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Uncertainty Calculations
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expected number of events
N sel

lvexp p— O' Lint — integrated luminosity

remaining events after selections
tOt total number of events before selections

The number of expected events is given by:

Neel
Nexp = Ucintﬁ (1)
where Ny, corresponds to the number of expected events, o to the cross section, Liy to
the integrated luminosity, Nge to the remaining events after selections, and Ny to the total
number of events before selections, respectively.

We assume Poissonian statistics for Ng. Uncertainty propagation gives:

Niot @

For a Poisson-distributed count N, the standard deviation (statistical uncertainty) is v/ N.
Substitute ANge] = v/ Nsel
Nael

ANex = inf
E UL: ¢ Ntot (3)




Uncertainty Calculations

Using Elnura’s results from the Z-Pole study. Given statistics are from Z-Pole centre-of-mass energy,
thus integrated luminosity corresponds to £ = 205 ab™!. Results for two signal points summarized

below:

m, [GeV] | ¢,y | o [pb] Nexo %
10.0 1.6 | 6.764 | 4.25e+0.8 | 63
1.0 1.0 | 2.739 | 2.26e+0.8 | 82

Table 1: Summary of results from Elnura’s thesis and slides. Table displays ALP mass, photon coupling
strength, rounded cross section from MadGraph, number of expected events after selections,
and remaining percent of initial number of events after selections. For each sample, 106 events

were produced.
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Uncertainty Calculations

Will calculate uncertainty for m, = 1.0 GeV and c,, = 1.0 sample. First need to determine N.

Rearranging Equation 1 gives:
N, expN tot

N, sel =
O'Eint

Substituting this into Equation 3 results in:

Nexp Neot

—exp-tot
oLint U'Cint Nexp
AJ\rexp = 0Lint =
N tot N; tot

Substituting values and evaluating:

= 3.56 x 10°

2.74 pb x 205 ab™! x 106 ab pb~! x 2.26 x 108

Hence
AN,

exp —
—Nexp 0.0016

This uncertainty is small, so generating 10° signal events is reasonably sufficient for the analysis.
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Uncertainty Calculations
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Now we show the calculations for uncertainty on the expected number of background events.

Once again using Elnura’s results from the Z-Pole study. Given statistics are from Z-Pole centre-of-
mass energy, thus integrated luminosity corresponds to £ = 205 ab™!. Results for three background

processes summarized below:

Process o [pb] Ne %

ete™ = vy 67.25 0 0

ete™ = yyy | 2995 | 9.16e+0.7 | 15
ete™ = yyyy | 0.06271 | 2.16e+04 | 0.17

Table 2: Summary of results from Elnura’s thesis and slides. Table displays background process,
rounded cross section from MadGraph, number of expected events after selections, and re-
maining percent of initial number of events after selections. For each sample, 10° events were
produced.



Uncertainty Calculations
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We observe zero expected events for the background process ete™ — . Will calculate expected
number of events given the conservative estimate that 10 events remain after selections.

Using Equation 1:

Nel 1 6 10
N:0t—6725pb><205ab x 10 abpb XW_I?)S 10°

This is approximately three orders of magnitude lower than the expected number of events for
the dominant background process eTe~ — yvy. Hence, we can disregard this background with
negligible effect. We also see that the background process ete™ — vy yields an expected number
of events that is also three/four orders of magnitude smaller than the dominant background, so the
same conclusion holds.

Nexp — O'Acmt



Technical workflow

Event Generation Hadronization & Decay Fast Simulation
T =)
1 |

Statistical Interpretation Physics Analysis k4SimDelphes
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Samples

B Small “test” dataset already produced
o Samples generated with MadGraph,
passed through Pythia + DELPHES
o Ready to analyze with FCCAnalyses
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Samples

[ Event Generation Hadronization & Decay Fast Simulation ]

MadGraph5_aMC@NLO @ DELPHES
L ]

B Small “test” dataset already produced Statistical Interpretation Physics Analysis kaSimDelphes

o Samples generated with MadGraph, @

passed through Pythia + DELPHES
o Ready to analyze with FCCAnalyses

'signal_Z_malp1_events10k_edm4hep'
'signal_Z_malp50_events10k_edm4hep'
'signal_WW_malp1_events10k_edm4hep
'signal_WW _malp50_events10k_edm4hep'
'signal_ZH_malp1_events10k_edm4hep'
'signal_ZH_malp50_events10k_edm4hep'
'signal_tt_malp1_events10k_edm4hep'
'signal_tt_malp50_events10k_edm4hep'
‘background_Z_events10k_edm4hep'
‘background_WW_events10k_edm4hep'
‘background_ZH_events10k_edm4hep'
‘background_tt_events10k_edm4hep'
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Event Generation Hadronization & Decay Fast Simulation
Samples =T 1
| J
B Small “test” dataset already produced Statistical Interpretation Physics Analysis kaSimDelphes
o Samples generated with MadGraph, @
passed through Pythia + DELPHES
o Ready to analyze with FCCAnalyses

DESY.

B Set up MadGraph to run on Condor

e 'signal_Z_malp1_events10k_edm4hep' M Currently producing full samples (1M events
e 'signal_Z_malp50_events10k_edm4hep' per signal point)

e 'signal_WW _malp1_events10k_edm4hep

e 'signal_WW_malp50_events10k_edm4hep'

e 'signal_ZH_malp1_events10k_edm4hep' \s [GeV] ‘ m, [GeV]

e 'signal_ZH_malp50_events10k_edm4hep' 910 0.01,04. 1.0, 10, 50

e 'signal_tt_malp1_events10k_edm4hep'

° 'signa/_tt_malpSO_events10k_edm4hep' 160 0.01, 0.1, 1.0, 10, 50, 91.2, 100, 150
° IbaCkground_Z_eventS10k_edm4hepI 240 0.01, 0.1, 1.0, 10, 50, 91.2, 100, 150,
e 'background_WW_events10k_edm4hep' 160, 200

e 'background_ZH_events10k_edm4he,o' 365 0.01, 0.1, 1.0, 10, 50, 91.2, 100, 150,
e 'background_tt_events10k_edm4hep' 160, 200, 240, 250, 300, 350




Event Generation Hadronization & Decay Fast Simulation

Analysis framework [ s

B Tested and ran over two signal points and Statistical Interpretation Physics Analysis k4SimDelphes

onebackound (new sampies B G I el
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Event Generation Hadronization & Decay Fast Simulation

Analysis framework [ s

B Tested and ran over two Signal pOintS and Statistical Interpretation Physics Analysis k4SimDelphes

onebackyound (rew sampies B G I el

B No cuts applied at the moment, will need to
include background and selections
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Event Generation Hadronization & Decay Fast Simulation

Combine Erms
L I
B Working on limit plot for three signal points (Statistical Interpretation Physics Analysis kaSimDelphes

and one background (using Elnura’s Gombins

samples with all selections applied)

B Using diphoton invariant mass

B Still some debugging/testing needed...
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Distributions FCCAnalyses: FCC-ee Simulation (Delphes)
>
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FCCAnalyses: FCC-ee Simulation (Delphes)
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