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Motivation

> Electron beam lengths towards
the attosecond regime
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> Experimentally established
techniques: bunch length
diagnostics limited to >fs level
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How Does the Diagnhostic Work?
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How Does the Diagnhostic Work?
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How Does the Diagnhostic Work?

Temporal resolution determined by laser modulator:

1 . K
Aty Sik with Sp Vi > significant merovement as
SLM
. 1 . Vrf > 1
(fOI’ TDS: At?"f 08 Srrkey with Srf X 7) Srrkrf

Laser modulator provides advanced streaking strength

RF deflector ensures resolution of full beam profile over multiple laser
wavelengths
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Experimental Setup at ATF (Brookhaven National Lab)
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Experimental Setup at ATF (Brookhaven National Lab)

Power [GW] 5-150
Wavelength [um] 10.3
Duration [ps] 3.5
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Experimental Setup at ATF (Brookhaven National Lab)

{
Power [GW] 5-150 Ml
Peak field [T] 0.67

Wavelength [um] 10.3 S 4.0
Duration [ps] 3.5 SRS |

RF Deflector

Voltage [MV] <15
RF frequency [GHZz] 11.424
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Experimental Results: Synchronisation

> Measure IFEL interaction between electron beam and laser in TEM,-
mode at spectrometer for tuning beam-laser fine timing
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Experimental Results: Synchronisation

> Measure IFEL interaction between electron beam and laser in TEM,-
mode at spectrometer for tuning beam-laser fine timing
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Experimental Results: Interaction with TEM,,-mode

> TEMy,-mode induces energy modulation, but no transverse kick

Laser modulator + drift with TEMy, mode  Laser modulator + drift with TEM;, mode
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Experimental Results: Interaction with TEM,,-mode

> TEMy,-mode induces energy modulation, but no transverse kick

Laser modulator + drift with TEMy, mode  Laser modulator + drift with TEM;, mode
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Experimental Results: Interaction with TEM,,-mode

TEM,,-mode induces energy modulation, but no transverse kick

Laser modulator + drift with TEMy, mode  Laser modulator + drift with TEM;, mode
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Experimental Results: Interaction with TEM,,-mode
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Experimental Results: Interaction with TEM,,-mode

> Horizontal beam spread scales approx. with \/E_ , but strength of
streaking depends on beam focusing behind the laser modulator

> Too strong focusing reverses laser streaking - qualitatively consistent
with simulation results

—FExperimental data: Screen 1 (07/04/2017)
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Experimental Results: Interaction with TEM,,-mode

> Horizontal beam spread scales approx. with \/E_ , but strength of
streaking depends on beam focusing behind the laser modulator

> Too strong focusing reverses laser streaking - qualitatively consistent
with simulation results

Qualitative comparlson with ELEGANT simulations
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Experimental Results: Why is pattern not visible?

Signal intensity [a.u.]
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Experimental Results: Why is pattern not visible?

Signal intensity [a.u.]
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Experimental Results: Why is pattern not visible?

]

Signal intensity [a.u
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> Possible reasons: SIMULATION

1) Signal washed out due to large intrinsic beam size in 'y l ‘
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Experimental Results: Why is pattern not visible?

Signal intensity [a.u
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> Possible reasons: SIMULATION
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Experimental Results: Why is pattern not visible?

Signal intensity [a.u
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> Possible reasons: SIMULATION

1) Signal washed out due to large intrinsic beam sizeiny |
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approx. 5pixel / laser wavelength on screen
(assuming V,~=6MV)

x (m)
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Application to Ultrashort Beams

> RF deflector optional for bunch lengths < A/2

> Major limitations to effective resolution:

1) Washing out of screen pattern due to large transv. emittance
or energy spread

2) Bunch length change in device due to large energy spread
or space charge forces (= important e.g. for novel
accelerators!)

> Example designs for AXSIS and SINBAD sub-fs electron beams
with successful bunch length reconstruction in simulations

1.5 — —Original beam Example: SINBAD beam
—Reconstructed beam (courtesy J. Zhu)

B Error Beam energy 150 + 0.4 MeV

RMS duration 210 as

Emittance in x,y 0.72,0.66 nm
Laser power 350 GW
Undulator peak field 1.354T

I [arb. units]

0.5

-1.25 0 1.25 2.5
s [m] %1077

Weikum et al. J. Phys.: Conf. Ser. 874 (012079).

0 1
2.5 <5% error in bunch length reconstruction

w
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DO
o

—
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o

0,=5um (rms)

(az.reconstr. — az,idcal)/az,idcal [%]

0

0.005  0.01  0.015
Rel. energy spread AE/E

0.02

[\~
o

(Uz,reco7l.st1'. = Uz,i(ieal)/az.illcal [%]

2.5 5 7.5
Geometric emittance e [nm)]
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Summary & Outlook

> Bunch length diagnostic with sub-femtosecond resolution through
streaking with laser modulator and resolving beam pattern with RF deflector
in orthogonal direction

> Proof-of-concept experiment at ATF at Brookhaven National Laboratory:
GW CO,-laser + Linac + MV X-band deflector

> Laser-electron beam interaction is shown through spread of beam in energy
and horizontal direction, full streaking pattern planned to be resolved in
next experimental run

> Improvements for follow-up experiment:
« Optimise screen resolution and RF streaking voltage

» Deconvolve effects of beam transport from laser streaking

 More statistics

> Potential future application to ultrashort beams from novel accelerators
(e.g. AXSIS, EuPRAXIA, ...)
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Development of a bunch profile reconstruction tool

%1073 Image at detector

Il screen image

—sine fit

Drift length L1:
undulator - TDS [m]:
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screen [m]:
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w

RMS length = 1.1294e-05m
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HELP

Reconstruction
of this beam
(black) using a
single (red) /
multiple (blue)
shots

MATLAB GUI for reconstruction of long. beam profile from screen

image:

» Reconstruction based on single or multiple shots
« Estimation of RMS beam length and microbunch features
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Experimental Results: Synchronisation

> Measure IFEL interaction between electron beam and laser in TEM,-
mode at spectrometer for tuning beam-laser fine timing
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