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Disclaimer

This 1s not a detailed talk about physics !!




Disclaimer

This 1s not a detailed talk about physics !!

ABSTRACT:

In between anecdotes and physics, with a lot of propaganda to
Martin's papers (and mine too, of course), | will talk about how
Martin drove a student crazy from radiative neutrino mass
models to SMEFT dimension 8 one-loop.
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THIS IS A TRUE STORY.

The events depicted in this talk
took place (mainly) in Valencia
between 2011 and 2022.

At request of the survivors, the
corresponding citations will be
made.

Out of respect to the
researchers killed in action, the
rest of the history is told (more
or less) exactly as it occurred.

No professor, postdoc or laptop
was harm during these events
(only some PhD students).
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A professor to complete them all

Zee model: Scotogentic Model:
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[Zee, Phys. Lett. B93 (1980) 389]
[Wolfenstein, Nucl. Phys. B175 (1980) [Ma, Phys. Rev. D73 (2006) 077301]
9396]
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A professor to complete them all

Zee model: Scotogentic Model:
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How many 1-loop neutrino mass models are there? ﬂ?‘*ﬂ“cation by
onet et alJHEP 1207 (2012) 153

[Z¢ Carolina Arbeldez (CCTVal, Valparaiso and Santa Maria U., Valparaiso), Ricardo Cepedello (Wurzburg U.),
[Wolt Juan Carlos Helo (La Serena U. and Unlisted, CL), Martin Hirsch (Unlisted, CL), Sergey Kovalenko (Andres

Bello Natl. U.) (May 25, 2022) ; H
Published in: JHEP 08 (2022) 023 * e-Print: 2205.13063 [hep-ph]
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One-loop Is too mainstream

Systematic classification by Aristizabal et al, JHEP 1503 (2015) 040
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e 20 different genuine diagrams hee
—

e 3 basic classes depending on the loop integral

e All integrals can be decomposed in a basis of two master integrals
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One-loop Is too mainstream

[Anamiati et al; JHEP 1812 (2018) 066]
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Dim-7 to bring them all and in the darkness bind them

[ JHEP 07 (2017) 079, JHEP 01(2018) 009]  Genuine topologies:

o Oy
0% 040

e Classification w.r.t. the maximum SU(2), representation needed to be genuine

up to SU(2), triplets

— Only one diagram with no representation larger than triplets

— The rest of the diagrams need at least one quadruplet

e All integrals can be decomposed in terms of B

— Lar €€ FrEPrese 1tations and h ypercnarges in ol der to be genuineg
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Dim-7 to bring them all and in the darkness bind them

[ JHEP 07 (2017) 079, JHEP 01 (2018) 009]

O7 = # LoaLgHHH'H
HTH can be closed to form a loop
n-loops dimension 7 —> (n+1)-loops dimension 5
)"H H‘\ l’H
H! 5 % <--H _.§¥'-._
“ 'l ‘\ H e ’ a5
‘H —_— :4 \\
\I] " Nt “
I I I, ——=e - *—— |,
v
2 52 1 pf_
m e > My X 1672 A

In order for the dimension 7 contribution to be dominant, A < 2 TeV.
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Three loops... Certainty of death, small chance of success...

What are we waiting for?

KNT Model:

@7 Kraus et al,
Phys. Rev. D67 (2003) 085002

COCKTAIL Model:
Gustafsson et al,
Phys. Rev. Lett. 110 (2013) 211802

17 18 19 20 21
AKS Model:
& & B HE) W
@ Phys. Rev. Lett. 103 (2009) 051805
25 26 27 28

Culjak et al,
37-243
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Three loops... Certainty of death, small chance of success...

What are we waiting for?

[JHEP 10 (2018) 197, JHEP 06 (2019) 034 (erratum)]
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H H

If the loop vertex (H,S4,Spg) is allowed by the symmetries, so it should be the
tree-level vertex.

But the tree-level vertex can be identically zero! J
If S4 = H and Sg = (1,1, —1), the 2-loop exists but the 1-loop not
H H contraction to a singlet does not exist due to the antisymmetry of SU (2) contractions
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Three loops... Certainty of death, small chance of success...
What are we waliting for?

ab‘,#k
N
CoR
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op exists but ..:

itisymmetry of SU (2) contractions
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Three loops... Certainty of death, small chance of success...

What are we waliting for?

3-loops | connected |
four legs (4367) %

renormalizable if two
legs are fermions (3269)

1PI (160) %
*
no self-energies (370)

no tadpoles (1056) %

Normal genuine (18) @

— - : Special genuine (20) @

Special genuine (55) m P e (20)

Finite non-genuine (9) %

Others non-genuine Others (397) Others
(52) %

Topologies Diagrams (weak basis) Diagrams (mass basis)

V¥ In figure 14 M In figure 15 ® Infigure 7 @® In figure 8 9 On the web [48]
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The two towers




A red sun rises. Models have been killed this night.

High-dimensional neutrino masses JHEP 12 (2018) 066]

- R [ - . R T 2 ! -+ 4.1 - 5.3. 8§ .
Gaetana Anamiati.!** Oscar Castillo-Felisola.?:3- T Renato M. Fonseca.* ¥ J. C. Helo.?3:% and M. Hirsch!: 9
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A red sun rises. Models have been killed this night.

High-dimensional neutrino masses JHEP 12 (2018) 066]
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Et tu, Brute?

Dark matter stability and Dirac neutrinos using only Standard Model
_——
symmetries

Cesar Bonilla (Munich, Tech. U.), Salvador Centelles-Chulia (Valencia U., IFIC), Ricardo
Cepedello (Valencia U., IFIC), Eduardo Peinado (Mexico U.), Rahul Srivastava (Valencia U., IFIC) (Dec 4,
2018)

Published in: Phys.Rev.D 101 (2020) 3, 033011 - e-Print: 1812.01599 [hep-ph]

pdf ¢Z? DOI [= cite @ claim [[d reference search 3) 63 citations

Systematic classification of two loop d = 4 Dirac neutrino mass models and
the Diracness-dark matter stability connection

Salvador Centelles Chulia (Valencia U., IFIC), Ricardo Cepedello (Valencia U., IFIC), Eduardo
Peinado (Mexico U.), Rahul Srivastava (Valencia U., IFIC) (Jul 19, 2019)

Published in: JHEP 10 (2019) 093 -+ e-Print: 1907.08630 [hep-ph]

pdf ¢Z? DOI [= cite @ claim [[d reference search 3) 34 citations
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You shall not escape

Back to low energy Marojana neutrino mass models

H \‘ ‘, H 102? e I | - l ]
Yl/ — Yl/ Nl ded ot Zloogs

100§ Lo, uenber < M—bogr“—?

L
Dirac Yukawa is generated radiatively! 2
7\ 1672 5
Dia

163 1(l)4 165
MR [GeV]
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You shall not escape
“Tolal ed:‘fﬂ—
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Stumbling over the same stone twice




Stumbling over the same stone twice

Martin Hirsch

ult. vez alas 11:52

Oh-man. Never to anything more

complicated than dim-5 operators atjy e

tree-level!!! %
2o S— /P \

AN |
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Stumbling over the same stone twice

‘ f"l Martin Hirsch

ult. vez alas 11:52

Oh-man. Never to anything more
complicated than dim-5 operators at
tree-level!!!

Vs
d

"' Martin Hirsch

ult. vez a las 12:35

As | said already 20 years ago to Werner:
"Never do anything more complicated than
diagonalizing a 2x2 matrix at tree-level with |
real parameters!" €= |

CPral owmnicnton
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Some men just want to watch my laptop burn

4 code that can give us all models that can contribute to a specific
axperimental observable at certain order in the EFT expansio

We need to map the SMEFT (or S
a part of it) to UV models Model discrimination

Classification of models

Automate this approach — UV dictionaries
to point towards: [de Blas et al 2018]

Find new BSM models

Look for patterns in the SMEFT
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Some men just want to watch my laptop burn

4 code that can give us all models that can contribute to a specific
axperimental observable at certain order in the EFT expansio

']

’ dels

/_("‘ as et al 2018]
—_—

The dels
SMEFTway
to BSM e SMEFT

B
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One operator to “example” them all

[ Look for patterns in the SMEFT [JHEP 09 (2022) 229, JHEP 09 (2023) 081]

_| Scenarios where information from low-energy precision
measurements and collider searches would be complementary
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One operator to “example” them all

[ Look for patterns in the SMEFT [JHEP 09 (2022) 229, JHEP 09 (2023) 081]

_| Scenarios where information from low-energy precision
measurements and collider searches would be complementary

The tightest SMEFT bounds come from operators involving four fermions (4F)

N M
Ll . tree 1 11 1 1
AR S| ba i R X e

The new resonances, appearing only at 7-loop, could
be much lighter, directly accessible at colliders

In this class of scenarios, there is an interplay between low-energy
precision measurements and collider searches
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One operator to “example” them all

Loop-suppressed 4F models

0.50 -

0.10}

0.05

Indirect (4F)

Global SMEFT

Direct WrW~

1 | 1 1 1 | 1

|

4F constraints at low energies:

| mgeuy > 0-17|)\EU|2 TeV

Global SMEFT fits
mgy > ‘)\EU|1-5 TeV

| —

LHC direct probes provide a
> better handle on scenarios
with relatively small coupling

1 | 1

0.2

0.4

06 0.8 1.0 1.2

Mass [TeV]

1.4

[JHEP 09 (2022) 229, JHEP 09 (2023) 081]
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Our personal levels of the Inferno
DANTES [NferNo Q

Abandon all hope ye who enter heve
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Our personal levels of the Inferno

DANTES [NEERNO
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""" Martin Hirsch
ult. vez a las 11:52
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W Oh-man. Never to anything more N
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"The road goes ever on and on, down from the door where it began.
Now far ahead the road has gone, and | must follow if | can."

Tolkien, LOTR
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Thank you for your attention!
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