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@ Plethora of searches for heavy neutrinos
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© Above EW scale, precision global bounds dominate
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Not included, you can
ask me later

@© Updates on key observables: I

7 New measurements of My, (CDF-1I, ATLAS)
% Anomaly (~ 2 —30)in|V ;| and |V, |

# LEP anomaly ( ~ 20) in N, gone

@© Improvement of the analysis:
J Correlations between observables

7 Better statistics: Bootstrapping



@© In general: N = (1 — ;f]) U, ;/]T =7
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@© In general: N = (1 — ;f]) U, ;/]T =7

Y

Diagonalises m,

1

@ In the context of heavy neutrinos: N = 5@®T O = \;5 Y, My,
_ . 1 _
2 Mass-independent

[ﬂmZO
© nis positive-definite
lmaﬂ\ < \/naanﬂﬁ (Schwarz inequality)



© We consider only tree-level #-dependence and loop-level SM corrections

© We consider the following observables:

2
# My, and Sorf

* Z-pole observables
# LFU ratios

# |V, | and |V, .| measurements

* Charged lepton flavor violation (cLFV) constraints



@® We consider on

@® We consider the fc
g
#* My, and s off

* Z-pole observable
# LFU ratios



© Minimal scenario with 2 heavy neutrinos: 2N-SS
(Previously missing in the literature)

@ Next-to-minimal scenario with 3 heavy neutrinos: 3N-SS

@© General scenario with arbitrary number of heavy neutrinos: G-SS



@© Minimal scenario with 2 heavy neutrinos: 2N-SS
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@© Minimal scenario with 2 heavy neutrinos: 2N-SS
(Previously missing in the literature) + Correlations from m
U
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J LFV with LFC
© Next-to-minimal scenario with 3 heavy neutrinos: 3N-SS

@© General scenario with arbitrary number of heavy neutrinos: G-SS

f_/\_\

K Neer M, aNd 1 independent

H [ Mgpl < \/ Naallpp
7 LFV decoupled from LFC




@® Stringent bounds ~ 107 — 10~

Normal Ordering Inverted Ordering

68%CL 95%CL | 68%CL

6.4-10-6 | 9.4 .

6.9-107°
8.6-107° |/2.1-
16-10~4 | 2.9-10-* | [1.1,4.8]- 10~
83-107°% | 1.2-107° || [0.37,1.0] - 107°

1.5-107° | 2.2-107° || [0.25,1.2] - 104

7.2-107° | 1.3-107* || [0.38,3.0] - 107

_95%CL

| [0.98,4.4]-107* | 5.5

| [0.94,2.8] 1075 | 4.5-

0.20,1.0]- 1076 | 3.2

@ Restrictive flavor structure + cLFV: tight constraints




® ~ 107 boundsony,,,7n..and ~ 107> bound on M

3N-SS

Normal Ordering

Inverted Ordering

68%CL

0.28,0.99] - 103 |

1.3-10°7
0.3,3.9] - 10~
(0.35,1.3] - 1073

8.5-107°
(1.3,5.1] - 10~

5.0-10"°

95%CL

68%CL

0.31,1.0] - 1073 | 1.4

1.2-10"7

1.7-10~4

(0.33,1.0] - 1073 | 1.5 -

85.10°6
3.3.-107¢

3.8-10°6

@® More flexible flavor structure

© cLFVin u — e sector strongly constrains 77,




@® ~ 10 boundsony,,,n..and ~ 10~* bound on M
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@ Physical boundary 77, > 0 induces deviations from Wilks’ theorem



@ Precision bounds on heavy neutrinos start dominating above EW scale

@ First global bounds on 2 neutrino case
@ Bounds substantially change between setups (2N-SS, 3N-SS, G-SS)

® Quantified deviations from Wilks’ theorem

Thanks for your attention!






Observable

SM prediction

Experimental value

My >~ MM (14 0.20 (Dee + Npup)) 80.356(6) GeV | 80.373(11) GeV -
st ~ s2:5M (1 — 1.40 (Mee + Mpp)) 0.23154(4) 0.23148(33) 76
s2HHC ~ 2. 5M (1 — 1.40 (ee + Mpp)) 0.23154(4) 0.23129(33) 76

TEHC ~ TSM (1 — 0.33 (ee + M) — 1.33077) | 0.50145(5) GeV | 0.523(16) GeV  [77]
Tz ~T5M (14 1.08 (Mee + Mup) — 0.27T0,7) | 2.4939(9) GeV | 2.4955(23) GeV  [76]
op 4= od SM (14050 (Nee + Myp) +0.53n,-) | 41.485(8) nb 41.481(33) nb  [76
Re ~ RSM (14 0.27 (Nee + Mpup)) 20.733(10) 20.804(50) 76
Ry ~ RoM (14 0.27 (e + Mup)) 20.733(10) 20.784(34) 76|
R, ~ R°M (1 + 0.27 (Nee + Mup)) 20.780(10) 20.764(45) 76]
Rie ~ (1= (Mup — Mee)) 1 1.0010(9) 78]
R, ~ (1= (rr — Nup)) 1 0.9964(38) 78]
Rf ~ (1= (Muu — 7Mee)) 1 0.9978(18) 78]
R, ~ (1= (Mup — Mee)) 1 1.0018(14) 78]
R, ~ (1= (Nrr — Nup)) 1 1.0010(14) 78]
VE| 2 /1= Vo2 (14 ) Vi-IVa | 09737331  [76
Vi 7] 2 [ Vas| (1 + nee + e — 1) Vus 0.2236(15)  [79)
Vi om| o | Vi (1 + 1) Vs 0.2234(15)  [76
VEL=mr | o Vi | (1 4+ M) Vs 0.2229(6) 76
VEL=m | o V| (14 Mee) Vs 0.2234(7) 76]
VEsomer| o [Vl (14 ) Vs 0.2220(13) 76]
Vs 2T | o [V | (1 + Nee) Vs 0.2193(48)  [76]
VES 27| o |V (1 + 1) Vs 0.2239(10)  [76
VESomuv| o (V| (L4 Nee) Vs 0.2238(12)  [76
“;:d B Wl : Vus _ | 0231313 [76

V1= Vs V1= Vs
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