LI-IC Results e
on Heavy Neutfino S earc

Un-ki Yang
Seoul National University i
On behalf of the ATLAS & CMS collaboratia {

NuFact _201'8, Aug. 13 - 18, 2018, Virginia Tech



Neutrino Oscillation
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> Neutrino oscillations
> Small neutrino mass

> Lepton Number Violation (LNV)

> Neutrino Mass Generation
See WG4 LNV talks
this afternoon

> Beyond the Standard Model (ATLAS, CMS, LHCb)
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Neutrino: Physics Beyond SM

erate LNV and neutrino mass
ffective operators to the SM

/N )}
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> Physics behind the Seesaw? Left-Right Symmetry model
offers the Seesaw scale and heavy neutrinos

SUQ2), ®SUQ2), ¢TI (1),,
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Heavy:Neutrino (N) at the LHC

» LHC: direct production of heavy N (=1qq, llv)
« Same-sign two leptons + 2 jets ( 3 leptons)
* Type |: probe light-heavy mixing & my
« LRSM: a resonance Wg, production & my
« Complementary to the Ov{3p
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LHC Experiments at the Energy
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-08-16 04:37 UTC

2010, 7 TeV, 45.0 pb *
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2012, 8 TeV, 23.3 b !
2015, 13 TeV, 4.2 !
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Before Searching for New Physics

Standard Model Total Production Cross Section Measurements status: July 2018

D=1

Ly 500 ub?
Q 10" a0, ATLAS Preliminary

- Theory
Run 1,2 vs=7,8,13 TeV

LHC pp Vs =7 TeV

BBl Data 45-46ib!

LHC pp Vs =8 TeV
BAl Data 202 -203fb!

LHC pp Vs = 13 TeV

Bl Data 32-798ib!

ZZ t ttW ttZ tZj

s-chan

> Impressive agreements with the SM
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Seanchfor Type | (dilepton)

» s-channel production

> Events Selection

2 same sign leptons (50%)
Njets: W jets (2 jets or 1 jet)

> ATLAS > CMS
25/20 GeV lepton pt cuts 25/10 GeV lepton pt cuts
Single lepton trigger Di-lepton triggers
Search for m(N)>100 GeV Search for m(N)>20 GeV
Use m(W(jj)) for signals Use m(IW),m(lIW) for signals

Include t-channel
U.K.Yang, SNU
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Backgrounds: ee/uu/eu+2 jets

SM prompt lepton; MC
dibosons(VV), tt+V

Charge-flip: “data+MC”
Z(l)+2jets




ATLAS Results @ 8 TeV
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> No excess, upper limits on |V_y|? and |V, y|? 10




arXiv:1806.10905
CMS:EXO-17-028
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Results on lVlemg CMSEXO-17-008
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> LHC provides the best direct limits
on [Venl? | [Vl and [V *V |
for high mass region

> Significant improvement to past
searches

CMS limits down to 20 GeV, and up to 1.2 TeV

Lepton flavor change case by CMS
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N

/_g Searnches intri-lepton @ 13 TeV

> In di-lepton+2 jets: difficulty to explore small my region
due to jet pt cut (hard to select jets below 20 GeV
but lepton is easier)
> Tri-lepton channel: smaller BR, but no jet
Promising with high-statistics
> No evidence for heavy N

Significant improvement below 40 GeV PRL 120.221801
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HHC [
R BSearch for Type | at LHCb
> For 0.25 <m, <5 GeV

> Searches in ZElES ay sl
Normalize to

PRL 112, 131802

5300 S
m(x ) [MeV]

> Set limits on [V |
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Summary on the type |

> LHﬁmentS probed heavy N

in mass range: 1~1.6TeV with 10-°<|V |*<1

U.K.Yang, SNU
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Seanchifor Type lll Seesaw

> Look for decay of new heavy fermions (N9, N*, N-)
> ATLAS: OS or SS leptons + 2 jets

> CMS: 3 or 4 leptons with MET

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

SS leptons

U.K.Yang, SNU 16



ATILAS Search for Type Ili

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

ATLAS Preliminary  ----Expected 95% CL limit
Vs=13 TeV, 79.8fb" [ Expected limit + 1o
. [JExpected limit + 20
— Observed 95% CL limit
— Type-lll seesaw
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Searnch for Seesaw Type Il

» Usec + L.( scalar sum over leptons)

Events / 150 GeV

>
&
2
2
8
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.....

>3 leptons

> Exclude m(Z ) up
to 840 GeV

¥ Mass (GeV) PRL119.221802 (2017) g




Searches in the LRSM

Same Final s{ate as}vype I
but very different kinematics

q

/ TeV scale W,
Q

Resonant Production
M(Iljj) = Mwg
M(l,jj) = my

» Challenges:

U.K.Yang, SNU
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19.7 ™ (8 TeV)

e Data(1717)
tt (1147)
DY+Jets (475)
Other (151)
—— My, =2.5TeV (29)
= 2.5 TeV unbinned

2

> A local significance, 2.8c effect
» Consistency with the LRSM?
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Results @ ATLAS

JHEP 1507 (2015) 162
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> No excess in ee channel (SS), exclude WR up to 3TeV
> OS channel?




hannel

V) but no excess

g2.1fb'at13 TeV
a large QCD fake-tau

: t(e)r(h), t(u)t(h)
nts, but a small branching ratio,
1Tat13 TeV

U.K.Yang, SNU
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Results in t(l)t(h) channel

:12.9 fb

eV, p+(t,) > 60 GeV, MET> 50 GeV

50 GeV, m(jt,,) > 250 GeV,
JHEPo07(2017)121

129" (13 TeV)

Events / GeV
Events / GeV

‘ iEEIIiIIIﬁBEE
10°

S [GeV]

St = pr(f) + pr(m) + pr(jet1) + pr(jetz) + EF™ss

No excess in data, exclude W up to 3.2 TeV
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Searches in the LRSM: 13 TeV

JHEPO05(2018) 148
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> The exclusion of W, up to 4.4 TeV
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eresting searches

3 san be tested

small v mass: heavy N

DW NO excess seen in data:
, exclude Wi mass up to 4.4 TeV

olored using the full 13 TeV data, and will be
ditional channels (t-channel, pair N production,

and long-lived N)

U.K.Yang, SNU
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