Tz Dizionzinz p!ojs‘cjj raziclols

cJasign zind talascooas Uogracds

C.Girerd, B.Cal s,SGardlen,J Marteau
Institut :/ o _rJ_/_/ / 4& lucleaire de Lyo
Universite ,/ o L) /J./J ¥ J‘u_A orsité L /JJ_/—' 7

CNRS /va“ x
DIAPHANE collaboratloﬁ*" "‘°*‘ g TR

@ |IPG Paris : D.Gibert, N. Lesparre (post-doc), O. Slrola‘\J J. Slbl||a J-C. Komorowskl,
S.Deroussi, M.Diament
Géosciences Rennes : B.Kergosien, F.Nicollin, P.Rolland
@ Observatoire Volcanologique de la Soufriere de Guadeloupe (OVSG)
\-@ Swisstopo Institute, Mont-Terri underground laboratory, Switzerland

7

«?

e} Fion i ;
7\ ; ¥ e A . Vil % i - A A — .- i e
f N . L 5 Ay | " for P - b i
y ‘4\":\ Z \ s 1 o) y YA LY R e P
® P i o N " oy " - n K44 | e VI
A Ve A B ;ﬂ_ﬁ ' - Yool & 9 Ty £ A S / L & 3
N ; RS ! AL AL 1 UG o Lo TR
1 Ve ' 5 ; ) B o -
r'f AL b g e s “ N Al B "
[ i ¥ I ] ot ¥ Ay o o |
& Dot A 1 ; Pha o T - | #
& TR 1 1 Mg o’ R t d
. s - . Ay Yl W i ermon =-Ferran
¥ o LT Sl 3 etk
marvar & comprances Les Nis 4 I Jind 1,V R A WYL 3! A, “.\ i = \\ !
1 . = - 752 o O gy v AR W y . I { )



Targets = active volcg RN
Soufrig oS B bR ts errat

(1




Parametrization

Incident muons flux : models?

Crouch (EX)

Baksan (EX)

LVD (EX)

MARCO (EX)

Frejus (EX)

Crookes and Rastin (EX)
Bergamasco et al. (EX)
Stockel (EX)

Castagnoli et al (EX)
Avan and Avan (EX)
Randall and Hazen (EX)
Clay and Van Gemert (EX)
‘Wilson (EX)
Kudryavtsev (MC)
Present work (MC)
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Field telescope concept & design

Given the desired resolution on the density one has
to design in principle a telescope with an acceptance

such that the data taking duration is below a
threshold...
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Field telescoPe concep
The design should be compatible

t & design

with the harsh conditions

.

® choice of a robust technology

® ... modular, scalable, cheap

® Jow power consumption

® ... casy to move

® compatible with network/wifi
® cmbedded local processing

Plastic scintillator
hodoscope

+ WLS fibres

+ clear fibres connectors
+ MaPMT

+ OPERA r/o0 electronics

(analogic/digital)

Concept, R&D and construction :
IPG Paris + IPN Lyon + Géosciences Rennes.




Telescopes detection features

Controlled acceptance and angular resolution
® Muons detection in triple coincidence :
¢ XY coincidence required at the plane level

¢ Majority = 2 planes required at the telescope level
(coincidence window = 10 ns)

T.o0.f. performed with new TDC facility

® Possible runs with or without shielding in front of the
detection planes
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Detection planes

2 XY biplanes (32 channels per biplane)
Fermilab scintillator bars + Imm WLS + 1mm clear fibres

® Photosensor : Hamamatsu MaPMT (H8804) or MPPC (S10362-11-050C)

=

MultiAnode
PMT
MultiPixels
PhotoCounter




Readout opto-electronics

® Hamamatsu “H8804-200mod”, 64 2mmXx2mm pixels, <10Hz dc at 0.5 pe

+ 30% quantum efficiency w.r.t. OPERA PMT
® Auto-triggerable F/E with channel-to-channel gain compensation (1— 4)

® Ethernet DAQ system with embedded Linux
® Motherboard hosting HV module, LED pulser, 12 bits ADC, slow control

® Event timestamp with 10ns accuracy, upgraded down to 1ns

IPNLyon
CAMEROP1 .2




Readout opto-electronics (Bloc diagram)

_ Clock unit External clock
H |g h (clock decoder) '
Voltage

Commands

Synchro

(optional for delay
measurement &
ajustement)

Led Pulser

Chip
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DAQ general features

Mezzanine board

128K 16Mo 4Mo

The basic “element” of the system is a daughter board, 32bits SORAM | Flash
called “mezzanine” hosting: FiFe

- FPGA of the Altera Cyclone type
- 128Kx32 FIFO
- 4Mo Flash, 16 Mo SDRAM Memory MYl | | Processor
- AXIS Etrax100Ix pProcessor in Multi Chip Module (MCM) form CYCLONE (linux)

This software is completely object oriented and uses the Interface Description
Language (IDL) to describe the distributed objects independantly of the

Successful operation since 2008 of this opto-
electronics readout chain :
O basis of further developments (MPPC)
D implementation of "hard-wired" TDC to
®improve the timing resolution
Upgrades common with other projects




Front-end stage

LAL (IN2P3) chip: OPERA-ROC

- 1* generation x-ROC chips

- robustness validated on many samples
Slow shaper for charge measurement
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R/O electronics : current developments on MPPC
(Silicon Photo multip

® Hamamatsu MPPC type S10362-13-050C
® Auto-triggerable F/E based on

SPIROC-2 / EasyROC
Ethernet DAQ system with embedded Linux
® Motherboard hosting HV module e
® Tests successful in external trigger mode £ BTITE

BIRIRIP

Photo electron spectrum obtained with
Easy ROC chip

led8
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12-bit Main

Ch. Analog channel LYENf] mem.
¢ Witkinsan Memory
ADC
for charge SRAM
builder

Analog channe! T g
__H
Time
12-bit counter a‘igftal' e
Com
Trigger Memory module

control pointer




R/O electronics : current developments on MPPC

® New (lighter) design
based on a simplified chain
(P.E. counter) with a robust,
high gain amplifier

Successful operation
in external/auto-trigger
mode
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R/O electronics : Ring oscillator TDC in FPGA

Trigger

® Better time stamp resolution to allow a better Background rejection

Goal => TDC FPGA implementation (without additionnal hardware)

Possible solution Ring oscillators TDC (low area, low power)

® Autocalibration of TO and At (using external common reference clock)

Coarse
counter

Sigw oscillator N, mﬂﬂﬂm

clock <>

Stop (Ready)

M Ready

Phase
s detector
Fast oscillator gmmd Counter N1

Slow oscillator

Ring oscillator
LCELL Buffer (ALTERA)

AR

e.g 400 Mhz (Cyclone)

= NOTS|OW ) Nleast
At = Tslow ) TfaSt

I=(N-N).T _ +NLAt




Preliminary results TDC

Remote implementation on telescope : First tests are very positive

Coarse counter clock period = 10 ns
Trigger step 100 ps

TDC response (mean of 10 measurements) TDC response comparison on 6 FPGA

Tdc out vs trigger delay with calibration

N

1 10 19 28 37 46 55 64 73 82 91 100 109 118 127 136 145 154 163 172 181 190 199
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134 141 148 155 162 169 176 183 190 Trigger delay (100 ps)




Conclusions & perspectives

@ Performing a 3D tomography
Challenging operations
Requires reliable hardware techniques
Requires software images processing

® DIAPHANE project operating since 2008
HEP techniques
Adaptation to harsch weather conditions
Validates the autonomous « unmanned » sensors concept

@ Optimizing the detector design
Larger acceptance / efficiency / resolution
Depends on the application, telescope location wrt volcano

R&D started on the basis of current state-of-the-art running telescopes

@ Upgrading the existing
MPPC to improve the muon detection efficiency

Requires a robust readout scheme : options under study
Implementing TDC inside FPGA : promising tool to improve the timing resolution




Thank you for your attention and meet you there

European Geosciences Union General Assembly 2012
Austrian Center VIENNA (ACV)
April 22-27, 2012

Geophysical tomography with high-energy particles: recent
developments and applications

The session is meant to make a state-of-the-art account of the emerging
geophysical tomography techniques using high-energy particles (cosmic muons,
neutrinos). This session will also be a community forum for discussions on both
methodological and applicative issues (volcanology, archaeology, monitoring of
underground repositories, hydrology). Presentations and discussions that span
different measurement approaches and applications in various geological
environments are welcome.




R/O electronics : TDC implementation in FPGA

Build two oscillators with very low At ( e.g few 100 psto 10 ps)

Possible by manual floorplanning in FPGA  \jxyef
TO calibration ratio between < >

Caliheatipg Fg and At

,,,,,,,,,,

Po%sml(?\le/reL*smg the precise external coarse counter clock.
TO = NO *Tref / 255 T ﬂ ﬂ N

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

T1=TO/N1

Dt calibraton: 1 1 ]

Count of T1 between two phase ﬂ T ﬂ ﬂ ,,,,,,,,, ﬂ ﬂ ﬂ T ﬂ
Detection in free running mode -

Ispersion due to FPGA production Qmﬂaté_vlmmﬂected ,,,,, ﬂ ﬂ ﬂ T ﬂ

emote implementatioRfesaslewctpe . First preliminary tests very

Nncitivin _ Nl*Tl
A= T,/ N; < >
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R/O electronics : current developments on MPPC

New option using discrete components
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'Transition : from Ravine Sud to Roche Fendue
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R/O electronics : TDC implementation in FPGA

Method existing on many FPGA architecture (Altera, Xylinx)

Implemented for tests on the FPGA cyclone (OPERA mezzanine) =>
gives a 200ps resolution

Dispersion of the 2 oscillators depending on the hardware (e.g. FPGA
production batch) since this is hard-wired

Calibration procedure required at the level of each mezzanine

Remote implementation. First preliminary tests very positive.

Goal = ~1ns resolution for a larger background rejection




