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Why collide?
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Lepton machines




Hadron machines
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Future Circular Collider
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FCC-ee physics case
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FCC-ee (new) physics case
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FCC-ee detectors

Instrumented return yoke

Double Readout Calorimeter
2 T coil

Ultra-light Tracker

MAPS

\ LumiCal

Pre-shower counters

IDEA

Silicon vertex detector
Drift chambers for tracking
Solenoid coil inside calorimeter

Micro-RWELL for muon detection

Scintillator-iron HCAL

All silicon vertex detector and tracking
High-granularity calorimeter
Solenoid coil outside calorimeter

RPC-based muon system



The project:
Future Collider Experiment

e Time travel a few decades into the future

* Discover how the physics analysis works with the data
taken by the next-generation collider experiments

® Measure the already known processes

* Hunt for new particles and interactions



FCE

e We will use the fce analysis tool (platform-agnostic) Histogram creation

L : . . Dataset selection
e Get it via pypi: https://pypi.org/project/fce/

= pip install fce --user List of predefined variables

Future Collider Experiment

Data: [Users[kskovpen/Work/FCC/widget/merged/

[ )
Event Sklm @ Energy: | 91GeV ¢ Detector: | IDEA C | Target:  None ¢
se I e Ctl on Bins: 30 Min: -314]  Max: 3.14
p= (nelectrons >=1) Best fit:
skim =p IDEA, 91 GeV
N L O B L B BN B
° 5 ¢ Data
Event selection Ppr—— : - s _
. . passevent = p . ——— ]
C r l te r I a. X4 Significance

HE X3 . (observed):

observable = electrons[0].eta
Significance
(expected):

Define the main
analysis observable

Observable

N.B.: Code syntax is python! Analysis result Statistical analysis y


https://pypi.org/project/fce/

Analysis examples

Future Collider Experiment

Invariant mass of
two electrons

Vector operations
as defined by
vector library

Beware of
tabulation in
python syntax

~—

@

p = (nelectrons >= 2)
skim=p

p = (nmuons == 0)
passevent = p

emax, imax = -1, -1
for iel, el in enumerate(electrons):
if el.e > emax:
emax =el.e
imax = iel
observable = abs(electrons[imax].phi)|

Data:

Energy:

©

p = (nelectrons >= 2)
skim=p

Bins:

p = (nmuons == 0)
passevent = p

observable =
(electrons[0].p4+electrons[1].p4).m

Future Collider Experiment

Data: [Users/kskovpen/Work/FCC/widget/merged/

Energy: = 91GeV C Detector: | IDEA

Bins: 50

91 GeV

[Users/kskovpen/Work/FCC/widget/merged/

{ Detector: | IDEA C Target: | None

50 Min: 88 Max:

IDEA, 91 GeV
———

¢ Target:

(]

¢ Dataz
X6 ]

[

mm X5
X4

X3
X2

[

- adasal
93
Observable

None <

3.14

Best fit:

IDEA, 91 GeV
T T T ]

25

Significance
(observed):

Significance
(expected):

3.0
Observable

< Set

94

Best fit:

Significance
(observed):

Significance
(expected):

Azimuth angle of
the most energetic
electron in event


https://vector.readthedocs.io/en/develop/index.html

Task

What are these processes? Give the detailed definition and measure their
production cross sections

Future Collic 2>r Experiment

Data: [Users/kskovpen/Wo. <[FCC/widget/merged/
Energy: = 91GeV C etector: IDEA - <

Bins: 30 Min: 2 3.14

p = (nelectrons >=1) Best fit:

A= IDEA, 91 GeV
o T I 1 T T I 1 T T 1 T U ! 1 1 T ! 1 1 T | ! 1 1 T | T 1]

p = (hmuons == 0)
passevent = p

Significance
(observed):

observable = electrons[0].eta
Significance
(expected):

2 3
Observable




Installation

fce 0.0.6

Install

foo@bar:~$ pip install fce --user

gp'ip install fce (@

Run

foo@bar:~$ fce

Data sets

The simulated collision events are available for the four main center-of-mass energies (91, 160, 240, and 365 GeV) and
can be downloaded by:

foo@bar:~$ fce-datasets

This will download all available datasets in the current directory.

Can be done either locally on your laptop,
or just log in to bnd02.iihe.ac.be (the input data are available at /var/bnd/fcc/datasets/)



http://bnd02.iihe.ac.be
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The work plan

Split into two research groups =
two collaborations (IDEA and CLD)

Organize your experiment:

e Work out strategies to study
SM processes and look for
new physics

e Optimize task forces
e Select the spokesperson ...
Study FCC-ee collisions at the four main energy points (91, 160, 240, and 365 GeV)

Prepare your results in the presentation format discussing observations and underlying
physics

The assessment of the results will be based on the quality of your discoveries as well as
the level of understanding of the obtained results

Good luck!
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