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The ATLAS detector at the LHC

CERN's Accelerator Complex
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The ATLAS detector ’

* A Torodial LHC ApparatuS

e 7000 tons e

* /s = 13 TeV pp collisions every
25 ns
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e Multi-purpose experiment

Higgs Physics
BSM searches

* SM measurements
Solenoid magnet | Transition radiation tracker
S U SY Muon chambers

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Semiconductor fracker



ATLAS Calorimeters

Tile barrel Tile extended barrel

 Sampling calorimeters
* LAr: lead and liquid argon
* Tile: steel and plastic scintillators

LAr hadronic
end-cap (HEQ)

Photomultiplier

Liquid Argon (LAr)

Cells in Layer 3
fp=An = 0.0245=0.08

Wave-length shifting fiber

LAr electromagnetic

barrel

Scintillator Steel LAr forward (FCal)
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Trigger

* Very high rates at nominal LHC luminosities!

A full ATLAS event size = 1.5 MB/event
At 40 MHz pp collisions = 40 TB/s of data
Need reduction of the rate!

Select and store only “interesting’ events
Need a decision in real-time

High efficiency
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Processors O(28Kk) :l]

Event
Data

l'rigger and DAQ 6
* Multi-Level trigger system
 Rapid rejection of high rate backgrounds oL S e
TileCal| Muon detectors
* First level trigger (L1): ———
) Level-1 Calo ! 41 Level-1 Muon Read-Out
* Custom electronics Preproneasor Endcap Barrel
. Stl’iCt Iatency budget . sector logic | | sector logic |
- !
* Reduced granularity cPtey) Ll JEP Get, B)
 No tracking information > Bus—— lMUCTP' 2
e EM scale OHS L1T 3 DataFlow
~ » LiTopo T
7 100 kHz accepted events - — | — iy Reac-Out System (ROS)
. >
Rol data seeded to the HLT ooT
' —
: _ | Level @ J
 Second level trigger (HLT). — —M8H g e >
 High performance PC clusters Rol|  Fast TracKer «—= e e
snperiormEnes PR e b FTR)
* More complete analysis v
* Full event tracking information IR —
e 7 1.5 kHz accepted events 0.4s JAceon: '
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Level-1 Calorimeter Trigger

 Search signatures:
* High E electrons and photons
* High E; taus and jets

~200 000 Cells

. Missing ET 7168 Trigger Towers
* Coarse analog trigger-towers
L1Calo
Preprocessor
. . - Digitisation & Synchronisation
* Granularity of mainly 0.1 x 0.1 (An x Agp) _pi|ge_Up el to DAQ

- BCID & Energy Calibration

\\// to DAQ \\ toDAQ

Cluster Processor Jet/Energy Processor
- Cluster Finder (jets)
-ErU& B

|TOBs| CMX |Counts|
I

* Bunch-crossing identification

* Object identification
[Counts] CMX [T0Bs]

* Pipelined event data readout at ~100 kHz |
Rol

e Results delivered to the the CTP in real-time
“2.5 us




ter PreProcessor
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PreProcessor system

e Operated in Run2 and beyond

* Consists of 124 identical
PreProcessor Modules (PPMs)

* 16 Multi-Chip Modules(nMCMs)
on each PPM:

* 4 analog calorimeter signal inputs

e 10-bit dual channel FADCS at 80
MHz

* Digitization and synchronization
* Filtering and peak-finding

 Calibration to EM scale (GeVs)

16x | &l Analogue i i :
> Input : .
E Board 7))
z (Anin) 5 2 g
% | = 5 = VME
= il = :O L (configuration,
k=) 16x E K E- &l monitoring)
v g [ = f
N = R
@ -0
£ B0:
= ERREY £
) K@ - - eventdata
© N 4=’ ~ to DAQ/ROD
o - ol :
) 16x .f e
o E -
© 4 ".. . i
c 1B .
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16x | g 2 CO"
g 2 ‘ f real-time LVDS data
: . ® toCP & JEP

HEE (over 11 m long cables)

a




Phase-l1 Upgrade :

e Run 2: * Run 3:
L =2 x 103 cm2s-1 Match Run2 peak luminosity during start
: . o~ L=2-3x10%* cm3s!
Interaction per BC: <p> = " 40 Harsher pileup conditions < p > = 760 — 80
Higher event rates

* New Small Wheel, RPCs
* New calorimeter and trigger electronics
» Multithreading in offline/online software

LHC HL-LHC

LS1 EYETS LS2 LS3
13 TeV - 13-14 TeV 14 TeV
—_— Diodes Consolidation energy
splice consolidation limit LIU Installation _
7 TeV & button collimators ﬁ'n?;:mmn HL-LHC 5to 7.5 x nominal Lumi

R2E project regmns 11 T dipole coll. installation
Civil Eng. P1-P5

ATLAS-C

radlatlon
experiment upgrade phasq1 damage ATLAS - CMS

beam pipes HL upgrade

nominal Lumi

75% nominal Lumi | /— upgrade

2 ¥ nominal Lur'rl]. ALICE - LHdb 2 x nominal Lumi

. integrated EHNIIIR{ ™|
We're here EX SN 4000 (ultimate)




Phase-1 LAr Upgrade N

* New calorimeter trigger electronics

* 10x granularity increase per trigger-tower
* Finer segmentation
* Higher resolution and increased shower information

Layer 3
Trlgger Towers 70 S C I ARXA® = 0.1x0.1
uper Cells
60
AnxA® = 0.1x0.1
d
Layer 2
P AnxA® = 0.025x0.1
Layer 1
AnxA® = 0.025x0.1 10
Layer 0
7 AnxA® = 0.1x0.1




Trigger and DAQ in Run 3

ATLAS SoC usage over upgrade phases

ATLAS AI;':S
165
Phase - 0 Phase - 1

ATLAS
1156

Phase - 2

Calorimeter detectors

12

< =z TieCal | Muon defectors

=

Level-1 Calo Level-1 Muon
TREX | | Preprocessor Endcap Barrel
NMCM | _ sectrloglc ‘ sectr logic ]

elj/lg FEX | Electron/tau = Jet/energy

| CMX | CMX

» L1lTopo
Level-1

Level-1 Accept

DataFlow

Read-Out System (ROS)

new hardware & firmware —
new firmware —
refurbished —

(HLT)

High Level Trigger

Data Storage

|Accept

Processors




DAQ Upgrade ;

* New readout platform * Routed L1 Trigger clock and control signals
* Front-End Link eXchange (FELIX)  Direct connection to trigger hardware

* Based on commercially available components ° Interfaces with GBT(4.8 Gbps) and FULL(9.6Gbps)
mode protocols
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L1Calo Upgrade )

* Increased robustness against pile-up

B . | . 'F LiCalo Electron = To?s
[ r
etter isolation pertormance i supercls _ | Feawre [amm L1Topo —{L1cTe |-
* Maintaining low trigger thresholds L Extractor T N
Jets, 1, ZE; Epmiss

® : T~ 0.1x0.1

ngh efﬂCIenCy Fibre- ("(’,“”: Jet Feature —— . ToDAQ [~ Rol

Exgr‘:::ge Extractor = 8 | j —

* Super-cell digital input from Lar ] 0202 LA >(
4 [Global To DAQ

* Analog trigger-towers from Tile Feature

Extractor

Y

[\

JetS, ZET ETmiSS

0.2x0.2
m,$) Hit
* Feature extractors: LA DUl JetEneray oy ToDAQ || counts
(analogue)
°
Electron nMCM |TREX +ToRODs |

¢ Jet T“e—’ Pre-processor e/r. T
° Global (analogue) ‘ > Cluster CMX

To RODs Processor

F:X:E LI 0-(]";‘3-] +ToRODs }

* PreProcessor system with the Tile Rear
Extension modules

* Run in parallel with Run 2 system



eFEX P

e Identification of e/y and 7 candidates D IOl = Lo ) N P
—0— Extractor |2 |2 —_:

Rol

* Using shower-shape and isolation to find e/y from jet
background K j —
'(T,;@' Global >
I~

 Receives fine granularity data from LAr = W1
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)

FEX

|dentification of jets and large area T particles

Calculation of global variables:

» Total transverse energy ), Er

* Missing transverse energy E7'®

Granularity 0.1 x 0.1 (An x Ay)
Covers |n| < 4.9 range

Menu/ Parameters
Databases

=== |nput: Trigger Tower:

I Latency Budget: Masking
| 5+1BCs :
| (=150ns)

Pile-up Subtraction

Noise Cut

EM + HAD

EM + HAD EM, HAD EM + HAD

Forward Electrons

Large-R Jets

TOB Generation
& Sorting 2 TOBs

I
I
I
I
I
I
I
I
I
Y

===9 Qutput: Trigger Objects (TOBs):
* nand @ coordinates

14 (19)
TOBs L1Topo « Transverse Energy Sum(s)

A 4

16
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LAr Electron R L1A
(digitaly | SPereels Feature L1Topo —L1CTP —
—_— o |
Extractor —_:
o1 Jets, t, TEr EfMiss
Fibre- y'jm| Jet Feature —— To DAQ T~ Rol '
Optic Extractor |3|0 o
Exchange 4 »
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37T Globa >(
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0.2x0.2 e
Hit
LAr g Jet Energy (.. To DAQ cImnts
(analogue) Pr
nMCM |TREX ¥ToRODsy
Tile Pre-processor e/r
(analogue) I | Cluster CMX
To RODs | Processor
0.1x 0.1
$ToRODs §
g oW 133NN aaannanan TRENEN
P =2
e » ) 2



gFEX

FPGAC

FPGA A

FPGA B

Identification of large-radius jets

Analysis of event-level features

. E?liss, fat jets

FPGAC

0.2 x 0.2 (An x Ag) tower-sum data as input

Entire calorimeter data on a single module

3.14
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TREX N

* Physical extension of the PPM

Zyng U+
. . e . . VME Backpl
* Provides digitized hadronic E; : . PR
results from Tile to the FEXes e !
via optical fibers = e RElE :
a ; § (Anin) s I
g 16 i; : g : (con_ﬁgu_rat;on, : A
— B . % il monitoring
 Data readout to the FELIX and 7 w==pE ‘Z. |
Run2 readout drivers (RODs) ¢ B 5 1
: - = ; 1
i) 3 Q) - eventdata 1
M . . blt th S " i . 8 - to DAQ/ROD |
* Maintains compatibility wi g 16x | - s [
—> o
the Run 2 system g ‘g !
® K- i |
16x e | ' Art|X'1
o Xilinx Kintex U|traSca|e S resktime LVDS data :
(PREDATO R) (over11m|ongcab|es)!
* 4 Artix-7 (DINOs) PPM + pre-production TREX module (v2)

« Zynq Ultrascale+ MPSoC



TREX functionality

<“— VME backplane

ZYNQ+ Ethernet DCS
VME Ctrl, MPSoC Aad A

Config & Monit

G| == from Opt.-Tx
additional 3x Opt-Tx — M i
power, 1XOptRx | mmm)p to eFEX & jFEX
GND, etc mmm) to gFEX
readout
rlo data from ReM SREDATOR # Opt- - to ROD
MCM e
n s ) FPGA EPGA =) | Bidir. [H) | to/from
<::| (4 ch) <::| FELIX

40 MHz, L1A, etc.
(via TTCdec) * 40 MHz, L1A,
power ctri etc. (TTC)

32x (0.1 x 0.1) 32x + flo > CP

real-time LVDS

from nMCMs DINO
(40/80 MHz) FPGAs
16x (0.2 x 0.2) 16x + flo = JEP
PPM TREX

T— Compact PCI connectors —T



PREDATOR

ZYNQ MPSoC 1x 12-ch OPTICAL-RX 3x 12-ch OPTICAL-TX
t eFEX 4 jFEX P gFEX
12x 12x 12x 1x
LOCAL & n
BOARD DESERIALISATION SERIALISATION C
STATUS o=
o w
VME * 64xf eaxf 16xf = = ;% =
m
Controller OPTICAL DATA REC. & FORMATTING & MAPPING iy =
CRC CHECK 29
m )
22
=
64x 16x g 8
ReM 8-bit INTF. PLAYBACK | el 2
Y hand BT T — DATA SELECTOR &

32x r/o streams
+L1A, BCR, ECR

His B
IVINHO4 JINIT-9

OPT. Tx/Rx

TTC CLOCK &
4| xmAREC '
16x
LVDS DATA REC. & | <
e S : DESER. & DE-MUXING
T T T T PREDATOR FPGA
16xH 16x 8x 8x - 0.1x0.1E;
— 0.2x0.2 3F,

DINO FPGAs

OPT.-Tx

1x

OPT.-Tx

1x

OPT.-Rx

1x

real-time
readout
config, monit

slow-control
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Zynq MPSoC ?

* Full board control (GPIO + 12C) asel Eteme

DUAL CORTEX A53

Clock Manager

Board initialization and configuration
Monltonng VTI System Monitor
JTAG (Virtual cable)

G b E TREX 12C Bus 12C Manager

v

8-bit ExtReM 8-bit Interface
inteface LOGIC

Preliminary JTAG chain

GPIOs

EMIO

¢t—>
Global Registers

"

ZYNQ Ultrascale+

Board Control

* Linux system
« Xilinx Kernel and filesystem

e Custom device drivers ;; LI ) LA pear

3) LTC power managers
* Python framework
) 5) TREX programming modes
* Dedicated apps 6) Temperatures and Voltages
7) Exit




Surface Test Facility at CERN

e Phase-l Infrastructure

 CERN ATCA shelves
* eFEX, JFEX, gFEX modules

* L1Topo module
* 4 LATOME modules (LAr trigger interface)

e VME Crates
e PPM 4+ TREX modules

e P(Cs:
 Rack mounted
e FELIX cards via PCle

* Monitoring and detector control
* JTAG servers

22




Surface Test Facility at CERN
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TREX Integration

* Real-time:
* Protocol testing with all processors
 Link stability
* 8b/10b encoding and decoding

* Readout:
e Data integrity
 Encoding/decoding of the FELIX format
* Clock recovery

* Monitoring:
* Server/ Client based on UPC OA
 Embedded framework
* Device drivers for on-board sensors

| TREX mbdules mstalled at STF
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Bat. 104 at CERN

 Run 2 infrastructure

Allows for testing with legacy systems

Real-time path:
* 11m long electrical cabling
* Cluster Processor
» Jet Energy Processor

Readout:

* Readout driver system
* Single optical fiber per module

Legacy Monitoring system
* Based on CAN

25




TREX production

* 18-layer PCB
e FR4-based dielectric

* 5 pre-production boards (v2)

* Rigorous testing of all hardware
components and functionality

Implementation and design changes
of the production board (v3)

Manual modifications of v2 boards
to ensure feature parity

Preparation for production
* Schematic frozen

oQA

P

| 4x Artix-7

L i c N i

e hs
it Klntex + F
- ‘:; ge’ i T % ] 7‘
ot B Ll

-

ireFly

oooooo

o]

TREX module (v2)

oo ‘f
9“ H o

o
o

TREX PCB (v3)
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Testbenches at Heidelberg

 Single-board testbench (15t stage)

* Custom VME crate with homebrew VME crate | , : A7 \\
controller \

 TREX initialization and power-up
e Core component testing

* PPM — TREX communication

* LVDS loopback testing ' | b

* Multi-board testbench (2" stage)

* Wiener crate with TREX modifications

* Concurrent Technologies VME crate controller
Emulates crate setup at CERN

Simultaneous testing of up to 4 TREXes

Long-term optical loopback testing
System stability




L1Calo in the Cavern
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Front view of the L1Calo system
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Rear view of the PreProcessor crate
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Summary

L1Calo upgrade is progressing smoothly
Most of Phase-l modules in pre-production or production state

Integration tests between modules ongoing
Data formats/ protocols well defined

QA/ Validation scheme for production hardware prepared

Planned installation by the end of the year
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Backup
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ATLAS coordinate system
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FELIX card
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ATCA shelves at STF
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