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L-Band Electron Linac

L-band electron linac
(>25 MeV, >70 nC)

Thermionic gun

E-Gun SHB2 PB
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» Sub-ps, ps electron pulse
- Ultrafast pump-probe
in ps up to 10 ns region

> |/ |
A BM
BCM4
* Free electron laser
|:| ]
Femtosecond

QMZ.I..
BM

BCM3
Exp. Room 2

Ti:Sapphire laser

(<100 fs, ~1 mJ, 1 kHz)

* Nanosecond electron pulse

- Absorption spectroscopy
- Raman spectroscopy
in 10 ns up to 1 sec
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Wavelength (um)

Wiggler parameters

Period length 6 cm

Number of periods 32

Total length 1.938 m

gap 30~120 mm

Peak magnetic field| 0.39 T

Krms-value < 1.55

Strong focusing FODO

Cell number 4

Cell length 0.48 m

Field gradient 3.2T/m

Edge angle 5 degs

P = 3THz
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RF gun: a radio-frequency (RF) acceleration-based electron source

fs laser

10 cm
Reduce space-charge effect
100 fs, 266nm h E \'&"a\*
g £ 3§= RF
MeV fs e- pulses -
RF source g 1 (S-band)

2856MHz, sAMW
.
Electric field, E,

E,~100 MV/m "
0 RF cavities

oz .
E_(z,t)=E,cos—sin(wt +
[zt =E, 2d (ot + )

o e- pulse
H ,’/-\\
15 cm V; \/ >t

Photocathode
e.g. Cu =
A compact e- source

In our experiment, we succeeded to generate a femtosecond-pulsed electron beam.

Electron energy: 3 MeV

Pulse length: 100 fs

Emittance: 120 nm-rad
Energy spread:  <10-°

No. of electrons: 106~107 e”’s/pulse
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1) Higher charge operation mode:

v" 100~400 fs e- bunches with 0.2 ~1 nC
» Femtosecond pulse radiolysis studies

2) Lower charge operation mode:
v 5~9fs e- bunches with 1 ~ 2 pC (attosecond generation in future)

» THz generation, THz pulse radiolysis & attosecond pulse radiolysis
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EDRLED: TEM Imaging with 3-MeV fs e- pulses
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EEEDRYER®Q):  Single-shot Diffraction Imaging

Diffraction mode

RF gun | fs UV Laser

| — fs electrons

Cond. aperture

Specimen 3.1 MeV
single crystal Au 100 fs
6
10-nm-thick 10 e/pulse

(100)-orientated

v RMS width of (000) spot: 0.018 A-!

(an excellent spatial resol.)

v' Beam convergence angle: 31 urad

Intensity (arb. unit)

v’ Single-shot observation

Viewing screen
Csl (TI)

A FEDEEZ L DEZN
Al REESD !

Diffraction patterns (DPs)
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Production of Slow Positron Beam

Bremsstrahlung Thermalization &

Energy: 100 MeV Pair creation Re?miSSiQH
Current: 400 mA (Peak) Pair creation
Repetition: 30 Hz

Pulse Width: 2ms

Slow Positron Beamline

Measurement room

Reflection of High
Energy Positron Diffraction

Age-Momentum Correlation (AMOC)
Angular Correlation
Laser irradiation, etc.
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PHYSICAL REVIEW LETTERS 122, 084801 (2019)

Petawatt Laser Guiding and Electron Beam Acceleration to 8 GeV
in a Laser-Heated Capillary Discharge Waveguide

Al Gonsalve% K Nakamura J. Damels C. Benedetti,1 C. Pieronek,]’2 T.C.H. de Raadt,] S Steinke,1 J.H. Bin,l
S.S. Bulanov J. van Tllborg, C G.R. Geddesl C.B. Schroeder12 Cs T(’)thl E. Esarey,1 K. Swanson, 2
L. Fan-Chiang,"” G. Bagdasarov * N. Bobrova,™ V. Gasilov,”* G. Korn,® P. Sasorov,™® and W. P. Leemans'?
'Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
2University of California, Berkeley, California 94720, USA
3Keldysh Institute of Applied Mathematics RAS, Moscow 125047, Russia
*National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Moscow 115409, Russia
SFaculty of Nuclear Science and Physical Engineering, CTU in Prague, Brehova 7, Prague I, Czech Republic
®Institute of Physics ASCR, v.v.i. (FZU), ELI-Beamlines Project, 182 21 Prague, Czech Republic

® (Received 7 December 2018; revised manuscript received 30 January 2019; published 25 February 2019)

Guiding of relativistically intense laser pulses with peak power of 0.85 PW over 15 diffraction lengths
was demonstrated by increasing the focusing strength of a capillary discharge waveguide using laser
inverse bremsstrahlung heating. This allowed for the production of electron beams with quasimonoe-
nergetic peaks up to 7.8 GeV, double the energy that was previously demonstrated. Charge was 5 pC at
7.8 GeV and up to 62 pC in 6 GeV peaks, and typical beam divergence was 0.2 mrad.

DOI: 10.1103/PhysRevLett.122.084801
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