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1. Objectives of T2DM?2 project

v Development of a non-destructive system using muon particles for imaging and
monitoring large volumes of matter

"Reconstruction of muon tracks using only one detection plane

"Design, fine characterization and industrialization of a very compact detector
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l Laboratoine Souterrain a Bas Bruit
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2. Collaboration members

1 ) LS B B ’\ @ Geascience for a sustainable Earth
= Low background noise environment LSBB {\ o brgm

= Layout of the galleries allowing to deploy the detectors easily Laboratoue Souten‘amaBas Bnut

between 0 and 518m deep

T2DMZ2’s initiator G;iiggn':es
2)  BRGM
= National geological survey aiming to respond to Geosciences
issues

= Skills in a large array of applications (Geological investigation,
Natural Hazards, Natural Resources...)

3) IRIS Instruments instruments
* Private company providing geophysical equipment's all over skilled in sensors
the world

development
= Shared by BRGM and OYO company
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3. Targeted applications

Natural hazard ¢

Civil engineering » Volcanology @@

Arca of Major Pumping

Cultural heritage

Resources
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T2DM2 detector

4 . Te C h No | O gy v' External trigger provided by scintillator

v" Compact and light
Main Muon detection technologies v Only one detection plane allows reconstructing
the particle track
Cloud v’ Performance:
chamber .
o Temporal resolution, few ns
o Angular resolution, better than 1° for
reconstructed tracks
Liquid o 2D resolution, better than 1mm

Visual

technologies :
& Emulsion

detectors

Scintillators
o Plastic

tomography T2DM?2

Micro detector
pattern

Geiger-

Muller
Gaseous

detectors Wire

chamber

GRPC
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2| 4. Technology

o

= Principles

> "

> Drift cathode

5 S

v _— \

© / N
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§ Resistive layer Electrom elriit
_g X tracks

© Y tracks Micromesh
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5. Open sky measurements

—1 1200

1400 Tang model vs measurement
1200
—1 1000
1000
; A
2] { N0 & A R
€ 800 Av,‘f&@"& AR
% ; :é&(‘?‘% O = 800
kS
g 600
£
=
=
400 600
200 Gl /.,
.
Detector location 0] 400

Comparison between the number of muons
expected (according to Gaisser model with the
parameters from A. Tang) and the muons
measured. % o0

REFERENCE MEASUREMENT T2DM2 for Muographers 2017
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Muons per bin at Open sky measure

6. Outdoor measurements  Reto == o T at Valley measure

. Ratio of Phi of file tandet2C V 0 445 0 1385000 70(variante7) divided by tnsdet2DLC AP 0 420 0 1151000 78
: I I [ | | I I

Higher values
means bigger
o || | B attenuation

aal No track reconstruction areas S Integration time=3h |

03 1 1 | 1 | | 1
-150 -100 -50 0 50 100 150
Phi (deg)

Approximation of the 3602 view around the detector with the same orientation as the upper graphic

Detector location
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6. Outdoor measurements Same dataset as previous slide

Integration time=3h

I Detector location I °

4.5

3.5

Ph I -12.5

LT

Ratio units

1.5

Muons per bin at Open sky measure

Ratio =
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/. Study site

B ‘,{e :

Narrow hill with a castle
on the top and crossing
tunnels underneath

The detector is located at the base of the dam,
inside the valve cabin.
Monitoring:

Cabin temperature, atmospheric pressure
and humidity.

Water level, temperature and conductivity.
Local rain and wind.

High atmosphere pressure

2 for Muographers 2017 10



Temporal Tomography of rock mass density by the Measure of
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/. Study site - mode

Topographic data

lisation

415

Z (m.asl.)

Detector location

Plan rattaché au Nivellement Général .

~aErrBex

410

405

400

1.8731

x 10

1.873

Digital model for simulation*

Water level at the
beginning of the
il um
““:‘;‘.';‘1".".‘}‘{1? L measurement
i

|]l1lli
lm m ‘ i

Detector location

8.4453

Y(m) 18725 8.4452

x 10
8.4449

1.8724 8.4448

X (m
*Thani<§ to K. Jourde from BRGM and

member of T2DM2 collaboration
T2DM2 for Muographers 2017
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8. Preliminary results

Apparent thickness in meters
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instruments

9. Short term goals

v'Continue acquiring data by the dam:
»to improve the data analysis algorithms (P & T dependence, track reconstruction algorithm...)
»to assess the variations of the water level (approx. 1cm per day)

v"Work in the inverse problem to convert muon flux into density

v Build a new set-up in the galleries of an out-of-service mine in
collaboration with the CEA.

»Two different MicroMegas based detectors measuring in parallel.
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Terre durable

tenal aBa Brun @brgm

10. Conclusion

v'Recently acquired capability to perform long-term measurements

v'First campaign of measures out of the lab accomplished, field
transportability demonstrated

v'Currently working in the inversion to compare the prediction from the
model against the acquired data

v'The data analysis shows that the trajectory reconstruction algorithm
works well...

v'BUT, still room for improving the efficiency and reduce instrumental noise.
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Flux
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