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Outline

e Neutrino Minimal Standard Model: vMSM
e Future Circular Collider: FCC-ee

e Previous bounds on sterile neutrinos

e Two different searches :

@ Sterile neutrinos with long lifetime
@® Sterile neutrinos with short lifetime
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Theoretical Motivation for Sterile Neutrinos and

the vMSM

- SM very successful theory
measured with high precision. o e
- Physics beyond the Standard ’
Model.

- vMSM [4] accommodates
explanations for

Lelft chirality

Right chirality

e Mass of the neutrinos
e Dark Matter

e Baryon asymmetry in the
Universe

Leptons

electron muon tau

©
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Seesaw Mechanism

~ (’nDirac)2

Y 3 my =~ MMajorana 3
Majorana

v

v >~ vcos(f) + Nsin(6) [5]

~N
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Phenomenology of the Sterile Neutrino

Sterile Neutrinos produced from Z decays:

ete” - Z—> Ni

A \>fww(
\>

[6]
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FCC-ee
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Precision machine: Z, h, WW, tt factory
Improve measurements of mz, [z, my,, m:, my by a factor 25

o 7

- 1012
o WW : 108 events

events
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FCC-ee
e Adapting CLIC [10] detector to the FCC-ee

e Accelerator technology inspired by state-of-the-art
accelerators

[9]
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Previous Searches

M; (GeV)
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Sterile Neutrinos with Short Lifetime

Sterile Neutrinos produced from Z decays

o Free parameters: |0|?> and M (10 — 80 GeV)
Too short lifetime to detect a displaced vertex
Monte Carlo study (PYTHIA and WHIZARD)
Generated 108 Z — q§ = L =3.33 fb~!

< Y

W"}r 5
- Vs T %‘Nﬁ%}\_?

%
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Detector Parametrisation

e Tracker
Target: All charged
particles:
e, p, 1, ...
Efficiency: 99.5%

e EM-Calorimeter
Target: All
EM-interacting
particles (not charged
part.): «y

e Hadronic
Calorimeter
Target: all neutral
hadrons: n, KE’L,
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Events / 1 GeV
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Based on the ILC detector
design [13]

Particle flow

Misidentification of pions as
muon with 0.25%

T T T
—— 7 qq: Generator

—— Z- qq: Proto Det.

[ - aq: Detector

20 40 100 120
My, [GeV]




UNIVERSITY OF COPENHAGEN

NIELS BOHR INSTITUTE

Signal Signature

e 7 — Nv with
N — pqq
e Final state: vy jet(s)
e Active neutrino
recoiling a jet system
e Muon separated from
the jet

e Low mass ana.:

mono-jet . S
e High mass ana.: di-jet (c) (d)
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Considered Background

e 7 —qq with 102 events

o 7 57T with 5-10° events
o Z = utu~ with 5-10° events
e Four-fermion processes:

e eTe” —wete qq with 4.2-10° events
e eTe™ — qquv with 14 events

e R
10° qouv  E@Z - qq [INGO)

>

38 ON(G0)
Wz -

Lo eedd Z - up CINO)

g

w

0 5 10 15 20 25 30 35 40 45 50
plGev]
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Cut-flow
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Selecting events with

Number background events

€signaI(NSO) [%]

Initial 1.14- 108 100

> 3 ch. part. 1.02- 108 99.69

P 1.50 - 107 99.67

>1p 4.24 . 10° 97.74

Exactly 1 p 3.54-106 05.14

No g in beam pipe 3.20- 108 88.23
# and muon in opposite direction 4.88-10° 85.40
1 (2) jet(s) 4.83-10° 82.66

No di-jets back to back 3.61-10% 74.07
Muon not inside jet 490 65.5
a-coplanar jets (3 jets) 218 62.09
jet mass > m; 83 56.14
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Sliding Cuts

Isolating window around  Number background events  eggnai(Nso) [%]

py £ 3.5 GeV 0 53.52
My + 4 GeV 0 52.07
3 IZ‘ aq ‘sequ NG 3 3 ' Ii qq e;«:q "ono
o - ] o] 1
Tigt Wz z»uu%g: 4 10t Wzt zﬂwgmgg;
iy diqg?
10? 10?
10 10
1 E]
o 10 20 30 40 50 [ o 10 20 30 40 50 60 70 80 90 100
p(GeV]

e, 1Gev]

¢ Background-free samples (except two samples with 1 and
3 bkg event)
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Projected Sensitivity for Sterile Neutrinos at the
FCC-ee
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Summary

e Sterile neutrinos and the vMSM

e FCC-ee

e Search for sterile neutrinos with masses from 10 — 80 GeV
e Sensitivity reach of |#|2 down to 102 for short lived N.
e Sensitivity reach of |§|2 down to 107! for long lived N!

e This is very promising for the future search of sterile
neutrinos.
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Thank you for listening!

Questions?

People will stop
asking you
questions

i€ you answer back
in inferpretiv
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Phenomenology
The decay width of (Z — v;N;) is [14]

[(Z — oiN;) = 105> T(Z — viz) - N (ﬂ)
mz
3
=6, Grmy N (ﬂ) ’
3\/§7r mz
with
2\ 2 2
n(M_) :1<1_<m) ) (H(w) )
mz 2 mz mz
The lifetime:

__449-10° (GeV 5-198
SR My
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Phenomenology

1
05—~~~ — — — — — -
—— quarks, NC
x — — quarks, CC
m
-------- leptons
----- - invisible
0.10}..
0.05 20 40 60 80
myunL[GeV]
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Sterile Neutrinos with Long Lifetime

e Number N produced

e Fixed lifetime contours for N decay (lab-frame)

[

,_
o,
T

k

1072 C T I

M, [GeV] M, [GeV]
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Sterile Neutrinos with Long Lifetime

e Ny >4

e Detector volumes sensitive to flight distances between:
e 1 mm — 1 m (orange)
e 100 um — 5 m (red)

= ‘ L‘ile‘tirr‘le‘f
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Long Lifetime
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Signal Generation with Matrix Element
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Short Lifetime
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Misidentification
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Results

3v2r 1 BR(Z = 7,uq9) )
G- m3 () " BR(N — u*qq)
mz

|‘9uN|2 =

MN [GeV] €sig [%] kag N%E N>E BR(Z —vN — /qu) ‘0MN|2

obs prod
10 373 0 4 10.7 7.51-1078 5.76 - 10~
20 67.8 0 4 5.9 4.13-10°8 3.35-10~7
30 74.0 1 483 65 456108 4.10-10°7
40 497 0 4 8.1 5.63-1078 5.93-10~7
50 52.1 0 4 77 5.37-1078 7.19-1077
60 47.4 0 4 8.4 5.90-1078 1.14-10°°
70 37.7 0 4 10.6 7.42.1078 2.56-10°6
80 21.9 3 6 274 192107 1.96-107°
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