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- THE STANDARD MODEL
exciting ... MO o

LHF tons

Higgs not the last brick!
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exciting ... comons oot

Higgs not the last brick!

Besides neutrino mass there are many
other issues in particle physics & cosmology
for which neutrinos may provide key input



~ status of neutrino oscillations 2018
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Consistent global picture
Good agreement

Good long-term prospects 3
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~status of neutrino oscillations 2018

Neutrino oscillation parameters summary determined from this global
analysis. The ranges for inverted ordering refer to the local minimum
for this neutrino mass ordering.

Parameter Best fit & 1o 20 range 30 range
| I 1€ NUN |bers Am2, [10-5eV2] 7.55+020 720-794  7.05-8.14
|Am2,1[103eV?] (NO)  2.50+0.03 244-257  2.41-2.60
|Amz: | [1077eV2] 1oy - 24000 234-247 231-251
sin® 612/10™! 32010 2.89-359  2.73-3.79
precision era requires robustness tests ¢, 34,5112 325-368  31.5-38.0
o -1 +0.20
. sin? 63/10~1 (NO) 547 4.67-5.83  4.45-5.99
need to go beyond 3-nu paradigm . e

623/° = 431-498  418-50.7
sin? 63/10~! (I0) 551018 491-5.84  4.53-598
623 /° 479119 445-489  42.3-50.7
sin® 613/1072 (NO) 160 = 2.03-234  1.96-2.41

613 /° Bd512 1 8.2-8.8 8.0-8.9
sin® 613/1072 (10) v 391 il 2.07-2.36  1.99-2.44

P.F. de Salas et al, PLB782 (2018) 633 613/° 8537011 8.3-8.8 8.1-9.0

https://globalfit.astroparticles.es

bs:/fg P / 8/ (NO) bies 1.01-1.75  0.87-1.94
5/° 28 182-315  157-349
8/m (10) 156i01 127-1.82  112-194
5/° 291E 229-328  202-349
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http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

historical review
A.S. Barabash arXiv:1104.2714

symmetric parametrization of lepton mixing matrix

Schechter & JV PRD22 (1980) 2227
Rodejohann, JV Phys.Rev. D84 (2011) 073011
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original symmetric form of lepton mixing matrix
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Rodejohann, JV Phys.Rev. D84 (2011) 073011
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coefficient
mechanism
scale
flavor structure



TYPE] TYPEII

Minkowski 77
Gellman Ramond Slansky 80 Schechter-Valle 80 & 82

Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle 80 & 82

seesaw

coefficient
mechanism
scale
flavor structure


http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1

TYPE | TYPE II

Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle 80 & 82

Sseesaw

Schechter-Valle 80 & 82

COEfﬁhCie[\t any number of singlet R's w.r.t. L’s
"‘ecl anism LOW-SCALE SEESAW

sCale Mohapatra-Valle 86

flavor structure Akhmedov et al PRD53 (1996) 2752

Malinsky et al PRL95(2005)161801
Bazzocchi et al, PRD81(2010) 051701
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https://arxiv.org/abs/1604.02117
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probe neutrino messengers with Displaced Vertices

re-measure neutrino mixing angles @ colliders
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M. Dittmar et al. / 77 decays

Pre-LEP days Dittmar et al Nuclear Physics B332 (1990) 1-19

Limits on coupling strength parameter that can be reached for different
number of Zs plotted as a function of the NHL mass. Only leptonic final
states included. This is for the tau type NHL neglecting family mixing. The
only relevant constraint in this case comes from weak universality

1
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M. Dittmar et al. / 7Y decays

Pre-LEP days Dittmar et al Nuclear Physics B332 (1990) 1-19
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Limits on coupling strength parameter that can be reached for different
number of Zs plotted as a function of the NHL mass. Only leptonic final
states included. This is for the tau type NHL neglecting family mixing. The
only relevant constraint in this case comes from weak universality
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LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays

/m X1 Z%;


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001

LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays

/m X1 Z%;

Lightest neutralino decay length



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001

LIGHTEST NEUTRALINO DECAYS from cascade squark & gluino decays

/m X1 Z%;

Lightest neutralino decay
correlates with atm angle

Lightest neutralino decay length

5 — 1000 GeV
"7 g = 2000 GeV

My = 250 GeV
Y mg =200 GeV |
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001
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But... so far no p decay nor super-partners ...
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Boucenna et al Phys. Rev. D 91, 031702 (2015)
Deppisch et al Phys.Lett. B762 (2016) 432
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http://dx.doi.org/10.1103/PhysRevD.22.738
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331 motivation # families=# colours

Gauge vs Higgs origin

PHYSICAL REVIEW D 90, 013005 (2014)
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Boucenna, Morisi, JV Phys.Rev. D90 (2014) 013005


http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1295506
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F.S. Queiroz et al. / Physics Letters B 763 (2016) 269-274
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lepton flavor violation

Phys.Rev. D86 (2012) 055006 & New J.Phys. 17 (2015) 075019 Phys.Rev. D89 (2014) 051302 s @ HE phenomenon?
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https://doi.org/10.1103/PhysRevD.86.055006
https://doi.org/10.1103/PhysRevD.89.051302

The Universe's Matter
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Neutrino DM

Created by Ethan Siegel

need for dark matter

nu’s at most 1% but can be key to DM

Today = 14 hillion years :
Life on earth\ @, : - ! ef _ /

Acceleration “\— > 11 hillion years ——
Dark energy dominated, _ iz i e

Solar system form

Recombination Atoms form
Relic radiation decouples (CMB)
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Matter domination
Onset of gravitational collapse
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Nucleosynthesis —— 3 minutes ——
Light elements created — D, He, Li | e 5838 B i 1
Nuclear fusion begins —— 0.01 seconds ——

Qo

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down



Fneutrinos get massa - 3|3 PR COLDUAAKIAIE

la Inverse seesaw susy ,
Spectrum can change so ...

LSP is SNEUTRINO-like
instead of neutralino ..

Arina etal PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, JV, PRD81 (2010) 051701




If neutrinos get mass a SUSY WMy A3 COLL) UARR MAITER

la Inverse seesaw susy
Spectrum can change so ...

LSP is SNEUTRINO-like
instead of neutralino ..

Arina etal PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, JV, PRD81 (2010) 051701
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http://arxiv.org/abs/arXiv:1808.01453

NEULTINO Mmass messense
WIMP @S @arkmiateer

E Ma 2006 “scotogenic”

Hirsch et al JHEP 1310 (2013) 149 ‘ 22 preserved by R(Jt

Merle et al JHEP 1607 (2016) 013
Diaz et al JHEP01(2016)007

Many variants, .9,

Phys.Lett. B762 (2016) 214-218

20
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%‘\( TOVEN S DOUNG-State of metim massmessege

VA

De Luca, Mitridate, Redi, Smirnov, Strumia


https://arxiv.org/pdf/1806.09977.pdf
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FIG. 2. Spin-independent cross section as a function of Mgg = 2Mg (red). The star represents the mass required for a thermal

bound state 25 TeVdark matter. Lower values can be probed by direct searches, the current bound is indicated in blue, while

the black lines (dashed, dotted and dot-dashed) correspond to future sensitivities.
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FIG. 2. Spin-independent cross section as a function of Mgg = 2Mg (red). The star represents the mass required for a thermal
bound state 25 TeVdark matter. Lower values can be probed by direct searches, the current bound is indicated in blue, while

the black lines (dashed, dotted and dot-dashed) correspond to future sensitivities.
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detectlng messengers & measurlng angles @ high energles

22



detecting messengers & measuring angles @ high energies

1‘»\:

neutrinos lie at the center of particle physics, e.qg. EWSB o
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detecting messengers & measuring angles @ high ene_[‘g&i?_es_\
neutrinos lie at the center of particle physics, e.g. EWSB

cosmology s emergenttheory
'\mp\'\es new physics @ colliders

Sneutrino-like CWDM  Gravitino CDM
WIMP DM stability from flavor: discrete DM

WIMP DM stability from Diracness

Bound-state dark matter

WIMP DM stability from gauge matter parity
DM can be warm & metastable, e.g. the majoron

majoron DM + inflation

adding dark energy Smoot arXiv:1405.2776 etcetc

e

. . ol R
comprehensive == = O [38

flavor theory

with mew jphysrcs

Sbove 10 eV

inflation
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http://arxiv.org/abs/arXiv:1405.2776

decaying Gravitino dark matter

decays suppressed by Planck mass & smallness of m-nu

Restrepo et al
PRD85 (2012) 023523

relic abundance
+ LHC searches

excluded by gamma
|Ine SearCheS @ 005 0.10 050 1.00 5.00 10.00
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http://www.sciencedirect.com/science/article/pii/S037026931730850X?via%3Dihub
http://arxiv.org/abs/arXiv:1805.08048
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http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883

HEUH INOS Make the
EW Vacuum

Phys.Rev. D92 (2015) 075028 Stab\e agaln

From Degrassi et a/ JHEP 7208 (2012) 098

Phys.Lett. B756 (2016) 345-349
New J. Phys. 18 (2016) 033033
Phys.Rev. D91 (2015) 113015
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Higgs searches Bonilla et al



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.075028
https://ac.els-cdn.com/S0370269316300089/1-s2.0-S0370269316300089-main.pdf?_tid=3c5c2918-57b6-477f-9e05-3a1f31da5d97&acdnat=1536422102_254d11b0fa6a962d932974bb33d40ae5
http://iopscience.iop.org/article/10.1088/1367-2630/18/3/033033/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.113015

Consistency with CMB ma)orons 35 Jark matter

Lattanzi & Valle, PRL99 (2007) 121301

Berezinsky, Valle PLB318 (1993) 360

INTEGRAL, COMPTEL, EGRET \/\‘H

Fermi line search

INTEGRAL diffuse background
HEAQO diffuse background

XXMM M31 and MW

Prototy pe cryogenic spectrometer
Chandra Draco

Chandra LETG NGC3227

107 1073 10t 10t
E., [GeV]

X-rays from DM decay

Bazzocchi & al JCAP 0808 (2008) 013
Esteves et al, PRD 82, 073008 (2010)

Lattanzi et al PRD88 (2013) 063528

50 100
Multipole |

Kuo et al 1803.05650
DWDM picture leads to a viable alternative to the ACDM

large scale structure
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.055023
http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1
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Matter-parity as a residual gauge symmetry: Probing a theory of
cosmological dark matter 3-3-1-1 EW extension
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arXiv:1606.04543
Phys.Lett. B761 (2016) 431

Fields : Fields 7 Chiulia et al

200

No neutrinoless double-Bf decay

Search for neutrinoless quadruple-pp decay
http://arxiv.org/abs/arXiv:1705.08847


http://dx.doi.org/10.1016/j.physletb.2016.08.028
http://arxiv.org/abs/arXiv:1705.08847
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*accidental ? Lavoura, Morisi, JV JHEP 1302(2013) 118

*unbroken subgroup Boucenna, et al JHEP 1105 (2011) 037
Hirsch, et al Phys.Rev. D82 (2010) 116003

many choices

: !

@ PARITD more possibilities back

HIGGS PORTAL
DIRECT DETECTION




EWPD

-

e
“‘"{T\KC\Y\

=l




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54

