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The ATLAS experiment @ the LHC
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Heavy Neutrino theoretical models

e Experimental signature of neutrino oscillation concludes neutrinos have very small masses
* Several searches at ATLAS try to explain it and why they are so small

e |eft Right Symmetric Models — LRSM
* Restores parity by introducing heavy right-nanded Wr/Zr bosons and Heavy Neutral Leptons (HNLs)
—> postulates heavy new SU(2)r tor SM SU(2),
* Models naturally embed the Seesaw Mechanism which couples

light v to HNLs through a mass mixing matrix

—> allows HNLs at GeV/TeV scale (good for ATLAS!)
* Models consider SeeSaw type |, Il, and Il

e Neutrino Minimal Standard Model (WMSM)

* Incorporates SeeSaw type | mechanism
e Small v. masses result from large mass of HNLs

e |ncludes HNLs without additional vector bosons
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Analysis Overview:
e Search for HNLs & WR in LRSM

e Search for HNLs in type lll SeeSaw models (L*, NO)
e Search for HNLs in vMSM
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Search for HNLs and Wr in LRSM  Soimss
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https://link.springer.com/article/10.1007/JHEP01(2019)016
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-18/

Search for HNLs and Wk in LRSM — boosted
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https://www.sciencedirect.com/science/article/pii/S0370269319306641
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT

Analysis Overview:

e Search for HNLs & Wk in LRSM
e Search for HNLs in type lll SeeSaw models (L%, NO)
e Search for HNLs in vMSM
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Search for type Il Fermionic Triplet aasconraoo003 10

* Search for mass-degenerate fermonic triplet (L*, NO)

 Assume equal branching 8B, =8, =8, =1/3. » o ’
N ’
X7 * .
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e 2 leptons + jets _ L* AR Al
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Main backgrounds in this search:
* Rare top events (3t, 4t, tt+W/H/Z) & Diboson events (irreducible)
* Fake non-prompt leptons (reducible)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-023/

Search for type lll Fermionic Triplet ausconrz001.003 12

* Search for mass-degenerate fermonic triplet (L*, NO)

 Assume equal branching 8B, =8, =8, =1/3.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-023/

Analysis Overview:

e Search for HNLs & Wk in LRSM
e Search for HNLs in type Ill SeeSaw models (L*, NO)
e Search for HNLs in vMSM
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Indirect Searches tor long-lived particles 13
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HNL Experimental plane — colliders & fixed target 14
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ATLAS HNL searches — prompt and long-lived 15
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Why LLP searches use non-standard reconstructions?

f you want to reconstruct a charged particle with Impact Parameters (do,zo)
outside the prompt phase-space —> you need special reconstruction

r R=1082mm
~ Vs=13TeV,L=3281fb" _ 300 /s=13TeV,L=3281b"
o e i e WAL BRI 1043: = :""I""l"*'l"'“l'"'I"'f
" e s B 4
@ Y L > R /| AW TR O v
) \ 2
LR=554mm | © 200-
r R=514mm g i S 1.,
SCT< R = 4dsmm 2 150 . B = 10
R = 371mm Rl e B R a2 T
L R =299mm S - i -
~100f f>_’, Q0 -im..--;{ & R TaT
; 10 2 _—
= 122.5mm i [} T YR RYE W k¥
e 200 3 S0 S ——
R = 50.5mm f—"" i B R
R =33.25mm —  — ——
R=0mm
_agnl. .1, e - 0
2300 200 -100 O 100 200 300 | 300 200 -100 O 100 200 300 |
X [mm] SUSY-2016-08 Z [mm]

2020-11-09 | Matthias Danninger | SFU

Density of observed vertices [a.u.]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-08/

Why LLP searches use non-standard reconstructions? 17

I you want to reconstruct a charged particle with Impact Parameters (do,2o)
outside the prompt phase-space —> you need special reconstruction
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-08/

Long-lived special reconstructions

ATL-PHYS-PUB-201/7-014

ATL-PHYS-PUB-2019-013

1 4= Large radius tracking

'
:IlllllllllT-+TTllllllI|lll|

I | I I I I I I | I I I I I I I I | | I | | I I I
ATLAS Simulation Preliminary ]

Displaced leptons
Large radius and standard tracking

' G X . [ "CLEET s X

> 1_6 | I

> -

G -

@

© N

el -]

AV B

O -

£ e

O |

Q) |

= 0.8
0.6
0.4
0.2

Ol

e Default tracking on ATLAS turns off at d,> 10mm
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e Computationally expensive; only available for 10% of data

* \We use these tracks (and standard tracks) to form displaced vertices

2021-06-08

| Matthias Danninger | SFU

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-013/

Challenges to remove non-standard backgrounds 1

Material interaction
+ prompt lepton

Cosmic muon
+ prompt lepton

Me_tastable Random track
particle decay crossing
(e.g. JW) + prompt lepton

+ prompt lepton
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ATLAS HNL searches — prompt and long-lived
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Too few decays in
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https://arxiv.org/abs/1905.09787
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-26/
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 Unique sensitivity to HNL coupling —> strength in relatively low-mass region

 Future ATLAS searches will push down to lower couplings and additional couplings

Muon coupling dominance: U’: Uj:Uz = 0:1:0
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https://arxiv.org/abs/1905.09787

Global constraints on Sterile Neutrinos

22
JHEP 10 (2019) 265

* Complementarity of searches is enormous for HNLs
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EWPO, Ovpp, cLEV,
CKM unitarity, BBN,
direct searches, v-osc.
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https://arxiv.org/pdf/1911.09129.pdf
https://arxiv.org/abs/1707.08573
https://arxiv.org/pdf/1908.02302.pdf
https://arxiv.org/abs/1905.09787

Conclusions

 Heavy Neutrino searches are an exciting challenge in ATLAS

* HNL searches still have huge potential to grow in ATLAS

— full LHC Run2 data still being analyzed; stay tuned!
— especially long-lived signatures exciting!

» Exciting prospects for next LHC data taking run

e \\e benefit from technical advances

* New opportunities for discovery

e Complementarity to other experiments makes this an exciting and rich field!
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