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Accelerator-based Light Sources driven by Scientific Applications
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Core capabilities: High spatial resolution Å High temporal resolution Å High coherence & controllability

Future trend of Accelerator-based light source development

ʌ Simultaneous access to 

ultra-small spatial and ultra-

fast temporalscales

ʌ Order of magnitude 

improvement in brightness, 

coherence, and tunability

ʌ From static structural 

analysis to dynamic process 

observation 

ʌ Essential platform for 

materials, chemistry, biology, 

and quantum science

Ultra-small & Ultra-fast capabilities enabled by modern accelerators



Intensity & Spectrum of Synchrotron Light
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Synchrotron Facilities in the World
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Ref: Encyclopedia of the Synchrotron Radiation Facilities
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ԏ ╓ ȸFluxȳBrillianceȳCoherentFraction
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Â/ƻƘŜǊŜƴǘ ŦǊŀŎǘƛƻƴ ό/CύΥ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ Ǌŀǘƛƻ ƻŦ 
ǘƘŜ ǎǉǳŀǊŜ ƻŦ ǇƘƻǘƻƴ ǿŀǾŜƭŜƴƎǘƘ ǘƻ ǘƘŜ ǾƻƭǳƳŜ ƻŦ 
ǘƘŜ ŎƻƴǾƻƭǳǘŜŘ ǇƘŀǎŜ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƴ ōŜŀƳ ŀƴŘ ǘƘŜ 
ǇƘƻǘƻƴ ōŜŀƳ ƛƴ ǘƘŜ ǘǿƻ ǘǊŀƴǎǾŜǊǎŜ ŘƛƳŜƴǎƛƻƴǎΣ ƛǎ 
ŀƭǎƻ ƎƛǾŜƴ ōȅ

ÂBrilliance: defined as the ratio of the photon spectral 
flux to the volume of the convoluted phase of the electron 

beam and the photon beam in the two transverse 

dimensions, is given by

Â Flux:
(0.1% )

number of photons

t fractional bandwidthD

CF 

„ȟ ‭‍ –„

„ȟ ‭‎ –ᴂ„

Ϛ҅ԏ ᴞ ᾬ ׀ Мᾼ Ӣ֝Ḕ

ϡ҅ԏ Ɫ ӣ֝Ḕ ԏ

Ϯ҅ԏ ϚḔ ᵅ ׀ ⇔Ȳṳ  ᾿
◕ѿќ ἤ undulator

ҳ҅ԏ ȲẔ ї Ɫ ׀ ᴞӦ І

Fluxȸֵצюԏ
Brillianceȸԏ֯דῈ ֵצ
Coherent Fractionȸԏֵצ
ҳ҅ ׀ ԏ ᾼ Л╥Ḇ‐Ȳᴖ╥ҠӣדДἤ



Equilibrium Emittance of Storage Ring
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ü Synchrotron Radiation integrals: ü Equilibrium emittance:

ü Energy spread:
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How to achieve lower emittance 

ring and its drawbacks:
Â I5Ź : Strong focusing / Chromaticity 

and lattice nonlinearity ŷ

Â I2ŷ : Damping wiggler, reverse bend 

/ RF voltage ŷ

Â I4Ź : Combined function 

(Dipole+Quad) / Energy spread ŷ

Â rŷ : More dipoles Ÿ MBA / A lot 

of problemsé

ҳ҅ ׀ ԏ ֯ emittance, dynamic aperture, Touschek

lifetime, NonlinearityП Ϛ ᵺ ᾼֵӭ ᷉



Equilibrium Emittance:
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ü9ǉǳƛƭƛōǊƛǳƳ ŜƳƛǘǘŀƴŎŜΥ

ü Energy spread:
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ü Bunch length:

Slide courtesy of A. Streun, PSI

ʌLinac-FELȸ֪single passȲ
recirculation,Л֯׀rasiationdamping
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Ultimate Storage Ring (USR)-> Diffraction Limited SR (DLSR)
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tƘŀǎŜ ǎǇŀŎŜ ƳŀǘŎƘƛƴƎ ŎƻƴŘƛǘƛƻƴǎ Υ

Photon

electron

To approach the diffraction limit 
and increase the brightness of 
radiation, you need
Âsmaller electron beam emittance
Âbetter phase space matching 
between photon beam and 
electron beam

Ref:Perspectives and Challenges for Diffraction-Limited Storage Ring Light Sources, R. Hettel, M. Borland, MOYAB1, 

PAC2013, CA, USA
ƘǘǘǇǎΥκκŜǇŀǇŜǊΦƪŜƪΦƧǇκt!/нлмоκǘŀƭƪǎκƳƻȅŀōмψǘŀƭƪΦǇŘŦ

https://epaper.kek.jp/PAC2013/talks/moyab1_talk.pdf
https://epaper.kek.jp/PAC2013/talks/moyab1_talk.pdf
https://epaper.kek.jp/PAC2013/talks/moyab1_talk.pdf
https://epaper.kek.jp/PAC2013/talks/moyab1_talk.pdf
https://epaper.kek.jp/PAC2013/talks/moyab1_talk.pdf


Trends of Storage Ring Light Sources
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MBA

DBA

ü Equilibrium emittance: ᶿE 2q3
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ƘǘǘǇǎΥκκǇǊƻŎŜŜŘƛƴƎǎΦƧŀŎƻǿΦƻǊƎκƛǇŀŎнлмтκǇŀǇŜǊǎκǘǳȄŀмΦǇŘŦ

https://proceedings.jacow.org/ipac2017/papers/tuxa1.pdf
https://proceedings.jacow.org/ipac2017/papers/tuxa1.pdf
https://proceedings.jacow.org/ipac2017/papers/tuxa1.pdf
https://proceedings.jacow.org/ipac2017/papers/tuxa1.pdf
https://proceedings.jacow.org/ipac2017/papers/tuxa1.pdf


Trends of Storage Ring Light Sources
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1. 7BA (MAX-IV): 3 GeV, 500 mA, 528 m,   

7BA,  20 cells, emittance : 320 pm

2. H7BA (ESRF-EBS, APS-U, HEPS, Korea-4GSR)

3. DTBA(Diamond II, SPS-II)
H6BA (PETRA IV,



TPS Lattice
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https://madx.web.cern.ch/

https://madx.web.cern.ch/


TPS upgrade Study
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https://meow.elettra.eu/81/pdf/MOPB055.pdf

https://meow.elettra.eu/81/pdf/MOPB055.pdf


Lattice Design Trends for 4GSR (4G Storage Ring)
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Coherence fraction: 

phase space matching

ф.!

Â Energy Range: Storage ring energies range from 2 to 6 GeV.

Â Emittance: Emittances are below 300 pm, with PETRA-IV achieving a minimum emittance of20 pm, 

aided by its large circumference.

Â Lattice Design Trends:  

ÅImplementation of reverse bends is a common trend to increase radiation damping and tunability for

b-function and dispersion function.

ÅNot all machines optimize the beta function for phase space matching between the electron

and photon beams.

ÅSome machines featurelarge horizontal beta-functions at the injection point for easier beaminjection.

Ref: New era of synchrotron radiation: fourth-generation storage ring, SeunghwanShin. 30 August 2021



Magnet Design Trends for 4GSR (4G storage Ring)
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Â High Gradient Magnets: Strong focusing quadrupoles with gradients up to 100 T/m are 

essential. These magnets often have very small bore apertures to achieve high design fields. The 

design and engineering integration are complex, accommodating photon extraction pipes, 

adjacent magnets, and other lattice elements (flanges, gate valves, vacuum pumps, absorbers, 

and BPMs).

Â Octupoles: Used to control higher-order chromatic effects.

Â Longitudinal Gradient Magnets: Necessary to further reduce emittance.

Â Permanent Magnets: Considered for sustainability and energy efficiency.

Â Small Bore radius: Require higher precision in manufacturing and alignment.

Ref: New era of synchrotron radiation: fourth-generation storage ring, SeunghwanShin. 30 August 2021



Vacuum Chamber and Collective Effects: Wakefield & Impedance
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̋Wakefield (time domain) & Impedance (frequency domain) :  

̋ Resistive Wall Impedance:

¢ƘŜ ǘǊŀƴǎǾŜǊǎŜ ƛƳǇŜŘŀƴŎŜ Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ƛƳǇŜŘŀƴŎŜ ŦƻǊ ŀ ŎƛǊŎǳƭŀǊ ǇƛǇŜ ƻŦ ǊŀŘƛǳǎ ō ōȅΥ

Finite conductivity of chamber wall; long-range wake

̋ Beam Spectrum:  

̋ Instability:

̋Narrow band LƳǇŜŘŀƴŎŜΥ ό/ŀǾƛǘȅύ



Vacuum Chamber and Collective Effects: Wakefield & Impedance
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̋ Broad-Band Impedance:

̋Narrowπ.ŀƴŘ LƳǇŜŘŀƴŎŜΥ  

withɲ˖Ґ n 0̟ҍ r̟

̋ Resistive Wall Impedance: beam pipe

The transverse impedance can be related to the longitudinal impedance for a circular pipe of radius b by:

5ƛǎŎǊŜǘŜ ŎŀǾƛǘȅ IhaǎΣ ǘǊŀǇǇŜŘ ƳƻŘŜǎΣ 
ƘƛƎƘπv ǎǘǊǳŎǘǳǊŜǎΣ wC ŎŀǾƛǘȅ

{ƘƻǊǘ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎ όōŜƭƭƻǿǎΣ 
ǘŀǇŜǊǎΣ .taǎΣ ŜǘŎΦύΣ ƭƻǿπv ŜŦŦŜŎǘƛǾŜ 
ƳƻŘŜƭ

Finite conductivity of chamber wall; 
long-range wake

Microwave instability (longitudinal) threshold: 

Cŀǎǘ ƘŜŀŘ ǘŀƛƭ ƛƴǎǘŀōƛƭƛǘȅ όǘǊŀƴǎǾŜǊǎŜύ ǘƘǊŜǎƘƻƭŘΥ 



RF cavity trends for 4GSR: Main + Harmonic Cavity
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̋Purpose: Harmonic cavities used to flatten the RF potential to lengthen the 
bunches 
- Longer Touschek lifetime
- Less intra-beam scattering
- Reduced heating of vacuum components

WΦ aΦ .ȅǊŘ ϧ aΦ DŜƻǊƎǎǎƻƴΣ tw{¢!. п лолтлм όнллмύ

̋Cƛƭƭ ǇŀǘǘŜǊƴ̋Type of Harmonic cavity
ʌTPS HC 

ƘǘǘǇǎΥκκǇǊƻŎŜŜŘƛƴƎǎΦƧŀŎƻǿΦƻǊƎκŦƭǎнлноκǇŀǇŜǊǎκƳƻнƭоΦǇŘŦ

Ref: Review of Harmonic Cavities in Fourth-Generation Storage Rings, F. J. Cullinanᶻ
, Å. Andersson, P. F. Tavares, MAX IV Laboratory, Lund, Sweden, FLS23

https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.4.030701

Courtesy of Zong-Kai Liu

https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://proceedings.jacow.org/fls2023/papers/mo2l3.pdf
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.4.030701


Lattice Design Summary
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Ref: , A. Streun, PSI, Pushing the limits of storage ring light sources, UKSR50 workshop, June 26-29, 2018

ü Synchrotron Radiation integrals:

Coherence fraction: 

phase space matching

ҳ҅ ׀ ԏ ֯ emittance, dynamic aperture, Touscheklifetime, 

nonlinearityП Ϛ ᵺ ᾼֵӭ ᷉



Electron Motion in an Undulator
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https://cds.cern.ch/record/362891/files/CERN-98-04.pdf Insertion Devices: Undulators and Wigglers. Richard P. Walker, p131,  Synchrotron 
Radiation and Free Electron Laser, 1996, CAS, CERN Accelerator School

https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf


Undulator Coherent Radiation:Ԛ ᾌ 
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https://cds.cern.ch/record/362891/files/CERN-98-04.pdf

Insertion Devices: Undulators and Wigglers. Richard P. Walker, p131,  Synchrotron Radiation and Free Electron Laser, 1996, CAS, CERN Accelerator School

https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf
https://cds.cern.ch/record/362891/files/CERN-98-04.pdf


FELs produce coherent light by passing a beam of relativistic electrons 

through a periodic magnetic structure called an undulator or wiggler. The 

alternating magnetic fields of the undulator force the electron bunches to 

follow a sinusoidal path, causing them to emit synchrotron radiation. The 

key aspects of FEL operation include:

ÂElectron Beam: A high-energy, relativistic electron beam is produced by a 

linear accelerator (linac).

ÂUndulator: The electron beam passes through the undulator, which consists 

of alternating magnetic fields that induce transverse oscillations in the 

electrons.

ÂMicro-bunching: The emitted radiation interacts with the electron beam, 

leading to the formation of micro-bunches, where electrons bunch together at 

the radiation wavelength.

ÂAmplification: The micro-bunched electrons radiate coherently, amplifying 

the emitted light in a process called Self-Amplified Spontaneous Emission 

(SASE).

Principle of Free Electron Laser (FEL)
SASEȸӦ shot-noise ỞȷSelf-seedingȸ ן ȷSeededȸԓ Дד Ҡ ϱ

Future trend of Accelerator-based light source development

Ref:  https://www.psi.ch/en/swissfel/how-it-works

The magnetic field Bw (green) of  radiation and the 

electron transverse velocity vT (blue) cause the Lorentz 

forces (red). These slightly shift the positions of the 

electrons along the bunch until they reach one of the wave 

nodes. The slices are created at every other node, so their 

spacing equals one wavelength of radiation.

Ponderomotive force

https://www.psi.ch/en/swissfel/how-it-works
https://www.psi.ch/en/swissfel/how-it-works
https://www.psi.ch/en/swissfel/how-it-works
https://www.psi.ch/en/swissfel/how-it-works
https://www.psi.ch/en/swissfel/how-it-works


Microbunching
SASEȸӦshot-noise ỞȷSelf-seedingȸ ן ȷSeededȸԓ Дד Ҡ ϱ
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The FEL interaction causes the electrons to gain or lose energy, 

depending on their ponderomotive phase. Electrons with positive 

ponderomotive phase lose energy and migrate to the bottom of the 

bucket. Electrons with negative ponderomotive phase gain energy and 

move to the top of the bucket. The resulting energy modulation causes 

the electrons to develop density modulation with period of the radiation 

wavelength. The bunched electrons radiate higher power, i.e. it amplifies 

the electromagnetic wave.  As the electric field of the electromagnetic 

wave increases, the height of the bucket also increases. When the 

electrons are completely bunched, FEL power is saturated. 

Microbunching is responsible for harmonic generation (the Fourier 

transform of short bunches has high frequency component.

̋Differential equations of the low-gain FEL

tƻƴŘŜǊƻƳƻǘƛǾŜ ŦƻǊŎŜ

Ref: Synchrotron radiation and X-ray free-electron lasers (X-FELs) explained to all users, 
active and potential, YeukuangHwua, and Giorgio Margaritondod, 2021, JSR

Planner Undulator cause electron beam oscillation in x direction: VT



SASE ẞ SeededȸדДἤ ᾼ
SASEȸӦshot-noise ỞȷSelf-seedingȸ ן ȷSeededȸԓ Дד Ҡ ϱ
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Â SASEstarts from the intrinsic shot noise of the electron beam, leading to 

spontaneous emission that is amplified as it travels through the undulator. 

SASE FELs provide excellent transverse coherence but relatively poor 

temporal coherence.

Â Self-seeding: part of the FEL output is used as a seed for subsequent 

amplification stages, enhancing temporal coherenceand narrowing the 

bandwidth.

Ref:  Features and futures of X-ray free-electron lasers, NanshunHuang, et. al. The innovation, 2021 

Self-seeding

SASE



Magnetic Bunch Compression
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Seeded FEL Ϯ ҅ῶ ạȸHGHG / EEHG / PEHG
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HGHG: High gain Harmonic Generation

EEHG:  Echo-Enabled Harmonic Generation

PEHG:  Phase-Enhanced Harmonic Generation

TGU:   Transverse Gradient Undulator

Ref:  Features and futures of X-ray free-electron lasers, NanshunHuang, et. al. The innovation, 2021 

HGHG:
Core idea: single energy modulation Ÿ 

chicane bunching, Harmonic reach: low 

(Ò10). Complexity: low. Key trade-off: 

simple and robust, but wavelength-limited

EEHG :
Core idea: two energy modulations with 

echo interference. Harmonic reach: very 

high (50ï100+). Complexity: high. Key 

trade-off: highest harmonic reach, highly 

sensitive to beam quality

PEHG:
Core idea: phase merging via dogleg + 

TGU. Harmonic reach: high (30ï100). 

Complexity: very high. Key trade-off: 

relaxed energy-spread constraint at the 

cost of complex hardware

Common features:

Seeded operation. Full temporal 

coherence. Radiator-based FEL gain

²Ƙȅ ƴŜŜŘ ƘŀǊƳƻƴƛŎ ƎŜƴŜǊŀǘƛƻƴΚ



Seeded FEL Ϯ ҅ῶ ạȸHGHG / EEHG / PEHG

Future trend of Accelerator-based light source development

HGHGɎ ᾌ Ӣɏ:֯modulator undulator І ІḇᵂӣȲԒ֯ ֣
ӢӔἌ₤ ạȷ ᴥ ◕Ɏchicane, Ὑ56ɏ᷂ ạ כ ⇔ ạ

ɎbunchingɏȲ֯ ὲװ ᾌᶮכҠ radiator ὍЄᾼ ḇȲ ҏẓᶙԓ Дᾼד ȴ
ᵀ֪ ᾌ Є ạ ᴥ Ȳ ᵉ ‍ ἤ Ȳ ᾌ ắ ȴ

EEHGɎ֫ ה ᾌ Ӣɏ:֯Ẓ modulator Ẓ ᴥ ◕МȲԒӣ ᴥ Ὲד᷂ й
כ Ȳԛ ϡװ ạ ᴥ ֫ Д Ȳ ếᾼ ạ Ӣ
ᾌᾼ ⇔ ạȲ֪ױҠ᷂דД І ẞḆ ᾌ◕ȷ҅ ╥ ḇ☼ ȳCSR/ISR ד
ᴯᶽ ᶴ⇔ ᵅȴ
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.12.030702

PEHGɎדᴯ֥Ẇ HGHGɏ: ᵓӣ dogleg Ԓ∂Ӵ ֣ᴥ ὼ=–‏Ȳԛӣ TGUɎ ֣
⇔ undulatorɏṿЛ֝ І֯ ֣ϱ Л֝ ȳᵀ֯ ᴯϱד֣ ֥ẆɎphase 

mergingɏẞῺᴿ֝ϚדᴯȲ ᵅ bunching ᾼ Ȳ֪ᴖẓ ᾌ ϩȷ ᴖ
֣- ֣ ֥ TGU Џ ȴ

https://arxiv.org/pdf/1312.2823

https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.12.030702
https://arxiv.org/pdf/1312.2823
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ҿ ч╣Ϯ Ѡ֣ȸ
ÅӦᵅ ᴟ ԏІ ◕Ɏsoft X-ray Ÿ hard 

X-rayɏ
ÅӦᵅ ᴟ Ɏquasi-CW / CWɏ
ÅӦ ɎNCɏ᾿ Ғ ṛ֣ ɎSCɏ
᾿ Ғ
ʌFLASH: 1st soft X-ray FEL in the word

ʌFERMI : 1st seeded softX-ray FEL 

ʌLCLS: 1st hard X-ray FEL in the word

ʌSACLA: A compact hard X-ray FEL

ʌPAL-XFEL: A hardX-raywith femtosecond-

scaletiming jitter

ʌEu-XFEL : 1st MHz-repetition-rate hard X-ray 

FEL

ʌSwiss-FEL: An ultra-compact hard X-ray FEL

ʌ LCLS-II : 1st quasi-CW high-repetition-rate  

XFEL

FEL ᾼ ϩẃᴞ І
ᾼᴞ♅ ֥Ἤі ᾼ ḇ

о І ᴯד ứȲ ᴖᶮ
ὔὩ2כ ᾼדД Ὼ
ᴥ ҏȴױϚ ᵂ ạ

ᵅ ᵉȳ ḇ Ἠ
☼ȳ  undulator ѿц

ᾼ֝Ḕ ᶽ ạȲ Ӈ
∂Ӵ֯᾿ Ғ ᾼ

▐ Пϱ
Ref:  Features and futures of X-ray free-electron lasers, NanshunHuang, et. al. The innovation, 2021 
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Future trend of Accelerator-based light source developmenthttps://www.xfel.eu/facility/comparison/index_eng.html

֯ ȳ ӂᶁ ☼ FEL МȲ
wakefield᾿ ȸ ᵉכ  ḇ
о₇  ⇔ ếᴩⱢֵḇ Л
ứἤ Ṇ Ҡ֯ ᵅҒ ⇔ Є
э ϯ ȲצᵓὑḀạ wakefield

 ᶼ

https://www.xfel.eu/facility/comparison/index_eng.html
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Water Window : ╥Ϛ ᾼԏ Ȳ֯ױ X ԏᾼῈ Дἤȳד
Ӣᾬ ₇ᾼщ ᵮן ѩȲѿц ᶶ ѐ⇔ᾼ ϩ Ԉ ѿ
֝ ȲṿẔכⱢדДӢᾬכ ṅᾼשׁ ◕ȴ



SwissFEL
ӭ ȸ

[ƨƣƨƖĲШƣƖĲŰĬШŸŉШ ĦĦĲũĲƖċƣŸƖрĤċƚĲĬШũŔŊőƣШƚŸƨƖĦĲШĬĲƻĲũŸƓůĲŰƣ

�£ І ᾃϤ ɎInjectorɏ
ÅPhotocathode RF gunɎS-bandɏ
ӣ Ӊ֯ԏ ϱ Ӣ ІḇȲ╥ Ṇ
ᾼ ȴ

ÅX-bandlinearizerɎ4th X-bandɏ
ӣẃ Ӕ Ὲד֣ ‍ ἤȲ ∟ Ḇ
צ ȴ
ÅҏЀ GeV 0.32פּ

�¤ ḇ ›◕᾿ Ғ
ÅBC1ȳBC2ɎBunch Compressorɏ
ᵓӣRF chirp + Ȳ bunch ѿ с
☼ȴ

ÅLinac 1ɎC-bandɏ+ Linac 2ɎC-bandɏ
Linac 1ȸ9 C-band module
Linac 2ȸ4 C-band module
Å сẞּ2.1פ GeV Ÿ 2.9ï3.15 GeV

�¥ и☼ Ϯ◕᾿ Ғ ɎLinac 3ɏ
ÅKicker magnets + Septum

ḟứ Іḇ Ἇ Ϛ FEL 

ÅLinac 3Ɏ13 C-bandmoduleɏ
ȸ2.2ï5.8 GeV

�¦ Ẓ FEL 

ÅAramisɎ0.1ï0.7 nmȲ X-rayɏ

ᾌ 
ÅAthosɎ0.6ï4.9 nmȲ X-rayɏ
ϡ
ⱢԒ ԏ Дד

╥ SASE / seeded FEL Ӣᾼ֮Ѡ

ᾼ SwissFEL C-band Ғ Ϛ :

Å RF ɎҒ ɏ
ÅЄ Ѭᵐ Ɏ ᴥȳ ᴥɏ
ÅRF couplerȳ ῈаԈ
Å ᾼ

SwissFEL: an undulator period of 15 mm, a 

K-valueof 1.2 and an energy of 5.8 GeV (g= 

11000) would give 1 ¡radiation


