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1. Why sustainable materials

“ - could be interesting?
AN 'I N\ . l 2. Preliminary results for photons.

sustainable shieldings

Worse shielding than current materials...
* How much worse?

b a .
...but can’t address climate change w/o [— |, What new constraints?

heavily changing the way we do.
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Why sustainable materials?

“Low carbon” concretes:

’ * Life cycle assessment:

* Irreversible setting (chemical)

* Resources (cement, sand, gravels, metal) => not recyclable + transport, crushing

* Transport

* Grey energy

5 Resources: abundant+local End of life: reversible setting
Sustainable -
materials: - feuse :
: * destroy on the site.

Mastered Recycled building:
for building S el




BErS

What sustainable materials?

Materials:

e raw earth,

/> Techniques:
 rammed earth (compacted earth),

hydrogen {. wood,

» compressed earth blocks (CEB),

* vegetal fibers (straw, etc.). * adobe bricks (eg earth + straw).

Why can earth shield?

Ingredients of concretes:

Cement concrete: Earth concrete (earth for building):
* cement = clays (heated), * clays (raw), 10-20%
* sand, added * sand, already in earth 90-80%
* gravels. * gravels.

L AP
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same /Z

s o
same density same shielding!




What material is earth?

Na Mg Al Si K Ca

Fraction (%)

0
1E-3 0.0x 0.1 1 ) 100

Mesh size (mm)
* composition: sand+gravels? (90%)
clays? (10%)
* variable earth humidity 1-5%:
Mipo < Mg, => + 1% in mass = + 3.4% nuclei.
* density: +/- dense material:
(1.5 1.7-2.022) g/cm3, (concrete: p > 2.3 g/cm?)

Variations in
atomic <
densities




Interaction of MeV-photons: < <= s

. Compton scattering
density 100 yte->yte

N(x) = NO e u= no-—_" Z (linear attenu-
i ation coeff.)
Raw reasoning:
o material composition (Z) influences screening
for Ey < 100 keV (Gpotoe1. X Z%),

o also for Ey > 100 MeV (showers: Z?) 01
o not really between 0.1 and 100 MeV.

Calculations: 0,01
o use NIST XCOM tables p/pvs E, 02 R0l IR0 1E;girgy “313;{;2
o set several material compositions.

- - - B p
e cal.culatlc?n Leq Material ———> ey Pmy (p) 1 + Py (p)2 (up= VM)
Quantification:
o linear attenuation coefficient g4,
o characteristic thickness for given flux reduction : x;,;p9o(E) = In 1000 / 1 E)
o or flux reduction factor F(E) = Ny/N(x) = e “E)«

for given x=50 cm thickness

—Fe
Ca




MeV-y, results 1:

Sand+gravels composition:
no influence except < 100 ke\m

100 = B

= \ __conerete (npminal) N | Mass water content:

Clays nature: 7 o] = | R |
. 3'1 —earth (npminal) w 4 — 4%
no influence (to check). —earth (S) 35 — 3%
. ' earth (Ca) — 2%
— 1%

Earth humidity: Work in progress

’ N ’ calc

+ atoms => + shielding, |
especially < 100 keV. " o0t 0,1 1 10 100 001 01 1w 100

Energy (MeV) Energy (MeV)

DenSity: \ — 0,3 5§ D :Iz: jensf'z, exlp.
g £ L) "B low density, humbd, ex
concrete 2.3 vs earth 1.9-2.1 ¢ —density 2.2 s % e s
. ‘u?, 1,1 —density 2.1 [ - 0.2 \\\ ----low density, calc.
Dominant factor. § ~dErsityLo || ' T
= 1 density 1.8 o,
. ~ d i 7 U e
<20% extra-thickness. 4 eyt o g
’ 7] e
Experimentally: % calc Work in progress | calc + data
0
0,7
OK (but difficult < 200 keV). 1 10 100 0 500 1000 1500
Energy (MeV) Energy (keV)

/ 8




MeV-photons, result 2:

Compton scattering:
MC’OT;pton_e/Kél NﬁXk‘ZZkM

Better absoption in MeV range
by enriching material in H?

0,01
TOO Small effeCt because AH/AC - 1/12 1G4 1 1E-02 1E-01 1E+00 1E+01 1E+02

Energy (MeV)
i
() i~ ()
P equivalent 1+ (A—c &) PJ/c

Ay Ny

\

T—> could reach 2
butneed Ny / Nyog > 1!

2 approximations made ( u/px Z/A and (1/p)y=2 (1/p)c)
but also true ¢ with database /p
¢ experimentally (fir wood).



Interaction of GeV—photons*

* Electromagnetic shower Y
(paitr creations + Bremsstrahlung) Y < -
¢ ShOWCI' length Inltlal energy e_
Xo
L(E
(Eo) /= In(2) /\compound Y <: -
Database
1 pdg.lbl.gov/2025/AtomicNuclearProperties/

1
B> %
Material density and composition

AlOO ®
) = ® Raw earth " o®
Raw earth density 1.94 g/cm? — 80 e Concrete * 4o
. = ®
Assumption: same E, earth and concrete % 60 . e
. . . G) &
=>ratio of lengths is constant with £,. T o0
. y 5 40 .o

Driving factor = density, 5 o | sl ®

o ) = g " Work in progress
+20% shower length in raw earth wrt concrete. ~

1E+02 1E+03 1E+04

Photon energy (MeV) 10



. * Sustainable materials
Conclusions: can be relevant for shielding.
* Photons: price to pay ~ +20% thickness.
e * Hadronic showers + technical matters:
Pl‘OSpeCS * . Activation * mechanics
recycled + Tests with MeV neutrons . 1O o transport

reaction to irradiation

earth &
detector  B,C shielding rammed earth
Franck Ribard .

Julien Faivre

Julien Faivre
aJAle4 ualn(

* 1 week data-taking
* A lot of data analysis ahead!
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MeV-photons, result 2:

ng 1540 Hémicellulose (C/H = 0,917)
. ‘z Lignine (C/H =1,1)
* Complete calculation 1£01
with XCOM u/p values:
same conclusion. o
1E-03
1E-02  1E-01  1E+00  1E+01  1E+02  1E+03
Photon energy (MeV)
midD12
g 0,10
= l
0,08 :
 Measurements with wood: - T
well described by calculations. oo L
i
0,02 x wood, measured
hemicellulose, calculated
0,00
100 1000
Photon energy (keV)
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