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LONG LIVED HNLs
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Production of two heavy neutrinos (HNLs) in a realistic seesaw |
model with couplings to all leptons Phys. Rev. Lett. 128, 051801

Cross section is maximized with quasi-degenerate masses
arXiv: 1712.07611

Simulation of Majorana HNLs at FCC-ee,
Vs=91 GeV, L;,; = 180 ab™?

Madgraphb (SM_HeavyN_CKM_AlIMasses_LO arXiv:1411.7305,

arXiv:1602.06957) + Pythia8 + Delphes with IDEA detectorin . R
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SELECTION

Cuts

Selection Two electrons or muons
with opposite charges,

no photons, no jets

Reconstructed tracks exactly 2

Invariant mass M(£,0") < 80 GeV

Momentum of leptons p < 40 GeV
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Cuts

Selection One electron and one muon

with opposite charges,
no photons, no jets

Reconstructed tracks exactly 2

M(6,0') < 80 GeV

Invariant mass

Missing transverse momentum B, > 11.5 GeV
a) T

Missing transverse momentum pr > 7 GeV

Cosine between the leptons cosfl > —0.8

Table 1: Table of cuts applied in the same flavor selection.

® Only considering T — e\uvv

® Final state is two leptons (electrons or muons)

Cosine between the leptons cosfl > —0.8

Table 2: Table of cuts applied in the different flavor selection.

® Different selection based on flavor of final state leptons
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ANALYSIS

® Shape-based analysis from AR with ML fit, statistical significance computed with COMBINE Higgs

tool arXiv:2404.06614
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® The results show improvement from previous studies using only the number of signal and
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FCCAnalyses: FCC-ee Simulation (Delphes)
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Two leptons, two tracks, no photons, no jets, flavor cuts
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LLP SELECTION

Cuts

Selection Two electrons or muons
with opposite charges,

no photons, no jets
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Cuts

Reconstructed tracks exactly 2

Selection One electron and one muon
with opposite charges,

no photons, no jets

Invariant mass M(£,0") < 80 GeV

Reconstructed tracks exactly 2

Momentum of leptons p < 40 GeV

Invariant mass M(€,¢") < 80 GeV

Missing transverse momentum

Missing transverse momentum B, > 11.5 GeV
a) T

P, > 7 GeV

Cosine between the leptons cosfl > —0.8

Table 1: Table of cuts applied in the same flavor selection.

Cosine between the leptons cosfl > —0.8

Table 2: Table of cuts applied in the different flavor selection.

FCCAnalyses: FCC-ee Simulation (Delphes)
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® Adding requirements on the reconstructed vertex: 10° - “ -
s 42 <10 1051 -
X< 104 -

® L, <2000mm 10% -
10— ;

" [z|] <2000m ol =
® |dy| > 0.55mm to finally suppress all MC background events 1o i E
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LLP EVENTS T
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® |n this case, we're taking the expected number of events after the cuts

® White areas correspond to zero events
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SUMMARY
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® Comparison (different models!) with exclusion limits, other experiments and theoretical prediction
® Curves for S=b from the shape analysis and 3 events for the d
1074

isplaced selection
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OUTLOOK T
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® These are the final results, we are going to publish a preprint on the Arxiv soon

® Also a poster at FCC week in San Francisco (Xunwu will be there)
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Parameter space

® Symmetry in type | see-saw:
M; + M,

Uy = iU
5 — Up1 = lWUp2

AM, , <

® Set Uy, to three values (1 - 10{=%=5-6}) then use the ratio between the couplings to get the rest
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Difference between masses
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Significance from AR

Normal Hierarchy Inverted Hierarchy
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KIT
Event number background free

Normal Hierarchy Inverted Hierarchy

© [
F3 O F3 L
IS <
] o 3
L= > bS]
IS c
12.D 2.2
W ")
1 1
0 0
40 50 40 50
My [GeV] My [GeV]
Normal Hierarchy Inverted Hierarchy
10! 10t
x x x x x
X X x
10° * * 10°
[ O
F107t Q L10-1 O
x x x % ~ x x %
L g O
= =
x x = ks x % s
H102.D 102.2
%) W
1073 107*
x x x & &3
: : : : — 1074 . : : : : X B 107
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
My [GeV] My [GeV]

13 May 16, 2024 — Sofia Giappichini Institute of Experimental Particle Physics (ETP)



	Diapositiva 1
	Diapositiva 2: LONG LIVED HNLs
	Diapositiva 3: SELECTION
	Diapositiva 4: ANALYSIS
	Diapositiva 5: LLP SELECTION
	Diapositiva 6: LLP EVENTS
	Diapositiva 7: SUMMARY
	Diapositiva 8: OUTLOOK
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11: Difference between masses
	Diapositiva 12: Significance from grassetto maiuscola delta grassetto maiuscola R 
	Diapositiva 13: Event number background free

