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https://arxiv.org/abs/2304.06772
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better via flavor and EWPQO, talk by Daniel Naredo
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better via flavor and EWPQO, talk by Daniel Naredo
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@ Same Sign Dilepton channel _ INV—

pp » WO = FEN - £50% 4 pj

B Opposite Sign Dilepton channel — LNC—

pp — WO = FEN — £507F 4+ pj

8 Trilepton channel — LNV?—

pp —» WO = £EN - f;:f;f}f_’v

B Displaced vertices — LNV?—
pp = WD = EN /I N— 565
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https://arxiv.org/abs/2208.13882

I I I ,\ I I I ////
\\(L // ox /// :
1 N\% / /

10~ ) FCRAPY o A
\_ S 7 - E
i fv‘ ]
_2 ?‘y’,// N
¢"<’%R ]
~n_ 1073 CMS’15 3
prd -
= - -
2 1 0—4 ; —:
- ; Py .
107 S W g s, | —
: © NG ‘/ée" PARIAY \\ NATLAS'19 == Dilepton searches e
sl \\'\'%.,.’: i 5 == Trilepton searches ]
107 \\;\.’ s === LONg-lived searches E
- ~ a2 7

1 0—7 1 ‘ 1 ‘ L ‘

1 10 100 10°

MN [GGV]

Xabier Marcano SUSY 2023 — July 19th



https://arxiv.org/abs/2208.13882

\
- « \
\\ \\ ;_.-:,
N\ \ ‘g."'
E N CODEXb reeeeenengergenrnl ’
NN e SRR .
10-4 4 FASER2  \ &QG\K\\\ / LHC prompt
A . Sy s
MATHUSLA » A& o ' ‘
AR
\ AV

-6 “ \\\

10 7] \:\\\f\\\\\ 1 \
#IQQ:Q\\\\ '
NAG2 | “~Ssoy

o \\ ! \\\:', '.
S0 1078 - i i T
I
\
r \/’I:
N I l' %
1010 e :

Low-scale Leptogenesis
----------- 2 HNLs, thermal
—— 2 HNLs, vanishing
----------- 3 HNLs, thermal
1074 3 HNLs, vanishing

10-1 100

Xabier Marcano

............
...........
.....
AR

101 102

M [GeV]

SUSY 2023 — July 19th

104



=
rs)
o
o
=]
—
™M
o
(=
(o)
D
n
=
(7]
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Alternative 1. New benchmarks
matching flavor patterns for

W1 0NO o

W20 NO minimal models

130 NO

m10l10 — Drewes et al [2207.02742] —

13010
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https://arxiv.org/abs/2207.02742
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B Exp searches consider HNL mixing to 1 flavor at a time

Alternative 2.

recast
Displaced
v Vertices
Trileptons
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to a single flavor
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B Setting bounds on

_hep-ex

to a single flavor

> o(pp = uN) X BR(N — ujj)
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For a fixed mass and Uz?

My =30 GeV, U2=10"3

e p*u*, CMS '18
[ e*e*, CMS'18
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https://arxiv.org/abs/2208.13882
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B Exp searches consider HNL mixing to 1 flavor at a time

Alternative 2.

recast
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B Setting bounds on, e.g. pp — puer @ uuuv

o(pp = uN) X BR(N — uev) @ o(pp - uN) X BR(N — uuv)

V \ 4

| U I” BRIV = per) @ |U,yl* BR(N — ppv)

V;

2
‘UIMN‘

— *see also Tastet et al [2107.12980] —
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B Setting bounds on, e.g. pp — puer @ uuuv

o(pp = uN) X BR(N — pev) @ o(pp - uN) X BR(N — uuv)

_ Mixing to a single flavor®

V \ 4

| U I” BRIV = per) @ |U,yl* BR(N — ppv)

Mixing to a single flavor

<
v

2
‘UIMN‘

— *see also Tastet et al [2107.12980] —
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B Exp searches consider HNL mixing to 1 flavor at a time

Alternative 2.

recast
'Sl 2
Dileptons , Displaced
v Vertices
Trileptons

\ 4

| U v|*BR(N — ...)

for each flavor seach”

— *see also Tastet et al [2107.12980] —
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B Exp searches consider HNL mixing to 1 flavor at a time

. recast
'Sl > ¢
Dileptons | Displaced
v Vertices
Trileptons

B LHC is sensitive to very large mixings
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B Exp searches consider HNL mixing to 1 flavor at a time

. recast
'Sl > ¢
Dileptons | Displaced
v Vertices
Trileptons

B LHC is sensitive to very large mixings

Calls for Symmetry Protected Low-Scale Seesaws > LNV @ LHC?7??

— talk by Stefan Antusch —
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B Potential oscillations between HNLs

— Antusch et al [1709.03797] —

position space

(fixed y=50)
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B Connected to active neutrino masses
— Drewes et al [1907.13034] —
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LNV~LNC

| I'v =AM
10_11 T eeeeee Linear seesaw
-------- Inverse seesaw
10_13 1 Loop-inverse seesaw
........ AM = 10—7 eV

il
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https://arxiv.org/abs/2209.04461

Fernandez-Martinez, XM, Naredo-Tuero [2209.04461]
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https://arxiv.org/abs/2209.04461

B Colliders are good places to search for HNLs
— LEP, LHC and more to come —

B LHC is already improving LEP

B Analyses are improving
— trileptons, DV, OS dileptons —

B Sitill things to be improved
— going beyond single mixing hypothesis —
B LNV signals still relevant for symmetry protected scenarios

— help discriminating low-scale seesaws —
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B The efficiency is highly mixing-pattern dependent
— Abada, Bernal, Losada, XM [1807.10024] —
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- i 1
S 100? E
- — i i
8 E 10 =
qe) - 8
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2 > 1 -
o & :
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o 0.1 NI = =
a VTN2=10_6 §
s 0.01 o [V.n2 =105
— “.‘.,°.'~.°.....=|. T T T N 3
0.01 0.1 1 10 100 1000

Zpy [mm]
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— Tastet et al [2107.12980] —

(a) LNC (b) LNV
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B Simplest realistic framework

— Tastet et al [2107.12980] —

Normal hierarchy 0.0
mmm Allowed by NuFIT (10) 1.0
pm Allowed by NUFIT (20)

Inverted hierarchy
B Allowed by NuFIT (1o)
pm Allowed by NUFIT (20)
Allowed by NuFIT (30)

Allowed by NuFIT (30)

+  Benchmark points 1-7 . : + Benchmark points 8-14

1.0

0.0 0.2 0.4 0.6 0.8 1.0
U2/U?
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Normal hierarchy

Exclusion limits for:
=)= € mixing only
= %= U mixing only
~&— benchmark points
I some parameters
B all parameters
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B Same sign dilepton channel

pp = WO = £EN = £50* 4 pj

o 10,
£ CMS 2011
= 1L Vs=7TeV,[Ldt=498 b
10
10° pEp
—— CLs Expected
1 0-3 . S [ CL: Expected t1c
.......... CLs Expected +2¢
a4fF" —— CLs Observed
1007 -~ e L3 Limits
-—- DELPHI Limits
10° 2 —
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— LNV signature—

[1207.6079]

CMS 2011
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B LNC searches are also possible

pp = WO = £EN = £E0F 4 pj

[2011.05263]

- 1 S B =
§ — « lepton-number-violating LHCb -
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, [ lepton-number-conserving corrected m

107 e =
107 g "\,\’/k // E
107% & ) =
10—5 _I 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 L 1 I 1 1 1 1 I —l
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B Trilepton

35.9 fb (13 TeV)
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B Displaced Vertices — LNV signature?—

(*) + t/oF
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B Displaced Vertices — LNV signature?—

pp - WO S XN /| N-— Fi

[2201.05578]
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B Light HNL: Drell-Yan Z (on-shell) — Sensitive to all flavor mixings —
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