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Minimizing the knowledge gap between
Large Research Infrastructures and Society
through Citizen Science

4 DEMONSTRATORS

Science with and for Society (SWAFS)
H2020-SwafS-2018-2020

©

Gravitational Wave Deep Sea 5 or Interdisciplinary
noise hunting Hunters New Particles studies with
ot the LHC Geoscience and
Archoeology

DEC 2019 — NOV 2022

This project has received funding from the European Unions Horizon 2020
research and innovation programme under "grant agreement No 872859.
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REsearch INfrostructures FOR Citizens in Europe

REINFORCE: intends to establish a coommunity of citizens
actively engaged in public-funded frontier research.

Assess the benefit to science Assess the benefit to society

4 DEMONSTRATORS
PLUS:
Gravitational Wave Deep Sea Search for Interdisciplinary Explore the potential
noise hunting Hunters New Particles studies with of frontier citizen science
s Giﬂgﬁﬂﬁﬁﬂd for inclusion and diversity.

EGO KM3NET LHC geology project

This project has received funding from the European Unions Horizon 2020
research and innovation programme under "grant agreement No 872859.
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REINFORCE REINFORCE & LHC

REsearch INfrastructures FOR Citizens in Europe

Citizens will become scientists of CERN,
the largest particle-physics lab in the world.

to discover New Physics with the Large Hadron
Collider (LHC), the most powerful collider ever built.
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{§») REINFORCE REINFORCE & LHC

REsearch INfrostructures FOR Citizens in Europe

Exploit ATLAS Data/MC to provide:
® an exciting and educating experience to citizen-scientists

® quantitative assessments on potential contribution.

4 Possible subject for visual analysis: Displaced Vertices (DVs) \
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REsearch INfrostructures FOR Citizens in Europe

Exploit ATLAS Data/MC to provide:
® an exciting and educating experience to citizen-scientists
® quantitative assessments on potential contribution.

Stage - 1

Visual detection of : Stage _.2. .
Displaced Vertices (DV) Particle Identification
_ SIMULATED DATA - - SIMULATED DATA -

Stage - 3
Discovery
- REAL DATA -

7<J ® Stages 1 & 2: will provide the main results (citizens’ efficiency Vs our custom algorithm).
W) e Stage 3: gives citizens the opportunity to apply what learned on a sample of real data.
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{§») REINFORCE RESQURCES

REsearch INfrastructures FOR Citizens in Europe

A

EXPERIMENT

p-p COLLISION DATA
A generous 10 fb of Open Data is offered by the collaborationfor exposure to the public.

Addition approval (required multiple meetings) has been given to our project to expose:
® Open Data but from special processing chains (large radius tracking),
® additional information to that already made public.
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REINFORCE RESOURCES

REsearch INfrostructures FOR Citizens in Europe

THE ZOONIVERSE WORKS

099,421,120

A vibrant community. Zooniverse gives people of all ages and backgrounds the chance to

ZOONIVERSE

participate in real research with over 50 active online citizen science projects. Work with 1.6
million registered users around the world to contribute to research projects led by hundreds
of researchers.

S5IGN IN OR REGISTER TO GET STARTED

Sign in

CITIZEN-FRIENDLY ENVIRONMENT & PUBLICITY BOOST

with over 2M registered volunteers.
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REINFORCE RESOURCES

REsearch INfrostructures FOR Citizens in Europe

(= HELLENIC REPUBLIC
i /! National and Kapodistrian University of Athens

EST, 1837

n Mee | My, My | My

M| cevi Events:64 Mean:125.4 =

RMS:2.3

g

HYPATIA

Event: 131/1376 (14951384/310000) 2019-02-12
ETMiss: 1.20 GeV  ¢: 2.09 rad

€ Previous fvert [ - e s O i - Cerete Track vl pr 2 $|Gev | event 14951384 start =
Track +/- p [GeV] pr [Gev] o [rad] 8 [rad] Event Na... ETMiss [Gev] Tra... p [GeV] +/- prGev] @ [rad] n my[GeY] iy [GeY
track_T6 + 598/ 2.23 -Us/4 0.393
ph... 16816 | - 942 2.89 -1.18
track_18 - 12,978 6.112 -0.703 0.49
14951384 ... 1.201 ph... 32.62 - 30.95 1.72 -0.33 122.96
track_20 - 3.805 2.423 1.5 0.69

track_22 - 12,387 4778 -0.477 0.396

VISUAL DATA-ANALYSIS FRAMEWORK

successfully used for many years in IPPOG Masterclasses & other outreach actions.
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The project on
ZOONIVERSE
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ABOUT  GET INVOLVED TALK BUILD A PROJECT  NEWS NOTIFICATIONS MESSAGES

REINFORCE WP5 ABOUT CLASSIFY TALK COLLECT RECENTS

Helpthe ATLAS scientists.look for

signatures of new massive long-
lived particles'produced in proton-
proton collisions, }Nhich could be a
~sign of New Physics. .
> =

y .,
3 | .
@, \
"' Learn more '
R b
|

Ve [ e

Homepage with links providing lots of information about:
® physics (related to the project);

® the ATLAS experiment;

® the group.
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» REINFORCE THE PROJECT ON ZOONIVERSE

REsearch INfrostructures FOR Citizens in Europe

REINFORCE WPS

Helprothe ATLAS scientists look fFor
sSsigmnatures ofinNnew MmMassive lomgs—

Thwed particles'yproduced inm protormn-—

PpProtomn _ collisitonNns., which could be =a
=i N of Mew Physics.
F=1 - g

This project has been bullt using the Zooniverse Project Bullder but Is not yet an official Zooniverse project. Querles and Issues relating to this project directed at the Zooniverse Team may not recelve any response.

Get started ¥

This project consists of three stages - Stages 1,2 and 3 - which are intended to be completed in the given order. In STAGE 1, you are presented with high-purity simulated samples of events. These will help te train you how to
identify Displaced Vertices, which are among the products of proton-preton collisions and are the signatures of long-lived particles. Results from this stade will also allow researchers to determine whether the human eye is
better at this task than automated algorithms. In STAGE 2, you are presented with simulated samples of events in order to train how to identify known particles (electrons, muons, photons, converted photons) in the ATLAS
detector. This is necessary because the above listed particles can be the decay products of the sought after particles of Stage 3. Your identification results will also allow researchers to determine whether the human eye is
better at identifying them than automated algorithms. In STAGE 3, you will use the knowledgde acquired in the previous stages to browse a large sample of real ATLAS data, searching for new physics signatures. Your search
will be twofold: a) you will look for decays of the Higgs boson to two photons, one of which could be converted in the material in front of the calorimeters to an electron-positron pair; and b) look for long-lived hypothetical
particles (predicted by certain theories Beyond-the-Standard-Model) which decay further away from the primary vertex (at a Displaced Vertex) to a lepton and a jet of other particles. We look forward to receiving your
"discovery” events and discussing them with you! We strongly recommend reading the given instructions carefully. If, having read them, you feel that you already have the knowledge to move straight to a specific certain

stage, ple oceed to the sjade that seems appropri you. Howeve is HIGHLY ADVISA g go through a any events as possibl ages land 2, er to become familiar with both the detector and the
traces thestagen separate parts. This wil ag&\\ o spot the sought: rgdnts collected by AT ége 3

l Stage 1 - Displaced Vertex Identification ] [ Stage 2 - Particle Identification ] [ Stage 3a - Study of Higgs Bosons ] [ Stage 3b - Discovery of Long Lived Particles ]

> A /4 /4

Each button loads the respective stage.
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REINFORCE STAGE 1 - Displaced Vertex ldentification

REsearch INfrostructures FOR Citizens in Europe

Citizen scientists are invited to identify any displaced vertex in the
displayed event using their mouse pointer.

New Particle Search at LHC In this stage we use SUSY MC samples
(stop — DV + p).

The track selection mimics the one used
by ATLAS to reconstruct DVs (plus
additional criteria for visualization).

Stationary image of the
ATLAS inner detector
(transverse & longitudinal view).

Tracks from the primary vertex have
been removed.

‘:} Displaced vertex

NEED SOME HELP WITH THIS TASK?

senes “ #

Tracks are colored to allow
association between the two views.
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REINFORCE STAGE 1 - Displaced Vertex ldentification

Citizen scientists are invited to identify any displaced vertex in the
displayed event using their mouse pointer.

New Particle Search at LHC ABOUT  CLASSIFY  TALK COLLECT RECENTS LAB

Brief tutorial.
_d ]
| TASK TUTORIAL

Place a marker on any displaced vertices that you
can see. If you do not see any displaced vertices,

In New Particle Search at LHC, you will
identify displaced vertices in the ATLAS
inner detector. The inner detector is

Jjust click "Done".

Please make sure that you have read the
detailed instructions provided at the help link
below.

represented in two different ways, which are
shown next to one another.

On the left half of the image is the
transversal view of the detector, represented

Displaced vertex 0 of O required drawn

by a series of concentric circles. On the right

half of the image is the longitudinal view of
the detector.

NEED SOME HELP WITH THIS TASK?

AL L

Link to a detailed HELP section:
® video instructions

® examples

® training cases

00000

June 19/2021 Stelios Angelidakis - REINFORCE



REINFORCE STAGE 1 - Displaced Vertex ldentification

REsearch INfrostructures FOR Citizens in Europe

Citizen scientists are invited to identify any displaced vertex in the
displayed event using their mouse pointer.

New Particle Search at LHC ABOUT  CLASSIFY TALK COLLECT RECENTS LAB

Marking the position of a
displaced vertex in both views.

iverse experience

TASK TUTORIAL

‘; Zoom & drag

Just functionalities.

Please make sure that you have read the
detailed instructions provided at the help link
below.

1.':} Displaced vertex

NEED SOME HELP WITH THIS TASK?

Eﬁ
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REINFORCE STAGE 1 - Displaced Vertex ldentification

REsearch INfrostructures FOR Citizens in Europe

Citizen scientists are invited to identify any displaced vertex in the
displayed event using their mouse pointer.

Feedback

LECT RECENTS LAB

New Particle Search

TUTORIAL

displaced vertices that you

see any displaced vertices,

it you have read the
i provided at the help link

ILP WITH THIS TASK?

B -

Feedback is provided
. Displaced vertices found: (2 matches) for each processed event.

® Citizens’ data will be collected by Zooniverse and provided to us for analysis/evaluation.
® Citizens’ performance will be compared to an automatic algorithm that we are developing.
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i) REINFORCE STAGE 2 - Particle Identification

REsearch INfrostructures FOR Citizens in Europe

HYPATIA takes over from Zooniverse:

Tutorial and Help page
REINFORCE WP5 ABOUT  CLASSIFY  TALK are provided

This Stage of the Demonstrator uses an TASK TUTORIAL
external web event display called "HYPATIA"

to identify different kinds of particies. Click here to open HYPATIA

SOATLA r Click here for detailed instructions ‘
7 EXPERIMENT Link to load HYPATIA

B I -

i

NEED SOME HELP WITH THIS TASK?
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REINFORCE STAGE 2 - Particle Identification

REsearch INfrostructures FOR Citizens in Europe

Interactive display of the ATLAS detector
(transverse & longitudinal view).

ﬁ\t | , HELLENIC REPURLIC
event_lep... 1 .
w0 - land K gelection of electrons / photons / converted photons

from the respective cluster in the EM calorimeter. I~ S

track_3 + 37.05 11.63 b

track_1 - 85.52 18.57 b

substantial adjustment
of the official HYPATIA
to provide more realistic cases.

+ Electron + + Photon + Conv. Pho... = Delete = Next Slmpllﬁed menu
Partice e N — (suitable for particle identification)
track:'—‘ - 7.052 5.766
track 5 : 40,597 8.508 In this stage we use SM MC samples
track_6 - 20.089 7.165 (H N YY! H - ZZ* N 4|)

cluster_1 100.599
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REINFORCE STAGE 2 - Particle Identification

REsearch INfrostructures FOR Citizens in Europe

= HELLENIC REPUBLIC

_?‘«_‘T_t_lep--- .al and Kapodistrian University of Athens
i L EST. 1837 ————————

6500285

Particle +i- p [Gev] pr[GeV] eluly

cluster_1

track_3 + 37.05 11.63 b

track_1 - 85.52 18.57 b

Selections are stored by HYPATIA

electrons photons Iconv.photons
| -
+ Electron + + Photon + Conv. Pho... = Delete = Next
Particle +f- p [GeV] prGeV]
track_4 - 7.052 5.766
track_5 + 49,597 8.508
track_6 - 20.089 7.165

cluster_1 100.599

® Citizens’ data will be collected by HYPATIA for analysis/evaluation.
® Citizens’ performance will be compared to a machine-learning algorithm that we are developing.
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i$») REINFORCE STAGE 3 - Study of Higgs bosons

REsearch INfrostructures FOR Citizens in Europe

HYPATIA takes over from Zooniverse:

Tutorial and Help page
REINFORCE WP5 ABOUT  CLASSIFY  TALK are provided

This Stage of the Demonstrator uses an TASK TUTORIAL
external web event display called "HYPATIA"

to identify different kinds of particies. Click here to open HYPATIA

SOATLA r Click here for detailed instructions ‘
7 EXPERIMENT Link to load HYPATIA

B I -

i

NEED SOME HELP WITH THIS TASK?
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REINFORCE STAGE 3A - Study of Higgs bosons

REsearch INfrostructures FOR Citizens in Europe

Using real ATLAS data with event
preselection for H — yy searches.

Citizens will search for and select
pairs of photons (including
converted photons) consistent
with Higgs decay products.

Star rating system to classify
events accoring to interest level.

[\

converted photon

+ Photon + cConv. Photon

= Delete

Particle +- priGev] @ [rad] 8 [rad]

120.60

Event: 5/20 (140978175/298771) 2016-05-10
ETMiss: 35.53 GeV ¢:-0.16 rad

track_b = 4112 -0.14 1.03

track_7 + 18.19 -0.12 1.03

cluster_1 69.62 23 1.35

® Citizens’ data will be collected by HYPATIA for analysis/evaluation.
® High rated events can be discussed on the project’s discussion board.
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REINFORCE STAGE 3B - Discovery of Long-Lived Particles

REsearch INfrostructures FOR Citizens in Europe

Using real ATLAS data (RPVLL stream).
Citizens will search for muon-jet DVs:

® mark the lepton associated with the DV,
® rate the event (low — high interest).

Selection of a muon
associated with a DV.

Star rating system to classify
events accoring to interest level.

Information (Etmiss, MDV, RDV) y —
to assist event rating. * Nex ekokokoks

Particle - — dp [mm] @ [rad] © raa) Faruc: priwey) ay, ™ M AGe M, [GeV] @ Hel

Event: 1/41 (570528740/298967) 2016-03-12
ETMiss: 74.54 GeV  :-0.47 rad
Mpy: 81.44 GeV  Rpy: 94.25 mm

track_8 + 23.03 -0.01 -3.03 11

track_10 i 38.63 0.35 0.09 0.36

track_11 - 13.71 0.61 0.08 0.36

® Citizens’ data will be collected by HYPATIA for analysis/evaluation.
® High rated events can be discussed on the project’s discussion board.
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{§») REINFORCE CONCLUSIONS

After tens of meetings (collaboration / advisory board / EU review board / ATLAS)
=>The platform is finalized and will deploy in the next months.
=> Citizen data will be collected for about a year.

=> Analysis of citizens’ data will follow.

Additional Information and News on the project website:
https://www.reinforceeu.eu

This project has received funding from the European Union's Horizon 2020
research and innovation programme under "grant agreement No 872859.
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