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Future Circular Collider (FCC)

* Proposed to be built at CERN with a circumference of 90.7 km (~3x LHC)
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15t stage of FCC: e+e- collisions (FCC-ee)
—>Z-pole run (/s = 91 GeV)

I enormous data set 2 ALPs could be produced
in large quantities at FCC-ee
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That’s us!


https://arxiv.org/abs/2203.06520
https://fccis.web.cern.ch/host-states-gear-work-fcc

Machine parameters:

. Vs =91 GeV
Overview I = 205ab-*
mm) Goal: Studying the sensitivity of the FCC-ee to an ALP signature
during the Z-pole run
How? ( 1 {
* Using simulation and analysis software e e }

to produce samples of defined ALP p

signal event & background events | Process card }—Kﬂ] _ Delphes ]J

* Making event selections { !
Analysis software ]

iEvent. selection Plotting

The Common analysis framework for the FCC ,
MadGraph, Pythia, Delphes, L. Rygaard Elnura Bakhishova - ALPs at the FCC-ee



https://hep-fcc.github.io/FCCAnalyses/
https://arxiv.org/abs/1405.0301
https://arxiv.org/abs/1410.3012
https://arxiv.org/abs/1307.6346
https://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-479595

Axion-Like Particle (ALP)

* ALP = BSM, hypothetical, pseudoscalar particle
* ALP 1s a generalization of axion with independent mass and coupling strength
* Long-lived due to weak coupling to SM particles
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http://dx.doi.org/10.1140/epjc/s10052-019-6587-9

Axion-Like Particle (ALP)

* ALP = BSM, hypothetical, pseudoscalar particle
* ALP 1s a generalization of axion with independent mass and coupling strength
* Long-lived due to weak coupling to SM particles

rSignal event ete” = 7 = ay — vy Signal event

* 3 final state photons
* 1M events produced for various ALP parameter settings

Varied in analysis: ALP mass & ALP-photon coupling c,,,
- Influences cross-section and lifetime
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Projected sensitivity for ALP at the FCC-ee
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The red line corresponds to ~95% CL
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Comparison to existing collider constraints

P
2
S:a-
S 107
Constraints from other collider searches 102 SRR, T
on the ALP parameter space indicate that oo |
FCC-ee would reach so far uncovered
' 10°*
parameter space! -
10°°
10—6 Lol Lo el oo el Lol
1072 107 1 10
m, [GeV]

Projected sensitivity of FCC-ee to the ALP signal process at 95%
confidence level limit (black dashed line) in the ALP-photon
coupling versus ALP mass plane
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https://cajohare.github.io/AxionLimits/

Backup
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IM events produced for each sample

Background events

- , {
= processes that could mimic the ALP signal event ee —ee

| ete” > ete ™y

Diphoton : e'e — vy

l

|
T'riphoton : ee™ — yyy e'e” > ee vy

|
Quadphoton : ete™ — yyyy ete” —ete yyy
\G\WW
Y
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Event selections

Total number of background events for Z-pole run: ~10!!
Total number of signal events for Z-pole run depends on ALP parameters: 10 - 108

Increase signal-to-background ratio by applying event selection criteria to the collision
events, thereby increasing the sensitivity for ALP signal detection at FCC-ee

Selections on final state particles, angular separation between particles, momentum...
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Event selections

Total number of background events for Z-pole run: ~10!!
Total number of signal events for Z-pole run depends on ALP parameters: 10 -4 - 10?

Selection Criteria

Selection 1 | Vetoes No reconstructed electrons

Selection 2 || Final State | Exactly 3 reconstructed photons

Selection 3 || Angles min AR < 1

Sclection 4 || Momentum | p > 42 GeV for leading photon (photong)

Table 3: Summary of the event selections.
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events

Final state: 3 photons

10%&
10*
10°
10°
10

FCCAnalyses: FCC-ee Simulation (Delphes)
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Require exactly 3 reco ahotons

Signal events op  *
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FCCAnalyses: FCC-ee Simulation (Delphes)
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events

Angles: Require minAR < 1

FCCAnalyses: FCC-ee Simulation (Delphes)
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Cut flow table

Before selections After all selections
Signal events Nezp % Nep %
mq|GeV] | ¢y
1 1 2.75e+08 | 100 2.26e+08 | 82
3 0.4 4.39e+07 | 100 3.04e+07 | 81
0.1 0.4 4.40e-+07 | 100 éBackground events have 1.29e+07 | 29
10 1.6 6.79e+08 | 100 L. 4.25e+08 | 63
10 0.002 | 1.06e+03 | 100 been significantly reduced 6.65e—02 | 63
chkground events | Nesp % while maintaining as much of Neap %
ete” — vy 1.38e-+10 | 100 . . 0. 0
o S 514008 T 100 the signal events as possible TS ARE
ete — Yy 1.29e-+-07 | 100 2.16e+04 | 0.17
ete” — ete” 4.52e-+-11 | 100 0. 0
ete” — ete 1.19e-+-10 | 100 1.19e+-04 | 0.0001
ete” — ete vy 2.00e+08 | 100 2.00e+02 | 0.0001
ete” —ete yyy | 2.38e+06 | 100 0. 0

Table : Cut flow table of the sequential application of the four event selections. The table displays the ALP mass and coupling strength
of selected signal samples and all background events. N_exp is the expected number of events that remain at each stage of the applied
selection for the Z-pole run at the FCC-ee. The % columns show what percentage of the initial number of events (prior to any
selections) remain after the specified selections.
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ALP constraints — zoomed out

ALP limits
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https://cajohare.github.io/AxionLimits/

ALP couplings and Wilson coefficients

After EW symmetry breaking the U(1) gauge boson mixes with the neutral SU(2)
gauge bosons to produce a photon (mediator of EM interaction) & Z boson (neutral
mediator of weak force)

* Coupling to SU(2) gauge boson (C_ WW) set to 0, we assume

Cyy = C ww +C BB ALP only couples to U(1) gauge bosons (C_BB)

Cyz = ¢, Cww — 5, Cha. * Parameters fixed at zero allow analysis of simulations with
Czz = ¢, Cww + 5, CiB. direct dependencies on C yy

NIQ% -’ Cww
167 (ffBl Tf Tl - B)(Tu‘)

So
w

ofl ¢
C5, (me > Age B = CanF E
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C++ source files

Contains definitions of
accessor functions

|

=

C++ header files

Contains function
declarations

Methodology

Pythia output

ROOT files with
EDM4hep objects

4
Ve Stage 1

~

Defines variables by
accessing objects

with accessor

and their properties ‘

functions

J

.

Final

Defines
parameters for
plots and event
selections

=

J
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Plots
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_\

Plots histograms
of the processed
data
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Standard Model

* Developed in 1970s

* Successfully verified by many experiments

* Includes 3 of the 4 fundamental forces

Unexplained:

* Dark matter, dark energy

* Baryon asymmetry
e Neutrino mass

* Gravity not incorporated

Standardmodell der Elementarteilchen

Dred Generationen der Maberie Wechselwirkungen
(Fermionen) (Bosonen)
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