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— see talk by Sergio Grancagnolo—
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https://arxiv.org/abs/2208.13882
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PRELIMINARY SUMMARY
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B Search for both Dirac (LNV=0) and Majorana (LNV=LNC) hypotheses

CMS trilepton [2403.00100]
138 f‘b"‘ (13 TeV)

138 fb' (13 TeV)
L CMS

Dirac
107E Ven:Vin:Vin=1:0:0

;L CMS
Majorana
107E Von:Vin:Vin=1:0:0

|VeN|2
| Venl?

1 0_2 1 0—2

107 10°E. .. :
i — Observed F 1 — QObserved E
R Median expected O Median expected ]
3 I 68% expected X I 68% expected
95% expected . 95% expected .
10 S e DELPHI 1075 ! TemERSRRRREETT 0 e DELPHI -
— ~ 3¢ prompt (2016) WD 3/ displaced E
----------- 3¢ displaced B === 2¢ displaced |
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10°
my [GeV]

Xabier Marcano (UAM) 58th Rencontres de Moriond EW 24



B Search for both Dirac (LNV=0) and Majorana (LNV=LNC) hypotheses

B Discriminate between neutrino mass models (low-scale seesaws)

'l:.. .,
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B Results in the HEPData record /
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— Realistic Models usually predict mixings to all flavor —

B Results in the HEPData record /

B Use motivated Benchmarks from flavor patterns in minimal models
— Drewes et al [2207.02742] —

W1 o0NO
B2 oNO
13 o NO

m1o0l0
m2a0l0
13010
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— Abada, Escribano, XM, Piazza [2208.13882]—
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— Abada, Escribano, XM, Piazza [2208.13882]—

B Simple recasting, e.g. pp — Uujj

19X 5 o(pp — uN) X BR(N — pjj)

v

| U,y BRNV > pji)

- 2
hepph_, | Uy
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— Abada, Escribano, XM, Piazza [2208.13882]—

B Simple recasting, e.g. pp — Uujj

"R —> o(pp = uN) X BRIV = ujj)

v
| U,y BRNV > pji)

Mixing to a single flavor

<
\ 4
- 2
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— Abada, Escribano, XM, Piazza [2208.13882]—

B Simple recasting, e.g. pp — Uujj

"R —> o(pp = uN) X BRIV = ujj)

v

U " BRWV ~ i)
< Mixing to a single flavor
¥
hepph | ‘U”N‘z
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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
o e*u*,CMS '18

/7 7 7 7 7 7 7 7 7 700
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— Abada, Escribano, XM, Piazza [2208.13882]—

B Simple recasting, e.g. pp — Uujj

"R —> o(pp = uN) X BRIV = ujj)

v

U " BRWV ~ i)
< Mixing to a single flavor
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B Simple recasting, e.g. pp — puev @ 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‘
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o = G
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B Simple recasting, e.g. pp — puev @ 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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If we integrate out the Heavy Neutrinos...

B dim-5: neutrino masses (Weinberg operator)

(A active-steriles mixings
— T
m = — OM,

L/y heavy mass scale

B dim-6: non-unitarity of leptonic mixing matrix

Hee Hey et 1
N = (1 — 7’])U with n = ) ﬂ,u,u ;/]/n' s EG)G)T
. . ;7“_

» Modifies precision and flavor observables
3
T — _
N, Ni = 8yp— 25+ O(1125)
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2.5
2 GFm G,m,

Gim 1 =25 —2
1927:3( e ™ "”“) 19243

2
=T 2| w\ > |¥,

GFzGM 1+’7ee+’7uu

Modifies all EWPO observables !!!
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B Modifies Gr

B Modifies Mw and sw

r \
1 1 T (1 + 1, + 7]”/,,) ) 1 | | 2\ 27a <1 T e ”ﬂﬂ)
\2 \* V2GM3a-an 21\ GuMz(1 = Ar)

B Modifies Z invisible decay width

3
- G,M;

1nv

~ 3= (e + 1+ 41,) )
12 27:( (T + s+ 41

B See talk by Daniel Naredo for more observables and details
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— M. Blennow, E. Fernandez Martinez, J. Hernandez-Garcia, J. Lopez-Pavon, XM, D. Naredo-Tuero [2306.01040]—

, | @-ss LFC Bound LFV Bound
68%CL 95%CL 68%CL 95%CL

ZEE Nee | [0.33,1.0]-1073 | [0.081,1.4] - 1073 _ _

% ymn 1.5-107° 1.4-10~* - _

5?: Trr 1.6-10~* 8.9-10~* - i

§ Tr[n] | [0.28,1.2]-107° 2.1-1073 _ _

) Nep 1.4-10~* 3.4-1074 84-107% | 1.2-107°
Ner 4.2-1074 8.8-107% 5.7-1073 | 8.1-1073
Myt 9.4.-107° 1.8-1074 6.6-1073 | 9.4-1073

— See talk by Daniel Naredo for details and more scenarios —
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PRELIMINARY SUMMARY

Non — Unitarity [Blennow et al.' 23]

107°: |

’ - === Dilepton searches -

6. === | rilepton searches 2

10 ? === | ONQ-lived searches E

1 0—7 _ L ‘ [ I ‘ L ‘ |
1 10 1 02 1 03
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Heavy Neutrinos probes at both energy and intensity frontiers

® LHC improved LEP bounds for U,y and U,y

B LNV vs LNC help selecting neutrino mass models

® Easy recasts w/ individual bounds on |U, y|* x BR

® Heavy Neutrinos induce Non-Unitarity

® New Global bounds from EWPO and flavor
— talk by Daniel Naredo —

B Strongest bounds for heaviest masses

Xabier Marcar;o (UAM) 58th Rencontres de Moriond EW 24



Heavy Neutrinos probes at both energy and intensity frontiers
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Fernandez-Martinez, XM, Naredo-Tuero [2209.04461]
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https://arxiv.org/abs/2209.04461

— M. Blennow, E. Fernandez Martinez, J. Hernandez-Garcia, J. Lopez-Pavon, XM, D. Naredo-Tuero [2306.01040]—

Set of observables p-g.o.f. | tension | p-value
CDF-II vs My /s2g 21.75/1 | 4.70 |3.1-107°
CDF-II vs Z-pole 21.48/1 | 4.60 | 3.6-107°
CDF-II vs My /s%; and Z-pole | 27.30/1 | 520 | 1.7-1077

B Non-unitarity could push My, towards CDF-II Blennow al [2204.04559]
My ~ M (14 0.20 (17, + 1,,,))

@ Butn, +n,, also modifies sy and Z-pole obs, which agree with SM

B CDF-Il in strong tension, can’t be explained just with non-unitarity

— not included in our GF —

Xabier Marcano (UAM) 58th Rencontres de Moriond EW 24
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Observables at the per-mille precision

n S O(107)

Few non-trivial tendencies:

2 Mw, Sw —» mild preference for »,, +1,, > 0
2 Vud » disfavors n,, > 0
» LFU » mild preference for s, > 1,

& Others just SM-like

mild preference (1-20) for

N,. >0, =0, 7n,=0

m
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95%CL, just order of magnitude

2N-SS 3N-SS
G-SS
NO 10 NO 10

Mee 1073 10~* 1073 1073 [0.1,1]- 1073
m 10~ 107> 107> 107> 10~
Ner 10~ 107> 1073 1073 1073
| 7oy | 1073 1073 1073 1073 107>
|77, | 107> 1074 1073 1072 1073
| 7,. | 10~ 107> 1073 1075 10~
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Normal Ordering

Inverted Ordering

2N-SS

68%CL | 95%CL 68%CL 95%CL

Nee = |9;|2 6.4-107° | 9.4-107% || [0.98,4.4] -10~* | 5.5-10~*
Mup = g 6.9-107° | 1.3-107* || [0.20,1.0]-107% | 3.2-107°
Nrr = |9;|2 8.6-107° | 2.1-107* || [0.94,2.8]-107° | 4.5-107°
Tr[n] = %lz 1.6-107% | 2.9-107* || [1.1,4.8]-10~* | 6.0-10*
|neu|:? 8.3-1076 | 1.2.107° || [0.37,1.0]-1075 | 1.3.1075
[Mer| = |9e29;"-| 1.5-1075 | 2.2-1075 || [0.25,1.2] - 10~* | 1.4-10~*
[Mur| = M‘TH: 7.2-107° | 1.3-10~* || [0.38,3.0]-107° | 3.5-107°

Xabier Marcano (UAM)
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IN-SS Normal Ordering Inverted Ordering

68%CL 95%CL 68%CL 95%CL
Oe|”

Nee = | 2' 0.28,0.99] - 1073 | 1.3-1073 || [0.31,1.0]- 1073 | 1.4- 1073
LAk

T = g 13-107 | 11-1075 | 1.2-1077 | 1.0-107°

6| —4 -3 —4 —4

e = 0.3,3.9] - 10 1.0-10 1.7-10 8.1-10

0 2

Tr[n] = % 0.35,1.3] - 1073 | 1.9-1073 || [0.33,1.0] - 1073 | 1.5-1073
0.0,

Meul = — 8.5-107° 1.2.10°° 85-1076 | 1.2-107°
0.0*

|7767'| — % [1.3, 5.1] . 10_4 9.0 - 1()—4 3.3. 10—4 8.0 - 10_4
0,.0%

[Mr| = | “2T| 5.0 -107° 5.7-107° 3.8-107° 1.8-107°

Xabier Marcano (UAM)
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— M. Blennow, E. Fernandez Martinez, J. Hernandez-Garcia, J. Lopez-Pavon, XM, D. Naredo-Tuero [2306.01040]—

B Not imposing n to be definite positive (beyond just heavy neutrinos)

10Y 109 109 o
A%% // \\ / \\
101 / 101 / \ 101 / \
. / 95% \\ / \\ / N\
B 102 / 10—2/ \ 1072 / \\
99.7% \ /
[ \
0752 03 o8 13 189712 —09 =06 —03 00 024 =3 =2 -1 0 i
Nee x1073 Nuu x 1073 Ner x 1073
CUV LFC Bound LFV Bound
68%CL 95%CL 68%CL 95%CL
Nee 0.56,1.29] - 10~3 0.20,1.65] - 103 New| | 5.0-107% | 7.2.107°
7!
ue | [-8.2,—3.3]-107% | [-1.1,—0.088] - 10~ er| | 3.4-1073 | 4.9-1073
Nrr —2.2,—0.38] - 1073 —3.1,0.56] - 103 Nur| | 4.0-1073 | 5.6-1073
7}
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— M. Blennow, E. Fernandez Martinez, J. Hernandez-Garcia, J. Lopez-Pavon, XM, D. Naredo-Tuero [2306.01040]—

103 \ 10°
\ — H—eY — T—ey
_ A \\\ u — eee B T — eee
10~ y \\\ — u—e(An) 107 |
. /R
= - W
10°° -
1072 103 10 10° 104
M (GeV) M (GeV)
B Off-diag n entries induce charged LFV, e.q.
3a )
BR(faafﬂy)zz—ﬂmaﬂ — forM>> M, —

B Some cLFV obs have non-trivial mass dependence

— marginalize over M —
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B Non-unitarity effects are also parametrized via the a-parametrization

(a;; 0 0
ax=|ay a 0

\(X31 %32 33
B Our results are easily translated, e.qg. in the 2N-SS:

(04.10¢ 0 0
NO: l—-a<|24-10 13-107* 0
44107 2.6-107* 2.1-107%

(55.10% 0 0
O: I—a<]26-107 32-107° 0
2.8-107* 7.0-10™ 4.5-107)

— See [2306.01040] for other scenarios —
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