LITTLE HIERARCHY PROBLEM

|
FOR PHYSICS JUST BEYOND THE LHC

M. Fabbrichesi, INFN Trieste, [taly
Beyond the LHC, 25-27 July 2013, Nordita, Stockholm




A FEW PRELIMINARIES







solar system

the model of physical explanation

dynamical explanation (Newton)

parameters of Earth orbit (Kepler, anthropic)

wrong question?

different scales do not decouple




the hierarchy problem (as spelled out in the textbooks)

[w/ momentum dependent regularization (pole in D=2)]
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quadratic sensitivity to cutoff

cannot keep scales apart




the little hierarchy problem

4 ™mp
< 4 N ~ 450 GeV
natural”’ scale tos v

but EW radiative corrections

say no NP up to A =10 TeV




SM natural: no UV sensitivity

open questions:

the cure: SUSY (little Higgs)

1 A?
T ~ 2 2
5mh_8?(m —m)lnﬁ
mixing of UV and IR terms

Integrating over vs. integrating out

better use DR
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ABSTRACT

The question of the natura of the Standard Model of the
electroweak intera discussed In the context of
perturbation theory, the classical scale invariance of the theory
implies naturalness condition on the Higgs mass counterterms
and a possible explanation of the electroweak scale

°
The Standard Model of the electroweak interactions has been very 2

successful in des the known subato world in terms of SC E . e anE l rl; l n
SUB)®SUQ)@U) g amics. However, little is directly known

about the mechanisms of el weak symmetry breaking. In the Standard

Model an’ elementary H is introduced with a negative mass term

The negative mass t an instability which causes the Higgs field to

condense generating a 1s symmetry breaking and masses for the

electroweak gauge bosons and fermions. The scale of this symmetry
]

breaking, and the resulting masses, is determined by the size of the negative
ggs mass term Quantum corrections can strongly t the size of the
iggs o erefore the scale of electroweak symmetry breaking. If the s Sl
ndard d the correct physics up to a high scale, it is [ l

re to repres
usually assumed that the ;:_:.:3""' orrections shift the Higgs mass terms by

] livergences of the loop am i The
ctive Higgs mass term at the electroweak
presents a naturainess problem for the Standard
» naturalness

Model [1). In

W.A. Bardeen, 1995

trace anomaly gives only multiplicative mass corrections
negative mass squared is a soft term

counter terms or use only DR




for the time being I am not going to worry
about the quadratically divergent terms

even though they have been the motiwation
for SUSY n the past 40 years
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model building requires guiding principles

no new physics beyond SM

new physics
at scale M,

no problem

SM all the way to Mp)

1 —
2 2 2

M2
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112

IR sensitivity: one-loop finite terms
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ssenger scale

example: dm; in the MSSM
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L.J. Hall et a/, 2011

gyt fX - v = O(100GeV ) A <]

12



let new physics enter 1n such a way
that IR finite contributions to the Higgs boson mass
cancel

O(mp)

one loop: solution to the little hierarchy problem

physics at the new scale decouples from lower scale
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LOW-SCALE SEESAW MECHANISM

AND SCALAR DARK MATTER

A N E X A M B P AT WORK

M.FE. and S. Petcov, 2013




neutrino masses and seesaw mechanism

Pt s
N e > Nar MyapNor + H.c.

ngé —s\ 7k N, (RV);Z; / (OAV:V4 3 RH Majorana neutrinos (singlets)

couplings to LH leptons ‘(RV)el ‘2 ) |(RV)M1 |2 ) l(RV)Tl ‘2 5 10_3

and neutrinos

> (RV)p Me(RV)],| = |(mo)eel S 1€V
k

D.N. Dinh et al, 2012
Akhmedov et al, 2013
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a=[(BV)e1]? + |(RV) 1| + [(RV)r1|?

traditional see-saw o~ 1012

low-scale see-saw a @

Tbarra et al, JHEP 1009 (2011) 013005
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Higgs boson mass renormalization

44/ ( iz )
Sl e e
e 2

largest Yukawa coupling

y vy = 2My [[(RV)al® + [(RV)u1]” + |(RV)71]]
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simplest choice: add an inert scalar

Jeee s TR A5 X (HE ) S GRS

22 symmetry

M RH neutrinos
Mg inert scalar

decoupled
my, EW scale
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one-loop renormalization

I} M2
5,&2 (Ms) = )\3]\42 —4y2M2 (1 —lOg N) }
oo g TE
new 1nert scalar heavy RH neutrinos

controlling the one-loop renormalization

492 M2 M?
Aa = VB e e
g < 55 M§>

O(mp)
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aside 1: how much fine-tuning?

aside 2: decoupling vs. non-decoupling

R' = My Mp
RH neutrinos decouple as My — o0

A3

inert scalar does not as J\f g — OO
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inert scalar as cold dark matter S

J. McDonald, 1994
C.P. Burgess et al, 2001

R. Dick et al, 2008
11 Mg 45 GeV_2 C.E. Yaguna, 2009
QShQ P 8.4]_ X ]_O_ DR K. Cheung et al, 2012
IRVl 1ty

1 )\2 2
(ov) ~ 32 mg
47 MS meg

Qpnvh? = 0.1187 + 0.0017

Planck Collaboration, 2013

Ms
Aaf >0 15 ——
As TeV
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<1012
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a=|(RV)er|? + |(BV) 1| + |(RV) 1|2
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MN (TEV)

)\3 Lo 10_11

feebly interacting
massive particle (FIMP)

A3 K 1

does not thermalize,
abundance very small,
no annihilations
usual result does not apply

a e
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XENONI100
http://dmtools.brown.edu
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