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OUTLINE ALICE
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— System operation in continuous mode.
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ALICE Upgrade Strategy

GOAL:

High precision measurements of rare probes at low prwhich
cannot be selected with a trigger. Target a recorded Pb-Pb
luminosity > 10 nb-! =>9x10%° events to gain a factor 100 in
statistics over the Runl + Run2 programme.

Significant improvements of vertexing and tracking capabilities

DETECTOR:

Read-out all Pb-Pb interactions at a maximum rate of 50kHz (i.e.
L = 6x10%’ cm-1s1) upon a minimum bias trigger

Read-out all pp and p-Pb interaction at a maximum rate of 200
kHz.

Perform online data reduction based on reconstruction of
cluster and tracks

Improve vertexing and tracking at low p=> New Inner Tracking
System (ITS)

TPC continuous readout to keep up with 50 kHz interaction
rate, to deal with event pile-up and avoid trigger generated dead
time.

ALICE
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ALICE UPGRADE

' 3.6 TByte/s into PC farm

O? (Online Offline) System

Acq rate:
Pb-Pb 50 kHz
pp and p-Pb up to 200 kHz

STORAGE f:omplete change in detector readout

continuous
» triggered

90 GB/s New DAQ - HLT - OFFLINE systems.

02 computing farm:
- ~ 100 k CPU cores

- ~ 5000 GPUs and ~500 FPGAs

- ~ 60 PB of storage

ALICE

ey

e

Detectors

Links

270 FLPs
First Level
Processors

(FLPs)

9000 Read-out
Output : 1500 ports

1500 EPNs
Event Processing
Nodes
EPN
Switching T NS
Network

Input: 270 ports

3.6 TB/s

34 Storage 68 Storage
Servers Arrays

Storage
Network

Input: 1500 ports

Output : 34 ports

/

500 GB/s

RD and WR 440 GB/s




Main differences

between
RUN2 & RUN3
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RUN2 ALICE

- Trigger connected to the FEE
- Triggered readout mode
- 1 readout link, DDL (Detector Data Link)

TRIGGER
SYSTEM
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RUN3

- Trigger connected to the FEE and CRU TRIGGER
- Triggered and Continuous readout mode SYSTEM
- 2 readout link, DDL and GBT

ALICE

Detector that receives trigger and clock from CRU q

TPC r CRU:
MCH FEE Reariowt.
MFT

TOF FEE

FIT

FEE

CRORC

o 3



The detector readout
during RUN3
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TRIGGERED MODE

TRIGGER

Upon reception of a trigger signal, each detectors
respond and send the corresponding data.

BUSY

foru

)

ALICE
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CONTINUOS MODE

TRIGGER
SYSTEM

DATA is sent
regardless
the triggers

Data are not delimited by physics
trigger, but are composed by several
data streams

ALICE
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Heart Beat (HB)

issued in continuous &
triggered modes
to all detectors

Continuous read-out

HBF and TF rates programmable
Typical values:

- HB: 1 per orbit, 89.4 us: ~10 kHz
- TF:1every ~20 ms: ~50 Hz

- > 1TF=~256 HBF

ALICE

(Front-end &)

CRU

Heart Beat Frames (HBF):
data stream delimited by two HBs

Time
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Heart Beat (HB) | Physics trigger

issued in continuous &
triggered modes
to all detectors

can be sent to upgraded detectors

will be sent to
non-upgraded detectors

Triggered read-out

HBF and TF rates programmable

Typical values:
- HB: 1 per orbit, 89.4 ps: ~10 kHz

- TF:1every ~20 ms: ~50 Hz
- > 1TF=-~256 HBF

ALICE

(Front-end &) H ‘

CRU

\ \

Heart Beat Frames (HBF):
data stream delimited by two HBs

Time

Trigger data fragments

13
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Heart Beat (HB) | Physics trigger

iIssued in continuous & can be sent to upgraded detectors

triggered modes will be sent to
to all detectors non-upgraded detectors

HBF and TF rates programmable

Typical values:
- HB: 1 per orbit, 89.4 ps: ~10 kHz

- TF:1every ~20 ms: ~50 Hz
- > 1TF=-~256 HBF

Triggered read-out

ALICE

(Front-end &) H ‘
CRU

- = —-—— - o o
\ \ \ \

from triggered or continuously read out detectors

. Time

Heart Beat Frames (HBF):

data stream delimited by two HBs Trigger data fragments
FLP Sub-Time Frame (STF) in FLP O:

grouping of (~256) consecutive HBFs from one FLP FLP 1
FLP n
\ )
. i
EPN Time Frame (TF):
grouping of all STFs from all FLPs for the same time period

14
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Time Frames/Heart Beat Frames

HB header HB header
Payload (if no hits empty) Deleted HBF (no or partial data)
HB trailer HB trailer

FLP .. First Level Processor

STF .. Sub Time Frame
TF.. Time Frame

HB .. Heart Beat Trigger
HBF .. Heart Beat Frame

EPN .. Event Processing Node

HBO HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 - HB255 HBO HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 ‘- HB255

STF @ FLPn

STF @ FLP2

STF @ FLP1

STF @ FLPO

TFO @ EPN TF1 @ EPN

ALICE
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What happens if CRU buffers get full? ALICE

FLP .. First Level Processor
EPN .. Event Processing Node
STF .. Sub Time Frame

HB header HB header i b

Payload (if no hits empt No or partial HBF data - limerrame

HBytraiIe(r P HB tra?ler HB . Heart Beat Trigger
HBF .. Heart Beat Frame

HBO HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 - HB255HB0 HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 - HB255

srerm[IHEUNENERNNDNRRDNDERRREAEN
srore | I HEBNBANNNENENRENORRANEDN
sror [ HHHEAARENDERENRNNERNAEEEDN
srero| HEMBENDENERNERDNRARNEANENR

TFO @ EPN TF1 @ EPN

The main goal is to collect one complete
TF or at least one or more HBFs
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What happens if CRU buffers get full?

HB header HB header
Payload (if no hits empty) No or partial HBF data
HB trailer HB trailer

HBO HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 - HB255HB0 HB1 HB2 HB3 HB4 HB5 HB6 HB7 HB8 HB9 - HB255

STF @ FLPn

STF @ FLP2

STF @ FLP1

STF @ FLPO

TFO @ EPN

FLP .. First Level Processor
EPN .. Event Processing Node
STF .. Sub Time Frame

TF.. Time Frame

HB .. Heart Beat Trigger

HBF .. Heart Beat Frame

TF1 @ EPN

ALICE
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What happens if CRU buffers get full?

— CRU will autonomously abort the read-out of corresponding HBF
— Delete HBF data from buffer

— Send negative HB acknowledge to CTP

— Send negative acknowledge to FLP in the HB header/trailer pair
— Read-out continues

— Counter and state machine
stay consistent

In nominal conditions occurrence assumed to be negligible

ALICE

18
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What happens if CRU buffers get full?

CTP CTP FLP
HB Map

11101 HBMap >
10111 101
- .HBMap (o s

. HB trigger/message

‘ HBF/trigger acknowledge/

message
FLP
CRU

Readout HBF/Trigger . EBF ; X
Links Transmitted ? cader

< > (Payload)

Trailer
4). Delete HBF from buffer <——>‘ Delete HBF from

memory




Current status of
the development
&
RESULTS
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Current status

number of GBT

TOF
ITS
FIT
MCH
MID
TPC

triggered
triggered

triggered

triggered
continuous

continuous
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2 GBT links connected to the readout system

ey — A — e B P
. ]

Y e

X DAQ TEST_SD —

LOC name aloneldc [
hiost pdan

Current Trigger rate |15H]T.U \—> 160 kHz

Average Trigger rate |151535.4
Number of subevents |18151554
Sub-event rate 158605
Subevents recorded  |18191566 |
Subevent recorded rate 153807 |

Bytes injected 79242452944
Byte injected rate 636,113 MBE/s
Bytes recorded |T9242452944

By ecorded ke 6122 MBS ) 700 MB/s

Mb. evts wio HLT decision |n
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TPC setup ALICE

Readout system used to collect data in continuous mode and
to configure the FEE electronics using the GBT protocol

_ cntl

Lund pulse distribution
boards not yet connected

Signal Gemerator

PC o Dell PowerEdge RT30

Power Supply: Eeysight
EIGLBA

dangle
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QUESTIONS? ALICE

THANK YOU
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Schedule

ALICE

_ 2012:2013  2014-2015 2016-2017 2018-2019 2020-2021

High-Level Design
R&D

Project organization

Design
R&D
Demonstrators

TDR
Products selection

Detailed design
R&D
Prototyping
Development

Products selection
Prototypes

Upgrade of the

Detailed design
R&D
Prototyping
Development

Products selection
Prototypes

Final components
Deployment
Commissioning

Development

Products selection

Final components
Deployment
Commissioning
Production

https://cds.cern.ch/record/2011297/files/ALICE-TDR-019.pdf
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Busy, throttle schema

Detector State
(LTU)

SOT: Start Of Trigger
EOT: End Of Trigger

soT
sot_to_CRUs

TRIGGER/

send_trigger
Triggered —nage

TRIGGER_
RECEIVED/

BUSY_>=1_CRU/ N

Ready To
Receive
Trig Data
BUFFER_
NEARLY_FULL/
raise_busy

NO CRU BUSY/ —

(CRU)

Read-Out State

BUFFER_EMPTY/
release_busy

Read-Out State
(CRU)

Detector State
(LTU)

SOC: Start Of Continuous
EOC: End Of Continuous

soc_to_CRUs

HEART_

HEART_BEAT_PERIOD/ (‘ BEAT/
eart_beat_to_all_CRUs ,

Ready To

Receive
Cont.Data

eoc_to CRUs

Continuous

N

ACKNOWLEDGE/

FULLY
message (1/0, HE ID) acknowledge (0, HB_ID)

NOT_FULLS
acknowledge (1, HB_ID

DELETE/
delete_HBH

Delete

Active
Data Streams

0 0
1 1
1 o}

ALICE
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