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‘1. Introduction, Gd(n, ) reaction

Relative intensities of y-rays from the 3°Cl(n ,y)3¢Cl reaction

1 —

Y -ray spectrum of 3°Cl(n, 7 )3¢ClI

Peak Energy Relative Intensities, 13(%)

Where N_ be the total number of raw events and >In this experiment, we measured the discrete y-rays from the 5>157Gd(n,y)

raw
BG be the background events. I, =
N.., was evaluated by the summation of counts in -
the channel interval {C_, -3xFWHM, C_,+3xFWHM},
where C, was the channel of the peak center and
FWHM was the full width at the half maximum of the

y-ray photo-peak.

Relative mtenflty can be written as

«100% reactions using ANNRI detectors (Ge detectors) with good energy resolution.
(0

»The good agreement between our data and NNDC table value (CapGam) of

| 35CI(n,y)3¢Cl 158Gd in di levels.
Where | be the intensity of any I Cl(n,y)**Cl and ™°Gd in discrete levels

photo-peak and | ., be the value
of intensity by which we make
normalized.

> The relative intensities of discrete y- rays of 1°°Gd was calculated for the first time
with so much good accuracy.

»Next we need to estimate the systematic errors due overlap and leakage effect of
y-rays through the detectors to establish the result .

—~
I « Among all stable nuclei, Gd has the largest thermal neutron in [keV
I I [keV] MLF NNDC IAEA
. capture cross-section. Gd(n, y) reaction emltstotal~8MeVyrays T (OurData) = CapGam 1991 NNDC |
- Application of Gd(n, 7 ) reaction v @ n Delayed | i | (Shibata cto)
: » Gd(n, 7) reaction is used for neutron tagging to | e\ , \ signal | | I 246(15) |
identify anti-neutrino interactions from other reactions. @ 0 786.30+788.42 247.81£0.93 268.7110.62 245.9
. | J Gd * 1 1131 16.39£0.48  18.99%0.05 175 |
| o e D 1 b M 1162.73+1164.8641170. 257(22)
| : : : : : | | e eneray et 94 285.29+0.97 349.42+2.2 278.9 |
| ‘ Reliable Gd(n, 7) MC is needed for neutrino detection experiments. ‘ : 1327 13.15£0.53  12.22+0.04 11.3 |
1 | Ratio (data/Table value) for C| 1601 35.39+0.59 36.8710.1  34.3(32) 32.4
| 2 Expenment at ANNRI / J-PARC 1 doton Y1 1951.1+1950.4  301.61£1.10 317.1020.94 308(18) 3025 |
I . 2676 16.50£0.51 16.17%0.19
Experlmental Setup: 1] § 2863 55.12+0.66  55.27+0.14 |
| ONeutron beam line at J-PARC/MLF. 3 | o 2975 10.30£0.42 11.41+0.04
i OHigh intensity pulse neutron beam. : | 51 lfll %o ﬂ, oieh 0 3061 30.59+0.54 34.2510.09 35(3) 32.6 |
I D A En/Eﬂ~-I %, p beam pOwer BOO kW. ' . I I -:2:05 ® Ratio-CapGam gg:? g-;gfg-ig ?.02?:2.0038 I
| OANNRI detector is used for measuring y-rays. T | Reon(RC-20T0 e N 11 4110 04
| > Two clusters of Ge detector + BGO (Bismuth Germanium oxide) anti-Compton " I N 4979 31.80:0.79 37'47:0'13 I
| veto detector. | 0 2000 4000 6_000 8000 10000 5517 15'11:0 .76 17-07:0.08 156
| > Solid angle : Ge 22%, BGO VETO 55% i | | cemme Enerayin et =715 52.28+1.04 55.27:0.21 51.4(42) En |
. 2.1. Experimetal Data i | 5902.7+5913.3  9.98+1.90  11.330.04 15 |
I * Experimental data are taken for enriched Gd. €1 | > Our data agree fairly well with 6110 219.48+1.51 200.41%0.75 197(16) 190.1 |
| Experimental period: 2014.12.11-16 (2014B0126) . |~ table value of NNDC 6619.6+6627.8+6642.0 114.85+1.21 123.44#0.6 127-4(76) 4284
| Target : Enriched Gd(A=155(91.65%), 157(88.4%) Gd,0, powder) | I (CapGam). 6977 22.29+0.82 22.51%0.12 22.3(2) 21.5 I
| Total event : 8x10%vents [ 7414 100.00£1.18 100+0.58  100.080)  44q |
| Calibration source :*’Na, °Co,%"Cs, 1>?Eu, NaCl 2 ;Zgg gg-;ii;-g; gg-ggfg-?g gg-lgi; gg-g
: 2.2. Measurement of Photo-Peak Efficiency : L I T
I > Absolute Efficiency : 8°Co .22Na : I Relative intensities of y-rays from the 57Gd(n ,y)'%®Gd reaction I
- o~ . 35 3B 152
[ >Re|atlve EfflC'Gncy . Cl(n,Y) CI, EU. . . . . I I Y —ray SpeCtrum of 15:Gd (n, Y)158Gd Peak Energy Relative IntenSity, IR[%] I
| 2.2.1. Measurement of Photo-Peak Efficiency Using Coincidence Method: ®®Co source In [keV]
| Energy spectrum of ®°Co S I b NNDC I
Detector-A Detector-B i i I 10° (our data) (CapGam)
: 2. *Coy, % [ | g 181 100.0+0.24 100+13.04 |
I e é 3 @ %104_. S S ARG o s S 5 i .
A e — = % A N 780 13.69£0.13 13.64+1.5 |
[ AT || 897.51+897.62 31.99+0.14 33.8215.05
I Y, =1 ev, vy,=1. € : : : I 10 Loy 944 38.32+0.15 46.64+5.15
I Number of events of both the detectors lee time CorreCtlon, r, = L I I ~ 500 1000 1gg?nm82£r?grgy .%Sf)k%w 3000 3500 4000 962 )4 99+O 14 29 73+3 28 I
N® = pTne® 1 -Ccnel) |Where, o N " e : 21 06+1 97
' N = BT @est (1 Conren ) | B= activity of the radioactive N;= number of random timing pulser events. || | 978 17.74%0.12 |
I BT ( n'e) source (in Bq) N,= number of pulser events detected [ _ 998.41+1000.82+1004.04 14.82+0.15 - 15.5%1.74
| M7 =BT e (1-Cln") | T= Measurement time (in sec) | Let,  h=r"i=r" j=r"" | I = 1107 25.26+0.11 = 24.6+2.86 I
| N = BTy®e (1-CPn”s?) | n= Geometrical acceptance V_Vhlgre ,t_h= live tlmte_ corrfegtlton tc:f d;tector A, I I & 1119 19.614+0.11 17.02+1.88 I
A (A (B (B e= Photo-peak efficienc I= 1Ive time correction or detecCtior b. A WU
| Ny =BT e n "W (2) —ne= v y j=live time correction of AB together. | 1184.01+1186 48.0210.15 4392482
N, = BTy en™ <B>W< ) | Eabs=NE=Absolute photo-peak 1259.86+1263.51 12.81+0.13 14.7941.65 |
ILet 7 e < efficiency. 5 and ,f=W(z), W(z)=1+0.1020P(z)+0.0091P,(z) | I ' ' A L ‘+i3 o ’27:1 '01
: =T, b e c=n et d=y"e o= f=W(7) z=cCos0 | | oo cam 1324 1\ u095¢ 20 |
| y2 met Where 0 be the angle between the two detectors. | = 1437 | 3.98%+11 4.4210.49
. : . : \2 2 .22%0. 3.71%£0.51
: 2. [obsere- expected) . U hab(1-C'e)) + N = hac(1-C'B)| (M -iad0-Cie)| [N -iael1-Cid)| (N, -abe| (N,-acd|1 | £ > 2\\ml 00 ot0.15 |
0 s 50 O/XV. JUJLV.
| Where % % ’: O s U : I . 5542 1.57%0.06 1.75%£0.23 I
| C,,* =is the coincidence summing factor of A due to v, i o [ I "0l oon 300 a0 dgs - sgessaos 700 2382 2:4020.07 2-5629.36 I
| C,1 2 =is the coincidence summing factor of A due to v,. : I 5783 2.88+0.08 2.02£0.29
C,.B =is the coincidence summing factor of B due to v, . e R — e — —— — \ I » Fair agreement between our data and 5903 1.160.05 1.58%0.22 I
C,, B=is the coincidence summing factor of B due to v, . T e s e e x’g’(é;‘%g NNDC (CapGam) in discrete peaks of 6420 6.65%£0.08 7.6910.89
A A B NB Effic:i::\y;!:;:u::‘:sMeV‘ I I 158Gd . 6750 1.80i0.06 1.9610.28 I
'CA=Nt cr =N N B : _ : —_——— e e e e e e e e e e e e e e e e e e
| Nf " Nf noNA " Ny [ I Relative intensities of ¥ -rays from the °°Gd(n ,y)15Gd reaction
I . 1 ; ! - § T [ie ExptData I
Using MINUT program, we calculated the absolute ek e | s e seeman oo [ e 155 156 Relative _
I'| photo-peak of detector A and B. 2 D N : | y-ray spectrum of >Gd (n,7)™Gd Intensity Relative
I Good agreement between data and MC(Geant4) efficiency. I I § Peak Energy 1. [%] ’ Intensity, I
RL/0 0
| 2.2.2 Measurement of Relative Efficiency: 35Cl(n,y)3¢Cl | I [in keV] MLF[Our data] Pe?i'; Iirglligy MLF:ﬁhﬂata] I
[ +
Number of events of any photo peaks Relative efficiency, E | 199 LOUIDYR0s2 +
| | . 1449 4.33%0.09 I
I N=BTne = Intensity. Efficiency N Er = —— I 296 6.31+0.17 1604 1.95+0.08
Then efficiency can be writtenas € = - € max | | 625 2.62+0.10 —
: Where | is the intensity of any photo peaks (from table € .x be the maximum efficiency. ' 780 2.75+0.12 1681 1 3.94£0.11 I
value). : I 840 3.11+0.10 1962 - 9.2410.12
: Photo-peak efficiency of whole energy of y in single Ge detector : I _ : | A A 897 1.30+0.11 2211 2 94+0.11 I
| 0015. """"" 0Co | > Absolute photo-peak efficiency (0.11%@1.17MeV I I 959 6.61+0.10 - 5348 0.75+0.06 I
— = A :152Eu :
IS - |, S R scimy || fOr 1 crystal) was measured using *°Co (1.17, | 5wl 969 5.5740.09 | 5660 1.070.05 |
| Zo.of 1.33MeV). N 988 4.38%0.10. 5836 0.8910.05
[ > Relative efficiency values were measured using [ | - 1009 2.33+0.10 5018 0.93+0.06 I
' 35Cl(n, 7 )38Cl. Thus, the detection efficiency from [ 1039 | 10.43%0.11 6034 1 65+0.05
: 02 o105 MeV to 9 MeV is well understood with £7% : I 4005 Sa00 000 mo[ v] o200 1065 20.23+0.11 5348 1'55:0'05 I
5000 4000 6000 8000 [ amma energy in [ke 09XV,
nergy [ke accuracy. 1156 36.56+0.14 |
Energy [keV]
I : : - .- 4
| | I »The relative intensities of 1186 15.57+0.11 s UeesE e
‘3. Measurement Relative Intensity of Dlscrete r rays !| discrete y-rays from the 1230 943009 0481 | 0.97:0.04 |
\ Intensity can be written as | - \ I n-capture with '5°Gd reaction 1277 5 71+0.09 6870 1.13+£0.04 |
| J =58 g 8 7”PeakArea : have been calculated for the first 1366 4.17+0.11 7288 2.16%0.04 I
| | | £ £ _des] | || time with good accuracy. 1420 2.160.10 7382 4.3310.03
| where N, is the number of signals and ¢ is the S I | T T e e T T e e T T e TR T T —.'I
| efficiency. A : 4 Summagz
I Ng;q can be written as N =N o -BG Energy in [keV] [
I I
I I
I I
I I
I I
I I
I I
I I
[ [
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