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Japanese X-ray Free-electron Laser
Facility SACLA
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SPring-8-SR Ring (8 GeV)

T B PRSI s
el 2w - 74 b >

w!'
Bf.
|

””h'

Il



Features of SACLA
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® Provide stable high-intensity short-pulse XFEL
lights for AMO physics, chemistry, biology,
solid-state physics, material science, etc.
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® Cover wide wavelength range from soft x-ray to
hard x-ray.
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® Simultaneous operation of plural FEL beamlines.

® As injector linac for SPring-8 SR ring.
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Schematic of SACLA Accelerator
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: 1: ] " Brief —i—story of ? ia
.~ SACLA Soft XFEL Beamline (BL1) |

- ® 2012: SACLA begun user operation. L
= e 2013: The SCSS test accelerator (250 MeV, prototype) |
{ was shut-downed.

® 2014: The SCSS test accelerator was moved to the SCALA
undulator hall and used as a dedicated accelerator of
the soft x-ray beamline BL1 (500 MeV).

® 2015: First SASE lasing at 37 eV.

® 2016: Energy was upgraded to 800 MeV and power
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saturation at 100 eV (A=12 nm) was accomplished.

P e 2016: Experimental user operation started (20 eV-150 eV).
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: 1 * FEL photon energy: 100 eV.
| * Ce: YAG screen located 50-m downstream of the undulator.

= é e Symmetric Gaussian profile.

e Stable SASE spectrum.



SACLA-BL1 Accelerator

Gun Booster Experimental station
Buncher S-band accelerator C-band accelerator C-band accelerator Optical hatch
BC1 BC2
K W@—W
Chopper Bunch compressor Bunch compressor Undulator
50 MeV 50 MeV 500 MeV 800 MeV Boh b
10 ps 2 ps <1 ps <1 ps
Electron beam Undulator
Beam energy 300-800 MeV Periodic length 18 mm
Bunch charge 0.2-0.3 nC Number of undulator modules | 3
Peak current 300 A (simulation) Total number of period TTT
Bunch width <1 ps Maximum K-value 2.1
Energy spread (projected) 0.6% (fwhm) Minimum gap 3.8 mm
Normalized emittance (projected) | 3 mm mrad L Mo QS s A e
Repetition rate 60 Hz FEL pulse energy several-100 wJ
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Downstream of SACLA undulator hall




Emittance Measurement

Q-scan panel

_Scan Configuration— Horizontal Vertical BKG Runid ewo [0 Nth gaussian
Measure Axis y Projection Range | 196 | 470 22 | 549 0 0 1 Profile 0 Ng,yio LI
O-Magnet. Name gBciascss v | [Nee RUN IDRM Curr(R) M KLOY/M) | oro ey e Tana™ 2 (w2 | sTgnalnn) Tslena™ 20w ) K minaIK maw [V mir[V maw.| 2H5S
SCM Name [ scH_BC1_4_ [ 1 [53008] 4.50000 | 0.57521 | 0.2140 | 4.579e-08 | 0.4567 | 2.086e-07 | 196 | 470 | 22 | 543 | 1 |4l
Beam Energy [MeV] 48.549 2 [53009 | 5.00000 | 0.63912 | 0.1602 | 2.566e-08 | 0.4763 | 2.260e-07 | 196 | 470 | 22 | 548 | 1
Scan Range[8] 4.500 =3[ 7.500 3 |53010 | 5.50000 | 0.70303 | 0.1058 | 1.171e-08 | 0.4999 | 2.499e07 | 196 | 470 | 22 | 548 | 1
Measure Mumber 7 4 [53011[ 6.00000 | 0.76694 | 0.0764 | 5.842e-08 | 0.5138 | 2.63%e-07 | 196 | 470 | 22 [ 549 | 1
Scan Add 5 |53012| 6.50000 | 0.83085 | 0.1069 | 1.143e-08 | 0.5551 | 3.081e-07 | 196 | 470 | 22 | 549 | 1
6 |53013[ 7.00000 | 0.89477 | 0.1532 | 2.346e-0B8 | 0.5853 | 3.426e07 | 196 | 470 | 22 [ 549 | 1
Start No &  Current[ 0.00 7 |53014| 7.50000 | 0.95868 | 0.2054 | 4.218e-08 | 0.6195 | 3.838e-07 | 196 | 470 | 22 | 549 | 1
Stop Measure 8 | 0 | 0,00000 | 0.00000 | 0,0000 | 0,000e+00 | 0,0000 | 0,000e+00 | 0 0 0 0 0
9 | 0 | 0.00000 | 0.00000 | 0,0000 | 0.000e+00 | 0.,0000 | 0,000e+00 | 0O 0 0 0 0 v
Status [ @&mP 4 [ »
~Graph roR Parameters

Fit & Calc

Photon Energy [keV]
fngular Divergence [rad]
Q to MCP [m]

U to MCP [a]

0. 00

0,00

rFitting Parameters
(Fitting y=a(x - b+ o)

Emittance (x)

=~
¢
=
o a =[1.01572e-06 b =[7.71072e-01 ¢ =[7.03911e-09
¢
%a Calc
£
@
-Result Propagate |—

= 72406 |[mm * mrad]

Horizontally-focused beam . R —
5 | e | 7|2KL gl/m)su "o 1131%_2 Alpha () = Data Clear

* Quadrupole-magnet-scan method.
* Measured at the first bunch compressor exit (50 MeV).
* Normalized-rms-projected emittance: 3 mm mrad.

* Reproduced the original SCSS test accelerator.



Longitudinal Beam Profile atter BC1
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Rf zero-phasing method (after BC1).

Add linear energy chirp at the 3™ C-band unit then energy analyzed at BC2.
Peak current: 120 A, Bunch width: 0.8 ps.

Profile at the undulator section has not been measured so far.



FEL Gain Curve
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%\ o - —e— Laser pulse energy (experiment)
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Wavelength (nm)

Scan undulator gap (K=0.5 to 2.1).
Calorimeter (>1 wJ), photodiode with N, attenuator (<1 uJ).
Good representation by SIMPLEX simulation.

(Gaussian, [ =300 A, t=0.7 ps (fwhm), & =0.5 mm mrad ).

n, rms



Available FEL Pulse Energ
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User Operation
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* FEL photon energy: 93 eV.
* Yellow: single shots, Brown: 100-shots averaged.
Stable laser pulses are delivered to experimental users.




It
W" | Nm

P
Wl bl

|

i

™
il H f
i M‘ "‘“. "

Next and Future Upgrades
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® Increase pulse energy by nonlinear energy

chirp correction using a higher-harmonic rf =

N
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cavity or higher-order multipole magnets.
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® Energy upgrade from 800 MeV to 1.8 GeV. % 3
= The fundamental FEL wavelength can reach <
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water-window region (2-4 nm) at BL1.

® The other soft x-ray FEL beamline (BL)Y)
will cover the blank wavelength between 1
keV to 4 keV.
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Summary

® The SACLA-BLI has been upgraded to
deliver intense soft XFEL beams to
experimental users.
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e Currently, several to one hundred uJ pulses

with a photon energy range from 20 to 150
eV can be provided at 60 Hz.

e We will try to increase the laser pulse energy
by a nonlinear energy chirp corrector.
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