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LHC upgrade program: the aim is to crank up the performance in order to increase 
luminosity by a factor of 10.

Viola Cavallini & Laura Cappelli - Openlab 2020

HL-LHC
High Luminosity Large Hadron Collider 

More collisions help 

physicists to observe rare 

processes and study with 

greater precision physical 

phenomena.
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Event Reconstruction
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• Reconstruction algorithms drive the 
needs of compute power.

• Project needs: about 6x the availability.



4Viola Cavallini & Laura Cappelli - Openlab 2020

oneAPI

• oneAPI: a new open programming model developed by Intel, based on 

Khronos SYCL standard.

• Purpose: introduce a unified parallel programming model to simplify

development across diverse architectures.

• oneAPI includes:

• The language DPC++

• Libraries and API

• A low-level hardware interface

A new programming model
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Patatrack Reconstruction

• BeamSpot transfer (A): Transfer the beam spot data from CPU 
to GPU.

• Raw-to-cluster (B): Unpacks the pixel raw data, applies the 
detector calibrations, and forms clusters of pixels on each pixel 
detector module.

• RecHits (C): Computes the 3D position of each cluster.

Composed by 5 modules

Viola Cavallini & Laura Cappelli - Openlab 2020
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• Track recognition (D): Performs the "pattern 

recognition" step: create pairs of pixel hits on adjacent 

layers, connect the pairs to form ntuplets, fit the 

ntuplets with a helix.

• Vertex Reconstruction (E): Reconstructs primary 

vertices, finding clusters of tracks' "points of origin" 

that likely correspond to proton-proton collision points.
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Our Summer Project

• Studying: studying a new programming model and 
understanding the functioning of lots of pieces of 
code written by different people.

• Isolating: creating standalone versions of some 
pieces of the code, following the rule “divide and 
conquer”.

• Translating: using Compatibility Tool in order to 
obtain a first version of the translated code.

• Adjusting: reading all the resulting code, correcting 
errors and translating the pieces that the Tool didn't 
translate.

• Testing: trying the code with some known input until it 
produces the expected results.

• Unifying: merging the standalone functions and 
recreating the original CUDA code, but parallelized 
with OneApi.
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• Understanding the code:

• There aren’t many comments.

• The code is very big and complex.

• There are a lot of abbreviations.

• New programming model:

• There aren’t many topics online about how 

to solve problems, but there are manuals 

and other resources.
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difficulties and achievements

Achievements

• Portability:

• Ported the central part of the cluster reconstruction based on an optimised "prefixScan" algorithm, 

and run it on different backends.

• Working online:
• Interaction by messages or by Zoom’s meetings.
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QUESTIONS?
laura.cappelli6@studio.unibo.it

viola.cavallini@edu.unife.it

@LauraCappelli8

@Viola95145484
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mailto:Laura.cappelli6@studio.unibo.it
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BACKUP
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Compact Muon Solenoid

CMS

Silicon Tracker 

• 75 million electronic sensors.

• Identifies the tracks of charged 

particles.

Electomagnetic Calorimeter (ECAL)

• 76000 scintillating PbWO4 cristals.

• Measures the energy of electrons 

and photons.

Hadron Calorimeter (HCAL)

• Layers of brass alternated with 

layers of plastic scintillator or 

quartz fibers.

• Measures the energy of hadrons.

Muon Revelator

• 250 drift tubes and 540 cathode 

strip chambers, together with 610 

resistive plate chambers.

• Measures the momentum of 

Muons.

Superconducting Solenoid

• Superconducting fibres.
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HCAL
Hadronic Calorimeter
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Every particle interacts with a different

layer.

Hadrons are caught by HCAL (the green

layer in the figure).

Here, “scintillator” materials produce a

rapid light pulse when the particle passes

through. Special optic fibres collect up this

light and feed it into readout boxes where

photodetectors amplify the signal.

Particles collide 40 million of times per second, so the acquisition system must analyze lots of 

data in a short time: the code must be parallelized.
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CMS Software

• BeamSpot transfer (A): This essentially only transfers data from CPU 

to GPU.

• Raw-to-cluster (B): This module unpacks and reformats the raw to into 

something usable to downstream, applies some calibration, and forms 

clusters of pixels on each pixel detector module.

• RecHits (C): This module computes the 3D position estimate for each 

cluster.

• Pattern recognition (D): This module performs the "pattern 

recognition": it creates pairs of pixel hits on adjacent layers, connects 

the pairs to form ntuplets, fits the ntuplets with a helix.

• Vertexing (E): This module reconstructs vertices, i.e. finds clusters of 

track "origin points" that likely correspond to proton-proton collision 

points.

Composed of 5 modules
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CUDA
Compute Unified Device Architecture
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The code is parallelized with CUDA, a programming model

developed by NVIDIA for general computing on Nvidia GPUs.

The computational power and 

the current resources aren’t 

enough for the CMS HL-LHC 

scenario.

We need to find new 

technologies for increasing 

performances
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• In our project we are collaborating with Intel. 
Intel has recently released OneApi in beta09 
version and we are testing its tools and its 
performance.
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Working with Intel

Intel Partnership

• The partnership includes also a program of social 
media posts and a Vodcast. These additional projects 
allow us to talk about our stories on the web.


