Integration Testing of the Global -
Common Modules for the
ATLAS Global Trigger

Tim Mathew, UO
Michael Begel, Shaochun Tang, Eric Buschmann,

Marcos Silva-Oliveira

US LUA Annual Meeting g
Dec 18th, 2024

al i~

(I '
AT

i e




High Luminosity LHC

Fun e | | e

EYETS Ls2 136Tev_ BED 13.6- 14 Tev
13 TeV —— — ——eeee energy
—_— | Drodcs Conuoaanon
li lidati LIU Installati
77aV 8TeV s:u;::onS? lation ﬁ:}g‘:&‘.‘on nstallation » I ot ) HL-LH(_:
R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

=1 |||||||w
ATLAS - CMS }x’_/\l-__‘
experiment upgrade phase 1 ATLAS - CMS

beam pipes i " HL upgrade
nominal Lumi__2Xnominal Lumi, ALICE - LHCb 2 Aol Lo
upgrade

75% nominal Lumi

luminosity IETIVR{ -3

HL-LHC TECHNICAL EQUIPMEN

DESIGN STUDY PROTOTYPES INSTALLATION & COMM. ”H PHYSICS

* ~10x the integrated luminosity
* 140-200 interactions per bunch
crossing at 40 MHz

Necessitates upgrades to
ATLAS




High Luminosity LHC: TDAQ Upgrades

ATLAS Trigger and Data Acquisition system (TDAQ)

Global Trigger: Offline-like capability for LO Triggers
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High Luminosity LHC: TDAQ Upgrades

ATLAS Trigger and Data Acquisition system (TDAQ)

Global Trigger: Offline-like capability for LO Triggers

Calorimeter cells — Multiplexers — Global Event Processors —
Central Trigger Processor
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Global Trigger: Global Common Module (GCM)

GCM: Common hardware platform for the G
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USA15 — power and cooling constraints
~60 GCM’s with 2 FPGA’s each
Current version designed and tested at BNL

obal Trigger FPGAs
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Testing of the GCM'’s

Production Testing Integration Testing
« ~60 GCM’s to * Inter-GCM
fabricate communication
« Hardware needs to « Sending data
be tested and across GCM’s
cleared for use through MUX



Production Testing

Reliable testing package
loaded in Linux to run at

startup
- * Simple
m * Limited dependencies
N | * Modular
L ».  Clear communication and
5 direction for production
; facility

O



Production Testing

~ e e T < * Working version of
' { Jw--n} i .
By u....um | package with

Wy

j. complete control
o of the board!

GCM Production test

LTM4681,Voltage, LTM4681-1 Channel ©/1,LTM4681_1 VCCINT_A_OP7V,MUX CHe,0x49,0.7

23 LTM4681,Current,LTM4681-1 Channel 0/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x40,31.25

24 LTM4681,Power,LTM4681-1 Channel @/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,@x40,21.88

25  LTM4681,Voltage,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x41,0.7

26 LTM4681,Current,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CH@,0x41,31.25

27  LTM4681,Power,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x41,21.88

28 LTM4681,Voltage,LTM4681-2 Channel ©/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,0.7

29 LTM4681,Current,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,31.25

30 LTM4681,Power,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x42,21.88

31 LTM4681,Voltage,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x43,0.7

32 LTM4681,Current,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,31.25

33 LTM4681,Power,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,21.88

34 LTM4681,Voltage,LTM4681-3 Channel ©/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_OP92V,MUX CHO,0x44,0.8
LTM4681 Current,LTM4681-3 Channel ©/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_OP92V,MUX CHO,@x44,31.25

Welcome to the GCM Board Test Application.
Press 'Run Test' to begin.

This is a BNL developed test for the ATLAS
global trigger. Solid green LED indicates a
passed test. Flashing indicates a failed test.
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Production Testing

L i i * Working version of
s il .
) ¥ ot package with

AL

f complete control
o of the board!

GCM Produ

LTM4681,Voltage, LTM4681-1 Channel ©/1,LTM4681_1 VCCINT_A_OP7V,MUX CHe,0x49,0.7

23 LTM4681,Current,LTM4681-1 Channel 0/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x40,31.25

24 LTM4681,Power,LTM4681-1 Channel @/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,@x40,21.88

25  LTM4681,Voltage,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x41,0.7

26 LTM4681,Current,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CH@,0x41,31.25

27  LTM4681,Power,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x41,21.88

28 LTM4681,Voltage,LTM4681-2 Channel ©/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,0.7

29 LTM4681,Current,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,31.25

30 LTM4681,Power,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x42,21.88

31 LTM4681,Voltage,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x43,0.7

32 LTM4681,Current,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,31.25

33 LTM4681,Power,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,21.88

34 LTM4681,Voltage,LTM4681-3 Channel ©/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_OP92V,MUX CHO,0x44,0.8

LTM4681, Current,LTM4681-3 Channel 0/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_OPI2V,MUX CH@,0x44,31.25

Welcome to the GCM Board Test Application.
Press 'Run Test' to begin.

This is a BNL developed test for the ATLAS
global trigger. Solid green LED indicates a
passed test. Flashing indicates a failed test.

BOa rd paSSEd Test Passed
b  testing
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https://drive.google.com/file/d/1NTDd_pIL47c6BVhwJzC5O0eK-xLqZLzp/view?usp=sharing
https://drive.google.com/file/d/1NTDd_pIL47c6BVhwJzC5O0eK-xLqZLzp/view?usp=sharing

Production Testing

WW“"'HH»
- Complete Contr0| GCM Production test

. A * Working version of
ﬁ S H{Ji---nm
! of the board!

‘ | package with

LTM4681,Voltage, LTM4681-1 Channel ©/1,LTM4681_1 VCCINT_A_OP7V,MUX CHe,0x49,0.7

23 LTM4681,Current,LTM4681-1 Channel 0/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x40,31.25

24 LTM4681,Power,LTM4681-1 Channel @/1,LTM4681_1 VCCINT_A_OP7V,MUX CHO,@x40,21.88

LTM4681,Voltage, LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHe,0x41,0.7

26 LTM4681,Current,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CH@,0x41,31.25

27  LTM4681,Power,LTM4681-1 Channel 2/3,LTM4681_1 VCCINT_A_OP7V,MUX CHO,0x41,21.88

28 LTM4681,Voltage,LTM4681-2 Channel ©/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,0.7

29 LTM4681,Current,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x42,31.25

30 LTM4681,Power,LTM4681-2 Channel @/1,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x42,21.88

31 LTM4681,Voltage,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,0x43,0.7

32 LTM4681,Current,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,31.25

33 LTM4681,Power,LTM4681-2 Channel 2/3,LTM4681_2 VCCINT_A_OP7V,MUX CHO,@x43,21.88

34 LTM4681,Voltage,LTM4681-3 Channel ©/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_OP92V,MUX CHO,0x44,0.8
nt,LTM4681-3 Channel @/1,LTM4681_3 VCCINT_GT_A_@P8V/GTAVCC_A_@P92V,MUX CHO,0x44,31.25

N
o

Welcome to the GCM Board Test Application.
Press 'Run Test' to begin.

This is a BNL developed test for the ATLAS
global trigger. Solid green LED indicates a
passed test. Flashing indicates a failed test.

B Od rd fa | | e d Test Failed, please contact local expert
testing
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https://drive.google.com/file/d/1pnPwrdn2-3w3Pw9u5kmgB54K5B8g9kyy/view?usp=sharing
https://drive.google.com/file/d/1pnPwrdn2-3w3Pw9u5kmgB54K5B8g9kyy/view?usp=sharing

Integration testing: slice test preparations

i Wil - - T Ra—
: il :
”’"Hmﬂ'm””":WH | :!!Ii}i}.WMWI"HHHHW’ : [ iy
| / | : il h, * ‘
i I il v, S ‘ L

AT

g ||||||u|||||||||||u||unn||n\|\uhununnmliu|||"n
0
11 g e

L | o liing kel MlMre. ™
] s |

11 g i
: H‘HHHQH‘J’I‘” i o HEES LI e | [| g Mmm\u
3 ¥ i
1
'




Integration testing: slice test preparations

Accessing and controlling MUX and GEP:
Read/write latency testing

/ Test Controller \ / Test Controller \
/ RPC client \ / RPC client \

/ RPC server \ / RPC server \

/ High-level software \ / High-level software
/ Low-level methods \ / Low-level methods

/ Node access

/ Node access
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Integration testing: slice test preparations

Accessing and controlling MUX and GEP:
Read/write latency testing

/ Test Controller Test Controller \
/ RPC client RPC client \
/ RPC server RPC server

High-level software \

High-level software

Low-level level methods
Node ad ode access

-, - .
2 S .. T 1 - T Sl -, -
mnm\umnuwmﬂr” i . mmmnmulmmu 5 ; i nnmn
U : : i By i
nlm mwmm { iy ; nnnmmmnmmnwwu
,M,, f 1, ¥ i g I
{1, S n

Read-mod d-modify-write
I

Read

| i H i o ¢ ® JIl umm
| A =
| IIIIIIIHII 0"

RS
il 5 "t (R ©
| -

S " : : ' | \K
1t GEP KK
: e v ; . . 9 k

/)
=)

Enhanced 8-Layer software system

 ewon [ | com

8-Layer software system




Integration testing: slice test preparations
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Summary and Next Steps

To take full advantage of HL-LHC potential,
need optimized trigger.

Global Trigger system is critical to ATLAS !
physics goals! oA

« GCM v3 hardware is fully functional

« We can access and control the board
(hardware and firmware)

* Full production test is ready Work Tt f ' pmer funl
 Slice test in the coming year
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To take full advantage of HL-LHC potential,
need optimized trigger.

Global Trigger system is critical to ATLAS
physics goals! -

« GCM v3 hardware is fully functional

« We can access and control the board
(hardware and firmware)

« Full production test is ready l\Nork at NLls édgér fun!
 Slice test in the coming year
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Integration testing: slice test preparations

Test Vectors

1 ;InputFileName = layer_0/file @.coe, wrote: 2022_08_17, Eta range: (-1.52,1.52), step=0.02500000037252903,
2 memory_initialization_radix =2;

3 memory_initialization_vector =

4 1100100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
5 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
6 00000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000 00000
7 00000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000 00000

0000000000000000000000000000000000000000000900000000020000000000000000000000000022000000000000000000000000
0000000000000000000000000000000000000000000020000000000000000000000000000000000022000000000000000000000000
19 o 0000 00000000000000000000 00000000 00000000 00000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000022000000000000000000000000
12 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ol , i 1 . ! \____ _ 3 0000000000000000000000000000000000000000000020000000000000000000000000101110011100000000000000000000000000
&MMMMWMMW i wnmmm%xW%' & o i —— < 14 00000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000 00000
iy St ’%wwmwwmmm 3 | ﬂ“”WWWWMWM( 15  0000000000000000000000000000000000000000000000000000000000000000000000000000000022000000000000000000000000

rix ol 1LIX T 16 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

o : 17  0000000000000000000000000000020000000000000000000000000002000000000000000000000000000000000000000000000000

18 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000002000000000000000000
T 19 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ke £ L ‘mmm%%ﬁhmﬁ%%%%#' s 20 0000000000000000000000000000000000000000000020000000000000000000000000000000000020000000000000000000000000

MWG%wy ) § 58 Bl H i ) i = 21 0000000000000000000000000000000000000000000020000000000000000020000000000000000002000000000000000000000000
| IS s : 22 000000000000000000000000000000000000000000000000000000000000000000000000000000000 0000 00000

23 0000000000000000000000000000000000000000000000000000000000000000000000100010010120000000000000000000000000

[te}




Calorimeter detectors

LAr TileCal
Muon detectors (including NSW)
| |
Pre-processor Endcap Barrel

CP (e,y,T) || JEP (jet, E) | elilg
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Event
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Read-Out System
(ROS / Software ROD)

Data Collection Network
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