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A Particle Physics Riddle: Why the SM got more and more robust?

When | was younger, so much younger

than today:
* The top quark mass was not known, Tuce Hices
* The Higgs mass was allowed to be from HunTer’s

a few GeV to many TeV's (but many GuIDE

doubted it existed!),

e The SM was considered ugly and just a
provisional step,

* There was confidence that a great theory
was waiting just around the corner ...
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1. The SM and the Higgs boson

e The SM is not a theory of everything, but
still it is a great theory ...

e The SM includes plenty of beautiful
physics concepts: cancelation of
anomalies, Spontaneous Symmetry
Breaking & Renormalization, asymptotic
freedom, confinement, chiral symmetry
breaking, etc.

e |t was born and evolved as:

model (Glashow) ->
Model of leptons+Higgs (SSB) (Weinberg) ->
2-family of quarks and leptons (GIM) ->.
3 family with mixing and CPV (KM) -> QCD,

S.L. Glashow, Nuclear
Physics B (1961)
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CP.Violation in the Renormalizable Theory
of Weak Interaction

also discussed.

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP.violation exist in the quartet
scheme without introducing any other new fields.

Some possible models of CP-violation are




The Standard Model is a great Theory

e [t started as a “model for
leptons”, now it is a
Superb theory,

e Success includes
predictions/discovery of:

- Neutral Currents, Charm,
W,Z, 3rd family, Higgs, etc.

The Review of Parficle Physics (2022)
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SM Higgs Physics

V(g)="u9 o+ AA(0"9)

. . Gl .TE
e The SM contains one H|ggs Vi) Giroundstate at [, =\,L=,,

A
doublet, after SSB a physical scalar
remains (=The Higgs boson aka
God'’s Particle),

6 =\o'p=\o''o" + ¢"¢"

V(o) = —i'-v4
Jig

e The essential feature of the SM )

Higgs is that it couples to the mass, L = Yyyyo+..

which determines its decay modes = Y; (v +h)+..

and production mechanisms, = (Yyv) + YyPooh + ...

- my -
s . _ = m+ Yvh + ...

e Within the SM, the Higgs mass is i v

not predicted, I.e.
mh = lambda*v/sqrt(2),

* S0, despite some early doubts,
HEP community started the Higgs
Hunting .. But where? how? when?




2. Higgs hunting: from early days to LHC

Key params. for Higgs search: m_higgs &

m_top

In the early 80's: mt > 60-75 GeV,

Unitarity and Pert. -> mh < O(1) TeV,

Thus, Higgs mass range was divided

into:

light: mh<m/Z,

intermediate: mZ < mh < 2mt,

Heavy/Obese: 2mt < mh < 600 GeV- O(1)

TeV
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Decays of heavy charged Figgs bosans

J. L. Diaz-Cruz anc M. A Pérez
Phys. Rev. D 33, 273 - Publizshec 1 January 193€

28 Chapter 2 Properties of a Standard Model Higgs Boson
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Figure 2.€ The branchiag ratios for ¢" decay Lo a variety of channels, for
my = 90 GeV. The curves for the various channels are; solid = ¢f; dashes =
5. dashdet = r*r~; longdash-shortdash = WW or WW* (with no W, W*
branching ratios included); dash-doubledot = ZZ* (no Z,2° branching
ratios included); dots = vv; doubledash-dot = Zv; dash-tripledot = u* x~,
Since the gy decays are mol experimentally aseful they are not plotted.
Radiative corrections to I(¢% — 18) [see fig. 2.9) have been included.
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Tevatron found top quark, with mt= 173 GeV,

Then, IM Higgs region faded away,

LEPII provided limit: mh > 105 GeV,

Tevatron excluded the range around 160-170 GeV,

EWPT improved limits, such that Higgs mass was
restricted to the range: 105-130 GeV,

(This was Higgs mass range left for LHC),
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SM Higgs & LHC

* Relevant couplings (Tree-level): htt, hbb, hll, h\WWW, hZZ,

e Relevant couplings (Loop-level): hAA, hgg, hAZ, ...
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Lessons from LHC: Confirmation of the SM (& The Higgs)

CMS Experiment a:t the LHC, CERN
Data recorded: 2015-Jun-(03 08:48:32.279552 GMT
Run / Fvent / LS: 243908 / 77874559 / 86

-~ ‘
- Tools for Higgs Analysis
Inlxs (N3LO QCD+NLO EW)
HIGLU (NNLO GCD+NLO EW)
FeHIPre (NNLO CCD+NLO EW)
HNNLO, HARes (INNLOSNNLL QCD
RGHIggs (NNLOWNNNLL QCD)
SusHI, aMCSusHI (NILOMNLO QCD)
ggHiggs (NaLO QCD)

TROLL (NALL QCD)
U

VBF NDOL
VV2H  (NLO QCD) 7 Jetveo .
VBFNLO (NLC QCD) aluen (NNCOSNNLL)
HAWK  (NLO QCDIEW) C/ INNLONNLL')
VBF ENNLO (NNLO GCD) Higgs Properties
HJats (NLO CCO) top/bottom
RroVEFH (NNLO QTD)
WH/ZH EFT ==
VZHY INLO QCD) SMEFTsls Higgs
HAWK  [NLO QCD+EW) A L
VHENNLO (NNLO) Qer Higgs pi

eSS Sy {aT/HAss (NLO-NNLL)
tH EOSLAY RS S ot (NLO+NNLL)
HQG 1LO QCD) g Q (NLO+NNLL)

POWHEL (NLO QCD) PeTeR (NLO-N3LL)

CeRndiSH (NNLOSNALL)

. .
bbH / EThL  (NILONALL))
bih X NNLO (NNLO QGD) loRe-Suy
bERFONLL (NLONNLL OCD)
bbX (NLO+NNLL QCD) /

11 (IMSS5M,2HDM)
HH

HPAIR (INLC QCD) PDF: MNHT/MSHT, CTEQ, NNPDF. EKO. xFiller, PDFALHC
geHH INLO QCD)
B HH NKLO QGCD) SM-
ichkaba ki

/ ith 20

NLO+PS MC (Multi-purpose)
POWHEG-BOX

MadGraphs aMC@NLO
SHERPA NEPS@NLO
PYTHIAS UNLOPS
HERWIGT Maichbox

NLO ME/Automated NLO
MCFIL. AGE_aMCENLC
Receola, GoSam, HELAC
Qgpenloops, BlackHat, ate

Wi7Z

Higgs Decay

HDECAY (NLO++)
Proghacydt (NLO QCID4EW)
Higdl (NLO QCDeCW)

WiZ

MSSWZHDM
FeynHiggs. CPSuperH
SusHi+2HDMC
HIGLU+HDECAY
2HDECAY

NMSSM
NMSSMCALC (EW)
NMSSMTools, FlexibleSUs

SOFTSUSY, SPhano

+ muny coves for BEM physics

| Saggestons 1o R Tanaka

May 202° CMS Preliminary
CMS measuremeants 7 TeV CMS meaturement (stat.statiays)
vs. NNLO wwo; theory 8 TV (VG meas remest (SIa stat+ays) e
13 TuV CMS nwasuremsnl (s.dl slai+sys] e
M : ks ' 1.06£0.01+£0.72 501’
WY, qiLo v . : 1.16+£0.03£013 501"
WY, jLo ) — 1.01 +0.00+0.05 137"
Zy, N Ot b 098+0.01+005 501"
2y, N_Oth. - 0.98+0.01+£0.05 19.5fb°
WW+WZ . ' 1.01+£0.13+014 491b"
ww —— 1.07+0.04+0.00 491"
ww P 1.00£002+£008 194fb
ww — 1.00+0.01+006 3581
WZ —_—— 1.05+0.07+008 491ib"
wWZ —— 1.02+0.04+007 1961
Wz e 1.0010.0210.03 137f0"
ZZ 0.87+0.13+0.07 491’
zZ — 097+006+008 1961
ZZ e 1.0410.0210.04 137’
w6 | ' 2
All resul s al;

.6
Preduction Cross Section Ratio: «a,,, / ay




The Higgs profile after LHC: mh=125 GeV & SM-like

no evidence yel

for interaction with Higgs
probably needs
future colliders

HQQgs

no evidence yet
for interaction with Higgs

no clear route to
conclusively establish SM

couplings

First Second

generation generation generation

e charm

Third

’ N -
agown

strange

af @ e n muon

first evidence

to be conclusively
established at the LHC
within 5 - 10 years

G. Salam et al, Arxive: 2207.00478 [hep-ph]

production,

e Other properties needed to confirm the
Higgs profile:

- Higgs self-coupling (hhh): Higgs pair

- Four-point interactions (hhVV, hhhh)
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3.0 Beyond the SM - New Physics

e The SM is great, but there are open issues:
- Why19 SM parameters?, why 3 families?,
- Strong CPV? How to include gravity?
e Higgs mass & ierarchy Problem

e Hints of New Physics: Neutrino masses and
mixing, DM, DE, BAU, Bigbang,

e Many BSM extensions: NHDM, extra forces, more
fermions, extra dims (RS, XL,Q), etc

e SUSY, GUT's and String theory,
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LHC SEARCH FOR NEW PHSICS: None

B 13 TeV 8 TeV
LQ1(ej) x2
LQ1(ej)+LQ1(vj) B=0.5 y
. LQ2(j) x2 coloron(jj) x2
O a0 coloron(4) x2 [T Multijet
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Single LQ2 (\=1) [— 0 1 2 3 4 Tev
0 1 2 3 4 TeV

ADD (y+MET), nED=4, MD
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String Scale (jj)
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0
CMS Preliminary
ADD (ee,pp), NED=4, MS | LCﬂ’ge EX-I-rO
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|

SSM Z'(t7) Jet Extinction Scale
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SSM W'(jj) dijets, A+ LL/RR
SSM W'(lv) dijets, A- LL/RR
SSM Z'(bb) ———1 dimuons, A+ LLIM
0 1 2 3 4 5 TeV dimuons, A- LLIM

X dielectrons, A+ LLIM
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e* (M=A) Fermions single e, A HnCM
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CMS Exotica Physics Group Summary — ICHEP, 2016

* But so much agreement between the SM with data is also intriguing.
Where is BSM Physics?




3.1 The Higgs
problems

* Naturalness/Hierarchy problem: Higgs
mass is light (i.e. mh=125 GeV), large
corrections somehow disappear, despite
having M_NP > O(3-4) TeV).

e Why there is something

rather than nothing?
(Leibnitz)

— 2
Sppy = /(ll.r\/g (—,,11’) :
. K=

kP =327G) V= — 20T 4+ A\(PTD)?

e Why are there two scales in the SM & GR that break the
conformal symmetry?




Corrections to the Higgs mass

e The effect of heavy particles on the Higgs mass can be calculated,
ex. One-loop diagrams,

o)==+ @+ @@

_ ! _— 2 -
p* —m* — X(p?) —12(p°) = --{1PI |} --

To evaluate these diagrams, one needs first to n
regularize the loop-integrals (Dim. Reg.), | =

One also has to identify the counter-terms, o\

These counter-terms absorbe the infinities,

Finally, one identifies the Ren. Scheeme (MS- d4 l
bar), q q2

Integrals may have quadratic divergences,




Historical remarks on Quad. Divs. & Naturalness (1)

PHYSICAL REVIEW D VOLUME 20, NUMBER 10 15 NOVEMBER 1979
_ Dynamics of spontaneous symmetry breaking in the Weinberg-Salam theory
* First paper on
problems of Stanford Li l cwn?d f‘:fzi"d. ford, California 94305
: tanfo inear Accelerator Center, Stanfo niversity, Stanford, California
Higgs mass & (Received § July 1978)
Quad. D'_VS- DY | We argue that the existence of fundamental scalar fields constitutes a serious flaw of the Weinberg-Salam
L. Susskind, theory. A possible scheme without such fields is described. The symmetry breaking is induced by a new
strongly interacting sector whose natural scale is of the order of a few TeV.

THE INFRARED-ULTRAVIOLET CONNECTION

[
Veltman Dedicated to Jacques Prentki on
|dent|f|ed occusion of his sixiieth birthday.
Quad' DiVS in BY M. VELTMAN™
Dim. Reg.

. Physics below 300 GeV is termed infrared, and physics above 1 TeV is called ultraviolet.
(pOIeS N D=2)5 Some aspects of the relation between these two regions are discussed. It is argued that the

& a condition symmetries of the infrared must be symmetries in the ultraviolet. Furthermore, naturalness

: within the context of the standard model is considered. Tt is concluded that there is either
for its a threshold in the TeV region, or alternatively a certain mass formula holds. This formula,
Cance”ation, when true, might be indicative for an underlying supersymmetry.

PACS numbers: 12.40.—y, 11.30.Ly




A suitable criterion, within the framework of dimensional regularization, is the occur-
rence of poles in the complex dimensional plane for n less than four. Thus naive quadratic
divergencies at the one loop level correspond to poles for n = 2. We therefore inquire
after the existence of poles for n = 2 in the standard model.

e Later on Veltman claimed that there are no quadratic divergences exist in the SM

Submitted for publication in

Acta Physica Polonica. UM-TH-94-12

PERTURBATION THEORY AND RELATIVE SPACE !

M. VELTMAN
Department of Physics, University of Michigan
Ann Arbor, Michigan 48109, USA

At this point we would like to distance ourselves from such an approach.
Quadratic divergencies do not exist within the dimensional formulation. The con-
cept of naturalness with respect to scalar particle masses needs revision. There are
no large corrections related to quadratic divergencies as these divergencies do not
exist in the dimensional method. Of course, corrections to scalar particle masses
involving masses of heavier particles could still occur, but that is a quite different
subject. Only within a well defined model can conclusions be drawn.




Corrections to scalar mass contains (old view),

Yr .2 2/ A I S

mi(:.-‘\./t') = m',":(:.?\') - (—1‘)2'1" (2J; + 1)——|: | -
167" [T

X=S8VF

* When, Lambda is the UV cutoff, and it goes to infinity, it
seems that a large correction to the Higgs mass is induced,

2
9x 2
om; = A
A — m =

* Modern view: when Lambda goes to infinity, one just has to
renormalize the Higgs mass, such that no large correction
to the Higgs mass is induced, but ....




e Real problem: when Lambda represents ) m2 _ L
the effect of a heavy particle, of mass h 167-‘-2
M and coupling g_x; it leaves a
correction to the Higgs mass of order:
Known solutions assume: sm2 = X o ()
H »_9 N
g_x =0(1)=g_sm 107
* SUSY: A relation o o 9 /2
among parameters, C1=Cp + Cf — A= C(g + g )
such that C_1=0,
q . 3 12 () y. . 9
e \eltman Condition); A Ci =2A+ 59 T 59 — 12 y;
relation among = =
masses, such that " ) ) )
C 1=0->m _h=316 m; = 4mt — QmW —m7,
GeV
e Conformal symmetry: 2 o2
vanishes at tree level. 5mh — lOgM/m




Is the SM a Natural Theory?

* Previous thoughts on
natural vs-unnatural

physics:

e Since no PBSM showed
up, with M=0O(1) TeV,
the SM could be valid
up to: E >> 0O(1TeV),

e |sthe SM still a Natural
theory?

“Natural” spectrum versus  “Unnatural” spectrum

New New
NN 10.1019 e—
Physics 1010-10' GeV 7 Physics
to screen
influence of
new physics \
Natural N 1 TeV ?
physics
Fermi ——— 100 GeV «— Fermi

Standard Standard
Model Model

We understand better these questions, like what is QFT & renormalization,
from a modern point of view -> Effective QFT (K. Wilson, 1970-80’s)




Integrating-out Heavy Particles & EFT

e Suppose a QFT has a
heavy and a light fields:

(With masses: M & m)

* For E> M, the theory is
described by:

e For E<M, QFT only
iIncludes light fields, and
It iIs described by:

(I)H and ¢L Energy

$r H/

Log=La(®y,or;dm)
l 1 TeV M

Lr=Lr(dr;91)

e The parameters (H&L) G # Jr. R0 h® SM
are different in general,

When the heavy field is integrated out & the _ ( M)

parameters change with Energy (Scale, RGE): 9i = Yi




SM Naturalness & Fine-tuning (J.Wells)

* We can define the max. degree of
fine-tuning, as follows:

FT|gr:| = max; FT|gr: | gus!

Within the SM, the max. fine-
tuning, appears in the Higgs
mass, as function of the top mass:

e Ii/n,'
F'L\my, [my) =~

) B FEN.
n -l'-lll

h

But this fine-tuning is only of Level- 0.3,

This is so because mh=125 GeV,

Thus, there is no F.T. problem in the SM!

FT:.(ILI' .(/HJ': —

gH; OgLi
gLi OgH;

pus=M?=

]'"I':m'”’: — 10"

— Level-X finetuned theory.

FT

Loy =—-m*H'H +---.
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SLOA .
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mh(GeV)




Are there still other solutions to the naturalness problem?

e What about the case g x << 17 S2 g2 M?
mh —
2
(Feeble coupled sector = FECOS) 167
J. Lorenzo Diaz-Cruz (Puebla U., Mexico)
e-Print: 2309.01378 [hep-ph] T | /
05 ///
045 //
e Actually the nuSM (See-saw) i 7
. : Pd
is one example of FECOS ™ -
: , 02 ////
- B 1!/‘2 ) ‘\[‘\2 | //
o“”“l) - (477)2 ‘\[-\' (l — log “'.2 ‘ 01 G 0%10° 0.0%10° 1.0x107 1.1x107 1.2x107 1.3x10"
. | - m,(GeV)

eSo, with FECOS it seems possible to keep Mh = O(EW) scale,

eBut is it a valid solution? Yes!

e |s it useful for model building? Yes, as we will see next ..




4. The SM structure: what if the
SM is the Fundamental Theory?

* Out of the largest possible
symmetry group SU(16x3), only P IS o
an small subgroup is “gauged”:
SUERB)xSUR)xU)! ... Why?

e Before the LHC, it was thought
that the SM was a theory for
the poor man, that would be
substituted by something
better ...

e But after the LHC, without
sighals os new physics beyond
the SM, may be we should
consider the SM as something
more fundamental ...




What defines the SM?

e SM gauge group:

SUB)_c x SU(2)_LxU(1)_Y

* Fermions Reprs.:
-Q(3,2,Y_0q)
-U(3,1,Y_u), D(3,1,Y_d)
-L(1,2,Y_D), E(,1,Y_¢e)
 Higgs: H (1,2, Y_h)

* Renormalizability,

Only small SM representations: singlets or
doublets of SU(2), singlets or triplets of
SU(3), such that SM is anomaly-free,

Where have all the large reprs. Gone?

SM particle content just enough to allow
for CPV,

SM includes a Higgs doublet, such that
correct SSB is induced (rho=1),

SM is a chiral theory, such that M_SM=0 &
extra vector-like particles should have
M=Planck,

EWSB does
which only happens for the SM!

Vacuum alignment in multiscalar models

J.L. Diaz-Cruz (Barcelona, Autonoma U.), A. Mendez
Published in: Nucl.Phys.B 380 (1992) 39-50




The Standard Model Lagrangian

e SM Group:

SU@B)_c x SU2)_LxU(1)_Y

e Fermions:

-Q (3, 2,Y_q)
-U(3,1,Y_u), DG, 1,Y_d)

-L(1,2,Y_l), E(,1,Y_¢e)

e Higgs: H (1,2, Y_h)

Qem = T3+ — ¥, = (v,e)!

Lo, = [:fg +Lyv +Lyg+ Ly + »Cghost



 Why to expect some deviations from SM Fermion-Higgs Couplings?

In the SM we do not know the origin of the
Yukawa parameters,

Are there patterns & relations between the
fermion masses and CKM values?

Is the hierarchical pattern of fermion
masses & CKM due to some symmetry?

Is the Higgs mechanism the only source of
fermion masses?

Parameters of the Stancarc Modzl

Description

Electron mass

Muon mass

Tau mass

Up quark mass
Down quark mass
Strangc quark mass
Charm guark mass
Bottom quark mass
Top quark mass
CKM 12-mixing anglc
CKM 23-mixing angle
CKM 13-mixing angle

CKM CP-violating Phase

U(1) gauge coupling
SU(2) gauge coupling
SU(3) gauge coupling

QCD vacuum angic

HIQQ5 vacuum Cxpcctation valuc

HIgg5 Mass

Renormalization
scheme (point)

Ue = 2 GeV
uge = 2 GeVv

s =20GeV

q.
|

Me

|5|
II

=
=
30‘

71

Cn-3hell schcme

WS = Mz
WS = Mz

Has =Mz

Value
11 keV
105.7 MeV
1.78 GeV
1.9 MeV
4.4 MeV
87 McV
1.32 GcV
424 CcV
172.7 CcV
13.1°
2.4°
0.2°
0.995
0.357
0.652
1.221
-0
246 GeV

- 125 CCV (Icniative)




Probing LFV

Higgs decays

e Muon number could be violated by
scalar interactions first suggested by
Bjorken and Weinberg (PRL38, 1977 ),

e Then, in 2HDM, Weinberg-Glashow
theorem was used to avoid FCNC
Higgs couplings,

* But it is possible to build 2HDMs with
acceptable FCNC Higgs couplings,

e.g. Cheng-Sher ansazt
(PRD35,1987):

* Possibility of LFV Higgs decays at
detectable levels found by us (DC &
JJT, PRD62,2000)

A Mechanism for Nonconservation of Muon Number

J.D. Bjorken (SLAC), Steven Weinberg (Stanford U., Phys. Dept.) (Jan, 1977)
Published in: Phys.Rev.Lett. 38 (1977) 622

We consider the poscitility that muon-numbe- conservat ©n i€ not a fundamental synmetry of ratare.
I simple SUE) & U gauge thaories with severzl scalar boson doublzts, muor aumber will still
amuoiratica by be consarved by the intermediate-vector-boson interactions, but not by effects of
virtual scalar besons. The branching rato for x —= e 4 v is estimated to ke of orcer ('%) ! Cther

1 — ¢ transitior orccesses are zlso discussed.

Natural Conservation Laws for Neutral Currents

Sheldon L. Glashow (Harvard U.), Steven Weinberg (Harvard U.) (Aug, 1976)
Published in: Phys.Rev.D 15 (1977) 1958

Mass Matrix Ansatz and Flavor Nonconservation in Models with Multiple Higgs
Doublets

T.2. Cheng (Missourl L., St. Lou's), Mare Sher (washingron U, St. Louls] (Feb, 1987)

Published in: Phys.Rev.D 35 (1987) 3484

mg;Tm; » _2
MNij = Xij . B.R.(h — tu) ~ 107" —10

Lepton flavor violating decays of Higgs bosons beyond the standard

A More flavored Higgs boson in supersymmetric models

J. Lorenzo Diaz-Cruz (Puebla U., Inst. Fis.) (Jul, 2002)
Published in: JHEP 05 (2003) 036 « e-Print: hep-ph/0207030 [hep-ph]

model
J.Lorenzo Diaz-Cruz (Puebla U., Mexico), J.J. Toscanc (Puebla U., Mexizo) (Oct, 1909)
Fublished in: Phys.Rev.D 62 (2C00) 116205 « e-Print: hep-ph/9910233 [hep-ph]

[ pdf & DO [ cite B reference scarch <) 179 citations




4. Dark matter: from WIMPS to FIMPS

* Dynamics of the galaxy (and galactic
systems) indicate that some form of
Dark matter should exists,

Expected

Rotation velocity —>

Distance from center of galaxy —>

Galaxia de Andrémeda

e \We do not know what is the
nature of dark matter, it could be \3% MATTER

a particle (beyond the SM) or a D 1

mOdlflCathn Of graVIty, Or I 3.65% INTERGALALCTIC GAS

0.4% S13RS, L1C,

7 304 DARK ENERGY




It could be possible that physics BSM can explain DM

WIMP (Weakly interacting
massive Particle) miracle,

WIMP candidates; scalars
(IDM), Fermions (Leptons, RH
Neutrinos), VVectors (Dark
photons, forces), Composite
states (strange cookies, DDM),

WIMPS in Supergravity:
neutralinos, gravitinos,
exotics,

New possibility: FIMPS
(Feeble interacting massive
particles)

PHYSICAL REVIEW LETTERS

Highlighls Recenl Accepled Colleclions Aulhors  Relerees Search ress

Holographic Dark Matter and Higgs Models

J.Lorenzo Doz Cruz
Phys, Rew. Lell 100, 221807 - Pablished 5 June 2008

Physics Letters B

Volurme 695 Issues 14, 10 Jar vary 2011, 3Jb'ts 164-267

-

Neutral SU(2) gauge extension of the

standard model and a vector-boson dark-
matter candidate

J. Lorenzo Diaz-Cruz * A ® krres: Ma

Aboul




Search for DM- Direct & indirect
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Results: No direct evidence of DM (WIMPS)



Could Higgs, Naturalness problems and DM be related?

Coupled Secctors

. 12
J. Lorenzo Diaz Crug® '~

Solving the Naturalness Problem with Feeble

J. Lorenzo Diaz-Cruz (Puebla U., Mexico)
e-Print: 2309.01378 [hep-ph]

e Given that Higgs is light, no PBSM has
been found, DM wimps have not been
detected, it is possible that NP, if it exists,
interacts very weakly with SM

*So, within FECQOS it seems possible to
build natural models, i.e. to keep Mh =
O(EW) scale after radiative corrections,

e In fact, a new class of DM models
include precisely a FECOS dark sector,

eOther applications: Axions & Strong CP
Problem

Models of decaying FIMP Dark Matter: potential
links with the Neutrino Sector

dn,

X'

‘ / A - l T v T avi p = v
dt SHn, § :“-.”'.-'.\ X—xxx (1) E Uxraxx(T)nx (T) 0.5 10 20 30
X

Laura Covi,” Avirup Ghosh,” Tanmoy Mondal,” Biswarup Mukhopadhyaya®

1078

M p—1keV, Mp-1TeV

Y

107}

My 1(GeV)



e Given the limits on WIMPS, its
Dark Matter: From WIMPS to FIMPS existence seems now less

motivated,

Models of decaying FIMP Dark Matter: potential
links with the Neutrino Sector

* Feeble Interacting Massive
Particle (FIMPS) are another
viable DM candidate,

Laura Cowvi,” Avirup Ghosh,” Tanmoy Mondal,” Biswarup Mukhopadhyaya®

I " 2 \ T T
— X+ 3Hny = (00) x gy X (T) + Y Dxvrnxs(T)iix (T)
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(i v’

10" M - 1keV. Mp—1TeV
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5) Conclusions

Possible future HEP facilities at Energy/Luminosity frontier

The SM is not a theory of everything, but it o L ePP mAA L =P SRt e Lepns |

= B Factorie
could be more fundamental than we thought, sl _BuperBILNE

SuperKEKBIKEK m ProtO ns >

1 00S+3T Muon ¢ L-LHC
Building SM extensions could be more oyt e & AU \a;/
subtle, we have to think more about = N RIS
naturalness ... g [ ~~_F7Hadrons—
LHC has provided valuable data, i

mh:1 25 GeV, 1.Co 2t

So far, no signal of BSM at LHC, neither of

direct DM ...

A new solution to naturalness is FECOS
models, motivated by both of these facts,

FECOS models include a FIMP DM
candidate, with specific signatures ...

Keep searching ... Energy, Precision,
Cosmological frontiers 2!




My life with the Higgs boson

: Searching for supersymmetric Higgs bosons
PHY5| LAL RI:.\_,/,IA,I;VV_ D Justiniano Lorenzo Diaz-Cruz (Merida, IPN) (1991)

Published in: Nucl.Phys.B 358 (1991) 1, 97-120
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My life with the Higgs boson (Thanks to MAPA, Gordy Kane & Tiny
Veltman, my collaborators and my students, we have had a great time!)




What could come after the SM? (piazcruz)

e |s the New Physics still No ’ ' .
consistent with QM & Relativity Holy ghost! We are in trouble ...
l Yes
No
Is it a consistente QFT? —>| Try String Theory or LQG or ...
| Yes
Yes

L 4

Is there a new gauge boson?

| No lT

Try extra U(1) or LR or GUTs ...

No
Is the same Repr. as in the SM? ~ 5| Try extra U(1) or LR or SUSY
or GUTs ...

l Yes

It is still Rock & Roll to me ... keep calling it the SM-X




The DC extension of the SMEFT| | oeecn: (uens b, veeo

* One assumes that naturalness problem is solved with heavy
particles of FECOS type,

* FECOS particles are included to explain the dark cosmos (DC),

* The SM is treated as an effective lagrangian, which results from the
interaction out of the FECOS particles,

* Many possibilities exist for the DC sector, which is also treated as an
effective lagrangian; interesting case includes 3 RH neutrinos & an
scalar singlet,

l([ \, l ‘-fl,([ sm
CI)( -SMEFI] _C\\[—T—El)( T E ‘:l—T— \,[l()r[,'ll.

1,

* Predictions: small corrections to Higgs observables (ex. Self-
coupling), pattern of neutrino masses, decaying dark matter, etc.




Fred Jegerlehner'?

Is the Higgs Boson the Master of the Universe?

e-Print: 2305.01326 [hep-ph]

800

— 600 my — 175 GeV _
e Higgs boson discovery and absence of BSM S “allla) = 0118
physics at O(1) TeV -> new paradigm, = 3
. . 200 =
® SM masses & couplings show amazingly T
deep conspiracy -> SM vacuum stable up to o L
the Planck scale, 4 1Gev
® At higher energy (below Planck scale), oos| - TG :
there 1s a phase transition from Higgs phase | j
(SSB) to symmetric one, E ]
i -
® In the disordered phase, four physical Higgs g -ourf ]
scalars are very heavy -> provide enormous o] S
Dark Energy (DE). o0t MU LU0
EGLC :;alc i .'Ln -Gc‘;’
) ) 2 - ;2 5 5 * C1 has a zero, at about
(””}1 — ’”}“) AA}! :L]-:., L] — 2/\ * 3/23’ + 9/2“\' 12.1/( E:1O/\(17) GeV, fOI’
mh=125 GeV.
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