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Fresh Bunch Self-Seeding (FBSS)
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Motivation : >
SASE :
% Performance of self seeded XFELs is limited by the trade section : Regular
off between seed power and electron beam energy a= : Seeding
O) :
spread Is :
% Seeding with fresh electrons eliminates trade-off :
+lLarge seed power increases taper efficiency downstream > 7

of the monochromator

+Fresh bunch seeding generates short (sub 10 fs) high
intensity (>10 GW) high brightness seeded X-ray pulses

<+ Useful for pump/probe or experiments needing short
seeded pulses with high peak intensity
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Fresh slice SASE: pulse duration control
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Fresh slice SASE: two color scheme ~ 500 uJ
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Fresh Slice SASE: Polarization control
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FBSS: Start-to-end simulation study at LCLS
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Adapted from Linac Coherent Light Source: The first five years, Rev. Mod. Phys. Vol. 88, Jan-Mar 2016
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FBSS: Start-to-end simulation study at LCLS
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FBSS: Start-to-end simulation study at LCLS

EDD . : : : 250 T T T T
At Undulator Entrance e - - - Average Power =35 GW
100} _ - .
200( ! Pseed/ PSASE — 0.5 o/o_
D u G T ; Il
ECE R e e P R e EET R TR LRy Fainnnsssnnnnnnnngs electrons o] I
-100F | _ o 1501 :,": Psced=175 MW -
E 3
= o
x 200} . IS
------------.--..-_-._.”._' ¥ i cssssnssssssEnsEsEEEEEEEEEnEEnYn Seeded -§ 100+ 7
& o
3007 EssssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEdE electrons g
:.,.-' 50_ _
400 -
=% 10 20 30 40 50 60 70 %0 20
t [fs]
‘ A T A — Em— | 1000 r+rymymvmars RRT
100+ o o ; SRR .
S | 0.998 {§iHEEHEE 1EH . +
= A | SR
2 1l VA | 09961 it thann *
= it o ’ SRR R R
2 A ) 0994 Fifiiifhit tiinii f
= S o 2 :||I|I|I|I|I|I|I|I|I=I|I|I= \
o S o S SR R R
= 001+ S - : 0992 hnnnnuny tannn \
8 g /" L L S 7=||||||||||||||||||:||||||
o X | | | | | ol gl gl g I|I|I|I|II
k= et o o 0900 iy Thunb .
2 1o S HHHHH |
| o Pea= 102GWH EHEER RN R |
; - | 0.986 yuawunwut vanwus ONHONIONMONT0N]

[
S
(@)

80 100 120 20 40 100 120

)
)
)
N
)
[N
(@)
AN
-]
oo
o

N
~
B
N
—
El



FBSS Proof of principle experimental results
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FBSS Experimental Results
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Comparison with SASE from the same shift

6

3 x10
26l ‘ Gas Detector Energy . —— Single Shot
| ——Moving Average 2.00 mJ Average over 1470 shots
- — - Average Fluctuation 0.04 mJ FWHM =9.689¢eV
2.4 e e 55 =9. |
= 2.2
E | ‘0 2 .
~ =
S of 5
e | Io!
LLl . -
Q 1.8¢ S, 1.5¢ |
2 . 2
o ~ g
T 161 S
? O 1t HK -
X ﬂ u
1.4 U
0.5r ]
1.2] l' l
|
| |
| . \
1 | | | | | | | L | | | | |
0 2 4 6 8 10 12 =20 -15 -10 -5 0 5 10 15 20
t [s] eV

With 40 fs SASE pulse and 2 mJ

N ph B
B = p FreshBunch B
P 47:2)3230,0,,,(9 Boasy o./

C. Emma et al., unpublished




Comparison with regular seeding from previous shift
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FBSS for TW-XFEL in a superconducting undulator

1-5 GW

Helical SCU with built-in focusing

2.75-6.3 TW

Optimized tapered section

< > Self-seeding monochromator < >

Performance

Design Feature Advantage
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UﬂdU'&tOl’ radiation damage
ShOI’t Break XS Maximizes undu'lator fiII factor
. & Reduces diffraction
Sections < Reduces electron phase mixing
. . % Reduces FODO length and supports
Distributed small B functions
: % Reduces transverse beam envelope
Focusing
oscillations

C. Emma et. al., “High efficiency, multiterawatt X-ray free electron lasers”, PRAB 19, 2016
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FBSS time dependent tapering optimization
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Conclusion and future goals

» Selective lasing suppression is a promising and versatile scheme for increasing
the capabilities of current FELSs.

« Control of SASE pulse duration, polarization and bandwidth separation has
been recently demonstrated at LCLS.

« We used the technigue to perform the first fresh bunch selt seeding experiment
at hard X-rays.

* \We demonstrated the ability to increase the peak power to > 50 GW compared
to regular seeding (~ 20 GW) and achieve short sub 10-fs pulses with narrow
bandwidth increasing the brightness of the XFEL.

» Application of this method to optimized undulator designs promises peak
powers in the TW range sufficient for X-ray imaging and nonlinear science
applications.

 Further exploration of this method will include three stage selective lasing, three
color SASE, superradiant pulse amplification etc...
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Orbit correction: setting waist position at HX
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Fresh-Slice Two-Color
experiment at 710 eV
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Polarization control experiment with delta

Y Orbit [mm]

Spectrum [ Arb. Units|

10000

5000

I

T

- ~
4‘\ ’O

’I
*as»

-

I I | |
N
Is o —
P N 7 N
’p\ P LA N 7 LY
\ ’ \ \
’l~‘.‘l \ s N ) - .
/ \h“ /’ .r \\ a"‘ N /’P
’ - -
N /  uunt *nnw_\ /, \\ {.---"0
A Y ‘.O e * »
I." ¢ -
. Y UL T TS L ‘N
Taemn, a®en \ 4 \
. a? - \ ' . 4 \
\\ - Ny ’ . / -
\—"\ / - S~ N pepe— -~
NI /’ . / /
- 5 4 \ ’ \ 4
\ \
’ v \/l -
| 1 |

5
DELTA

10

OFF

!
15

20

(]
N
)
o
W
N

Undulator BPM #

L4

T

690

692

MMM

Relative energy | MeV |

694

696 698
Photon Energy

70

702

704

100

316 W

80

60

40

20

-20

40

-60

-30
-20 0 20 40 60 80

Time [fs]



X-Ray Pulse Energy and b.w. filtering
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Dechirper as a fast passive kicker: experimental uses

1) Fresh slice
SASE for

control of pulse
duration

2) Two-color fresh
slice SASE with
polarization control

3) Fresh bunch self-
seeding

with high intensity
short seeded pulses

Dechirper
in X,y

N{W\ Ll:H:i/‘

Dechirper
iny (or x)

t

Dechirper
iny

I/ N
J

X,y Undulator 1

NP,

dipoles

X,

y

Undulator 2

X Ory K xXory K
dipoles 1 | dipoles °
b T Wl
Delay MoA
- &>
N ‘\
y Undulator 1 y Undulator 2
dipoles

Crystal
Mono.

e

LK
as

Chicane

Delay

2=



Pushing the imaging frontier

Redecke et al., Science 339, 6116, (2012)

&Y propeptide propeptide
' carbohydrate ... <

2.1 A resolution
Trypanosoma brucei cysteine protease cathepsine B

Single Molecule Imaging Goal
20 fs - 20 md - 2020

Angstrom scale X-ray

diffraction experiments
have been performed

successfully at LCLS

Resolution improves with
higher photon
energy & shorter pulse duration
reduces radiation damage

Achieving ~ 20 fs pulses with
2 x 10'° photons/pulse
allows single molecule imaging

Need TW X-FELs
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