LHC schedule New rough draft 10 year plan Not yet approved!
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LHC

Machine: Splice Consolidation &
4 or 5 T Collimation inIR3

ALICE - detector completion

-Masmaintenance

TeV? p_Pb ATLAS - Consolidation and new forward

beam pipes

FURN [ovs-Fwbmuonsupgrade +
Consolidation B infrastrastructure

> 10 fb-l LHCb - consollidations | Linac-2->4 . 50'>160 MeV
?Cryo-collimation point | Gain en sortie du SPS : 1.15 -> >1.3.10! p/bunch

Injectors

Pile-up : ~3 10a 20 ~40

2016 | 2017 | 2018 2019 | 2020 2021 _
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LHC LS3
2 Machine: Collimation & prepare for .
E trab cavities & RF cryo system v ¥ I nSta| Iatlon
2 s
% ATLAS: new pixel detect. -detact. E 2. Of the
. for ultimate luminosity. é’ 1 HL LHC
> 50 fb-l ALICE - Inner vertex system E 300 fb =
n
CMS - New Pixel, New HCAL E & hardware
x = |

Photodetectors. Completion of
FWD muaons upgrade

LHCb - Tull trigger upgrade, new
vertex detactor etc.

Injectors | [ TIT11011 | e | s | fssisismisiisid | E—
3000 fb-!

+ d’infos aprés le workshop de Chamonix sur la machine LHC (01/2012)



Dernieres nouvelles d’Atlas

Total Integrated Luminosity [fo

7 ATLAS Onllne Luminosity \s=7TeV —
E |:| LHC Delivered E
6 -
=[] ATLAS Recorded -
50 Total Delivered: 5.57 b ]
aF Total Recorded: 5.21 o' (>93%) .
3 —
2 —
1 -
b = ]
28/02 30/04 30/06 30/08 31/10

Day in 2011

Z — pp with 20 reconstructed vertices

Event du 14/09/2011 (beta* ~1m)

p; track threshold is 0.4 GeV and all tracks are
required to have at least 2 Pixel and 7 SCT hits

The vertices shown are reconstructed using

tracks with p; greater than 0.4 GeV

y\ \\

Sunday 30 October at 17h : end of the
2011 p-p run

(L~3.1033 et 50ns entre chaque X)

-_’.EXPERIMENT

Run Number: 189280, Event Number: 1705325
Date: 2011-09-14 02:47:14 CEST







Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

A proposal of building
new muon small wheels :

the NSW project

Draft 0.05 15.10.2011
Abstract

abstract

_ PouquOI Ie HL_LHC 1 Imtroduction [TK)
_ Bruit de fond dans Ia Caverne The physies goal of the LHC includes amon :U[ht‘r‘- i l-mvr'r_r of Higms t oson, SUSY particles if
- Micromegas résistive : . .

r]l!( upgrade by i fl(‘r‘.""l."xll |L
n value :]“-ZJRID for collecting much higher integrated luminosicy lhj

) OU en est_on ? |n||.|:d|\ comsidered. D ft d 15/10/2011( 130 )
. X raft du ~ pages
- Que fait-on a I'lrfu ? (dans Atlas et « autour ») avec les trois options :

- Demandes au CSTS (2 options) - sMDT+RPC
- sMDT+TGC

- Conclusion - Micromegas
Quelques sections communes
mangquantes :
- Mécanique (1°" dessins)
- Radiation
- Alignement (1°" discussions)
- DCS

Philippe Schune
Irfu-SPP

CSTS du SPP Saclay, le 4 novembre 2011 4



CEA-Saclay

Upgrade Atlas — groupe Micromegas (MAMMA)
Propositions de participation au CSTS du SPP

Pourquoi le HL-LHC
Bruit de fond dans la caverne
Micromegas résistive :

- QOuenest-on?

- Que fait-on a I'lrfu ? (dans Atlas et « autour :

Demandes au CSTS (2 options)
Conclusion

Small wheel
r~om

MBTS
r<90cm



Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

Small wheel
r~om

- Pourquoi le HL-LHC |
- Bruit de fond dans la caverne
- Micromegas résistive :
- Ouenest-on?
- Que fait-on a I'lrfu ? (dans Atlas et « autour »)
- Demandes au CSTS (2 options)
—> - Conclusion

MBTS
r<90cm



Upgrade Atlas — groupe Micromegas (MAMMA)
Demandes au CSTS du SPP (2 options)

Micromegas choisies par Atlas Micromegas rejetées par Atlas ~5 m?

pour 'upgrade des Small-Wheel pour 'upgrade des Small-Wheel

— ~ 2 A
(r=5m, ~1000 m* de détecteurs) Objectifs : se repositionner sur le projet (MBTS, r < 90cm)

Objectifs : arriver a un PRR (Production Readiness et finir d'acquérir I'expertise en cours (compréhension,
industrialisation et précision).

Review) fin 2012, puis production, etc... _

Participation de I'lrfu a :

() Létude de 'assemblage de P J i . " )
Micromegas en chambres /" electrode - (i) « Repositionnement » sur I'upgrade : MBTS

) B Mi h et électronique, intégration...) ;
multicouches et I'étude de icromes ( que, intég );

Participation de I'lrfu :

5mm

I'intégration de celles-ci sur les £ .. . . . o
petites roues : 3 oillars (i)  Fin des études en cours (irradiation, etc.) ;
- strips
(i) L'étude, le développement et la (iii) Participation a la construction de la premiére
production de I’électronique de grand chambre Micromegas résistive.

déclenchement ;

(iii) la calibration, la construction et
I'installation des détecteurs

(10 a 15%).
Dans les deux cas (pas avec la méme priorité en temps) :

Participation de I'lrfu au proto echelle-1 (avec alignement des layers pour -au moins- un des multi-layer)

et suivi + participation a I'industrialisation.

=> L'objectif étant que ce détecteur puisse servir a boucher un des trous d’acceptance du
spectrometre a muons (par ex. : pieds, eta=0, etc.).




Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

—> - Pourquoi le HL-LHC
- Bruit de fond dans la caverne
- Micromegas résistive :
- QOuenest-on?
- Que fait-on a I'lrfu ? (dans Atlas et « autour »)
- Demandes au CSTS (2 options)
- Conclusion

8
Ph.Schune, Upgrade Atlas, groupe Micromegas (MAMMA) CSTS du SPP



Selection of Physics Potential of HL-LHC

« Electroweak Physics (precision measurements)
production of multiple gauge bosons (ny > 3)
triple and quartic gauge boson couplings

Le but est g
Higgs physics (/f Higgs discovered at LHC) tp ar IMetre s Mesyre, e
» Higgs rare decay modes MOuyge et ™S Partc / :
Higgs couplings to fermions and bosons testgs _, “You es m u €s
Higgs self-couplings ‘Haoyg;  O%€les

Heavy Higgs bosons of the MSSM

Strongly-coupled vector boson system (/f Higgs not seen at LHC)
- W/ Z,, ZZ scalar resonance, W* W+,

And beyond standard model:
Supersymmetry
Multi-TeV squarks and gluinos

Extra Dimensions
Direct graviton production in ADD models
Resonance production in Randall-Sundrum models

New Gauge Bosons Z'

Compositeness
Quark substructure Remarque : |l vaudrait mieux monter en énergie plutdt qu’en luminosité...
(et si possible les deux)



Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

- Pourquoi le HL-LHC
—> - Bruit de fond dans la caverne
- Micromegas résistive :
- QOuenest-on?
- Que fait-on a I'lrfu ? (dans Atlas et « autour »)
- Demandes au CSTS (2 options)
- Conclusion

10
Ph.Schune, Upgrade Atlas, groupe Micromegas (MAMMA) CSTS du SPP



Background in Atlas cavern

Background comes from residues of p-p interactions

(through spallation process) :

» Huge production of neutrons, thus creating v, thus

creating e, etc...

« Also at higher energy, n and y create ionizing particle

(mainly: p, e+, e-)

« Direct background: u and punchthrough (smaller)

Muon Detectors

Electromagnetic Calorimeter]

Solenoid Forward Calofgeters

Barrel Toroid Inner Detector

Shielding

Hadronic Calorimeters

Neutron “gas” in the cavern
(-> therm. of neutrons)
S\
- L &0 D E;,=10 MeV : v, ~15% c (23 ns pour 1m)
o MDT efficiency vs. E(n) & &‘9 & 10keV:  ~5.103c (0.7 us pour 1m), out of time
(7] g QNP .
i O \9 5
.2 r & Eff neutron MDT (FLUKA TP) \&Q l\é) éQ " £ ‘ E & I ‘ E
uq:) i O Eff neutron MDT (GEANT3 2002) 6(5\’ B n ] F 'Y 1
o = B 4
E B Eff neutron PDT Experiment i
i 10 kHz/cm?3 - 1
- /‘L 4| |
[ threshold due to ‘ E
10 . ) ) [ - ,
= det. signal g ht-1043 103 ] w [ 1
3 | n i E L 1
t (0. p) 0k ]
© £\ N-Capture A, . e Sk 1
W o <Y ght4.8.103 2 g
16°L i 0* Lk 10 L |
"Q_1 ey "1”3-7" ‘1"!-%””,‘"(')-%' RO s e 5 g 1 MeV| i .l
. . entran Energy (Mev) 10 L IR 10
8 3 0
Figure 6.6 MDT Efficiency for neutrons: crusses]ﬂ\ulngMd efficiency estumated MFLT.‘K;\ for the MDT 10 . WCI 1 N WCO
for the TP design with a gas composition of 90%sAr. 5%N,.5% CH, at a pressure of 3 Atm: open squares show EL( lab (GeV) E, Tah (GeV)

the new GEANT3 estimate for the final MDT design with 3 Atm of 93% Ar. 7% CO;: full squares are
measurements made with Pressurized Drift Tubes at 3 Atm of 81.5%Ar, 15%20C0,.3.5%%CH,, for different
sensitive volumes [57]. See text a more detailed discussion.

Figure 5-67 The expected neutron flux as a function
of neutron energy in different rapidity regions of the
muon spectrometer (top curve: 2.3 <n < 2.7, middle
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4).

Figure 5-66 The expected photon flux as a function of
photon energy in different rapidity regions of the muon
spectrometer (top curve: 2.3 <n < 2.7] fhiddle curve:
1.4 <1 < 2.3 and bottom curve: n < 1.4).



Background in Atlas cavern

Background comes from residues of p-p interactions

(through spallation process) :

» Huge production of neutrons, thus creating v, thus

creating e, etc...

« Also at higher energy, n and y create ionizing particle

(mainly: p, e+, e-)

« Direct background: u and punchthrough (smaller)

6 1 Efficiency for neutrons QC \\ S
’Z; E < Eff neutron MOT Qe 0’\' efg\
S E A Eff neutron RPC ?:00 ° \TSQ
b F , S \\‘bﬁ 105
e ]
QO Eff neutror RPC
e (6 el 10 kHz/cm?
=3 o S & —
Ta & - | RPC/TGCI g, ~1042a 103
g)o\l/ ; w H component]! 5,
10 HO-O@ - R x't\ 7\1,4?1 L‘,‘ i
g ; > SR 5%, WP © CSC hit 3 o
gv P e g M=~4-8.103
s (Ar/CO, 80/20 =
1C75': 10°
8 A : | o pavel 4oy eann |
i = 12)_2 107" I 110 110 10° o
Neutron Energy (MeV)
1 keV

ficiency for neutrons for the different chamber types as calculated with Gean
‘ements are shown for CSC [59,60] and TGC [61]. See text for more detailed

Hadronic Calorimeters Rlpel N

Neutron “gas” in the cavern
(-> therm. of neutrons)

E;,=10 MeV : v, ~15% c (23 ns pour 1m)

10 keV :

~5.103 ¢ (0.7 us pour 1m), out of time

Mev\| | | | (

Y

=
S
38

10°¢

E (GeV)

k leb

Figure 5-67 The expected neutron flux as a function
of neutron energy in different rapidity regions of the
muon spectrometer (top curve: 2.3 <n < 2.7, middle
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4).

wc|3 10° 100

Figure 5-66 The expected photon flux as a function of
photon energy in different rapidity regions of the muon
spectrometer (top curve: 2.3 <n < 2.7] Piddle curve:
1.4 <1 < 2.3 and bottom curve: n < 1.4).



Background in Atlas cavern

Background comes from residues of p-p interactions

(through spallation process) :

» Huge production of neutrons, thus creating v, thus

creating e, etc...

« Also at higher energy, n and y create ionizing particle

(mainly: p, e+, e-)

« Direct background: u and punchthrough (smaller)

Background count ratt L =10 ecm—2¢!

<55
<55 <1
<95
<1
<70 <135
= <
0 EE <190

(Numbers include a safety factor of 5.)

Atlas needs to measure ca
spectrometer) in order to r
background for s-LHC.

<75

<74

<58

<160

<250

n ba
ce un

<46

ound
tainti

<50

* pp x section for part. prod. (~1.2)
. propagation in calo. and shielding (~2.9)
iency in chambers (~1.4) 07

n

ing muon

Shielding

Neutron “gas” in the cavern
(-> therm. of neutrons)

E;,=10 MeV : v, ~15% c (23 ns pour 1m)
~5.103 ¢ (0.7 us pour 1m), out of time

10 keV :

10°

10 kHz/cm?
e

g Mt~104 4 16;3

0?
e

£ Mt~4-8.10-%

dN/dlog

T T T TTI] o

Figure 5-67 The expected neutron flux as a function
of neutron energy in different rapidity regions of the
muon spectrometer (top curve: 2.3 <n < 2.7, middle
curve: 1.4 <m < 2.3 and bottom curve: n < 1.4).
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Figure 5-66 The expected photon flux as a function of
photon energy in different rapidity regions of the muon
spectrometer (top curve: 2.3 <n < 2.7]_3|iddle curve:
1.4 <1 < 2.3 and bottom curve: n < 1.4).



Background in Atlas cavern

Background comes from residues of p-p interactions
(through spallation process) :

» Huge production of neutrons, thus creating v, thus
creating e, etc...

« Also at higher energy, n and y create ionizing particle
(mainly: p, e+, e-)

* Direct background: p and punchthrough (smaller)
Neutron “gas” in the cavern
(-> therm. of neutrons)
E;,=10 MeV : v, ~15% c (23 ns pour 1m)
10 keV : ~5.103 ¢ (0.7 us pour 1m), out of time
7 TeV Data to Simulation Ratio at 1.5*10432 o T 0 g ‘ 3
T L 1 ¥ 1
':' 12 dl b Y B
- I ,5 10 kHz/cm? 1 i 1
10—-!—!!-__-—-—- o ﬂ 3
8:-‘__ ..... — "" ‘::ﬂc3 ;%103 ;_ ;
e = 1 |
= = T —m— 11 102 o L |
| I % <
2 il i W 4
- 10" MeV| i v
- | | | | | | |13 10
% ———% 10 15 20 25 ° b £ :Ge\nml b e -

k lab Lolah
z|m
[m] Figure 5-67 The expected_neutron flux as a function Figure 5-66 The expected photon flux as a function of
of neutron energy in different rapidity regions of the photon energy in different rapidity regions of the muon

muon spectrometer (top curve: 2.3 <n < 2.7, middle spectrometer (top curve: 2.3 <n < 2.7] Aiddle curve:

(derniére simulation : facteur de sécurité ~ X2) curve: 1.4 <7 < 2.3 and bottom curve: 1 < 1.4). 1.4 <7 < 2.3 and bottom curve: n < 1.4).



Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

- Pourquoi le HL-LHC
- Bruit de fond dans la caverne
- Micromegas résistive :
- - QOuenest-on?
- Que fait-on a I'lrfu ? (dans Atlas et « autour »)
- Demandes au CSTS (2 options)
- Conclusion

Ph.Schune, Upgrade Atlas, groupe Micromegas (MAMMA)

15
CSTS du SPP



If time measurement Resistive Micromegas Structure

=> ~micro-TPC

Front view S Side view

Drift mesh - Cathode Drift mesh - Cathode

E..
drift (\s

Embedded resistor Resistive Strips
15¢45 MQ long 0.5 -5 MQ/cm

%

& S 3
RS H B E
= S g <
4 ® @ @
o
N
=)
i ; Anode Readout Cu Stri
< Anode Readout Cu Strips Resistive Strips 0.15 mm x 100 mm g
< 0.5 -5 MQ/cm :
0.15 mm x 100 mm :
e- mean free path in amp. region ~few um
N e e At Mesh  (charge tank)
C2e— Induced charge ) .. . .
- Resistive strip Front view - Non Resistive Micromegas — Standard Micromegas
i) Cl ! ’,
8 3 — . . Amp //
= R1 Cerpereen Ca ?
2 4 0.15mmx 10 cm —— A Drift mesh - Cathode (\}'"
© >/
=] Y4
A -
c . 4
(=) C1 — capacitance Mesh to ground (\(b/
n C2 — capacitance R-strip to ground E C/)"
C3 — capacitance R-strip to readout strip 5 mm d r | ft &
C4 — capacitance readout strip to ground 4

Ca — input capacitance of preamplifier

Introduce a RC (~100 ns) to spread avalanche
development in space and in time

(prevent spark <~> control streamer mode)

If 2D strip-readout crossed => delayed signal on strips
perpendicular to resistive strips

()
(8]
c
[
[
>
©




- Tests of different type of anode-resistive Micromegas

Carbon Loaded Kapton

=0 To avoid sparks on
micromegas different

resistive coating , _
) coupling all strips...
configuration are -

kapton 2ZMQ
resistive
strip to ground

tested.
© We tested 3 B +
. . . 0.5 mmor | mm
different resistive — RI2/R14
technologies. : 3‘_
§ &

RIO | 20mm | |apten 1.67 nF 22.1% (310V) 7829 (410v)
MO/ O
resistive strip o I o
RI7 L0mm | 943 pF 29.8% (310V) 10236 (410) & B g
. 1 |
RI4 1.0mm | strips 300kQ) 943 pF 36.3% (350V) 10023 (410v) i
scintillators scintillator
RI12 | 0.5mm | strips 300k 637 pF 24.4% (320V) 9835 (410v)
! i i XY XY XY XY XY
+20V on mesh HV is equivalent to ~x2 for the gain » o -
NN NS

CERN- H6 pion beams ~100 GeV

25 up to 250 kHz/cm?2

RaggeI:R=p—:Rs(£) etR,enQ /0O 17




Efficiency a @ %

Efficiency at 50,, %

100 —— ]
C v v .
95— R - s —
C v I .
90 =
85 =
80 :_ == R-strip 300 k2, 0.5 mm E
E ] =%— R-strip to ground, 1.0 mm ;
75 . == R-strip 300 k2, 1.0 mm |
70 : 1 | 1 1 | 1 1 | I 1 | 1 1 | 1 I:
320 340 360 380 400 1
1 00 m— T T T T T T T T T —]
08— , -
B ¢ i ¥
L i
96— ]
94 ; R-strip to ground, 1.0 mm ;
L —¥— Angle 0° 7
L v —— Angle 20° —
92 __ —8— Angle 30° __
90 :— 1 | | 1 1 | 1 1 | | 1 1 | | 1 1 ‘ 1 ¥
320 340 360 380 400 14

HVmesh [V]

Tests of different type of anode-resistive Micromegas

resistive
strip to ground

Resistive detectors

glE s 41 £
1 | ElE e | E
" Beam H6 I ] I I
scintillators scintillator
XY XY XY XY XY
el 2.0
g N o
CERN- H6 pion beams ~100 GeV
25 up to 250 kHz/cm?2
18

g~104



With m.i.p. pions at H6 (100 GeV)

Non resistive telescope 0.5 mm

R-strip to ground, 1.0 mm

Even with pions m.i.p. beam,
some highly ionizing particles are
present (>200 k-eV deposit) !

(from S.Procureur, SPhN, CLAS-12)

A spark is a electric arc between the mesh and the
anode at ground potential, be it resistive strips or

metallic readout strips.

)
£ 390 <9 3% 5 <
> = Voltage 45 = Voltage 45
370 current 4 370 current 4
350 35 350 - J 35
3 ' 3
330 330
25 25
310 2 300 voltage drops
290 15 290 "5(g~104)
I |
270 0.5 270 J 0.5
250 0 250 .LI_L-__LH: I - ——uj { 0
25/ 1v2010 212010 212010 312010 02172010 0411 172010 061 172010 25/ 12010 270200 2912010 IVIV2010 O 12000 041172010 061 1F2010
time time

-O The non resistive chamber suffered from HV breakdowns while the
resistive chambers operate stably.

10%

10° =

10"

10°%

production probability

107 =

uol 1ayjo

H;

e T WHW T PPKE

1V

G4 Micromegas
simulation



Micromegas under ~5.5 MeV neutrons beam

Gas: Ar:CO, (85:15), neutron flux: = 1.5x10°® n/fcm?s

Resistive Micromegas :
Low currents

of Despite discharges, but no HV drop
' Chamber operated stably up to max HV
01
E 3
= i | R11 and MM1 (standard)
) 02 i l  under neutron irradiation
i et F Neutron source current: 1.2 yA
© ; 2s
S..f (Reip = 5 MQ/cm) :
G b
04| z |
: z 2
[ c15 - 500 I
E £ | T
05~ O
: P 1 e Y g e e e e g s
-0.00001 5x10® 0 5x10°® 0.00001
| - R11_curent, int(0,65767-73349)=425.409 — 450
Time (S) | —— R11_HV.esv .
05 -
Superposition of 10 (micro)sparks (~streamer) i X o e qgéi.:ﬁ o
Ok within 1H5 + some overshoot < few s 65000 67000 68000 69000 70000 71000 . 72000 400

. . Time (s)
(last Micromegas version faster recover)

up to ~800 mC (i.e. ~200 mC / cm?) Futur : mesure de la sensibilité aux n-thermique




Micromegas under ~5.5 MeV neutrons beam

Gas: Ar:CO, (85:15), neutron flux: = 1.5x10°® n/fcm?s

Resistive Micromegas :
Low currents

of Despite discharges, but no HV drop
' Chamber operated stably up to max HV
01
g -0.2 - R11: Interaction & spark rate/neutron (Ar:CO, 93:7 and 80:20)
= h 1E-03 : ' —
© L —e
c .=
203} (Rtrip = 5 A erm) 1.E-04 .___M. ~5.10%4
S 105 Sensibilité
f 1E-06
05 | £ 1607 = ~5.10
T P o W g g i g e /.,/.
-0.00001 5x10°8 0 5x10°8 0.00001 1.E-08
Time (S) 1.E-09 —u—ela—q—ua—g—e7/+lnteracﬁon5/n (93:7) —
@ Interactions/n (80:20)
L. . _ -B-sparks/n (93:7) —
Superposition of 10 (micro)sparks (~streamer) L.E-10 — -I-sZarks/n (3330)
Ok within 1us + some overshoot < few us 1.E-11 |
(last Micromegas version faster recover) 1000 Gain 10000

up to ~800 mC (i.e. ~200 mC / cm?) Futur : mesure de la sensibilité aux n-thermique



Micromegas integration issues

‘Width of final PCB = 605 mm

Gas outlet
HV mesh + drift (2 x SHV)

Connection
e F/E card
50 x 120 mm?

SO Widin = LU 2 mm 7
8 FE cards [/

J | 1024 mm

Gas inlet ¥E card
(2 APV25)
20 mm
10 mm —
20 mm ; <>
- - 0 mm 20 mm
.~ >3 ;
520530 mm- [ Connection
mm active _pad
( ) 5 mm ead
< — >

Max width of PCB for producgf:n)

- with new machine in Rui’s lab go to up to ~1m chambers
- long strip capacity (< 10 pF /10 cm)
- small-wheel channel # : ~2 M-channel (0.5 mm pitch)

- Next step : industrialize “bulk” + mesh support production
(including resistive layer) 22




Micromegas integration issues

lNidth of final PCB = 605 mm

Gas outlet
HV mesh + drift (2 x SHV)

Connection
et F/E card
50x120 mm

SLOD WiIdLh =02 mm &
B

8 FE cards
{ 1024 mm
——
\—— Ul 76.3
s Erre———r
Gas inlet FE card
(2 APV25)
20 mm

A
\

20 mm :
- 0 mm
530 mm ) i

(520 mm active)

e —

Max width of PCB for producgs—mnp

- with new machine in Rui’s lab go to up to ~1m chambers
- long strip capacity (< 10 pF /10 cm)
- small-wheel channel # : ~2 M-channel (0.5 mm pitch)

- Next step : industrialize “bulk” + mesh support production
(including resistive layer) 23

v

A

Ne sont pas mentionnés les problemes
résolus ! (tension de la mesh, etc...)



Micromegas integration issues

Width of final PCB = 605 mm

Gas outlet

HV mesh + drift (2 x SHV)

Connection
e F/E card
50 x 120 mm?

! '™ (T RTAV.E"3

M

2L0D WIALH = L2 mim i

8 FE cards

/ HV connection
1024 mm

i spring
T |
[y /
IJ(,
—————y =—————— 76.3
S o oo o - J
Gas inlet i E
20 mm |
10 mm

20 mm ; ) <
- ~m 0mm 2
530 mm £y Connect
520 mm active d
( ve) . _pad

—

Max width of PCB for producﬁs—mn)

- with new machine in Rui’s lab go to up to ~1m chambers
- long strip capacity (< 10 pF /10 cm)
- small-wheel channel # : ~2 M-channel (0.5 mm pitch)

- Next step : industrialize “bulk” + mesh support production
(including resistive layer) 24
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Micromegas integration issues

lNidth of final PCB = 605 mm

Gas outlet
HV mesh + drift (2 x SHV)

Connection
e F/E card
50 x 120 mm?

76.3°
oooooo
Gas inlet FE card
(2 APV25)
20 mm
| G [ono]
'_¥_ t

& TN

20 mm : ’ <>
- - 0 mm 20 mm
530 mm ' Connection
(520 mm active) pad
5 mm

—

Max width of PCB for producgs—mQ

- with new machine in Rui’s lab go to up to ~1m chambers

A

v

- long strip capacity (< 10 pF /10 cm) Assembly extremely
- small-wheel channel # : ~2 M-channel (0.5 mm pitch) simple, takes a few
- Next step : industrialize “bulk” + mesh support production minutes

(including resistive layer) 25



Micromegas integration issues

‘Width of final PCB = 605 mm

Gas outlet

Connection
pad

HV mesh + drift (2 x SHV)

F/E card
50 x 120 mm?

Gas inlet § E
20 mm
10 mm

20 mm : <]
- ~ 0 mm 2

w -
530 mm d Connec|
(520 mm active) pad

5 mm
< _ —

Max width of PCB for producgs—mn)

Mechanics — detector housing

DECOUPE PRELIMINAIRE

T

e

Foam/FR4 sandwich with /— ‘ TP

A g
e
p

aluminium frame

PCB with micromegas struct

ur

—f] To be inserted here

Cover & drift electrode
Spacer frame, defines drift gap|

Stiffening panel

with new machine in Rui’s lab go to up to ~1m chambers

long strip capacity (< 10 pF/ 10 cm)

small-wheel channel # : ~2 M-channel (0.5 mm pitch)

Next step : industrialize “bulk” + mesh support production
(including resistive layer)

26



Micromegas integration issues

Support (Polyboron + aluminium): 15 mm

Conversion gap: 5 mm

PCB (FR4): 3mm

Frontend
electronic

Aluminium frame /honeycomb:

3mm

Figure 20 : Schéma d’un demi-multi-couches

Ar-CO, mixtures are very robust, but be careful or pollutant... (H, Si, etc...)
(for a summary see M.Titov, arXiv:physics/0403055, 09/03/2004)

All shielding will be put on JD disk (to avoid y‘s
production).

To avoid present CSC assembly
problems we should use reinforced
PCB and have a special mounting
procedure.

The complete assembly procedure,
including inner in-plane alignment still
to be defined...

Electronics: for trigger capability, using
0-suppress elx => only 30 k-channel to be

considered at LVL-1 (front end chip with 64 ch.)

27



Précision de positionnement des couches « bulks » entre-elles (< a la résolution)

Photo Plotter (creating the films)

- Equipment : Barco BG7300
- Max size : 500 mm x 600 mm
- Resolution : 10000 DPI
- Minimum line width and spacing: 20um
- Film based on Polyester 100um thick
- Type of files : DPF , DXF, GDS2, GBR
- Software : Cadence, Pcad
] |

.

03/02/2005 ELEC-2005

Pressing

- Equipment : Bieffebi 4 daylight
Isostatic press
- Max number of layers: 40...
-Typ pressure : 20 KG/cm2
50 Tons for a 50cm x 50cm board
- Typ temp :180deg C
- Typ vacuum : 0.01 Bar

03/02/2005 ELEC-2005

Diminuer les contraintes lors de la fabrication du
PCB multicouches (éviter Transition Vitreuse) :

- par un abaissement de la température (ok) et un
contrble de I'lhumidité (ok ?) : ~¥20 a 40 microns
possible sur ~1m ?

Nouvelle procédure a tester sur protos (R20 x-y
fait et R21 a faire) et a vérifier.

Pistes résistives vs
strips (Cu) ok <20 um

Positions des bulks entre eux (?) :

Par projection de rayons X sur les trous du bord du
PCB (eux-mémes positionnés par rapport a des mires précises <5pm)
puis repositionnement des PCB (industrie).

Procédure a finaliser et a tester (métrologie)




Micromegas integration issues

3 or 4 chambers/sector (machine limited)

2 x 4 layers/chamber

Spacer of =300 mm

Eta strips precision (pitch 0.5-1mm)
Phi strips (or stereo) for 2" coordinate
(pitch 1-2 mm)

Pads if required

Precision measurement and 2"
coordinate in same layer

Max strip length = 1.2 m

Total # readout ch. =2 M
Total # trigger ch. = 30 k

Pending guestions:

- Accessibility: could the wheel supporting the chambers be
decoupled to the shielding disk ? (support of inner part)

- Alignment required up to innermost chamber (without saloon-

door efect) ARG y




Micromegas : autres performances / etudes

Integration time 50ns, drift Gap Smm, drift velocity 4.7cm/us, gthres = le

earliest time for all planes - small wheel application and chambers accepted for times <25ns - (79<0<30°)

MM location on HO structure side A

R13  Rl1bxy

=120 mm

Laptop
in USA15

‘ \

Above threshold Technique

Ar:CO2 93:]

time of earliest hits for first time above threshold

time of earfiest hits for first time above threshold with offset correction

£ Anbiionhey opomvoriivl H E "
w1 Enes 7721 & VT Eniries 7562
sE 1 Mean 2633 | g = () Mean 2227
mi 1 RMS  10.36 s 231:'; \ RMS 1037
E E
mf— l MEJ ‘l
E/ 1 B Jl
50— b mg‘ \
wE | wE] |
Ef N oo
S0 [ y S0 ‘l
Bl vian e, L 155 B L R R i
v ™ w0 8 MW ™ W W G R - T N R VR T R
dittin o]
# of micromegas Accepted < 25ns #of micromegas Accepted < 25ns %
i m= S ; E paane i
§ E Entries 928 | s | 5 Entries 1
E «F Mean  5.152 E ‘ Mean 5852
PR ' RMS  1.364 ] af- | RMS  1.364
- B
50— i
E 18—

~99% des traces dans <25ns

(seuil >> bruit)

T

si logique de 5/8 plans

Resistive strip electrodes
L X [ I I [ | | | ([ [ [ ]
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100um 200um 300um 400um

Spark studies in resistive and
standard detectors

50

0 - e po
» o

-100
-150 /
-200 H
-250 - l |||
-300 ‘
-350 /
-400
-450

o 0.5 1 1.5 2 25 3 35 4 4.5
time [us]

“Transient analysis of the townsend

discharge”, P. Auer (60’s)

5

Long-time X-ray exposure of resistive MMs

= This spring a resistive-strip MM has
been exposed at CEA Saclay to
5.28 keV X-rays for ~12 days

Accumulated charge: 765 mC/4 cm?

= Expected accumulated charge at
the smallest radius in the ATLAS
Small Wheel is 30 mC/cm? over 5
years at L=5x103* cm2st

= No degradation of detector
response in irradiated area (nor
elsewhere) observed; rather the
contrary (to be understood)

= Will repeat the exercise with better
control of environmental
parameters

Mesh current [nA]

Before =t
25000 |- After —w—
30000 - 1
25000 © % e / 1
@ t | - 4
& 20000 i //
1000 e w hw w W -
10000 b
5000 - R
0 | . . .
500 520 540 560 580 600 620
Mesh voltage [V]
000
00 50
o L
0 Mesh current 0w
w m;-}
500 Mesh voltage H
-
40 ‘ 208
0 Poiwer supply failure 2
200 100
100

L L L L L L L L L L L 0
08/0dl 0% 100u 100 120d 130u 140 1S0W 160wl 170l 180ul 190u 2000l



Micromegas : autres performances / etudes BNL- Athens

Integration time 50ns, drift Gap Smm, drift velocity 4.7cm/us, gthres = le

Tri g g e r & re a d O u t * ) earliest time for all planes - small wheel application and chambers accepted for times <25ns - (7°<£;20°°)2 s

Above threshold Technique

time of earliest hits for first time above threshold time of earfiest hits for first time above threshokd with offset correction
* New BNL chip: 64 channels; on-chip zero suppression, “E B | A e T
amplitude and peak time finding O 1 LRI RYS 1037
= Trigger out: address of first-in-time channel with signal above m— ' me \
threshold within BX w | ll sef
= Data out: digital output of charge & time for channels above ‘“EI \\k "E) 1‘3\
threshold + neighbour channels ”f o o I

e
diNtima fos]

= Trigger signals and data driven out through one (same) 7
GBTX |ink/|ayer (One boa rd/layer) #of micromegas Accepted < 25ns #of micromegas Accepted < 25ns %

: E — o
= Trigger: track-finding algorithm in Content-Addressabhle Memory ‘ el E r gl

(as FTK) or in FPGA in USA15; latency estimated 25—-32 BXs ] RMS 1364 : ‘ RUS 1364
® Small data volumes thanks to on-chip zero-suppression and ‘ ‘ E ‘

¥

T T TrTT

5

Number of avents
g

=

S

digitization
- *) See talk by V. Polychronakos (23 Sept. 2011) ~99% des traces dans <25ns si logique de 5/8 plans
(seuil >> bruit)
Long-time X-ray exposure of resistive MMs
Trigger/DAQ Block Diagram
R ' '
DeS Batalotien = This spring a resistive-strip MM has o
B (160 Mbps) SECTOR 30000 - | ]
e (540 Mbpe) Logic been exposed at CEA Saclay to 500F 5 i
<3 5.28 keV X-rays for ~12 days Faooor 8
B S S| (320/MDES) Accumulated charge: 765 mC/4 cm? 1O T e e e i
= Expected accumulated charge at 1$ | i
the smallest radius in the ATLAS o X . . .
Small Wheel is 30 mC/cm? over 5 o mMesm,f,il;geM s oo e
yearsatL=5x10% cm?s? o0
GBTx = No degradation of detector wor 50
4.8 Gbps response in irradiated area (nor ! LMeshcu"em WS
elsewhere) observed; rather the z )
contrary (to be understood) S Mesh voltage 35
= Will repeat the exercise with better g ‘ w0
. 2 Pouwer supply failure =
control of environmental ol I 10
parameters w0

L L L L L L L L L L L 0
NSW meeting, 06/10/2011 Joerg Wotschack (Cl 08/0dl 0% 100u 100 120d 130u 140 1S0W 160wl 170l 180ul 190u 2000l



Micromegas : autres performances / etudes BNL- Athens

Integration time 50ns, drift Gap 5mm, drift velocity 4.7em/us, gthres = le

Tr- 1 r & r- d t * ) earliest time for all planes - small wheel application and chambers accepted for times <25ns - (79<0<30°)
igge eadou

Above threshold Technique
t hits for first time above threshold with offset cwsc}m

= New BNL chip: [Pl
amplitude and

= Trigger out: 3 Pe rformance reqUiremeﬂtS RUS 1037

threshold wif]

= Data out: dig
threshold + n

- Triggersignals| ™ Rate capability: 10 kHz/cm?

GBTx link/layef
" Tegentacd - ® Spatial resolution: 60 pm/track segment

= Small data vo

digitization = Angular resolution: 0.3 mrad/segment

[Entries 1
Mean 5852
RMS  1.364

lgue de 5/8 plans

AN N Y
]

I " Good double track resolution
" Trigger capability: BCID (angle = 1 mrad)

psistive MMs

—wma] ' Efficiency: ‘at least as good as now’ v/
TTC (640 Mbps) . . . s g
=coms| ° Radiation resistance: thd (V)

" Good ageing properties: tbd (V)

6 620
_ )
L Mesh current wz
Mesh voltage

NSW meeting, 06/10/2011 Joerg Wotschack (CERN) 1

0
>
- . . < i
EORNAIER H = Will repeat the exercise with better §* ‘ g
) 2 g Power supply failure 2

2 control of environmental - 0

i parameters w
NSW meeting, 06/10/2011 Joerg Wotschack (CHIER) 5 G CON 100 10 DM M 140 150d te0d DT 1ADd 1904 2004




Upgrade Atlas — groupe Micromegas (MAMMA)
CEA-Saclay Propositions de participation au CSTS du SPP

- Pourquoi le HL-LHC
- Bruit de fond dans la caverne
- Micromegas résistive :
- QOuenest-on?
- Que fait-on a I'lrfu ? (dans Atlas et « autour »)
- Demandes au CSTS (2 options)
D :
- Conclusion

33
Ph.Schune, Upgrade Atlas, groupe Micromegas (MAMMA) CSTS du SPP



Participation de I'lrfu 2010 et 2011 au projet MAMMA

2010 :

Main d’ceuvre : 2,25 FTE (dont SEDI : 1,25 FTE (1 A1 + 0,25 A2) et SPP : 1 FTE)
Dépenses : 22 k-euros

Missions : 70 jours (45 j. faisceau test, voyages a ajouter, et 25 j. réunions MAMMA ou Atlas)

2011 (jusqu’a fin octobre) :

Main d’ceuvre : 3,8 FTE (dont SEDI : 2 FTE sur 7 personnes (1,7 A1 + 0.3 A2) et SPP : 1,8 FTE)

Dépenses : 9 k-euros (fin ao(t)

Missions : shift, réunions CERN, physique Atlas-France

Conférences : MPGD a Kobe, Japon (1 présentation orale + 1 poster), suivi de la réunion RD-51 (1

présentation orale), et IEEE a Valence, Espagne (1 présentation orale). Proceedings avec referees
(MPGD), sans (IEEE).

Personnes impliquées en 2011 (et % correspondant) :

- D.Attié (total 3 22% car a 5% depuis mai 2011), G.Cauvin (stagiaire M2 SEDI-SPP du 3/10/2011 au 30/03/2012),
E.Ferrer-Ribas (10%), J.Galan-Lacarra (post-doc Miro, vieillissement et tests électronique SRS, 50%),
A.Giganon (détecteurs, 30%), P.-F.Giraud (alignement, précision assemblage des Micromegas, 10%), S.Herlant
(40%), F.Jeanneau (40%, chef de projet), J.Manjarres-Ramos (PhD, 75% ; depuis mi-octobre passage a une
analyse de physique), Ph.Schune (75%, resp. scientifique) et ponctuellement M.Boyer.

- Installation prototype Micromegas en caverne : F.Bauer (5%)
- Dessins d’intégration (SIS) : Ph.Daniel-Thomas (au total < 1 semaine), P.Ponsot (discussions)
- Simulation Micromegas dans Atlas (SPP) : L.Chevalier (5%) et J.-F.Laporte (5%)



Saclay people

* Depuis janvier et jusqu’a novembre 2011: (D..Attié), (M.Boyer), (E.Ferrer-Ribas), (A.Giganon),
F.Jeanneau, (J.Manjarres-Ramos), Ph.Schune

3 octobre : arrivée de G.Cauvin (stagiaire M2, 10/2010 a 03/2011)

« Micromegas prototype installation en caverne : F.Bauer

« depuis mi-mars : S.Herlant, Ph.Daniel-Thomas (intégration mecanique)
J.Galan-Lacarra (vieillissement (+etude claguage) )

 nouvelle implication court terme :

Electronique (logique) : demande d’un chargé d’évaluation

L.Chevalier et J.-F.Laporte : simulation de Micromegas dans Atlas HL-LHC (géométrie)
P.F.Giraud : integration mecanique



Micromegas choisies par Atlas pour I'upgrade des Small-Wheel
Table 19: Cost estimate (VERY VERY PRELIMINARY)

[tem Details Nbof  Cost/unit Costs
units (CHF) (MCHF)
"'1/ 3 -> MM detectors PCB, resist. strips, bulk 1024 2-3000/m* 23
Housing + supports  Stiff. panels, spacers, etc. 128 2-3000/pec  0.25-04
Alignment Complete with electronics 0.6
Trigger, readout, LV Chip development + production 2 M 1.1/channel 2.2 (10/ 2011)
Front-end cards 0.6
~1/2 GBTx + fibres 0.4
Cont. Addr. Memories 0.8
Scalable Readout System 1.0 _
Services HV supplies + cables 1280 ch  400/channel 0.5
Gas distribution 0.1
TOTAL 8.5-9.6

CORE expenditurestimeline for sMDT+TGC and Micromegas Demande d’une implication de I'Irfu 3 hauteur de
3500 R .
10 a 15%. Cela permettrait :

3000
- //)@\ (i) D’avoir une visibilité sur le projet
2000

// \ \ ——MDT+T6C (ii) D’acquérir une expérience et des compétences

= V11V] : .
\}L Micromegas importantes sur :

o // \ - Fonctionnement a haut flux
500 - Industrialisation
0 —l ; : : : \78 - Chambres multicouches
1 2 3

£ 8 ,\,6\' y (sans étre trop exposé sur ce projet)

1500

k-CHF

Profil de dépense (total ~9 MCHF), incluant le travail ) s _
d’installation et la mécanique I'alignement. Cela représente déja ~2x T2K-Micromegas pour :

Le décalage du profil des dépenses s’explique par le ~100m? de détecteurs, ~200 k-canaux d’électronique a
retard des Micromegas a I'industrialisation. tester pour un investissement de ~1 M-euros.




Upgrade Atlas — groupe Micromegas (MAMMA)
Demandes au CSTS du SPP (2 options)

Micromegas choisies par Atlas Micromegas rejetées par Atlas

pour 'upgrade des Small-Wheel pour 'upgrade des Small-Wheel

— ~ 2 A
(r=5m, ~1000 m* de détecteurs) Objectifs : se repositionner sur le projet (MBTS, r < 90cm)

et finir d’acquérir I'expertise en cours (compréhension,
industrialisation et précision).

Review) fin 2012, puis production, etc... _

Participation de I'lrfu :

Objectifs : arriver a un PRR (Production Readiness

Participation de I'lrfu a :

(i) « Repositionnement » sur I'upgrade : MBTS

(i)  Létude de I'assemblage de nift J / . ) N

Micromegas en chambres E electrode A (et électronique, intégration...) ;

. p cromesh

multicouches et I'étude de i .. . . : .

ye s . . (i)  Fin des études en cours (irradiation, etc.) ;

I'intégration de celles-ci sur les £

petites roues ; * " pillars TN . N

™ strips (iii) Participation a la construction de la premiére

(i) Létude, le développement et la grand chambre Micromegas résistive.

production de I'électronique de

: Dans les deux cas (pas avec la méme priorité en temps) :
déclenchement ;

Participation de I'lrfu au proto echelle-1 (avec alignement des layers pour -au moins- un
des multi-layer) et suivi + participation a l'industrialisation.

=> L'objectif étant que ce détecteur puisse servir a boucher un des trous
d’acceptance du spectromeétre a muons (par ex. : pieds, eta=0, etc.).

(iii) la calibration, la construction et
I'installation des détecteurs
(10 a 15%).

Quelgue soit le choix de la collaboration Atlas, a travers ce projet, I'lrfu a les moyens d’acquérir
une expertise dans : (i) la compréhension des Micromegas résistives, (ii) I'industrialisation de leur
production, (iii) la réalisation d’'une chambre multicouches de précision.




