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High Energy Physics (HEP) Facilities — Light Sources
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® Synchrotron Radiation (SR)
¥ Next generation light sources
X-ray Free Electron Lasers (XFEL)
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Next Generation Light Sources: THz & XFEL
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University of California in Santa Barbara, UCSB
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X-ray Free Electron Laser (XFEL) —
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NSHNANS. x‘iﬁ Free Electron Laser: SASE Free Electron Laser
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49104298 DESY (Deutsches Elektronen-Synchrotron)
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10 Hz/1 MHz (8000 bunches/s)

Peak electron current: 1-2 kA

Emittance ~2m mm mrad @ undulator
Electron energy range: ~0.3 - 1 GeV
Photon energy : ~20-200 eV (~60 - 6.5 nm)
Pulse duration: ~10 - 50 fs (FWHM)

Peak power: 1-10 GW

10 Hz/5 MHz (30,000 bunches/s)

Peak electron current: 5 kA

Emittance ~1.4m mm mrad @ undulator
Electron energy range: ~10 — 17.5 GeV
Max. photon energy : 12.4 keV (~1 nm)
Pulse duration: <100 fs (FWHM)

Peak power: 30 GW
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Free electron LASer in Hamburg (FLASH)

RF stations _ __Accelerating Strucfures
Diagnostics v

RF Gun Compressor Compressor FEL

5 MeV 150 MeV 200 MeV 1200 MeV
315 m
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FLASH: #af FEL A3 4.12 nm londJunsausn (November 2010)

CERN Courier December 2010
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DESY's experience with accelerators made it a natural home for one of the world's most =T o L sl L = — 20l - = S
brilliant radiation sources, where the intense laser pulses allow for fascinating research. Photon Energy (eV)
Preliminary data for 4.4 nm: Water window: A210813A8U 2.3 — 4.4 m
Energy 140 pJ (max.) " Carbon AANAUSIE FEL

Peak power ~ 2 GW (estimate)
bandwidth 0.25 % rms

Peak Brilliance
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B~ 1030 - 10%
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European XFEL GmbH
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Research institutes of 14 countries . . - [I [“ I I -
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- S % The European X-ray laser project XFEL
Planning status October, 2003
m=m= XFEL site £50 m
===+ Options for expansion

Project schedule

— launce Jan 2007

—> civil construction Nov 2008

T ——

— first beam 2014

— operation end 2015

www.xfel.eu
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FELs require electrons to be focused into the optical beam over the undulator length
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AMANTAYDA1DIANATOUINBNANSITBLUDIANATOUDAIE:
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!ﬂ%@x‘i!i'\‘i?)‘léﬂ”lﬂ PITZ taz PITZ Collaborations

BESSY Berlin
CCLRC Daresbury
Hamburg,
DESY
Zeuthen
Hamburg University Hamburg
Humboldt University Berlin
INFN Frascati, Italy
INFN Milan, Italy
INR Troitsk, Russia
INRNE Sofia, Bulgaria
LAL Orsay, France
MBI Berlin
TechnicalUniversity Darmstadt
Thep Thailand
YERPHI Yerevan, Armania
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* Ytterbium-doped YAG laser (Yb:YAG )

* IR input pulses
* UV output pulses

« A7NE1IAAY 257 nm

* pulse repetition rate = 1 MHz
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Flat-top pulses (max. flat-top ~25 ps FWHM) Gaussian pulses (FWHM = 2 -14 ps)
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1849 RF 1RA0g9qa

50 kW (°lu 25 cm cavity)

Bunch spacing

0.2—1 ps (151 XFEL)
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1153 Transverse Projected Emittance 18 Transverse Phase Space

Single slit scan technique

AR emittance LAY phase space Tae1¥ Emittance
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<x?>, <x’2> - second central moments of electron
distribution and divergence in phase space
x'=p,/p,- angle of the single electron trajectory
o, - RMS beam size measured at slit location
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MIMUIUUAZNTIA Transverse Projected Emittance
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Machine & beam parameters

* gun phase: +6 deg from MMMG phase geometrical emittance: &, = ,/&,&,
® booster phase: MMMG phase

e beam energy: 14.7 MeV/c _ _

e flat-top laser profile: 2.1/23.1\2.4 ps 8{ horizontal emittance

e laser (RMS) spot size: 0.36 mm € - vertical emittance
;S



Seminar at Department of Physics and Material Science, CMU, April 5, 2011

MI9819Wan15IAM Transverse Projected Emittance 182 Phase Space Vo4a19tannsou

Measured beam distributions and profiles Measured horizontal (g,) and vertical (g,)
s phase space distributions for minimum
3500 emittance point of 1 nC bunch charge
3000 _
2500§ 100% intensity, €, = 0.72 mm-mrad 3
20002 — _ x10
15005 ° 250
1000 c
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T 54l
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. > 5 2‘— =120
Machine & beam parameters “t -
e gun phase: +6 deg from MMMG phase 5'15_ -80
* booster phase: MMMG phase St %0
e beam energy: 14.7 MeV/c 4.9F
o flat-top laser profile: 2.1/23.1\2.4 ps S, L e e S
e laser (RMS) spot size: 0.36 mm 2 25 3 35 4 45 5 55

y, [mm]
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MIIANAINH, ANNEIINI9 1z Longitudinal phase space Y998 191anATOH
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® A1 normalized transverse projected emittance < 0.9 mm-mrad
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Thank You for Your Attention




