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Facility Impact
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Why Neutrons?

The Nobel Prize (§)s
in Physics 1994 "y ¥

Neutrons reveal

‘Neutrons tell you where atoms are and what atoms do’
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Neutrons see the world
in a unique way
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What About Muons?

9009090000000
LIGHT HEAVY

http://www.isis.stfc.ac.uk/groups/muons/
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Impact of ISIS Science

Energy VY

Living with environmental change VY

Global threats to security

Ageing: Life-long health and wellbeing Vv

Digital economy 244

VvV

© ®© 6 6 0 0

Nanoscience: through engineering to application
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Three kinds of “traditional” elementary
particle:

» Electrons (in atom, =eV)
* Protons (in (hydrogen) atom, =eV)
* Neutrons (in nucleus, = MeV)

Many more resources required for producing
neutrons than electrons or protons

Electron source Proton source
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ISIS Accelerators

and Targets h =~y

e H-ion source (17 kV) R
* 665 kV H- RFQ .

Target Station 1 )

N
[ 00 Mev ;

- |: chrotron 4

« 70 MeV H~ linac " ,
O Y :( ”: S &’

» 800 MeV proton — _

—

synchrotron N et Prion e =y 7
« Extracted proton AN ‘
beam lines 1
° Targ etS Extracted Proton Beam ““‘

 Moderators

The accelerator produces a
pulsed beam of 800 MeV ¢
(84% speed of light) protons SN\ ——
at 50 Hz, average beam current e,.
is 230 pA (2.9% 1013 ppp) therefore

184 kW on target (148 kW to TS-1 at 40
pps, 36 kKW to TS-2 at 10 pps).

Target Station 2
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H- ion source

extractor _ ion beam , t
\\\_ aper‘ ure P are R
Ve Hydrogen gas
Penning B field # ) discharge region ° ArC’ ~ 50 A arc current
source body anode L Plasma
coramic e Caesium to lower work function
—— cathode 50 mAof H-ions ina 200 ps
1 : jﬁ- {10 pulse at 50 Hz
A  [1omm
mica ! N

flange c;opper' disc
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RFQ Accelerator

« 35 kV DC accelerates H -~ from ion source to 35 keV

) - RFQ accelerates H - from 35 keV to 665 keV

~ * Creates =1 ns long bunches of H ~at 202.5 MHz
. » Compact, low external voltage structure
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Linear Accelerator

- 4-section (-tank) drift tube linac

e Acceleration to 70 MeV by 202.5 MHz RF

e Each tank =10 m long, =1 m diameter.

» Hide particles inside drift tubes while sign
of oscillating accelerating field wrong

e
/

pd 1
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Synchrotron

e Circular machine 70 — 800 MeV

« Magnets to bend particles round in circle

* RF electric fields to accelerate particles

* H-ions stripped to protons when injected
 Fifty 10 ms acceleration cycles per second

SYNCHROTRON HALL

2 Synchrotron because strength of magnetic
:QI field and frequency, amplitude and phase of
2 RF all have to be synchronised.
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Extracted Proton
Beamlines

» Kickers powered by PFNs 0-5,000 A in < 200 ns

* Extract septum runs at =9,000 ADC

* 800 MeV beam runs to via EPB with DC magnets

* 1in 5 pulse pairs to sent to TS-2 by new kicker an  d septum magnets
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s AT e

And Not Forgetting...

e Vacuum
technology

e Beam
diagnostics

e Controls

* Interlocks
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TS-1 Target

e = 2.3x1013 (4 uC) ppp on to TS-1 tantalum coated tungsten targe  t (40 pps)

» =15-20 neutrons/proton, = 4x1014 neutrons/pulse

* Primary neutrons from spallation: evaporation spect rum (E = 1 MeV) +
high energy tail

Timgsten o Spallati.on
block Transition intra-nuclear cascade
manifold . ., .
Tantalum |
Taelding .
cladding Thermocouples
Target plates / Water manifolds - impinging fast target nu§1e1 inter-nuclear cascade
b Pl particles
ﬁ ‘Water e
e 800 Mega cascade ) 4
———— outle
\\ - electronvolt particle
Proton | l
beam o
//_ c L

_{f/:,:f__:: Water

—-_H:—_::—:::_t 5 . -
Pressure = \\ — ’
vessel 20 ¢ 1 ] T ®

| ¢ proton highly excited

® neutron nucleus evapnratmn
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Target Assembly

Ambient Ternperature

Water Moderators Reflector

20K
Fig. 31: Hydrogn_en
The target, reflector Moderaor
and moderator
assembly (TRAM)
(85RC2936).
Beamn Ertry Target 100 K Methane Target Plates

Window Pressure Vessel Moderator
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Moderators

« But want meV, not MeV
* Moderation - elastic nuclear scattering - low A
e Liquid hydrogen (20K), Methane (100K), Water

Wing moderator
1000
Neutrons Neutrons s00}-
o Hydrogen
5&,_
=
Neutrons B Methane
ei]
5T Water
Slab moderator 1
.3_5-
F’I‘O'[OT'IS a1 | [ N | [ |
0.1 35 5 50 500 10000

Energy in meVv
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 Solid tungsten cylinder, tantalum coated,
heavy water surface cooled, 68 x 307 mm
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Neutron Interactions

neutrons X-rays

X-ray scattering lengths vary with

: Lj ¢
atomic number A.

Neutron scattering lengths vary C
more randomly

« Can see heavy atoms in the

presences of light ones e.g. hydrogen S
» Can distinguish between different
ions with the same charge e.g. Ti 4+,
Ca?*and K* or K*and Cl-

Zr

Cs
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Neutron Interactions

L

From hydrogen wave function ... ... to protein folding

Length and time scales

1011 - 10°%m 10-14-10°s
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Neutron Interactions

I 1 T'. r-r""
“lmtrf‘”” | 4

Energy (meV)

-1 410 il 0.5
Wavevector along chain (rlu)

YYYYYYYYYYYY

Magnetism

The neutron has a magnetic moment but no charge
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Neutron Interactions

- :“'l"f_'.
J .. :
.-' |

a(4K) = 14.04212(2) A
18t order spherical harmonic
Cig1 =-0.020; ¢4, =0.077

Precision

Weak interaction, simple interaction



Neutron Interactions
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Sensitivity and selectivity

|sotopic substitution/contrast variation



Diffraction on a Pulsed Source

Moderator AN
Detector
] I :> l
/ Sample
) R » The neutrons are sorted by
> > .
= N 2 time at the sample and the
b . c A=0.8A . .
g £ diffraction done as a
J/\ function of time
— — * A full diffraction pattern is
Uil Time collected at a fixed angle

The initial pulse from

the moderator contains
all neutron wavelengths

As they travel down the
Instrument the faster

shorter wavelength
neutrons arrive first
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Diffraction

GEM - A high intensity/high resolution
powder diffractometer

» Huge detector area (3.5 Sr)

» Rapid data collection for
parametric studies

———
e R —
6. 083 §.0E3 s
Time of Fligkt (usec) =
Group 3
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Inelastic Neutron Scattering

* Neutrons can transfer energy to and from a material

elastic peak! W

Quasi-elastic

= ¥ | electronic
vibrational 77

(optic mode) n

—8—>—r
@

phonons

(acoustic mode)

Energy transfer w
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Time of Flight Spectroscopy

* Fermi Chopper spectrometer

Target

Moderator

t=0
Chopper

) Monitor 1

Fermi
Chopper

@

Time

N

Time

Sample

Monitor 2 Detectors

a @ @ ==snnmnamemnamnanstananaas @
*
*
’0
*
*
*
*
*

Monitor 3

£
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MERLIN

Detectors

Sample
Position

Fermi
Chopper

Guide




High Pressure Studies

The Paris-Edinburgh Pressure Cell _
| | * Routinely get to pressures of

Anvil Assembly
25GPa (250 kbar)
275y Sample :
\Y | N % . » Makes use of the penetrating
024 Tilrgasket  power of neutrons
Y 1 " Anvils .
Y » Makes use of the fixed detector
S | geometry of time-flight diffraction

Cell Piston

Scattered beam
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ISIS




*Visualisation software

Combine ~200 datasets = full map of S(Q, w) Bespoke visualisation
40GB 10° pixels software (“HORACE")

2 Figure 1: Slicematic
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A World Centre for Research in the Physical and
Life Sciences with Neutrons and Muons

* Broad Academic Base ~1500/yr -
» Resonating with the
strengths of UK SEB ¥
e 90% of UK Users 5/5* Depts GEM‘
« 700 Experiments/ yr NS g e
_ . DEvA % .\ MAPS
» 500 Publications/ yr & \ XD~ @
— T P, ___ — -_¢-. - [
= /.-..!; %nm\\\\ =
< ¥ SANDALS
"7‘".*- HEL g ?;, g Q PRISMA
RIKEN o .
o TOSCA . LOQ SURF .
ARGUS POLARIS CRISP

VESTA
)

IRIS OSIRIS
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TS2 Phase 1 instruments are outstanding!
SANS2D POLREF INTER  OFFSPEC  WISH  NIMROD  LET

TS2 Phase |I: 2004-9
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TS2 Phase 2 instruments are being designed
CHIPIR ZOOM LARMOR IMAT LMX

TS2 Phase II: 2009-13
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ISIS helps mobile phone component manufacturers

- Mobile phones and base stations contain ceramic
antennas called dielectric resonators

- ISIS recreated the firing stage of ceramic
components at more then 1000 °C

- Testing at ISIS has aided manufacture of ceramic
resonators to the correct specification.

; ‘)
® Powerwavea Science & Technology Facilities Council
fechnologies ISIS
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ISIS helps unclog the cholesterol of crude oil

*Asphaltenes are a complex mixture of molecules
that can sometimes block oil pipes

*Research to more easily predict and prepare for the
formation of asphaltene deposits

*Result in fewer blockages and big savings for the
oil industry.

snh I“mhepger Science & Technology Facilities Council




Bioactive glass for bone growth

bk

*Thousands of elderly patients undergo hip or knee
transplants every year

*New bioactive glass releases calcium as it dissolves

Stimulates bone growth and could spell an end to
transplants

Clinical trials expected within 5 years.
*Imperial, Kent, Warwick, NHS
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Wing quality soars at ISIS

e Aircraft manufacturer Airbus has used ISIS since
2006

eResearch into aluminium alloy weld integrity for
aircraft programmes

*Residual stresses from welding cause weaknesses
and the possibility of cracks

* ISIS neutrons look deep inside engineering
components to measure stress fields

8 pass : Longitudinal Strain

A 'RB us Science & Technology Facilities Council



Understanding infant lung structure

-Natural lung surfactant allows oxygen into
the bloodstream

-Absence in premature babies causes
breathing difficulties

- ISIS mimicked change in lung capacity to
discover how proteins and phospholipids act
together

-Helping to develop synthetic lung
surfactants which can be more precisely
targeted at clinical needs to help save
babies’ lives

D/
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A
&
-
3
Depth (A)
g 5 3 B
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Ve OF QUEENSLAND  offset thick itervl 1
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Spintronics for IT, automotive and health sectors

*Spintronics underpins applications as diverse as
biosensors for blood screening, computer memory
and safety systems for cars

«Potential for smaller, faster devices with more
capacity and lower power consumption

*Most promising materials for future devices only
work at low temperatures and high magnetic field

«ISIS supporting global efforts through Spin@RT
consortium of UK universities and industry

=

Seagate @

TOSHIBA

Leading Innovation >>%

HITACHI

Inspire the Next

Science & Technology Facilities Council
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Incident
Primary
Cosmic Ray

Fast neutron testing for
the semiconductor industry

«Atmospheric neutrons collide with microchips
and upset microelectronic devices every few
seconds

+300 x greater effect at high altitude

*ISIS enables manufacturers to mitigate against
the problem of cosmic radiation ) ;ﬁsgrgﬁfﬂons

n_ level

*Increased confidence in the quality and safety of
aerospace electronic systems

=
GOODRICH

LANCASTER #
NIVERS (T Jk SURREY m Science & Technology Facilities Council
SPACE CENTRE I S I S
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* Hydrogen-powered cars are feasible using
today’s technology

« Harmful emissions reduced to zero

e Method of safe, low-cost hydrogen storage on-
board holding up deployment

* Hydrogen-rich solids safely releasing hydrogen
developed using ISIS neutrons

New materials hold upwards of 10 percent of
their own weight in hydrogen

Science & Technology Facilities Council

ISIS
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ISIS MW Upgrades

- Replace present
ISIS linac with a new
~ 180 MeV linac (0.5MW)

- Based on a ~ 3 GeV
RCS fed by bucket-to-
bucket transfer from ISIS
800 MeV synchrotron

(1MW)

« RCS design also
accommodates multi-
turn charge exchange
injection to facilitate a
further upgrade path
where the RCS is fed
directly from an 800 MeV
linac (2 - 5 MW)




FE Model of Injection Straight

o First full model of injection
septum and dipole at 70 MeV
* Circulating beam and

injected beam tracked through
e HO and H" tracked
H- 2 5000aE-brr—— Em}' |

1 1 1 | -
50 ‘ 1mo><

— 2.000000E-001

» Track particles and compare
with ORBIT model

* Investigate transient effects

» Design for higher (~180 MeV)
energy

7 1.500000E-001

7 1.000000E-001

- 5.000000E-002

l 5.845953E-003
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200 MeV Foil Interaction Modelling

Eile Edit View Go Bockmarks

4 ., b, A

Back Forward Up Stop

Location: | /mnt/hgfs/Share/BDSIM/bin/Linux-g++

Information ¥ x &=

besim

Linux-g++
folder, 14 items
Mon 26 Oct 2009 12:49:5

geonistsql

arbit_to_bdsim.
k.

“options.gmad" selected (504 bytes)

@ Applications Actions &8 4% |

Mon Oct 26, 12:49 PM Q)

Help

o & @ o

Reload Home  Computer

€ 50% & | View as lcons *
| |

foilgmad failscl

EDSIN_dist.cat foitodpl. bt

[

ISiSgmad  1SIS opts.gn
ad

orbito_bdsim.  cutputtxt vis.mac
po

Terminal
Fle Edit View Terminal Tabs Help

* G4Track Information

Particle = e-, Track ID = 3, Parent 1D = 1

Step# X(mm)
me ProcName
28.2 6.64
IL initStep
1 28.2

¥(mn)  Z(mn) KinE(MeV) dE(MeV) Stepleng TracklLeng NextVolu

le+03  0.00409 0 0 0 foil FO

6.64  les03 0 0.00409 0.000315 0.000315 foil FO
IL eToni

Track (trackID 3, parentID 1) is processed with stopping code 2

### pop requested out of 1 stacked tracks

ks.
Selected G4StackedTrack : Ox98fc398 with G4Track 0x98fc2eB (trackID 2, parentID

1)
Track 0x98fc2e8 (trackID 2, parentID 1) is passed to G4TrackingManager.

* C4Track Information:

Particle = e-, Track ID = 2, Parent ID = 1

Step#  X(mm)
me ProcName
0 28.2

Y (mm) Z(mm) KinE(MeV) dE(MeV) Stepleng TrackLeng NextVolul

6.64  1es03  0.00108 0 0 0 foil FO
IL initStep
28.2 6.64  le+03 0 0.00109 3.97e-05 3.97e-05 foil FO|
IL eloni
Track (trackID 2, parentID 1) is processed with stopping code 2
### pop Tequested out of 0 stacked tracks.
### 0 waiting tracks are re-classified to
0 urgent tracks and 0 waiting tracks.

NULL returned from G4StackManager.
Terminate current event processing.
Run terminated.
Run Summary

Murber of events processed : 1000

User=1.11s Real=65.70s Sys=2.42s
1000 events have been kept for refreshing and/or reviewing.
Tdle> /vis/viewer/set/viewpointThetaPhi 310
Idle> /vis/viewer/zoom 1.3
Idle> /vis/viewer/set/viewpointThetaPhi 160
Idle> /vis/viewer/set/viewpointThetaPhi 90
Tdle> /vis/viewer/set/viewpointThetaPhi 100
Idle> /vis/viewer/set/viewpointThetaPhi 120
Idle> /vis/viewer/zoom 0.8
Idle> /vis/viewer/zoom 0.8
Tdle> /vis/viewer/set/viewpointThetaPhi 130
3Idle> /vis/viewer/set/viewpointThetaPhi 130

Idle> /vis/viewer/set/viewpointThetaPhi 130

Tdle>

|4 | [ File Browser: Lin| @ Terminal

| ] viewer0 (OpenGi|| | [emacs@ localho

Idle> /vis/viewer/set/viewpointThetaPhi 140 Q

y' (mrad)

0
y (mm)

50

» Results for scattering and energy loss look reasonable

» Next investigate H' stripping

Particles

Particles

0

Science & Technology Facilities Council
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Longitudinal Beam Dynamics

oooooo

s000 |

 Beam Energy =180 — 800 MeV
* Protons/bunch = 4x1013
 Beam power = 0.5 MW

Populaton

zooco |

Turn Number

.......... z2.0><1
4.0><1
5.0><1
S.0>=<1
A |— - N — : o :u::. 1.0>=<1

1.2>x1

indicate low losses

2.0x103:
4,O><103:
6,O><103:
8,O><W03:

1.0x10*

-3 -2 -1 0 1 2 3

Phase / rad

« Simulations with space charge promising:

Science & Technology Facilities Council
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Transverse Beam Dynamics

Vertical closed orbit variation with intensity

10 4 '[\
. . . . E . 1e14ppp
« Simulation of space charge limit g 7 — 2stamee
 Behaviour of closed orbits at high intensity = 5 — Sereom
o]

T T T T T T
-50 0 50 100 150 200 250 300 350

1 X 1014 2 X 1014 3 X 1014 _ Ring Element No.

Emittance Emittance Emittance
200 200 200
100 180 180
160, 160 160
140/ 140 140
120 120 120
100, 100 100
80, 80 80
e L R . : L e
0 5000 10000 15000 20000 25000 30000 o 5000 10000 15000 20000 25000 30000 a 5000 10000 15000 20000 25000 30000
) RMS Envelope Tunes RMS Envelope Tunes
RMS Envelope Tunes 10000 10000
10000
8000 8000
8000
000
6000 6000
4000
1000 4000
| 9 |
2000 2000 J‘ 2000 1 ‘
i | L o | Al i\ 0 | A I i
500 800 700 800 900 1000 500 600 700 B0O 900 1000 500 600 700 800 900 1000

Injection at 180 MeV, a1=0.01, b1=0.01
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New Diagnostics for ISIS Upgrades

* Electron cloud
(EC) induced beam
instabilities could
pose a problem for
future high intensity
and high energy
ISIS upgrades

» Work underway to
provide suitable
diagnostics using
Retarding Field
Analyser (RFA) EC

monitor

o Strip line monitor under design to measure beam
instabilities in accelerator ring (whatever the cause)
seen as high frequency beam envelope
oscillations (will work hand in
hand with RFA
mon |t0 rS) Science & Technology Facilities Council

ISIS




http://www.isis.stfc.ac.uk/
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