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» Problems!

— neutrinos oscillations: neutrinos

matter observed
— small degree of CPg,; cannot explain

1 se,neraffoﬂ eneration tion
large matter/antimatter asymmetry e 9 i ﬂe::::e io

“New Physics” out there J Q UA RKS

dovblets

have mass . .
— gravitational effects of extra (dark)




. . Dirac+Majorana
Sterile neutrinos HNL mass terms
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doublet
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SM has only LH v (and RH 7)
Simple extension: enter neutrinos with RH chirality

— Zero EW and color charge: “sterile”
— Only couples to Higgs and SM neutrinos
— Can be massive: “heavy neutral leptons”, HNLs

v

v

They appear in a number of BSM theories with wide number and mass range

v

Dirac + Majorana mass terms (needed to explain smallness of ~ masses)
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Seesaw mechanism

1-
Lo = ENICMNI with M = <n(3 n”;‘D> and N; = (”é)
D M
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mass-flavour mixing angles 6
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n HNLs: mp, my become n x n matrices, 6y — 04 L//‘/ i
AJ - ﬂ{,jlssla

v

“Seesaw” mechanism: |mp| < my

v

mass eigenstates (for small 6):

mpe—
m= — my = My .
my ~ Dirac mass of same
/ ( ) generation fermions
. sterile
SM neutrino .
neutrino
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The vMSM
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Leptons

3 HNLs. Suitable values of mass and coupling allow to simultaneously explain:
— v oscillations induced by massive states N,, N3
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[Asaka, Blanchet, Shaposhnikov, Phys.Lett. B631 (2005) 151-156]
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Bosons (Forces) spin 1
Leptons

— dark matter: N; with mass ~keV
— disappearance of antimatter: leptogenesis due to Majorana term
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HNL phenomenology

» Mixes with SM neutrino v, via U?
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HNL phenomenology

v

Mixes with SM neutrino v, via U?
» Can occur in any process involving SM neutrinos...
» ...with a suppression of U2 x U?

Decays through emission of a Z° or W* boson

v



How to look for HNLs?

» Dedicated hidden particle experiments
— SHiP (beam dump, 0-BG)
— from meson decays
— Mathusla, CODEX-b, FASER, etc.

» Collider searches

from Z°, W* bosons

from precise EWP measurements
ee: clear signature, easy analysis
hh: large background, difficult
triggering/analysis




HNLs at FCC-ee

Opaq [1D]

» Neutrino counting from Z line shape » I\
— LEP: N, = 2.984 + 0.008, uncertainty from theory and oy w© / "{*‘\
- FCC-ee: improve by factor 10-20 with B (vZi,) /B (7Zw)
— sensitivity U? ~ 10~ for sterile neutrino search O e

» Direct search in Z decays
» production in Z® — vN mixing
decay: 2 jets + lepton/Ep;ss (CC), or 2 leptons + E,;;s (NC)
clean events, background killed by SV displacement W-—aq
displaced vertex search: focus of this talk

v

v

v
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‘ Tracker
Experimental conditions

» 1.5x10122° yI'_1 x 6 yr [P.Janot, FCCw2017]
- Assuming 5 x 10'? Z° bosons

» 2 detector concepts: CLD/IDEA
— tracker half-size S ~ 2 m

— few um vtx resolution, but SV can be
outside the vertex detector
— min. displacement A = 100 um
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Signature & backgrounds

Considering only di-lepton final states.
» WW*, Z*Z*, Z*~* with 2¢ + 2v final state: min. SV displacement
» 7 — [l with E; from ISR/FSR: min. SV displacement

More background sources for N — W/ — qq/, but fully reconstructed final state!
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Signature & backgrounds

Considering only di-lepton final states.
» WW*, Z*Z*, Z*~* with 2¢ + 2v final state: min. SV displacement
» 7 — [l with E; from ISR/FSR: min. SV displacement
» Z — 77 — 2( + 4v: the two ¢ are almost back-to-back
» atmospheric v interactions: candidate direction/topology
More background sources for N — W/ — qq/, but fully reconstructed final state!
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Estimating FCC-ee’s sensitivity
> Exploring the MSM phase space in (U7, my)

- fixed Uf2 ratios, of cosmological interest

v

[my| HNL boost from e*e™ — Z° — vN

v

|Uf, my] lifetime based on the kinematically
allowed decay channels:
hov, W07, 3u, (Fy, 60T u, qqv, qqf

v

|U7, my| experimental acceptance:
Poee ~ [x e Vedl

v

|U?,my] final state efficiency:
— all di-lepton final states taken visible

\4

Mgy, = Ny X B (ZO—) VN) X SES

Z—vN PHSP
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vMSM parameter space
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vMSM parameter space

Normal hierarchy

rate enhanced: on-shell N — W/¢

Inverted hierarchy
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[Blondel, HG, Serra, Shaposhnikov, hep-ex/1411.5230]

cannot explain observed Am,,

in thermal equilibrium during Universe expansion
(no baryogenesis due to HNL oscillation)



FCC-ee’s sensitivity to HNLs
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[UPDATE] [Blondel, EG, Serra, Shaposhnikov, hep-ex/1411.5230]

» Best sensitivity above the charm mass + complementarity with BDF
» Higher vertexing resolution — larger couplings
» Larger sensitive area —> smaller couplings




Conclusions

» Sterile neutrinos can solve several SM shortcomings
» Sensitivity studied in YMSM context, but general validity

» FCC-ee at the Z° pole: down to U? < 101! for large my
— complementary to beam dump facility [physics.ins-det/1504.04956]

How to improve

» minimum A based on outer tracker resolution: it can be set much smaller for
decays in the vertex detector!

» large external tracking volume (4-10 m)? [M.Dam, FCCw2017]
» gq/ and qqv final states
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Independent analyses

» sensitivity confirmed by independent analyses
» long + short lifetime search [S. B. Nielsen, MSc thesis]
» sensitivity of individual subdetectors [hep-ph/1604.02420]
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