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Why Heavy Neutral Lepton?
(heavy neutrino)
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> Neutrino Oscillation!

> Small neutrino mass
» Right-handed neutrino

» Origin of neutrino mass

> Heavy Neutral Leptons (LNV, if Majorana)
» Charged Lepton Flavor Violation

> Bayron asymmetry through Leptogenesis



Neutrino: Physics Beyond SM

2nerate LNV and neutrino mass
an effective operators to the SM
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\ Type lll y
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> Physics behind the Seesaw? Left-Right Symmetry model (LRSM)
offers the Seesaw scale and heavy neutral lepton (HNL)

SU2), ®SU2), ®U(D),_,



Searnrch for HNL at the LHC

» Direct production of HNL (N)
- Complementary program to the Ov{f

2. LRSM
ﬂ" . Right-handed N,
* N; couple to RH

1. Type-l seesaw bosons, Wi Z,
* Right-handed N,

* Only mix with SM v

3. Type-lll seesaw
« atleast two
SU(2), triplets
(=0, =*-) couple to
SM gauge bosons
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> my<~90 GeV: LHC z .
> my>~90 GeV: LHC (ALTAS, CMS) A
> Results since Neutrino 2018 |



CMS Integrated Luminosity, pp, vs= 7, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

I LHC Delivered: 192.29 !
CMS Recorded: 177.65 fb™!
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Iype-1 HNL Searches

hannel W or W*

-

¢ ¢
only Majorana




Search in Dilepton
> N with mass 20 GeV ~ TeV

= 2 same-sign hi-pt leptons
(LNV only)
= 2jets or 1 boosted jet
(large " Jet) 2 jets from
= Flavor combinations W decay

ee, [,

= Separate searches
for low mass (my < my,)
vs high mass (my > m,) regions




CMS Results at 13 TeV
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No significant deviation from the SM
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> LHC provides the best direct limits
on [Venl? | [Vl and [V *V |
for high mass region

> Significant improvement to the previous
searches

— Observed —— CMS 8 TeV
==== Expected
- 68% expected

95% expected

CMS limits down to 20 GeV, and up to 1.2 TeV
Lepton flavor mixing case by CMS
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Searches in trilepton

> In dilepton+2 jets: difficulty to explore small my region
due to jet pt cut (hard to select jets below 20 GeV,
but lepton is easier)
> In trilepton channel: smaller BR
> itis promising with high-statistics
> Atsmall my \ has alonger lifetime

ATLAS Simulation
s =13 TeV, W — uN — puev,

m,, = 10 GeV, prompt

m,, = 5 GeV, displaced
= my,=75GeV, displaced
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> ATLAS
Focused on the region of high
sensitivity (4.5-50 GeV) > CMS
Low mass with prompt muon . A broad range,: 1- 1200 Gave
+ 4-300 mm) . 33 categories by lepton pt, 2|
Use same-sign dilepton with no and 3 | mass, missing Et

b-jet



Results from ATLAS
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Results from CMS
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Searches Iin the LRSM

*  For my<<my,y, jets and lepton from N decays overlap
- standard lepton isolation will kill signal
- use boosted jet to resolve lepton and jet

> ATLAS > CMS
Separate OS and SS pairs No distinction for OS & SS
fro Majorana/Dirac For each W mass hypothesis,
Kinematic shape analysis a counting experiment in

m(jjil), m(jj) m(jjll) window



19.7 fb' (8 TeV) 19.7 ™ (8 TeV)
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EPJC
74 (2014) 3149 > A local significance, 2.80 effect

» Consistency with the LRSM?
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Update result with 13 TeV

JHEPO05(2018) 148
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> No excess in signal region
16



CMS ee channel

- - Expected

-.- - 68% expected
-+ 68% expected
— Observ
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> The exclusion of W, up to 4.4 TeV
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95% CL upper limit on cross section (fb)
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Update result with 13 TeV
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Seanchifor Type lll Seesaw

> Look for decay of new heavy fermions (N°, L*, L)
> ATLAS: OS or SS leptons + 2 jets (2018)

> CMS: 3 or 4 leptons with MET (2017)

> Both used MET + H.( scalar sum) as search variable

SS leptons
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ATILAS Search for Type Ili

Use T + H( scalar sum) as search variable

ATLAS Preliminary ---- Expected 95% CL limit
Vs=13 TeV, 79.8 fb'  mH Expected limit + 1o
[ ]Expected limit + 2c
— Observed 95% CL limit
— Type-lll seesaw
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ATLAS-CONF-2018-020

95% CL upper limit on cross-section [pb]
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Euture SHIP

> SHIP eriment looks for NHL (N) from charmed or
B‘decays

> SHIP can reconstruct exclusive decays

5

HNL mass [GeV]
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nteresting
eutrmo mass

s for various Seesaw

eutral leptons

up to 4.5 TeV

> See vill be explored using the full 13 TeV data
from many different channels

> SHIP will explore in low mass region near future
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5SS Dimuon + 2 |

oserveda in the CIVIS

(N, @) =(-1.71,-2.12)

Jet2 (E=578 GeV) .
(N, @) = (-1.37,-2.73) ‘

¥
, V.

DoubleMuon, periodC, Mon Jul 4 14:42:16 2016 KST pp-event
(Run, Lumi, Event) = (276283, 692, 1252562683)
Muon 1 (pr = 196.6 GeV)
o (N, @) = (-1.03,0.07)
Jet1(E=5432GeV) ... m(lljj) = 525.7 GeV

Muon 2 (pr=70.7 GeV)
(N, @) =

(-0.54, -1.28)

b.
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