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Warming up: Fermions localized by kinks in 1+1 dim
Fermions localized by baby Skyrmions in 2+1 dim
Backreaction of the fermions

Fermionic zero mode localized on the non-Abelian monopole
Self-gravitating non-Abelian monopole coupled to fermions
Self-gravitating Skyrmion coupled to fermions

Summary and outlook



Fermions localization on the kink in 1+1 dim
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@ Field equations: Y oY = g ; 0,0 ¢ = 2¢(1 — ¢ — g
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@ Fermionic modes
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@ Fermionic modes
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@ N=1 SUSY kink [ L= % (0u8)” + ipy 8 + gpihnp — % (6*-1)° J

{

[ LN:1 = (3I~b¢)2 + ZQZ’)’Maui,b + F2 + 2FW — W’QZ’(,b ]

F - auxiliary field: F =-W
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| Lves = a9 + i 0 - Wiy -w? | wig) -
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@ SUSY transformations:  §¢ = ny); o0 =n (YO, — W)

1 1
Fermionic zero mode of the kink: Yo = — coshz
Grassmann-valued deformation of the bosonic field




Backreaction of the fermions

Kink + A, mode

Kink + B, mode
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Symmetry on a fixed background: = — x, ¢ > —0, UV > UV, V —>U, U —>V

Backreaction breaks the symmetry of the spectral flow



Kinks bounded by fermions

L P % (8,0)° + 17 8,0 + gpibrp — U (9) }

@ SG model: U(¢) =1—cos¢ @ ¢* model: U(¢p) = % (1 _ ¢2)2
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Non-Abelian SU(2) monopole: fermionic zero mode

1 a/0'
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Two dimensionless parameters of the model:

T 1

T la N — H = thr — — —
@ BPSlimit: 3 =0, ¢ e 14 sinha’ cothz——, Z=agr
Generalized angular momentum: J=L+S+T=L+3xI+I®7
= v=20, u ~ e~ =T - HE)

Spherical symmetry: § 4+ T = (

1
U = 5
cosh”(z/2)

@ BPSlimit: ¢ =0,



Fermions+GR (Dirac stars)

H Weyl and V Fock (1929) ds® = ngp(e%dzt) (el dz?) v = eyt
1 T, T, T, R
Lop = —iy (/DT — Ty* D, W) + pT T D,V = (3,;, Lu)¥

~ The spinor connection matrices
@ Fermionic current: 7, = W+, V¥

@ Metric tetrad: egdac’“‘ = efodt | ellidac“ = efidr |
(Herdeiro, Perapechka,

2 _ F 3 _ Fa.. w Radu & Ya S 2019
e, dzt =e"trdf e, dzt = e"2rsind (d(p - dt) )
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Localized Fermions+GR

[ Assumptions }

e only single-particle normalizible state is considered
e second quantization of the fields is ignored

e gravity Is treated purely classically

REVIEWS OF MODERN PHYSICS VOLUME 29, NUMBER 3 JULY, 1957

Interaction of Neutrinos and Gravitational Fields

Dierer R. Briun AND JoHN A. WHEELER

Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

1. INTRODUCTION; GRAVITATION THE ONLY handed polarization that are demanded by the recently
FORCE IN WHICH NEUTRINOS ARE o~ 1-3 Qapf] ) .
SUBJECT TO SIMPLE ANALYSIS gained knowledge.!? Section 4 separates out the radial

wave equation for the motion of a neutrino in a cen-

NOWLEDGE of neutrinos to date is confined trally symmetric gravitational field, and identifies one
mainly to emission and absorption processes; that  term in this equation with a spin-orbit coupling. Section

is, to the domain of elementary particle transformations. 5 compares and contrasts the energy level spectrum in
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Non-Abelian self-gravtating monopole+fermions

[S = / d*z/—g [16}; e %Tr(F,WF‘“’) — Tr(D,¢ D*¢) + ATr (¢ —a?)” + Lsp]
Lop = ¢ ((DOY6 —oD%) — ShinPov, Db = (0 — Ty + iAo
1
R = 59 R =87G | (Tu)y g + (T )y + (T,

Three dimensionless parameters of the model: (a” = 47Ga?)

lllllllllllllll

- ‘. —B=0 1
14 | .
{ a =\ 47'(' Mv /8 = MS h — 2Mf J \-\ —-—-lgxtlremalRNBH

gMPl : M'v : Mfu

1.2+

@ decoupled limit h=0 M
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1

Spherical symmetry: | | ds® = —o”(r)N(r)dt* + dr® + r*(d6” + sin” 6d¢°)
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@ Non-zero modes: |w| < |h/2)]

(O T T T T T T T T T T T T

06T B=1.0

No fermion hair for RN BH

nossible loophole: axially symmetric modes
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Gravitating SKkyrmions

@® The Skyrme field: U(7,t) .= 1
U: 83— 83

dr® + r?(df® + sin” 0d¢?)

Spherical symmetry: ds® = —o*(r)N(r)dt* +

c(0) 0.8}

N(r)
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Self-gravtating skyrmion+fermions

Yet another hedgehog U(r) = &g + ¢ - 7* = cos F(r) + in® - 0@ sin F(r

1
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Violation of the energy conditions

null and weak energy conditions:
T,wk"E” >0 and T, VHVY >0

o RS0 g VIS0

Light-like vector timelike vector

The null/weak energy conditions for
gravitating Skyrmion-fermion system:




& Backreaction of the localized fermions may strongly affect the
solitons inself, it breack the symmetry of the solutions.

@ Localization of the fermions produces additional channels of
interaction between the solitons, it may bound solitons with
repulsive scalar interactions

@ Dynamics of the solitons with localized fermionic modes?

@ There are spinning Dirac stars, they possess non-zero angular

momentum J=nQ with half-integer n

@ The fermion zero mode localized on the gravitating monopole is fully
absorbed into the interior of the forming RN black hole

@ Localization of the backreacting fermionic mode on a self-gravitating
Skyrmion violates energy conditions, configuration may possess a
negative ADM mass

@ No-go for BHs with fermionic hairs in asymptotically flat 3+1 dim?

@ Other examples of violation of energy conditions related to self-
gravitating fermions localized on a soliton?









