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HIGGS INSTASTABILITY

® WELL-KNOWN THAT SM HIGcGs HAS VACUUM
INSTABILITY DRIVEN BY TOP
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HIGGS METASTABILITY

B APPARENTLY NO COSMOLOGICAL IMPLICATIONS ~-
UNIVERSE IS ‘“STABLE ENOUGH?”

COMPUTE LEE-WEINBERG BOUNCE
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INFLATION

B QUANTUM FLUCTUATIONS DURING INFLATION
ALLOW TO SAMPLE UNSTABLE VACUUM
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B HIGGS IN INFLATION: HOW DOES THIS EVOLVE?




INFLATION & HORIZONS

3

B INFLATION CREATES ¢ 4 CAUSALLY SEPARATED

HORIZONS

B EVEN STARTING IN STABLE VACUUM,
FLUCTUATIONS CAN SPAWN BLACK ISLANDS




INFLATION & HORIZONS

B EVENTUALLY CAUSALLY SEPARATED HORIZONS
RE-ENTER HORIZON

How DOES THIS SYSTEM EVOLVE?




PROBABILITY

DOES THE UNIVERSE SURVIVE INFLATION? HOWwW
BIG OF A TRANSITION PROB CAN ONE TOLERATE
AND STILL EVOLVE INTO A UNIVERSE LIKE OURS?

PROBABILITIES TAKEN WITH SUPER-HUBBLE
MODES
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HIGGS EOM ® INFLATION

KEARNEY, YOO, KZ 1503.05193



HIGGS EOM ® INFLATION

B CAN HIGGS END INFLATION?

B NOT AT LEAST UNTIL BLACK VACUA
DOMINATE

B TAKES A WHILE

C\/—Q)\% < 1 malp- (5h°(2)) = HW)

A2

2SIGMA ON MT, MH:

50 < NMopax < 90

KEARNEY, YOO, KZ 1503.05193



HIGGS EOM ® INFLATION

B PICTURE -- SLOW DIFFUSION PROCESS UNTIL
CLASSICAL RUN AWAY
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WHAT IS THE RIGHT
CALCULATION?

BE CAREFUL ABOUT REGIME OF VALIDITY OF
CALCULATION!

How DOES H COMPARE TO HIGGS POTENTIAL?

SMALLEST FLUCTUATIONS RAREST TRANSITIONS
=<l (AR
(CoLEMAN-DELUCCIA)
MODERATE FLUCTUATIONS RARE TRANSITIONS
Velléf (AmaX) - H2 = (Veff (AmaX))l/2
(HAWKING-MOSS)
BIG FLUCTUATIONS NOT RARE TRANSITIONS

= A
(FOKKER-PLANCK) s A

DETAILS: HOOK, KEARNEY, SHAKYA, KZ 1404.5953



REGIMES OF VALIDITY
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Quantum fluctuations

~H/2xn /




REGIMES OF VALIDITY
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PROBABILITY

B CORRECT CALCULATION IN LIMIT H > A; IS A
STATISTICAL TREATMENT VIA FOKKER-PLANCK EQ

HoOK, KEARNEY, SHAKYA, KZ 1404.5953
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CONDITIONS

HM: KOBAKHIDZE & SPENCER-SMITH 1301.2846; FAIRBAIRN & HOGAN 1406.6786
FP: ESPINOSA ET AL 0712.2484




CONDITION TO TERMINATE
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CONDITION TO TERMINATE

@ TERMINATE INFLATION
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SCALE OF QUARTIC?

B )\.5(h) IS NOT A GAUGE INVARIANT QUANTITY

B COMPUTE TWO-POINT CORRELATION IN IN-IN
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END INFLATION

B ASSUME INFLATION ENDS BEFORE BLACK
VACUA DOMINATE

B RE-HEATING STARTS AS USUAL

B THEN WHAT?




RE-HEATING

® IF HIGH ENOUGH RE-HEAT TEMP, FINITE
TEMP EFFECTS FORCE HIGGS BACK TO EW
VACUUM

B FINITE TEMPERATURE EFFECTS: m7;; ~ T}
® REQUIRE: mgff Z >\<5h>2

B EASILY SATISFIED BECAUSE 7Tp* ~+HMp




POST INFLATION

B BUuT, SOME BLACK VACUA WERE CREATED DURING
INFLATION. WHAT HAPPENS TO THEM POST
INFLATION?

B HERE, MOST TRICKY. CALCULATE
EVOLUTION OF BUBBLES IN RADIATION
DOMINATED, MINKOWSKI BACKGROUND

B BLACK VACUA CRUNCH? -- CREATE DEFECTS

B OR, THEY EXPAND




IF THEY EXPAND

B THEN A SINGLE BLACK
VACUA IS ENOUGH TO
DESTROY UNIVERSE

N,
PR i H <e—p)63Ne
=1l

3N

i ! & L

103§ i 104
: | ]
- L : —
L B |

. S O p < 6 102 ¢ i : 10.2
E Proags (N, = 60 | ]
B m===== Pioags &Ny = 50 : 1
i d

105 | | | | | | ‘ | | | \70'0
0.01 0.03 0.05 0.07 0.1

B SO, MUST STABILIZE x
POTENTIAL lF. H Z A HooK, KEARNEY, SHAKYA, KZ 1404.5953
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STABILIZE POTENTIAL

B PLANCK SUPPRESSED CORRECTIONS ARE
SUFFICIENT

AdS in past light cone

HooOK, KEARNEY, SHAKYA, KZ 1404.5953



SO WHAT?

@ IF WE CAN ALWAYS STABILIZE POTENTIAL
SUFFICIENTLY WITH PLANCK SLOP, WHY STUDY
THIS?

B SM HIGGS + INFLATION BOTH APPEAR TO BE
REAL; WORTH UNDERSTANDING THE DYNAMICS

@ ONE TANTALIZING FACT:




DURING INFLATION

B HIGGS IS STABLE ENOUGH TO ALLOW Us 1O
INFLATE LONG ENOUGH T0O GIVE RISE TO A
UNIVERSE LIKE OURS

® BUT NOT MUCH LONGER

50 < Mopax < 90
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B HIGH SCALE QUARTIC NEEDED TO BE SMALL FOR
THAT TO HAPPEN




SUMMARY

B FOLLOWING HIGGS EVOLUTION DURING INFLATION
REQUIRES APPLICATION OF CORRECT PROBABILITY
EVOLUTION

POST-INFLATION EVOLUTION DEPENDS ON How
ADS BUBBLES EVOLVE -~ IF THEY EXPAND,
REQUIRE NONE IN PAST LIGHTCONE

CAN STABILIZE POTENTIAL SUFFICIENTLY WITH
PLANCK SUPPRESSED CORRECTIONS

HiIGGS INSTABILITY: TANTALIZING HINT OR
COINCIDENCE?




