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Overview

« Reference facility

* Neutron production

- Data taking:
* Analysis of measurements:
* Monitoring

* Neutron fluence standards:
— Long counter
— Recoil proton prop. counter
— Recoil proton telescope

DROSG2000
NeuSDesc
TARGET

MPA3 + MPANT
WinSpekt
EXCEL

GUM Workbench
PTRAC Filter
PRTelescope
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Neutron Reference Facility

A collimated high intensity n-field
B monoenergetic n-reference field
C charged particle fields
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* Monoenergetic neutrons: thin Ti(T), D,, "aLi, "aLiF, (Sc) targets

* Open fields: low backscatter required
MC simulation of target scattering
* Monitors: three neutron monitors + beam charge
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Neutron Production

monoenergetic neutron sources white neutron source
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* Neutron Sources have a large variety of energy and angular distribution
 Measurements must be planned

— Energy distribution: Target scattering

— Angular distribution: Monitor position

— Reliable data needed!
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Neutron Production: DROSG2000

e |2y DRIOSG2~1"NEUYIE.EXE

HONOENERGETIC MEUTROM PRODUCTION <iszotopically pure targets?
ID REACTION TY¥PE REMARKS EnB RAMGE H—SECTION RAMGE [Mel]

STANDARD SOURCES :

3H p.n>3He gas target A.A64-7.585 1.8191-32.88-318.
T20 target

2H{d .n>3He gas target 2.449-7.786 B@.82 - 39 _80.-85.
D20 target

1H<t .n>3He gasz target A.574-17.64 3.851 - 98.19
vater target
octane target

3JH{d.n>4He gas target 14.83-20.46 B@.01 - 40.00-408.
T20 target

2H<t .n>4He gas target 14.83-23.81 B8.0815- 52.9-.527.
D20 target

PLi{p, . nB>7Be A.A30-B.658 1_.8807-7.80.-494.
7LiF target

1HC?Li . n@>7Be 1.441-3.842 13.897- 48.745

PLi<p. . nl1>7Be= <@.42% Mel levell @.@838-1.557 2.48 — 7.80.-20.
7LiF target

1HC?LAi . nl1>7Be= CA.429 Mel levell 1.816-7.231 16.713— 48.745

» ID, negative for YIELD calculation — hlank continues tahle:

- Data base compiled by M. Drosg (U Vienna): DROSG2000

 Available at https://www-nds.iaea.org/drosg2000.html
(only 32 bit version)

- Large set of (p,n), (d,n) and (a,n) reactions, also in inverse kinematics
« Thick target yields (only n, contribution)
« Somewhat inconvenient to operate (only available for 32 bit OS) ...
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Neutron Production: NeuSDesc

NeuSDesc ver. 1.0, EC-JRC-TIRMM, Aug-2008

10/ x|

Meutron emission angle: |0

i~ lans and neutron:
Reaction
ITLi[D.ﬂ]?Be. LFF target j Competing reactions
I lon energy is below threshold
e bCH IZEH? " lan energy in double valued region

B B
Ti, Lior L thickn, (ug/em2): [70
T, D/ Tilratic: |1.00

Gag pressure (kPal; |100
40

Gas cell [ength [mm]:

Entrance foll material: |t olpbdenum 'I
Entrance fail thickness: |0 ugfcm? ¥

lon E-loss in target (ke |7.845

lon E-loss in target (%] (0.3
E-oss in fail (kev), |0

T

Current [ua):

=

j ™ Natin mono-energetic region

Distance [mm} 10

=

Meutron energies [Me]:

Maw: W
Avwerage: IW
Min: W
wwidh [15
TOF [hz] neutran # gamma: Im— £ IUD—
delta-TOF [ns] neutron: IDD—

Mean fluence rate [ndem2 s):
Mean pield [ndlsr £]):
Dose rate [mSw/hour):

Total [mb]:

Difterential [mb./sr]:

Mevtron yield data:

Cross-gection at incident ion energy:

EXIT
About

0.142E+07
0.142E+07

0.173E+04

502.5
149748

— General SRIM settings
I | SHIMZO0B not propery installed:

Spectum——————————————————

List for angles
List for energies

Calculate spectrum

i~ Full angle spectrum——————————

# Pairts used to
radivz [mm):  determine
average fluence:

Caloulate spectrumn, full
angle

Detector
Include angular stragaling.

[ for all SRIM based energy
loss calculations

# Simulated ians in SRIM:{ 300

Programme opened:

20M5/0818 101522

Calculate spectrum,
including energy straggling
[starts SRIM)

Calculate spectrum, full
angle including energy
straggling [starts SRIM)

r~ Source description for MCHP

Custamize sdef | # Directions:
card settings

Settings:
IEID
IW

# Point sources:

Calculate MCNP sdef card |

Calculate MCNP sdef card
including energy stragaling
[starts SRIM]

Available from IRMM at ...
Calculates Yg(®,E,) for various reactions and targets
Several files for plotting available in the \RESULTS folder

Coupled to:

SRIM201x

MCNP: SDEF card (target scattering)

(energy and angular straggling)
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TARGET

| _ [ _ | x|
+ - v
window
' LF_100_1000.inp

=
’:# backing | cote Gl | ton Beam || Target || Detectr | Telescope || Target geometry |I Output |
i aln _ _

: [ ring
m : Comment ; |LiF 100 pgdomé
=1 flange
CP | Sample size of starting ions : 20000
N : : Population of starting ions : lw
| <] tUbe % Startnumberoftherandomgenerator:lm -
| Testmode:lﬂ
. D. Sch|ege|_ TARGET ‘ Load H Save H Graph ‘ : ‘ Run TARGET ‘
available from PTB on request
* Simulation: ion transport (energy and angular straggling),
neutron scattering in the target, extended detectors
* Lots of PTB specific details: gas target, recoil telescope
* NB: TARGET has bugs (non-rel. TOF, Tritium profiles, Ta backings, ...)
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Exercise 1

Calculate spectrum for 2709 keV protons on 100 mg/cm? LiF and
compare TARGET and NeuSDesc peaks: 210 mm det. at 100 mm dist.

100 pg/cm? ’LiF+p(2.709 MeV)

1.E+04 ¢
1.E+03 f
_— |
O 1.E+02 -
=1 E r
o C
€ 1E+01 . ‘
(&) E
~ - ‘ e TARGET
1.E = . :
E +00 ; 4\1\1 ﬂ‘A\\{\w === NeuSDesc+SRIM
Y 1.E-01 L [ W | DROSG
S g A, }
- 1J N
1E02 A~
1.E-03 L—J -------------------- |
0 0.2 0.4 0.6 0.8 1 1.2
E [/ MeV
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Data Acquisition: MPA3 + MPANT

Multi-parameter DAQ required for

Simple NIM/PC-based DAQ system:

time-of-Flight
particle identification

coincident detectors:
RPT, TCAP

Fast/ComTec MPA

Up to 16 channels:
PHA ADCs and TDCs

More: www.fastcomtec.com

independent channels (‘singles’)

coincident groups

fast 24 bit scalers (« monitors)

Display software MPANT is free
Many dialogues for definition of

conditions and spectra

Listmode data in open format

Replay option ‘dongled’

=2 MPANT =181 x|
Fle Window Region Options Action ?
BEES) (&4« [l i [ T =
Bl = v]el-[o] [»[mv]x] [F1[r2[r3[r4] [Fs[ra[r7]Fe] [FslFulri]Fe]
2015_SEP_09_2_5MeV/_T1_ =loix| 1o
Real 7992.026
Run 7993.328 4002
Status: OFF 250
Singles 23,436,164
Caine: 13538 00 200
SglRate 0.00
CoiRate 0.00 m 150
~ADC 1A,
Live 7964.069 100
%Dead: 0.35 100 -
Total 13538
Rate 0.00 g ook
RO 13,528
¢ 0 200 400 500 500 1000 0 200 400 500 800 1000
e 13528 ||| Torasum: 13538 Curser TotalSum: 13538 Cursor
ADC1B Start Time: 16:28:24 Counts Stat Time: 18:28 24 Courts:
Live 7391648
%Dead: 0.00
O Cm— T
ROI: 13538 109
Met 13538 B =0 By
ADC1C m - B
Live 7991.848 ;2
%Deadk: 0.00 am
Tetal 13538 e B
Rate 0.00
ROl 13538 @ 1o 5
Net 13538 =
~ADC1D 100 50 If
Live: 7748522 - ) ~ )
%Dead: 308 - m - = — et 0 El 100 150 200 250
;;{Z' 23’“35‘9 gg TotalSum: 13538 Cue T 4055 [
ROI 23436164 Start Tine: 16:28:24 Bl Dualparameter and Calculated spectra
Net 9,973,694
101 ] ;
T Mo, ADC  Range Type MName Candition Add Mult.
5 142 256256 MAP 1Ax1B Add Time...
6 31 256256 MAP  1Cx1A
70142 2048 SUM  5UM1_2 Add Cale. ...
I 2664256 MAP  1CwSUM1_2
Edit...
Delete
Conditions Delete All
No. Spectia ROl ! Cancel | Caonditions
1 E1C %14 500 POLYGOME
LCombine. .. |
Delete |
Delete Al |
QK. Cancel
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Exercise 2

Replay data from a T(d,n)*He TCAP experiment at E, = 14 MeV

* n-induced events in BC501A (n/y separation) X BC501A
: e BC501A coincident:
« a-events with full energy deposition in PIPS Neutronen-
orEVE detektor | ADC 1A: P1B: PS
(PH window) 7 1C: TOE

* a-n time correlation
— identify ‘valid’ (a,n) events

) PIPS coincident:
6. ADC ,1D: PH

PIPS independent:
y o ADC 2A: PH

PIPS
Alpha-
detektor
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Visualization and Analysis

« Dedicated tool: WinSpekt 10
— Manipulation of 1-dim histograms =
— Error propagation R T
— Input via command window o e ;

— BASIC-style scripts, E o0 I -
simple control structures O ’
(for, if, go, sub, ret) % w00 ]

— Capture and propagation of g ! ;
numerical results (s c=a®b) o L i

— Interfaces to other ‘PTB codes’ o [

NRESP/NEFF e I 34IID | 3;0 I 42ID I 45I0 I 5(‘)0 I 5;0 I 5EI.O I 52IO | EiEIiO
NUMDAT BIN NUMBER

MPA3/MPANT
STREUER (TOF Spectrometer)

* NB: no alternative to

M 7, .3 { 17%) an c
W) ; rati 2
//7_ atio ;T g )
1\ g:-_‘i Y / y8.3ta n . th 0
)&/
\“- / [Funnina Innut nendinn in WinSnelkt command windnus
( R . : - %~~~
Ly B o o . -
- | | . ) -
) gp— Tk 3
N - e ) A {}
An Object-Oriented » \ ¢
i ]
B e A e 'w' e o
s b "

Data Analysis Framework
Data Analysis Framework
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Monitoring the Source Yield

6
10° ———rrrr
E
E

+—— monoenergetic gap

Requirements for a ‘good’ monitor:

* Proportional to 0° yield

« Efficiency: Rg®1cm?—-10cm?

* Flat energy dependence

* Insensitivity to change of projectile angle

= a good monitor is not found easily

1.2 ——r——————————1——r—

oy
=
2
B
<
o 30° 60° 90° 120° 150° 180°
0]
- T T T T 1 P
1.0 F ]
14.8 MeV .
0.8 ]
= I 19 MeV _ ]
S 06 ==3
W
® [ ]
= 04 5 MeV 5
w : S —
[ S~ _ T 565keV _]
02 ~ _"2.5MeV
! 250 keV _ 1.2 MeV —
00 L L 1 L
0° 30 60 90 120 150 180
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Exercise 3

DT 564  3.00 150 290 s
77— /s Q/mc PAc Hed G Mt
// = T1 0 400075 124160 1313427 14319829 10577 11604691

= 0 T1 1 175299 5.5892 591381 6438024 4721 5216267
2 ° T 2 60000 1.7927 190237 2068397 1541 1674446
\ no det. 3 &600.00 2.6493 275121 3015824 2131 2418582
7, S
Lc1 4 1058.61 15068 156240 1748432 1330 1392381
| 4
s N
h \g\
Z q \ NLC: McTaggart Long Counter (3He)
f\ PLC: de Pangher Long Counter (1°BF,)
= % é\ He-3: 3He prop. counter in PE moderator
/////////é GM: compensated GM counter

 Determine in-scatter corrections
 Find the most suited monitor detector
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Shadow Cone Subtracction

Suppression or subtraction of room scattering:
« Short distance: @4, >> O

« Distance variation: @, o« 1/d?, ® . oc 1/d*, o < 2

- Shadow cone method:

Schatten- Detektor

NB: The shadow cone technique is not perfect
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GUM Workbench

_loix

M O d el Of th e m eaS U re m e nt Datei Bearbeiten Ansicht Eild Diagramm Optionen Extras Hilfe
] v| @ E Mudelll Beobachtung | FK.orrelation | Budget | Letztes | Ergebnis | [Diagramm | ﬂ
—_ —_ v
Y _ f ( X ) Allgemein Muodellgleichung | Gralen - Daten | Parlielle Ableitung |
ksl G :l f[:-:]...l Umbenenten | Feihentolge | Eﬂpertenl
. . . {3 Me\,r‘}
Pro pag ation of uncertainties Y= Ky " Koy “Koer TNy (N 2y F o) 1M
. 14 MeV}
— Analytical formulas Y= ko * Koo * Keeo ™ N/ (N, * 25 65) / My
— MC simulation
Covariance analysis
_ Gigbe  |Einheit Diefinition H
DO C u m e n tat | O n Of reS u I tS Np o2 Mumber of hydrogen atoms per unit area
Y-I -1 Meutron wield per monitor event [enengy E'I]
kf'l Correction for distance wariationz [kf =1]
ki Correction for attenuation in air and entrance window
JCGM 100:2008 K . :
GURt 1995 with minor carrections sc] Correction for target scattering
Hq Murnber of recoil protons
Gl Geometric efficiency
Evaluation of measurement Ty o Differential np cross section LI
data — Guide to the expression
of uncertainty in measurement
AN, w2/ (=5 | E:\Papenwaorkiorrageh2015-10_ICTP_Summerschoolyh aterialhGURMWELT 1. gmu |
Guide pour l'expression de lincertitude de
Ref: Guide to the Expression of Uncertainty
in Measurement 2008
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Fluence Measurement using a Long Counter

* Practical advantages of a long counter:
— Very reproducible
— Long term stability (with check sources)
— Simple to use!

« Disadvantages
— Bulky: pos. of ‘effective centre’ required

— Therm. detector: sensitive to room scattering:
= shadow cone method used for subtraction

— ‘effective’ BF; pressure to be fixed

* NPL carried out careful modeling using MCNP5:

M — K
(d+deff)2
R,(E)=N/d

deff (E)
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Exercise 4

Neutron yield measurement with a long counter:
’LiF + 2.824 MeV p, LiF + 3.351 MeV p

GUM Workbench: y = Ne —(Qe/Qg)N; -
- Set up a model KairKes Ro Qr
* Measured count rates: Exercise 3.xlsx
- Effective centre and fluence response: LCl.x1lsx, 2MeV.ene, 2 5MeV.ene
« Estimate uncertainties and correlations: see lecture slides
— Get results with uncertainty and correlations P et 577, 2 1, 113055
ENDE/B LT 15 H1 L ELo 110 “! i
0 10 20 Tl
T 4'__!_!_!7 R HEEEEEEN -
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Recoil Proton Proportional Counter

 Reaction rate:

- Corrections (see lecture):
— target scattering:
— size of the sensitive volume:

— number of hydrogen atoms:

- Neutron and proton transport:
— neutron transport:
— track protons for E, > 1 keV:

N, =n\Vo,Y/d*

Y=Y, +Y

scat

Vg =V, /1.012

real gas law

MCNPX model

PTRAC file
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PTRAC

C

PHYS:N 10. 10. 0 J 01 5 neutrons: 10 MeV, analogue capture, recoil on
PHYS:H 10. 10. T I J J J J J J J & protons: 10 MeV, analogue capture, recocil off
C

COT:N 1E+% 1.E-04 0O 0O & cut offz: T in 10ns, E in MeV, WGT1, WGETZ

CUT:H 1lE+% 1.E-Q2 O O S cut offs: T in 1l0nsz, E in MeV, WGETLl, WGTZ2

C
FTRAC FILE=ASC MAX=1000000 WRITE=ALL EVEWNT=3RC,EBHNE, SUR, TER

CELL=1000,1001,1002 TYPE=H

_1 ¥

menpx 2.7.0Mon Apr 18 0B:00:00 MST 2011 04701715 23:04:49
RPPC detector: MCHNFPFX version with p transport
1.4000E+01 1.0000E+00 1.0000E+02 3.0000E+00 1.0000E+03 1.0010E+03 1.0020E+03 4,.0000E+00 1.0000E+00 Z.0000E+00
3.0000E+00 5.0000E+00 1.0000E+00Q 1.0000E+0Q0 O0.0000E+00 1.0000E+00 1.0000E+0& O.0000E+00 O.0Q000E+00 O.0000E+00
0.0000E+00  1.0000E+00 9.0000E+00 O.0000E+0Q 1.0000E+0Q 2.0000E+00 OQ.0000E+0Q0 OQ.00Q000E+Q0 O.0000E+QQ0 0.0000E+0Q0
3 T g8 g g g g B 8 B 8 0 4 0 0 0 0 0 0 0
1 2 3 T 8 8 1e 17 18 1% 20 21 22 23 24 25 26 27 28 7 g 10 11 1s 17 18 1% 20 21 22
23 24 25 26 2T 28 7 & 12 13 1 17 18 1% 20 21 22 23 24 25 26 27 28 7 g 10 11 1s 17 18
1% 20 21 22 23 24 25 26 27 2B 7 & 14 15 1s 17 18 1% 20 21 22 23 24 25 26 27 28
next event

1628 1000 part. species cell no. mat no. (X, a, E, W, t)
T R I, B 0 e D 7,

O.TBLEAE+00 0.207T9E+01 25TOBE+02 =0.237T73E+400 =0 GOTE=-01 B3IBE+00 G S2T24E+00 0.10000E401 0.11999E+D2
5000 12 (i) 16 9 1002

0. 74673E+00 0.20619E+01 725B40E+402 -0.25215E+400 -0.124T70E400 ﬂ.95952E+ﬂﬂ ﬂ.43753E+ﬂﬂ 0.10000E401 0.12013E402

9000 12 surf. no. 2 9 1002 3 179
0.6084%E+00 0.20Z211E+01 0.Z26293E+02 -0.49167E+00 -0.BT705BE+00 -0.1E51EBE-01 O0.10000E-02 0O.10000E+01 O0.12105E+02

C

... the data format is a bit complicated, but comprehensible:

dedicated filter used to produce a histogram
— normalized to one source neutron per unit solid angle
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Exercise 5

Recoil counter for pedestrians and cavaliers:
E, =300 keV, p = 300 hPa C;H; and 1000 hPa H,/CH,

* Inscattering subtracted with shadow cone

* Input data for P2: Input.xls

« WinSpekt scripts: P2 H.prg, P2 P.prg

= Get Y/Q with a simple analytical and an MCNPX response: LM 70 300 Xppp.ASC

How to make a simple rectangular response with Gaussian broadening:

SPEKT> 1lsh;adn 2.616E-08,0,638;mul O0,1.E6;flt 2,8.2;spe 2003

EVENTS PER BIN
EVENTS PER BIN

-

EEEEEEEEEEEEEEEEEE
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Recoil Proton Telescope

* Experimental problems:
— High single rates: > 104 cts/s
— Low coincidence rates: < 10 cts/s
— Small distance to target: * 20 cm
— Energy loss and straggling of
recoil protons
« Detection Efficiency

— Analytical calculation using
relativistic kinematics:

PRTelescope
— Full MCNPX modeling

Y = N,
e,

rad? ddet’ rdet) r]H O-np

rad?

Heutron fluence from PRTdata

— Meutron energy

Energy [keV): I 14800
Kl [ 4

— Detectar setup

Telescope: ISB, U=150% j
Gax caz
Gas prezsure [mbar],  300.0

ire HY: 1800

— Detector parametres

Evropean Commission, JRC-IRkdk E =it

PRTelescope ver. 29.04.2003 —I

— E=perimental

Digtance source-frontplate [mm]; I 3501
3757
1.000000
E——

Distance source-radiator [mm):
Dead time comection factor:

Pratan recail counts:

Fiadiatar foit | 2: Tristearin, TR/NP-07/2 7 |

Radiator H-content [cm-2): 0.5622E+20
Radiusz of radiator [rm): 139
Thickness of Ta backing [mm):  0.50
Diztatce radiator-detector [mm): 861

Radius of detector [mm]: 105

Thickness of Al window [mnm): 0.40

— Calculated parametres

MeLtrons/sr at source: 0.4284E+09
Meutronz/cm? at frontplate: 0.3495E +06
Tatal v-p cross sechon [mb): EBE.5

Corr, for window and backing:  1.013555
Carr. fiar air zcattering: 1.002630
Coarr. for wires: 1.002340
Tatal comrection: 1.025204

|

by courtesy of: G. Lévestam (IRMM/JRC)
ref: D. Sloan, J.C. Robertson, NIM198 (1982) 365-372
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MCNPX Model

124 3 -=5,404E-04 -137 131 -136 133 IMP:N=1 IMP:H=1 IMP:A=1 % groove in aperture
C
130 7 -0.862 -131 130 -134 :]-]=1 IME:A=1 § tristearine layer
C
131 3 -5.404E-04 -131 130 -136 134 IMP:N=1 IMF:H=1 IMF:A=1 % around tristearin
C

o

detector surface per unit source yield (=sr1)

FC11l *=** Protons 3

F311 =405

CF11:H 205 303
FM11 O0.07734601 5 =
E11 0.02 THBI 15.2

iid angle for Theta = 9°

* Forced interaction (FCL card)

« Tally: proton current on the Si detector

« Detection of triple coincidences
— cell flagging (CF card)

— PTRAC file
« NB: MCNPX uses non-relativistic kinematics: correction factor k., = 1.007 at 14 MeV
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Exercise 6

Recoil telescope for galley slaves and admirals:
E. =2.5MeV

« Background with radiator in reverse position
* Input data for T1: Input.xls
* WinSpekt script: Tl.prg
— Get Y/Q with an analytical formula: PRTelescope
and an MCNPX response: Tl.prg, McTl 2500.ASC

— set three markers
— useinm ml,m2 to getintegral between markers

EVENTS PER BIN

— extrapolate background into peak area

BBBBBBBBB
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