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Neutron Capture Therapy
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Neutrino detectors
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Motivation
data in literature

Author or Year Thermal XS Deviation Thermal XS Deviation
evaluation ()] from ENDF (kb) from ENDF
Gd-155 Gd-157

254 (2) *
248 (4) *
226
239 (6)
254.0 (8)
253.25
254.5

Maller (TOF) 58.9 (5) *
Ohno (TOF) RACE

Leinweber (TOF) 60.2
@lgle] 56.7 (21)

Mughabghab 60.9 (2)
JENDL-4.0 60.735
JEFF-3.3 60.89

ENDF/B-VII| 60.89 = 253.32 =

* = total cross section
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The 155,157Gd(n,y) measurement at n_TOF

The neutron time-of-flight facility at CERN

LHC
[ 2008 (27 km) |

North Area

LHCb

SPS

h . ATLAS AWAKE
HIRME:t TTEN
: AD
. 1999(182m) 5
2 Experimental Areas: " ;
ISOLDE
Fast Area
.« EARIL=184m - i s . N
« EAR2L=19m -

neutrons

LEIR

LINAC 3
lons

I N FN MA MATER STUDIORUM
. NIVERSITA DI BOLOGNA

Istituto Nazionale di Fisica Nucleare




The 155,157Gd(n,y) measurement at n_TOF

4 metallic samples form National Isotope Development Center (Oak Ridge - USA)

Isotope Abundance % contamination % main Weight Areal density
T of %% °r 157qd contaminant mg atoms/barn x10~°
155Gd 01.74 +£ 0.18 1.14 £ 0.01 5.12 +0.18 56Gd 100.6 + 0.1 12440 + 40
155Gd 01.74 + 0.18 1.14 £ 0.01 5.12 4+ 0.18 %6Gd 10.0 £ 0.1 1236 + 12
157Gd 88.32 + 0.01 0.29 + 0.01 0.10 + 0.01 '%*Gd 191.6 £ 0.1 23390 + 60
57ad 88.32 + 0.01 0.29 + 0.01 9.10 + 0.01 **Gd 4.7+0.1 574 + 12

—

~ Radius = 1 cm

Samples were sandwiched
INFN between two Mylar foils ) ALUA MATER STUDIORUM

Istituto Nazionale di Fisica Nucleare



The 155,157Gd(n,y) measurement at n_TOF

Measurement setup @ EAR1 (184 m): Flux + Capture
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The 155,157Gd(n,y) measurement at n_TOF

Measurement setup @ EAR1 (184 m): Flux + Capture Capture
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The 155,157Gd(n,y) measurement at n_TOF

FLUX: Silicon Monitor
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The 155,157Gd(n,y) measurement at n_TOF

FLUX: Silicon Monitor c
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The 155,157Gd(n,y) measurement at n_TOF
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The 155,157Gd(n,y) measurement at n_TOF

CAPTURE: 4 C,D
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Analysis

Energy calibration & Weighting Function

Results

) . within 1.5%
« Calibrations

— Linear
— Quadratic

« Weighting Function (y-ray transport in the sample)
— Homogeneous spatial distribution, threshold 150 keV
— Homogeneous spatial distribution, threshold 200 keV
— Exponential shape, threshold 150 keV (7 different n*c, )
— Exponential shape, threshold 200 keV (7 different n*c, )
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Analysis

Normalization - Au(n,y) @ 4.9 eV Missed counts
below threshold
:

1%5Gd(n,y) at thermal 97Au 1.0% 0.8%
,,,,,, 156Gd 04% 0.2%
104

oy, 18Gd  0.4% 0.2%
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Analys
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Analysis

Beam Interception factor

Au standard
within 1.5%
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Analysis: capture yield
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Capture yield

Analysis: capture yield
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Analysis: capture yield
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Analysis: capture yield
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Conclusions A

Hadrons and Nuclei

- 1 1Gd Capture yields in EPJ
EXFOR (entry #23400)

Eur. Phys. J. A (2019) 55: 9 DOI 10.1140/epja/i2019-12692-7

- Improved Resonances
parameters

Cross section measurements of %%157Gd(n, ~)
induced by thermal and epithermal neutrons

- Possibility to extend evaluation .
above 180 and 300 eV

- Statistical properties of neutron
resonances
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Conclusions

Avuthor or
evaluation

Mgller (TOF)
Ohno (TOF)
Leinweber (TOF)

@lgle]
Mughabghab
JENDL-4.0
JEFF-3.3
ENDF/B-VIII

<R
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Thermal XS
(kb)
Gd-155

58.9 (5) *
61.9 (6) *
60.2
56.7 (21)
60.9 (2)
60.735
60.89
60.89

Deviation
from ENDF

Thermal XS
()
Gd-157

254 (2) *
248 (4) *
226
239 (4)
254.0 (8)
253.25

254.5
253.32

Deviation
from ENDF
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Conclusions

Avuthor or
evaluation

Mgller (TOF)
Ohno (TOF)
Leinweber (TOF)
Choi
Mughabghab
JENDL-4.0
JEFF-3.3
ENDF/B-VIII

n TOF

<R
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Thermal XS
(kb)
Gd-155

58.9 (5) *
61.9 (6) *
60.2
56.7 (21)
60.9 (2)
60.735
60.89
60.89

62.2 (22)

A

Hadrons and Nuclei

Deviation
from ENDF

+21%

Jm%

Thermal XS
()
Gd-157

254 (2) *
248 (4) *
226
239 (4)
254.0 (8)
253.25
254.5
253.32

239.8 (84)

EP].org

Deviation
from ENDF

- 5.6 7%
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Backup
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Source of 155Gd(n, v) 7Gd(n, v)
uncertainty near thermal resonance region near thermal resonance region
Normalization 1.2% 1.2% 1.2% 1.2%
PHWT 1.5% 1.5% 1.5% 1.5%
Background 1.4% ~ 1% 1.0% ~ 1%

BIF 1.5% 1.5%

Fhux 1.0% 1.0% 1.0% 1.0%
Sample mass 1.0% < 0.2% 2.1% < 0.2%
Temperature 1% 1%

Total 3.2% 2.6% 3.5% 2.6%
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° Gd resonances
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« 157Gd resonances

— n_TOF resolution

— Doppler broadening

FWHM (eV)
3

llllll|

I

| N I N N N

10—2 1 1 Lol 1

10 10° 10°
Neutron energy (eV)

I N F N THlER0) ALMA MATER STUDIORUM
nTOF UNIVERSITA DI BOLOGNA

Istituto Nazionale di Fisica Nucleare




Backup n_TOF Response function
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Backup I
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Backup Statistical properties of

neutron resonance
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