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Absolute activity of gold foil measurement using coincidence method
to determine absolute neutron flux of zero power reactor

P. Kaviani?, N. Tehrani*2
1. Reactor and Nuclear Safety Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 81465-1589, Esfahan — Iran
2. Reactor and Nuclear Safety Research School, Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 14155-1339, Tehran — Iran

Abstract: To perform an effective experimental implementation in a zero- power reactor or more
generally, critical assemblies, it is necessary to measure the total neutron flux to calibrate the reactor power.
The 4np-y coincidence method via the activation of gold foil is a well known standard method for absolute
neutron flux measurements. The absolute neutron flux is obtained by measuring the absolute activity of
the irradiated gold foil, ranged in 102-10* Bg. In this method, the gold foil is irradiated at the desired
position. The beta, gamma, and the coincidence rates are by using the 4xf3-y coincidence system, and the
absolute activity of gold foil is then obtained. The -y rays emitted from the irradiated gold foil are recorded
in a concise period of tim (of the order 10 seconds). The advantage of this method is that the efficiency
of either detector is directly dependent on the counting rates. Changing the beta detector efficiency due to
the high voltage change and then measuring the beta, gamma, and coincidence counting rates, the plot of
beta counting rates against the beta detector efficiencies can be introduced. By extrapolating the
efficiencies to a unit value, the absolute activity of the gold foil can be obtained.

Keywords: Absolute neutron flux, Absolute activity, Coincidence method, Gold foil

*Email: nftehrani@aeoi.org.ir



Y oyl AQ al> St s SS9 il
VIAA U doddo )

=bls Gl (oye Blas L g pSoslail jo ol cuwS

B (- A7) Lol o 50 09 Fg )L B g cl g sainn (3llas

CEIVA

W

HAHg

S by Jlsges ) S

S5U s <8 5 1,8 oolaiwl oy90 aslllas o) 0 a5 B9
Gy9 Seled (sl plagemas 4 5L ) salal) cnlply g
i, ko sy s el g blas sgs Sl g o)l

nlplo
¢ZL(DO_Dochcd) R M
F N & R —\

coed Doy daggig JS 5l Jol> cdled DLl 0 o5
5 )L Gl el Jole F o0l 5358 lagys i 5 ol
W Sl ps iy herdd el Jole By g Bl 555 1
sl pradlS Ced R g couodlS” 5o

5 peedlS Giudigy LU (39 (20955 b (R) oeolS’ s
Lol pSoilul B eriegll B b S b
) (2l S @38 Al T plgs oo Mo 35 1 R s 505l
ghie mhw sloJsaz 511, 0 58 polie ged auloe 5
g M (5,9 Cwlies (il Caws o b o5l s 4 Sliwg
Sy Fed o F o)lgs oo 3 ons oolaiuwl pueslS gy Cualies
5 S =0 AN G5 sl sl Cuws 4 abgye slasa
ol [F] ool T =0 JsuSle il gl g ool @ =)
9 899808 sl bawgi Mb 3,9 Colled (g Fejlul b o
s BB (9595 5L (V) alaly o ] polis (5,8 s>
J5 L sl el cdlad (g Soslal by, 4y allie pl ool
3310 o0 g 9

50 oisles olaws N g Ny N, sllae el D sl

el 5| e Sle) 695,8en JUIS 5 LS JULS WLy JUls

@ e ol jo sl (a9 b (55 Sl (5 xS ojll
Shy 5l b Gy clld sale lp Wl s
PO Gy shaie (poy Debise ooliiul Sloy (639 800
B el S 550 ol 50 Gllae )l g Sejluil a5 e
SL) (699508 plumens Janirgh w9 0950 Jlud g 4385
Gabed Mo 555 slagdsdee 5 LI Ly slagin By
p3¥ (3lhae collad ganaloe | B3 g (5led 5l ey gt o
logemeas (al 098 plowl ba b )led (59, 2 laguonal ol
V] wlacws g0

S oz ol i pledl LB g o5 slogeas
4 S LS 5l I5T 003l (Ll 5 by (slagi o slaugl;
Sy b g o slagi

033k « BT (539,808 w03 ye (o alaxde LB lagmas
Ll 55 1 oo ST slags 4 Connd L sl 0]

Ay o )led g

IR

&lp e gasls g0 glyls sl clled (5,505l g
el eals Jd 559 Gbo G¥p g LB g uSojll
5 Lo SO ol po as oyl leols (il loges Mo aS >4
)L.i} (_.;).:fo)’k\.;‘ 6‘)% 559...'56@ J......f L‘)Lo)’ﬁ,.a: L.;fu ‘_gLalf &;
oS AU iz ee 09l o oolaiwl b (5,9 5l Glae
Goddoslw Hloges .l SHB Sl |y T Gl oo g 05l
95l e e 2 codld .l ) S Gllae Db LG
¥ V] 050 o0 amle 3 sadaly 5l S50 lews

D.=Nod¢ (V)

Mo Gys 5l p S e SO 50 lagsl slaws N ol o oS
Lo P (el g8 g5l sae Na ] 0 a5 :’/’A_“NA)
[6=0(9+15)] Lsr @i She ahic mhw & 5 o959
$ 50 «obeS 095y wdx ghis ghw O, Lrenl jo ol
o7 3 Y] i e gl ) Sl s

@l S 3 aFlo T 5 (2l S35 5 ol sy @ 65y



Vof S 899,88 g 5l oolaal LML 359 3llas Cudlad (g S0l

¥ o leas A ol

ool Co (sla g8 dlaas N =(N£—Ncb) ol o as
Ngy <Ny 050 52 50 591, (Bl slogog fon 45 ol
LS g Ly (g9 800 JUI oy ()led i i Ny g
T bl 5 Lo g9 800 JUI (ol (25lets N g N N
P s (§08 50 (o) 9 S5 ol Ty g

5 1 hos FTab Mk 555 2ligin Sholed @Bge 5
15 i Ll 1y 3l (ST Loy o Ui losd slabelS 55
slo plas Vv USE o a5 jeblen il £5 <Y Ll il oyl
S 02 LS S 1y il 1 e S il o el o0
o IS Joas 1 galamde by ogd oo

acE., +&
N =D |g, +—=—P(\—¢ ()]
A {/’ V+a ( ﬁ)}
N, =D —2 *)
\+o
N, =Do{€"_€7 m2) ﬂ %)
\+a \+a

o33l &g oJS B o caye a=4 12, onl o
o33k Ep (B o SlapsS ln Bl ST
5 isogpen (oyleds 003l £¢ 5 LIS 5y (6lp B sl I
(O) gakaly o Wloaid g pFojlwl B ol s a8 ais oyl
s sl os ySIl led pgd gakox B3 ket (Jo) aboxr
Lo )85l by LS glagiy (ke poms saboz 5 S
g &35 a0 SoS S £ & Sige 3 ol f
S5 5 ISl g ogd e Bi> (V) sl pgo salox

ool 51 galal; 4w

N

ﬁ'NyzD[HK] *)
N

c

o 5 L lohled cond K :m(—\_EﬁJ Wl o &S
&
B

_ &, +€ﬂ},

m Bl sl o by slosleds & A3l

\+o
el B3l 58T sy LolS 3 Las

9 oL (639808 (poe —po i (S0 0 o) s
ol T 0 ] axil b g WS slaslo 5T oo3l €5 18,

Nﬁ =D €
NY = D,.sB
N, =D g€,
N,.N
D= : )
N

c

LB Lo ol sl s abuly ool & cls azgi woly 4!
S8 dagremas 51 byl sl 45 ol grems Vo o33y
565 Soe B 3Ly KsT o3k Ll ot 53,57 i 0 B
7] wss Jleel s slogmai cal p3Y 5009 1+ + 7.
) e olaug, 59 Slo a5 cnl sl s 0030 (3o
Bl a5l vgei <l e Sj0 4 led s )3
R 05 s 50350 o Gl 4 a5 el Sloj 03l
ool 50 pgs Sy, a5 Jiee j0 el e Iud sl ol oS
Cad Sl Gl ety BT (s (50950 o)) (Sloj s03
NI EYSRS
oo sl slacs ( sloy sl cdeay : Bolai (609 oo
4 sl o9 Sod G398 e T iled o LSl e
1y ol slacsog e il (oxdly slaisos Bem (1951 o
903 05 (639 e JUIS )3 00l S gla Lot
el lojlo (ST 51 S5y 50 e b lents iy (g0 yloud
B9 Sl 2h)led 35 (639 e e B)led ;5 998 o
505 1 LI SLolSsl Gosles Sl ol s S ls oo 1
D4 prmnal ol p3¥ 5 aiS o 0l ) L e, ST 5 Lo
2 Ol Ll 5 Ly ol 99 (50050 (loj a5 (g0 5
RSPV IS SV NP e e
¥ isalal) 05 )8 az g5 3,50 a9 (ol slasdg Ben

{A Y] ogiso hoss 25 sabal; 4

(Nj=Ny) (N/=N,) [r=r(Nj+N)) ]

D=
(No=vzeNN7) (1=N,z,)

9]



Y oyled AQ uls

Sl dnds ( SbslS cngn o

Shets G ey b9 Jlesl aY lamas
J;u BN uﬁ)"ﬁ" d,Ua.c )L’l‘; Y 64@‘) )‘ oolasw! L> 9 M
[f] w‘owwwmd)jdﬁ)lﬁ

L) 639 5e» 5l )Y
90 9 P ol 5o, KaT o Jolis By Sl (695 300 e
Js coas Jled (oMb 559 .ol QT Syb g p LK 5%&5,1
bwgs 151 20 sl slail g 9,5 s 518 Lo jle IS8T
Ly alflas G e o) Ll Gla il ¢ Lo Lo, Kl
s Slosdas b gh oo iyleds LB slajlu ISa]
5 L Gl il el valys dalsl jo o 7,8 a5 g Sl
ool Gley s3g8ee Jlae by plejee LIS
ol 1) Sloy 699,8m2 e sojlsz,l VO JSG aigd o0

ob’J WOed ools )3 &g =) (N ik, o S
O—g) ey wyp NN IN, Slysd v Dby

A £ o5 s 1, D Slade Oy o0

o lojT plowil by, ¥
L 65030l (gl 4153S (sla Lo o a5 (g Sojlil ol o
Pl Gledol (oS Ol @08 Jho \938T) 50 0y 5e Bllas
sy b ML 3y 5 30 LS Ly la e coel o
ooy Oy ISl b e 9 S Sloy 535,80
Vosahal) )0 aey A)led 5 Bolai slasdg B ipiasns
odd dpmaloes L Lo KT Y+ T 0ajl (5,8 LM (55 Cedlad
JEPEIRCUE I IR A VO SEROR VOIS W LY PR Y AP U PSS B oo

g ol Jwd Mb 5,5 ably ooy dabyled oSl

[a] ses oo
98 55
FYA
e._\.uSCA.n}a.nu....n
nr g olea gox oniScugi | | Sl || #FE Ve geslyye
Onls GoaSCusl | | aVAA || allls s | Sk 'i
DS a8y -|- AYY 80-A (FVFA)
Ny i
| |
1 i
| ok
B sy (F) 3 jlass Nal 599,30 s | Qvf
—
(FYAA Joe)
Nal
| — ;
1
E
,-F"'- . e
SO IS5 sely) S— . EARES s b g ojlyye FoeealS
) QLS i 945 ey 1 5A )
S — VFYAN oy albls S ) (L)
00)
s 55
- £09
@98 5y
FYA

Sy (595,802 o (o loz b Y S



Vo8 e 89 hed by 5l eoliiul UMb (5,9 slas cudlad (5 S5l

¥ o leas A ol

Gilple 0gd oo svaliv (295 10 o5 Ko Slej 609 20n
bly dged a5 alpld )0 e (09 o2l Oje0 y0
S Ll e jo cadle G g Ly Sl o cedle G asS o
2155 (39808 s (29,5 50 (Sloj (5995 udle
ol el oo T ileds g miwley o)ly cdle 4w pl cils
ool plis poedle A cewl (69955 dw sl T Ll
loj @5 8en iyl o LIS JUIS Wy JUS glo b e
o g AT S e o lis asl e B 1y ol
oolazwl glajlu, ol 7 ¥ IS g oals oolatul (Ssg,uSUl
N/, R O BT oW S EA NP U SR RSP R PR W2

ol Gl ge o S5 glaakal, eluly s N s N

Mo 55 25 Jome 55 955 Bllae JLs Lules oMb &)

[\ ’] 0)3] Cewddy |)

@
By oo o5 e Jas ¥ IS

4. Lower level
5. Timing single channel analyzer
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1. Photo Multiplier Tube

2. Single Channel Analyzer
3. Upper level
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2. High voltage
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1. Timing single channel analyzer
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