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The Hierarchy Problem
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Clean Ideas. But

_/'9 Null Results at LHC!!!

The Hierarchy Problem:
Solutions
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The Main idea
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Selection Mechanism
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Selection Mechanism

¢ : A PNGB V(p,H) =V +Vy + Vr
like light Ve (H) = | H|? + M\ H|*
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Selection Mechanism




Selection Mechanism
Problem with 1 Higgs and 1 ¢ :
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A 1/
’/ ~

/ A\

f 1

| I

¢N

Spoils the Triggering mechanism!
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Solution: Add another Higgs doublet.



The Model

Vorom (H1, Ho) =2 HI Hy + p2HIHy + M (H] Hp)? + Ao (HLH»)?
+ Xs(H{ Hy)(H} Hy) + \a(HHy ) (H] Hy)

1
+ 5 (As(HTH2)? + X5 (1] H)?)

Vi(9) = pgf? (; (?)2 e @):)
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2 2
oty Ho
2 (1672)2
Effective Triggering possible now!
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The Cosmological Set- up
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Higgs sector Inflaton sector
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The Cosmological Set-up

VEWR =gy ({al)}, P(o, Hi, Ha)) W WVEL({BYVY, P(x))
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Inflationary dynamics would result in the
multiverse being dominated by the vacuum state
where each of the above terms—and in particular

the Higgs contribution is maximized.
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Maximizing Vacuum Energy:
Va rYi ng l/l% and M% O\ass—lﬂ Selecl‘ed
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Maximizing Vacuum Energy:
Varying u4 and us3

Desired class of minima is selected if the
quartics satisfy the following conditions:

Potential bounded from below: A3 + Aqy — |A5]| + 24/ A1 A2 > 0

Class-lll minima exist:  Ag — |A5| <O

/{2

Ar — —
° 8

. 2
Class-lIl minima do not K
As+Ag— o —

co-exist with class-Ill: 8)\¢ < =24/ A1 A0

Vacuum energy of class-lll > class-l: K2 > ANy (A345 + 24/ A1 A2)

where A3s5 = A3 + Aq — |5
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Maximizing Vacuum Energy:
Interplay of the Quartics

By varying the quartics, = Only Class-I and Class-I11 Minima exist.
Class-Ill minima is always
“SELECTED” during

inflation.
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Thus, ALL the
previous conditions

All 3 Classes of Minima exist.

are automatically ! )
satisfied by requiring e
the maximal Vacuum V€, < VE, (always)
energy!
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Predictions: 2HDM Pheno

tan B, = |—
125 GeV \ A2

(miz — mz)(1 + tan? B)

Decays of CP-even Can be directly Charged
Higgs bosons measured at the LHC glggs/PseudoscaIar
ecays

Requiring maximal vacuum energy gives
a precise, falsifiable prediction. 16



Predictions: 2HDM Pheno

Precise, falsifiable prediction: cos a =

Contours of cos(a — )
A
Deviations in couplings of

the lighter Higgs from SM
values. (HSS)

DS bounds: H - yy
H/A - 1T

Charged Higgs bounds
come mainly from b -» sy
processes and can always
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my+ = 650 GeV.
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Pheno of ¢: The 2 regimes
v

; ¢
Vg = m3® + A 55 ¢*

where m?b = (—,ué + /@“Tqbvfs[g*c[g*) = e%u?5

To obtain P(¢), we solve the modified FPV o
equation: b
oP _ 0 [H}0)IP  V'(6)
ot 0¢ | 8w2 0¢  3Hi(¢

)P] +3H(¢) P wmmm) Sy,

The 2 scales: 0¢n & ¢ ~ \7;—(]5

Quadratic Regime (py ~ a™>): 6¢m ~ 5—3 (for 6 <K dy)

Quartic Regime (pgy ~ a™): d¢u, ~ He \/ﬁ (for d¢p, > 0¢y)
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Pheno of gb The 2 regimes
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“‘Dark Matter” band: —
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density here.
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Experiments:

1.Violation of eq. principle
(eg: MICROSCOPE)

2. Time variation of
fundamental constants in
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Key Features of our model

« A generic PNGB potential for ¢; NO clockwork needed.

¢-field value never exceeds the cutoff f,let alone the
Planck scale.

Unlike the anthropic principle for weak scale, our
mechanism doesn’t restrict the variation of other
model parameters as the Higgs VEV is varied.

Maximizing the vacuum energy automatically selects
regions with desirable properties.

Precise, falsifiable 2HDM prediction that can be tested
in present and future colliders.

¢ can account for the observed DM density and can be
probed in exps. looking for violation of equivalence
principle and variation of fundamental constants.

Compatible with the “stationary measure” during eternal
inflation. Also, compatible with Weinberg’s anthropic
argument for A_.. (described in details in our paper.)
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