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A bit of history

Starting last century, High-Energy
Physics is one of the leading-edge
fields in the study of the structure of
matter. Ever since the first particle
accelerators were developed in the
late 20s - early “30s, physicists and
engineers alike aim to achieve higher
energies and discover new particles
and interaction mechanisms that
could better explain the quantum
world.

Photo ofthe Cyclotron, developed by Ernest Lawrence



Introduction to HEP experiments

Data Detectors
and TDAQ

Detectors are used to gain
information from the events
taking place. The TDAQ system’s
purpose is to acquire data and at
the same time streamline said
process.

processing

The data gathered from the
experiments is processed and
analyzed in order to get
relevant results.
systems Accelerators
After data is read from the The main important part of the
experiments. Current ones at

detectors, it is sent to first
processing and then temporary CERN: LINAC, PSB, PS, SPS, LHC.

and permanent storage via the
CERN network.







Introduction to FPGAs

So... What are they?

As the name suggests, Field
Programmable Gate Arrays are
integrated circuits designed for

versatility, speed and low power
consumption. Besides scientific
research, FPGAs have seen use in
medical devices, automotive and
aerospace industries, security

V{1llavdVirtex Ultrascale+ connection board
systems etc.



Introduction to FPGAs

... And how do they work?

The basic unit of FPGAs are CLBs, which
contain all the programmable logic which is
of interest to us. The latest FPGAs, besides all
the CLBs and GPIOs, have elements such as
DDRAM, PLLs, DSPs and high-speed serial
transceivers for data transfer
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Bird's-eye view of FPGA
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project_1 - [fhome/simuser/project_L/project_L.xpr] - Vivado 2018.3.0p

... BUt how do we

& o o — : ’
= == make them work?
FPGAs can be programmed using HDLs (most
! e ] commonly VHDL and System Verilog). The
- I e SEIR : j hardware engineer programs the boards
e = =5 7[_ using special design suites that can interpret
- »,% = I the code and send signals to the FPGA to
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rearrange its meshes and wires so that the
CLBs connect together in the right way.

The GUI of an FPGA design suite
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The actual representation of an FPGA chip
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Versatility

Implementing FPGAs in HEP experiments

Why FPGAs are used in HEP
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unit used in the LHCb experiment

Where they fit in

Due to them being able to run at
hardware level and carrying out
very fast computations, the part
they excel in is the TDAQ system.
The detectors responsible for the
triggers send their signal to the
FPGAs which then run algorithms
and decide whether the event is
interesting or not.
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The role of FPGASs
in modern HEP

experiments
(e.g. ATLAS @ CERN)
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So we need a mechanism to make all of that
data throughput manageable.

view of the ATLAS detector
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The role of FPGAs in modern HEP experiments
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Triggering in the
muon endcaps

The main role of the NSW trigger is reducing fake
triggers at the L1-muon level, which come from
particles that are not muons with high momenta.
To this, the NSW participates with its detectors
(.e. STGC, MM) that together with FPGAs,
perform fitting algorithms on the tracks of the
particles.

The role of FPGAs in modern HEP experiments

The NSW of the ATLAS [e[15a1e]g



The role of FPGAs in modern HEP experiments

sTGC
1/sector
USA15 from
pad »(Pad trigger Big Wheel
TDS twin-ax | — L1DDC

— SCA | b

1/pFEB fﬁ/ 2xGBT eector
_—
. = [sca] N .
strip & »| Router  Semtor ‘f Trigger |fibres Sl_ecfgticér — >
™S — sl fibre | Processor |_
3/sFEB 1/layer/sector
. t
TGC on NSW rim fnienﬂéir:n;
1/sector
fibre :
MM ADDC Zflaverfsecw/ ___....-—ﬁ pjéfeiigr
twin-ax k
swROD #
#VMMs per FEB: 1/FEB L — U
MM: 8 -
sTGC strips: 6 or 7 Readout twin-ax on-chamber
sTGC pad+wire: 2+1 ASIC \\ event
e \ GBT fibre monitor
ASIC Confi Rx-Tx
g SCA LA4——""1
DCS L10DC A calib- Confi
2/layer/sector ration onng
on twin-ax y
=== config/monitor trigger
Front end boards = readout monitor DG
= trigger

LL_NSW_ElxOur_v12




The role of FPGAs in modern HEP experiments

DAQ
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summary

As HEP progressed, we need DAQ systems of higher performance.

FPGAs are very versatile, very fast ICs, making them strong candidates for
DAQ systems.

They have seen use lately in triggering the read-out of data.

They do rudimentary reconstructions of the tracks of particles and decide
whether events are interesting or not.

They scale down the data volume.
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Thank you!

Now is the time for questions!
ccristian2001@gmail.com
daniel.costache@nipne.ro
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