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From Phys.Rept. 1173 (2026) 1-81



 Light dark sector
Dominant diagrams:
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Lozano, Sanchez-Garcia, JV
Phys.Rev.D 112 (2025) 5

ATLAS, CMS

https://arxiv.org/abs/2502.05270


 



  

  

                 

 

Mandal et al 
Phys.Lett.B821 (2021) 136609 

                 

Dark loop+seesaw/symmetry protection
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PandaX Lux-Zepellin

LambdaCDM

PandaX LZ

low-scale type-1
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low-scale type-1

Carcamo, Vishnudath, J.V.  JHEP 09 (2023) 046 

(Also Batra, Camara, Joaquim,  2305.01687) 

(3,6) 



low-scale type-1

Carcamo, Vishnudath, J.V.  JHEP 09 (2023) 046 
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LOOP 
TREE 

Atm scale from SEESAW Solar scale from SCOTO-LOOP 
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Phys.Rev.D 109 (2024) 3, 035023
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LOOP 
TREE 

LOW-SCALE (3,3) Type1 SEESAW from

tiny induced leptophilic           vev
Drell-Yan mediator N-pair production from TeV scale  Z’ 
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gravitational waves 2606.15316

1st-order electroweak phase transition
3,1,1 LSS mechanism

cLFV

LNV

https://arxiv.org/abs/2606.09993


Phys.Lett. B762 (2016) 162-165

Phys.Rev. D94 (2016)  033012  

Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  

 Addazi et al Phys.Lett. B759 (2016) 471-478 

 Phys.Lett. B755 (2016) 363-366 

Phys.Rev. D98 (2018) 035009

Phys.Lett. B781 (2018) 122-128  

Type II

Type I
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Good global fit of flavor observables

 A4 family symmetry “derived”

Golden Q-L relation 

 

Phys.Lett.B 801 (2020) 135195
Phys.Rev.D 101 (2020) 11, 116012 
 Phys.Rev.D 105 (2022) 055030 

https://www.sciencedirect.com/science/article/pii/S0370269319309177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.116012
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modified golden mass relation

Chen, King, Medina, Valle
JHEP 02 (2024) 160 

https://link.springer.com/article/10.1007/JHEP02(2024)160


     TM mixing pattern predicted from T’

@jwvalle 16

TM1

Chen et al  Phys. Rev. D 102, 095014 (2020)

 mixing angles from family symmetry

Randall-Sundrum Phys.Rev.Lett. 83 (1999) 3370
Arkani-Hamed & Schmaltz hep-ph/9903417

TM1 pattern

 mass hierarchies from geometry 

Dirac neutrino alternative  
Chen et al  JHEP01(2016)007
Phys. Rev. D95 (2017) 095030 
Phys.Lett. B771 (2017) 524

TM2 pattern

https://arxiv.org/abs/2003.02734
https://link.springer.com/content/pdf/10.1007/JHEP01(2016)007.pdf
http://arxiv.org/abs/arXiv:1610.05962
http://www.sciencedirect.com/science/article/pii/S0370269317304434


the physics responsible for neutrino masses  may also 
induce gauge coupling unification

Boucenna et al  PRD91, 031702 (2015) 

Deppisch et al    PLB762 (2016) 432

tree-level quark FCNC

Dirac type-1 seesaw neutrino mass
Peccei-Quinn symmetry

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702
http://ac.els-cdn.com/S0370269316305688/1-s2.0-S0370269316305688-main.pdf?_tid=44814f84-abe6-11e6-bab2-00000aab0f01&acdnat=1479291796_8b84fa14d4e2d2fe6e28683467db12ef


Vector-like quarks

colored                         

scalars

color-mediated neutrino masses 

Phys.Rev.Lett. 132 (2024) 5, 051801 
Phys.Lett.B 868 (2025) 139629

181

https://arxiv.org/abs/2309.06473
https://arxiv.org/abs/2501.13156


Phys.Lett. B774 (2017) 667-670

    inspired by beauty of SO10

 Reig, Valle, Vaquera-Araujo, Wilczek

promote M4 to AdS5 

Phys.Rev. D98 (2018) 095008 
Reig, JV, Wilczek

 viable SO3 family symmetry
 golden Q-L mass formula
● PQ symmetry & axion 

use orbifold BC to decouple mirrors

unwanted chiral families bound 
by new hypercolor force above TeV

http://www.sciencedirect.com/science/article/pii/S037026931730850X?via%3Dihub
http://arxiv.org/abs/arXiv:1805.08048


LG Aristizabal et al JCAP 1407 (2014) 052  

 DM Berezinsky, Valle PLB318 (1993) 360

Inflation Boucenna,  Morisi, Shafi,  Valle
Phys.Rev. D90 (2014) 055023

    
Consistency with CMB Lattanzi & Valle, PRL99 (2007) 121301

 

 

Kuo et al 
JCAP 1812 (2018) 026  

Lattanzi et al PRD88 (2013) 063528Lattanzi et al PRD88 (2013) 063528                                  
large 
scale 
structure

See also Light majoron CDM Reig, Yamada, JV JCAP09 (2019) 029

http://arxiv.org/pdf/1405.4706.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.055023
https://inspirehep.net/record/1662680
http://arxiv.org/abs/arXiv:1905.01287
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From Reig et al 
Phys.Rev. D97 (2018) 115032

Bonilla et al                   Phys.Lett.B 762 (2016) 214  - quarticity

Centelles-Chuliá et al  Phys.Lett.B 767 (2017) 209 – dim5 ops 

Leite et al                       Phys.Lett.B 807 (2020) 13553 – Phys.Lett.B 817 (2021) 136292

                                          Phys.Rev.D 102 (2020) 1, 015022 -  automatic Mp

Phys.Lett. B790 (2019) 303-307

Bound-state dark matter with Majorana neutrinos

M. Reig, D. Restrepo, J.W. F. Valle, O. Zapata
Phys.Lett.B 790 (2019) 303-307  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.115032
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