3¢m94Lo MMbmadg

9.960M™b035830¢0L 530D0 30l 0BLEO0EH™MEH0, MOOOLO
030 330093900l o9 05690)mo 0bLE 0G0, OB
0M35 Mbesdg

0630 33093900l o9 005690v )0 0bLE 0G0, OB
(0. 3065330¢0 wd(3., 0. MbPsdg, b. Brydobody)



,\\

N39639MmMmo 65Gos 3900l M9a0lEMS30ol bsgho A f
@gégj@)mégbob 630@)60@‘36 2556)38(*{60 (25500{3@0 oobgngo dgoto - bamﬁ)cgg@o 56
3oL MO) IMIM530 ITMbEAHVIo  boflomszo 0fj393L  A9M9gdMl  0MmboBsiosl, dolLo
53900l 50BbgdL o 3 sMI0DBI305L.

5360250, b5f0ons30L IMdMomdol BBy Bbgds mogolmgswo dmb@gdo (9egd@®mbgdo o
00b900), 503H69d0 O 3MWIMOHBYOWO sEMT9dO.

bgo@®MomMo  bsfows3gdo  Mdmswrm© 9O  0f39396 0mbobogosl 2> ©sxgodLoMmgds
09Lod09E0s  AMGIML  5BEMTGIOL  BOOMZGOMD  MODOgMNJIgJI0  HBIWIOIEO
3950 ©FMbEMo bofloszgdols bastrx .

02/04/2019, #96939, 5.0006¢5d9, 0.00mbsdy




o

N39639MmMmo 65Gos 3900l M9a0lEMS30ol bsgho A
@gégj@)mégbob 630@)@0@‘36 gb@g@m’@o (6.500(360 mbgngo dgoto - bamﬁ)cggj@o 56
3oL MO) IMIM530 ITMbEAHVIo  boflomszo 0fj393L  A9M9gdMl  0MmboBsiosl, dolLo
53900l 50BbgdL o 3 sMI0DBI305L.

5360250, b5f0ons30L IMdMomdol BBy Bbgds mogolmgswo dmb@gdo (9egd@®mbgdo o
00b900), 503H69d0 O 3MWIMOHBYOWO sEMT9dO.

bgo@®MomMo  Mdmommo  boffoszgdo o6 030396 0mboBogosl 2> @IxkoJuLoMmIdS
09Lod09E0s  AMGIML  5BEMTGIOL  BOOMZGOMD  MODOgMNJIgJI0  HBIWIOIEO
3950 ©FMbEMo bofloszgdols bastrx .

00 3900b3935d0, ™) ©IAIIB™OL IM35093L90m 9GO 39¢ndo, 35800 500d3Mqds gbo
™90 3oJLoMgEI0s IM3erg 9egdEMIo 033merliol Lsboo.

.‘_-i.l‘. I@"
\

02/04/2019, #96939, 5.0006¢5d9, 0.00mbsdy




\

9939650 b

AMI3HW0 ©IGIIGHMOJd0 3O mM0dgGHMYd0

02/04/2019, 596939, 5.0006025d9, 0.00mb60sdg



90939650 bof) 3oL IAIIE

T

AMI3HW0 ©IGIIGHMOJd0 3O mM0dgGHMYd0

A

355160 ©IAIIONOIV0 | | BabggesddatrIco EIGIIHNGIBO

02/04/2019, 596939, 5.0006025d9, 0.00mb60sdg



390000 ©YAHIJH™OYO0 | | Bbg35MT GNP ©IAIIONMJOO
AE [ 4
@IOIIOMO0 yotrgde P 3/bd3 fygowo | syzomo/dd
3000 (Ar) 103 3093 3(9)
mbgzoe-95%6-(LAF) 1.4 2499 5% 35 MO0d9BHO05
6/% (Si) 2.3 3.6 93 105
360630300, 6oH9350858F oMo OB IJBHMMJO0 Y39wsHg J0dBOWIZg0.:
@OEO  FAMABMB0sOIMDS,  3MT35JFH MM,  BESB0EIOMDS,  a®mdbmdo  dogbo@Go

39900530 . AMobToMgb B LT3, 59300 OB bsEOHOL MbY.
36593030 39H03900: 530 DMs, oLoErols 3m3MygbmEMds, FoVIO VOMHGIMEGdS

02/04/2019, #96939, 5.0006¢5d9, 0.00mbsdy



Sobs 39635

? ATLAS detector

CALOR2006, Chicago 44 m

Total weight ~ 7000 t

MDT chambers
5

P
7 TeV

22 m

e
39290m0: 5Ealiols JoMb®o L3gdEHM™MIgEOO

Parameter Barrel | Endcap | Total
Number of chambers 656 494 1150
Number of tubes 191 904 | 162 816 | 354 720
Total wire or tube length (km) 620 462 1082
Chamber area (m?) 3122 2399 5521
Pseudorapidity coverage 0-1 1-2.7 0-2.7
Chamber weight (t) 135 86 214
Gas volume (m?) 414 310 724
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Measurad Ultimate
SPATIAL RESOLUTION 12 um in CF, < |0
LLm {Tms)
TIME RESOLUTION 45 < |
ns (rms)
ENERGY RESOLUTION 138 13%
at 5.9 keV (FWHM)
SIGNAL to NOISE = 100 = 100
for M.1.Ps
RADIATION HARD 10 - 30 years of LHC =30
{mC/mm*}
RISE TIME OF < | < |

THE FAST SIGNAL (ns)
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pile-up in ATLAS:
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STGC =T mm

Double laced drilt - 20 mm

' 5 - Drift panel
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Maximum voltage (V) in air
970--1000
970

850
Maximum voltage (V) in
Ar/CO2
600-610
590
560-570
500
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71 Double side Cu-coated (5 um) Kapton foil (50 um),
e " Construction of readout strips/pads (photolithography)

Attachment of a single-side Cu-coated kapton foil (25/5 ptm)

Lt —
E_— —teamm s

Construction of readout lines

Etching of kapton
Vias construction

Ee=r ===, 1 0 of Cu-conted kapton
E== === == b, ochemical production of mesh holes
e o o] Kapton etching / Cleaning
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1. 0.2 um Si wafer oxidation
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2. 0.2 um anode patterning
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3. 50 um SU-8 coating and exposure
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4. 0.8 um grid patterning
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5. SU-8 development
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Drift panel

5 mm spacer

APV?25 board
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50um Kapton + resistive strips

I A sum solid Glue —

]
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Mesh support pillar Resistive Strip Embedded resistor Resistive Strip
0.5-5 MQ/cm 15—-45 MO Smm long 0.5-5 Mofcm

GMND Copper readout strip

Copper Stri
Insulator 015 mp"Ff‘. . 100pmm 0.15 mm x 100 mm

R11 (Ar.C0O; 85:15) Nautran flux = 10% Hx/em?

Non-rasistive MM (Ar:CO, 85:15) Nautran flux « 10% Hz/am
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Current and voltage of standard and resistive MM in the neutron and pion beam
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Systems of Notification

2SS 1alse alarms

x  Reliability (human, visibility...) x  False alarn _—
¥ Human resources x  Strong winds
x Expensive!

> IR detectors (small area
> Satellites (large area) ( )

v’ Fast response
v’ Very large area _ _
_ v" Good resolution for small distances
Resolution B
_ v Insensitive to fog & dust
X Response time
x False alarms
x  Clouds .
_ x Expensive for the area covered
% Very expensive!
» Aircraft patrols (medium area) » FORFIRE (medium area)
v Fast response v' Very cheep
v" Low false alarm rate v' Low false alarm rate
02/04/200, 53%9%@!%,!0.@@6@63 v Low power consumption

x Direct vision required



What exist out there?

EU standard:

The highest sensitivity Class 1: ~ 30 x 30 x 30 cm3 flame at ~20m for 20sec - Hamamatsu UVtron

Dréiger Flame 5000 Simtronics MultiFlame DM-TV6-V Dual UV-IR

Range, n-heptane 45m 0.3x0.3m
Range, gazoline 27 m 0.3x0.3 m

Gasoline.Fire-surfacesef0.1 m? at 44 m



The basic idea of the UV sensitive
detectors of flames

Flame
~ =i / 1
Sao N Visible ~ Reflected IR Tharmal (emitted) IR Microwave
2
D <
=3
z 4
ES
< <
o —— 11— : ——F L
0.2 um 0.5 1.0 5 10 20 100 m 0.1 cm 1.0cm 1.0m
Wavelength (not to scale)
Human vision Imaging radar
e i Thermal IR scanners Ka-Band
Photographic cameras T = X-Band
5 AR C-Band
L-Band

P-Band

Electro-optical sensocrs
- -

-
Passive microwave
- - -
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UV Detector

Ozone layer in upper
atmosphere

blocks the sun radiation

in the range 185-260 nm,
however on the ground
level the atmosphere is
transparent in this speciral
interval

So a UV detector, sensitive only in
the interval 185-260nm is able to
detect a UV radiation from the flame,
but at the same time is insensitive

to the Sun radiation



A Micromegas for UV is attractive:

Good signal to noise ratio.
‘

=>» High sensitivity, reaching “single photon detection” level.

* Very low power consumption (<< mW)

* Intrinsically “solar-blind”:
the Q.E. of solid photocathodes such as Csl is significant for 200-230 nm and drops by 7 orders of
magnitude up to 300 nm

** Vlery low production cost

* Large scale production possible
* \ery fast response (<1us).

* UV imaging possible

02/04/2019, 596939, 5.0006025d9, 0.00mb60sdg



UV photon detection principle

7 [ —
ThGe photocathode does not see the avalanche 0 ic dbac - qhe in (up t
109)

v High electron extraction & collection efficiency m ‘
p

*  Semi-transparent photocathode:

micromesh
Photosensitive material is deposited on an aluminized quartz window (drift electrode) avalanche
v Extra preamplification stage = better long-term stability anode
x  Lower photon extraction efficiency (factor 3)

x  Fragility to sparks insulator
x  lon feedback = gain limitation

photocathode
electron

preamplification

micromesh
avalanche

anode

02/04/2019, #96939, 5.0006¢5d9, 0.00mbsdy insulator



The FORFIRE Micromegas concept

\

C
™ 2000V
photocathode 10 mm

& ________ __i_
7 T 2000V
Drift mesh

Pre-amplification 3mm

Mesh T
\ -350 V

= ov

Anode Avalanche
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Advantages of the new concept

———

=»High electron extraction efficiency

** Reflective photocathode

* Preamplification

* No ion feedback
=»Very high total gain (>> 10"7)
=»Stability in sealed mode
=»Exceptional signal to noise ratio

* Photocathode separated from detector
=»Easy fabrication/handling of Csl

02/04/2019, 596939, 5.0006025d9, 0.00mb60sdg



The FORFIRE detector

Gas: 90% Ne, 10% Ethane
* High gain
o Good electron extraction efficiency

*  Photocathode = drift electrode

This design provides:

v’ Production simplification
v Low cost
v Imaging capabilities
v’ Sealed operation
v Robustness
v’ Stability with time
v’ Very high gain
=»Single photon detection

<
02/04/2019, 596939, 5.0006025d9, 0.00mb60sdg l



The FORFIRE detector

Gas: 90% Ne, 10% Ethane
* High gain

o Good electron extraction efficiency
*  Photocathode = drift electrode

This design provides:

v’ Production simplification
v Low cost
v Imaging capabilities
v’ Sealed operation
v Robustness
v’ Stability with time
v’ Very high gain
=»Single photon detection
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Long range measurements

193 nm filter
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signal is expected.

» Smaller wavelengths are strongly absorbed by the atmosphere
» For larger wavelengths the QE drops rapidly.

These filters cover the regic

The absorption length of the atmosphere has been derived to be between 100 to
150 m in that region.
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Efficiency
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1 Q.E & Sensitivity

Photodiode Q.E.(200nm)~70%
FORFIRE Q.E.(200nm)~0.1%

..., However
| Photodiode minimum signal ~ 5 pA
Photodiode minimum sensitivity ~

5x107 photons

Aninoomegsurements

July 2011 measurement - filters
July 2011 measurement - filters

Nov 2011 - monochromator

Nov 2011 annealed - monochromator

200 220 240
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