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ALICE at CERN-LHC (Now) %E
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e ALICE is a dedicated experiment for study of Quark-Gluon Plasma (QGP)
with pp, p-Pb and Pb-Pb collisions at the LHC 4



ALICE Upgrade: > 2021 %
ALICE

A JOURNEY OF DISCOVERY

New Inner Tracking System (ITS)
* Improved pointing precision Muon Forward Tracker (MFT)
* Less material -> thinnest tracker at * New Sitracker
the LHC * Improved MUON pointing precision
* 25x10° channels

MUON ARM
* continuous
readout

Time Projection Chamber (TPC)
electronics

* New Micropattern gas
detector technology
e Continuous readout

New Central Trigger
Processor (CTP)

Online Offline Systems (02)
* New architecture
* On line tracking & data

compression
* 50kHz PbPb event rate
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TOF, TRD New Trigger
* Faster readout Detectors (FIT)



Why Do We Need CRU ?

LS1 (2013-14) ALICE After LS2 * (2019 - 20)
Present Future
— YEAR 2021)
1 nbt (PbPb) Collisions and >10 nb (PbPb)
Collection 6 pb(pp)
50 nb!(pPb)
10%7"cm 251 At Peak Luminosities 6 x 102"cm 251

8 kHz (PbPb)

Corresponding to
Collision Rate Of

50 kHz (PbPb)
200 kHz (pp and pPhb)

500 Hz (PbPb)

Maximum Readout
Rate

>200 kHz (PbPDb)
1 MHz (pp)

Hardware triggers
 Event multiplicity
* Calorimeter energy
* Track py

To summarize:

Trigger Mechanism

* A minimum bias event
(Non- Upgraded detector)

- A self-triggered
Continuous fashion
(upgraded detector)

TO HANDLE THE DATA FLOW TRAFFIC OF ABOUT 1 TB/S
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Common Readout Unit (CRU)

_______________

CRU
(Common
Readout

Unit)

CRU has three interfaces:
1 — GBT Link (Radiation Tolerant High Speed Optical Link)

2 — To be decided (GBT/10Gigabit PON)
3 — DDL3 link ( PCle Gen 3 x16)



Read-out and Trigger Distribution System

CRU.. Common Read-out Unit

02.. Online and Offline Computing System
FLP.. First level processor

DCS.. Detector Control System

TTS.. Trigger and Timing Distribution System
CTP.. Central Trigger Processor

LTU.. Local Trigger Unit

GBT.. Gigabit Transceiver

FTL.. Fast Serial Trigger Link

1TTS & |busy

ATTS (ITS, MFT TRG & busy Dist

unidirectional no busy)

On-detector
electronics

front-end PCle bus in FLP
links (GBT) —data &
—data & «—configuration
«trigger &

«—configuration




ALICE Detector readout board types

Detector Link Number of links Read-out Number of boards

type  DDL1 DDL2 GBT boardtype C-RORC CRU
(2 Gbps) (4-5 Gbps) (4.8 Gbps)

ACO DDL1 1 C-RORC 1
CPV DDL1 6 C-RORC 1
CTP GBT 14 CRU 1
EMC DDL2 20 C-RORC 4
FIT DDL2 2 C-RORC 1
HMP DDL1 14 C-RORC 4
ITS GBT 495 CRU 23
MCH GBT 550 CRU 25
MFT GBT 304 @ CRU 14
MID GBT 32 CRU 2
PHS DDL2 16 C-RORC 4
TOF GBT 72  CRU 3
TPC GBT 5832 CRU 324
TRD Custom 1044 CRU 54
ZDC GBT 1 CRU 1

Total 21 38 8344 15 447




Example CRU connection with TPC

— The CRU re-orders the data
= samples according to their DCS
position in the pad row allowing

a more efficient cluster search. Control and
Monitoring

/:;1;1

Physics Data

PCle Farm
x16

+<— [P = Network

| '—1
o k| 1st stage of

—=FPGA== | data reduction
E = 3§ using cluster or

u_'ﬂ‘uu_‘ tracklet finder

(@
e
c

Trigger,
"4 Control and
Configuration

Piccourtesy ALICE TPCTDR

Data Storage

1

Storage
Network
A

EPN —

2" |evel of data
reduction.
Reconstructthe
tracks and
associate them
to their primary
vertex

11




Trigger Types

Level 'Trigger 'Irigger Trigger contributing
Input output decision detectors

to CTP at CTP at detector *

[ns] [ns] [ns]
LM 425 925 775 FIT
LO 1200 1300 1500 ACO, EMC, PHO, TOF, ZDC
L1 #6100 #6200 #6400 EMC, ZDC

DDL 3 FL [frame lengtly) = (100 TPC ciift fime)

= Heartbeat Triggers

— Physics Tiggers

>

Time
Usage of Interaction Trigger - Triggered Readout
Usage of Heartbeat Trigger - Continuous Readout




Trigger, Timing and Clock Distribution System

(TTS)

G O C O
CRU.. Common Read-out Unit
02. Online and Offline Computing System
FLP.. First level processor

DCS.. Detector Control System

TTS.. Trigger and Timing Distribution System
CTP.. Central Trigger Processor

LTU.. Local Trigger Unit

GBT.. Gigabit Transceiver

FTL.. Fast Serial Trigger Link

1TTS (ITS, MFT
unidirectional no busy)
1TTC & |busy (TRD)

On-detector
electronics

front-end
links (GBT)
—data &
«trigger &

| «—configuration

1TTS & |busy
TTC (ACO,EMC,HMP,PHO)

| 1TTS-FTL & |busy
(MCH, MID, ITS, MFT, TPC, ZDC, TRD)

CRU system with TTS link to CRU
(MCH, MID, TPC, ZDC, ITS, MFT,
TRD, TOF, FIT)

On-detector|

front-end links
—data &
«trigger &
«configuration

PCle bus in FLP
—data &
«—configuration

DDL1 or 2
—data &

«—configuratio

Detector

electronics |

specific RO
system

Detector spec. system with TTS
based on TTC (HMP, EMC, PHO,
ACO)

WConfiguration |: Transmission
of non-critical trigger and data
via CRU

UConfiguration ll: Transmission
of critical trigger directly to the
detector and data via CRU

WConfiguration lll: Back-end

compatibility for Legacy
detectors
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How we choose the CRU form factor ?



CRU Form Factor Evaluation

Features Prototype version 1 Prototype version 2

DDL3 10 Gigabit Ethernet

___PCle Gen 3

Trigger and Busy line

Distribution
Advantage Modularity Directly connected to the 02
Disadvantage Not Enough memory for data clustering not Compatibility of the board depends on

possible future PCs PCle form factor
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CRU CANDIDATE BOARDS EVALUATED

Q
AMC 40 v/ Q -c-c

Developed By:
CPPM Marseille
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StratixV vs Arria 10 FPGA

Stratix V Arria 10
(High End FPGA) (Mid End Latest FPGA)

5SGXEA7N2F45C3 10AX115S4F4513SGES
Chip Technology 28 nm 20nm
Core voltage 0.85V 0.95V (ForES) else 0.9V
Total 1/Os 1064 960
GXB Channel
PMA and PCS/ HSSI
channels
PCle Hard IP Blocks 4 4
Memory Bits 52428800 55562240

4 i

DLLs
1/0 PLLs S 16

Global clocks S s

HPS CPU Core - 0
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CTP

LTU

FEE

FEE

CRU internal block connections

FLPServer i

: CRU
: Common CRU FW/SW
TTS CRU Ctrl. D Components provided
: bythe CRUteam
: RAM D Extensible bythe
: Detectorteams
" Detector Data Frames D Developed bythe
: User : Detectorand DCS teams
: : Detector
7 (detector :
: GBT specific) "'_>: Control D Developed bythe
: Logic : Frames Detectorand 02
: PCle : teams
t t CPU
: FLPDAQ NIC/IB to EPN Servers
: DCS <= Software :
FLPDCS :
i Software P NIC : toDCS
...................................................................... g ' : » Servers

CTP — Central Trigger Processor
DCS — Detector Control System
EPN — Event Processing Node

FLP — First Level Processor
GBT — Giga-Bit Transceiver

LTU — Local Trigger Unit
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GBT : Design Implementation on Arria 10

GBT Interface links are error resilient data communication protocol developed by
CERN for high energy physics experiment.

FPGA FPGA
Independent Dependent
GBT Coding | | =
Sub-Layer |1 MGT

MGT connection for Arria 10

Transcelver
Reset
Controller

A

MGT REF CLEK |

ATX
PLL

Master Clock
Generation
Block

Bonded Clock

* CRU requires 12-32 GBT links per board.
* Channel bonding -minimize the resource

utilization

*6 channel PMA (x6) bonding mode is

supported in Arria 10

A

Y

Avalon MM

Avalon— MM

Arrial0
Transceiver
NATIVE
PHY IP

d

Interface

GBT Link Coding
Sub-Layer

.| Reconfiguration

Registers

CATLIEEATION

Parallel 40 bitData Bus
<4 >

120 MHz Tx PMA Clk out

120 MHz Rx Recovered

PMA CIk out
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GBT : Operating at 4.8 Gbps Using 120 MHz External Jitter

Cleaner

Test Setup

Arria 10
FPGA

PCle40

Minipod
Rx

msceiver
X

Minipod
Tx

1lin

k

Serial Data
Analyzer

Jitter Measurement

Fy

The random component of the lJitter is specified using

statistical terms.
Standard Deviation =2.898 ps

Eye Width =176.8 ps
Eye Height= 373 mV

Bit/Rate = 4.7996
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GBT : Latency Measurement

GBT Link 1
Counter Value GBT Tx STANDARD MGT LATOPT
Generator
2| Scrambler =] Encoder =¥ Gearbox 2 MGT Tx [
(Pattern
Generator) .
Serial
Loopback]
GBT Rx LATOPT
Frame .
DeScrambler [€=— Decoder [|[€—] Gearbox [€ . € MGT Rx |€—
Aligner
\ 2 ) FE==s=== > Signal Tap I
P
1

Subtractor |_ -==-l

" 1 N In System Signals and

| r Probes

1
L I
32 bit register | > Data read by Avalon

Slave

Latency measured between
Tx Data Frame — GBT Tx — MGT Tx (Serialization) — Optical Loopback --MGT Rx (De-serialization)

— GBT Rx — Rx Data Frame BT
Tx Standard Tx Standard Tx Latency Tx Latency
Optimized Optimized
Rx Standard Rx Latency Rx Standard Rx Latency
Optimized Optimized
Latency 450 ns 350 ns 200 ns 150 ns
Measured

# Transmission Side Phase latency is very stringent as it is used for timing information transmission



DDL3: PCle Link Testing and DMA Performance
Measurement

Avalon- Memory Master

Slave Interface

Application

Layer

(User Logic)

Bridge and DMA
Engine

PCle Hard IP
Block

PIPE
Interface

Serial Data
Transmission

PCle Gen2 x8 Performance Measurement:

Signalling Rate =5 Gbps per lane x 8 = 40 Gbps

Useful Data Throughput = 32 Gbps

As, Gen2 use 8B/10B encoding which introduces a 20% overhead
PLX 8747 Switch

#In Arria 10 Engineering Samplel we have

PHY IP Core for
PCle
(PCS/IPMA)

A

v

PCle Gen2 , but Engineering Sample2 and production chips runin GEN3

Using PLX8747 PCle Switch for multiplexing 2 banks of x8 lanes

PCle gen2 x8
from Arria 10
FPGA

PCle gen2 x8
from Arria 10
FPGA



Avago MiniPOD™ performance study

12 channel Transceiver tool kit design for board to board communication between Stratix V and

Arria 10 at 10.312Gbps i i
PCle40 Tx side signal

PCled0

Tx st

Arrial0

StratixV
RY Qg [} I [ | sl Tx i i
Mm b 5 P - .

AMC40
Random Jitter
= 2.048 ps
. L 10 m Optical Cable E 4: Ry

" L
\ 0=20450 S \

i
Eye Width =79.4 ps
Eye Height= 373 mV

Amplitude Vertical Step

-25
-50

50
25

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30

31 0 1 2 3 4 5 6 7 B 9
Huorizontal Fhase 5tep

PCle40 Txsignal as receivedin AMC40 using
Transceiver Tool kit (TTK)
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A Test Configuration for Firmware Resource
Estimation

For power and resource estimationof CRU a low level interface is made :
» 48 bidirectional GBT link + x16 PCle Gen 3
+ SFP+ (Transceiver Toolkit design)

* |tis composed of total 65 High speed links each attached with its dedicated
pattern generator and pattern checker

* The entire design is integrated in Altera QSYS Integration tool
* Inthis designitisassumed to operate PCle40 in extended configuration

* No useror glue logicis taken into accountin this preliminary resource

estimation
Aggregated Links Logic Utilization HSSI SERDES Utilization
g?:gf (TTIrIeru(s:en)/(if 'Ejglllii?deer;%n; 34’61428/(;:)2 120 65/72 (90%)
SFPs (TTIrIerm(s:en)/%f 'I'I?)fj:lllii?deer;%n; 32’24(77.{333)7 > 53/12 (74%)
e ok | g | e
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% Summary and Outlook

nnnnnnnnnnnnnnnnn

* The CRUin ALICE is designed to cope up with increased beam energy and
luminosity of LHC for RUN3 and beyond

* CRU acts as the interface between:
— the on-detector electronics
— Online and Offline computing system (02)
— the Trigger Timing System (TTS)

 Alreadydone:
— Survey of prototype boards
— Implementation of GBT for Arria 10
— PCle functional testing and how to use the IP cores
— Aresource estimation before full firmware implementation

* Plans for near future:
— Finishing the Interface specification (External and Internal)
— Integration of CRU firmware/hardware building blocks
— Builtand test pilot system
— Detector specific firmware development (Done by the sub-detector groups)
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Questions
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ALICE Upgrade Strategy

¢ Goal:

High precision measurements of rare probes at low transverse
momentum, which cannot be selected with a trigger

Target to record Pb-Pb collisions at higher luminosity to gain a factor 100
in statistics over present Runl+Run2

Readout all P2k7)-Pb izntleractions at a maximum rate of 50kHz
(i.,e. L=6x10 cm s ) which is roughly 6 times of present rate

Perform online data reduction based on reconstruction of clusters and
tracks

A separate data processing unit is needed for detector data
multiplexing, processing and formatting before online data reduction.

Implementation of a novel readout architecture
Common Read-out Unit (CRU).
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UPGRADE EFFORT
Detector Data Rate And Channels

Det # Runl&2 upgrade FE ASIC
channels RO rate RO rate
[kHz] [kHz]

TPC 5 x 10° 3.9 50 117000 SAMPA

MCH 106 1 100 1 33000 SAMPA

I'TS 25 x 10? 0.5 100 25000 ASICs

MFT 500 x 10° 100 896 ASICs

MID 21 x 103 1 100 | 4000 FEERIC
7ZDC 22 8 100
TOF 1.6 x 10° 40 100
FIT 160 + 64 80 100
ACO 120 100 100
TRD 1.2 x 10 1 39
EMC 18 x 107 3.7 42
PHS 17 x 103 3.7 42
HMP 1.6 x 10° 2.5 2.5




ALICE is giving answer to some of our basic questions
using the extraordinary tools provided by the LHC

\ H EMCAL
M\ [

LHMPID

TRACKING
CHAMBERS)

MUON |, =2
i FILTER //////
P i A =

| d;/d‘

|
DIPOLE
- \MAGNET

ABSORBER

Collisions at the CERN Large Hadron Collider (LHC):
proton-proton, proton-lead, lead-lead 32



Read-out control signal flow through CRU

transmission latency busy [ns]
CTP <3 detector

MCH, MID, TPC, ZDC ~ 1000 ~ 1000

CTP "‘_I LHC clock

ITE, TRD, TOF, FIT, 250 250
HMP, PHO, ACO

trigger

configuration &
control

clock 02&
DCS
data J y data o
CRU/det. spec. RO
non-constant latency, | constant latency, Mafl remotely programmable
phase irrelevant individually tunable - delay
CLOCK: Common Reference Timing Signal + the LHC clock

TRIGGER: PHYSICS TRIGGER + HEARTBEAT TRIGGER + BUNCH

CROSSING ID + ORBIT COUNTER VALUE

BUSY: When Trigger rate > Detector Readout Capabilities. One signal

covers for entire sub-detector.

DATA: Detector specific data payload with header and timestamp

33



