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» The ATLAS New Small Wheel (NSW)
» The Micromegas detector
» The electronics of the Micromegas detectors
» Sector Integration
» Monitoring/Configuration path
» Data Acquisition path
» Test with cosmics rays
» System Monitoring & Results
» Trigger path

» Summary
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» Run 3 will have a factor of ~1.5x

increase in instantaneous luminosity

. » The High Luminosity Large Hadron

~ Collider (2027-...) will have 2-4x larger
peak instantaneous luminosity
compared to LHC Run 3 (2021 - 2024)

Tile calorimeters

. .‘ : LAr hadronic end-cap and
\! forwary calorimeters
Pixel detector

LAr electromagnetic calgrimeters
Muon chambers Solenoid magnet | Transition rawsligtion fracker
Semiconductor tracker

Toroid magnets

New Small Wheel

<N

Small \Z(I/heel

» The New Small Wheel (NSW)
upgrade will replace the current Small =~ B
Wheel of the ATLAS muon spectrometery & ¢
to handle larger particle rates '

» Important for Run 3, vital for High
Luminosity LHC (20238)
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(Presen ¢ detectors Small Wheels ATLAS R 20128918 36560, LHC FZ516, A 152012 5ns spaorg )

» Cathode Strip Chambers (CSC) m - %
» Monitored Drift tubes (MDT) *F ) g
» Thin Gap Chambers (TGC) 200
» Tracking: Monitored Drift Tubes will lose etficiency at high hit
rates due to higher instantaneous luminosity 0
» Triggering: Lowest unprescaled muon trigger is dominated by

lllllllllll

-

\llllllllllllllllllll

50

50 4
,,,,,

/////
Py

,,,,,,,
::::::::::::::
Pt

triggers not originating from the interaction point = =

k 02T s 4 w05 o0 05 1 15 2 nJ
4 New Small Wheels )
3 The NSW will provide high precision muon
’ / track reconstruction and trigger information
5 to ATLAS, at high rates, thus eliminating
s the issues of the present SW.
1 » 16 sectors for each NSW ~2.4 mﬂ]joﬁ
‘C.B(: j » 16 layers for each sector readout
channels
The NSW detectors: /
» Micromegas (MM), mainly for precision tracking, also for trigger
C small Thin Gap Chambers (sTGC),mainly for trigger, also for precision tracking y
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(For more Micromegas:)
dsS See I. Gnesi’s talk

MicroMegas with Resistive Strips technology as a Precision Tracker

L o ectrode N, o/ 00y Main characteristics:

e'} » Spatial resolution < 100pum
>mm Conversion/Drift Gap T STy 0.4 mm readout granularity
Micromesh | RN S » small strip pitch (better particle separation
28um] | ) F | KAEERN\ | £] ] 4okviem compared to current drift tubes)
70 um I Insulator Uy short drift time (~100 ns compared to
— ~750 ns for drift tubes)

am» Copper readout strips

» Resistive anode strips to suppress
discharge influence on efficiency

e Resistive Strips

Small sector modules  Large sector modules
1821.5 2220

vz sf |8 M2 LMi1: France
4 o[ |7 LM2: Greece, Russia
13211 8 6 2022.8 SMr: Italy

g 5 20085 SM2: Germany
\¢

\K V1 / Totally 128 MM modules in 2x16

2210
2310

sectors, =3 m?2 active area each

500
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_igger & DAQ data flow

» In total 2.4 millions readout channels

TGC . .
T » Separate config/monitor, readout and trigger path
_FFgg » Pad trigger
twin-ax _— - L1DDC
1/pFEB — —— 2xGBT USA15 ) from
/ B 1/sector Blg Wheel
strip 4 Router 1/sector —> Trigger
TDS — E saall Fore | Processor
3/sFEB 1/layer/sector
. /; on NSW rim g e Y Sle;,céiar —>
fibre Trigger
MM ADDC 2/layer/sector
processor
ART GBT H—Fore
twin-ax ART GBT TTC
SCA ROD
\ : FELIX
Conﬁguration STGC strips: 6 or 7 i Readout | twin—ax\\ on-chamber n t
. . sTGC pad+wire: 2+1 ]  ASIC | N e even
Monitoring e " monitor
1/FEB
DA i w
: DCS caI_lb Config
LV power o Twin-ax .
— config/monitor trlgg.er DCS
\ Front end boards — readout monitor )
—_— trig_ger

VMM [Readout]

» 130 nm CMOS technol
» 64 channels per chip
» ~200 ns dead time per

ogy

channel

» Timing resolution in the order
of ns
» SEU protection

GBIx [Data Transceiver]

The GBTx is a radiation-hard
ASIC, acting as a highspeed
transceiver between the FEs and
the back-end electronics

(FELIX). Bandwidth of 4.8

ART [Timestamp]

The ART ASIC on the ADDC
deserializes the ART addresses from
several VMMs, appends a 5-bit VMM
geographical address and a timestamp.
It then forms and forwards a data
packet to the MM Trigger Processor
through optical fiber.

Gb/s

FEAST is a Radiation tolerant
10W Synchronous Step-Down
Buck DC/DC converter developed
to provide an efficient solution
for the distribution of power.
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i i -

Houses the 8*VMM chips that
convert analog signal of the

detector into digital, which
includes the ART data.

MMFE8s and relay it to the
Trigger Processor.

Collect ART data from eight

Micromegas Front-End & Art Data Driver Card L1 Data Driver Card Low Voltage Distributor
- . EH . “l::', ® : : 3 .o ; ‘ e | *' _I S ?:39 \ P "*;’* o @

Location of MMFE8/L1DDC/ADDC on a MM sector (8 planes) Spacer frame between

two wedges

BN 8 MMFES, 1 L1DDC, 1 ADDC per plane per side

Each MM sector combines:
128* MMFER [Front-End]
16* ADDC [Irigger]

16* LIDDC [ Data-Driver]
16* LVDB [Power]

Provides low voltage power to
MMFES8, L1DDC and ADDC

Interface of the MMFES&s
and ADDCs to FELIX,
passing along configuration
data and clock source.

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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-egratlon at CERN » A lot of people are involved in several stations in parallel

» A lot of care and work in order to prepare the MM sector
) ready for the cosmics ray stand

s ~
FEB integrating & cablin Sector readout tests
‘ ‘ s *,:i ! '! §| p—

@ Board & detector preparation,

LBy =
iy > N\

» Installation of FEB standoffs

|
v o\
A \¢ B 7, \ <

(chambers) "‘ T f . L
» Grounding interconnections » Installation of FEBs & cabling » Connectivity Validation
(chambers) » Small scale readout tests to » Eltx cooling validation
» Cooling pads (chambers & FEBs) validate board connectivity » Configuration & readout of
» Zebra holders (FEBs) and noise the full Micromegas sector
» Cable integrity testing (twinax & fibers) - W, » Full scale tests for validation
Y, » Internal VMM pulsing

» HV pulsing

& » Cosmics J
ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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Titegration Highlights

Although the detectors and electronics arrive tested they are put together as a system for the first time @CERN

Noise investigation +EEAST switching g asoof T // E )
» Excessive noise has been found mostly due vmnp frequehcy \ Ve "t e/ ~ |
y ‘\/"'V\“’\ N ‘ W‘"/\ \/\f\, w.,,\) ‘" \“‘rﬂv\,\J 'J\AVH\I f'\A\f'\‘\‘\N‘/\‘\ﬂ N\J 25002 v
the FEAST on the boards MO R ' ~
» Noise has been brought down to theoretical > el
expectations by improving the FEAST 1000/)/
shielding and the grounding of the system E :
0 Wl : ]
K T (195,29 %% 100 150 200 250 Capaggtance [p%so J

Readout Strips connection )

Electronics readout channels connected to detector readout strips using a rubber zebra adapter
1st in experimental high energy physics where a connector is not used

Several cases of bad connectivity between MMFES& channels and strips

Understood to be coming from some misaligned/bent precision pins in these first MM modules
Fabrication of custom boards to identity channels in sort and allgnment issues

g 300 g ooy 10
MMFE8 readout channels = MM readout strips V f

v Vv v Vv Vv

300 7

Samples

o = N W A~ 00 OO N 0 ©

250/ 250/ e

Baseline [mV]
Baseline [mV]

200|

150 O

100

50|

0 100 200 300 400 500 0 100 200 300 400 500
VMM*64 + Channel VMM*64 + Channel

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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-onﬁguration path

The GBT-SCA ASIC (Giga-Bit Transceiver - Slow Control Adapter) is the
part of the GBT chipset which purpose is to distribute control and
monitoring signals to the front-end electronics embedded in the detectors.
The user interface ports are: 1 SPI master, 16 independent 12C masters, 1

JTAG master, 4 DAC (8-bit), 32 GPIO and 31 ADC (12-bit)

R Trigger

b
v

pTT I T TS T TS . » Perform front end

" Network monitoring using the SCA to
read Feast PW/temperature,
board(NTC), VMM and SCA
temperature

|
SCA :
|
|
|
: » Configuration of VMM, ART,
|
|
|
|
|
|

{3
o o

Configuration

Calibration ROC and GBTx chips via 12C

and SPI

» ADC channel is used for the
the VMM calibration

IOEALGNNGIY | » In total, 5120 SCAs for MMG
~ 100k parameters (voltages,
temperatures, GPIOs)

Event Monitor

\

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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Monitor (DCS) A

» Front-end monitoring using SCA OPC UA Server

to read temperatures ,voltage levels and connection
status "2700 parameters per MM sector

» Connectivity validation

» Cooling validation using the monitored
temperatures

» Voltage Validation

_

f HOLayer0 . - .
e — e TR e e ek P L R I Noise & Calibration A
> T ] feo0g  peel pcs2 PeBs pea4 pes | . | | ]
2 a5l o503 20 | e e ool L LU sk » Connectivity to readout strips
3 i la005  F g - ; U b i il A ; . .
= 5 o o ilillﬂ“l!"-' iy " » Baseline/Noise measurements
: =09 T II H ’l | » Channels trimmers calibration
150F 2002 1500/ hreshald ( arbl offse . . .
: A mesnaeiwinmners || || p Channels threshold calibration
= 3 ¢Thr—!e ) : .
oor : e-beseinewintimmes | ) Map of noise per channel for
C SO o e R A SN N AN . .
5ol Sl i, each layer shows nice linear
0700 500 300 400 500 | 5o msasao so  dependence on the strip
VMM?*64 + Channel AN Ao . i .
- anne Layer Channel VHres  chamel - capacitance close to theoretical

k values J
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Trigger U
gl Processor " Network

al Configuration

N
: <-> GBTX :
; / FELIX .

Calibration

O

Event Monitor

\

Trigger Monitor |

a VMM: digitizes detector signals and send trigger primitives (64 channels)
0 ROC: buffers and filters data from & VMMs to match ATLAS trigger selection

0 GBTx: packs up readout data and sends to FELIX
6 DAQ and event monitor

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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g ' _-'~ » The final step in the electronics

r—

e = Scintillators
, Scintillators

integration/testing workflow
» MM sector validation
» Scintillator trigger(*100Hz) with full
coverage along the precision
coordinate covering partially the
detectors
» Not meant for detailed performance
but to validate that the system
(detector+electronics) works
» Nominal HV settings (+570V strips
and -300V drift ) and Ar:CO2 gas
» Look at the basic detector parameters
» Charge
» Cluster Size
» Efficiency distribution

» Tracking
[y The validation of the full MM double wedge requires the readoutof ) ) System test (chamber+electronics) but
128x MMFES (65k channels), 16x L1DDC, 16x ADDC can be used to spot electronics issues

» Not at all a small-scale system, readout of ~100 optical links
» FELIX and DAQ system are also new developments for Phase-I so we

\__are keep learning/debugging /testing these as well p

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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trol Station

A control station has been developed for the operation of the MM sector & electronics during cosmics run.

_HV Station

. e 1 < 3 CAEN SY452

» MM operation (HV, gas, humidity, env parameters) OPC DA Sorvr | LN
1 A7038ST

Gas Station
3 Pressure Sensor
2 Hum Sensor
2 Mass Flow
Sensor

» Electronics (connectivity, temperature)

_SCA Station

, OPC UA Server 128 MMFES
- 16 L1iDDC
16 ADDC

» Low voltage

OPC DA Server.

Env Station
T,P,H
Sensor

» Cooling

ARDUINO

OPC UA Server Cooling Station
26 T Sensors

_Safety Station
Safety Light
+Fire Sensor

LV Station
4 Power

HV Station Setup LViICS | LV SCA | ELMB | Settings | Exit | 05:5L:43PM 02/21/2020
~HV Channel —HVPlots o = T = o - HV Actions
s = B Ve | CTSI000]  JSEinAl . .
DS 569.8 v 0012w v |7 R E
5695V 0000w ¢ | - = =--| sm2-1p - 20MNMMMS200012
PSS 569.8 v | 0.000 uA v = = ‘_[ lJ/ ﬂ J E item MFE8_L1P8_HOL
IS 5695/ v 100000 wA Vo = e n - [© LIP3 HOL/ai/0VGSfor1 VA | ; on Status e
L T T L LA S S
.~ HOL ggﬁ x gﬂg‘l’ K Y |@ mon'17 reb 2020 07:10:00 pm cET Fri 21 Feb 2020 05:00:00 PM CET ! Fri 21 Feb 2020 05:00:00 PM CET ple-netio://direct/peatinswielix02.cern.ch/12340/12350: 5 i’
D oo s o s s s 1 VTP
—smip———— [E- s MMFE8 TP
[ISI570.0/ v 10,000/ A v E g PG HOL/ai/feasTemplvs
12 B B L4P6_HOL/alfeastTemp2ys
%g z 8.000 K : = : E [L1P8_HOL/ai/vmmPdo0 L4P6_HOL/al/gbtxONTC
oo1ss .000 S— > P— A & [L1P8_HOL/ai/vmmPdol LAP6_HOL/al/ghtxINTC
IS 569.5 v [0.000 uA v . i | P g [L1P8_HOL/ai/vmmPdo2 L4P6_HOL/alinternalTempe
POHOR 499.8 v | 0.000 uA v Fri 21 Feb 2020 05:00:00 P4 CET | Friavren 2020 05:00:00 pm ceT _ 158 0Ll vmmPdas =
I 300.0 v 0,009 uA R ~me Ranc~ [ Axe > e~ L1 “SMI-IP - 20MNMMMS100018 [L1P8_HOL/ai/vmmPdod
Ec S S S B B - R e e e o i S s [L1P8_HOL/ai/vmmPdo5
—SM2-HO = g L1P8_HOL/ai/vmmPdo&
IS 539.2 v [10.000 uA v = e L1P8_HOL/ai/vmmPdo7
PRSI 569.2 Vv [0.012 uA v - B = -
JTESSTE 569.0 Vv [ 0.000 A v © T T — | AT -
IS 569.2 v 10,000 uA v Fri 21 Feb 2020 05:00:00 PM CET ET i Fri 21 Feb 2020 05:00:00 PM CET
HOES 5195 v 00000 uA v o Shev1l 1 a * e Ranc~ [ Axe~ Shesil 1 a * me Rani [ e~ Shevil 1 a i
D 2998V 0000w [ e :
— SM1-HO = E :lms :
DS 539.2 v [0.000 ua v = H I - 2 H .
ESSE 5605 v 0000w v | Loles Lefod | SMZHO - ZoMNVNSZ00013. - Temperature Monitor
[EEST L 569.0 v [ 0.000 uA v O ST A S S S T A S S L) D T S DAL — P SIDE HO SIDE
IS 5692 v 10,000 uA v Fri 21 Feb 2020 05:00:00 PM CET | Fri2aren 2020 05.00:00 e ceT | rni2en 2020 05.00:00 pm cer _
B0 5390V | 0034 uA v | |meRanc Ak~ Dthe~11 1| a ” me Rani~ [ Axe~ Dthe~11 1| _a "~ me Ran~ [ Ave ~ Dthe~ 11 1| a
P 300.0 v | 0.000 uA B I S s B S ~G T [ er mereceme e vee @ ._
: . ! : : . Colez 3
o g e e T o L = Flow Input Flow Input
Fri 21 Feb 2020 of;gg:co“tm CET - Fri 21 Feb 2020 UE;EE:JENPQM CET - Fri 21 Feb 2020 OE’(:ZSP"F‘QM CET - = Channel Channel
me Ran(~ "Axe ~ Dthe~Ll | a me Ran(~ Axe - Dthe~11 1| a ime Ran(~ "Axe ~ Dthe~11 | a ‘%
- 5 £
| SMI-HO - 20MNMMMS100017. @== =0 || ||@== ==0
‘ 30324 30489
TS E Fr 21 Feb 2020 05:00:00 PM CET i Fri 21 Feb 2020 05:00:00 PM CET _ @ Flow Output Flow Output Flow Output| Flow Output
| EnvStation | Gas | MM Humidity | ime Ranc [ Axe ~ 11 a
N Channel Channel Channel Channel
| J
PGSR 17822 % o AL al set [5¢
[GRIGIA0| 20223 % Fri 21 Feb 2020 05:00:00 PM CET Fri 21 Feb 2020 05:00:00 PM CET =] &
r~Archive Run Export —~ Trip Recovery [
Run status : @) Dir: Documents ATLHVMMBBS/ Export_Data/ | |29 Sector - | OFF | ON S| Set K3 l:j
Start Export Wari || SO E " Stips ‘e Strips+Drift
[ Export | | (e Safety Light
_ MM Humidity o
2 Vsub : 5 ~ ‘ O
Ti 1 —
Start: |14/02/2020 | | [10:46:35 2= Info:
|aGasElotsn] REavRioteal End: 17/0212020 | | |10:46557 [2]|=] | Now (Trip->Vset-Vsub )
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Noisy channels are equally important (should be masked thus dead)

« Can be determined from cosmics/noise run (L1 readout) and/or from baseline measurements (SCA)
« Boards with noisy channels > 5% are checked and replaced

« Produce lists of noisy channels

% channels alive per MMFES& % noisy channels per MMFES
! ! ! ! ! ! ! ! [s0] T T T T T T T T T T T T T T Q
: : : : : : : I o0 613 E 16—— | | | | : = E Q 16__1 r[rrr|rrr|rrr ) g..
2 - ) i Y " | 1" [Entries 309087 s - 1.00 1.00 0.99 0.98 0.96 0.97| fracalivech_lay_bo « s = fracnoisych_lay_bo g
. B 104 X ' X ' X ' Mean  262.6 = 14f— 099 098 0.98 1.00 1.00 0.99|Meanx 9488 || E = 14— 0.02 | Mean x 3.727 3
NOISy | = * | | | o SadDey 14t C  1.00 1.00 099 1.00 1.00 0.99|Meany 7522 = - Meany 5657 =
C sy : : : : : 12—~ 098 1.00 099 1.00 0.99 0.99|StDevx 2290 12~ SidDevx 2452
10° : ; ! ! : ! ! - 099 097 1.00 1.00 099 0.99|SwDevy 4607 o StdDevy 4338
) - - =
M 10f— 092 093 096 097 097 096 092 093 —] 10f— . — 3
() = - - -
- | | | | | | 099 099 097 095 097 097 099 1.00 - - 0.6 0.07 0.01 008 005 - ]
1 1 1 | 1 1 1 - — - e
P — : : : : : : 8 1.00 099 099 1.00 0.98 098 |2 099 8f— 0.01 0.01 —| 1
- ! ! ! : ! ! : - 099 099 098 099 097 1.00 1.00 1.00 - = (001 0.01 0.01 0. 4 A
- ! ! : ! ! ! 6/~ 1.00 0.99 099 0.99 099 099 099 1.00 — 61— 0.01 0.01 —
oy 251 I T N A [ 099 1.00 099 099 1.00 0.98 098 099 C 002 0.01 001 0 3 F10*
| ' ! ' ' ' ! ! 4 099 099 099 099 1.00 099 1.00 099 —i 4F— 001 0.04 0.01 -
m [ | 1 | 1 | 1 - - n .
Unconnected ! ! ! ! : : : - 100 1.00 099 099 1.00 1.00 099 098 - 001 0.03 0.03 001 0. ]
- : : ; ! : : : 2~ 1.00 099 100 099 1.00 099 099 099 — 2~ 001 003 001 002 0.03 001 0.01 0.01 —
| | | | | : | - 098 098 098 099 099 1.00 098 099 - 004 002 001 001 002 001000 001
- B v 11(1)0"' L 'élc[m' L 1 - 1 l LV lo O 091 089 092 092 092 092 091 092 — O 004 008 005 0.06 002 0.03 0.04 006 —
Stnp numggr - L 1 l L L L l L L L l L L L l L L L l . - 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I .
0 2 4 6 8 0 2 4 6 8
Layer Layer
Relative BCID from & layers on MM with
- ) arge : :
VMM 1n’.cernal pulsing §6k channel ¢ T Time Cluster Hits
- readout with full readout chain! 10'f pio_loys.m x10° AT — ]
Q Entries 6.96631|e+07| o - e Enries 343202 - Mean 7.802
a - Mean  3.889|16000f— Std D 3971
2 7% Mean 1551 70f~ —— Std Dev 1.717 - ot rﬂev 03
£ layers [ 1000 s : - —
& 9 . - - 14000f—
Iayer77_ { I 10°}- Std Dev 1391 60— -
o | 3 - 12000f—
layer 6 ' |E f : 500 S0 -
ayer ok | - —— 10000—
7= ) | ) 40 —— -
layer 5 oF ' | 1T 600 107} : 8000[—
Iayer4;: e - '. = : 30 6000}
- l —1400 20: —— -
layer 3 7—¢‘ - —— 4000f—
o \ s -
Y= | | 10‘5 10__._ 2000__
Iayer2o_ - s -
7 1 ' , = N1 l Ll 1 l Ll e;lIllllllllIIIIIlllllllllllllllllllllllllllll 0 lllllllllllllll llllll PR
layer 1 0 5 10 15 20 25 30
0E...|....|....|....|...‘.|.....|.A..|....| 0 0 200 400 600 Plggcounts? o 1Tz 3 ® reiatve 8&i0 N(hits)
0 1000 2000 3000 4000 5000 6000 7000 8000
# of strip
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. 200

« Measured efficiency is mostly defined by the chamber parameters 160
(HV, gas etc.) but can also be used for validating the electronics

140
complementary to the other tests [
- Get theoretically expected efficiency based on the HV value and §
compare to measured gao
« Large discrepancy could point to electronics issues

60

40

y[mm] 20

2000 —1
° | IIII|IIII|IIII|IIII||III|IIII|IIII|IIII
Layer Efﬁc1ency —o.9 00 500 1000 1500 2000 2500 3000 3500 4000
Lo | X position [mm]

1000

II|IIIII[IIII]IIIIIIIII]I]IIIIIII']IIII]

500 0.6

0 0.5

500 0.4

0.3
-1000
0.2

-1500 0.1

_2000 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 L l 0 .
0 500 1000 1500 2000 2500 3000 3500 4000 . HV Settin gs
X [mm)]

1500

1000

500

-500)

-1000

-1500]

ITTT{TITTfTTrT IIIIOIIII TTET[TTET rreT
i |EE| |
[ »

201

g
8
g
g
|
g
g
8
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Network

P

AR GBx Configuration

Calibration

Event Monitor

—

Trigger Monitor

B I —

\

VMM: digitizes detector signals and send trigger primitives (64 channels)

ART: packages trigger primitives from 32 VMMs and stamps with bunch crossing ID
GBTx: packs up trigger data and sends to Trigger Processor

TP: makes a candidate “track” from trigger primitives

Trigger and event monitor

ELECTRONICS PERFORMANCE OF THE ATLAS NEW SMALL WHEEL MICROMEGAS WEDGES AT CERN
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LC — bundle patch panel |

Trigger

Test objective: confirm electrical and optical
connectivity by sending test pulses to all VMMs of A
a double wedge and reading out the ART data m\

from the trigger processor.

FELIX +
swROD

» Trigger data begins with ART hit, essentially the earliest Pourc g dat
strip of a MM cluster 9
» Trigger processor makes “every” BC decide if incoming

ART hit make trigger

» Automated ART test run of a DW where all VMM channels 7
are pulsed sequentially and produce a map of the ARTSs that
are readout out on the TP. 10 pulses sent to 3 different
channels on each VMM. If we had perfect performance,
then each bin content would be 3o0. A

» No bins with o content -> sign-off on electrical and optical
connectivity throughout chamber

» Sensitive on dead channels; need to input a dead channel 2
list determined from the SCA/L1 readout to be masked

» Produce a list of the ART-dead channels 0 20 40 60 80 100 120
VMM (from Beam Line)
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NATIONAL LABORATORY

EXPERIMENT

NSW Side A @191 » NSW is a fully redundant trigger and tracking detector
system, adequately supported by an advanced electronics
scheme and ready to handle the challenges of increased
instantaneous luminosity at the High Luminosity LHC

1/16, more to come next weeks

» Electronics performance in really good shape:

» Monitoring of all boards though full readout chain
» Readout and trigger efficiency>90%
» Cosmics ray stand test -> Spatial resolution of 100pm

» Noise and misalignment problems are well defined
and solved

» Right now is an exciting time! Integration ongoing with
final chambers and electronics

» NSW Side A under progress and aim for the installation at
ATLAS cavern until October 2020

» Thanks for all construction, mechanical, integration,

Installation in time! ) ) .
electronics teams for this achievement!

Thanks for your attention!
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Back Up
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EXPERIMENT

Location of MMFES8/L1DDC/ADDC on a MM sector (8 planes) Spacer frame between
two wedges

8 MMFES, 1 L1DDC, 1 ADDC per plane per side

Each MM sector combines:
« 128* MMFERS [Front-End]
« 16* L1DDC [ Data-Driver]
« 16* ADDC [Irigger]

« 16* LVDB [Power]

L1 Data Driver Card Art Data Driver Card Low Voltage Distributor

Micromegas Front-End &

Houses the VMM chips that Interface of the MMFESs Collect ART data from eight

. Provides 1 It t
convert analog signal of the and ADDCs to FELIX, MMFES8s and relay it to the FOVICes 10w VOHAgE POWeT 1o
: . . : . : MMFEg, L1DDC and ADDC
detector into digital, which passing along configuration Trigger Processor.

includes the ART data. data and clock source.

The ART ASIC on the ADDC
deserializes the ART addresses

FEAST is a Radiation

» 130 nm CMOS technology The GBTx is a radiation-hard {0111 several VMMs appends a tolerant 10W Synchronous
» 64 channels per chip ASIC, a‘cting as a highspeed s-bit VMM geographical address Step-Down Buck DC/DC
» ~200 ns dead time per channel transceiver between the FES and a BCID timestamp. It then converter developed to
» Timing resolution in the order and the back-end electronics ¢y 1m¢ and forwards a data provide an efficient solution

of ns (FELIX). Bandwidth of packet to the MM Trigger for the distribution of power.
» SEU protection 4.8 Gb/s Processor through optical fiber.
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EXPERIMEN
sTGC
1/sector
_FFgg » Pad trigger
: L1DDC
1/pFeB fwin-ax — = USA15 from
p / L 1/sector Big Wheel
strip | Router [ Tsector | —> Trigger
TDS —_—— E sca Ll ﬁbr? processor
3/sFEB 1/layer/sector S
e on NSW rim e NS g, Leocgi%r —>

1/sector A

fibre .

MM ADDC 2/layer/sector / Trlgger

| | / processor
y ART GBT [ Tfibre

twin-ax ART / GBT | -
VMM \ [/
N \Qb\ SCA ROD i
# VMMs per FEB: 1/FEB L= FELIX ‘
MM: 8 _
sTGC strips: 6 or 7 Readout twin—ax\\ on-chamber
sTGC pad+wire: 2+1 ASIC \\ eve_nt
\ fibre monitor

1/FEB

GBT
SCA || — Rx-Tx

ASIC Config
DCS SCA calib- .
L1DDC 2/layer/sector ration Conﬁg
LV power o Twin-ax -
— config/monitor trlgg.er DCS
Front end boards — readout monitor
— trigger
LL_NSW_EIxOvr_v11
» In total 2.4 millions readout channels E-links used for:

» Separate config/monitor, readout and trigger path > L1 Accept data + Data monitoring

. » BC clock and TTC signals
» 5632 on-detector readout ASICs read out by E-links to GBTx ASICs » Configuration of ASICs
» 1024 on-detector trigger encoders configured by 512 GBT-SCAs » Monitoring temperatures and voltages
» All of the above configured and monitored by ~ 6400 GBT-SCA ASICs » FPGA configuration
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EXPERIMENT NATIONAL LABORATORY

- 6 million transistors!

e Will be used to readout both sTGC and MM

e Encodes pulse timing info in an &8-bit word (TDO), and pulse
height in a 10-bit word (PDO)

e Timestamps the event with the BCID

e Provides trigger primitives from both sTGC and MM

8.38 mm

~15.00 mm

Input Pulse — VMM — Results

................................................................. 5 (1]o]1] channel_id

Readout Path (2]1[0[1][o]o[1]0] TDO (fine timing)

@ (slow digitization) [1|o|1|1‘1|1|1|011|1|PD0 (pulse amplitude)
EICIEYENENEY

@
g 1fo[1]1]1]1]1]o[1][1]1]0]|BCID (coarse timing)
8 [~
shaper
sTGC Trigger Path ToT Time-over-Threshold
mux| 50 - Pads
sTGC Trigger 6bADC ( :
: ; pulse amplitude
threshold e I registers | | © Path - Strips (2[ofof2]1]o] “coarse measurement)
[_pulser | bias H DAC |Htemp]{Gray count|{registers ——— (fest digitization)
e romt]-(°6* = SDI, SDO MM Trigger Path ID of first channel that fired in
= : of first chann
ANALOG <> Custom .. 15y cMOS +—SCK, CS @ Address in Real [1]0[1][0]1]1] the chip
— bi-dir LVDS ' Time (ART)
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INAL LABORATORY

EXPERIMENT

FELIX’s FPGA is connected to the PC motherboard by
PCle from which the DAQ and the SC data flow.
FELIX also receives TTC commands/clocking and
distributes them to the FEs via the GBTx

: PC’s memory temporarily stores DAQ and SC data and

| i !‘i ﬁ l ‘ . | sends/receives these data through the PCle to the FELIX
FPGA. The FELIX PC is connected to a highspeed

network for routing the data further upstream

Loy ' u-':‘.,".;n ;
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EXPERIMENT

Galibration - Trimmers

— 250 MMFE8:0002 __ On-chamber: P
1. Measure baseline E L
) i ° o o9 P o
2. Calculate a gues.sed threshold from S ooRUT N e
baseline and baseline RMS: S tw. R ety :
threshold (mV) = RMS x N + baseline S o A g Wy
- : < 150~ ¥
3. Calculate median effective threshold: e '
o Threshold_eff = threshold - baseline — i t Threshold (+ arb. offset) 4
1 f 11 h 1 100 t Threshold, with trimmers _
(Save value for all channels) I + Baseline 1
. . " . Thr. — baseline . i
4. Adjust trimmers so that all channels : : Thr. —baseline, with trimmers -
achieve the median effective S TP g,y e T N 2
threshold calculated in 3; flatten out e il .
: i LI . . l | [ - I | - - I - - l | [ - . | I—
eftective thresholds I a7~
VMM*64 + Channel
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