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The ATLAS Muon Spectrometer

“Small” wheel: region with highest rate
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Chamber resolution (RMS) in | Measurements/track Number of
Type | Function z/R (0] time | barrel end-cap chambers channels
MDT | tracking 35 um (z) — - 20 20 1088 (1150) | 339k (354k)
CSC | tracking | 40 um (R) 5 mm 7 ns — 4 32 30.7k
RPC trigger 10 mm (z) I0mm | 1.5ns 6 - 544 (606) 359k (373k)
TGC trigger | 2-6mm (R) | 3-7mm | 4ns — 9 3588 318k
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Upgrade New Small Wheel: motivations

Sizeable decrease of MDT efficiency and
resolution above the design luminosity

—2“Tube size”~ 3 cm X 1 m X 750 ns;

High fake rate with present endcap trigger
> R(p;>20 GeV)=51 kHz (@ 3x10*,14TeV)

A factor 3 reduction of trigger rate with NSW
—> Large ion evacuation time (95% fake = 10% fake)

For L= 5X10°** cm?s! >1 MHz/Tube PR(p;>20 GeV)=17 kHz (@ 3x10%*,14 TeV)
> 50% drop in chamber efficiency compatible with bandwidth requirement.
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Upgrade New Small Wheel: layout

*16 sectors per wheel (8 large and 8 small): total detector diameter = 10 m;

* 2 technologies: STGC (small Thin Gap Chambers) and MM (MicroMegas)
* 8 MM and 8 sTGC layers: trigger and tracking provided by both detectors
* MM quadruplet configuration with two back-to-back doublets.

pacer-frame




MicroMegas:. working principle

300V
Drift Cathode
| Pillars
MicoMesh — /2~) ) 4 - 0V
+550V

PCB Read-out electrodes

Detector components (numbers are referred to ATLAS MM):
1) 5 mm thick gas gap with low electric field (= 0.6 kV/cm) for conversion and drift;

2) Thin metallic mesh 128 um above readout strips (on special pillars);
3) Large electric field between the mesh and the strips (40+45 kV/cm) for avalanche;

4) Read-out strips with 250 = 500 wm pitch on a PCB plane.

=> The mesh is practically transparent to electrons (due to high electric field ratio);

=» lons from the avalanche are evacuated by the mesh.
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MicroMegas for NSW - |

I. Tracks are expected to be at angles in the range 835 deg. -
WTPC reconstruction mode has to be used (see below).

2. High flux of heavily ionizing particles (>103 ") at LHC: effect
of Sparks (due to the required high amplification gain z104) to be
reduced = resistive anode strips above read-out strips.

3. A magnetic field of up to 0.3 T is present in the NSW region
with different orientations = methods are studied to take into
account Lorentz angle effects.

4. Strip positions have to be known with precisions of O(50 um)

—> construction procedure should guarantee such a precision
and alignment tools should be foreseen.

Specific tests for each point are described in the following.




MicroMegas for NSW - ||

Gas Mixture: Ar(93%) — CO,(7%)
Drift velocity # 5 cm/ s "2 Maximum Drift Time = 100 ns
Strip pitch = 400 wm, strip width = 300 wm

HV configuration: mesh at ground,

cathode -300V, strips +550V

Mesh support pillar Resistive strip
* Resistive strips to make /O 0.5-100 MQ/cm

“inoffensive” the sparks
Bl B I BN I BN BN BN BN - e

® 2 nd coordinate through [_-*_-_-—T_-_.‘___-_-_-T
PCB

stereo strips: in half planes Y i \
: . o} Insulator T Cu readout strip
the strips are tilted by 3 l
. d d d Embedded resistor Resistive Strip
providing 2 nd coordinate 50 MQ 5mm long 0.5-100 MQ/cm

at O(cm) level.
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GND Copper readout strip




MicroMegas for NSW - |
-- Construction procedure under study. l.

A new construction method will be

adopted (not “bulk-micromegas”):

the mesh is glued on the drift panel;
then is glued on the strip panel.

-- Read-out through VMM electronics
(validation in progress of first prototypes) Cathode

a 64-channel front-end chip developed E.

for sTGC and MM for tracking
and triggering.
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Summary of tests done on prototypes

* Test-beam at CERN-H6 (120 GeV pions/muons)

® measurement of efficiency

® measurement of space resolution in the full angular range (validation

of the WTPC operation mode)

® Test-beam with chambers in magnetic field at CERN-H2 (120
GeV pions/muons) and at DESY (1+5 GeV electrons)

® measurement of the Lorentz angle and validation of simulation
results;

® measurement of the space resolution in magnetic fields up to 1 T;

® Irradiation tests with neutrons, ¥s, s at Saclay
® equivalent of 10 years of HL-LHC simulated
® prototypes tested on beam at CERN-HG6 after irradiation

All tests done using APV25 electronics read-out through SRS




Beam

Test—Beam set-up 2012-2013

s T3 T4 s Te 17 T8 8 chambers 10x10 cm? x-y view 400 Wm pitch

operated with Ar-CO, gas mixture
July-September 2012 = CERN H6 (120 GeV
pions)

-- Tests and validation of uTPC mode with APV25

- First test of VMM chip.

-- First tests on large size IVIIVI 1x1m2

AR
ﬁme 2012 > CERN.HJ, First Test
beam with Magnetlc Fleld
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Results: chamber efficiency

o Efficiency is determined by tracking on all chambers apart

from one and looking

for hits in the remaining

40

chamber. :
® Global 1-2% inefficiencies "
mostly due to the “pillars” 19
(towers with 2.5 mm pitch .

and 300 um diameter where

hnocluster T3

hnocluste

r T3

7

|

f

-12 -10 -8

Entries

494
-6.761
2.786

Mean
BRMS

6 4 2 0
Cluster Position [mm]

the mesh is held). Dead Area = 7 (0.3/2)%/2.52 =1.1%




Results: space resolution - |

e X coordinate obtained: i g, g‘ MT;C concept
® charge centroid X, =4l g =t
® UWTPC (position at half gap Eqk 2 .’ :
after tracklet fit Z=mX+c) Zk=1 )
® The two values of X are ~ Xur = haf;l

combined to improve the resolution

especially in the 10° region (where

the two methods provide comparable =
resolutions) ;g

¢ Resolution extracted from the 'é\
difference between two chambers =
(due to the negligible effect of :
the beam divergence)




Results: space resolution - |

® WI'PC mode gives the best resolution above 10°
* Resolution below 100 wm in the full angular range of NSW

¢ Combination improves resolution at small angles due to an
observed anti-correlation between Xt and Xt
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Results: Magnetic Field - |

“defocusing” configuration “focusing” configuration

> Vo =V Sin(a,)
\k Vg, =V5C0S(a )

B component orthogonal to E
directly affects the charges drift

- systematic Ox on position

ox = gtanaL ~ B(T) x2.8mm
2

—

J

The Lorentz angle aL measured Lorentz Angle vs Magnetic Field, 600 V/cm
vs B is in agreement with o F J—
& _—
simulations (based on Garfield) : ” -
S 50/ »
-| Brange in NSW /
Typical values of the Lorentz P e
angles expected are <20° = I/ /
-> systematics at O(100 wm) B, // — Garfield
o/ e Data from H2
D/O 2 04 0.6 0.8 1 1.2 1.4 1.6
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MM back-to-back configuration:

- the average point measured in the
doublet is “systematic-free” due to
the symmetry.

(provided B is uniform in the doublet)
Angle corrections based on the

knowledge of B are also possible.

Resolution at 100 um
in a wide B — 6 range
(by combining

and X,

[{9K] . . »
- smgular conflguratlons

X

can be easily managed

-

Results: Magnetic field - I

“back-to-back” configuration

Resolution (-10 deg. data) Resolution (+10 deg. data)
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Results: irradiation tests - |

Extensive program of irradiation of small prototype (10X10 cm?) at Saclay in 2012
General strategy:

25+10 years HL-LHC equivalent simulated

- high spark rate simulated with o particles

— two identical chambers: one irradiated and one not irradiated; both tested
after irradiation at H6 beam (@) CERN

Charge Deposit

Irradiation with HL-LHC Equivalent Results
(mCl/cm?)

X-Ray 225 5 HL-LHC years equivalent No evidence of ageing
Neutron 0.5 10 years HL-LHC years equivalent No evidence of ageing
Gamma 14.84 10 years HL-LHC years equivalent No evidence of ageing

Alpha 2.4 5 x 108 sparks equivalent No evidence of ageing

o
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Results: irradiation tests - |

Comparison of efficiency and resolutions for the two identical chambers:

— R17airradiated
—> R17b not irradiated

No evidence of efficiency and resolution degradation after exposure.
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Mechanical tests

® The dimensions of the chambers have been defined.
1780 2220

<
T

> Mechanical tests are ongoing to

define a construction procedure

A

M2

| j)roviding a planarity at O(50 wm)

1410

2210
2310

T , .
\ T ¥D«>\s" 7 Small Large

<V | sector <—> | sector

RMS below 20--30 um obtained in Planarity measurements with CMM-Machine
@ prototype panels of 12 m? size on prototype panels.




Summary and Outlook

® The MicroMegas chambers have been chosen for the upgrade
of the ATLAS muon spectrometer in the forward region.

® Tests done on prototypes show that these detectors provide
the required performance in the expected high rate
environment.

®* Now the mainstream of this work is:
® to go to very large surface detectors

® to prove that on such surfaces the mechanical properties are

mantained

® to define and start a serial production for installation in 2018.
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Mesh (stainless steel 325

lines/inch)

PCB (0.5 mm)

Pillars (128 um
Pyralux)

~

Insulator (64 um)

/ Resistive strip, 20 um
C-loaded epoxy

Readout strip
17 um Cu

Table 5.1: Main MM detector and operating parameters.

Item/Parameter

Characteristics

Value

Mesh

Amplification gap
Drift/conversion gap

Stainless steel
separate from readout board

325 lines/inch

128 um
5 mm

Resistive strips Interconnected R = 10-20 MQhm /cm
Readout strip pitch 0.425-0.445 mm
Stereo angle 4/8 layers +1.5°

Total number of strips 2.1 M

Gas Ar:CO, 93:7

HV on resistive strips  positive polarity 550V

A mplification field 40kV /em

Drift field 600V /cm




Arrangement of electronics on MM readout panels

——

Electronics boards
Size: 50 x 220 mm

8 VMM chips a 64 ch
Total: 512 ch/board

GBT boards
preferentially on outer
board (accessible), if
not enough space, on
next layer.
Interconnections of
boards to be defined

HV + LV
cables ??

Zebra contact |

Drift electrode panels |




VMM electronics

neighbor , | trigger frrmmem e e e e :
Il _______________________ ) Slgnals for trigger i
—— > TGC out (ToT, TtP, PtT, 6bADC) x 64 |
logic | ITGC clock (160 MHz)

oo EP—“ ART (flag, serial address)
6b ADC | | ART clock (160 MHz) 5

+ ' J_ 48-bit data
' Sha er el — peak - 5 ...... \ _ -
i b p 10b ADC E ...... Spare l‘blt
5 ¥ Lo FIFO thrsh 1-bit
i time [~ 10bADC M e addr  E-bit |
E | . serial out
12b BC icoeee L1 >4 ampl 10-bit f — (DDR)
I v 8b L1A E ...... read time 10'b|t
E addr 3 3 i ...... out BCID 12'b|t
channel (64x) ------ LD 8-bit
_____________________________________________________________ R / -
«— DATA clock (80 MHz)
Gray- code counters I— . _|le— DATA sync
logic | B¢ clock (40 MHz)
configuration |e— serial cfg data B coc z
«— L1A trigger GG_LL_VMMblock Vo1

Figure 12.3: Block diagram of the VMM ASIC




o

MM trigger
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Figure 12.14: (a) Simulation results; efficiency (right scale), and angular resolution as a function of the
size of the rolling BC window requiring five or more planes.

(b) Angular resolution measured in a test beam as a function of incident angle. The dots use
the Address in Real time at threshold crossing while the square use the ART at amplitude

peak. The lever arm was 50 cm.




to the sampled shaper output values

Timings and Amplitudes measured for each hit-strip applying a fit function

APV25 READ-OUT — TIME AND CHARGE — TIME RESOLUTION

Charge =

800 Fermi-Dirac

FD(t)=K 1
I+

-(t-tpp)/ o
e FD)/'OFD

T

700 —

L. Pioer | !

RS AR 15 20 28 e 39

* Intrinsic Time Resolution ~ 5ns (primary
ionization spread)

* Temporal resolution estimated from
earliest strip differences between two
MM back-to-back for inclined tracks
(30°)

* Measured O;~10 ns. Dominated by
APV25 response and precision of the fit
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Time difference: t(chamber2)- t(chamberl)

% 500 :— Mean 0.01498
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I} - 06,=101+£02ns i 122517
400 — Prob 0.06623
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MAGNETIC FIELD IN THE NEW SMALL WHEEL

* The MM chambers of the NSW will operate in a magnetic field with large variations and
values up to about 0.3 T, with different orientations with respect to the chamber
planes but a sizable component orthogonal to the MM electric field.

* The effect of the magnetic field on the detector operation has been studied with test
beam data and simulations.

Z=7800mm B~03T

Gas Properties - Drift Velocity & Lorentz Angle vs Electric Field

| . Ar93%CO0, 7%B=20T £ g

Ar93 % CO, 7% B=20T | Ar93% CO, 7% B=10T -
Ar93%CO, 7%B=10T - | Ar93 % CO. 7% B=05ST
— Ar93 % CO., 7% B=05"11 : | Ar 93 % ('()3 7%B=02T

Ar93 % CO, 7%B=02T




OVERVIEW OF AGEING TESTS

X-ray beam

Cold neutron beam Alpha source

Gamma source

Extensive Program of irradiations done last year at Saclay

Bulk Mesh
==

128 um

Y readout

R17b detector is kept unexposed.

X readout
Gain control measurements are perforrned before and after each exposure.

After the ageing both detectors are taken to the H6 CERN-SPS pion beam line.

The goal to accumulate an integrated operation Charge equivalent to the one would be

obtained at the HL-LHC for 10 years for each type of radiation.

R17a detector is exposed to different radiation sources

%




e X-Ray Accumulated charge:

Exposure: 918 mC for 4 cm? in 21.3 effective T =
days g 500
225 mC/cm?2 Vs 32 mC/cm? estimated for 5 %

=

OVERVIEW OF AGEING TESTS

YRR &lﬁ‘ll_ﬁlllrf LRSation and gain control measurements

of non-exposed detector (connected in the same gas

line in parallel)

600 T

450 1

T T
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e Neutron Irradiation: S—
t <~ beam tests
flux ~8x108 n/cm?/sec; Energy:5to 10 z .
meV g 6001 / ihour/ 2 hours
At Orphee ~ 3x10'2 n/cm?/hour which is c a0}
about 2 HL-LHC years ® ol
Mesh current during the different » -
neutron irradiation periods O TooNov  10Nov  1UNov

12/Nov

13/Nov

14/Nov

15/Nov 16/Nov 17/Nov 18/Nov

e Gamma lrradiation:

T
Mesh current

60Co exposure between March 22" and April 11th
2012.

Total exposure time : 480 hours
Total integrated charge : 1484 mC
Mean mesh current : 858.4 nA
More than 5 years of HL-LHC

Mesh current evolution with
a zoomed plot of humidity

measurements taken at the

COCASE facility

Mesh current [nA]

960

940 |
920 |
900 |-
880
860 [
840
820

Mesh current
humidity ——

800

Humidity [%]

0 | | | L
22/Mar 24/Mar 26/Mar 28/Mar 30/Mar OL/Apr 03/Apr 05/Apr 07/Apr 09/Apr 11/Apr

13/Api




