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How It Works

Foundation: Catalyzed vacuum decay In
presence of source

(Green, Silverstein, Starr—a way of populating the landscape)
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How It Works

Foundation: Catalyzed vacuum decay In
presence of source

(Green, Silverstein, Starr—a way of populating the landscape)

What about catalyzed decay of our vacuum?

Direct implication of existence of other vacua
for physics in our own vacuum

Positive verification is impossible

Shocking anthropic “prediction” and possible
constraints on vacuum structure at all scales .
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Overview

1. Tangible or intangible?
2. Catalyzed vacuum decay

3. Formation of short-lived black holes
(accretion of exotic matter in stars)

4. Implications
anthropic prediction

constraints on vacuum structure (at all scales)
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vacua to explain fine-tuning (or perhaps it's
secretly natural/God’s will). Statistics
assumptions + “living dangerously” make
these arguments more predictive.



Testing the Landscape

Tangible: Visible implications of the existence
of (many) other vacua

Intangible: Basic life needs ~~ Need many
vacua to explain fine-tuning (or perhaps it's
secretly natural/God’s will). Statistics
assumptions + “living dangerously” make
these arguments more predictive.

Fine-tuning would be
gratuitous in mono-vacuum theory but
required when there are other vacua

Decay — p.
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Anthropic predictions without
landscape population statistics?

(natural value)
off the charts

o Experimental value

- Landscape prediction

Secret mechanism/God’s will

Landscape prediction comes from (and sensi-
tively depends on) vacuum statistics
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Anthropic predictions without
landscape population statistics?

- | Experimentally allowed

Landscape

One vacuum

-

log (heavy particle density)

Still circumstantial, but insensitive to statistics;
other vacua are more than just a mechanism for
tuning.



2. Catalyzed Vacuum Decay



Review: Catalyzed Vacuum
Decay

A high density of particle ) can change the
potential for a “modulus” field ¢, and even
remove a potential barrier between minima

If classical deformation is above critical
bubble size, it leads to an expanding bubble
of true vacuum

Such classical sourcing can be accomplished
by a high density of the source particle or by
Hawking radiation from a black hole



Classical (Sourced) Bubble
Nucleation

Let V() = 2(¢* — v)? + £¢ + ghih)

Tunneling suppressed by e/, where o = 2¢

..but if ¢y is large locally, ¢ rolls classically.

T \v3 - : 1
P 2 % toroll Timescale: 7.,y ~ -



Expanding classical bubbles

Classical deformation can produce an expanding

bubble if it is above critical size, R. = ——

ozm¢

— Vacuum decay without tunneling!
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Catalyzed Decays via Hawking
Radiation

Black holes are a democratic source of all fields
w with My 5 < 1y

(W) (r) ~ =L (1> 1)

r

Catalysis is insensitive to detailed background—
completely specified by the Lagrangian and 7j,.



Catalyzed Decays via Hawking
Radiation

Require:
Black hole lifetime exceeds rolling time
Y1) at R, exceeds critical value

Sign of net sourcing effect at 7;, destabilizes
our vacuum
 AMpyp o my
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Living Dangerously

What kind of theories are vulnerable to
catalyzed vacuum decay?
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Living Dangerously

What kind of theories are vulnerable to
catalyzed vacuum decay?

MSSM and variants?

SUSY-breaking hidden sectors?
Flux vacua?

How generically is it a problem?

Decays to AdS vacua: how does gravity
change the story?
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3. Production of Density

Fluctuations and Small
Black Holes

Accretion of massive, stable exotics In stars
c.f. Gould, et al PRB 238 (1990)

(Early universe formation)



Black Holes from Accreting
Heavy EXxotics

Suppose there’s some small abundance of a
stable, charged, massive exotic particle x in the

galactic halo (m, ~ 10'Y — 10'° GeV)
These get trapped In stars, can collapse to black
holes that

eat the star — observable
evaporate — may catalyze vacuum decay

don’t do much in 10" yrs



Accumulation of exotics In stars

If:
O(1) fraction of relics stop in stars
O(1) asymmetry in stopping of y and y

— robust estimate of mass accumulated in star
lifetime:

2
Px v t I 42
1
(GeV/cm3> (103(;) (Myr) (Rsun> <07Gel




Self-gravitation thresholds

Gravitational collapse begins when
self-gravity of a cloud of y In hydrostatic
equilibrium exceed’s star’s gravity.

Main sequence star: M, ~ 10*! GeV

Neutron star: M. ~ 10?° GeV — smallest
possible black hole will form.
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Black hole fate

- Balance between consumption rate < R% and
evaporation rate o« 1/R%

BH with no effects

NO BH'’s form // in every star?
// CLOSURE
— LIMIT

 Jsunite s catenitin gy
10 10° 1
Relative halo abundance of exotic stable particle
®,/8,)
V Y A A A A Y £ £ £y iy e
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Universality

Capture occurs in all stars, though local
fluxes vary by a few orders of magniture —
astrophysical constraints very applicable.

The consistent flux window must be at least
as big as the local flux variation. We’'ll see
what can happen if it works.

Must also constrain early universe physics so
It doesn’t form primordial black holes with
M < 10%° GeV
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4. Implications for our
Universe?



4. Implications for our
Universe?

Either small black holes don'’t form, or they don't
lead to classical vacuum decay.



Suppose the vacuum structure is such that black
holes destabilize the vacuum. . .
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Suppose the vacuum structure is such that black
holes destabilize the vacuum. . .

They must never form!

(Similar constraints for dense clouds of a stable
particle)
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Accreting Heavy Exotics (Very)
Dangerously

We must live In a density window where
evaporating black holes never form.

The non-trivial anthropically allowed flux
window is tiny (if it even exists!)

Discovering a flux in this range would hint
strongly at a selection effect.



A triple coincidence

The mass of black hole that. ..

...evaporates in < 10'Y yrs in vacuum
... eats a neutron star in ~ 10° yrs
...accretes in 10° yrs at current flux limits

...could be many orders of magnitude apart!
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A triple coincidence

BH with no effects

NO BH'’s form // in every star?
f CLOSURE
LIMIT

| Jsunike sars catenwitin Gy
 Excluded by MACRO (i charged) . _
107 10> 1

Relative halo abundance of exotic stable particle
®,/0)

/' 4 J J J J J J J [J J 4
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A triple coincidence

The mass of black hole that. ..

...evaporates in < 10'Y yrs in vacuum

... eats a neutron star in ~ 10° yrs
...accretes in 10° yrs at current flux limits

...could be many orders of magnitude apart!
Instead, they’re on top of each other...
and close to flux at which suns get eaten by

accreted black holes

Conclusion is more interesting than it had to be!
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|s there a flux?

There exists (?) a window of exotic particle
flux whose explanation requires both an
anthropic tuning and the existence of many

vVacua

It is readily within reach of a next-generation
successor to MACRO (none is being planned)

Motivation for a renewed search and for more
detailed astrophysical modeling to study the
window.
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Constraining vacuum structure?

On the other hand, if we found independent
evidence for formation of small black holes (say,
a stable relic and a careful astrophysics
calculation),

— constraint on vacuum structure at all scales.

Any theory that predicts vacuum is destabilized by
Hawking decay would then be excluded.



That was easy!

We’'ve seen two proposed new tests of
landscape-y physics that go beyond the
fine-tuning+statistics formula for predictions:

Q-Balls: Bubbles of other vacua in the spectrum of our
theory, and possibly produced in the early universe.
(Direct search)

Catalyzed vacuum decay:. Anthropic exclusion of
universes where M < 10%® GeV black holes are
produced and they catalyze vacuum decay. (Anthropic
argument with a twist)
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Report Card

We can’t rule out the landscape, but we can
verify it
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Report Card

We can’t rule out the landscape, but we can
verify it

Each test probes different regions of
landscape parameter space

This Is just the beginning. .. why not more?
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Parting Thoughts

Rare exotic particles seem to be very interesting
discriminators of UV physics.
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Parting Thoughts

Rare exotic particles seem to be very interesting
discriminators of UV physics.

In detail, both proposed tests have “realism problems”,
but they are remarkably close. Testing high-scale
landscapes is hard, but not parametrically impossible.
Try to realize ideas like this in the string Landscape.
Limits of validity of toy landscapes?
Interesting new variants on Q-balls?
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