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Muon radiography is an established technique for the detection of high-Z materials in otherwise
maccessible conditions (e.g., through thick-wall containers).

MUONS CASCADING
™ IN FROM EARTH'S
.. ATMOSPHERE

Typically, existing detection methods rely on - -™
either sources of cosmic nature or proton- -l JEANE

based conventional accelerators. prEyiovsLy

However, the low rate of cosmic muons (1

muon/cm?/minute) implies acquisition times s
of several weeks, while the size and cost of i o

. CHAMBER - DETECTOR
conventional accelerators make them .
unViable for praCtiCal applicatiOnS. GRAND GALLERY

Cartoon of discovery of a hidden chamber in the
pyramid of khufu using cosmic 1uans (0L QL’ Nature (2017)

Laser-driven particle accelerators offer the possibility of generating high average flux
populations of energetic muons with high quality in a relatively inexpensive and compact
setup, opening the way for widespread radiographic use of muons
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PW.-scale lasers such as EPAC can now generate high charge (>nC) electron beams with
maximum energies well exceeding 1 GeV at 1-10 Hz repetition rates.

Sizeable muon populations can be generated during the propagation of such electron beams
through cm-scale high-7. sohd targets.
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>10" muons per laser shot L. Calvin et al., Frontiers in Physics 11:1177486 (2023)
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The muons must be collected and guided onto the radiographic end-station, while mimnimizing
the noise associated with secondary particles and gamma-ray radiation
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A 4m-long beamline using conventional magnetic elements can deliver, in a laser facility such
as EPAC, more than 100 muons per shot over a 10cm irradiation area

L. Calvin et al., Frontiers in Physics 11:1177486 (2023)
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BELFAST

The muon populations guided through the proposed beamline allow for high-resolution
detection of rods of sensitive material even through few-cm thick containers.
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FLUKA simulated muon radiography of two uranium blocks concealed within a lead box of 2 cm wall thickness. (A) and (B) in-scale top view and front

view of the box (grey) and uranium (purple) inside. (C) Face-on muon distribution at the detector plane after the lead container. Darker regions represent
lower muon signal, in linear scale. (D) Lineout of the muon distribution along the z-axis, clearly showing the lead box walls and the position of the uranium
blocks. From this simulation, the spatial resolution of the radiography is of the order of 6 mm.

With operations at 10 Hz, a radiograph of this kind can be obtained in less than a mmute

L. Calvin et al., Frontiers in Physics 11:1177486 (2023)
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Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)
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Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)

Vacuumlchamber
T T .'[ T T T T T T 10-8

60~ [Dip(l)le 21 Shielding | . o >

40 LANEX[ ¥ - B e
. Dipole 1 . Timepix3 1010 g
5 200 %ﬁ pr—r= - &
| ‘ : : 1011 g
v 0F U v =] =
s T v
© ' p Q
> 20 / =l L 2

Lead - ©
-40+ — 107 &
Collimator
-60— - {10714
0 100 200 300
Z axis — (cm)

0.8 v
s 7 f/\ 560+180 pC
g 0.6 ;'
(&) I _
£ 05 ™
5 0.4 \/
5

0.3 \‘

0.2

0.1

0 1
0 04 08 2 e 2 24 L. Calvin et al., submitted (2025)

Electron energy (GeV)

1emour Foster ELI-BL workshop March 2025




QUEEN’S
UNIVERSITY
BELFAST

EXperimﬁntal €Vid€n(:€ [dﬁtl] The Science Inside

Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)
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Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)

Vacuum chamber
T T .[I T T T T T 1 o 8
3 ) 102
60~ {Dip(’)le 2 Shielding o B
40F 5ot LANEX[ Y £ 10"
— Ipote Timepix3 1010 = o >
s b e [T N e :
T ; [ o 1011 E 5 92‘
x " } 2 - D
> 20/ / jo= B 2 S
Legd T
-40} 101 &
Collimator
-60}- 1014
| ] | 1 | | 1 ] 64 128
200 300 :
0 100 Pixel number
Z axis — (cm)
0.8 v
0.7 ~ N\ r ~ .
e | .\ 560+180 pC 3 muons over 10 shots, to be compared with
B .‘"I \ - * *
& 05 ‘ 100s of noise electrons and positrons.
L 04
= . . .
® 03 They can be distinguished though, based on track
02 characteristics
0.1
0 e -l \\.,
0 04 O'SElectmn1é2nergy (G;Vs) 2 24 L. Calvin et al., submitted (2025)
1 emour Foster

ELI-BL workshop March 2025




QUEEN'S

ES.LYAE$SITY EXperlmental erenC€ [dStI.] The Science Inside

Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)
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Recent campaign at ELI-NP using the 1IPW arm (™ 20 ], 28fs, {/26 focusing)
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‘Thanks for your attention!
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