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Research Activities at LNF



KLOE-2 data-taking closing ceremony
March 30th 2018 at 11:00 in the Bruno Touschek Auditorium

Colliding beams have: 
low E 
high currents 
long damping time ECM = 1020 MeV 

Crab-‐Waist	  collision	  
scheme	  implemented	  
for	  the	  first	  6me	  

Lmax= 2.3 1032 cm-2 s-1 

1.5 A + 1.0 A 



“What Next at LNF site?” 
is an often addressed question in many other labs

See for ex. SLAC, DESY, CERN 

Courtesy R. Assmann, DESY



“How to advance?” 



Plasma Capillary Discharge





Courtesy C. Schroeder





Blumenfeld,	  I.	  et	  al.	  Energy	  doubling	  of	  42	  GeV	  electrons	  
in	   a	   metre-‐scale	   plasma	   wakefield	   accelerator.	   Nature	  
445,	  741–744	  (2007).	  

Litos,	  M.	  et	  al.	  High-‐efficiency	  accelera6on	  of	  an	  electron	  
beam	  in	  a	  plasma	  wakefield	  accelerator.	  Nature	  515,	  92–
95	  (2014).	  



Future	  of	  Accelerators	  

R.	  Assmann,	  EAAC	  2015,	  9/2015	  

ILC Technical Design exists 
          Waiting funding decision 

FCC 
Conceptual 
Design started 

ESS 

E-XFEL 

LHeC ERL SuperKEKb 

FAIR 

LHC HiLumi 

Hadron acc. project 

Hadron acc. proposal 

Lepton acc. project 

Lepton acc. proposal 

SwissFEL 

LBNL LWFA 2014 

muons 



Horizon	  2020	  
Worldwide	  effort	  towards	  high	  quality	  plasma	  beams	  
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France	  
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France	  
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London	  UK	  

21 

19 

20 

12	  

Associated	  Partners	  	  
(as	  of	  December	  2017)	  

1 

2 

3 

4 

5 

6 

7 

10 

8 

9 

11 

12 

13 

14 

15 

16 

Shanghai	  Jiao	  Tong-‐University,	  China	  	  

Tsinghua	  University	  Beijing,	  China	  	  	  
ELI	  Beamlines,	  InternaUonal	  

PHLAM,	  Université	  de	  Lille,	  France	  

Helmholtz-‐InsStut	  Jena,	  Germany	  

HZDR	  (Helmholtz),	  Germany	  

LMU	  München,	  Germany	  

CERN,	  InternaUonal	  

Osaka	  University,	  Japan	  	  

RIKEN	  SPring-‐8,	  Japan	  	  

Lunds	  Universitet,	  Sweden	  

LBNL,	  USA	  

UCLA,	  USA	  

Wigner	  Fizikai	  Kutatóközpont,	  Hungary	  

Kansai	  Photon	  Science	  InsStute,	  Japan	  	  

Stony	  Brook	  University	  &	  Brookhaven	  NL,	  USA	  
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Karlsruher	  InsStut	  für	  Technologie,	  Germany	  

Forschungszentrum	  Jülich,	  Germany	  

Hebrew	  University	  of	  Jerusalem,	  Israel	  

InsStute	  of	  Applied	  Physics,	  Russia	  

Joint	  InsStute	  for	  High	  Temperatures,	  Russia	  

Università	  di	  Roma	  ‘Tor	  Vergata’,	  Italy	  
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23 Queen’s	  University	  Belfast,	  UK	  

Ferdinand-‐Braun-‐InsStut,	  Germany	  



SPARC_LAB is the test and training facility at LNF 
for Advanced Accelerator Developments (since 2005) 



PWFA vacuum chamber at SPARC_LAB  



Plasma	  Source	  

PH2	  =	  10	  mbar	  
Total	  discharge	  duraUon:	  800	  ns	  	  
Voltage:	  20	  kV	  
Peak	  current:	  200	  A	  	  
Capacitor:	  6	  nF	  

Courtesy	  of	  M.	  P.	  Anania,	  A.	  Biagioni,	  D.	  Di	  Giovenale,	  F.	  Filippi,	  S.	  Pella	  







External Injection 
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DeceleraUon	  test	  -‐	  July	  2018	  

Eacc=300	  MV/m	  

Edec=200	  MV/m	  



EUROPEAN 
PLASMA RESEARCH 
ACCELERATOR WITH 
EXCELLENCE IN 
APPLICATIONS 

This	  project	  has	  received	  funding	  from	  the	  European	  Union’s	  Horizon	  2020	  
research	  and	  innovaUon	  programme	  under	  grant	  agreement	  No	  653782.	   hdp://eupraxia-‐project.eu	  

EuPRAXIA	  Design	  Study	  started	  on	  Novemebr	  2015	  
Approved	  as	  HORIZON	  2020	  INFRADEV,	  4	  years,	  3	  M€	  

Coordinator:	  Ralph	  Assmann	  (DESY)	  



Horizon2020	  
Motivations 

PRESENT	  EXPERIMENTS	  

DemonstraUng	  	  
100	  GV/m	  rouUnely	  
DemonstraUng	  GeV	  
electron	  beams	  
DemonstraUng	  basic	  
quality	  

EuPRAXIA	  INFRASTRUCTURE	  

Engineering	  a	  high	  
quality,	  compact	  
plasma	  accelerator	  
5	  GeV	  electron	  beam	  
for	  the	  2020’s	  
DemonstraSng	  user	  
readiness	  
Pilot	  users	  from	  FEL,	  
HEP,	  medicine,	  ...	  

PRODUCTION	  FACILITIES	  

Plasma-‐based	  linear	  
collider	  in	  2040’s	  
Plasma-‐based	  FEL	  in	  
2030’s	  
Medical,	  industrial	  	  
applicaUons	  soon	  

Courtesy	  R.	  Assmann	  



Horizon	  2020	  
ConsorUum	  

16 Participants 

24 Associated Partners 
(as of December 2017) 
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EuPRAXIA@SPARC_LABEuPRAXIA@SPARC_LAB

RF	  power	  modules	  	  

1	  GeV	  LINAC	  

Beam	  user	  areas	  

FEL	  user	  area	  @3nm	  

Undulators	  

Plasma	  module	  

0.5	  PW	  Laser	  

Secondary	  	  
Sources	  

http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf





•  Candidate LNF to host EuPRAXIA (1-5 GeV)
•  FEL user facility (1 GeV – 3nm)
•  Advanced Accelerator Test facility (LC) + CERN

•  500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
•  1 GeV  by X-band RF Linac only
•  Final goal compact  5 GeV accelerator

132	  m	  

24	  m	  
55	  m	   40	  m	  

31	  m	  

32	  m	  

12	  m	  

6	  m	  

52	  m	  



SPARC_LAB	  HB	  photo-‐	  injector	  

55	  m	  



X-‐band	  Linac	  and	  High	  Power	  Laser	  	  

55	  m	  

See F. Bisesto talk later



Plasma	  WakeField	  AcceleraUon	  –	  External	  InjecUon	  

driver	   witness	  

55	  m	  

Capillary	  discharge	  at	  SPARC_LAB	  



Undulators	  

40	  m	  

	  KYMA	  Δ	  udulator	  at	  SPARC_LAB:	  	  λ=1.4	  cm,	  K1	  	  



See C. Vaccarezza talk tomorrow morning



Photon	  beam	  line	  

40	  m	  



Energy	  region	  between	  Oxygen	  and	  
	  Carbon	  K-‐edge	  2.34	  nm	  –	  4.4	  nm	  
	  (530	  eV	  -‐280	  eV)	  
	  
Water	  is	  almost	  transparent	  to	  radiaUon	  	  
in	  this	  range	  while	  nitrogen	  and	  carbon	  are	  	  
absorbing	  (and	  scaoering)	  

Coherent	  Imaging	  of	  biological	  samples	  	  
living	  in	  their	  naSve	  state	  	  

Possibility	  to	  study	  dynamics	  
	  

Water	  Window	  Coherent	  Imaging	  

3 nm        2 nm

Courtesy F. Stellato, UniToV



R&D perspectives 
•  X-band RF technology implementation,è  CompactLight => CERN collaboration

•  Science with short wavelength Free Electron Laser (FEL)

•  Physics with high power lasers and secondary particle source

•  Channeling

•  R&D on compact radiation sources for medical applications

•  Detector development and test for X-ray FEL and HEP

•  Science with THz radiation sources

•  Nuclear photonics with γ-rays Compton sources

•  R&D on polarized positron sources
 
•  R&D in accelerator physics and industrial spin – off





The future EUPRAXIA@SPARC_LAB Facility

Thank for your attention


