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The	  Cockcroft	  Institute	  Triple Celebration
Monday	  10th April	  2017,	  Daresbury	  Laboratory

1. Full	  membership	  for	  the	  University	  of	  Strathclyde

2. The	  relocation	  of	  the	  Institute	  to	  the	  main	  Daresbury	  Laboratory	  site

3. The	  start	  of	  a	  new	  round	  of	  core	  funding	  from	  STFC





The	  Cockcroft	  Institute	  (2004-‐ )

A	  national	  centre for
particle	  accelerator	  

R&D

World	  class	  R&D	  in
conventional	  RF	  based	  systems	  

and
novel	  methods	  of	  acceleration

Contributing	  to	  construction	  
of	  national	  &	  international

accelerator	  facilities	  

Global	  challenges	  in
health,	  security,	  energy,

manufacturing	  &	  
environment

Education,	  Training	  &
Public	  Engagement

5	  Partners

secondary
applications

primary
applications



The	  Cockcroft	  Institute	  Today

• 4	  Universities
Ø 7	  Departments
Ø 12	  Research	  Groups

• STFC	  Accelerator	  Department	  (ASTeC)
Ø 5	  Groups

• >	  225	  Staff	  &	  students
Ø 33	  Academic	  investigators
Ø 63	  STFC	  accelerator	  staff
Ø 54	  Postdocs
Ø 8 Admin	  staff
Ø 74	  PhD	  students

PEOPLE

RESOURCES

• Research	  Grant	  Income	  -‐ £8.5M/yr.
• Academic	  Staff	  Salaries	  -‐ £2.7M/yr.
• ASTeC Recurrent	  Income	  -‐ £6M/yr.
• CLARA/VELA	  e-‐ facilities	  at	  Daresbury
• SCAPA	  laser	  facilities	  at	  Strathclyde
• Access	  to	  CLF	  lasers	  at	  RAL,	  ELI,	  etc.
• Access	  to	  CERN/FNAL/SLAC	  facilities

OUTPUTS
• >	  100	  publications	  per	  year	  in	  refereed	  journals
• Components	  for	  ESS,	  ELI-‐NP	  &	  HL-‐LHC	  facilities
• Health	  &	  security	  applications	  – Impacts!



University	  of	  Strathclyde	  – Full	  Membership

ØNot a	  small	  perturbation	  to	  the	  Cockcroft	  Institute!
ØA	  large,	  diverse,	  well-‐established	  research	  powerhouse
Ø3	  research	  groups,	  encompassing	  RF	  based	  &	  novel	  acceleration
ØMajor	  in-‐house	  facilities:	  SCAPA	  laser	  labs	  (350	  TW)	  &	  RF	  labs	  

Laser	  Plasma	  Interactions;
Electron	  Acceleration	  &

Compact	  Radiation	  Sources

RF	  &	  THz	  Sources;
Muon	  Ionization	  Cooling

Free	  Electron	  Laser	  (FEL)
Optimization

SILIS/SCAPA ABP McNEIL



Daresbury	  Lab
“A	  Block”

Sci-‐Tech	  Daresbury	  CI	  Building

Relocation	  of	  the	  Institute	  to	  
the	  main	  Daresbury	  Lab	  site

Nov-‐Dec	  2016:	  125	  staff	  &	  students

CI	  now	  at	  the	  heart	  of	  the	  lab!

Ø Meets	  space	  requirements
Ø Closer	  to	  lecture	  theatre	  &	  cafes
Ø Nearer	  to	  accelerators	  &	  labs
Ø Reduced	  costs!



STFC	  Partnership	  &	  New	  Core	  Funding

STFC	  has	  a	  dual	  role	  in	  the	  Cockcroft	  Institute
Ø Research	  Partner	  (STFC	  Accelerator	  Dept.	  -‐ ASTeC)
Ø Funding	  agency	  for	  the	  university	  group

STFC	  (PPARC)	  has	  provided	  core	  funding	  since	  2004
Ø £7m	  grant	  2004-‐2012
Ø £16.4	  grant	  2009-‐2017
Ø FEC	  value	  of	  support	  is	  currently	  £2.5m/yr.
Ø £0.9m	  capital	  equipment	  funding	  for	  2017/18	  (with	  Uni.	  match)

We	  look	  forward	  to	  continuing	  this	  unique	  partnership	  with	  STFC	  for
many	  years	  to	  come!



Research	  Directions	  &	  Themes/Projects

1. Scientific	  Frontier	  Machines	  &	  Underpinning	  Technologies	  (RF	  based)
Ø CLARA	  and	  R&D	  for	  a	  future	  UK	  X-‐ray	  Free	  Electron	  Laser	  (XFEL)	  facility
Ø High	  Luminosity	  LHC	  upgrade	  at	  CERN	  (Crab	  cavity)
Ø Muon	  g-‐2	  experiment	  at	  Fermilab (beam	  &	  spin	  dynamics)
Ø Superconducting	  RF	  cavities	  for	  the	  European	  neutron	  Spallation	  Source	  (ESS)	  in	  Sweden
Ø Accelerating	  cavities	  for	  ELI-‐NP	  electron	  beam	  in	  Romania
Ø Thin	  superconducting	  film	  coatings	  for	  RF	  cavities
Ø Laser	  treatment	  of	  beam	  pipes	  to	  suppress	  secondary	  electron	  cloud	  

2. Novel	  Methods	  of	  Particle	  Acceleration
Ø Laser	  driven	  plasma	  acceleration	  of	  electron	  beams	  &	  compact	  radiation	  sources	  (SCAPA/CLF	  etc.)
Ø Electron	  driven	  plasma	  acceleration	  of	  electron	  beams	  (SLAC/FACET	  &	  CLARA)
Ø Proton	  driven	  plasma	  acceleration	  of	  proton	  beams	  (AWAKE	  at	  CERN)
Ø THz	  radiation	  driven	  acceleration	  of	  electron	  beams	  (CLARA/VELA)
Ø Dielectric	  Laser	  Acceleration	  (SwissFEL)

3. Global	  Challenges	  in	  Health,	  Security,	  Energy,	  Manufacturing	  &	  Environment
Ø Proton	  beam	  therapy	  at	  the	  NHS	  Christie	  Hospital
Ø Cargo	  scanning	  using	  X-‐rays	  from	  compact	  electron	  accelerator
Ø Radioactive	  isotope	  production
Ø Waste	  water	  treatment
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AWAKE$at$CERN$is$the$only$worldwide$demonstration$experiment$for$protonOdriven$plasma$acceleration.$The$
programmatic$laser$and$electron$driven$plasma$acceleration$at$SCAPA$and$VELA/CLARA$will$be$augmented$by$
experimental$campaigns$at$major$facilities$in$the$UK$(CLF)$and$Europe$(Laserlab$Europe,$ELI,$DESY,$INFN).$$$$
$
A$new$experimental$Dielectric$&$THz$Acceleration$(DATA)$programme$at$VELA/CLARA$(theme$E)$has$begun$following$the$
establishment$ of$ a$ successful$ scheme$ for$ phase$ matching$ of$ THz$ radiation$ and$ relativistic$ electron$ beams$ from$ the$
(Strathclyde)$photoinjector$on$VELA$in$summer$2015.$
$
The$application!of!accelerators$to$address$global$challenges$in$health,$security,$energy,$manufacturing$&$the$
environment$over$the$next$six$years$(theme$I)$will$cover$a$range$of$activities/projects$including$but$not$limited$to$
$

•$ Development$of$compact$accelerators$for$cargo$and$other$security$scanning$
•$ Water$purification$using$electron$beam$irradiation$
•$ Developments$in$particle$therapy,$including$future$upgrades$of$the$proton$beam$therapy$facility$at$Christie$Hospital$

&$exploitation$of$its$research$beam$linem$high$energy$electron$radiotherapy$R&D$
•$ Accelerator$technology$for$efficient$production$of$radioOisotopes$for$medical$imaging$and$new$therapy$modalities$
•$ Medical$FFAG$accelerator$development$for$proton$imaging$
•$ Particle$and$photon$beam$based$material$testing,$e.g.$for$space$electronics$(ESAOfunded)$and$space$radiobiology$

$$

!
!

FIGURE!1:!Main!elements!of!the!CI!research!strategy!&!programme,!including!9!themes!A!to!I!
!
The!core!skills!and!capabilities!of!the!CI!
!
Table$1$summarizes$the$core$skills$and$capabilities$of$the$CI$academic$staff.$More$details$about$the$expertise$and$current$
activities$of$the$CI’s$academic$staff$are$summarized$in$Annexe$1.$These$readily$establish$that$the$CI$possesses$all$of$the$
core$and$crossOdisciplinary$skills$and$capabilities$required$to$pursue$its$diverse$range$of$activities$over$the$next$six$years.$
For$example,$the$critical$mass$of$expertise$in$beam$dynamics,$RF$engineering$and$diagnostics$ensures$that$we$can$deliver$
on$our$commitments$in$these$areas$to$XFEL$R&D$at$CLARA$and$to$the$HLOLHC$project$at$CERN$(collimation,$crab$cavities$
&$diagnostics).$Our$abundant$ skills$and$experience$ in$ lasers,$plasmas$ (experimental,$ theoretical$and$modelling)$and$ in$
electron$beam$optics$and$dynamics$enables$us$to$fully$develop$and$exploit$the$CI$beamline$at$SCAPA,$as$well$as$carry$out$
a$diverse$suite$of$plasma$experiments$at$CLARA,$CLF$and$ELI.$The$expertise$in$lasers$and$THz$radiation,$photonics$and$
metaOmaterials,$combined$with$the$electron$beams$of$VELA/CLARA,$allows$us$to$realize$our$ambitious$and$timely$DATA$
programme.$We$will$exploit$our$relationship$with$the$National$Physical$Laboratory$(NPL)$to$tap$into$metrology,$standards,$
calibration,$etc.,$and$through$our$extensive$collaborative$networks$we$will$engage$with$a$large$pool$of$international$experts$
e.g.$through$EU$projects$and$industrial$collaborations.$
$

3$Research$Directions$– 9$Research$Themes
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CLARA 
• CLARA is a purpose built dedicated flexible FEL Test Facility 

• CLARA is a scaled down version of an X-ray FEL containing all of the key 

technical components, where all lessons learnt can be directly applied to any 

future UK FEL.  

• The key objectives are:  

– To develop new methods for improving the quality of the light output from FELs 

– Prove new technologies 

– Develop the UK skill base 

– Lower the total cost of a UK FEL 

– Lower the risks associated with UK FEL. 

• CLARA has been clearly stated to be the flagship project for the CI in the grant 

renewal bid (as recommended by SAC 2015) 

 



Summary of operating modes 
MODE FLAT ULTRASHORT SHORT LONG 

Energy 240 MeV 240 MeV 150—240 MeV 150 – 240 MeV 

Pulse Duration 250fs flat region 50 —35 fs FWHM 585 fs FWHM 1.875 ps FWHM 

Charge 250 pC 25—50 pC 250 pC 250 pC 

Peak Current 400 A 500 — 1500 A 400 A 125 A 

Norm Emittance 
(mm-mrad) 

0.5 (Target) 
1.0 (Max)  

1.0 (Target) 
1.5 (Max) 

0.5 (Target) 
1.0 (Max)  

0.5 (Target) 
0.8 (Max)  

RMS Energy 
Spread (keV) 

25 (Target) 
100 (Max) 

100 (Target) 
150 (Max) 

25 (Target) 
120 (Max) 

25 (Target) 
75 (Max) 

Purpose • 800nm 
Seeding and 
Harmonic 
Generation 

• Single Spike 
SASE (+ 
mode-locked 
single spike 
SASE) 

• 100nm saturation 
• Schemes only 

requiring spectral 
characterisation,  

• Highest harmonic 
upconversion 
potential 

• Shortest pulse 
durations in 
absolute terms.   

 

• 266nm schemes 
requiring long 
wavelength 
modulation of the 
pulse energy (Mode-
Locking, Mode-
Locked Afterburner, 
Slice + Taper).  

  
 

What will CLARA be able to do? 
• Example 1: Reducing the spread of wavelengths 
• Prove that a new idea called HB-SASE actually works 

– Could then build it in from the start of the UK FEL 

Will work at any 
wavelength and any 
repetition rate, no 
fancy optics required! 

NORMAL 
FEL 

B.W.J. McNeil, N.R. Thompson & D.J. Dunning, 
PRL 110, 134802 (2013) 

See Brian McNeil Talk 
for details 

What will CLARA be able to do? 

• Example 2: Generate few cycle pulses 
• Prove that a new idea called Mode-locked afterburner actually works  

– Could then build it in from the start of the UK FEL 
– Able to probe ever faster processes (down to sub-attosecond) 

 

D.J. Dunning, B.W.J. McNeil, & N.R. Thompson 
PRL 110, 104801 (2013) 

See Brian McNeil Talk 
for details 

What will CLARA be able to do? 
• Example 3: Prove performance of 400 Hz Photoinjector 
• 1.5 cell S-band gun with RF probe  
• Maximum gradient of 120 MV/m @100 Hz, or 100 MV/m @400 Hz 
• 10kW cooling capacity 
• Vacuum load lock system for easy replacement of cathode 
• Now installed for beam characterization See Boris Militsyn Talk 

for details 

400	  Hz	  Photo-‐injector



CLARA Phase 1 

£4m	  Electron	  Hall	  refurbishment	  (+/-‐ 10C)
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HL-LHC-UK 
HiLumi-LHC design study FP7 2011-2015 : UK success and leadership. 

  The UK hosted the HL-LHC kick-off meeting at Cockcroft Institute in November 
2013. 

  Discussions with STFC for UK project followed, with early SoI for LHC-UK 
SoI (final one) submitted early 2015 

  Proposal submitted in March 2016 
  CERN finance approved October 2015 
  STFC finance approved March 2016 
  7 UK institutes as members 

  £8M of UK and CERN funding over 4 years, with institute and university 
money combining with STFC 

  A reflection of efficient use of resources to leverage, and UK reputation 
  Formed and led by the Cockcroft Institute (Appleby spokesperson, Burt 

PM) 
  Main UK activities: 
•  WP1 : Collimation 
•  WP2 : Crab cavities 
•  WP3 : Diagnostics 
•  WP4 : Cold powering 

 3 

Appleby (CI) is now the chair of the  
HL-LHC collaboration board. 



Crab	  cavities
• Increasing	  the	  crossing	  angle	  
decreases	  the	  long	  range	  
effect	  but	  decreases	  
geometric	  overlap
• Rotating	  the	  bunches	  with	  
crab	  cavities	  before	  and	  after	  
collision	  can	  reduce	  this	  effect
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Cryomodules & Shields 

1. STFC have led 
the development 
of the thermal 
and magnetic 
shields for the 
SPS cryomodule, 
and Cockcroft 
produced the cold 
magnetic shield. 

3. Cockcroft and STFC 
technology will produce 
the pre-series cryomodule 
for HL-LHC crabs. 

2. STFC and 
Lancaster have 
developed the 
blade supports 
for HL-LHC. This 
novel scheme 
allows thermal 
expansion 
without creating 
stresses while 
stiffening against 
microphonics. 



Reduction of Secondary Electron Yield 
For e-Cloud Mitigation by Laser Ablation 

Surface Engineering (LASE) 
Reza Valizadeh, 

 Oleg B. Malyshev, Sihui Wang (PhD student), 
 Taaj Sian (PhD Student) 

N.Sykes (Micronanics) 
Svetlana Zotolvskaya (ASTeC) 

Simon Hodgson (Chester University) 
Amin Abdolvand (Dundee) 
 Philippe Goudket (ASTeC) 

Lewis Gurran (ASTeC) 

 
 
  
 

14 November-2016 CI SAC 1 

SEY of Cu as a function of incident electron 
energy 

Untreated Laser treated 

Original data June 2014 
Applied Physics Letters 12/2014; 105(23): 231605 

14 November 2016 
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For Copper 
Nd:YVO4 Laser 
• Max Average Power = 10 W at λ = 532 nm 
• Pulse length =12 ns at Repetition Rate = 30 kHz 
• Argon or air atmosphere 
• Beam Raster scanned in both horizontal and vertical direction 

CI SAC 

ASTeC &
U.	  Dundee



 SEY of SS and Al as a function of incident 
electron energy 

14 November 2016 
eeFACT2016 

11 

Original data June 2014 
Applied Physics Letters 12/2014; 105(23): 231605 



The main conclusion 

14 November 2016 CI SAC 
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•LASE can be a key solution for the e-cloud 
suppression in high energy particle accelerators: 
• δ < 0.6 
•No outgassing problems 
•Insignificant to moderate increase in impedance  
•Easy implementation 

•Robust 
•Highly reproducible 

•Inexpensive 
•In-situ 



Novel	  Methods	  of	  Particle	  Acceleration
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AWAKE$at$CERN$is$the$only$worldwide$demonstration$experiment$for$protonOdriven$plasma$acceleration.$The$
programmatic$laser$and$electron$driven$plasma$acceleration$at$SCAPA$and$VELA/CLARA$will$be$augmented$by$
experimental$campaigns$at$major$facilities$in$the$UK$(CLF)$and$Europe$(Laserlab$Europe,$ELI,$DESY,$INFN).$$$$
$
A$new$experimental$Dielectric$&$THz$Acceleration$(DATA)$programme$at$VELA/CLARA$(theme$E)$has$begun$following$the$
establishment$ of$ a$ successful$ scheme$ for$ phase$ matching$ of$ THz$ radiation$ and$ relativistic$ electron$ beams$ from$ the$
(Strathclyde)$photoinjector$on$VELA$in$summer$2015.$
$
The$application!of!accelerators$to$address$global$challenges$in$health,$security,$energy,$manufacturing$&$the$
environment$over$the$next$six$years$(theme$I)$will$cover$a$range$of$activities/projects$including$but$not$limited$to$
$

•$ Development$of$compact$accelerators$for$cargo$and$other$security$scanning$
•$ Water$purification$using$electron$beam$irradiation$
•$ Developments$in$particle$therapy,$including$future$upgrades$of$the$proton$beam$therapy$facility$at$Christie$Hospital$

&$exploitation$of$its$research$beam$linem$high$energy$electron$radiotherapy$R&D$
•$ Accelerator$technology$for$efficient$production$of$radioOisotopes$for$medical$imaging$and$new$therapy$modalities$
•$ Medical$FFAG$accelerator$development$for$proton$imaging$
•$ Particle$and$photon$beam$based$material$testing,$e.g.$for$space$electronics$(ESAOfunded)$and$space$radiobiology$

$$

!
!

FIGURE!1:!Main!elements!of!the!CI!research!strategy!&!programme,!including!9!themes!A!to!I!
!
The!core!skills!and!capabilities!of!the!CI!
!
Table$1$summarizes$the$core$skills$and$capabilities$of$the$CI$academic$staff.$More$details$about$the$expertise$and$current$
activities$of$the$CI’s$academic$staff$are$summarized$in$Annexe$1.$These$readily$establish$that$the$CI$possesses$all$of$the$
core$and$crossOdisciplinary$skills$and$capabilities$required$to$pursue$its$diverse$range$of$activities$over$the$next$six$years.$
For$example,$the$critical$mass$of$expertise$in$beam$dynamics,$RF$engineering$and$diagnostics$ensures$that$we$can$deliver$
on$our$commitments$in$these$areas$to$XFEL$R&D$at$CLARA$and$to$the$HLOLHC$project$at$CERN$(collimation,$crab$cavities$
&$diagnostics).$Our$abundant$ skills$and$experience$ in$ lasers,$plasmas$ (experimental,$ theoretical$and$modelling)$and$ in$
electron$beam$optics$and$dynamics$enables$us$to$fully$develop$and$exploit$the$CI$beamline$at$SCAPA,$as$well$as$carry$out$
a$diverse$suite$of$plasma$experiments$at$CLARA,$CLF$and$ELI.$The$expertise$in$lasers$and$THz$radiation,$photonics$and$
metaOmaterials,$combined$with$the$electron$beams$of$VELA/CLARA,$allows$us$to$realize$our$ambitious$and$timely$DATA$
programme.$We$will$exploit$our$relationship$with$the$National$Physical$Laboratory$(NPL)$to$tap$into$metrology,$standards,$
calibration,$etc.,$and$through$our$extensive$collaborative$networks$we$will$engage$with$a$large$pool$of$international$experts$
e.g.$through$EU$projects$and$industrial$collaborations.$
$

Paul	  McKenna’s	  talk

Exciting	  first	  results	  
at	  CERN	  in	  late	  2016	  
indicating	  micro-‐bunching
of	  the	  proton	  beam!

FACET	  @	  SLAC
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on$copper$cavities$that$have$high$thermal$conductivity.$This$programme$will$concentrate$on$applying$a$new$type$of$plasmaO
based$Physical$Vapour$Deposition$(PVD)$method$for$the$production$of$ultraOhigh$performance$superconducting$coatings$(a$
few$µm$thick)$on$the$interior$of$complex$3OD$geometries.$Thin$film$materials$will$ include,$but$not$be$limited$to,$Nb,$NbN, 
Nb3Sn,$Nb3Ti$and$Mg2B.$
$$
This$activity$will$extend$preliminary$research$first$undertaken$jointly$by$ASTeC$and$the$group$of$Bradley$in$2014,$with$the$
aim$of$evaluating$the$applicability$of$High$Power$Impulse$Magnetron$Sputtering$(HiPIMS)$technology$to$deliver$enhanced$
ion$metal$fractions$in$radial$directions$(to$the$side$walls)$within$complex$cavity$geometry$(two$publications$pending).$The$
proposed$ programme$will$ involve$ the$ diagnosis,$ characterisation$ and$ ultimate$ control$ of$ the$HiPIMS$ internal$ energetic$
plasma$ ion$production$processes$ to$achieve$ the$high$ rates$of$ lateral$ film$coverage,$good$deposition$uniformity$and$ the$
desired$SC$film$properties$(including$structure$and$morphology).$This$will$ultimately$provide$ultraOlow$electrical$resistivities$
and$composite$cavities$with$extremely$high$quality$Q$factors$equivalent$to,$or$surpassing$bulk$niobium$SRF$resonant$cavities$
(i.e.$Q$∼$5×1010$for$1.3$GHz$at$1.8$Kelvin).$The$study$will$also$provide$the$opportunity$to$investigate$the$performance$of$SC$
thin$films$grown$on$single$crystal$(planar)$intermediary$materials$such$as$MgO$and$sapphire$with$the$express$aim$to$translate$
the$fabrication$of$these$multilayers$to$real$3D$cavity$geometries.$$
$
The$development$of$novel$HiPIMS$plasma$ technology$ for$ the$production$of$ improved$SCRF$ resonant$cavities$will$ offer$
considerable$impact$opportunities$in$a$host$of$other$high$specification$engineering$applications$requiring$advanced$PVD.$
The$work$will$be$jointly$led$by$Bradley$and$Valizadeh$(ASTeC),$supported$by$1$PDRA$year$and$one$University$sponsored$
PhD$studentship.$
$
Novel!Acceleration!Techniques!
!
E.!Dielectric!and!THz!Acceleration!(DATA)!R!exploiting!the!VELA/CLARA!test!facilities!
!
Universities:$Burt(0.1),$Letizia(0.6),$Paoloni(0.2),$Gratus(0.2),$Tucker(0.1)$Appleby(0.1),$Graham(0.4),$Owen(0.1),$Xia(0.1)$
Welsch(0.1),$Cross(0.2),$Ronald(0.1)m$16$PDRA$years$requiredm$10!PDRA!years!requested!

ASTeC:$7$FTE$years$staff$effort$

This$part$of$the$CI$programme$investigates$particle$beam$acceleration$using$subOpicosecond$electromagnetic$fields.$It$will$
involve$the$first$demonstration$of$>MeV$acceleration$using$laser$fields$directly,$and$laserOgenerated$THz$fields$to$provide$
>100$MV/m$acceleration$gradients.$They$will$provide$a$route$to$future$capability$of$>>100$MV/m$acceleration$and$control$of$
subO10fs$bunches,$and$include$acceleration$in$vacuum$structures,$with$controllable$laser,$THz$and$beamOdriven$wakefield$
structures.$
$
Direct$ laser$ and$ (laser$ generated)$ THz$ radiation$ driven$ acceleration$ in$ dielectric$ and$ photonicObandgap$ structures$ has$
potential$ for$ producing$ fewOMeV$ to$ GeV$ femtosecond$ duration$ electron$ bunches.$ These$ would$ be$ useful$ for$ electron$
diffraction,$which$require$fewOMeV$femtosecond$duration$bunches$that$would$provide$new$capabilities$in$materials$science.$
Laser$ accelerated$ beams$ with$ femtosecond$ duration$ and$ subOcycle$ synchronization$ could$ be$ useful$ in$ future$ XOray$
synchrotron$and$FEL$facilities.$Demonstration$of$scalability$to$cascaded$acceleration$overs$tens$or$hundreds$of$structures,$
and$establishing$a$capability$for$MHz$repetition$rates,$and$>GV/m$gradients$of$laserOdielectric$acceleration$structures$provide$
a$route$past$the$facilityOsize$barriers$to$very$high$energy$particle$physics$colliders.$
$
THz$electromagnetic$fields,$with$electric$field$oscillations$in$range$of$100$fsO1000$fs,$will$be$examined$for$their$potential$for$
efficient$and$phaseOcontrolled$capture$and$acceleration$of$electron$beams.$Both$laserOgenerated$and$beamOgenerated$THz$
fields$will$be$considered,$covering$both$3Odimensional$controllability$of$electric$field$profiles$(laser$driven)$and$scalability$to$
highOrepetition$rates$(beamOdriven$concepts).$ $LaserOdielectric$structures$will$be$examined$for$ their$potential$ in$veryOhigh$
gradient$acceleration$of$highOenergy$femtosecond$beams.$ProofOofOconcept$demonstrations$of$acceleration$using$laser$and$
THz$ radiation$ fields,$combined$with$conventional$accelerator$ facilities$which$have$been$established$at$STFC$Daresbury$
Laboratory.$The$programme$will$continue$to$exploit$the$VELA/CLARA$experimental$station$established$by$ASTeC$in$2015,$
together$ with$ synchronized$ laser$ and$ laserOdriven$ THz$ sources.$ The$ VELA$ accelerator$ currently$ provides$ a$ 5$ MeV,$
picosecond$bunch$to$a$flexible$user$station,$and$will$deliver$<100$fs$bunches$at$energies$up$to$50$MeV$by$early$2017.$The$
availability$ of$ this$ testOfacility$ through$ ASTeC$ is$ a$ significant$ and$ unique$ asset$ to$ the$ programme.$ Two$ of$ the$ THz$
acceleration$ projects$ will$ also$ further$ develop$ 60$ keV$ photoOgun$ apparatus$ under$ construction$ at$ the$ University$ of$
Manchester.$
$
The$ Daresbury$ Laboratory$ and$Manchester$ Photon$ Science$ Institute$ laser$ systems$ will$ be$ applied$ to$ developing$ THz$
sources$based$on$nonOlinear$mixing$and$the$generation$of$temporal$tailored$electric$fields$and$polarisations$(Graham).$The$
Lancaster,$Liverpool$and$Strathclyde$teams$will$provide$structure$electromagnetic$design$and$modelling$and$interaction$with$
electron$beams.$This$will$ include$modelling$of$ structures$and$establish$methods$of$phase$matching$and$high$efficiency$
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coupling.$Manchester$ and$Lancaster$will$ provide$beam$dynamics$expertise,$ addressing$questions$of$ both$experimental$
implementation$and$observation,$and$fundamental$issues$such$as$causal$descriptions$of$beamOloading.$An$important$part$
of$the$programme$will$be$integration$of$sources$and$structures$into$real$demonstrations$on$the$accelerator$test$facilities$to$
achieving$acceleration$of$electrons$initially$to$MeV,$and$then$ultimately$to$GeV$energies.$
$
The$staging$of$multiple$sections$is$a$critical$element$of$any$novel$accelerator$concept$to$be$useful$for$most$applications.$The$
relative$ease$(compared$to$the$currently$infeasibility$with$RF$sources)$of$synchronizing$the$different$accelerating$structures$
at$the$femtosecond$level$underpins$the$staging$concept.$The$programme$will$seek$to$demonstrate$twoOstage$acceleration,$
informed$by$progress$in$the$early$stages$of$the$grant$period.$
$
Beyond$ 3$ years,$ as$ an$ initial$ application,$ subO10fs$ pumpOprobe$ electron$ diffraction$ experiments$ will$ be$ undertaken.$ In$
addition,$a$THz$frequency$transverse$deflecting$cavity$will$be$developed$for$high$energy$particle$accelerator$diagnostics$for$
potential$use$at$facilities$such$as$European$XFEL,$LCLS$and$SwissFEL.$$
$
This$ longer$ term$ programme$ would$ seek$ to$ stage$ from$ the$ THz$ driven$ 5$ MeV$ beams$ into$ midOIR$ and$ optical$ driven$
structuresm$The$picosecond$periods$of$the$initial$THz$stages$matches$injection$bunch$durations$achievable$in$presence$of$
significant$ low$ energy$ space$ charge$ effects$ from$ current$ photocathodes.$With$ the$ picosecond$ period$THz$ capture$ and$
acceleration$comes$the$ability$ to$compress$to$subO10$fs$duration$bunchesm$with$such$compression,$ it$ is$ then$possible$ to$
provide$ efficient$ and$ stable$ injection$ into$ midOIR/optical$ structures.$ The$ optical$ acceleration$ offers$ higher$ acceleration$
gradients$and$source$efficiency$than$is$likely$to$be$achieved$with$THz$sources.$With$the$staged$injection$multiOGeV$beams$
from$laser$excited$dielectric$structures$will$become$feasible.$$
$
Application$ to$ xOray$ sources,$ both$ incoherent$ synchrotron/betatron$ oscillations$ and$ coherent$ FELs$ are$ envisaged.$ The$
demonstration$ of$ staging$ and$ generation$ of$ GeV$ beams$ in$ dielectric$ structures$ will$ also$ be$ a$ first$ solid$ step$ towards$
establishing$feasibility$for$particle$physics$applications.$More$immediate$application$to$ultrafast$beam$diagnostics,$through$
laser,$THz$and$Wakefield$detection$structures$will$be$explored$for$their$potential$on$European$XFEL$(and$SwissFEL,$LCLS)$
as$ well$ as$ application$ to$ compact$ medical$ therapy$ with$ particle$ beams$ will$ be$ targeted,$ together$ with$ other$ medical$
accelerator$programmes$in$the$CIm$the$potential$for$cm3$scale$accelerator$packages$and$directOtoOpatient$treatment$systems$
will$be$explored.$
$
The$beamOdynamics$of$acceleration$in$THz$laser$and$laser$beamOdriven$wakefields$must$address$questions$of$small$scales$
structure$interactions,$of$beam$loading$on$picosecond$timescales,$and$of$temporal$control$in$the$input$and$extractionm$$the$
electromagnetic$fields$within$the$diverse$range$of$structures$require$similar$approaches$to$the$simulation$and$optimisationm$
experimentally,$the$facilities$required$to$be$implemented$for$demonstration$of$acceleration$possess$many$commonalities$in$
the$beam$injection$and$extraction,$differing$principally$in$the$acceleration$structures$and$in$the$approach$to$generating$and$
coupling$the$electromagnetic$fields$into$the$structures.$
!

$
$
The$scientific$and$technical$overlaps$between$individual$projects$will$be$coordinated$to$ensure$maximum$effectiveness.$$The$
PDRA$resource$will$be$ recruited$ to$provide$expertise$ in$core$areas,$contributing$both$ to$ individual$academic$supervisor$
projects,$and$to$the$wider$programme$as$a$whole.$PDRA$effort$requested$from$the$grant$will$be$directed$to$THz$and$laser$
source$ development$ (3$ FTE)m$ structure$ production$ and$ characterization$ (3$ FTE)m$ Electromagnetic$modelling$ and$ beam$
dynamics$(2$FTE)m$and$experimental$support$to$the$VELA$proofOofOconcept$experimental$campaigns$(2$FTE).$In$addition,$
the$programme$will$support$7$PhD$students$dedicated$to$the$subOprojects.$$
$

10.0$Academic$FTE$years

Projects$running$in$parallel$$9 independent$but$coordinated

Cross9project$sharing$of$PDRA$expertise$(e.g.$EM$simulationt$beam$dynamicst$laser/THz)
Strength$&$Impact$in$exploitation$of$Daresbury$Acceleration$test$facilities

VELA:$5MeV,$~1ps$t$CLARA:$50MeV,$"t ~$100fs.$Flexible$experimental$station$&$beamline
Collaboration$across$CI$universities$and$ASTeC
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Established$capability

THz$sources$with$subluminal,
dispersion$free$propagation

Submitted$ to$Nat.$Comms.

THz$sources with$‘longitudinal’$polarisation
Appl Phys$Lett$105$(2014) Appl Phys$Lett$108$(2016)

Dielectric$laser$&$photonic$
electromagnetic$simulation$

Structure$manufacture

VELA$experiments$in$THz$driven$acceleration$(2015)

Single9shot$THz$and$
reference$electron$spectra

In9situ$THz$generation Electron$beam$threaded$through$500um$
wide$interaction$region,$to$spectrometer

J.Instr.,2014

UV%LIGA#at#Lancaster#(metal)

Inverse$grating$manufacture:
Liverpool$collaborating$with$PSI
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Programme/project$planning$timeline$&$VELA$scheduling
to+be+revised+as+experimental+facility+access,+project+progress+and+funding+dictates

Co9ordination$of$accelerator$facility$experimental$access
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Future$programme

Single9cycle,$sub9picosecond$sources,$Epeak >>10MV/m$

Source$matched$to$waveguide$modes
&$coupling:
Minimum$dispersion,$maximum$gradient
VELA$demonstrations

STFC$‘Project$Research$Development’$grant$July$201692018$(Lancaster,$Manchester,$ASTeC)

Sub9luminal$dispersion9less$THz$sources

First$PoC experiment$on$$VELA$August$2015$(Manchester,$ASTeC)
Planning$for$2017$experiments$(VELA$&$Manchester$DC9gun)

THz$waveguide$acceleration

Simulated$phase9space$after$~10mm$interaction
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Summary&&&Conclusions

• World$class$R&D$in$particle$accelerator$science$&$technology
! 4*/3*$publications$in$high$impact$factor$refereed$journals
! impact$case$studies$of$similar$quality

• Support$delivery$of$UK/Int’l$accelerator$facilities$for$world$class$science
• Educate the$next$generation$of$accelerator$experts$
• Inspire$&$inform$school$students$&$the$general$public$
• Address$global$challenges$in$health,$security,$energy,$manufacturing$&$$$$$
the$environment

The$principal$research$activities$:

1. Scientific$frontier$machines$&$underpinning$ technologies
2. Novel$acceleration$techniques
3. Applications$of$accelerators$addressing$global$challenges
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