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Horizon	
  2020	
  
The	
  5	
  GeV	
  beam	
  from	
  INO	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   2	
  

Scheme A: PMU - gap = 5 mm 

 1.39 Å  4.22 Å 

Scheme B: Cryo - gap = 3 mm 

Phase space provided by	


P. Tomassini, obtained with 
the laser schemes from L. 
Gizzi, P. Tomassini et al.	
  



Horizon	
  2020	
  
Undulator	
  matching	
  strategy	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   3	
  

Constraint: equal average β in x and y h�Xi = h�Y i = 3.5 m

# of undulator periods   	
  

λu = 1.4, 1.6 cm Lu = 1.5, 1.8 m 



Horizon	
  2020	
  
Transport	
  op<cs	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   4	
  

(Undulator scheme A)           Transport Line [m]	



The initial e-
beam is 
transferred 
through a triplet 
of quadrupoles 
to match the 
Twiss 
parameters at 
the undulator 
entrance, in 
both cases	



(Undulator scheme B)           Transport Line [m]	
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Horizon	
  2020	
  
Transverse	
  profile	
  before	
  transport	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   5	
  

After transport, the e-beam phase space (~ 124k macroparticles, 10 pC) 
is implemented S2E particle-wise in Genesis (no Gaussian assumption) 
and driven into the undulator sections (~ 100 meters of full undulator + 
FODO chain)	
  



Horizon	
  2020	
  
Transverse	
  profile	
  a`er	
  transport	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   6	
  

Matched to Undulator scheme A	
  

Matched to Undulator scheme B	
  



Horizon	
  2020	
  
FEL	
  power	
  growth:	
  1.39	
  Å	
  target	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   7	
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proj

= 0.858%

Most of the slices have δγ/γ < 0.14%	


 
  

No hint of saturation within 100 m  



Horizon	
  2020	
  
FEL	
  power	
  growth:	
  1.39	
  Å	
  target	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   8	
  

Beam obtained with 
½*the energy spread 

per each macroparticle 
 

Some hint of saturation 
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= 0.429%



Horizon	
  2020	
  
FEL	
  power	
  growth:	
  1.39	
  Å	
  target	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   9	
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����
proj

= 0.215%

Beam obtained with 
1/4*the energy spread 
per each macroparticle 

 
Evidence of saturation 

around 25-30 m 



Horizon	
  2020	
  
FEL	
  spectrum	
  @	
  z	
  ∼	
  26	
  m	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   10	
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= 0.215%



Horizon	
  2020	
  
FEL	
  power	
  growth:	
  4.22	
  Å	
  target	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   11	
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����
proj

= 0.858%

hint of saturation around 55-60 m 



Horizon	
  2020	
  
FEL	
  spectrum	
  @	
  z	
  ∼	
  54.4	
  m	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   12	
  



Horizon	
  2020	
  
Outlook:	
  food	
  for	
  discussion	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   13	
  

o  targeting the 1 Å realm requires either a super-dream-beam, 
~ 0.2% projected energy spread, or something else (e.g. the 
magnetic chicane á la Soleil) 

o  issues introduced with the magnetic chicane yet to be 
investigated (e.g. net loss of charge after the chicane, 
microbunching instability), and then… how compact? 

o  4 Å within apparently easier reach with a ~ 5 GeV beam 

o  in progress: analysis of the LOA 1 GeV LWFA e-beam 

o  Vexata Quaestio: which way for a compromise? stretch the 
facility size or the λFEL wavelength? 

Please, stay FEL-tuned! 



Horizon	
  2020	
  
Transport	
  op<cs	
  (I)	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   14	
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(Undulator scheme A)           Transport Line [m]	



β(
z)

 [
m

]	



(Undulator scheme B)           Transport Line [m]	



The initial e-
beam is 
transferred 
through a triplet 
of quadrupoles 
to match the 
Twiss at the 
undulator 
entrance, in 
both cases	





Horizon	
  2020	
  
For	
  discussion	
  	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   15	
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⇢
<latexit sha1_base64="G0GE5b7cIHkgIGBRwICQXfR77DA=">AAACFHicbVA9SwNBEJ3z2/gVtbRZFMEq3tlop2hjGcFEIRfC3GYSF3fvjt05IRwBK3+Cv8JWKzuxFSwtxL/iJbHw6zXzeG+GmXlRqpVj33/zxsYnJqemZ2ZLc/MLi0vl5ZW6SzIrqSYTndjzCB1pFVONFWs6Ty2hiTSdRZdHA//siqxTSXzKvZSaBrux6iiJXEitsgg7FmUetkkzhl00BrdHpZ+H9iLpt8obfsUfQvwlwRfZONj/eL0GgGqr/B62E5kZillqdK4R+Ck3c7SspKZ+KcwcpSgvsUuNgsZoyDXz4Sd9sZk55ESkZIXSYijS94kcjXM9ExWdBvnC/fYG4n9eI+POXjNXcZoxxXKwiJWm4SInrSoiItFWlphxcDkJFQuJFpnJKoFSFmJWZFYq8gh+f/+X1HcqgV8JTopgDmGEGViDddiCAHbhAI6hCjWQcAN3cA8P3q336D15z6PWMe9rZhV+wHv5BFZBofs=</latexit><latexit sha1_base64="WP1rCZ0OS/oCLga0lqHRd2qJcI8=">AAACFHicbVA9TwJBEN3zE/ELtbTZaExsxDsb6SRaaImJgAlHyNwywMbdu8vunJFcaP0J/gpbreyMrYmlhfGveICFoq+Zl/dmMjMviJW05LrvztT0zOzcfG4hv7i0vLJaWFuv2SgxAqsiUpG5DMCikiFWSZLCy9gg6EBhPbg6Gfr1azRWRuEF9WNsauiGsiMFUCa1CtzvGBCp30ZF4HdBa9gfl0Hqm140aBW23aI7Av9LvG+yXT76fLvZK51WWoUPvx2JRGNIQoG1Dc+NqZmCISkUDvJ+YjEGcQVdbGQ0BI22mY4+GfCdxAJFPEbDpeIjEX9OpKCt7esg69RAPTvpDcX/vEZCnVIzlWGcEIZiuIikwtEiK4zMIkLelgaJYHg5chlyAQaI0EgOQmRikmWWz/LwJr//S2oHRc8teudZMMdsjBzbZFtsl3nskJXZGauwKhPslt2zB/bo3DlPzrPzMm6dcr5nNtgvOK9fOEqinw==</latexit><latexit sha1_base64="WP1rCZ0OS/oCLga0lqHRd2qJcI8=">AAACFHicbVA9TwJBEN3zE/ELtbTZaExsxDsb6SRaaImJgAlHyNwywMbdu8vunJFcaP0J/gpbreyMrYmlhfGveICFoq+Zl/dmMjMviJW05LrvztT0zOzcfG4hv7i0vLJaWFuv2SgxAqsiUpG5DMCikiFWSZLCy9gg6EBhPbg6Gfr1azRWRuEF9WNsauiGsiMFUCa1CtzvGBCp30ZF4HdBa9gfl0Hqm140aBW23aI7Av9LvG+yXT76fLvZK51WWoUPvx2JRGNIQoG1Dc+NqZmCISkUDvJ+YjEGcQVdbGQ0BI22mY4+GfCdxAJFPEbDpeIjEX9OpKCt7esg69RAPTvpDcX/vEZCnVIzlWGcEIZiuIikwtEiK4zMIkLelgaJYHg5chlyAQaI0EgOQmRikmWWz/LwJr//S2oHRc8teudZMMdsjBzbZFtsl3nskJXZGauwKhPslt2zB/bo3DlPzrPzMm6dcr5nNtgvOK9fOEqinw==</latexit><latexit sha1_base64="Pa1X0UNENljx1w3u2ANcq03P0Vg=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxwjsbLYk2lpgImHCEzC0DbNi9u+zOmZALrT/BX2GrlZ2xtbfwv3gcFAq+Zl7em8nMvCBW0pLrfjmFldW19Y3iZmlre2d3r7x/0LRRYgQ2RKQicx+ARSVDbJAkhfexQdCBwlYwup76rQc0VkbhHY1j7GgYhLIvBVAmdcvc7xsQqd9DReAPQGs4m5VJ6pthNOmWK27VzcGXiTcnFTZHvVv+9nuRSDSGJBRY2/bcmDopGJJC4aTkJxZjECMYYDujIWi0nTT/ZMJPEgsU8RgNl4rnIv6eSEFbO9ZB1qmBhnbRm4r/ee2E+pedVIZxQhiK6SKSCvNFVhiZRYS8Jw0SwfRy5DLkAgwQoZEchMjEJMuslOXhLX6/TJrnVc+terdupXY1T6bIjtgxO2Ueu2A1dsPqrMEEe2TP7IW9Ok/Om/PufMxaC8585pD9gfP5A5kMn0w=</latexit>

z [m]
<latexit sha1_base64="gT8sPx9OVCOpbfVnuyo/SExl8Uo=">AAAB+HicbVC7TsNAEFyHVwivACXNKRESElJk00AZQUMZJPKQHCs6XzbhyPmhuzVSYoVvoIUqHaLlbyj4F5xHAQlTjWZ2tbPjx0oasu0vK7e2vrG5ld8u7Ozu7R8UD48aJkq0wLqIVKRbPjeoZIh1kqSwFWvkga+w6Q9upn7zCbWRUXhPwxi9gPdD2ZOCUyY1Rs/MDbxOsWxX7BnYKnEWpFwttc8nAFDrFL/b3UgkAYYkFDfGdeyYvJRrkkLhuNBODMZcDHgf3YyGPEDjpbO0Y3aaGE4Ri1EzqdhMxN8bKQ+MGQZ+NhlwejDL3lT8z3MT6l15qQzjhDAU00MkFc4OGaFlVgOyrtRIxKfJkcmQCa45EWrJuBCZmGS9FLI+nOXvV0njouLYFecuK+Ya5sjDCZTgDBy4hCrcQg3qIOARXuAV3qyRNbHerY/5aM5a7BzDH1ifPymOlP0=</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="QVJMYML8VmDJGRQMINe0liOyxZA=">AAAB73icbVC7TsNAEFyHVzCvQEtzIkKiimwaKJFoKINEEqTEitaXTTjl/NDdGimy8gO0VHSIli+i4F+wTSQgYarRzK52dsJUK8ue9+HU1tY3Nrfq2+7Orru3f9A47NokM5I6MtGJuQ/RklYxdVixpvvUEEahpl44vS793iMZq5L4jmcpBRFOYjVWErmQ2sNG02t5FcQq8RekCQsMG5+DUSKziGKWGq3t+17KQY6GldQ0dweZpRTlFCfUL2iMEdkgr2LOxWlmkRORkhFKi0qk3xs5RtbOorCYjJAf7LJXiv95/YzHl0Gu4jRjimV5iJWm6pCVRhX/kxgpQ8xYJiehYiHRIDMZJVDKQsyKQtyiDn/5+VXSPW/5Xsu//ekF6nAMJ3AGPlzAFdxAGzogYQRP8OxY58V5dd6+B2vOYuMI/sB5/wKm5I+H</latexit><latexit sha1_base64="JkXjnhLdtV1d4/LJ/PRZzc2ePHc=">AAAB+HicbVC7TsNAEFzzDOEVoKQ5ESFRRTYNlEg0lEEiD8mxovNlE46cz9bdGimJwjfQQkWHaPkbCv4F20QCEqYazexqZydMlLTkuh/O0vLK6tp6aaO8ubW9s1vZ22/aODUCGyJWsWmH3KKSGhskSWE7McijUGErHF7mfusejZWxvqFRgkHEB1r2peCUSc3xA/OjoFupujW3AFsk3oxUYYZ6t/LZ6cUijVCTUNxa33MTCibckBQKp+VOajHhYsgH6GdU8whtMCnSTtlxajnFLEHDpGKFiL83JjyydhSF2WTE6dbOe7n4n+en1D8PJlInKaEW+SGSCotDVhiZ1YCsJw0S8Tw5MqmZ4IYToZGMC5GJadZLOevDm/9+kTRPa55b865/ioESHMIRnIAHZ3ABV1CHBgi4g0d4gmdn7Lw4r87b9+iSM9s5gD9w3r8A3sOS8g==</latexit><latexit sha1_base64="JkXjnhLdtV1d4/LJ/PRZzc2ePHc=">AAAB+HicbVC7TsNAEFzzDOEVoKQ5ESFRRTYNlEg0lEEiD8mxovNlE46cz9bdGimJwjfQQkWHaPkbCv4F20QCEqYazexqZydMlLTkuh/O0vLK6tp6aaO8ubW9s1vZ22/aODUCGyJWsWmH3KKSGhskSWE7McijUGErHF7mfusejZWxvqFRgkHEB1r2peCUSc3xA/OjoFupujW3AFsk3oxUYYZ6t/LZ6cUijVCTUNxa33MTCibckBQKp+VOajHhYsgH6GdU8whtMCnSTtlxajnFLEHDpGKFiL83JjyydhSF2WTE6dbOe7n4n+en1D8PJlInKaEW+SGSCotDVhiZ1YCsJw0S8Tw5MqmZ4IYToZGMC5GJadZLOevDm/9+kTRPa55b865/ioESHMIRnIAHZ3ABV1CHBgi4g0d4gmdn7Lw4r87b9+iSM9s5gD9w3r8A3sOS8g==</latexit><latexit sha1_base64="zMzW1tDjZjhvkqsAIM7aEtAS8Es=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJpoIygoQwSeUiOFZ0vm3Dk7mzdrZESK3wDLVR0iJa/oeBfsE0KSJhqNLOrnZ0wlsKi6346pZXVtfWN8mZla3tnd6+6f9C2UWI4tHgkI9MNmQUpNLRQoIRubICpUEInHF/lfucBjBWRvsVJDIFiIy2GgjPMpPb0kfoq6Fdrbt0tQJeJNyc1MkezX/3qDSKeKNDIJbPW99wYg5QZFFzCrNJLLMSMj9kI/IxqpsAGaZF2Rk8SyzCiMRgqJC1E+L2RMmXtRIXZpGJ4Zxe9XPzP8xMcXgSp0HGCoHl+CIWE4pDlRmQ1AB0IA4gsTw5UaMqZYYhgBGWcZ2KS9VLJ+vAWv18m7bO659a9G7fWuJw3UyZH5JicEo+ckwa5Jk3SIpzckyfyTF6cqfPqvDnvP6MlZ75zSP7A+fgGBiyTdA==</latexit><latexit sha1_base64="zMzW1tDjZjhvkqsAIM7aEtAS8Es=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJpoIygoQwSeUiOFZ0vm3Dk7mzdrZESK3wDLVR0iJa/oeBfsE0KSJhqNLOrnZ0wlsKi6346pZXVtfWN8mZla3tnd6+6f9C2UWI4tHgkI9MNmQUpNLRQoIRubICpUEInHF/lfucBjBWRvsVJDIFiIy2GgjPMpPb0kfoq6Fdrbt0tQJeJNyc1MkezX/3qDSKeKNDIJbPW99wYg5QZFFzCrNJLLMSMj9kI/IxqpsAGaZF2Rk8SyzCiMRgqJC1E+L2RMmXtRIXZpGJ4Zxe9XPzP8xMcXgSp0HGCoHl+CIWE4pDlRmQ1AB0IA4gsTw5UaMqZYYhgBGWcZ2KS9VLJ+vAWv18m7bO659a9G7fWuJw3UyZH5JicEo+ckwa5Jk3SIpzckyfyTF6cqfPqvDnvP6MlZ75zSP7A+fgGBiyTdA==</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="nu2lAG5beBHo0T3dyzQ/KhpXwg0=">AAAB+HicbVC7TsNAEDzzDOEVoKQ5JUJCQopsGigjaCiDRB6SY0XnyyYcOT90t0ZKrPANFDRQ0SFa/iYF/8LZSQEJU41mdrWz48dSaLTtqbWyura+sVnYKm7v7O7tlw4OmzpKFIcGj2Sk2j7TIEUIDRQooR0rYIEvoeUPrzO/9QhKiyi8w1EMXsAGoegLztBIzfETdQOvW6rYVTsHXSbOnFRq5c7Zy7Q2qndL351exJMAQuSSae06doxeyhQKLmFS7CQaYsaHbACuoSELQHtpnnZCTxLNMKIxKCokzUX4vZGyQOtR4JvJgOG9XvQy8T/PTbB/6aUijBOEkGeHUEjID2muhKkBaE8oQGRZcqAipJwphghKUMa5ERPTS9H04Sx+v0ya51XHrjq3ppgrMkOBHJMyOSUOuSA1ckPqpEE4eSDP5JW8WWPr3fqwPmejK9Z854j8gfX1A0O6loM=</latexit><latexit sha1_base64="zMzW1tDjZjhvkqsAIM7aEtAS8Es=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrJpoIygoQwSeUiOFZ0vm3Dk7mzdrZESK3wDLVR0iJa/oeBfsE0KSJhqNLOrnZ0wlsKi6346pZXVtfWN8mZla3tnd6+6f9C2UWI4tHgkI9MNmQUpNLRQoIRubICpUEInHF/lfucBjBWRvsVJDIFiIy2GgjPMpPb0kfoq6Fdrbt0tQJeJNyc1MkezX/3qDSKeKNDIJbPW99wYg5QZFFzCrNJLLMSMj9kI/IxqpsAGaZF2Rk8SyzCiMRgqJC1E+L2RMmXtRIXZpGJ4Zxe9XPzP8xMcXgSp0HGCoHl+CIWE4pDlRmQ1AB0IA4gsTw5UaMqZYYhgBGWcZ2KS9VLJ+vAWv18m7bO659a9G7fWuJw3UyZH5JicEo+ckwa5Jk3SIpzckyfyTF6cqfPqvDnvP6MlZ75zSP7A+fgGBiyTdA==</latexit>

slices more likely to lase 
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<latexit sha1_base64="yZVxkWdkCxAYxdb/IFCw0nIKy5Y=">AAACBnicbVC7TgJBFL3rE/G1YqnFRGJiRXZttDTaWEIijwQImR0uMHH2kZm7RrKh9ytstbIzWvobFiZ+isOjUPBUJ+fc5wkSJQ153qeztLyyurae28hvbm3v7Lp7hZqJUy2wKmIV60bADSoZYZUkKWwkGnkYKKwHt1djv36H2sg4uqFhgu2Q9yPZk4KTlTpuoRUG8X1WlmjnsVFLD+KOW/RK3gRskfgzUrw4fK98A0C54361urFIQ4xIKG5M0/cSamdckxQKR/lWajDh4pb3sWlpxEM07Wxy+4gdp4ZTzBLUTCo2EfF3R8ZDY4ZhYCtDTgMz743F/7xmSr3zdiajJCWMxHgRSYWTRUZoaUNB1pUaifj4cmQyYoJrToRaMi6EFVObUt7m4c9/v0hqpyXfK/kVG8wlTJGDAziCE/DhDC7gGspQBQH38AhP8Ow8OC/Oq/M2LV1yZj378AfOxw9FaZtM</latexit><latexit sha1_base64="QemxqIHj9iHTe67k0zGtq9s2dNU=">AAACBnicbVC7TgJBFJ31ifhCLDVmIjGxIrs2WhJtLCGRRwKEzA4XmDD7yMxdA9lQmvgVtlrZGSn9DQu/wJ9wdqFQ8FQn59zncUMpNNr2p7Wyura+sZnZym7v7O7t5w7yNR1EikOVBzJQDZdpkMKHKgqU0AgVMM+VUHeHN4lfvwelReDf4TiEtsf6vugJztBInVy+5bnBKC4LMPPopKUGQSdXsIt2CrpMnDkplI6nle+Hk2m5k/tqdQMeeeAjl0zrpmOH2I6ZQsElTLKtSEPI+JD1oWmozzzQ7Ti9fULPIs0woCEoKiRNRfjdETNP67HnmkqP4UAveon4n9eMsHfVjoUfRgg+TxahkJAu0lwJEwrQrlCAyJLLgQqfcqYYIihBGedGjExKWZOHs/j9MqldFB276FRMMNdkhgw5IqfknDjkkpTILSmTKuFkRJ7IM3mxHq1X6816n5WuWPOeQ/IH1scPMxCcsg==</latexit><latexit sha1_base64="QemxqIHj9iHTe67k0zGtq9s2dNU=">AAACBnicbVC7TgJBFJ31ifhCLDVmIjGxIrs2WhJtLCGRRwKEzA4XmDD7yMxdA9lQmvgVtlrZGSn9DQu/wJ9wdqFQ8FQn59zncUMpNNr2p7Wyura+sZnZym7v7O7t5w7yNR1EikOVBzJQDZdpkMKHKgqU0AgVMM+VUHeHN4lfvwelReDf4TiEtsf6vugJztBInVy+5bnBKC4LMPPopKUGQSdXsIt2CrpMnDkplI6nle+Hk2m5k/tqdQMeeeAjl0zrpmOH2I6ZQsElTLKtSEPI+JD1oWmozzzQ7Ti9fULPIs0woCEoKiRNRfjdETNP67HnmkqP4UAveon4n9eMsHfVjoUfRgg+TxahkJAu0lwJEwrQrlCAyJLLgQqfcqYYIihBGedGjExKWZOHs/j9MqldFB276FRMMNdkhgw5IqfknDjkkpTILSmTKuFkRJ7IM3mxHq1X6816n5WuWPOeQ/IH1scPMxCcsg==</latexit><latexit sha1_base64="/ORdUDXdRVfQpPNaqeY79UkGXX4=">AAACBnicbVC5TsNAFFxzhnCZUNKsiJCoIpsGyggayiCRQ4qtaL15SVZZr63dZ5TISs9X0EJFh2j5DQr+Bdu4gISpRjPvnCCWwqDjfFpr6xubW9uVneru3v7BoX1U65go0RzaPJKR7gXMgBQK2ihQQi/WwMJAQjeY3uR+9wG0EZG6x3kMfsjGSowEZ5hJA7vmhUE0S1sCsnl04elJNLDrTsMpQFeJW5I6KdEa2F/eMOJJCAq5ZMb0XSdGP2UaBZewqHqJgZjxKRtDP6OKhWD8tLh9Qc8SwzCiMWgqJC1E+N2RstCYeRhklSHDiVn2cvE/r5/g6MpPhYoTBMXzRSgkFIsM1yILBehQaEBk+eVAhaKcaYYIWlDGeSYmWUrVLA93+ftV0rlouE7DvXPqzesymQo5IafknLjkkjTJLWmRNuFkRp7IM3mxHq1X6816/ylds8qeY/IH1sc3HHiZBw==</latexit>

p
✏
x

✏
y

[m]
<latexit sha1_base64="jX570kjiea0dx34CzP/QK3Z3qYc=">AAACFnicbVA9SwNBEJ3z2/gVtbRZIkIKCXc2WgZtLBVMIuSOsLdO4pK9D3fnxHDE2p/grxA7rcRGbG0t/C9uYhCNvurx3gwz74WpkoZc992ZmJyanpmdmy8sLC4trxRX1+omybTAmkhUok9DblDJGGskSeFpqpFHocJG2D0Y+I1L1EYm8Qn1Ugwi3ollWwpOVmoVS7650JT7mBqprHDlb3/zXv+aNaOgVdx0K+4Q7C/xRmSzWu7cPwPAUav44Z8lIoswJqG4MU3PTSnIuSYpFPYLfmYw5aLLO9i0NOYRmiAfZumzrcxwSliKmknFhiL+3Mh5ZEwvCu1kxOncjHsD8T+vmVF7L8hlnGaEsRgcIqlweMgILW1JyM6kRiI++ByZjJngmhOhlowLYcXMtlawfXjj6f+S+k7FcyvesS1mH74wBxtQgjJ4sAtVOIQjqIGAG7iDB3h0bp0n58V5/RqdcEY76/ALztsnitOigw==</latexit><latexit sha1_base64="g4qkGA/OEgBDioN22/IbMPcNaio=">AAACFnicbVC7SgNBFJ2Nrxhfq5Y2Q0RIIWHXRsugjWUE84DsEmYnN3Fw9uHMXTEssbbVyq8QwUIrO7G1tfBfnMQgajzV4Zx7ufecIJFCo+O8W7mp6ZnZufx8YWFxaXnFXl2r6zhVHGo8lrFqBkyDFBHUUKCEZqKAhYGERnB6MPQb56C0iKNj7Cfgh6wXia7gDI3UtouePlOYeZBoIY1w4W1/8/7gkrZCv21vOmVnBDpJ3DHZrJR69w/XN51q2/7wOjFPQ4iQS6Z1y3US9DOmUHAJg4KXakgYP2U9aBkasRC0n42yDOhWqhnGNAFFhaQjEX5uZCzUuh8GZjJkeKL/ekPxP6+VYnfPz0SUpAgRHx5CIWF0SHMlTElAO0IBIht+DlRElDPFEEEJyjg3YmpaK5g+3L/pJ0l9p+w6ZffIFLNPvpAnG6RISsQlu6RCDkmV1AgnV+SOPJIn69Z6tl6s16/RnDXeWSe/YL19ApQ+o/0=</latexit><latexit sha1_base64="g4qkGA/OEgBDioN22/IbMPcNaio=">AAACFnicbVC7SgNBFJ2Nrxhfq5Y2Q0RIIWHXRsugjWUE84DsEmYnN3Fw9uHMXTEssbbVyq8QwUIrO7G1tfBfnMQgajzV4Zx7ufecIJFCo+O8W7mp6ZnZufx8YWFxaXnFXl2r6zhVHGo8lrFqBkyDFBHUUKCEZqKAhYGERnB6MPQb56C0iKNj7Cfgh6wXia7gDI3UtouePlOYeZBoIY1w4W1/8/7gkrZCv21vOmVnBDpJ3DHZrJR69w/XN51q2/7wOjFPQ4iQS6Z1y3US9DOmUHAJg4KXakgYP2U9aBkasRC0n42yDOhWqhnGNAFFhaQjEX5uZCzUuh8GZjJkeKL/ekPxP6+VYnfPz0SUpAgRHx5CIWF0SHMlTElAO0IBIht+DlRElDPFEEEJyjg3YmpaK5g+3L/pJ0l9p+w6ZffIFLNPvpAnG6RISsQlu6RCDkmV1AgnV+SOPJIn69Z6tl6s16/RnDXeWSe/YL19ApQ+o/0=</latexit><latexit sha1_base64="8E1ksLPq2g7Ay5wItQC/aB3jni4=">AAACFnicbVC7TsNAEDyHVwgvAyXNKRESBYpsGigjaCiDRB5SbEXnyyaccn5wt0ZEVqj5BL6CFio6REtLwb9gGwtBwlSjmV3tzniRFBot68MoLSwuLa+UVytr6xubW+b2TluHseLQ4qEMVddjGqQIoIUCJXQjBcz3JHS88Vnmd25AaREGlziJwPXZKBBDwRmmUt+sOvpaYeJApIVMhVvn8IdPpne057t9s2bVrRx0ntgFqZECzb756QxCHvsQIJdM655tRegmTKHgEqYVJ9YQMT5mI+ilNGA+aDfJs0zpfqwZhjQCRYWkuQi/NxLmaz3xvXTSZ3ilZ71M/M/rxTg8cRMRRDFCwLNDKCTkhzRXIi0J6EAoQGTZ50BFQDlTDBGUoIzzVIzT1ippH/Zs+nnSPqrbVt2+sGqN06KZMtkjVXJAbHJMGuScNEmLcHJPHskTeTYejBfj1Xj7Hi0Zxc4u+QPj/QtqU6BE</latexit>



Horizon	
  2020	
  
For	
  discussion	
  

Federico	
  Nguyen	
  (ENEA)	
  –	
  3rd	
  Collabora<on	
  Week	
   18	
  

��/�

⇢
<latexit sha1_base64="G0GE5b7cIHkgIGBRwICQXfR77DA=">AAACFHicbVA9SwNBEJ3z2/gVtbRZFMEq3tlop2hjGcFEIRfC3GYSF3fvjt05IRwBK3+Cv8JWKzuxFSwtxL/iJbHw6zXzeG+GmXlRqpVj33/zxsYnJqemZ2ZLc/MLi0vl5ZW6SzIrqSYTndjzCB1pFVONFWs6Ty2hiTSdRZdHA//siqxTSXzKvZSaBrux6iiJXEitsgg7FmUetkkzhl00BrdHpZ+H9iLpt8obfsUfQvwlwRfZONj/eL0GgGqr/B62E5kZillqdK4R+Ck3c7SspKZ+KcwcpSgvsUuNgsZoyDXz4Sd9sZk55ESkZIXSYijS94kcjXM9ExWdBvnC/fYG4n9eI+POXjNXcZoxxXKwiJWm4SInrSoiItFWlphxcDkJFQuJFpnJKoFSFmJWZFYq8gh+f/+X1HcqgV8JTopgDmGEGViDddiCAHbhAI6hCjWQcAN3cA8P3q336D15z6PWMe9rZhV+wHv5BFZBofs=</latexit><latexit sha1_base64="WP1rCZ0OS/oCLga0lqHRd2qJcI8=">AAACFHicbVA9TwJBEN3zE/ELtbTZaExsxDsb6SRaaImJgAlHyNwywMbdu8vunJFcaP0J/gpbreyMrYmlhfGveICFoq+Zl/dmMjMviJW05LrvztT0zOzcfG4hv7i0vLJaWFuv2SgxAqsiUpG5DMCikiFWSZLCy9gg6EBhPbg6Gfr1azRWRuEF9WNsauiGsiMFUCa1CtzvGBCp30ZF4HdBa9gfl0Hqm140aBW23aI7Av9LvG+yXT76fLvZK51WWoUPvx2JRGNIQoG1Dc+NqZmCISkUDvJ+YjEGcQVdbGQ0BI22mY4+GfCdxAJFPEbDpeIjEX9OpKCt7esg69RAPTvpDcX/vEZCnVIzlWGcEIZiuIikwtEiK4zMIkLelgaJYHg5chlyAQaI0EgOQmRikmWWz/LwJr//S2oHRc8teudZMMdsjBzbZFtsl3nskJXZGauwKhPslt2zB/bo3DlPzrPzMm6dcr5nNtgvOK9fOEqinw==</latexit><latexit sha1_base64="WP1rCZ0OS/oCLga0lqHRd2qJcI8=">AAACFHicbVA9TwJBEN3zE/ELtbTZaExsxDsb6SRaaImJgAlHyNwywMbdu8vunJFcaP0J/gpbreyMrYmlhfGveICFoq+Zl/dmMjMviJW05LrvztT0zOzcfG4hv7i0vLJaWFuv2SgxAqsiUpG5DMCikiFWSZLCy9gg6EBhPbg6Gfr1azRWRuEF9WNsauiGsiMFUCa1CtzvGBCp30ZF4HdBa9gfl0Hqm140aBW23aI7Av9LvG+yXT76fLvZK51WWoUPvx2JRGNIQoG1Dc+NqZmCISkUDvJ+YjEGcQVdbGQ0BI22mY4+GfCdxAJFPEbDpeIjEX9OpKCt7esg69RAPTvpDcX/vEZCnVIzlWGcEIZiuIikwtEiK4zMIkLelgaJYHg5chlyAQaI0EgOQmRikmWWz/LwJr//S2oHRc8teudZMMdsjBzbZFtsl3nskJXZGauwKhPslt2zB/bo3DlPzrPzMm6dcr5nNtgvOK9fOEqinw==</latexit><latexit sha1_base64="Pa1X0UNENljx1w3u2ANcq03P0Vg=">AAACFHicbVA9TwJBEN3DL8Qv1NJmIzGxwjsbLYk2lpgImHCEzC0DbNi9u+zOmZALrT/BX2GrlZ2xtbfwv3gcFAq+Zl7em8nMvCBW0pLrfjmFldW19Y3iZmlre2d3r7x/0LRRYgQ2RKQicx+ARSVDbJAkhfexQdCBwlYwup76rQc0VkbhHY1j7GgYhLIvBVAmdcvc7xsQqd9DReAPQGs4m5VJ6pthNOmWK27VzcGXiTcnFTZHvVv+9nuRSDSGJBRY2/bcmDopGJJC4aTkJxZjECMYYDujIWi0nTT/ZMJPEgsU8RgNl4rnIv6eSEFbO9ZB1qmBhnbRm4r/ee2E+pedVIZxQhiK6SKSCvNFVhiZRYS8Jw0SwfRy5DLkAgwQoZEchMjEJMuslOXhLX6/TJrnVc+terdupXY1T6bIjtgxO2Ueu2A1dsPqrMEEe2TP7IW9Ok/Om/PufMxaC8585pD9gfP5A5kMn0w=</latexit>

p
✏
x

✏
y

[m]
<latexit sha1_base64="jX570kjiea0dx34CzP/QK3Z3qYc=">AAACFnicbVA9SwNBEJ3z2/gVtbRZIkIKCXc2WgZtLBVMIuSOsLdO4pK9D3fnxHDE2p/grxA7rcRGbG0t/C9uYhCNvurx3gwz74WpkoZc992ZmJyanpmdmy8sLC4trxRX1+omybTAmkhUok9DblDJGGskSeFpqpFHocJG2D0Y+I1L1EYm8Qn1Ugwi3ollWwpOVmoVS7650JT7mBqprHDlb3/zXv+aNaOgVdx0K+4Q7C/xRmSzWu7cPwPAUav44Z8lIoswJqG4MU3PTSnIuSYpFPYLfmYw5aLLO9i0NOYRmiAfZumzrcxwSliKmknFhiL+3Mh5ZEwvCu1kxOncjHsD8T+vmVF7L8hlnGaEsRgcIqlweMgILW1JyM6kRiI++ByZjJngmhOhlowLYcXMtlawfXjj6f+S+k7FcyvesS1mH74wBxtQgjJ4sAtVOIQjqIGAG7iDB3h0bp0n58V5/RqdcEY76/ALztsnitOigw==</latexit><latexit sha1_base64="g4qkGA/OEgBDioN22/IbMPcNaio=">AAACFnicbVC7SgNBFJ2Nrxhfq5Y2Q0RIIWHXRsugjWUE84DsEmYnN3Fw9uHMXTEssbbVyq8QwUIrO7G1tfBfnMQgajzV4Zx7ufecIJFCo+O8W7mp6ZnZufx8YWFxaXnFXl2r6zhVHGo8lrFqBkyDFBHUUKCEZqKAhYGERnB6MPQb56C0iKNj7Cfgh6wXia7gDI3UtouePlOYeZBoIY1w4W1/8/7gkrZCv21vOmVnBDpJ3DHZrJR69w/XN51q2/7wOjFPQ4iQS6Z1y3US9DOmUHAJg4KXakgYP2U9aBkasRC0n42yDOhWqhnGNAFFhaQjEX5uZCzUuh8GZjJkeKL/ekPxP6+VYnfPz0SUpAgRHx5CIWF0SHMlTElAO0IBIht+DlRElDPFEEEJyjg3YmpaK5g+3L/pJ0l9p+w6ZffIFLNPvpAnG6RISsQlu6RCDkmV1AgnV+SOPJIn69Z6tl6s16/RnDXeWSe/YL19ApQ+o/0=</latexit><latexit sha1_base64="g4qkGA/OEgBDioN22/IbMPcNaio=">AAACFnicbVC7SgNBFJ2Nrxhfq5Y2Q0RIIWHXRsugjWUE84DsEmYnN3Fw9uHMXTEssbbVyq8QwUIrO7G1tfBfnMQgajzV4Zx7ufecIJFCo+O8W7mp6ZnZufx8YWFxaXnFXl2r6zhVHGo8lrFqBkyDFBHUUKCEZqKAhYGERnB6MPQb56C0iKNj7Cfgh6wXia7gDI3UtouePlOYeZBoIY1w4W1/8/7gkrZCv21vOmVnBDpJ3DHZrJR69w/XN51q2/7wOjFPQ4iQS6Z1y3US9DOmUHAJg4KXakgYP2U9aBkasRC0n42yDOhWqhnGNAFFhaQjEX5uZCzUuh8GZjJkeKL/ekPxP6+VYnfPz0SUpAgRHx5CIWF0SHMlTElAO0IBIht+DlRElDPFEEEJyjg3YmpaK5g+3L/pJ0l9p+w6ZffIFLNPvpAnG6RISsQlu6RCDkmV1AgnV+SOPJIn69Z6tl6s16/RnDXeWSe/YL19ApQ+o/0=</latexit><latexit sha1_base64="8E1ksLPq2g7Ay5wItQC/aB3jni4=">AAACFnicbVC7TsNAEDyHVwgvAyXNKRESBYpsGigjaCiDRB5SbEXnyyaccn5wt0ZEVqj5BL6CFio6REtLwb9gGwtBwlSjmV3tzniRFBot68MoLSwuLa+UVytr6xubW+b2TluHseLQ4qEMVddjGqQIoIUCJXQjBcz3JHS88Vnmd25AaREGlziJwPXZKBBDwRmmUt+sOvpaYeJApIVMhVvn8IdPpne057t9s2bVrRx0ntgFqZECzb756QxCHvsQIJdM655tRegmTKHgEqYVJ9YQMT5mI+ilNGA+aDfJs0zpfqwZhjQCRYWkuQi/NxLmaz3xvXTSZ3ilZ71M/M/rxTg8cRMRRDFCwLNDKCTkhzRXIi0J6EAoQGTZ50BFQDlTDBGUoIzzVIzT1ippH/Zs+nnSPqrbVt2+sGqN06KZMtkjVXJAbHJMGuScNEmLcHJPHskTeTYejBfj1Xj7Hi0Zxc4u+QPj/QtqU6BE</latexit>

slices more likely to lase 



Horizon	
  2020	
  
Consor<um	
  

16 Participants 

24 Associated Partners 
(as of December 2017) 

Insert	
  author	
  and	
  occasion	
  via	
  slide	
  master	
   19	
  



Horizon	
  2020	
  
Par<cipa<ng	
  Ins<tu<ons	
  

22 

18 24 
17 

4 5 
6 
7 

DESY	
  	
  
Germany	
  

INFN	
  

Italy	
  

2   

1   

3   

	
  

CNR	
  

Italy	
  

4   

CNRS	
  

France	
  

University	
  of	
  
Strathclyde	
  UK	
  

5   

6   

7   

STFC	
  

UK	
  

8   

9   

University	
  of	
  
Manchester	
  UK	
  

10   

University	
  of	
  
Liverpool	
  UK	
  

11   

ENEA	
  

Italy	
  

14  15  

13   
12   

16  

1 

2 

8 3 9 

10 

11 12 

13 

14 
15 

16 

	
  

IST-­‐ID	
  	
  
Portugal	
  

Universität	
  
Hamburg	
  Germany	
  

University	
  of	
  
Oxford	
  UK	
  
	
  

SOLEIL	
  	
  
France	
  
	
  

CEA	
  
France	
  
	
  

Università	
  di	
  Roma	
  
"La	
  Sapienza"	
  Italy	
  
	
  

Imperial	
  College	
  	
  
London	
  UK	
  

21 

19 

20 

Insert	
  author	
  and	
  occasion	
  via	
  slide	
  master	
   20	
  

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,	
  Interna<onal	
  

PHLAM,	
  Université	
  de	
  Lille,	
  France	
  

Helmholtz-­‐Ins5tut	
  Jena,	
  Germany	
  

HZDR	
  (Helmholtz),	
  Germany	
  

LMU	
  München,	
  Germany	
  

CERN,	
  Interna<onal	
  

Osaka	
  University,	
  Japan	
  	
  

RIKEN	
  SPring-­‐8,	
  Japan	
  	
  

Lunds	
  Universitet,	
  Sweden	
  

LBNL,	
  USA	
  

UCLA,	
  USA	
  

Wigner	
  Fizikai	
  Kutatóközpont,	
  Hungary	
  

Kansai	
  Photon	
  Science	
  Ins5tute,	
  Japan	
  	
  

Stony	
  Brook	
  University	
  &	
  Brookhaven	
  NL,	
  USA	
  

17 

18 

19
3 

20 

22 

Karlsruher	
  Ins5tut	
  für	
  Technologie,	
  Germany	
  

Forschungszentrum	
  Jülich,	
  Germany	
  

Hebrew	
  University	
  of	
  Jerusalem,	
  Israel	
  

Ins5tute	
  of	
  Applied	
  Physics,	
  Russia	
  

Joint	
  Ins5tute	
  for	
  High	
  Temperatures,	
  Russia	
  

Università	
  di	
  Roma	
  ‘Tor	
  Vergata’,	
  Italy	
  

21 

23 

24 

23 Queen’s	
  University	
  Belfast,	
  UK	
  

Ferdinand-­‐Braun-­‐Ins5tut,	
  Germany	
  


