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ISIS Neutron and Muon Source

Target Station 1 (TS1) up and running by 1985 and Target Station 2 (TS2) following in 2008




But first, NIMROD...

Nimrod was a 7 GeV proton
synchrotron operating in the
Rutherford Appleton Laboratory
. between 1964 and 1978. It was
used for studies of nuclear and
sub-nuclear phenomena.

Nimrod was dismantled and
the space it occupied reused
for the synchrotron of the ISIS
neutron source.

......



... and then, ISIS

The name ISIS is not an acronym: it refers
to the ancient Egyptian goddess and the
local name for the river Thames. The name
was selected for the official opening of the
facility in 19885, prior to this it was known as
the SNS, or Spallation Neutron Source. The
name was considered appropriate as Isis
was a goddess who could restore life to the
dead, and ISIS made use of equipment
previously constructed for the NIMROD
and NINA accelerators.
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Effective thermal neutron flux n/cm?2-s

A bit of context: Neutron facilities around the world
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ISIS Neutron and Muon Source

70 MeV H™
Linear Accelerator
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Target Station 1

Types of Instrument at ISIS

B Oiffractometer

[ Reflectometer

B Small Angle Scattering

[ Indirect Spectrometer

Bl Oirect Spectrometer

[ Muon Spectrometer/Instrument
Chip Irradiation

[ imaging and Diffraction

Target Station 2 o
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Fields of study: Neutrinos?

Imperial College

London
Evaluation of neutron backgrounds for ZEPLIN-III at ISIS
Henrique Araujo (Imperial College London)
March 23" 2012 (v2.0)
Summary

We assessed the viability of a measurement of coherent neutrino-nucleus scattering (CNS) with ZEPLIN-III at
the ISIS facility analysing specifically the dominant neutron backgrounds. The signal rate expected in a 6 kg
fiducial liquid xenon volume is 52 events per calendar year. Cosmogenic and internal neutrons contribute
~30 events per year in near-coincidence with the beam (un-vetoed nuclear recoils with energies of 0.1-
10 keV) but can be further subtracted with an off-beam measurement. Beam-coincident spallation neutrons
above 20 MeV appear to dominate the ambient neutron dose equivalent rate measured at the neutrino
alcove. These would make a beam-coincident measurement at that location impossible even with additional
shielding. A 1-us delayed measurement (targeting muon-decay neutrinos only) would eliminate most of the
prompt backgrounds (delayed neutrons can be shielded effectively) whilst retaining ~25% signal acceptance,
or 13 events per year. This is deemed too low a rate to enable a discovery experiment with manageable risk.




Heart of a Spallation Neutron Source: Target, reflector and
moderators (TRAM) assembly

Water (ambient
temperature) moderators

Reflector

Target Pressure
Vessel

Target Flange

ISIS TS1 TRAM

- Liquid hydrogen (20K)
moderator

Beam Entry
Window
Liquid methane (100K) Target Plates
moderator
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ISIS TS-1 targets

20" century

Zircaloy Clad
ircaloy Cla Tantalum Disk

Uranium Disk

Uranium target

Tantalum target

Transition Transition
Stainless Steel Manifold Stainless Steel Manifold
Frame 20 em \ Frame 20 cm \
Target Plates Water manifolds Target Plates i
/ Water manifolds
Water
——"j —
= Outlet
Proton Proton
— ) —_—
Beam Beam
/
- Water
«—
% Intet o
Pressure Vessel m_é} Pressure Vessel

Tungsten Block

Tungsten target
Transition
Manifold

Tantalum
Cladding

Thermocouples

Target Plates Water manifolds T

th roton
21" century iird

Pressure Vessel

1L}

Current target — 12
tungsten plates
(tantalum cladding)

Typically 160 pA (800
MeV protons)




. ISIS TARGETS
ISIS Targ ets: HlStOIY DATES FITTED - REMOVED

TS1

TANTALUM #2 OCT 1994 - FEB 1995

URANIUM #9 MAY 1995 - JUN 1995

TANTALUM #2 JUN 1995 — SEP 1996
TANTALUM #3 NOV 1996 — APR 1999
TANTALUM #4 MAY 1999 - MAR 2001
TUNGSTEN #1 MAY 2001 - AUG 2005
TUNGSTEN #2 SEP 2005 - APR 2009

TUNGSTEN #3 APR 2009 - SEP 2014

TUNGSTEN #4 MAR 2015 -

TS2
TUNGSTEN #1 AUG 2008 —FEB 2010
TUNGSTEN #2 FEB 2010 - JUN 2010
STUNGSTEN #3 MAR 2011 - NOV 2012
TUNGSTEN #4 NOV 2012 -JUN 2014
TUNGSTEN #6 JUL 2014 - JUL 2015
TUNGSTEN #7 SEP 2015 -

BEAM PARAMETERS

800 MeV protons
50 Hz
Short pulse (~0.5 ps)
160 yA -TS1
40 pA -TS2




TS-1 W-4 target: irradiation history

Cycle:2014/03

Cycle: 2016/05
J

Integrated Integrated
Beam Number of current | Beam energy Beam Number of current | Beam energy
Statu days [mA-hours] [MeV] Status, days [mA-hours] [MeV]
on ¥ 47 171 700 on ¥ 12 800
off 30 on 33 151 (total) 700
on 42 162 700 off 31
off 44 on 31 112 700
on 38 139 700 off 108
off 16 on 30 104 800
on 43 142 800 off 24
off 61 on 35 132 700
on 16 53 800 off 48
on 22 72 700 on 47 180 700
off 17 off 23
on 38 138 800 on 30 116 700
off 112 off 18
on 15 41 800 on 38 155 700
on 30 83 700 off 60
off 14 on 44 170 700
on 30 100 700 off 15
off \\ 59 1 o 40 140 700

Cycle: 2016/04

Cycle: 2018/03




Neutron moderation

Wing moderator

| Moderator
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Neutron beamlines & shielding

Top Plug

ISIS TS-1 LF f’j*'] ACLﬂliu
|

Neutron Beam
Shutter - Open

| -]

Target Reflector and
Moderator Assembly

| Fixed iron shielding
- Moveable iron shielding
- Concrete shielding

Neutron Beam
Shutter - Closed

Neutron Beam
Insert

Target Void Vessel
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Shielding: TS1 / TS2




Nuclear (neutronics) physicist at a spallation
neutron source

Job description:

» Building the neutronics Monte Carlo models of the Target Stations;

" Providing consultancy that allow instrument scientists to get
maximum from their instrumentation;

" Calculations of the build-up of radionuclide inventories in activated
materials;

" Robust measurements of particle fluxes and radiation dose rates in
operational environments;

" Preparation of the future research and development programmes;

" Consultation, advisory and planning activities outside of home
organization.




TS-1 Project

Monte Carlo model of current Target Station 1 has been created; an effort across
ISIS to collect and document TS-1 characteristics.

After 30 years ISIS community now has a very fast particle tracking
model of the current TS-1 (with an unprecedented level of details).

) Calculations of particle
GEM instrument interactions over 10 orders of — data

8 . magnitude in energy.

5 A=1.8A — simulation
F
v
c
3
E 3

2

1

0

7600 7800 8000 8200 8400 8600 8800

TOF (us)

Unique in the world;
Invaluable as the basis for future upgrades
of the TS-1. .




Brightness [n/cm?/s/sr/A]

Peak Brightness [n/cm2/s/sr/A]

1le+11

1e+10

1e+09

1e+08
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1e+13

1e+12
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Efii " Water moderator (North) -
) Water moderator (South)
u::\ Water (Merlin) moderator =
e Methane moderator -
Hydrogen moderator B}
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B " Water moderator (North)  +
| Water moderator (South)
Water (Merlin) moderator =
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Wavelength [A]

Target Station 1

The mean and peak

10 brightness of the current

TS-1 moderators for beam
current of 160 pA.

G. Skoro et al., 2017,
https://doi.org/10.1016/j.physb.2017.12.060




Gamma spectrometry

Applied Radiation and Isotopes 125 (2017) 1-3

ZX npplied Radiation and
Isotopes

Contents lists available at ScienceDirect

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso e

Experimental verification of spallation inventory calculations (!)CmssMark

D.J.S. Findlay*, G.P. Skoro, G.J. Burns, S. Ansell’

ISIS, STFC, Rutherford Appleton Laboratory, Oxfordshire 0X11 0QX, UK

TS-1 W2 target; 1946 mA-hours in fifteen irradiation ‘campaigns’ each ~30-50
days long; cooling time = 7.63 years — to coincide with the date on which the
gamma-ray spectroscopy measurements were made.

Table 2

Peak areas of identified lines in the gamma-ray spectrum measured outside the flask.

Counts/sec * Identif. keV Abund. %
0.1137 0.0670 Annihil. 511.00

0.2286 0.0775 (Ra/Rn) 609.32

0.1161 0.0458 Lu-172 1093.63 62.50%
5.5588 0.0546 Co-60 1173.23 99.85%
15.5114 0.1454 Co-60 1332.49 99.98%
0.0996 0.0033 K-40 1460.82

0.0209 0.0035 Lu-172 1488.94 1.15%
0.0158 0.0021 Lu-172 1542.85 1.02%
0.0638 0.0048 Lu-172 1584.12 2.64%
0.0545 0.0038 Lu-172 1621.92 2.16%
0.0372 0.0028 (Ra/Rn) 1764.49

0.0411 0.0027 Lu-172 1914.80 0.60%

Table 3

Comparison of absorption thicknesses with flask dimensions, and comparison of radio-
nuclide activities from the gamma-ray spectrum and from the Monte Carlo inventory
calculations. Uncertainties are statistical only.

Radionuclide Pb thickness, cm Activity, TBq

From spectrum Flask wall From spectrum Monte Carlo

%o 18.25 + 0.22 16.75 0.099 + 0.015 0.087
Lz T 26.97 + 0.60 0.842 + 0.315 0.791




TS-1 instruments
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Moderator chopper Sample
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Fig. 1. Schematic representation of the side view of the TOSCA neutron guide as installed on the beamline. The guide sections are numbered in the order in which
they appear along the flightpath. The starting position of each section, in relation to the moderator centre, as well as its length are provided (in mm units). Aluminium

windows (W) are indicated by the orange vertical lines.

TOSCA is an indirect-geometry inelastic neutron spectrometer optimised for high
resolution vibrational spectroscopy in the energy transfer region between -24 and
4000 cm-1. The instrument has been operational for almost two decades and during
that time has set the standard for broadband chemical spectroscopy with neutrons.

eSS M L https://www.isis.stfc.ac.uk/Pages/INS-database.aspx

1 - without the guide exp l R i son o0n) s

uclear Inst. and Methods in Physics Research, p —74

1.5x10" - without the gwde sim / 3.41 8 ucarlost snd Miethods n Fhysics fesearch, A 890 (018 6877
1 with the guide exp

- with the gwde sim/2.53

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

1.0x10"

I I 3 journal homepage: www.elsevier.com/locate/nima

The neutron guide upgrade of the TOSCA spectrometer )

5.0x10°
1 Roberto S. Pinna®:®, Svemir Rudié **, Stewart F. Parker?, Jeff Armstrong?, Matteo Zanetti®P,

Goran Skoro?, Simon P. Waller?, Daniel Zacek #, Clive A. Smith?#, Matthew J. Capstick?,
David J. McPhail 2, Daniel E. Pooley?, Gareth D. Howells 2, Giuseppe Gorini®,
Felix Fernandez-Alonso ¢

# ISIS Facility, STFC, Rutherford Appleton Laboratory, Chilton, Didcot 0X11 0QX, UK
b CNISM, Universita’ degli Studi di Milano-Bicocca, Piazza della Scienza 3, 20126 Milano, Italy
© Department of Physics and Astronomy, University College London, Gower Street, London WCIE 6BT, UK

Flux (neutrons cm™s™ Angstrom™)

0.0

Wavelength (Angstrom)

The primary flightpath of the TOSCA spectrometer has been upgraded recently with a
high-m neutron guide in order to boost the neutron flux at the sample position.




Measurements of triphenylmethane DoS (TOSCA)

Two temperatures: 22 and 10 K.
Measurement time: ~2 hours per temperature.

Triphenylmethane - INS spectrum (22 K)
6 T

TOSCA (ISIS) ——

Intensity [a. u.]

Sample: ~1 g of
triphenylmethane

10 100 1000 10000
Wavenumber [1/cm]

Very high number of excitations. In low frequency range the vibrations of three rings
around of central atom appear, ring deformations dominate in the region between
350 and 1300 cm! and stretch vibrations in the higher frequency region.




VESUVIO (TS-1)

VESUVIO is an inverted-geometry spectrometer mainly employed for the
determination of nuclear quantum effects in materials using Deep Inelastic Neutron
Scattering. In recent years, VESUVIO has become an epithermal and thermal
analysis station, where samples can be investigated through spectroscopy, neutron
diffraction, and neutron transmission (NT) at the same time. The energy range
accessible for NT spans 8 orders of magnitude, from a fraction of meV to tens of keV.

c) Backscattering detectors | moderator. Incident neutron
d) Frontscattering detectors |  spectra were recorded using a
e GS20 6Li-doped scintillator at
8.57 m from the moderator,
while the transmitted spectra
were recorded using a similar
detector at a distance of 13.45
m from the moderator. The
neutron beam has a circular
shape, with a maximum
diameter of 4.5 cm.

a) Incident monitor Samples are placed at 11 m
y l ’ B e from the ISIS TS1 water
AY




Nuclear Inst. and Methods in Physics Research, A 888 (2018) 88-95

Contents lists available at ScienceDirect
CCR Input: Output:
Nuclear Inst. and Methods in Physics Research, A const [ v, R
: lys ,
&GN Catalyst PELO0
ELSEVIER journal homepage: www.elsevier.com/locate/nima
Measurement of the para-hydrogen concentration in the ISIS moderators R | Cold
using neutron transmission and thermal conductivity S finger
Giovanni Romanelli #?*, Svemir Rudi¢?, Matteo Zanetti ®°, Carla Andreani "¢, Liquid N,
Felix Fernandez-Alonso *!, Giuseppe Gorini ¢, Maciej Krzystyniak *-¢, Goran Skoro? Vacuum —»

2 ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire 0X11 0QX, UK

® Universita degli Studi di Roma ‘Tor Vergata’, Dipartimento di Fisica and NAST Centre, Via della Ricerca Scientifica 1, 00133, Roma, Italy
¢ Universita di Milano Bicocca, Piazza della Scienza 3, Milano 20125, Italy

4 School of Science and Technology, Nottingham Trent University, Clifton Campus, Nottingham, NG11 8NS, UK

© Museo Storico della Fisica e Centro Studi e Ricerche Enrico Fermi, Piazza del Viminale 1, Italy

f Department of Physics and Astronomy, University College London, Gower Street, London, WCIE 6BT, UK :E‘ PTFE
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ENDF7 p-H;, 20K =i=:m== :{ ’
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:iif ; - _ 1o % 20 0 400 1.0 | buffers
E 10 P ............ _,-"" E 0: : I l I w""
e S i 2= - " ) » .
2 b P A 2 ok .;"';;,':«"";."# . b a) Incident monitor
L 2 E 5 o "' ——il b) Transmitted monitor
; N E T $ ) )} - ——oli d c) Backscattering detectors
L T . 0,05 - <
S FE e E . . o d) Frontscattering detectors
o0 100 200 300 400 e) Analyser Gold foils
0.01 ‘ il ! e T TIK
0.01 0.1 1 10 100 1000 10000
Neutron Energy (meV) 3. Thermal conductivity of nH (green circles), pH (blue squares), and oH (red d
wmangles) in the gas phase (bottom panel), and the ratio of para-to-normal thermal
conductivities (top panel). Results obtained using the models described in Ref. [32] at
Table 1 ca. 1 bar.
Concentration of pH in the samples from the ISIS moderators as a function of the time spent
in the PTFE-coated storage bottle.
Time [weeks] TS1 TS2
R [Q] P, [%] R [Q] p, [%]
0 46.05 85 +5 45.59 92 +£5
2 46.52 79 + 4 45.92 3/ £0

12 47.74 61+4 46.79 75+ 4 VESUVIO




Measurements of triphenylmethane
cross-section (VESUVIO)
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Chiplr (TS-2)

Chiplr is a new beamline dedicated to the irradiation of microelectronics with
atmospheric-like neutrons. To extract a fast neutron beamline, a new section with a
channel had to be inserted in the beryllium reflector for the Chiplr line of sight.
Neutrons from this channel illuminate a secondary scatterer made to optimize the
hard atmospheric-like neutron spectrum.

ChipIR hole
Tungsten target J

Proton Beam (800MeV)

L Fast Neutron Beam

Atmospheric Fast

Neutron Beam

Secondary Scattert

Y (mm)

A collimator system

Be reflectordllows for selecting

beams of different
sizes, from 0.5m x
0.5m down to a few
cm?.

Intensity(counts)

500 0.000

480 88.40

460 - 176.8

- 265.2
440

353.6
420

442.0

(=]
(=]
To)

X (mm)

460
480
520
540

Map of the 70 x 70 mm? Chiplr beam measured with a Diamond Detector.




Chiplr (TS-2)

The Chiplr neutron flux (with E;>10 MeV) has been measured to be 5 - 105 cm2s-!.

10°
Ea — — Atmospheric x 10°
= 107 —— Chiplr (2016)
=
‘\"E 10° “Cadmium filters are available to
O -~ - remove thermal neutrons from the
- \ incident beam.”
7)) —
- 10°
>
= 4
§ 10
=

10°

1 10 100




Proton beam and fast neutrons parameters
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Access

User programme

« 634 proposals across 31 instruments in latest round; over 600
for each of last 3 rounds.

» |n addition about 80 Rapid proposals per year and also Xpress
access.
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Long shutdown next year

* TS2is off for 8 months

Proposed ISIS

Access

ISIS goes off for the long shutdown on 1 Sept 2020
First beam to both target stations 2 Nov 2021

TS1 is off for 14 months (with possibly some beam after 12 months)
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ISIS Proposal Routes — how to get beamtime

Access routes

Direct Access

All types of ISIS
experiments

Submit a proposal -
deadlines are the third
Wednesday of April
and October every
year.

Normally 3-8 months
after proposal
submission

Discussion with ISIS
scientist strongly
advised before
proposal submission.

Rapid Access

When beamtime is
required more rapidly
than is possible with
Direct Access.

Submit a proposal any
time

Normally 2 weeks — 2
months after proposal

submission

Discussion with ISIS
scientist is essential
before proposal
submission.

Xpress Access

)

A small amount of
beamtime (not a full
experiment). Must be
a very simple
measurement.

Submit a very short
proposal any time

Data likely to be
available from 1 week
to a few weeks after
submission.

Discussion with ISIS
scientist is essential
before proposal
submission.

Industrial Access: Access mechanisms, in particular the ISIS Collaborative R&D scheme, are available for companies
wishing to use neutrons at ISIS. Please contact the ISIS industry liaison, Dr Chris Frost (Christopher.frost@stfc.ac.uk ) for

details




Which Proposal Route for ISIS Beamtime do | need?
Access routes

Quick

measurement Do | need a full

experiment (1 or more
days) or just a quick
measurement?

Full proposal

ESUVIO: Giovanni Romanelli
CHIPIR: Carlo Cazzaniga

Use Xpress Access.
You must discuss Is the measurement
with an ISIS simple with no non-

scientist before standard safety Use Rapid Access.
submission to requirements? Do | need the time You must discuss

check suitability. rapidly, before | would with an ISIS
get it through the next scientist before
proposal round? submission to
check suitability.

Use Direct Access.
ISIS scientists are
always willing to
review proposals

before submission.




