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Introduction to HEP experiments

Photo of the Cyclotron, developed by Ernest Lawrence

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.



The data gathered from the 
experiments is processed and 
analyzed in order to get 
relevant results.

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.

After data is read from the 
detectors, it is sent to first 
processing and then temporary 
and permanent storage via the 
CERN network.

The main important part of the 
experiments. Current ones at 

CERN: LINAC, PSB, PS, SPS, LHC.

Data 
processing

Detectors 
and TDAQ

Data transfer 
systems Accelerators

Introduction to HEP experiments
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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 
systems etc.

So… What are they?

Introduction to FPGAs

Xilinx Virtex Ultrascale+ connection board



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

… And how do they work?

Introduction to FPGAs

Diagram of the architecture of an FPGA



FPGAs can be programmed using HDLs (most 
commonly VHDL and System Verilog). The 

hardware engineer programs the boards 
using special design suites that can interpret 

the code and send signals to the FPGA to 
rearrange its meshes and wires so that the 

CLBs connect together in the right way.

… But how do we 
make them work?

Introduction to FPGAs

The GUI of an FPGA design suite



The actual representation of an FPGA chip
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Why FPGAs are used in HEP

Versatility

Speed

Parallelisation

Power Usage01

02

03
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Implementing FPGAs in HEP experiments



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. 

Where they fit in

Implementing FPGAs in HEP experiments

Electronics unit used in the LHCb experiment
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The collisions in the LHC take place at 40MHz!
So we need a mechanism to make all of that 

data throughput manageable.  

The role of FPGAs in modern HEP experiments 

Side view of the ATLAS detector
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Triggering in the 
muon endcaps

The role of FPGAs in modern HEP experiments 

The NSW of the ATLAS detector

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 
(i.e. sTGC, MM) that together with FPGAs, 
perform fitting algorithms on the tracks of the 
particles.
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The role of FPGAs in modern HEP experiments 

FPGAs and 

hardware level

Software 

processing nodes

HLT

L1 trigger

Data transfer 

systems

ROS

40MHz

sTGC and MM

DAQ

100KHz

1-10KHz



Summary

o As HEP progressed, we need DAQ systems of higher performance.
o FPGAs are very versatile, very fast ICs, making them strong candidates for 

DAQ systems.
o They have seen use lately in triggering the read-out of data. 
o They do rudimentary reconstructions of the tracks of particles and decide 

whether events are interesting or not.
o They scale down the data volume.



CREDITS: This presentation template was created 
by Slidesgo, and includes icons by Flaticon, and 

infographics & images by Freepik

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

Thank you!

https://bit.ly/3A1uf1Q
https://www.flaticon.com/
https://www.freepik.com/
mailto:ccristian2001@gmail.com
mailto:daniel.costache@nipne.ro
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