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SMARTHEP - Qutline
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« Scientific introduction
» Description of the network and its set-up
- How to find other networks like this
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' The Large Hadron Collider
SMARTHEP and its experiments

REAL-TIME AMALYSIS FOR

SCIENCE AMD INDUSTRY

-t

The Large Hadron Collider
(27 km of circumference)
Accelerates and collides protons
Collisions are recorded and analyses
by four main experiments

LHC - 274t

2 LHC collisions schedule:
. June 2015 - December 2018: Run-2
Now: beginning of Run-3
. >2027: beginning of Run-4

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086
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SMARTHEP - Data at the LHC

The LHC collides protons every 25 ns, and can produce other/new particles
Research goals: measure fundamental properties of matter,
discover new phenomena not included in the current theory

The signals we are looking for are rare
— need enormous number of collisions to produce them

Their backgrounds often look the same and are much larger

 up to 40 million proton-proton collisions/second (MHz) L
« ~1-1.5 MB/data per collision event, including raw data

Problem: recording all LHC data takes 400000 PB/year [Refl € ’“\\,

after selection of "interesting” data

o

*
b
w

'.'*_i-

M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- C-E-) 5
b MSCA-ITN-2020, under Grant Agreement n. 956086

VAR RIE ACTIONS


https://www.sciencealert.com/over-99-percent-of-large-hadron-collider-particle-collision-data-is-lost

SMARTHEP Triggering on data

REAL-TIME AMALYSIS FOR

SCIENCE AMD INDUSTRY

LHC experiments have to select "interesting” events (=trigger)
in real-time (milli/microseconds)
Example for the ATLAS trigger:

Collisions at ~40 MHz Hardware trigger Software trigger
(~1 MB of info each) outputs ~100 kHz outputs ~1 kHz

Online 4 } Offline

= _ Object
oAt selaction > reconstruction > Data analysis
(trigger) and calibration

Most data gets discarded...arewe discarding some kinds of signal as well?

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp 6
MSCA-ITN-2020, under Grant Agreement n. 956086
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SMARTHEP Main focus of the SMARTHEP project

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

Tradltlonal data analysis is Traditional
asynchronous: Input data analysis

First record and store data,
then reconstruct/analyze it :> .
Real-time data analysis :> .
Analyse data as soon as it is collected
— only store (smaller) final-state information Online reconstruction,

: .. first-pass analysis
— reduce time-to-insight d g
— accelerate decision making

only store (smaller) final-state information:
useful for saving more data in LHC experiments

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE )
MSCA-ITN-2020, under Grant Agreement n. 956086




SMARTHEP RTA in science and beyond

IlI.‘I-"l.IIII
SCIENCE AND INDUSTRY

All four main LHC experiments use Real-Time Analysis techniques

ALICE: online reconstruction (O2) ATLAS: Trigaer Level Analysis
CMS: _Data Scouting LHCb: Turbo stream

+ the trigger system is a real-time decision making system

“Too much data” & “need to analyse data ASAP” problems
not unique to particle physics

+ use cases in financial transactions, fleet & traffic management, predictive maintenance...

Given these common needs,
w do we collaborate to advance RTA at the LHC and beyond?

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp
MSCA-ITN-2020, under Grant Agreement n. 956086



https://indico.cern.ch/event/831165/papers/3717100/files/9885-ctd2020.pdf
https://cds.cern.ch/record/2295739
https://arxiv.org/abs/1808.00902
https://arxiv.org/abs/1808.00902
https://arxiv.org/abs/1903.01360

SMARTHEP - Tools: machine learning

- Machine learning is revolutionising
high energy physics, industry and society

- Use of ML is ubiquitousin all of these

o o | i reion of an
- Advantage for RTA: decisions based on large, complex Froanve everone

datasets can be taken on a very short timescale anomalies. Credi: -

Summer/CMS-PHO-
EVENTS-2021-004-2/M
Rayner

. . . ° CERN Courier
- Particular interest in unsupervised methods

- Algorithms that "learn from the data” (including rule induction)

- Necessary to remove theoretical prejudices on how new physics can look like

M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- C’p
MSCA-ITN-2020, under Grant Agreement n. 956086



https://cerncourier.com/a/hunting-anomalies-with-an-ai-trigger/

SMARTHEP! - Tools: hybrid computing architectures

LS B ST (accelerators)

« (CPU-based architectures (=“computers” as i\
we know them) are not the only option on —
the market, e.g.: [ =l

Field Programmable Gate Arrays (FPGA) for fast custom l

operations

Graphical Processing Units (GPUs) for parallel operations A
. . /

- Advantage for RTA: hybrid computing /
architectures can significantly accelerate / o
decision-making [

SMARTHEP isfunded by the E Union’s Hori 2020 handi ti [ H2020- / u p
- NSCA-1TN2020,undier Grant Agreementn 856086 4 i > 1
Diagram by G. Stewart -




trains Early Stage Researchers

s M A %@j M%M H E P and hyszcﬁii;ﬁiiega;?igiectures

REAL-TIME ANALYSIS FOR ! :
S U S i to advance real-time analysis
in science and industry

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE ) 11
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. _5:::%:? Management

J7 UNIVERSITE WP2
" DE GENEVE

SMARTHEP

traﬁil;s rcscarc%rs in D vul

Machine learning
& advanced data malysh

Hybrid architectures @

4v: UNIVERSITE
" DE GENEVE
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in order to enable

REAL TIME ANALYSIS

for the advancement of

Decision-making
in research and industry

Monitoring
and discoveries
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Dissemination and communication of results

point8

All beneficiaries, all partners

MSCA-ITN-2020, under Grant Agreement n. 956086

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
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SMARTHEP

REAL-TIME AMALYSIS FOR
SCIEMCE AND INDUSTRY y

Synergies between LHC & industry:

Different use cases
Different dataset size/ complexity
— Collaborate on common tools:

1. Machine learning (_)
— enables fast and efficient inference

2. Hybrid computing architectures (WP4)
— accelerate RTA w/ FPGA, GPU, multithreading

rete outcomes in decision-maki
, monitoring and discoveries

CP 12



SMARTH EP Man dgeme Nt Network officers:

.I|Il.

SCENCE AN WDUSTaY Experts who can advise the network
and the ESRs on specific topics
N\ (including ethics)
- Y g el Work package coordinators:
kot — N SMARTHEP supervisors who follow

Nebwork Assembly

ose sopresentatives and coordinate the work of each of
ESA Board the topics in the network (work

/ packages also for management,
ﬁ training and dissemination)

ESR repre afive

=
SMARTHEF g
Exocutive Board or ackaga coorinalors
Innuwal;m!:ﬂ;marhﬂ r'." I‘ “" ;r'lw::il :EFI‘.';;'- ;ﬁtt.i$ 8. 5¢ ’ 't'-' Gligosrow g N etwork a ssem bly:
1 ,’-fz’ ; ‘\“ E-ﬂ;w;w‘ Hg': Schr -.-.I--:-_'.'t::..;.;-:.; H L ) .
\ Nentorgoter deecter . i . deSorie e g Decision-making/voting body,
e - includes ESR representation
External Advisory Board * . °
[ 5. fiar, M. Seyme f!-’ TBC J Int-irrzla;ll:ﬁ?:l:n??.:::r.Eﬁard ] Executlve boa rd (EB):
[mgtm@}ﬂ.ﬂr} - Unless otherwise specified, EB has
open meetings for anyone who
| o N wants to help with running theg?
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086 network
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REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

SMARTHEP - Our 4-year plan

SM ARTH EP ACtiVlty Plan Main research Main commercial Network-organized Network-organized Network events
milestones milestones ’ schools (all ESR) schools (ESR choose 1) and conferences
2021 2022 2023 2024 2025
month: 0 Q4 a1 6 Q2 Q3 2 Q4 o1 s Q2 Q3 24 Q4 a1 30 Q2 Q3 6 Q4 a1 - Q2 Q3 a8
LHC status Long shutdown 2 Run 3 Datz ; No data No data :

3-year ESRs PhD positions ESRs are hired —

WP3 - Machine Learning & data analysis ’ *—secondments
WP4 - Hybrid architectures

(s ncluda
WPS5 - Decision making

> — %
WP6 - Monitoring & discoveries

Training/network events ’ ’ .

Virtual kick-off m / Weareher‘c\/‘

In-person kick-off Advanced ML Yearly network meetings
meetin school (postponed)
Mld-term check

Accelerator boot-camps

withthe EU i Being organized, may be able
Project Officer Whitepapers on state-of-the art to open to external students
. [further research/commercial milestones: collections of
. papers and algorithms from individual projects]
ML + Physics Commercial
school applications school
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-

14
MSCA-ITN-2020, under Grant Agreement n. 956086
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https://indico.cern.ch/event/1204125/
https://indico.cern.ch/event/1098488/
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne

SMARTHEP - Sample physics outcomes

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

- Calibration of ALICE TPC for heavy-ion physics

- Improvements & optimization of the experiment
trigger systems for Run-3 and High-Luminosity LHC

- Data analysis with real-time analysis workflows, e.g.

- New resonance searches

- Lepton flavour violation analyses Check out the ESR
hvsi o talks from our

- New physics searches December meeting

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CE ) 15
MSCA-ITN-2020, under Grant Agreement n. 956086 R ACTIONS


https://indico.cern.ch/event/1318984/timetable/
https://indico.cern.ch/event/1318984/timetable/

SMARTHEP -~ Sample industry outcomes

REAL-TII ’IE AMALYSIS FOR
SCIENCE AND INDUSTRY

Algorithms for real-time traffic prediction (Ximantis)

Real-time analysis of videos and sensor data collected
by dashcams (camera on vehicle, Verizon Connect)

- Running fast analysis in embedded (on-car) system
Automating decision-making for fraud detection (IBM)
Analysis of time series for suggesting next-step

financial decisions to investors (Lightbox)
Check out the ESR
talks from our
December meeting

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp 16
MSCA-ITN-2020, under Grant Agreement n. 956086 MARE CURIE ACTIONS


https://indico.cern.ch/event/1318984/timetable/
https://indico.cern.ch/event/1318984/timetable/

SMARTHEP -

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

1

* Network-wide candidate selection, organized by
CERN HR

* Eligibility checks are important for this kind of
network, e.g. you shouldn't get a job in the
same country as your previous career step

®* Procedure for selection agreed upon in network
meetings:

* Eachinstitute made a shortlist of 5-10
candidates, then proceeded to interview

* Network-wide recruitment meeting to disclose
results and make offers

* If two institutes wanted to make offer to
the same candidate, candidate’'s
preference would be used for decision

* Ifinstitute ran out of candidates, other
beneficiaries suggested other eligible
candidates

MSCA-ITN-2020, under Grant Agreement n. 956086

SMARTHEP

12 PhD positions in Particle Physics and Computer Science
- EU project SMARTHEP

Geneva, Switzerland
Full-time

Company Description

The EU-funded Horizon 2020 programme has two main strategic objectives: to strengthen the
scientific and technological base of European industry and to encourage its international
competitiveness, while promoting research that supports EU policies.

In this context, the growing amounts of research data require new computing solutions to manage
increased data storage, utilisation, and analysis capabilities.

Synergies between Machine learning, Real-Time analysis and Hybrid architectures for efficient Event
Processing and decision making (SMARTHEP) is a European Training Network (ETN). SMARTHEP will
train 12 Early Stage Researchers (ESRs) across 10 host institutions across Europe to use real-time
decision-making effectively leading to data- ion and analysis ing synonymous, aided by
by machine learning and hybrid computing architectures.

As part of SMARTHERP, you will join a dynamic research team that values science, technology,

creativity and quality. We encourage the exploration of new ideas and innovations. You will work with a
supportive international consortium which includes other enthusiastic young scientists as well as some

of the world's leaders in the development of Real-Time Analysis (RTA) and and key specialists from
computer science and industry.

How did we recruit students?

Refer a friend

Posted

by
Bl |\ g Haug

SHARE THIS JOB

©@060000

Powered by
SmartRecruiters (pata Processor
Privacy Policy and Terms of Use

SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation programme, call H2020-

7
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SMARTHEP

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

® Postadvertised widely

e Euraxess, external recruitment websites, social
media, experiments mailing lists, beneficiary
websites

® 199 applications total
* 55 different nationalities
* About 140 passed eligibility checks

® Selection procedure anonymized (as much as possible
for gender and age

* Targetfor women ESRs: 30%,
hired women ESRs: 25%

® ESRsare from India, Italy, Switzerland, Denmark,
Sweden, Greece, Spain, Thailand, UK, Colombia

¢ Personal Career Development Plans for each student
(think aboutwhether |fyou would also like to do this,
then ask your supervisor!)

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086

Recruitment statistics

| 0 Log out
EURAXESS

Home  Jobs and Funding v  Career Development | Partnering v | Information and Assistance v  National Portals = Worldwide

Home > EURAXESS Woridwide > EURAXESS ASEAN > 12 PhD positions in Particle Physics and Computer Science - EU project SMARTHEP

NEWS 28/1/2022 OPPORTUNITIES

12 PhD positions in Particle Physics and Computer Science - EU project
SMARTHEP

e Dea usellh e EURAXESS portal has been renewed to offer you a better and more secure experience. You might encounter minor
as we are ing the upgrade and migration to a new content management system.

SMARTHEP

Synergies between Machine leaming, Real-Time analysis and Hybrid architectures for efficient
Event Processing and decision making (SMARTHEP) is a European Training Network (ETN).
SMARTHERP will train 12 Early Stage Researchers (ESRs) across 10 host institutions across

S

MARE CLRIE ACTIONS




AMALYSIS FOR

§MARTHEP How do | find other networks like this?

SCIENCE AMD INDUSTRY

* Since SMARTHEP, this kind of networks
changed name

* From European Training Network to
Doctoral Network

* Calls still published on the EURAXESS website

* https://euraxess.ec.europa.eu/jobs/search

* Note; PhD / postdoc positions also available
on INSPIRE-HEP

* https://inspirehep.net/jobs?sort=mostrece
ntésmez?g&' a e| = Es%atus=open - use
search bar Rd

* Also: ask Jon and Andy about the MCNet
Collaboration!

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086

B oo 0 Login
EURAXESS

Search for jobs

Filter by Search for jobs (5626)

SSSSS

Newest offers first

Unsolicited advice for job seeking (morein
panel discussion): whatever job you end up
looking for/doing, be yourselfand have fun

a4


https://euraxess.ec.europa.eu/jobs/search
https://inspirehep.net/jobs?sort=mostrecent&size=25&page=1&status=open
https://inspirehep.net/jobs?sort=mostrecent&size=25&page=1&status=open

SMARTHEP Could the !ecture[s g.ive me some advice
on...anything you’d like

Raise your hand, or add a question to slido.com - event code 9876543210
Or click this link: https://app.sli.do/event/mvR4zdBCiRnBjgVtgh9a78

Or use this QR code:

Live Archive Q =

o Anonymous
o

What criteria do you consider when reviewing a student's CV for a PhD
position?

M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086



https://app.sli.do/event/mvR4zdBCiRnBjgVtgh9a78

REAL-TIME ANALYSIS FOR
SCIENCE AND INL USTRY

Backup slides

M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086




SCIEMCE AND INDUSTRY

SMARTHEP - The SMARTHEP website

Developed in collaboration with Nectar UK
(who also provided logo and marketing strategy)

Went online in January 2022, main source of information for recruitment

SMARTHEP

SMARTHEP

Real-time analysis for
science and industry

MEET OUR EARLY STAGE RESEARCHERS

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- C.E:) 22
MSCA-ITN-2020, under Grant Agreementn. 956086 MARE CUSIE ACTIONS



https://smarthep.org/

SMARTHEP Open and FAIR data

Findable, Accessible, Interoperable, and Reusable digital assets.

With SMARTHEP, we intend to be part of the effort
to improve data FAIR-ness and reproducibility & sustainability of software

SMARTHEP has a Data Management Plan

« Data from LHC experiments follows the CERN Open Data policy (FAIR)
 Individual discussions involving Ethics Officer for industry beneficiaries and partners

Software discussions ongoing in high energy physics within the HEP software

Foundation (see https://hepsoftwarefoundation.org)

o H > F
M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- C’p 23
"
* MARIE CLRIE ACTIONS

MSCA-ITN-2020, under Grant Agreement n. 956086



https://hepsoftwarefoundation.org/

SMARTHEP

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

b

Kick-off meeting:
Code Of Conduct

- Discussed and agreed upon a code of conduct

*
b
w*

wr

w*

o

-

i

b

b

Based on CoC from University of Helsinki / Kumpula

Campus

Complementing the European Code of Conduct for Research Integrity

and the MSCA Researchers Rights and Obligations

Reflecting and pledging conduct in terms of:
- Truth and knowledge

- Autonomy

- Creativity

- Critical Mind

- Edification

- Well-being

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call :

MSCA-ITN-2020, under Grant Agreement n. 956086

SMARTHEP Network Code of Conduct
Truth and Knowledge

We are guided in our actions by our core values of truth and knowledge, auionomy, creativity, critical mind, edification and wellbeing.

= We take as a starting point for our research, teaching, loarning and other activities the pursuit of truth and new knowledge.
*  We respect and value difference.

= We are open to new ideas and approaches.

. w»snuctweouoﬁmsomolhorswgﬁlmoma andconnmowmndw T Work.

+ We do not deceive others, whethes by uni al o 1 o¢ by d act.

< Wer cspoctltwprwncyotothovs.wm fidentiality of inf documents and data.
We do not , Of pret or talsity cata.

Autonomy

+  We recognise that our behaviowr may reflect upon the reputation of the SMARTHEP Network,

= We respect the limited human, financial and material resources available 10 the Network comenunity.

*  Wo advise and guide each other where appropriate

*  We exercise adequate supernvision when in a position of authority, or when delegating tasks, avoiding excessive workioads,
«  We do not abuse our authority, position or power 1o cbtain special treatment or undue influence for owrsedves or others.

* We are familiar with, and follow, all relevant rules and regulations.

+  We strive 1o avoid conficts of inlerest, whether real or perceived, and disclose them otherwise.

Creativity
We are open to new ideas and approaches.

*  Wo value all areas of academic endeavour oqually highly,

*  We keep up-to-date with developments that aMect our work, studies o research.
We apply our leaming, skilis and peofessional experience constructively for the benefit of al
* We share any knowledge that could benefit each other in our work or studies
*  We adopt alternative approaches in order 1o generate new thoughts and concepts.
*  Wo give credt 1o others for their contridutions.

Noks



https://indico.cern.ch/event/1204125/contributions/5129309/attachments/2552580/4397725/SMARTHEP_Code_of_Conduct%20copy.rtf
https://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-2027/horizon/guidance/european-code-of-conduct-for-research-integrity_horizon_en.pdf
https://marie-sklodowska-curie-actions.ec.europa.eu/document/msca-fellows-in-innovative-training-networks-information-note

SMARTHEP -~ Potentially useful material

. UniGe First Collider Physics and Machine
Learning school [agenda] \\a!,-,./
- Particle physics SMARTHEP—
(theory: T. Sjéstrand, experiment: A. Sfyrla) REALLTIME ANALYSIS FOR *7/ l \.Q\
+ ML with hands-on component (M. Pierini)
- Seminars (+ apero) on multimessenger astronomy & CERN jes: Nefork Schooton.
experimental programme, slides available Collider Physics an
- Presentation course by Alice Ohlson from the 2023 Yearly Machine Learning
Meeting [link]
- More resources on C++/Git: A0S ey 2022

Umver5|ty of Geneva

- Step by step course on C++: https://www.learncpp.com

(suggestion: use an adblocker)
umvsksne

- Step by step course on Git: oecmws

ffffff £ DES SCIENCES

https://swcarpentry.github.io/git-novice/ i

25
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086



https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/event/1318984/contributions/5683582/attachments/2768378/4822714/presentation_skills.pdf
https://www.learncpp.com/
https://swcarpentry.github.io/git-novice/
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