &n
thazt rroblems with Thorium zrnd Uranium ssmme rewsy which
cause the disintedgration of the deuleron: can be kot Ln a
nedligible level.

All the rsrorortionz2) wires would he conmnected in
rerallel znd onle one z=isgmel would have to be bakern ool se-
cadnter, These zignzls could he + g oot oan bhe high poit

cables o thst onle one cable we e orenud red ser coontes
. The =signals and cables from z number of counters caylc De
dznged tosgether to reduce Lhe numbher of cables fo whatovss 4o

recitired or practicsl.

211
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The overzll efficiencw of such 3 swstem can oe
czlculzated from the zbove numbersz.

Teoble TII
Qverzll Efficiency

N=timistic Congservetive
Neutron carture .o + 4%
Caonversion electron ) + &5
Carture €amma rays in SNO 9 « 70
Totzl efficiency + 36 20

We use the number .2 in this document. Certainlz the
Ortimistic number is too hign. It seems likelw that one can
achieve 307% without too much trouble,

7+ GALOLINIUM TEST COUNTER

The test counter comnstructed for the L1 counter hze
heen wsed with & thin Gd Toil in coincidence wilih & NI (Tl
seintillation counter to measure the resconcse of the =: d
ta thermzl meutrons. Tie neylrons
reutron source with 2 rate of 10F
gource and the PUD were place ;
Wwith the FPWUD shielded from the souroce
Nzl creetzl was slaced 2t righl srales
the source znd the PWC counter zt &
centre of the FWC counter. The sulsz
the FWL for 211 coincident events wer
in an IEM comsez2tible comruter,

ware wraduced b

medbrans fer o sen.,

growas castle
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Trree Gd foilz wers srerzted for us
af CRNL. Thew were 1 om wide bw 10 om long and
thickresses of 1.1 1.2 =2rd 2.0 microns. 11 i
resorted in this document were cerrieg ouwd uwsing the 1.1
micron Toils

faad

1]

fin descrihed esrliers see Tzble Ty 2 lzrs=e fra
the nmeutron castures go throush the Tirzst excited state.
In naturzl Gd:r 80% of the casturec occur on 1%76d znd 20X on
15564, There is a larse smount of both K and L internsl
canversion with L conversion being sbout 3 times the K
conversions see Table I. Hence oneg would esrect Lo ses
electrons with ar energwe betueen 20 znd 40 kel for K
conversion and betweern 70 zoo 82 kel for L conversion. Aluo
sirce there is =z considerzhle amount of enersyey loss bie bLhe
electrons in gettins out of ithe foil snd beczuse the range
for the hisher ernerdgy electrans ies close to the cize of the
countery one wWwould not exeect grest resoluation in measurin
thne enersgwe of these eleclrons.

H

[}

fh twuricel bzchkeround andg neubtron FUD sesacltrs z2londg
with the bzckgrourd subtracted neubron srectrum are shown 1§
Fig. 7. Orne can se that the t Laround 12 smoobh while Lo

e
neutran source seectrum hEs @ double Pesk which 1% roudEn

{
consistent with the sreci

rom errected for the K oand |
conversion enerfies. Citrther there ds 2 hish snergy
continuum which i¢ consicstent with zome hish ernersys slectrons




belns rroduced by nisgher trarcitiors.

The ceoincidence srectrz between the Nzl scirtillatnor

and the FWUDC for both the N2l and the FWEC zre shown in
Ttie FWC srectrum haes the same double humred structiuyre ;

. significant beckground, The N2l srectrum iczlsc shoun in Fie.
g for the enerdwe range ur to 2.5 Mal, There 1€ no high
gnergy structurse bt there are & numner of low enersw lines
which maw e identified with rrominent lines in the Gd
carture gammz rasw sFectrum.

The two Nal srectrz in coincidence with ezch of the K
and L lines zre shown in the tor and bhottom ssrectra
resrectively of Fig 9. e can gsee thzt the szmectrz have
the same general share bt the sezk structure is cuite
different. This susgdests that the Luo reaks in Lhe FPUC
srectrum are associated with different cesczdes. Thig will
reauire further investisstion.

The srectrum from the FUL with 10 b dgas Fressure is
shown in Fig., 106, One c=n see that the internzitye rati;

3 I.‘

the twun rezbs nes chandged and that the usrer pezh iz T
|
e

more intense. This 1e srrezumaeinly Decousze much more
energy of the conversion elechtrons iz zbzorbed in the =

These messurensnts zve verw sveliminare ansd Lihere oo
g2 number of imrortant mezsorements which i1l s Loy b

made, Theze zre!
1. The fraction of neutron cartures whnich gn Lhroush bhe
firet excitedg state aof 53 z2nd the resultent numbee of

electroms pProduced,
Z. The efficience of detecticon of these elsctrons in 2

tericel cournter with

I zddition
wnich nave to bho
1. How does one
2. What zre turic
. How does one gSe

T

E g countar?
the sigdnals nut of the counters?

+ 0

By

tn

8. DISCUSSION

It is necescsary to show thet thisz swetern hazs some
advantage over currently srorsozed swatems tao
sccertable zlternative to the SNT collaboratio
attemst to ligt the sros zrd cong of this swstems not
necessarile in order of imrortances and evaluzte it oz z SNO
neuwtrzl current detector.

P

1y Fros

i The coincidence cersbilite is 14F

. This allows one Lo inzure thath
is & meutron carbure svent, T
Gd carture gamnmz Ta2w ¢
the Gd cartures whioch :
detector imnefficiens
insenzitive Lo the sirnsles

g

fl

inopott oo
one Lo men
wse Lhids to cororee
e Lhe detectorg
Lhe meutran delec
it the detectors.,
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2. The courter construction is relativelw wimelwe sinee b

can bhe orerzted at ztmoserheric rressure with relziivels IO
low voltadge and stanmdzard counter Szs.

3. i relativelye small number of counters iz reculred.

4., The amount of materizl in the counters can e kest

5 The rhoton losses due to insertion of tLhe oounters can b
bLest urnder 20X,

6. The amount of neutron carture materizl can be kert smsil.

7 The electronics can e simrle reguiring onlwe &

rreamrlifier and one or two lJlevels of discriminetion, It
is @uite rosscsible that these comronents could he
instzlled on the deck thereby imeroving the reliabilitw
aof the sustem. )

ii) Cons

1, The discriminators thresholde for the sidgrnzl will have to
be kert lowe in the region of 2 few keVr» making the swsten
serngitive to bsckground radiations and necise.

2. The construction of +the foils will hzve to be such as Lo
keer the Gd thninm znd uniform irm order to keas bLie
egfficiency for the cornversion electrons high.

3. The construction of the foil zwstem ineide the Lubes is
somewnast comFlex., Tt i nmot Forbiddiass an Come s
with the comerler srorortionzl wire sgelems whioh
standard in szarticle ehusics and which heve hgen
constructed in Ottzwz.

4, The Th content of the Bd 12 krown Lo be hetwesas o107 s
Ref 5. Thiz is too hish 20d recuires work on i P
sUTite whicn is 2rowund two orders of mssnibodge

1ii? Proraosed FTOSTEaEm

There zre z number of sters which must e Ffollowsd in

arder to develns these counters. & lisl of these sters 1z0

1. Mezasure the frzction of mgugtrorn oczesturezs whion S0
thne first excited state.

2. Mesczure the caonversion

thne electrons emitted from & Foiil ;

Studw the rediocsctivite in bthe Gds in o #

ion efficiency for
FLIC,

T
—
iTE
o
o+
e
m
a4
i
i+
T
-l
oF
b
F ]

i
-3

1 .
0
;

zZ. zriticulasr The

4, Ievelor 2 rrototers counter.

S Investisate low Decksround msterials.

& Messure the backsround rate in & FUC inm & low Gsckdround

environment.
. Gtude the e-dazmme coincidence backdgrournd in SNO faor rezl
meteriasls. '

~d

There maw well be oather erodscte which have to he develnrerd
2loneg the way and this rFrogsram will e urdated =% we
ETOETreSS,

%, CONCLUSIONS

The wuse of 64 32 s negbron converter 1n & rrosoritions
[ing

counter sustem for SHO hese Desn showen to be a2 Interesiins

techriaue for g neugbral currvrent deiector for GHO, I
the following =roreritie:

|
oy
[t
4
T

b

1. High overzall neutron carture efficiencs
D, Carsbilite of wsing 3 coincidences lLecnniaue belwesn lLne
counters ang SN0,
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4o Relativels
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fil. In thiszs figure the dotted hiztogram refers Lo those
redtrons which are cartured in the volume of the G20 zanog Lhe
s0lid histogram refers to those which escare. This cuarvee
dgrarhically disrlzss thet the meutrons born in the ouler ezard
of the vessel mainly escare While those born in Lhe tnner
rart of the vessel zre larsgely cartured in the 1H znad ZH el
Another wawe of looking a2t this is to sawz thzt ths ofs of
nedtrons born in the outer rart of the detector is short
while those in the inmner rart arrroach the thearetical
maMimum, Clesrlwsy the nc czrture rrobability relative to the
other rossible neutron losses will derernd directly on the
relative values of the mfr’'s of the various rrocecscses, The
imrlication of this for pneutrzl current detectors in SND i
obvious. Unless the neutron carture mfe for the ne detectors
is short comrared with the comreting srocesses the efficiencu
of the nc counters will be small. That issy the effectivenesz
of the nc counters in carturing newutromnz in the outer s#a2rt of
SNO will]l be vers roor unlese one puts a verwe larde number of
detectorsin that region. In octher wnrdsy there is am artimum
outer radiue for ne counters which derends on the lztlice
cancetant a2nd the zbzorstion rrobzbilite of the neuirons 1
the counters.

It is zeearent Lthats uherﬁ f.hie mumbeyr of o detec
iz limitedgdy or the mzes of meubror sbsorbher e limiteo:.
Wwould he maost effectively deslowed where tiew can comeete
with the lans mean Tree erziph to shasorsbtione rathier Lhan wheroe
thew will have Lo comepete with the short escare froe szl
Then one can envision that & neatraon castoure efficiencs of us
Lo saw 50% can be ortimellz scohieved simslw b Ioadins
with sufficient rmeutron detectors oul to & sacviiculae
critics radiusrs 3z determined from the mfrisd srofile nenn
tne 0H20 surface. Thie oubter criticsl]l radius was dinwesligoied
throush numercous Monte Cazrlo cimulzticons. Trhese
investigsztions have Fointed cut the sptantizl for achisviog
gond efficiency witnh & considersiols redaced numeers of
counters.

i3 Ortimized 3He DNetector Derlosment

To illustrate our sointy we have calcoulated tine
ortimum rositioning of the rrorogsed ZHe no detector
rrorortionzl tubes. The reference design is &n arrgw of 10%
strings of rrorortinmal tubess of 2,534 cm oputer radiuse
rlaced on @ 100 cm sauare lattice (lattice roints in the X-Y
rlane) The totzl lensgth of tLhe tubes iz 900 m. The srosozed
3He detectars {(ref 4 have & wall thicknecs of T mme anidd
contzin 2 gacs mixture which is srinpcirzlly 3ZHe for the duzl
rurroses of carturing the nedtronge and deteciting the ohar:
#roducte relezserd oron carture. The IHe das i1s srorcoceed Lo
be maintaimed a2t 3 Almy for & tolal mass of 270« of IHe. The

edtron carture aefficience for this srrznsement is euobterd
37Xy bhaesed on LASL =imulaticns.

Duyr cimulationsg of this desisn have rroduaced
srediction of 41% neuytron casture efficiesnce (lsigme = 19554
though neutron losses to the ﬁFuFQPtiOﬁM7 tune meteriale &
other comronents of the zzs heave nolt accoaunted for. D
simulations z2lso sredicted 17% Joss of "

HOTE

g
1i*h; Prom eventa of




gll tyres due to the obstruction of zuch lignt in the SN0
vessel uron insertion of the ne detectors. This srediclion
ie in zsreement with the LASL rrediction of lisht looe.

From our simulstions we have ohzerved that mfeir
falls off raridly in the outer one metre shell of the SNO
vessel. For neutron carture efficienciess helow zhoul 45%.
the ortimum radius 15 near S50 com from the centre of Lhe
vecsel, The density of rmeutron sbscorhing material within the
guter boundary for the counters incresses in the casog
shown 1n Fig.3 a3s the outer boundsrze ic reduced, However:
for the 3He cases neutron blackrness is alreadu schieved biw
the tubess so 2 reduction of the total lerngth of the tubes
with & corresronding reduction in the mess of 3He should nmotb
result in any arrrecieole lose ir neutron efficierncy.
Fsrovided that this reduced radius 1z set &l z radius where
the detectors are ineffective relztive to the high
#robability for neutrons to ezcars. An outer detector
boundarye of 550 cm would reduce the totzl length of the IHe
tubes from 897 m to 705 m. This coase waz simulated in tho
Morte Carlo and the results zve chown i Table 1. It s <ewen
from this table that thne neutron cesture efficienre draesed
from 417 bw onle 323Xy dezpite bthe remouvzl of 21% of the
detectors., Light losses for 1his cases were 146%,

TARBLE T

luter Lattice Totzl A Lerture fight Lows
Brig=. Constant detectar Efficiency on Imzariion
Cm Com lengtnml for Neutrons o

400 100,0 ge7 41 17

S5 100.0 708 3 14

We conclude that reducing the cuter bouncary of tLhe ne
counters relzaztive to the radius of the screlic veszel can
lead to =2 substantizl reduction of the riumber of detectnrs
recuirted to zschieve & diven meulron carture sfficiancs, Tiriis

3

reduction can then lead to & reduction of the back:
rezdiozsctivity recuirements in Lthe ocounters or eguivalently =z
reduction in the beachground in SHO, Tao 14t will lesd to
some reducticon in the cost of the re detector scheme throwugh
matters of scale im the cormstruction of the counters: their
derlovment and attzchmenty zrnd of the readout elechtronics.
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NEUTRON CAPTURE EFFICIENCY

" For 1 micron**” Gd Foils

- solid lines are lines of fixed Lattice Constant
- dotted lines are lines of constant foil width
- detectors extend to radius of 550cm

* . EXCEPT for dashed line, where detectors extend
to surface of D,0 (75cm lattice only)
- dot-dashed lines indicate light losses
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