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Outline - Menu
v' LHC and ATLAS Upgrade

v Motivation for the New Small Wheel (NSW) Upgrade

v Micromegas Technology

v Performance of Micromegas detectors:

« Hit & Track reconstructiontechniques

« Spatial resolution for perpendicular tracks - The Centroid method
« Optimizing the yTPC method

« Efficiency studies

« Studying the effect of the pillars

« Performance inside a magnetic field

MM Timing Information

« Test of large surface MM

« Test of MM quadruplet prototype with stereo strips

« Test of MM prototype with multiplexed readout strips

v Summary



ATLAS Detector

» General purpose detector at
the LHC wn

* Tracking

* Silicon
(Pixel+SemiConductor
Tracker) and Transition
Radiation Tracker

25m

LAr hadronic end-cap and
, forward calorimeters

* 2T solenoidal field -

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

 Muon identification:

* Dedicated tracking &

triggering chambers: MDT,

CSC,RPC,TGC  LAr & Tile Calorimeters

* 0.5-2T toroidal field

Nov 17,2015 Theo Alexopoulos, NTU Athens 3



LHC / HL-LHC Plan

LHC

Run 1

7Tev 87TeV

2012

75%
nominal
luminosity |

LS1

splice consolidation
button collimators
R2E project

2013 2014

experiment
beam pipes

Run 2

EYETS
13-14 TeV -

" o

2015 2016 2017

nominal luminosity

LS, ~2019, LS; ~2024
LS, ~2030, LS5 ~2034

Nov17,2015

injector upgrade
cryo Point 4
Civil Eng. P1-P5

2018 2019 2020

experiment upgrade
phase 1

14 TeV

cryolimit
interaction

regions

2022

radiation
damage

2 x nominal luminosity N
L}

p—
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High
Luminosity
LHC

14 TeV

HL-LHC installation

2024 2025 2026

experiment upgrade
phase 2

energy

5t07x
nominal
luminosity

integrated
luminosity



ATLAS Future Upgrades

LHC Upgrade Schedule

Phase 0 (installed):
new Pixel Inner B-Layer 201314 151
PHASEO
Phasel (approved):
Fast Track Trigger (electronics)
LAr (trigger electronics)
TDAQ

NSW (New Small Wheel) 2019-20" Ls2
PHASE |

Phasell (planning): Replace
complete inner detector, ...

2024-25 1S3
PHASE Il

LHC: Large Hadron Collider
Nov 17,2015 Theo Alexopoulos, NTU Athens




Motivation ATLAS Small Wheel Upgrade 2019-20 (Phase |)

The innermost station of the muon endcap 2009 Vs=7~8 TeV, L=6x10% cm? s, bunch spacing 50 ns
2010
. 201 RUNI
Located between endcap calo and toroid w012 20251
2013 Vs =13~14 TeV, L ~ 1x10%cm2s™, bunch spacing 25 ns
. Lst
Pseudorapidity coverage: 2 ATLAS Upgrade Phase-0
1.3<|n|<2.7 ::: RUNI
“ 2017 ~75100 fb"
[ s BB Vs =14 TeV, L~ 2x10%cm2s™, bunch spacing 25 ns
| - ATLAS Upgrade Phase-l 2019-2020
2020 I RUN Il I
2021 ~350 fb!
2 i Vs = 14 TeV, L = 5x10% cmr2s™!, luminosity levelling
s HL -LHC, ATLAS upgrade Phase-ll 2024-2025

* The ATLAS upgrade is motivated primaril;w 7by the pile-up rate (<n>=55 interactions
per 25 ns bunch crossing) that are expected at L=2 X1034 cm . This will lead to
an increased particle flux (rate) which the present detectors (MDT + CSC) cannot
handle efficiently. Also, added trigger capability.

* Replacing the Small Wheels with a detector that can provide precise tracking and
trigger segments will eliminate fake triggers without loss on physics acceptance.

-2g-1

DT chambers (drlft tubes) +

’/'IT'GCS for 279 co
. visible) '&

w 1 RARANRRRAF
| L1 trigger | L u Vs=14TeV L=1 034 cm?s! b
chambers o r §
© I e Extrapolation iy
| - i without NSW 1
Q A Inl>1.05
o 1055‘ v HIZLOS E
£ . = Extrapolation ]
- C with NSW N
El g i 1
New Small Wheel c o L |
et c 10 E 3
~ e F ]
2L s | ]
....... B B I B _
........ Sl f‘ 10°c ATLAS Preliminary T
t0r0|d S RS RS R NS NS RN R
NOV 17 2015 . 5 10 15 20 25 30 35 40 45
z

P, threshold [GeV]



Detector Requirements for the New Small Wheel

High rate capability: 10-15 kHz/cm? (n, vy, p, y) at small radii
Spatial resolution: <100 ym independent of track angle
Efficiency: 295% per plane

Trigger capability (25 ns bunch identification)

Radiation tolerance: (100 kRad/year) for 210 years

Affordable costs



New Small Wheel (NSW) Layout

* Two technologies: Both Micromegas & sTGC
detectors will provide tracking and trigger data

* 16 Sectors per Wheel (8 large, 8 small)

* 2 Multilayers per Sector for Micromegas & 3
Multilayers per Sector for sTGC

* 8 Micromegas Layers & 8 sTGC Layers per
Multilayer

8 MM + 8 sTGC layers per NSW sector

|

micfomegas sTGC

TGC Disk Shielding

1720 mm Small Sector

>
Large Sector
1124 mm

- - Spacer-frame

8720 mm

JD Shielding

Foot with Air Pads
Detector Wheel Hub

sTGC (mainly for triggering) & Micromegas (mainly for tracking) detectors, both providing tracking and
triggering information, combined into a fully redundant NSW system!

Nov 17,2015 Theo Alexopoulos, NTU Athens 8



Full Development Time-Plan

non-resistive MM, SPS/CERN, resistive MM, SPS/CERN, Demokritos-GR, resistive MM, DESY II/DESY,
Demokritos-GR , , GE LNF-IT, CEA-FR

!.!

; ji.
il I
‘5.
-\

A A
Vg
7B
i

7.

2008 2009 2010 2011 2012 2013
developed new MM %_ approved by ATLAS TD:R >
1
technology b
ATLAS
””/;etter f ntent IS‘\VT"I‘_QIAeSeI
module-0 production Full-production of Full commissioning Full installation in cavern

& qualification chambers and electronics on surface

Running...

2014 2015 2016 2017 2018 2019 2020
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Micromegas Detector Technology (MM) — original type

Planar structure with two asymmetric E-field regions, separated by a metallic micromesh.
* Drift Gap (5mm), Eain ~0.6kV/cm

» Amplification Gap (128um), Eam, =39 kV/cm
« Gas mixture Ar+7% CO., gain ~ 10%

/ original type micromegas .~ \
&
Qo /
&
5 mm Mesh support Edrift 5

pillars
Mesh

—
R —
wdesmps

e drift towards the mesh (95% transparent) in ~100ns.
Avalanche formation in the amplificationregion (1ns) with fast ion evacuation (~200ns).

Nov 17,2015 Theo Alexopoulos, NTU Athens
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2008: Demonstrated Performance

= Standard micromegas (P1)

Gain

= Safe operating point with efficiency 299% Ar:CF,:iC,H,, (88:10:2)
) 100 10000
= Gas gain: 3-5 x 103 99 —r’*'_*—"' 9000
. . T 98 8000
= Very good spatial resolution > o7 + 7000
= Sparks are a problem for the operation at the LHC g > o ! o
= Sparks lead to a partial discharge of the 9 p 4000
amplification mesh => HV drop & inefficiency s #Efficdency 3000
during HV ramping up 92 . L WGain 2000
= The good news: no damage, despite many sparks Z; s = ° ;°°°
400 410 420 430 440 450 460 470 480 490
Vmesh (V)
Prof
’é\ FrrrjprrrJrrrJrrrJyrrrrrrrrrrr 1T 1] Entriesro 11461
g - — 30 Meanx 15.15
N ] = . . eany 12,74
g 250 250 um . - Inefficient areas RMSx  3.444
> L ) . ] 25— . . RMSy  3.037
% 200/— Mean=(3.5= 1.3)um strip pitch ] -
- Sigma=(70.7 = 1.3) um ] 20:_
(MM + Sitelescope) N —
1501— — £ n
C ] £ 15
C —_ ] > C 2,
100 Ovm = 36 V4 MM - oF :
S0 = s
O:l 1 1 I 1 1. I 1 d |.-\.Lru\_r"| l'\.lvﬂl e d |J_,.| 1 Jd I_,.|,._| _|: : 1 1 1 1 I 1 1 1 I I 1 1 I.I I 1 I.I 1 I 1 1 1 1 I 1 1 1 1
-1 -0.8 -0.6 -04 -0.2 0 0.2 04 0.6 0.8 1 00 10 15 20 25 30
XX (Mm) X (mm)
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2010: Making Micromegas Spark Resistant

/ original type

5 mm Mesh support
pillars

; 3 A Resistive Strips
Anode Strips Anode Readout Cu Strips
K 4 0.15 mmx 100 mm ¥ 10 -20 MQ/cm

Non-resistive MM (Ar:CO, 85:15) Neutron flux = 10® Hz/cm?

3
Tested several protection/suppression schemes ~ Ly p o Standard MM
= A large variety of resistive coatings of anode strips g Z 2 i
. . . ~ 3 —
= Did not manage tofind a safe solution; damage after few original type MM E E1s 500 E
hours or days (sometimes minutes) of operation - 5. wod T
= Problems curedby adding an insulating layer: R11 ++ = os o T D
N ) Foegw
. gen . . . s . ws, "ug s e il R T
= Double/triple amplification stages to disperse charge, as usedin c N SR S WIS D A T TN B
66000 67000 68000 69000 70000 71000
GEMs (MM+MM, GEM+MM) S Tme G
Settledfinally on a protection scheme withresistive strips c Resistive MM
c) 25
Tested the concept successfully inthe lab (55Fe source, Cu X-ray gun, 5 2. o0
cosmics), H6 pion & muon beam, and with 2.3 MeV and 5.5 MeV neutrons resistive type MM 3 =3 1,2
o >
5 © curren T
E 8 r— SH HV '
- 450
% 05 [
|_ e — 400

0
66000 67000 68000 69000 70000 71000
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Performance Studies in Testbeams

7
CERN, H2

Micromegas prototype
in ATLAS Small Wheel

Several test beam periods (since 2008)
studying different Micromegas prototypes
((non)resistive, small, large, multi-readout,
multi-layer etc.) in various beam and magnetic
field conditions

Nov 17,2015 Theo Alexopoulos, NTU Athens 13



EXtraCti ng h it Information « UseAPV25 and Scalable Readout System (SRS)

T 2 g I

A

5mm : Conversion/Drift Gap o \\o E Field

| \ Drift Electrode
~N A

PCB Board

@ Readout Strips
e Resistive Strips

E [
E = ATLAS NSW Preliminary
N C
s;_ MM chamber T4 —
5;_ % centroid B
‘5 % yhalf
3
';:' 1400 __I 17T l T 1T | T T T I T 17T l T T T | T 1T l T I__ 2;—
% o ATLAS NSW Prellmlnary - = uTPC track reconstruction, 6=30.9
51200__ _ OE......|....|....|....|....|....|....|.
.(C’ L —_ 62 62.5 63 63.5 64 64.5 65 65.5
1000 ] x [mm]
800 =A-C E g
- . 8
600— —] )
- -t )/B . K
- FD(t) =A/(1+e )+C o
400— —]
200[— —
oF -
1 1 11 | | 1 I 11 11 | 1 11 1 | I - 1 I 11 1 1 | 1 1 1=
0 100 200 300 400 500 600
time [ns]

X [mm]
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Performance Studies of the Micromegas Prototypes

5

y[mm]

* Micromegas will be the main precision tracker of the NSW
(required spatial resolution 100m). 4

Hit & Track reconstruction  Eeceeeeeeeieono- .
* Using charge amplitude (Centroid hit)
Accuracy rapidly decreasing for larger track angles. 1
* Usingtimeinformation (TPC segment).

Performance improving with increasing cluster size.

Q

1 | | |
74 75 76 77
Centroid X[mm]

~
W

Tracks expected @ NSW 8- to 30°. So we are relying mostly on TPC.

Refinement of TPC recipe (Significant improvement) Single Plane Spatial Resolution

—650
[ ] iti i i S
C.orrect for capacitive coupling bfaf[ween strips. 2600 | —o— 4TPG (with corecton v
* Fine tuning of the primary e~ position assignment along £550|-| —— Centroid
the Stl’lp W|dth §500*' —©S— Combination (with correction)
» Implement pattern recognition techniques for track 450 4
. . g . 400
identification (Hough transform)
T3 Hough T1 Hough 350
ESF 4 300
- = . 250 s
45_ o é_ . 200
3 o 22; 150
R ¥ L S S
- 1E 50
1= s N
- 0.5E" % 5 10 15 20 25 30 35 40 45
0"—g6 86 70 72 74 76 78 . U5 B0 B5 60 e 70, Incident Angle [

Combination of centroid & TPC provides spatial resolution < 100m independently of track incident angle!



Spatial resolution for perpendiculartracks - The Centroid method

------------------------------------------------------- Mesh
o For perpendicular tracks the, charge is sk Piar
3 : g tive Strips (widch: 200pm, pich: 250um )
most likely spread among 3 resistive strips i —— e — ——Tp—
of one cluster, assuming 400 um strip pitch PCB j
Readout X Strips (widen: 200pm, piecke 250pm )

(4 strips for 250 um pitch)

o This accounts for very precise charge
interpolation for the hit reconstruction o In the case of 2-D readout chambers the

y-strips direction is perpendicular to the

o The average of the strip addresses, in one R :
resistive strips

cluster, weighted by their charge provides

the Centroid reconstructed hit position o The charge, owing to its propagation
along the resistive strips, is spread along

o The spatial resolution of the Centroid hit is .
several Y readout strips

only limited by the granularity of the
readout elements (strip pitch) o No difference in the resolution between X

and Y readout strips has been observed

..................................... 1

3 i r - : — = [ 1 = ( !
52400; ATLAS NSW Preliminary ¥2/ndf= 328/94 | E | ATLASNSW Preliminary ¥ / ndf = 90.29 / 81 €1400. ATLAS NSW Preliminary ¥ / ndf = 90.48 / 74
92200/ Pras 2132:353 S 500} Pore 4449 2197 & | h P e 1220 » 204
§20005 s 0.08896 = 0.00193 2 ‘ Meore 0.006607 = 0.001005 21200: e +0.006572 2 0000623
218005 n Trais 0.113 = 0.005 g ﬂ 0.05538 = 0.00188 g j A 0.06752 = 0.00104
-516005 Pose 1936 = 31.7 5 400 Pan 63.95 = 21.40 51000 P 159 2 21.5
= Hewe 0.08901= 0.00042 2 | M 0.001947 = 0.003539 = j Mo +1.1750:05 2 2.5150-03
1400 Yexe 0.05566 = 0.00085 300! Ve 0.1058 + 0.0080 800 On 0.1412 + 0.0050
1200 | | | | |
i Ooee= 56 um ] | Ogre™ 55 um J | O e™ 68 um
1“)0 O™ 70 um 200 O e = 69 um 600 O = 89 um
800} e <) | 2D readot 4 | 1-D roadout |
¢ 250pm pitch | | 250pm piteh | ! 400um pitoh ]
600 X coordinate ! Y coordinate | 400 Hm pRe
400| 5 100] | | |
| : ‘ ! 200 :
1 ] Lot o, .1, \ J PP TN oo, [N ]
0—1 08 06 04 02 0 02 04 06 08 1 ql 08 06 04 02 0 02 04 06 08 1 0-1 08 06 04 02 0 02 04 06 08 1
Residuals [mm)] Residuals [mm) Residuals [mm)
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10 20 30 40 50 60 70 80 90
Reconstructed Angle [

v




Optimizing the yTPC method

"q?"\ 7.

£ soof ATLASNSW Premoary § - [42  ndf =79.62 64
$ 800 Pew 82681+ 121
§ 7oo- Moo -0.1289 £ 0.0011
. eoo— G0re0.09288 + 0.00138
500_ L Pus 72281687
ol ::;g‘ 4:mum Me -0.1229  0.0064
Cws  0.2726 +0.0100

300(~ e
-
oo

0G5 4105 0 05 1 15 2
Residuals [mm]

451|-|| vvvvvvvvvvvvvvvv | AR LR LA AR

= VA ) T
2 40 ATLAS NSW Praliminary + =10
g ® jner Correction ) 54
o 2
.§ 35| @ petore correction # ’ g .
30 '
| =4 y 7
B 25
8 6
2 20 : 5
e § 15 4
= 10 ' 3
N s 2
%5 10 15 20 25 30 35 40 45 L.
0

Incident Angle [°]

\ /A . Ve



Efficiency Studies

o Measurement of the efficiency as a function of the

- 13 —
extrapolated reference track hit position E ol ATIASINGI Profmingry. . | 1t L=l it
| ; R i e LBPR BTN
o The efficiency dips (~ 5%) appearing every 2.5mm, in § 13@?: e S R 8 TR
the case of the perpendicular tracks, correspond to the § aL-;,;;-"' L BAas
- - 7 $ J
pillar structure supporting the mesh 6':,!‘.
5“: .' ’
o When the chambers are inclined the particles traverse et
the chambers under an angle inducing signal in a larger 2
- - 1
number of strips compared to the 0° case. In this case of-
we expect efficiency to be unaffected by the pillars 2
. . . -3 .
@ Bonus : Owing to the excellent spatial resolution other - o T WO § AF
. . . -5
defects or inefficient areas can be spotted! 6543210 123456769101112
Hit Position X [mm])
T—HI(YV\HI‘
E 5_ v ;,.tr"' ’ 4' R r_' < ' ‘.," Entries 53:?8 ‘
e | Py g SR SRR LR WO \1oan x  -5.085
3 Monny 4.018
L 2 5.652
o 5.166
0ssf- — 0-853” “
o.af— — 0-8;‘ ‘ '5.—
075f- : 0.75; ‘ L
o.7f— — 0-75- = p _
- [—T2(0°) |1 5 [(—=T2(30°) ] o
0.65[~ ] 0.65 e
- ATLAS NSW Preliminary Efficiency 98.4% [ ATLAS NSW Preliminary Efficiency 99.7% ] i
T S A R I Ofgr g g B 5 851 AT P
Reference Track Hit Position X [mm] Extrapolated Reference Track Hit Position X [mm] "5__ 1 Reference chamber
s -15 -10 -5 0 Jmm? )
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Study of the pillar effects — Pillars are not so innocent!
@ The presence of pillars locally distorts the electric field lines

o Apart from the efficiency the pillar structure affects also the
hit reconstruction introducing a bias in the hits
reconstructed in their region.

0.05 - ¢ Without Spacer 'E ’
« . | + with Spacer =S |
L ® 100
0.03 é ,
§ 001 ,
2 - %0 |
001 74 '
fan .
0.03| A g e e %0 | |
‘5\ .y}’ : | \ U\
o8 by Supratrik Mukhopadhyay  * | o~ by Supratih mm’“"y" - -
%os 006 004 002 0 002 004 006 008 g &§ 8 ° % &8 8
X-Axis [cm] X-Axis [pm]

o This effect (bias) is studied calculating the residuals
between a reference track and the reconstructef hit in a
Tmm chamber

o Bias in each each pillar region with a maximum deviation of
~ 150pm.

Tmmé Tmm3

Nov17.2015 Thegrmg?gooulos. NTU Athens

Hit Position Y [mm)

N el i w'el ok s & & Tt
-5 -4 -3 -2 -1 0 1 2 3

Hit Position X [mm)]
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Drift Velocity [crvmicrosec |

Micromegas Performance in B-field

ATLAS New Small Wheels will be operated in a mixed directional B field

upto 04 T.

Micromegas chambers tested successfully in a magnetic fieldup to 1 T

showing no performance degradation.

Lorentz angle & drift velocity measurements are in agreement with

simulation.

Drft Vielocity - Garfield (800 Vicm)

- Drft Vielocity - Data

0. ll.l.L,A. L1 11 1311113131111l ,lAll.AA
0 02 04 06 08 1 12 14 16 18 2
B(T)

Nov 17,2015

Lorentz Angle []

60

50

40

30

20

Lorentz angle from

perpendicular tracks;

Edrift = 600V/cm

Lorentz Angle vs Magnetic Field, 600 V/cm

— Garfield

e Data from H2
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Micromegas Performance in B-field: Spatial Resolution

o
(=]
o

- [#0of events]
S
S

g

Resolution: 56 um

T1_T2_residuals

Entries
Mean
AMS
x Inat
po

pt

p2
p3

9860

-0.001285

0.1058

1149/ 44
26612420
0.01636 = 0.00086
01974 » 00132
1262+ 175
0.001562 » 0.000848

0.05647 » 0.00088

B=0T
6=0deg
1 J

02 04 06 0.8

[mm]

g

[# of events]

8

@
o
o

600

400

200

0

T1_T2_residuals |
Entries 9267
ﬂ Mean 0.001431
RMS 0.1101
%/ nat 48.1/44
po 1067 + 164
p! 0.002758 » 0.000771
p2 0.057% = 0.0008
Resolution: 58 um 03 0253 4 7.0
pd -0.0276 = 0.0058

ps 0.1663 » 0.0071 |

B=-0.2T

6=10deg

J

W= aV AW e,

1 -08-06-04-02 0 0204 06 08 1

[mm]

Spatial resolution has been measured as a function of the
magnetic field intensity to be compatible with expectations

@ The values obtained with the different reconstruction
techniques follow similar trends to the no magnetic
field case (Lorentz angle ~ pTPC inclination angle)

o Slight degradation due to the larger drift paths of the
ionization charges

@ When the Lorentz angle cancels out completely the
track inclination angle the performance measured is
exactly the same as in the no magnetic field case

with perpendicular tracks.

Nov 17,2015
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Micromegas timing studies

@ Using the time difference between two MM chambers the
single plane timing resolution is measured to be better
than 10ns for large chamber inclination angle

o The earliest arrival time in each chamber per event
o The average of all the arrival times in each chamber per
event

@ The measured timing resolution is a convolution of the
MM detector response, the timing uncertainty of the
front-end electronics and the uncertainty introduced by
the timing extraction procedure (analysis dependent)

230 !
= 3 ; - | = Weighted average
| |—¥— Weighted earliest
[ b A Core average
- | A Core earliest
10~ ;
o_ll Illl 1 liilli ll[kll{llléllllélll
0 5 10 15 20 25 30 35 40 45
Incident Angle []
Nov 17,2015 Theo Alexopoulos, NTU Athens

1800

1600

1400

1200

1000

800

600

400

200

h_time_diff_48

p—

—

-
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-?00 -80 -60 -40

h_time_diff_48
Entnes 39964
foan 0.1241
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PO 3201309
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20 0

20 40 60 80 100
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E Average h _time_ diff 48
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1600 .:_ Mean 07917
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1400 2 1 ndt 62.01/83
C Prob 0.9589
1200 - pO0 21934518
1000E  Core: 7.9 ns " rarsom
= 2 *
goof-  Weighted: 9.0 ns v Sevaaes
C 3 1658 + 48.3
600 pd -0.6272 + 0.0621
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400~
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MMSW Performance Studies in Testbeams — Large scale MM (1/2)

1 _Event Display
o2 '« for 20deg track

L [strp #|

[ns) Y

o Test of the MMSW 4-plet in p,7" beam (6 —9GeV/c)
using a micromegas reference telescope (CERN, PS
T9-10, August-October 2014).

o First 4-plet prototype following the NSW specifications
with stereo readout strips (415um pitch)

o  [stip#
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MMSW Performance Studies in Testbeams — Large scale MM (2/2)

§ 30001 A7LAS NSW Preiminary o= 20081102
S { - DT830
§ : r\ o oo

) JO . 000N
Ezm L 1)
2 | 2929 + 00008
B 1088 + 0.00%0
w2000} ]

1500: Ooore ™ 75 um
Oppe™ 95 UM

Layeri-Layer2 |

1 0.5 0 05 1 15
Residuals [mm)

E L ATLAS NSW Prelimina Sf 7t = 1068/ 94
52000} A ~\4
S‘m: T 00N0A2 s 000
< i . M3
21600: P 00377 4 0000
3 | :w;--::r)'-'
%1400/ ~:
[ Ogpe=81um

1000 (’M=‘03"m

800}

600/

400/

Layer2-Layer34

-1 05 0 05 1 15
Residuals [mm)]

Nov 17,2015

[# of events/0.125mm)

-

o 98% efficiency measured for all four layers

o Using the two first layers with parallel readout strips the
spatial resolution for the precision coordinate was
measured at 75 um

o Combining the information of the two stereo layers the the
precision and the perpendicular to it hit coordinates can be
reconstructed

o 80 nm resolution for the precision coordinate (larger distance
between 2-34 layers compared to 1-2)

o 2.2mm for the second coordinate (in accordance with
theoretical expectations)

: ATLAS NSW Preliminary ,D net = 218.8/ 167 |

b
3

200}

100}

' ] 10 t t
% 5 10 5 0 5 10 1 2 1 15 2 25 3

Residuals [mm]

b o

Stereo Angle [°]
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Micromegas Performance in ATLAS

~Minimum bias trigger scintillators

Micromegas on electre ietig-end- o wuw@

. 4 —~
cap calorimeter .

Muﬁmega% on'CSC

- I Micromegas Current Measured versus Luminosity
C}z 6 0-35 Ei 2 0 : T 1T I LI I L I LI I L I LI I L :
o O 03 £ = - E
- 0.25 ‘E = 0.45 - MBTO0_3S ]
2 aE 02 § ® (0.4fF !(A)=-0.006+0.560"L, (L=Luminosityx 0% =
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Test of MM prototype with multiplexed readout strips
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Summary

The ATLAS NSW Upgrade will enable the Muon Spectrometer to retain its excellent performance also
beyond design luminosity and for the HL-LHC phase

Deployment of a new Micropattern Gaseous Detector (MPGD) technology, Micromegas, for the first time in a
very large scale experiment.
Production of Micromegas planes to cover a total active area of 1200 m?!

Extensive performance studies show that Micromegas fulfill the ATLAS requirements

Excellent spatial resolution (< 100um) independent of the track incident angle.

Studies inside magnetic field do not show any sign of degraded performance. Chambers perform flawlessly
with magnetic field intensities up to 1T.

First test of the ATLAS-like prototype (MMSW 4plet) was very successful

Reconstruction of the precision coordinate with an uncertainty of ~75 pm.

2nd coordinate reconstruction using stereo readout strip configuration performs as expected, spatial resolution
2.2 mm.

Next years are expected to be even busier, series production, development of new electronics & testing,
following the NSW project schedule...



Some History within ATLAS Experiment

The ATLAS micromegas project started in 2007 after a brain-storming meeting
organized at CERN by the ATLAS Muon System. In this meeting loannis
Giomataris presented the micromegas concept as a potential detector technology
for a future upgrade of the ATLAS muon system.

It is fair to say: Not too many people believed in it at this time ... and it took a lot of
work to convince our colleagues in ATLAS of the contrary

“Too many sparks ...”

“How to scale a detector of the size of a hand to several square meters?”
However, a few of us saw a number of promising features of this technology, in
addition to their excellent (not only high-rate) performance that had, by this time,
already been proven, e.g., in COMPASS.

As particularly strong points we saw:

Potential for industrial production

Relatively simple construction

Relatively low costs

So we started the MAMMA R&D activity to develop micromegas detectors for the
New Small Wheels of the ATLAS detector.



