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Topological phases of superfluid 3He contain:
Weyl, Dirac, Majorana, anyons; Higgs bosons, gravitons, axions, magnons; skyrmions, ½ vortices, Kibble walls, …



some topics in Northeastern 3He Universe

• light & heavy Higgses, hint on 1 TeV Higgs
• asymptotic freedom, zero-charge effect & confinement
• flat band as route to room-T superconductivity



3He prediction:
from light Higgs to heavy Higgs

co-authors of Higgs mechanism

author of Higgs mechanism & massive Higgs bosons

Kibble Guralnik Hagen Englert Brout

V.M.H. Ruutu, V.B. Eltsov, A.J. Gill, T.W.B. Kibble, M. Krusius, Yu.G. Makhlin, B. Placais, GV, Wen Xu,
Vortex formation in neutron-irradiated superfluid 3He as an analogue of cosmological defect formation, Nature 382, 334 (1996)

maybe not so massive?



Goldstone modes transform to light Higgs modes
due to spin-orbit interaction and magnetic field





Heavy Higgses 3He-B

superconductor particle physics



3He & particle physics: zero charge vs asymptotic freedom

electric charge decays with distance:
screening, zero-charge effect

color charge is small at small distances:
asymptotic freedom, quarks become free
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• quark confinement, monopole confinement & 3He-A
• MIT bag model of hadrons & magnon bag in 3He-B
• zero charge effect & skyrmion in 3He-A

proton bag modelmagnon BEC

Autti, Bunkov, Eltsov, Heikkinen, Hosio, Hunger, Krusius & GV,
Self-Trapping … Box Confinement, PRL 108, 145303 (2012)

Rantanen 2022

monopole confinement
by cosmic strings

QED screening

QCD antiscreening

1/

T or 1/r short
distance

long
distance large r = small T

zero-charge effect:
skyrmion -> vortex sheet

M. Krusius, T. Vachaspati & GV
Flow instability in 3He-A as analog
of generation of hypermagnetic field
in early Universe, cond-mat/9802005



quark confinement

(Oleg Andreev, 2022)

monopole confinement
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monopole/quark duality

3He-A

V.B. Eltsov, T.W.B. Kibble, M. Krusius, V.M.H. Ruutu & GV,
Composite defect extends analogy between cosmology and 3He, PRL 85, 4739 (2000) Dangerous! Huge energy release!



Dirac line, flat band
&

room-T superconductivity







Can it be so?



Evidence of superconducting island
in graphite marerial with Tc = 14 K
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First crossing
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