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Outline

® ATLAS upgrade projects

® sSTGC-NSW upgrade project

® Replacement of the EIL4 TGC chambers
® Upgrade of the TGC electronics

® Summary

A NSW in the AAS simulation

-

PS prototype board for the TGC
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ATLAS detector

Small sector
® Great operation in Run1 and Run2 tle e
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Two R-Z views of the present muon spectrometer



LHC Plan

® [nstantaneous luminosity to reach 7.5 x 1034 cm-2s-1 at HL-LHC

® Total integrated luminosity: 3000 fb-1 after 10 years (in 2036)
® Average pile-up of 200 interactions
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Trigger and Data Acquisition System


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2010-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-017/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-019/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-020/

Upgrade of ATLAS Thin Gap chambers
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http://cdsweb.cern.ch/record/1552862

Current TGC at high event pileup

® Currently, endcap trigger decision is based on the big wheel TGCs
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Phase-|
ATLAS small-strip Thin Gap Chambers
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ATLAS New Small Wheel

sTGCs

MM

® NSW has 2 gaseous chamber technologies
® small-strip Thin Gap Chamber (sTGC)
® Micromegas (MM)
® NSW is designed to provide
® High-precision trigger and tracking capability

® To operate efficiently at Run-3 and beyond

sTGC

sTGC

Layout of a small sector
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sTGC detector

® Used for both muon triggering (primary trigger device for NSW) and
precision tracking in regions 1.3 < |n| < 2.5

® Designed to provide angular resolution better than 1 mrad

® Two wedges of 4 layers each, for a total of 8 gas chambers

Construction sites

Canada 1/2 QS3

and QL2
Chile QS1
China QS2
Israel 1/2 QS3

and QL1
Russia QL3
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sTGC internal structure

Pads

® Pads: mainly for triggering \‘W“FF
® Wires: azimuth coordinate z xxwm mm
® 50 um gold-plated tungsten X
B 1.8-mm pitch 'ﬁ :“}-.:m::'"'“I 14.11?1
® Strips: eta coordinate Y o

Gas gap structure

" pitch of 3.2 mm,
® providing spatial resolution better than 150 um

® Gas mixture: 55% CO2 and 45% n-pentane

it Iayer\ Pick-u\p‘) strip_|>_)/\h TGC 7 Stri p
\ ‘ M |
> |

+HV 1.8 mm Wi
I o >
l’l’ —il' 1 ||I
\\ Graphite layer
1.6 mm G-10 Pad

C. Chau (Carleton) Upgrades of ATLAS Thin Gap Chambers 10



STGC alignment

® V-shaped and flat brass inserts
® Position and rotation of strips
Pad

Honeycomb

® Alighment of gas gaps
Gas gap

Honeycomb

Alignment
pin
Strip
7 L1, first strip
A : A /
A [ L2 , Gas gap
—d1 do d2— Pad Honeycomb
V-sha|?ed Pin ' /
brass insert ' L3, middle strip
{ Gas gap
Alignment pin / ‘
| Strip
\ y }— L4, last strip Gas gap
Pad Honeycomb
Layout of one quadruplet




sTGC Trigger

® Pad layers are staggered by half a pad to make “logical’ pad towers
® Trigger algorithm consists of two steps:
® [ndependent single wedge trigger: require hit in 3 out of 4 layers

" Pad trigger: decision based on geometrical matching between the two
wedge triggers
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sTGC construction

Graphite spraying Doublet assembling
Half-gap Doublet testing
production l
l' Quadruplet
Wire winding assembling
of pad cathodes l
l' Adapter board
Gap CIOSing mounting
Gap testing Cosmic-ray testing

Wedge assembly and
integration (CERN)
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X-ray scans

® Measure gain uniformity of gas gaps at 3200 V
® Probe internal structure of gaps

® Gaps with poor gain uniformity are rejected

X-ray scan of QL1 gap
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Cosmic tests

® Hit maps
® 2D efficiency maps

® Noise measurement

® Spatial resolution and misalignment correction

ATLAS NSW Preliminary
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STGC testbeam at CERN

® Three quadruplets tested with beam at CERN in October 2018
® Quadruplets instrumented with 4 pad and 4 strip front-end boards
® Data taken at 2.8 kV, 2.9 kV, 3.0 kV and 3.1 kV

m Studies of gap efficiency and strip resolution

e Analysis of data is ongoing

Adapter boards

Faraday cages shielding
the front-end boards

Front-end

board




Integration at CERN

® Assemble sTGC quadruplets into wedges
® Install the electronics and services

® Integrate sSTGC and MM into sectors

® Wheel assembly

Assembly of a small sTGC wedge Both new JDs with spokes for small sectors
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Phase-1l TGC Upgrade Projects




_g 220

® EIL4, made of two gas gaps, are not 2 0
designed to be part of the trigger o
system in the endcap region "

m Region of interest of ~ 1 m2 o

® E|L4 hit data can reduce significantly 20
the fake trigger rate

40

® Providing an extra OR logic to the

trigger system

® High hit rate at the HL-LHC
degrades the rejection power of the

current EIL4 TGC

ATLAS EIL4 TGC
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Design of Phase-1l EIL4 chambers

® Replace current EIL4 TGC (doublets) with triplet thin gap chambers
® Finer granularity
® More robust 2 out of 3 coincidence

® Expect the project to ramp up after the sTGC production is over

Gas gaps
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TGC trigger for the HL-LHC

® Maintain trigger rates of single muons with low momentum at
manageable level at the HL-LHC

® Upgrade to modern electronics
® |ncrease trigger rate capacity up to 4 MHz (first-level trigger)
® Allow robust trigger algorithm

TGC NSW RPC (BIS7/8) Tile MDT

l Hits

Hits NSW Trigger Processor Hits Energy Flag Hits
¢ Track Segments
Y Y Y Y
Endcap Sector Logic H MDT Trigger Processor
Track Candidates l Track Candidates

Level-0 MUCTPI

Diagram of proposed first-level trigger logic
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Upgrade of the TGC electronics

Upgrade for HL-LHC

on-detector

From From From

M2,M3 Doublets (1/24) ' off-detector
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Testing of a PS prototype board

S of T | T
E L z
® Test of a prototype board at the H8 o 50
beam line at CERN done in Fall 2016 %2
® Demonstrate stable data transfer of JR:
2 x 8 Gbps, and control and monitor ‘é‘i—%oz E
of ASD boards through PP-ASIC B
-300 -250 -200 -150 -100 -50 0
ASD threshold setup (mV)
® Gamma irradiation test of PS board
components (PP-ASIC, DAC and
I I I lonizing dose Requirement
ADC chips) at Nagoya University izing Reduireme
® Demonstrate all components satisfy  pp agic 10 KGy 27 Gy
the requirements for the HL-LHC DAC,ADC 180 Gy 180 Gy
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Phase-1l TGC trigger performance

® Upgrade sector logic to exploit all hits available

m Replace current TGC logic ( 2/3 & 3/4 coincidence) with track segment
with requirement on number of hits (hits in at least 5 of the 7 layers)

® Combine NSW track segment with TGC track segment

m Reduce trigger rate by 30%, mainly by eliminating fake triggers, in the
region 1.3 < |n| < 2.4 for nominal threshold pr =20 GeV
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Summary

® Upgrades of the ATLAS TGC chambers are foreseen following the
LHC upgrade program

® sTGC chambers will replace part of the inner ATLAS muon station in
the endcap region

® Production is underway at all construction sites
® Integration at CERN is progressing well

B Performance of chambers are evaluated with cosmic muons and tests
with beam at CERN

® Replacement of current EIL4 TGC doublets with triplets for the HL-
LHC allows more robust triggering

® Phase-Il upgrade of the TGC electronics improves TGC trigger with
more refined algorithms, reducing significantly the fake trigger rate
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sTGC Electronics

® NSV electronics overview scheme

m Satisfy the Phase-Il requirement on first-level trigger rate of 1 MHz

On-detector Off-detector
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dash-line box ’555// L1DDC [+~ T duplicate removal ' Ie .OI" L
|only for sTGC / o 9 ~ | i ogic
P Router [ Trigger .
I TDS ' il |
v 7ﬁ/ FEB I ; processor E :
-_—— —— - i
P r'ﬁli:_mﬁiég'is'_'— N | :—i:::::::::::-'
: [ N n Event
H : e — | i :i T7C ROD [~
- | I 1
VMM \ : ger| | SCA | i : i =
. _h'“ji\n ART ] GBTX |-t Config
AN ! || 0
:‘an::vaMMs per FEB: ROC |e 1 o F 'ADDC j E e ‘
TGC: strips 5,6 or 7 SNe—— e - ;
srec :at:l‘;sor 1“ E calibration Tngger DCS
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Phase-Il TGC PS board

® Patch Panel ASIC and Slave ASIC (PS) board has all functionalities

required for the HL-LHC

PP-ASIC

* 8 x 32 channels = 256 channels

e Eliminate timing differences,
determine bunch crossing and
synchronize to LHC clock

FPGA
e Data transmitter between PP-ASIC and

sector logic
e Bandwidth of 16 Gbps

DAC and ADC
* Apply and monitor threshold voltage
to ASD chips

PS Board for HL-LHC

Mother board

ASD Vth [:54 8  Monitor
DAC SIEre

TTC & FC/SPI bus

Low Voltage

SFP+x 2 HTwisbmi—mir copper
Data (16 Gbps ) TTC signals
TTC signals JTAG for configuration
Control SPI bus for SEM functionality

from/to sector logic blade

from/to service patch panel

Monitor RS ASD Vth
Control DAC

ASD Vth
Test Pulse Trigger
from/to ASD

32ch Data

32ch Data

32ch Data

ASD Vih
Test Pulse Trigger

FPGA
L2 Monitor Monitor &4
s e
FYSREY
TTC & PC/SPI bus
Data bus ‘L 1
I from/to Mezzanine from/to Mezzanine I from/to Mezzanine from/to Mezzanine
W PP
ASIC

32ch Data

from/to ASD
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