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Image credit: n_TOF collaboration

NEOUD " THERMAL  EPITHERMAL “rasT There is a general belief in the life sciences community
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Laser-driven acceleration: a really hot topic!
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from near-critical double-layer targets
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Enhanced ion acceleration from transparency-driven
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Laser-driven multi-MeV high-purity proton
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Brack, FE., Kroll, F., Gaus, L. et al. Spectral
and spatial shaping of laser-driven
proton beams using a pulsed high-field
magnet beamline. Sci Rep 10, 9118
(2020). https://doi.org/10.1038/s41598-020-
65775-7
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Accelerator and Research reactor Infras
Education and Learning

1.

Establishing a link between the laser
acceleration community and the neutron-
users community.

Performing a series of experiments at a laser
facility to produce and characterize the
neutron beam resulting from laser-driven ion
beams.

Assessing the feasibility of laser-driven
neutron beams for nuclear physics
experiments depending on the corresponding
detector type response.

Depending on the results before, carrying out
the first neutron induced cross section
measurement at a laser-driven neutron beam
facility.

DRACO@HZDR

PW-class 30 J Laser System
(18] on target)

30 fs laser pulse / ~ps ion pulse

Up to 1 Hz (compressor)
(~ 1 shot/minute during the
experiment)

~200 shots/day

~ 7-8:108 neutrons/shot

ELBE.
ﬁ HELMHOLTZ

ZENTRUM DRESDEN
ROSSENDORF

HZDR hosts both the
NELBE neutron facility
and the DRACO laser
facility, a combination of
facilities that make it the
best suited research
center for the purpose
discussed herein
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~ 180 nm
deuterated
polystyrene

25 mm LiF
<
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Combining this information we can
obtain the complete spectrum
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JON SOURCE STABILITY

5 0E+11 29th October 2021 | Set of 196 shots
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Reproducibility ~8% Reproducibility ~12%

CRUCIAL for the widespread use
of laser-driven ions beams for several applications
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Laser Beam EJ232Q (TUD) + NE102 i 2 x EJ200 (US)

NE102 (TUD)
Scintillators 2 x EJ232Q (TUD + USC)

Li-Glass (US)

EJ232Q + Gated PMT
(HZDR)

Bubble detectors

Particle 2 X diamond detector
detectors (CIVIDEC + HZDR)

EJ232Q (USC) + 2x EJ200 Passive 13 x Bubble detectors
+ Gated PMT EJ232Q, detectors (TUD + USC)
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Laser Beam "‘-.\ EJ232Q (TUD) +

(0] 380 cm

Bubble detectors

J232Q (USC) + 2x EJ200 15 cm Pb (front side)
+ Gated PMT EJ232Q 10 cm Pb + 8 cm PE (lateral + top)
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These traces are the result of the superposition of all the signals
produced during each shot (pile-up)

Gammaflash substractions
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Operated with a 2 GHz
Broadband Amplifier (low-

noise) Diamond detector
%025:_ ..... '_' ............ — Raw Signal
& F —— Average baseline
aele L F ko) — Clean signal

= Threshold

0.15
®* For fast neutrons detection
0.1 ®* Not sensitive to gammas. - Small shielding
Real signal? needed.
0.05 | ® Fast response (sub ns rise time) and small
NIRTIIR nﬂﬂl“@ﬂ"nﬂﬁl“hﬂ _ ‘ size > Fast recovery after saturation.
0: '1'1|\“¢ ]iiiv,‘ 1‘“' lll”fl"'”' '|' M i m*f'l MR A KA A ®* Sensitive to charged particles in (n,chp)
- - reactions. - Suitable for nuclear physics
-0.05 B R ............ measuremen tS
0 50 100 150 200 250 ®* Need of a high repetition source
time (ns)
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SINGLE-EVENT DETECTORS (DIAMONDS): signal analysis

00039
LiF thick diamond

V)

— 025:_ ....... |
FE Average trace
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Raw trace

0.2~ .
0'15;5 """" \\ —— Clean trace

Amp

0.1

0.05—

~0.05—

time (ns)
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SINGLE-EVENT DETECTORS (DIAMONDS): It results

LiF target @DRACO

E {]_(]25: : : 5 — S —
: E E c o —
E- oo ............. : .é “ —_— Th|ck d|amnnd
< : : S107 g —— USC scintillator
{].ﬂ'lE__ ............ . ............. : E _______________
L c
C : : 3
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{].DDE z_............é.... o . N
oyt
-0.005 — _ ; X ET N
—ﬂ-m:_.”“.““."“i .............. S S o | NG | ..............
20 0O 2040 80 80 700 120 140 L.
time {ns) 0 10 20 30 40 50 60
energy (MeV)
Ongoing:

- Refinement and QA of the PSA routine
- Geant4 Monte Carlo simulations of the “p < LiF - Pb - diamond” set-up

EUNPC | M. A. MILLAN-CALLADO | 27/10/2022



Harsh radiation environment: Strong detector saturation
due to prompt components (with limited duration) - Need
of huge shielding (extra source of background) or ultrafast
detectors with low efficiency (e.g. diamonds. Need of a high
repetition source).

Strong EMP: High frequency noise ringing in diamond
signals. = Reduced, but not avoided, with EM shielding.

*k*k

Almost 1300 shots & laser-plasma source setup mostly
unchanged - Statistical analysis of shot-to-shot
fluctuations and proton acceleration stability

Single event fast neutron ToF spectrum in a PW laser October 2022
system! - First steps for nuclear reactions measurements

. ! ®
In a laser facility.
Future experimental campaigns :> C LI U

® Testing faster particle detectors (PPACSs) CENTRO DE LASERES PULSADOS
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VEGA3@CLPU
PW-class 30 J Laser System

30 fs laser pulse / ~ps ion pulse
(200 fs during the experiment)

Up to 1 Hz (compressor)
(~ 0,1 HZ during the experiment)

~ 500 shots/day
(+ 3500 during the whole campaign)

~ 1:107 neutrons/shot
(Based on LiF activation)

CLPU (Centro de Laseres Pulsados) is an ICTS
(Unique research facility) opened to external users
and located in Salamanca (Spain). It hosts the VEGA
laser facility with 3 different beamlines (VEGAL,
VEGA2 and VEGA3).
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A Rotating “Pitcher” target wheel

Al
A}

B-11 sample__, LiF “catcher” target

I
I
I

Thick PE beam-dump i
Diamond detector -

, PPAC(U-238/Th-232) Rotating Wheel target:
* 808 targets

_ e Capable to rotate at 0.1 Hz @ 30)

—— .« 1Hz@12)

Neutron Detectors
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FIRST CONCLUSIONS

®* Harsh radiation environment: Strong detector ®* Bigger room + Longer flightpath -
saturation due to prompt components (with Reduction of the number of signal in the
limited duration) - Need of huge shielding => detector and increasing the signal to noise

(extra source of background) or ultrafast ratio.

detectors with low efficiency (e.g. diamonds.

Need of a high repetition source). ®* Lower power = Less neutron production and

lower cut-off energy (Still suitable for nuclear

* Strong EMP: High frequency noise ringing in physics) - Compensated with a high
diamond and PPAC signals. - Reduced, but not repetition neutron source (0,1 Hz)
avoided, with EM shielding. U
*kk
* More than 3500 shots & laser-plasma source We were able to measure with conventional

setup mostly unchanged - Statistical analysis
of shot-to-shot fluctuations and proton
acceleration stability.

scintillators in single signal mode and substituting the
massive lead shielding for a5 cm Pb filter far away
from the detectors

But all these factors reduce the counting in the low efficiency
detectors (PPACs + Diamonds)
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