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T2DM2	for	Muographers 2017

1.	Objectives	of	T2DM2	project

ü 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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1) LSBB
§ Low background noise environment
§ Layout of the galleries allowing to deploy the detectors easily
between 0 and 518m deep

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
­ Private company providing geophysical equipment's all over
the world

­ Shared by BRGM and OYO company

2.	Collaboration	members

T2DM2’s	initiator Leader	in	
Geosciences

Skilled	in	sensors	
development	
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3.	Targeted	applications

4

Resources	
characterization

Cultural	heritage

Civil	engineering Volcanology

Natural	hazard
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Main Muon detection technologies

4.	Technology

T2DM2	for	Muographers 2017

Muon	
tomography

Visual	
technologies

Cloud	
chamber

Emulsion	
detectors

Scintillators

Liquid

Plastic

Gaseous	
detectors

Micro	
pattern

Geiger-
Müller

Wire	
chamber

GRPC

T2DM2	detector
ü External	trigger	provided	by	scintillator	
ü Compact	and	light
ü Only	one	detection	plane	allows	reconstructing	

the	particle	track	
ü Performance:

o Temporal	resolution,	few	ns
o Angular	resolution,	better	than	1° for	

reconstructed	tracks
o 2D	resolution,	better	than	1mm

T2DM2
detector



Principles
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4.	Technology

6

Drift	cathode

Micromesh

Ionization!

Y	tracks

X	tracks

Resistive layer
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5.	Open	sky	measurements
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Detector	location

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

REFERENCE	MEASUREMENT

Tang	model	vs	measurement
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6.	Outdoor	measurements

8T2DM2	for	Muographers 2017

Approximation	of	the	360º	view	around	the	detector	with	the	same	orientation	as	the	upper	graphic

Detector	location

No	track	reconstruction	areas Integration	time=3h

𝑅𝑎𝑡𝑖𝑜 =
𝑀𝑢𝑜𝑛𝑠	𝑝𝑒𝑟	𝑏𝑖𝑛	𝑎𝑡	𝑶𝒑𝒆𝒏	𝒔𝒌𝒚	𝒎𝒆𝒂𝒔𝒖𝒓𝒆
𝑀𝑢𝑜𝑛𝑠	𝑝𝑒𝑟	𝑏𝑖𝑛	𝑎𝑡	𝑽𝒂𝒍𝒍𝒆𝒚	𝒎𝒆𝒂𝒔𝒖𝒓𝒆

Higher values
means bigger
attenuation



Te
m
po

ra
l	T
om

og
ra
ph

y
of
	ro

ck
	m

as
s	d

en
sit
y
by
	th

e	
M
ea
su
re

of
	M

uo
ns
	

T2
DM

2

6.	Outdoor	measurements
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Detector	location

Same	dataset	as	previous	slide
Integration	time=3h

𝑅𝑎𝑡𝑖𝑜 =
𝑀𝑢𝑜𝑛𝑠	𝑝𝑒𝑟	𝑏𝑖𝑛	𝑎𝑡	𝑶𝒑𝒆𝒏	𝒔𝒌𝒚	𝒎𝒆𝒂𝒔𝒖𝒓𝒆
𝑀𝑢𝑜𝑛𝑠	𝑝𝑒𝑟	𝑏𝑖𝑛	𝑎𝑡	𝑽𝒂𝒍𝒍𝒆𝒚	𝒎𝒆𝒂𝒔𝒖𝒓𝒆
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7.	Study	site

10T2DM2	for	Muographers 2017

Risk	surveillance	Well	known	topograhy

• 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

Detector	location
Narrow	hill	with	a	castle	
on	the	top	and	crossing	
tunnels	underneath	
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7.	Study	site	- modelisation
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Water level at the
beginning of the
measurement

Topographic	data Digital	model	for	simulation*

Detector	location

Detector	location

*Thanks	to	K.	Jourde from	BRGM	and	
member	of	T2DM2	collaboration
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Concrete	density	estimated	at	2,4	kg/L

Integration	time=3d17h

8.	Preliminary	results

60°−60°
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9.	Short	term	goals
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üContinue acquiring data by the dam:
Øto improve the data analysis algorithms (P & T dependence, track reconstruction algorithm…)
Øto assess the variations of the water level (approx. 1cm per day)

üWork in the inverse problem to convert muon flux into density

üBuild a new set-up in the galleries of an out-of-service mine in
collaboration with the CEA.
ØTwo different MicroMegas based detectors measuring in parallel.
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10.	Conclusion

14

üRecently acquired capability to perform long-term measurements
üFirst campaign of measures out of the lab accomplished, field
transportability demonstrated
üCurrently working in the inversion to compare the prediction from the
model against the acquired data
üThe data analysis shows that the trajectory reconstruction algorithm
works well…
üBUT, still room for improving the efficiency and reduce instrumental noise.

T2DM2	for	Muographers 2017



Te
m
po

ra
l	T
om

og
ra
ph

y
of
	ro

ck
	m

as
s	d

en
sit
y
by
	th

e	
M
ea
su
re

of
	M

uo
ns
	

T2
DM

2

Acknowledgements	

15

PhD	leading	institutions:

Collaborators:

Sponsors:

T2DM2	for	Muographers 2017



Te
m
po

ra
l	T
om

og
ra
ph

y
of
	ro

ck
	m

as
s	d

en
sit
y
by
	th

e	
M
ea
su
re

of
	M

uo
ns
	

T2
DM

2

Spare	slides
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6°5°
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Spare	slides
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