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This talk

@ Briefly review the original version

® From finite temperature physics: strongly coupled hidden
sector

© Weakly coupled hidden sector

O Supersymmetry and UV completions
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Electroweak Relaxation

Interesting idea for solving the EW hierarchy problem (closely
related to a previous proposal for the cosmological constant)

Large number of vacua, with different EW VEVs. Cosmological
history ‘selects’ an appropriate one.

But still many model building challenges to be addressed
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EW vacua ordered, and the point where (h) = 0 changes to
(h) # 0 special
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Constraints

Stops when:
f
M3 ~ A3 (h
M1~ N3 (h)
Dominated by vacuum energy
H > M?/M,

Need to scan a large enough range of field space during inflation

H2
Ne 2 ———
€2M?
dominated by classical rolling

H < (em?)"?
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Thermal Relaxation

Original model intrinsically linked to inflation, some points in
parameter space need up to 10*° e-folds

Aim of thermal relaxation: remove the link with inflation

Key difference: scalar always close to a minimum of its potential,
never ‘rolling’

As temperature changes, dynamics in a hidden sector result in
minimum moving, allowing for scanning
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Disclaimer

Still many worrying aspects
Most notably, still need a very large ‘anomaly coefficient’

Also need a UV completion long before the Planck Scale. Seems
surprising this does not just appear at the EW scale directly?

(But compare with gauge mediated SUSY, which needs: supersymmetric
moduli stabalisation, metastable dynamical SUSY breaking sector,
mediating interactions, resolution of y Bu, complications with gravitino
relic, and still has tuning at least 1 in 100 )

04.09.2015 Ed Hardy



EW Relaxation
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Strong Coupling Model

¢ couples anomalously to two gauge groups, the one dependent on
h has a large anomaly coefficient

L =M?|h|? + A |h[* + S.M. — eM¢ | h|?
2
+ V (e¢) + A3 (h) cos </vf) — A} <f> ,
Typical field range of ¢ ~ M/e must be < f

Strong coupling generically dependent on temperature as

Ay )
Ap (m) Thia > Np
Np, T ~
Ap otherwise.
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Evolution of ¢

For significant evolution of ¢ need a temperature in the hidden
sector ~ M

Need different reheat temperatures in two sectors and interactions
of ¢ with the hidden sector to be weak enough that it (and visible
sector) doesn't thermalise

Consistent to reheat hidden sector above M since this is only the

cutoff of the visible sector, and above this scale no shift symmetry
breaking couplings
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Consider example potential

V (e¢) = €M?¢? + e*¢*,

n 2
o3 0

Provided hidden sector reheating temperature is high enough ¢
settles to minimum before potential starts evolving

Minimum of the potential evolves with temperature as

Ormi _ M ifl

A > feM > M2,

so need
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Rate of interaction between sectors

Fvis T3, (N)?

s vis o Mpl-
H Tﬁ o \f
Chid - ThidMpl

H ;2

Evolution of the potential is close to adiabatic. Time dependent
potential for ¢ can be approximated

0 o . 2
V(0) ~ M (6~ dmint) -
For energy gained by ¢ to be small need
¢mln ~ T\EIS

M3 2
< (100 GeV
EMp[ ~ ( e ) Y
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Developing a Higgs VEV

Order 1 probability ¢ will move m% in the right direction
> 1.5

For ¢ to stop evolving when the Higgs has the correct VEV we

need 4< >
N A (o

3 VD

As (h) f 2
A2 (h) N ~ M,

when (h) ~ 250 GeV.
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Already required ¢ < 100 GeV? so safe from rolling over barriers.

Vacua must be sufficiently close together, that is
eMf /N < (100 GeV)?,

Rate of tunnelling to deeper ones must be tiny. This is true if

(1) =% (mx)
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There are viable points in parameter space
Biggest limit is A, < 100 GeV

Possible to push M to ~ 100 TeV, safer with the limits is a point

M = 10* GeV, e=10"8, f =102 GeV,
N = 108, A; = 100 GeV.

N worrying large, other parameters reasonable
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Weakly Coupled Hidden Sector

Strong coupling model reasonable, but would be nice to have a
calculable model. Use weakly coupled hidden sector:

Hidden sector states i

LD epipripa,

generates a thermal potential for ¢
2,242
VT ~ € d) T )

Similar to before, except now a term in the potential is
disappearing rather than appearing as T drops
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Need for a UV Completion

Still need a temperature in the hidden sector of > M for ¢ to be
displaced.

But the hidden sector can’t have a cutoff much higher than M
otherwise radiatively generate a too large explicit shift symmetry
breaking potential V (e¢) with mass parameters of order Apigq.

Solution: supersymmetry in the hidden sector, broken at a scale
M, non-renormalisation protects zero T potential, but finite T
breaks SUSY

L= /d206¢W1W2,
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Example zero temperature potential
V (ep) = —2M?¢? + *¢*,

which has vacua at large field values. The evolution of the
minimum with temperature is

Mmoo T
V2e M2’

Constraints very similar to the previous model.

¢min =
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Supersymmetry

Having introduced SUSY broken at a scale M in the hidden sector,
very reasonable to consider the UV completion of the visible sector
at M to be supersymmetry.

Need to reconsider selection of the EW scale

Reminder that UV completion can matter for these sort of models
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Selecting the EW Scale

EW symmetry breaking requires
(16 + mi) (P + mi) - B2 <0,
Also, no run-away along a D-flat direction
2B, < 2|p|* + miy, + miy.

The simplest possibility for vacuum selection is for ¢ to modify the
visible sector u term, e.g.

LD /d29 (MHyHyg — edH,Hy) ,
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Still need to make assumptions about the other parameters for
selection to work.

One possibility is mf_,u < 0 and mf_,d > 0 at scale M.

E.g. taking mf_,u = —M?2/4, Bu small , and evolution of ¢ to
decrease y parameter:

2 5 5
ve 2w~ luer
/g2+g/2 Hu €
2
~ S oM,

g2 + g/2

where ¢' = ¢ — M and pegr = M — €¢.
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Conclusions
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EW relaxation is interesting, and considering the lack of
signals at LHC worth considering

Thermal version shows that it is not intrinsically linked to
inflation

Still theoretical problems and models are somewhat
complicated with multiple sectors

Further improvements possible?
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A hope for future work

Current versions all have a coincidence problem: new scale which
happens to be close to the EW scale which is determined by the
stopping condition

Suppose visible sector temperature is ~ 100 GeV while Higgs mass
squared being scanned over

Then finite temperature effects mean a Higgs VEV first develops
when m? < —100 GeV

Is it possible to use this to trap ¢?
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