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From Dream Beams ... MU

“Dream Beams”
LWFA driven by ATLAS-3000:
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From Dream Beams to Dream Accelerators ALA

“Dream Beams” —- “Dream Accelerators”
LWFA driven by ATLAS-3000: Usable for applications.
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o —— . * Competitive beam parameters
S | - ® * Tunability
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P— — * Breit-Wheeler pair creation
 Thomson scattering Ideally:
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: . . 0 * Photon-photon scattering pointing jitter << focal spot
0 300 600 900 * Stable fast ions for medical
Energy (MeV) applications

* Hybrid LWFA-PWFA acceleration



ATLAS-3000 LMW iz athy
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Pointing Jitter at CALA ALA
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Pointing Jitter at CALA: Rough Search M| ALA
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Pointing Jitter at CALA: Fast Measurement MU ALA
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ATLAS-3000: Pointing Jitter — Spectrum (ALA
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Looking for Resonance Locations
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Short-term FFT of impulsive excitations along the optical path:
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Lesson learned Q
Resonance locations can be identified using
impulsive excitation along the optical path.

Lesson learned O

The passive pointing jitter can origingte at unexpected

locations (here: well-isolated compressor).
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Resonance Measurement in the Compressor M s ALA
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Jitter Reduction by Turning off an Excitation Source iy e CALR

Particle counter on:
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Are Floor Vibrations the Most Relevant Excitation Source? T ALA
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Measured focus jitter:

1.0 PE—
~ No resonances —— COM - horizontal
> n - i .
s because of weak CpM-vertical Turned off a lot of devices around the
£ 061 excitation via compressor and in the utility area.
g N
£ 0.4- the floor? No significant change...
[9)]
o
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0.0 H I—*‘" — T u‘h'l"—-—j' .l T T T
10 15 20 25 30 35 40 45 50 55 60 65 70 75
. . Frequency (Hz)
Floor vibration spectrum _
The resonances might mostly be
2 307 — X excited by building/floor vibrations.
E 2.5 - — Z
T Next steps:
S 2.0- ,
g * Either: decouple from the floor.
g 17 * Or: make structures stiffer to move
£ 101 resonances to higher frequencies.
S
g 0.5 A . . P
z oy Experience with this

10 15 20 25 30 35 40 45 50 55 60 65 70 75 Please let me know! ©
Frequency (Hz)




. — . ALA
Without Pointing litter... MU e

... wavefront fluctuations still translate to fluence fluctuations around the focus:

In focus (z = 0) Z =~ 2mm z =~ 10 mm Wavefront
® (A)
40 . 0.10
30
30 0.05
25 |
20 20 0.00
15
10 10 | ~0.05
° 0.10
0 0 Courtesy of Sanchita Sharan e
9cm
Wavefront fluctuations: Sources:
- Change the fluence distribution around focus. - Air turbulence / “weather” in the laser lab.

Becomes more critical for larger beam diameters.

—@erature in the laser crystals / thermal IerD

- Can cause filamentation (?) -

- Axial jitter/Defocus: affects electron energy in LFWA.

16



Temperature of the Main Amplifier Crystal of ATLAS-3000 ... . (2L4
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Temperature of the Main Amplifier Crystal of ATLAS-3000 s,
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Wavefront Prediction Based on Crystal Temperature MU
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Quantitative prediction of the thermal lens based on temperature measurement on the crystal surface:
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Ppump: ow 13:00:08 Ppump: 64 W 14:30:08
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20.0
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19.9 34
q
33
19.8 4 pump
lasers on 32

31

f ™
Model
Wavefront change upon single pass through the crystal:
L

AW, (x,y,t) = j n(T(x,y,zt))dz
0

With:

e n(T)=0994+251-10>-T+51-10°-T

Tapping, J. and Reilly (1986). = (z—L)
exp| —— |+exp|——

* Tyzt) =Ty, z=0,1)- S+Le§<)p(—L/E,o§0 )

N J

. 19 J

Y
Surface temperature (measured using IR-cam)

1

Wavefront change after 4-pass amplification:
AW (x,y,t) =2-Wi(x,y,t) + 2- Wi (—x,y,t)

1

Zernike decomposition at seed position




Wavefront Prediction Based on Crystal Temperature Mo [ ALA

MUNCHEN

Quantitative prediction of the thermal lens based on temperature measurement on the crystal surface:
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Wavefront Prediction Based on Crystal Temperature Mo [ ALA
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Quantitative prediction of the thermal lens based on temperature measurement on the crystal surface:
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Wavefront Prediction Based on Crystal Temperature
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Quantitative prediction of the thermal lens based on temperature measurement on the crystal surface:
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Pump-Induced Temperature Jumps

Sudden heating after pump shots
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Correlation with
defocus jumps?
Work in progress
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Pump-induced heating of the crystal surface:

ATpump (K)

 ————
0.00 0.05 0.10

Pump rate: 1 Hz

(averaged over many pump cycles)
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Outlook: Active Stabilization of ATLAS-3000 iy e CALR

fast tip/tilt mirror fast quadrant photodiodes/
wavefront sensors

pilot beam fast deformable fast wavefront
incoupling mirror (fDM) sensor + shutter
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