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NEW SMALL WHEELS UPGRADE

Upgrade of the muon spectrometer: Big V?eel EM

New Small Wheels (NSW)

Mission of Phase | Upgrade:

- Online trigger < 25ns

El
- High background radiation ~ 10kHz/cm?2 New Small Wheel C
- Position resolution ~ 100um I 5
2012 : ~90% of the Muon L1 Triggers are fake B

i.e., not coming from the interaction point.
end-cap

. . toroid
NSW enhances high momentum muon selection
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efficiency by adding extra precision measurement IP,

in high-rate environment.



‘ NSW WHEEL

8 Small Sectors(Back)

4 planes ~280 mm

of sTGC of sTGC
lever arm

—

\ ~150 mm lever
Y

2 x 4 layers of
Micromegas

8 Large Sectors(Front)

4 planes sTGC wedge sTGC wedge

MM quadruplets
Spacer

4 x sTGC 4 x MM 4 x MM 4 x sTGC

Cross Section of a sector




STGC AND MICROMEGAS
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Figure 4.1: The sTGC internal structure.

Drift Cathode

Pillars

PCB "™/ Read-out electrodes

Figure 5.1: Sketch of the layout and operating principle of a MM detector.

Small-strip Thin Gap Chambers
Each Wheel includes 16 Sectors
(3 Segments x 8 Layers per Sector)
Each Chamber consists of three parts:
1) Pad (o, LO trigger)
2) Strip(R, L1 trigger)
3) Wire (offline track reconstruction )

~400k readout channels

Micromegas: “micro mesh gaseous structure”
Electrons drift towards micro mesh

The electron avalanche takes place in the thin amplification
region. Read-out electrodes read out the signals to the front-end.




STGC WEDGE ASSEMBLY

QL1

Large sectors:

QL1: Israel (WIS, Tel Aviv)
QL2: Canada (TRIUMEF, Carleton, Montreal)
QL3: Russia (PNPI St. Petersburg)

QS2

QS]1

Small sectors (for each NSW, needed first for
installation)

QS1: Chile (UTESM Valparaiso + PUC Santiago)
QS2: China (Shandong)

QS3: Canada (TRIUMF, Carleton, Montreal) +
Israel (WIS, Tel Aviv)




FEB ON STGC WEDGES

Strip Front End Board(sFEB)

Pad Front End Board(pFEB) s
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PAD/STRIP FRONT END BOARD (V2.3E)

FAB_107_00115 a0

ATLAS NSW pFEB
Version 2.3E 201903 -
Designed by Peng Miao & Gold Jin

pFEB sFEB

On Front End Board there are different ASICS:

VMM — ASD(Amplifier-Shaper-Discriminator) ASIC handling max. 64 channels per chip
TDS(Trigger Data Serializer) — Serialize data from VMM to backend (Router -> FELIX /SWRQOD)
ROC (Readout Controller) — Receive LHC clock and trigger and distribute to VMM and TDS

SCA — ASIC configuration with embedded ADC (Analog to Digital Converter) 7
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STGC Integratlon Flow-Chart
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WEDGE NOISE MEASUREMENT
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WEDGE NOISE MEASUREMENT RESULTS FOR REVIEW (1)

PFEB_ 1005 20MNIWSAP00008 QS1P L2 3 50

Nominal noise level: VMM
connected to pad or strip
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adaptor board with only 68
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WEDGE NOISE MEASUREMENT RESULTS FOR REVIEW (2)
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- Summery is generated per wedge (3 quadruplets)

- Channels having problem (Circled) would be returned to fix



READOUT COMMISSIONING TESTS

Baseline Scans

- Validates FEB mounting and connection between adaptor board and physical channels.
Trimmer Scans

- Equalizes difference between threshold and baseline for every VMM channel

Pulser Tests

- Configure internal test-pulse to validate readout chain. Mainly for testing VMM

Noise Scans

- Scan the noise readout on electronics together with sTGC

Phase-2 Tests

- Used for HL-LHC, opens a second set of sROC’s for faster VMM data readout
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STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (1)

Work flow at Building 180:

1) Chambers roll out from the clean room of B.180 after gluing
2) Gas leakage test

3) Putting the chamber on rotating stand

4) Installation of electronics (FEBs, L1DDC, etc)

5) Installation of cooling system

6) Installation of cables

7) Installation of gas pipes

8) System testing (electronics, cooling and gas systems)

Q) Completely equipped chamber is transported to B.191 for putting onto the NSW



STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (2)

1) Chambers freshly finished out of the clear room 2) A chamber undergoing gas leakage test



STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (3)

3) A chamber being moved from “temporary standing
wheels” to a “rotating stand” using a gantry crane. The
chamber can now be flipped safely for installations.



STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (4)

——ra SN N | " "

4) &5) All electronics are installed. The
technician is installing the cooling system.




STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (5)

Showing the density of cables. The cable has to be

6) Installation of cables. The process can take a few hours due bundled and folded carefully or they will not fit for

the very limited space designated for the cables. the space allowed. Mishandling can break connectors
on the FEBs. Colour labels help to ensure correct

connections. 9



STGC CHAMBER EQUIPMENT INSTALLATION AT

6) Installation of gas pipes. The gas pipe circuits
are completely in the middle of cable installation
process as some part of the pipes have to be
buried into the cable bundles.

20



STGC CHAMBER EQUIPMENT INSTALLATION AT
B.180 (7)

8) An installed chamber undergoing system
tests: electronics, cooling and gas. 9) An installed chamber will be moved carefully from B.180 to the next
door B.191 and then put onto the NSW structure.

2



COMMISSIONING AND SECTOR INSTALLATION
TOWARDS THE TUNNEL



T
A .

STGC

4 pl
4 planes ~280 mm planes

of sTGC of sTGC
lever arm

i
-

L

\_~150 mm lever /

Y
2 x 4 layers of

Micromegas
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CONCLUSION

Electronics and services installation for sTGC has been completed in AUG2021

Both sides of NSW has been installed into the ALTAS detector before OCT2021
Both sides of NSW are participating on the Run-3 of LHC

26
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BACKUP



L1 TRIGGER

Reduces the event rate down to
100 kHz(peak)

Data is passed between

CTP(Central Trigger Processor)

and FE via local TTC crates
(LTP ->"TTCvi -> TTCvx/ex)

TTC in NSW will go through FELIX

-~

Event rates
design

40 MHz

kHz

Trigger DAQ Data rates
CTP - design
LTP /TTCvi(ALTI) ATLAS Event

1.6 MB /25 ns

Custom
Hardware

Level 1 Accept

Detector Readout

ROIB- HLTSV

Y
~ 160 GB/s
% E‘-’!ﬂt Data Collection x102
o Network 3
E L;u_ M - - ,:g
- 0(10000) Accepted -
Yy H
1 KHz
Y
~1.6 GB/s

CERN Permanent
alorapge

SOURCE: HTTPS://INDICO.CERN.CH/EVENT/799489/CONTRIBUTIONS/3322195/ATTACHMENTS/1800670/2944100/CYILDIZ_NSWDAQ_TDAQDF.PDF
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LEVEL 1 DATA

Event rates Trigger / DAQ \ Data rates
desi desi
- FE receive L1A and send out data - -
to ROD (Readout Driver) 40 MHz m | ATLAS Event
i (1.6 MB / 25 ns
- In NSW case, ROD is SWROD ! Hardware 5
‘eh vi Level 1 Acce -
which via FELIX 100 kHz p— pt X
- SWROD can be configured to )
subscribe to multiple e-links, and ~ 160 GB/s
combine them into a 5 Fragments Dat;m:'““ az 8
ROB(Readout Buffer) fragment % ([ Frocessing unt (e} —— E
- 0(10000) a
vy H x8
1 KHz
\
~1.6 GB/s

CERN Permanent

SOURCE: HTTPS://INDICO.CERN.CH/EVENT/799489/CONTRIBUTIONS/3322195/ATTACHMENTS/1800670/2944100/CYILDIZ_NSWDAQ_TDAQDF.PDF 30



HIGH LEVEL TRIGGER

- Reduces the event rate from 100
kHz(peak) to few kHz

- Combines information from all L1
sources (Calo, Muon, Topo) and CTP
into Rol(Region of Interest) Record
and sends it to the HLT Supervisor
(HLTSV)

- HLTSV distribute Rol Records to
HLV farm (~2k nodes, ~50k cores),
also send signals to SWROD on
which ROB can be cleared

Event rates Trigger DAQ Data rates
design design
40 MHz - ATLAS Event

il 1.6 MB /25ns
Hardware 5
-
Level 1 Accept 3
ROIB- HLTSV
Y
~ 160 GB/s
. Data Collection x102
- 3
% L:u: M i;
- Ac ed i:]
v & O(¥0000) E::r?ts -
= 8
\1 KHz -
¥
~1.6 GB/s

CERN Permanent
alorapge

SOURCE: HTTPS://INDICO.CERN.CH/EVENT/799489/CONTRIBUTIONS/3322195/ATTACHMENTS/1800670/2944100/CYILDIZ_NSWDAQ_TDAQDF.PDF 3



FRONT END BOARD (FOR STGC CHAMBER)

\ flat |,
twinax |
\ cable Front End boards ———— stripcharges 2 | to
= LA
— I ] = | Router
mini-SA45 » S 5
— STDS: 4 sites, =
ART data only 3 populated _ band-ID, $ID[0:3] '
. strip direct ADCs o
III T0S J:-.'—El.ffﬂi = | from
[ L . j-'_ﬁ F‘ad
: xfer clock for VMM direct output : {1:4 |clock E Trigger
! 12 ]_BCID
# of VMMs: config, BC, BCR
MM 8 full-reset
sTEC: WM pads ToT F _ 2 | toPad
pad/wire: 3 xfer dlock | o =IiE ik .tc' 2 | Trigger
: Pad T =
strip: 6 or 7 ad Tnee=r E | 56
Il
i i E-linkD
cnnﬁgﬁf"‘-—— mrrr
Per VIVIM: full-reset BC. ||I
ROclk Readout on BCR| II
ARTclk |
EI:E“{ Level-0 Accept I| I| full-reset BC, BCR E tCl.l'rfrCllT'l
i L | L1DDC
BCR/OCR ] BC clock, TTC, datal E-link1 E GET:
ENA/SoftReset ] Readout : £ | (GBTx)
TestPulse . Controller "
| data? _ ~
Level-0 ROC -—dma—datari >
.me_FEa_uu:k_ma
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VMM

- Designed by BNL, it is a ASD(Amplifier-Shaper-
Discriminator) ASIC that is planned to used for
general detector (including MicroMegas and

sTGC) readout.

- It can handle maximum 64 channels detector
channels

TTC and DCS via GBT

o Pad trigger

" 3/4 8&3/4

| TTC & Config Distrib ‘
sTGC ;
Aoofe |

Choose the band of
strips under the tower

Selected band:

One 125-bit word p
BCID, bandID, ¢-ID,
= 5.0 Gb/sec

64 channels

Outer

opt
Ink

shaper

v \ [ —
peak 4
! ax | | L fmux
time [FIFO Lo
[ trim | | addr. }

[ pulser |H bias H DAC HtempHGray count| registers |——

orompt}- o8
~— SDI, SDO

Custom +— SCK, CS
<4+ — 1, -— ’
bi-dir LVDS 1.2V CMos
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TDS (TRIGGER DATA SERIALIZER)

sTGC front-end

boards
ialized pad hits t Pad and wire FE board Strip FE board
serialized pad hits to
pad trigger: 1 LVDS % '—':A
pair per 32 chan 3
wires
pad TDS .
% P > —| RO companion
£ =
81 3| |3 glell.  slles ol &
I 8 2 2legE  gEs H el
k=] o o 2| =8 =5 3 =5 3
= 0 olla @ b @ =
= g2 2lEg 28 g
a | E||e E||za El|e e
2 |= 2 |= a8 |~
— GBT ‘L v ¢ ¥ Wl'
readout via |
fiber pair — | VMM2 VMM | VMIMO
to USALS |
GBT serves all 4 layers
1
from pad trigger ]
4 pairs BLVDS
strip Q's via quad Strip FE board
twinax to Router -« [T v
on NSW rim T T
v h. ¥ v
TDS3 TDS2 TDS1 TDSO
2= >
9 P = - o= e = o o
| 8 3 g -= x @ S| ol of|= 2 o x ofle 2 2 alle
T B = < S 8|S < < | €| =l < < S EllT < < | BlF
s | =4 = = sl|le o | B8 g5 = g = w[e = 0| B||g
= = : 3 2llg = < | 5|8 518 | = g 518 = < | 512
g 2 2 2 g g | &R g% 2 = 3 glE g g | &3
; L gl dlEg 2ol & g gl n] .9l
E @ & @ aH & ] @
= l’ vd l ¢ ¢V ¢ Ad ‘L ¢
readout via |
fiber pair L VMM6E VMMS VMM4 VMM3 VMM2 VMM1 VMMO
to USA1S —

GBT serves all 4 layers



ROC(READOUT CONTROLLER)

Readout Controller

. 160MHz BC .
. BC ePLL |« E-link clock
BCR BCR
) TTC E-link
Level-0 Accept Lo |decode
BCID L1ID
—= :
I
VMM capture (1 of 8) SROCL Yy
Captures L0 event packets BCID Levell-ID
that contain several hits FIFD FIFO
from the LO BCID window. x =
E-links
w w ra
¥ deserializer i FIFO . Select L1 events iali g
|| MEX from LO events FIED serializer .
toffrom up = rom L0 even to E-ink
to 8 VMMs ] BCID match
VMM-to-RO Companion Serial link is E t- Event f
2 x 160MHz DDR = 640Mb/s 2B [BESUEE I,
2b/10b encode

LL ROCintermal_WDd

- ROC used for receiving TTC signals(BCR,LTA) from FELIX which is used for readout of

VMM
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BT-SCA

SDAX16
SCLx16

SCLK
MISO
MOSI

S5x8

TCK

TDI
DO
™S

el
b

GPIO
x32

AnalogIN
x31

A

f

AnalogOUT J
xnd

E-PORT

ryry

- General communication(12C, SPI, JTAG,

\
1
'*‘—_ | —
< = _—
j | 12C master x16 e
o+
P Pl Y|
SPImaster I~ -
4 g
P g
- =~
“«—> JTAG master Y )
- 3
+-— o
o
General purpose I/O
5
Interrupt inputs
—
—
¥ ADC R 3 ||
— B | &
. » ]
g —
Calibration o
Al 0
v -3
Temperature S =
bank
[ |3
| & 3 ™
L] DACx4 s

Y

Aux serial port

IF

— SDA
— SCL

—

H HH|';:| Serialinterface |:
C sync
Arbiter

—

SEU counter

GPIO) ASIC



