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Why Attoseconds AND X-rays @fét?
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Attosecond Pulses BEFORE FELs @f&:‘g
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Attosecond Pulses BEFORE FELs @fgﬁg
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Attosecond Pulses with XFELs @f&:‘?
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Why Attosecond X-ray FELs?
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Why Attosecond X-ray FELs?
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Attosecond Pump/Probe @f&i?
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Why Plasma-Based Attosecond Pulses?
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Why Few-Cycle Pulses?

Stanford
PULSE institute
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electron removal
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PAX: Plasma-based Attosecond Pulse Generation
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See also X. Xu et al. Nat Commun 13, 3364 (2022)
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Above the Carbon K-Edge %’f&?ﬁ

Harmonic up-conversion of radiation-induced microbunching
Few-cycle soft X-ray pulses
(work in progress)
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Proof of Principle Demonstration at FACET- @LCLS\
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Detect dipole radiation from spectrometer bend.
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Expected Performance with Linac-Generated Beam @LCLS\
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Plasma-Based FELSs @LCLS\

Wang, Wentao, et al. Nature 595.7868 (2021): 516-520
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The Problem with Plasma-Based High-Gain FELs @LCLS\

| E=430GeV
20 A E=7.00GeV
0| DfERREsEsE R Ly
_20 ]
1,540 1,560 1,580 1,600 1,620
z(m)
20 -
0 : 4\.3:»@'_* -_ Fowmmaci s 4 o e
_20 d
1,540 1,560 1,580 1,600 1,620
z(m)

Sub 1% energy jitter
< 10 um orbit jitter

~
£=9.25GeV | | == Simulation
E=1364Gev | | 0l 4 oaa... ] TeEVET s ecesvesssescs
0 || °
10 Measured 1 =15A
S===== S Fes S : Y€, = 0.4 um (slice)
? =
‘i lox=3.0kA
. or/Ey=0.01% (slice)
1,640 1,660 1,680 N ]
v
=
o
Q
- S
B
. 5
>
tL‘f-‘L F7 4 - L e /‘
_ : -1 -08 -06 -04 -0.2
1640 1660 1680 xymmy
60 80 100

Undulator magnetic length (m)

P. Emma et al. "First lasing and operation of an angstrom-
wavelength free-electron laser." nature photonics 4.9 (2010):
641-647.

22



Stanford
PULSE institute

The Problem with Plasma-Based High-Gain FELs @LCLS\
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1) Tolerates what is bad about plasma accelerators
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(e.g. pointing stability) thanks to pre-bunching
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Why PAX? LCLS

1) Tolerates what is bad about plasma accelerators
(e.g. pointing stability) thanks to pre-bunching

2) Uses features that are unique to plasma accelerators
(large chirp, high brightness)
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1) Tolerates what is bad about plasma accelerators
(e.g. pointing stability) thanks to pre-bunching

2) Uses features that are unique to plasma accelerators
(large chirp, high brightness)

3) Does something that conventional technology
CANNOT DO (new is easier than better!)

26
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1) Tolerates what is bad about plasma accelerators
(e.g. pointing stability) thanks to pre-bunching

2) Uses features that are unique to plasma accelerators
(large chirp, high brightness)
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Why PAX? LCLS

1) Tolerates what is bad about plasma accelerators
(e.g. pointing stability) thanks to pre-bunching

2) Uses features that are unique to plasma accelerators
(large chirp, high brightness)

3) Does something that conventional technology
CANNOT DO (new is better than better!)

4) Low barrier for success

WE DON’T HAVE TO REPLICATE
CONVENTIONAL FELS!

THIS IS A NEW TOOL, LET’S
DEVELOP NEW APPLICATIONS
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