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BELLA-i workshop structure

» workshop charge: what high impact science is uniquely enabled by BELLA-i ?

» four working group topic areas (with somewhat fluid boundaries)
» five workshop sessions (roughly aligned with working group areas)
* working group leaders/session chairs

* steer the discussions

e collect input for the brief workshop report

1. laser-ion acceleration, ...

* chairs: B. Manuel Hegelich (U Texas, Austin) and Sven Steinke (LBNL)
2. secondary radiation generation, high harmonics, ...

e chairs: Félicie Albert (LLNL) and Jeroen van Tilborg (LBNL)
3. nQED, high field physics, nuclear-plasma, ...

e chairs: Jonathan Wurtele (UC Berkeley) and Stepan Bulanov (LBNL)
4. facilities, ...

e chairs: Ronnie Shephard (LLNL) and Qing Ji (LBNL)

invited talks 35 min, contributed 20 min, including Q&A
ample time for discussions at the end of each day

capacity of our conference room 71-264 is 55
overflow room with live stream: 71-233 (just around the corner)

a ZOOM remote streaming option is also set up: https://lbnl.zoom.us/j/976865653
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https://lbnl.zoom.us/j/976865653

BELLA-i - a facility for high energy density physics and discovery
plasma science at Berkeley Lab

BELLA N N

peak intensity (W/cm?2) 2 x 1019 3x 1021 3x 1021
pulse length 30 fs 30 fs 30 fs
peak pulse energy 40 J 40 J 40 J
laser spot size 55 um 5um 5um
peak repetition rate 1 Hz* 1 Hz* 1 Hz
contrast (ns) 1010 1010 >1014
diagnostics e optical spectrometers ¢ optical pump- probe ¢ sameas?2
(details to be determined) ¢ ion and electron * betatron x-rays e beamline for experiments
spectrometers e MeV protons with laser accelerated ions
1st access (estimates) 2017-2018 2018-2019 2019-2020
1. experiments with the existing, long focal length BELLA beamline in the existing cave

N

experiments in the existing BELLA cave with a new dual-beam line
. * shielding in the BELLA cave limits the repetition rate for experiments with generation of intense pulses of >20 MeV protons
3. experiments in a new cave with improved shielding and with a beam line for laser accelerated ions
. * improved shielding in a three-times larger experimental area for continuous operation at 1 Hz
e contact: WPLeemans@lIbl.gov; http://bella.lbl.gov/
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Context for BELLA-i in our division and at Berkeley Lab

e BELLA center

* Fusion Science and lon Beam Technology
e NDCX-I, ...

« Berkeley Center for Magnet Technology BCMT %‘5

° Nuclear Science Division BERKELEY CENTER FOR MAGNET TECHNOLOGY

e The Molecular Foundry NUCLEAR

SCIENCE
DIVISION

* National Energy Research Scientific
Computing Center (NERSC) Egﬁﬁ%Lé.s
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NDCX-Il, an induction linac, delivers intense ion pulses to targets,
complementary to laser-ion acceleration
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With short ion pulses we gain access to the multi-scale materials physics of radiation

damage, “extreme chemistry” and phase transition at the onset of warm dense matter

* Probes of multi-scale defect dynamics will inform the development of optimized materials and
benchmark models and simulation codes

* New opportunities to tailor materials properties through “extreme chemistry”

* Very important for materials in high radiation environments, and opportunities to tailor e. g. spin
properties for exploration of quantum information processing schemes
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“Reaching the quantum limit of sensitivity in electron “Local Wave,'[‘?“gth(”m% " ors i
spin resonance”, A. Bienfait, J. J. Pla, Y. Kubo, M. ocaliormation ot nitrogen-vacancy centers in

Stern, X. Zhou, C. C. Lo, C. D. Weis, T. Schenkel, M. diamond by swift heavy ions”, J. Schwartz, S. Aloni, D.

Thewalt, D. Vion, D. Esteve, B. Julsgaard, K. '1:_ O%Ietree, IM\'NTOFTUL 'VII Bendde(,rDS. SheVil’lT,JCA |
Mglmer, J. Morton, and P. Bertet, rautmann, 1. V. Rangeiow, and 1. SChenkel, J. Appl.

Nature Nanotechnology, online Dec. 14 (2015) Phys. 116, 214107 (2014)
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BELLA Facility is designhed for laser plasma accelerator R&D and

expanding toward ultra-high intensity laser-matter experiments

Current BELLA

.....

GORDON AND BETTY

MOORE

FOUNDATION

k-BELLA | BELLA-i beamline Gamma-rays, FELS,
(I EWYE)) (Initiative) medical apps
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BELLA laser operates at ~ 1.4 PW, 1 Hz allowing high
intensity laser plasma acceleration experiments
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= First commercial Petaatt laser operating at > 42 J in ~30 fs
= Energy stability <0.5 % rms fluctuation

= Pointing stability < 1.2 micro-rad

= Long focal length mirror: ~55 micron spots on target
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1. Present BELLA PW laser and long focal length beamline

BELLA currently has one beamline
- Long focal length
Control Room - Goal: 10 GeV module

Gowning Room BELLA Laser
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High power diagnostic 5 5<ma source

Off-axis parabola




All major mechanical and electrical systems were installed and

Beam Transport Line
(Laser. Bay)

-

Beam Transport Line
(Exp. Cav. -
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e-Beam diagnostics include energy, transverse

profile and charge transformers
':,%-‘ . pae 1Y oy

Magnetic
~ Spectrometer

. Single shot
A - - 30 MeV-11 GeV
Phosphor screen ‘ - Two ICT
calibrated cameras . WO S

Phosphor screen
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Laser beam quality from BELLA enables

challenging experiments
Spatial Quality of Beam at Focus (uses deformable mirror)

e Supergaussian near field =Tl
e Gaussian focus j_g_z
« 0.8-0.9 Strehl Ratio 2 :
30 nm wavefront error -
3-iocation

Temporal Shaping

Pointing Stability Energy Stablllty

S 1500
0.8 = DT R TN e
06 g 8 hrs operatlo.n R g
04 § Ampl 1% std §
0.2 “  Preamp 4% std

_ - Time - - _ DD DIS ']I é H 4 B

ours
~30 fs FWHM

<l2uwadrms <0.5% rms full amp
(with DAZZLER)
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Contrast is sufficient for e-acceleration but we are planning for

plasma mirrors to further improve contrast for ion acceleration

13 J on target

Current control: Contrast: 1x10 at 0.5 ps, 1x107 at 1 ps, 1x10° at 150 ps
« XPVW, Sequoia and
. . 1.E+00 . 1.E+00
planning single shot [\
technique 1.£-02 /

) 1.E-02 n — 6=
Possible future 1.E-04 M"/ \/ \,/\
Improvement: teon Al 105 |
e Another XPW 2 A

e Saturable absorbers 1.E-06

 Regen. with different
design. LE-08

e Major desigh mod. in
1.E-10

amp. chain. -200 -150 -100 -50 0 50

* Plasma mirrors: time [ps]

o0 Tape based (currently
used)

o Liquid film based (e.g.,




For electron acceleration, BELLA is focused with long focal length.

We are planning to add short focal length optic and plasma mirrors

Long focal length
1€ 13.5m

Short focal Iength Plasma mirror technology for
Intensity ~3-5x1021 Wem2 contrast clean-up incoming
Acc. fields ~TV/m aser

< <1m—>;

4-5 micron spot

PM 1

+

transmitted
ASE
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BELLA-i - a facility for high energy density physics and discovery
plasma science at Berkeley Lab

peak intensity (W/cm?2) 2 x 101° 3x 1021 3x 1021

pulse length 30 fs 30 fs 30 fs

peak pulse energy 40 ) 40 J 40 J

laser spot size 55 um 5um 5 um

peak repetition rate 1 Hz* 1 Hz* 1 Hz

contrast (ns) 1010 1010 >1014

diagnostics e optical e optical pump- probe ¢ sameas?2

(details to be determined) spectrometers e Dbetatron x-rays e beamline for experiments
« ion and electron * MeV protons with laser accelerated ions

spectrometers ’ ’
1st access (estimates) 2017-2018 2018-2019 2019-2020

1. experiments with the existing, long focal lengtnl BELLA beamline in the existing cave
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. Existing beamline
New beamline

Phase 2: Upgrade BELLA experimental area to prototype the first two
stages of an LPA based collider - AND to enable HEDP experiments




BELLA-i - a facility for high energy density physics and discovery
plasma science at Berkeley Lab

BELLA-i

peak intensity (W/cm?2) 2 x 1019 3x1021 3 x 1041
pulse length 30 fs 30 fs B0 fs
peak pulse energy 40 J 40) 10 J
laser spot size 55 um 5 um D UM
peak repetition rate 1 Hz* 1 Hz* 1 Hz
contrast (ns) 1010 1010 >1014
diagnostics * optical spectrometery ¢ optical pump- same as 2
(details to be determined) ¢ ion and electron probe beamline for experiments
spectrometers * Dbetatron x-rays with laser accelerated ions
e >10 MeV protons
1st access (estimates) 2017-2018 2018-2019 0019-2020
2. experiments in the existing BELLA cave witt] a new dual-beam line

*shielding in the BELLA cave limits the repefition rate for experiments withjgeneration of intense pulses of
>20 MeV protons

% U.S. DEPARTMENT OF Office of .“' ‘ . .1 )))
sl ENERGY | Siere [o] oy iy WA W (icvonrcnoss A T A P 18



In Phase 3, we would build a new cave to add two new beamlines




3. We expand the facility by adding short focal length
capability for ultra-high intensity

Superconducting Target
_chamber 2

magnet transport

Sample
chamber

Probe beam BELLA Laser

Betatron

Target
chamber 1

backlighter
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Beam routing
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BELLA-i - a facility for high energy density physics and discovery
plasma science at Berkeley Lab

o

peak intensity (W/cm?2) 2 x 101° 3x 102 3x1021

pulse length 30fs 30fs 30fs

peak pulse energy 40 J 40 J 40

laser spot size 55 um 5 um 5um

peak repetition rate 1 Hz* 1 Hz* 1Hz

contrast (ns) 1010 g >1014

diagnostics e optical spectrometers ¢ optical pump-probe | same as 2

(details to be determined) ¢ ion and electron * betatron x-rays e beamline for
spectrometers e MeV protons experiments with lase
accelerated ions

1st access (estimates) 2017-2018 2018-2019 2019-2020

3. Experiments in a new cave with a beam line for laser accejerated ions
* * improved shielding in a three-times larger experimental arep for continuous
operation at 1 Hz

y \ U.$. DEFARTMENT OF Offlce of .1 ‘ . .1 .
=1 {7 ENERGY | creee |27 m iy mAW ‘ccioniomns AT AP (2]



BELLA-i will provide access to news regimes in

High Energy Density Physics

High field physics

High poy

Physics

High har > Day 1 & flagship experiments

Applicat

applicat @t the three stages of BELLA-i

Other, ...

. Leveragc 2 let’s discuss at this workshop stitutions

e Targ

e Sup

e Detectors = Nuclear Science and Physics Divisions, ...
e Radiation effects on cells - Bio-sciences, ...
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