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Low energy implications of the dS SWC

For a scalar potential V (¢) of any consistent theory of quantum gravity
(= not only for the fundamental scalar fields in string theory)

No exponential expansion
strong/unrefined version [1806.08362] weak/refined version [1810.05506]
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Quintessence from accelerating Universe

The present accelerating Universe = a positive vacuum energy: V({¢)) > 0

V)]

V0 = (2x 1073 ev)’
> {9}

|7V =0
It is natural to think that all fields are stabilized at their vacuum values
However then |VV| =10 fLV with ¢ = 0(1) > 0 (conflicts with the dS SWC).

The dS SWC implies there should be scalar field directions (Q) with |9,V | > = VO
1 (mQ < HO 10_338V)




Trouble with local maxima

The inequality of the original conjecture applies to all the field space: No local minima,
maxima are allowed in any field space point. The quintessence should couple nontrivially to
scalar fields whose potential has several local dS extrema.

V(Q: {¢l}) i V({¢l}) + exp (_ MLPI Q) VO for V({¢i})extremum >> VO
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Two examples of a scalar potential with local

maxima in the SM
[Choi, Chway, CSS 18]



The pions as the low energy degrees of freedom

The dS SWC is related with the vacuum structure of the Universe: a low energy consequence
of quantum gravity. It is natural to play the game with all the low energy scalar degrees of
freedom including composite particles.
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A neutral pion effective potential

At a scale below AQCD, the light quarks are confined, and the relevant degrees of freedom
are mesons and baryons. The pions are good low energy degrees of freedom:

My, = 135MeV, 7, =10"'6sec= (1076 MeV)_1 »> my]

The effective scalar potential of the pion is calculable

B (auﬂo)(aﬂﬂo)
Leff(ﬂo) - 2(1 + (T[O/Fn)z + )
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A periodicity of the pion potential is the natural consequence of spontaneous breaking of
SU2), X SU(2)g = SU(2)y by quark condensation.



At the top of the pion potential

At a scale below Ay cp, the light quarks are confined, and the relevant degrees of freedom
are mesons and baryons. The pions are good low energy degrees of freedom:

Applying the dS SWC to the local maximum of the pion potential (n°/E, = ) implies the
sizable coupling between the quintessence and the QCD sector.

V(0 70) ~ exp (_MLHQ> (Vars (1°) + V,)



Higgs at the origin

1807.06581 Denef, Hebecker, Wrase

v

2 2
The scalar potential of the Higgs can be writtenas V(h) = A (lH |2 — 7)

1312.5672

Applying the dS SWC to the point (H) = 0:

C

V(Q,h) ~ exp ( ) (V(h) + Vo)

Pl

The original dS SWC:

inevitable couplings between the quintessence and the SM fields




Phenomenological constraints

[Choi, Chway, CSS 18]



Constraints on the quintessence couplings

The quintessence coupling to the pion and the Higgs induces a long range force between
macroscopic objects (nhucleus, earth, sun, etc): The gluon and light quark couplings to the
Quintessence at a scale 1 = Ay¢p is essential.

n,p




Predictions?

For the pion case, there is the direct relation between the long range force and the bound on
“c” for the dS SWC (e.g. ¢ < 0(107°,1072) as discussed in Kiwoon’s talk).

Caveat : valid if there is no other light scalar field (moduli with m, > H,) whose scalar
potential is largely shifted by changing the pion expectation value.
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Fifth force constraints are for co(x = 0) (present value). The dS SWC needs VV|yion top =

J(OQV)Z + (OXV)Z. Aty =0,0,V = I;—’;l V: \/CQ (0)2 + c% > c. Constraints on c,, is needed.

On the other hand, at a new extremum for y (0,V = 0), VV|siontop = co (¥ # 0) > ¢, whose
value could be quite different from cy(x = 0).
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Fifth force constraints are for co(x = 0) (present value). The dS SWC needs VV|yion top =

J(OQV)Z + (OXV)Z. Aty =0,0,V = I;—’;l V: \/CQ (0)2 + c% > c. Constraints on c,, is needed.
On the other hand, at a new extremum for y (0,V = 0), VV|siontop = co (¥ # 0) > ¢, whose
value could be quite different from cy(x = 0).

Constraining the coupling between the light moduli and the SM fields is also crucial for
predictions.



Fifth force constraints for light scalar coupling

The only known long range force for neutral objects: gravity
1) inertial mass = gravitational mass (universal acceleration)
2) gravitational force = spacetime curvature

3) inverse-square law at large distances (Force o« 1/1?)

Any phenomena deviated from 1)-3) imply a modification of Einstein Gravity or an additional
long range force. In other words, if there is no deviation, it gives strong constraints.

M*mi |C_il — C_ijl

(1 + a*'e_mQr)r =2 - -

Vi=—G




No violation of the weak equivalence principle

If the light scalar couples to the trace of energy momentum tensor, the force is proportional
to the mass of the object : does not violate WEP for the objects at rest.

C

C _
—QT", - Q my Yy
Mp; b Mp, v

However Q is not coupled to photons at low energies.
Photons only feel gravity (Sravitational mass).
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Violation of the weak equivalence principle

Measurement of the E6tvos parameter n = (Aa/a); j
I\/IICROSCOPE experlment n(Ti,Pt) < (—1+£27) x 107*°(20) formy < 10712 eV
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Violation of general relativity

“A massive object like the Sun causes space-time to curve, and a light ray (radio wave) that
passes by the Sun has to travel further because of the curvature. The extra distance that the
radio waves travel from Cassini past the Sun to the Earth delays their arrival; the amount of

the delay provides a sensitive test of the predictions of Einstein's theory.”
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Violation of inverse-square law

Newton’s constant at laboratory experiments (Gy,p) and that for space measurements ( Gsp)
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Time varying coupling constant

Fine structure constant, a(Q), and nucleon mass, my(Q), electron mass, m,(Q) can change
as the quintessence vacuum value changes (Q + 0)
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Blackhole superradiance

A spinning black hole with a bosonic field whose Compton wavelength is around its
Schwarzschild radius is cosmologically unstable. Observation of spinning blackholes gives
nstraints on certain mass ranges of the scalar field
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Blackhole superradiance

A spinning black hole with a bosonic field whose Compton wavelength is around its
Schwarzschild radius is cosmologically unstable. Observation of spinning blackholes gives

the constraints on certain mass ranges of the scalar field
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Cosmological history of the moduli

Coherent oscillation of light moduli becomes a problem if its abundance is greater than the
observed dark matter abundance : (), < Qpy
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Cosmological history of the moduli

Coherent oscillation of light moduli becomes a problem if its abundance is greater than the

observed dark matter abundance : (), < Qpy
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Cosmological history of the moduli

Coherent oscillation of light moduli becomes a problem if its abundance is greater than the
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Cosmological history of the moduli

Coherent oscillation of light moduli becomes a problem if its abundance is greater than the
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Summary plot

[Choi, Chway, CSS 1809.01475]
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Summary plot
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Conclusions

The original dS SWC gives interesting implications for the
present Universe, whose claim can be tested by fifth force
constraints

Various experiments with the pion effective potential provides a
very predictive bound on the parameter of the dS SWC.

This gives the phenomenological motivation of refining the dS
SWC.

| did not yet figure out concrete phenomenological constraints
on the refined version.



