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Running of the Higgs self coupling

Buttazzo et al., 1307.3536
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Higgs potential with loop corrections
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During inflation (§h2) ~ H?

How the Higgs ended up in the false vacuum?
Why it remained there during inflation?

Marco Zatta University of Helsinki Higgs instability during and after inflation



A pOSSl ble SOl Utlon Lebedev&Westphal, 1210.6987
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The effective mass makes h roll towards the origin

h o~ h(o)e—SHt/Q

The mechanism can work if

10719 < \pp < 1076

Marco Zatta University of Helsinki Higgs instability during and after inflation



Reheating implies the Higgs-inflaton coupling

C. Gross,O. Lebedev, MZ, 1506.05106

Inflaton _
BSM/SM Mediator

» Higgs-inflaton couplings are generated from loops

» The coupling h?¢? is required by renormalizability.
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Example: right-handed neutrino

—AL = \yovRrvR/2 + yyhﬂLyR/\/ﬁ + Mvgrvg/2 + h.c.

At one-loop
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Need to add the counterterms
—AL D Mop2g2 4 Thep2g

Marco Zatta University of Helsinki Higgs instability during and after inflation



Preheating

After inflation the inflaton oscillates around its minimum

¥ ¢~ dcosmt with &~ dga3/?

» Higgs effective mass periodic in time

» Can lead to resonant production of Higgs particles

(h?) oc Number of Higgs quanta
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Preheating with quartic interaction only
Introduce the Higgs momentum eigenmodes X}, = a%/2hy,

X5 + [(%)2 + m?2qcos?(mt) + 5m§elf] Xy =0

with q(t) = 224 [®(1)]°

Kofman, Linde, Starobinsky '97
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Preheating with quartic interaction only Il
Occupation number of the mode k:

(1%k]2 + w21 X0?) - §

ng = 2w

0 5 10 15 20 25 30
mt
Kofman, Linde, Starobinsky '97
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Stability of the Higgs during preheating

f d3k Nk
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When ¢ ~ 0 the effective mass mgff ~ 3\ (h?) is tachyonic

Two effects:
» (h?) grows due to preheating

» (h?) grows due to the tachyonic mass term

(h?) isn't left over the instability barrier at the end of preheating if

Ao < 3x 1078

Ema,Mukaida,Nakayama, 1602.00483

Enqvist,Karciauskas,Lebedev,Rusak,MZ 1608.08848
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Numerical simulation
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Preheating with both couplings

Eigenmodes evolution given by Whittaker-Hill-type equation:

Xy + [(5)2 + m2q cos?(mt) + 2m?p cos(mt) + dmZ ] X =0
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Stability with both couplings

For Ay that stabilizes EW vacuum up to the end of preheating
» Determine smallest oy, that destabilizes the EW vacuum

o, 108 Gev
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Enqvist, Karciauskas, Lebedev, Rusak, MZ, 1608.08848

Marco Zatta University of Helsinki Higgs instability during and after inflation



Conclusions

Higgs-inflaton couplings:

» can explain why the universe ended up in EW vacuum
» necessary to reheat the universe

» must not destabilize the vacuum during preheating

There exists a favorable range of parameters for which the universe
remains in the false vacuum up to the end of preheating

10719 < App <107®  and lohe| < 10° GeV
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THANK YOU
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