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Naturalness and the EW hierarchy problem

Interacting scalar fields are delicate objects!, radiative corrections
sensitive to heaviest particles they couple to.

>

Why is the Higgs so light? What maintains the hierarchy
between EW scale and any new physics that is supposed to
complete the EW sector of the SM?

Compositeness? SUSY? Large, warped extra dimensions?

Collider + atomic physics constraints — need to hold out in
very tuned regions of parameter space.

Live with tuning? Anthropically determined?

N.B. Harnik, Kribs, Perez, arxiv: hep-ph/0604027
Is naturalness as a meta-logic dead?

Caution. Naturalness could have ‘predicted’ structure of SM
from QED anne. J. D. Wells, arXiv:1305.3434

Novel (technically) natural solutions to EW hierarchy problem
probably need no further justification.

LAnd were once upon a time viewed with deep suspicion!
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Cosmological relaxation of the EW scale
Recent proposal: hierarchy between EW scale and putative cutoff

M paraphrased into parametrically large field excursion for some
new f|e|d (z) that Couples tO the nggs Graham, Kaplan, Rajendran arXiv:1504.07551
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Naturalness: ¢ is an axion, hence relaxion.

(h) depends on ¢ ; A* ~ f2m2 , m2 grows linearly with (h) .
Technically natural for g/M <« 1.

EW symmetry breaking when ¢ = M?/g .
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Inflation provides a natural context for this field excursion.
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(Cf. Abbot's ‘solution’ to the cosmological constant problem). Subodh P. Patil
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(Cf. Abbot's ‘solution’ to the cosmological constant problem). Subodh P. Patil

Hierarchy problem now expresses as requiring a very large i.e.
super cut-off field excursion during inflation (since we don’t want
to tune initial conditions either) A¢ > M?/g .

V()

g

> V(¢ h) = (—M?+ g¢) h> + gM?p + ... + N ((h)) cos (¢/f)

» Stopping condition: when A* ~ gM?f .

> A4((h)) = A*(h)/v , v = 246GeV hence ‘. — f2 £ can be made
order one for small enough g for very Iarge values of the

cutoff M > v .
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Crudely putting all of these bounds together, we find for a
dark sector SU(3) axion, we find for f ~ M :
M ~ 101°GeV, A ~ 100GeV, g ~ 10~22GeV

implying that N > :—22 > M"Z”; ~ 10% e-folds required.
pl

Have we just merely shuffled all tuning issues into the inflaton
sector?
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Therefore, breaking dS symmetry enhances field excursion per
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|A¢| = ¢po — ¢ = M?/g implies ANyin > log (1 +2¢0 0 )
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» One can recast minimum number of e-folds required into a
bound on the Hubble scale at the end of inflation:
Hf = Hoe_eoN — Hs S % when € > g2/Hg .
> Also require: Hy <A .
2M

> po = sfaiar L+ & (1= V)] + Mg

> Requiring ¢o > 2M?/g , it follows that py < 3H2M2 will always

Ty N S O8Mpi
be true if: M <2H260(3+60) +2) R VZeoBreo)’
> In the limit g?/H} < ¢ , we find this implies M2 < 2 £l

~ V2(3+eg) Vo
» Stopping condition w/ f ~ A is A* = gM3 , which puts a bound
on the cutoff: M < ey /™ (A*M)Y° .
» For ¢ ~ 1072, this implies M < 250 TeV for A = 100 GeV with
AN Z 50log (",(’—:) ~ 3 x 103 . Far more reasonable.
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> Successful reheating: Try < \/HrM, , would like Tgy > TeV .
» Constraints on the inflaton + — need inflation to not be in the
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2

then we require ~22x1077.
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» But given that H. < Hy < A, the above would imply that
€ < e <1072,
» We'd need an alternative way to generate structure for part of
parameter space. Curvaton mechanism?

» The relaxion itself meets all the requirements required of the
curvaton (consistent w/ technical naturalness).
» Need curvaton/relaxion m? ~ A*/f2s.t. H2 < m? .
» Gaussian perturbations if H. < ¢.
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Cosmological relaxation of the EW scale
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Figure: Left: Upper bounds on M as function of eq. The solid red (blue) contours correspond to Hy = A = 1 GeV
(100 GeV) respectively. Dashed (dotted) lines correspond to Hy = 1075 (Hy = 105/\). Right: Allowed region for

A = 100 GeV, with grey lines showing log1g N,y - The light (darker) orange shaded region has Ty < TeV

(TR < 100 MeV), and we choose Hy such that Hy < \3/ A4 /M is satisfied for M < 109 GeV. The parameter g is set
everywhere by gM3 = A% In the region to the right of the vertical dashed line, a curvaton field is needed.



Open Questions
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So far, there are a LOT of questions that remain to be answered
about this mechanism from the cosmology side.

» Could the relaxion also be the inflaton?

> Are there any observable (resonant?) signatures of the
relaxion/ curvaton in the CMB/ LSS?

» In this scenario, the EW phase transition can happen before
or after the end of inflation. Consequences for/ constraints
from reheating?

> Can the relaxion settle in neighbouring valleys within the
same Hubble patch? Would that lead to interesting new
defects? Is this already ruled out/ severly constraining of the
scenario as a whole?
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