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Neutron | |
Discovered by J.Chadwick on 1932

Baryon: udd

Mass : 1.674927.. x 1027 kg
Mean life : 886.7 sec
Uncharged

Nuclear interaction is required to shield and detect
In this talk

General features of neutron field, spectrum, simulation,
attenuation length and measurement

Introduce an activity of neutron spectrum measurement at
CERN CHARM facility
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High energy neutron field

Sea level environmental T T 108 —
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http://lansce.lanl.gov/facilities/wnr/flight-paths/ice-house/about.php

The neutron spectra of the fields are experimentally confirmed
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Cross comparison
among simulation
codes

Proton 10 GeV on Cu
Target : 8.63 g/cm3
16cmL-1.6cmD

Neutron spectrum at
500 cm, +0.5 degrees

Simulation codes

Cu, 1GeV proton at 15 degrees
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H.Hirayama and T.sanami at SATIF13 10-12 Oct. 2016 at Dresden

Results of calculation should be confirmed through experiment
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Facility for neutron (mixed) field at CERN

- CERN also has the field in east hall
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CHARM

24 GeV/c proton on target

- Many of unique features instead of one disadvantage

Technical area
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CHARM

Intense, high energy beam makes high energy mixed field

Change energy spectrum and charged/non-charged ratio by
changing the position, sliding wall and target

Well designed shielding structure and air ventilation system
But, no pulse beam. TOF is not applicable.
Measure neutron spectrum with another technique

Difficult to measure neutron inside simply putting detector
because too intense, highly activated and mixed field

Start measurement from outside, then become closer.
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CERN Shielding Benchmark Facility (CSBF)

Target : Cu, Al, Low density Al, Blank

24 GeV/c, 0.2 ~50 x 1079 p/spill, 6x 10'° p/sec (230W)

Material test blocks CSBF plathome
Foil slot Foil slot concrete
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Neutron transport in material
depends on their energy
(spectrum)

Attenuation length is widely
used for bulk shielding
design

various materials

Quick sample extraction for short lived nuclei measurement

CSBF

Attenuation length [g cm'2]
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Taken from handbook of spallation research

Attenuation length, neutron energy spectra can be obtained for

High energy irradiation field for dosimeter calibration
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Experiment

FY2015

Activation (Bi/Al) and unfolding method on top roof and
corridor with nominal intensity beam (50x10° p/spill)

FY2016

Activation (Bi/Al/In) and unfolding method on top roof with
revised geometry with down to 10x10'° p/spill beam

FY2017

Activation (Bi/Al/In/C) and unfolding method on top roof with
revised geometry with down to 0.2x10'° p/spill beam, and
activation test (Au/Bi/Al) inside the cave
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He-3 neutron counter

3He spherical gas proportional Thin wire

connector
counter :£ to readout

SHe(n,p)t Q=0.765 MeV

He-3 gas volume

Ep=0.574 MeV, E:=0.191 MeV 2
10 ﬂ

10 atm He-3
Proportional counter

5330 barn for thermal neutron

12% FWHM @1200V —> -

High sensitivity for thermal neutron

The high Q-value helps to distinguish
neutron events form gamma and
noise

Counts per channel

| | | |
20 40 60 80 100

Pulse height ch
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Bonner sphere

- 3SHe spherical gas proportional counter and several moderators
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Activation

- Threshold activation . . Threshold
Reaction Half life MeV]
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P(Ep)

Unfolding
NE213 liquid scintillator

-+ Fast timing [less than 10 ns rise time]

neutron gamma separation

High detection efficiency
NEZ21 3 Liquid scintillator

Pylex glass window

Unfolding capability
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Measurement (Activation)

- Activation

®8cm x 1cmE ®4cm x 0.4cm/E ®2cm x 0.2cmE
Bi: 500g Bi: 50g Bi: 6.2g
Al: 135g Al: 13.3g Al:1.7g
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Data analysis (Activation)
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Measurement (Unfolding)

700 ms .
Data aquisition duration

Irradiation

Y

Integrate
Accelerator > — :
: Time

NE213 —+——

Time extension
Elements of event by event data

(a) Time between signals from
accelerator and NE213 detector

(b) Total ADC: Integrated value of total
part of signal from NE213 detector

- (c) Integrate >
(b) Integrate

NE213——
(0] .
= 1/ neutron Time
£ (c) Slow ADC: Integrated value of slow
> part of signal from NE213 detector
y | (d) Veto 1 ADC: Integrated value of
Veto1 or 2 — 4—(—)?—“9% > signal from Veto 1 detector
% Vo Time (e) Veto 2 ADC: Integrated value of
§ ', Charged particle signal from Veto 2 detector
\
1

‘o
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Data analysis (Unfolding)

n-gamma discrimination, Charged particle rejection
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Unfolding

Unfolding T T T T " T " T 1
. 10" °© P =

- Neutron energy spectrum is 2 — SCINFUL-OMD :
. [, 150 MeV (x 10°)  nuuua: . : ]
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distribution _ .
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Fig. 18. Measured response functions for 40, 50, 60, 80, 100, 120, and 150MeV

neutron incidence. Experimental data are compared with the respective calcula-
tions from the original and modified codes.
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Measurement (Bonner sphere)
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Monte Carlo Simulation

FLUKA
- http://www.fluka.org/fluka.php

- LCLS, LCLS-Il, EuroXFEL, LHC, Therapy,
Synchrotron light source facility

MARS
http://www.fnhal.gov/MARS/

LCLS, Tevatron, Neutrino, J-PARC MR,
KEK-LINAC, SuperKEKB

PHITS

http://phits.jaea.go.jp, J-PARC MLF
MCNP, Geant,,
Combination of models

- QMD, INC, GEM and low energy
neutron transport

Fluka >> Documentation >> Download Tools > Discuss >> Toam >>
[ Quicklaunch:

Download A AA =
Mailing st

Manual Online

Courses FLUKA is a fully integrated particle physics MonteCarlo simulation package. It has many applications in high energy

i experimental physics and engineering, shielding, detector and telescope design, cosmic ray studies, dosimetry, medical
Contact us physics and radio-biology.

Tastve
FLUKR 20121, May 150

fest mspm)
FLAIR 1

News:
Courses Update
(

The 2nd FLUKA Advanced
Course and Workshop will be
held in Vancouver, Canada, in Last updated: 215t of May, 2010

for _applications
{Goacing:duly 16, 2013

© FLUKA Team 2000-2012

4] Fermi National Accelerator Laborat
* ACCELERATOR DIVISION

‘Welcome to the official MARS site on the World Wide Web! There is information about the code, its users, and its uses. One can also register as  user of the code:
(http://www-ap.fnal gov/MARS).

Directory
Intro/Manual Applications References Disclaimers/Registration Secure Page Hins Help
News
« A half.a-day mini-tutorial MARS15: New Features is given at 9:00-12:30 on Thursday, September 15, 2011, at Fermilab in the One North Conference room. The

purpose is to (very briefly) remind the code basics (for new users) and describe a just-released version with its new features. Special presentations are given on how to
calculate nuclide decay and transmutation, residual dose rate at a distance from small objects, and on the newest ROOT-based geometry module.

« After int d beta-tests on Fermi d some other sites by members of the MARS team, the MARS1S (2010) version has just been
updated on all MARS sites worldwide. The release of September 9, 2011, replaces the previous official release of February 2011. The updates mainly concern the
following: (1) More consistent and convenient descnpuon and handling of beam line and accelerator structures in MMBLB, including their Monte-Carlo volume
calculations and vi in global and beaml ystems. (2) Refined, faster and more accurate modeling of energy loss fluctuations and Coulomb
scattering at energies as low as 1 keV, including arbitrary mixtures. (3) Enhanced modeling of negative muon captures. (4) Fixes in the CEM, QGSM and elastic
nuclear interaction modules. (5) Refined description and control of exclusive, inclusive and hybrid modes for electromagnetic showers, low-energy neutron

tteract d other processes. (6) improved and enhanced GUL, with many new pl features. (7) Refined to user
MFILL routine. (8) New user EVENTIN routine giving access to all products of every inelastic nuclear interaction; access to nuclear elastic vericies is currently done
in a user routine MFILL. (9) New consistent interface files to feed DeTra for nuclide decav and transmutation studies. (10) The User's Guide.

PHITS

FParticle and Heavy Ion Transport code System

Home News Whatis PHITS How to Get How to Use Sample Applications Updatelog FAQ Reference H#AZERR

Last Update : 2016/02/24

What is new?

2016/02/24: Registration of PHITS 2.82 in OECD/NEA Databank (detail)
2015/12/25: Release of update patch to PHITS2.82 (detail)

2015/10/16: Announcement of PHITS course in OECD/NEA, France (detail)
2015/07/23: Announcement of PHITS course in Malaysia (detail)

2015/04/03: Registration of PHITS 2.76 in OECD/NEA Databank (detail)
2015/03/27: Release of update patch to PHITS2.76 for Mac (detail)
2015/03/20: Release of update patch to PHITS2.76 for Windows (detail)
2014/12/04: Upload examples of user defined tally (detail)

2014/03/05: Registration of PHITS 2.64 in OECD/NEA Databank (detail)
2014/01/10: Revision of nuclear data library (detail)

Log of PHITS information before 2013. here

What is PHITS?
PHlTS (Partlcle and Heavy Ion Transport code System) is a general purpose Monte Carlo particle transport
code

under c ion between JAEA, RIST, KEK and several other institutes. It can deal
with the transport of all particles over wide energy ranges, using several nuclear reactlon models and nuclear data
libraries. PHITS can support your r in the fields of technolog! space radiation,

and in many other fields which are related to particle and heavy ion transport phenomena (detail)
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Simulation

440cm iron and concrete thickness gives more than 3 orders of
magnitude attenuation, small solid angle for detector region

Variance reduction technique is required

no.=13, x= -1.4211E-14 no.= 1, ie= 1, ix=1 no.= 1, ie= 1, ix= 1
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Results - Activation (2015)

Activity [#/atoms/proton]
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Activity [#/atoms/proton]

100 ¢
103" |
1032 |
1033 |
10% |
103 |
1070 ¢
103" |
1032 |
109 |
1034 |

1073

Results - Activation (2016)
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Deduce attenuation length for all these
results, compare with previous data

Results - Activation (2016)
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C/E
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Neutron flux [#/sr/proton]

Results concrete attenuation - Unfolding
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Neutron flux [#/sr/proton]

Results iron attenuation - Unfolding
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Results - Consistency
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counts/proton/sr

Results - Bonner spheres
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Summary

General features of neutron interaction, spectrum, simulation
and measurement

Introduce an activity of neutron spectrum measurement at
CERN CHARM facility

- Activation method BI,Al,In
Unfolding method
In future
Deduce spectrum accommodate all the data

Establish data set for neutron spectrum and its attenuation
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Spare
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Spare

Major peak Production rate o
Sample lkeV] [#/atom/p] Err Err [%]
51206 ggf:g 2 77E-33 4.81E-35 1.7
e 3.13E-34 1.69E-35 5.4
. 2 55E-33 1.01E-34 4.00
Bi-205 703.4 4.38E-34 4.02E-05 9.20
51204 899.2 1.82E-33 2 24E-35 1.20
i- 984.0 2.02E-34 8.06E-36 4.00
51203 oo 1.68E-33 587E-35 |  3.50
i 1.79E-34 2 30E-35 12.80
51202 P 1.62E-33 4.90E-35 |  3.00
' 1.55E-34 1.64E-35 10.60
960.7
. 9.23E-34 9.59E-35 10.40
Bi-201 629.1 1.67E-34 3.63E-35 21.70
3 56E-34 3 66E-36 1.00
Na-24 1368.6 3.63E-35 3.39E-36 9.30
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General features of neutron interaction

Neutron interaction
strongly depends on
their energy

Detection and shielding ?
strategy is relay on 3
neutron energy §
For high energy,

slowing down by heavy

material with inelastic
scattering, then absorb
with converting
charged particles

10°

10° |

10*

| | | " H-1total ——
B He-3 total |
Thermal Fe-56 total ]
\neutron R
keV neutron
T Jl\§
[ Data from http://wwwndc.jaea.go.%p ]
i L | | | , | |

1072

10°

10°

104 108

Neutron energy [eV]
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General features of neutron interaction

- R:N
- g:C

umber of nuclear interactions for target (thickness, t)
ross section. Its unit is(b,barn)

1b=10*cm? =10 %®m”?

- Radius of nucleus is 10-4m, thus 1 barn is close to geometrical
cross section

Target (A, Z)
e

a

= N - n nuclei
—r—>
> »l R = [(—2) X {N( . ) X a(m?) X t(m)} X o(m?)
:\ ; m°s m
L~ «NNNNNN B I
o, = elastic scattering cross section
I, n/(m2-s) / S . ) .
A o, =inelastic scattering cross section
4_

G, = absorption cross section
O, = capture cross section
O; = fission cross section
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General features of neutron interaction

Elastic scattering :
- Kinetic energy is conserved
- No change for internal energy state of nucleus

&
-2 = |2 = |2
m ‘p‘ =‘p1‘ +‘p2‘

o— ------------------------- 2M  2m  2M
TeM p=p+D,
P>
1P| = 2m |p|cosé T = K __4mM .\13\2
pl _M+mp max 2m 6=0—(M+m)2 2M

- Elastic scattering of hydrogen nucleus : m=M
Most effective slowing down
Average energy after single elastic scattering (7..) =
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General features of neutron interaction

Q value : Energy difference between rest energies before and
after interaction

Q — (minCZ + Mtgtc2) — (2777f0'11,tc2 + . )

prod

Min : NIR T D'H =
Moyt © BUERF D'E &=
My : % =7y FEFHOE R

Q > 0 : FEE
Q < 0 : B

R EA SN SIS DISINE Typree D38 %

Tthres — |Q| )
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Time of flight

Time of flight

- Neutron energy spectrum is
deduced from its flight time

- Accelerator base experiment

- Precise energy determination
up to a few 100 MeV

- Pulsed neutron source

- Relatively low efficiency due to
long flight path

- Direct path (W/O shielding
material)

- Not applicable for shielding
experiment

ch7:ch9

tofh3

2006- . e

160G~ . . o+ ..t
1406 o Tt
1200~ - R

1004-""

%
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NE213 electronics circuit

NIM
>
e |GG —
s ve :
Accelerator —— Adentar G.G.2 = ‘—>
700 ms COIN G.G3—>
""""""""""" L
NE213 ® CFD TF 150 ns
> G.G.4 _ﬁ
150 ns E
i 125 ns
—>Scaler
Veto 1 >
Veto 2 >

G.G.: Gate generator

CFD: Constant fraction discriminator

COIN: Coincidence

VME ADC

Input of accelerator
Gate of accelerator

Gate of Veto 1

Gate of Veto 2
Gate of total part of NE213

Gate of slow part of NE213

Input of NE213 (total part)
Input of NE213 (slow part)

Input of Veto 1
Input of Veto 2
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