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The instability
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Landau levels:

scalar:  E2
spinor:  E2

. p2
vector: Ej

J. Ambjorn, P. Olesen:

= K2+ (2n+1)eH + m?

1
= kX24+(2n+1)eH —2eH - s+ m? s=+—

2
= k2+(2n+1)eH —2eH -s+ m? s==%1,0
= Exists instability: eH) = m?

Phys. Let. B214 (1988) 565, Nucl. Phys. B315 (1989) 606,
Nucl. Phys. B330 (1990) 193, arXiv:hep-ph/9304220 (1993).
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EW theory (without fermions) + Unitary gauge (2)
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{ WIW, + 3 2o 20 — 20050 (mass)
18 Z,,, cosf) Wﬂ W, (magnetic moment)

= ;2((WJW) Wg2wj)+A(¢4+¢3) (4-order)

Mass term for W in the presence of a magnetic field (f12 = H):

= Eigenvalues are m> = m?, + eH

m? 1eH Wy . . .
(WlT W;) (—ZZVH m2W> (W2> if eH > m%,v = imaginary mass

= condensation!
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Lattice Quantum Field Theory

@ divergence (UV and IR)

Problems of QFT:
@ nonperturbative effects are playing a key role in the QCD
e QCD on the lattice:
o vertex — fields
T 6 () = 0 (x)
P e edge (link) — gauge fields
= G o 180 [ Ay dxt
b A,—U(L)=e 1
gauge transformation:
e U(L) _>g_1 (Lend) U(L)g(l-begin)
0
Wilson: Syy = > Sp, where Sp = 3 (1 — %Re Tr Up)
plaquettes
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Calculation of observables

1. The partition function has the form:

Z=[DUe WY

2. The configurations U; are generated with Boltzmann weight:

p(U)DU ~ e>W DU

3. The calculation of the average value:

(Ay=Z 1 [DUAU]e YT or  (A) = ZA[Ui]/Nconf
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EW on the lattice

Dynamical fields:

o Uy, =exp (z% W;.,u) € SU(2) 0, ER ° Px = (i;j)

1 By
S = 3 Z (1 - ETr UX,W) + - Z 9)2“#,, (gauge)

X, <v X, <v
2
b 3 (=rlon o (olo)) (Higes)
X
O+ 08 2
+ Z bx — et(Oxut X“‘)Ux,u¢x+ﬁ’ (interaction)
X,

Boundary condition: periodic B

X,

O o Parameters: 3, By, k, A, 0
Magnetic field : along Z direction

Lattice size: 64 x 483 Where is physical point?

V.A. Goy (CNRS/FEFU) Elweak June 29, 2021 6/15



Finding a physical point
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Our values: By =7, 8 = 8.

[Phys. Lett. B284 (1992) 371; Nucl.Phys. B544 (1999) 357]
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Note: W boson — not diagonal part of U matrix! <_

e No gauge invariant observable for W in our theory:((

Our solution: ( U{5(0) - Uro(t))

[We have not found]

e Maximal tree gauge for U(1) + Unitary gauge for SU(2)

@ Spatial APE smearing

[arXiv:hep-lat/0409141]
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Added a magnetic field

mpa = 0.3049(2) = a=0.4804(3) x 1078 m
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© We see two transitions: 3.3(4) x 10 Tesla and 11.4(4) x 10! Tesla.

@ Transitions are smooth.

\/@ = 48.0+£24 GeV ~ (48.8£25)% - mf/“’/”’)
\/575:2) — 884413 GeV  ~ (70.6+£1.0)% - my
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< Do not form a lattice
Number of vortices: # k
Hill VS pit ™~ ok

Deeper in phase with
condensation exist lattice.

B:8 — 20
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Z-induced fields (k = 9)

@ x and y components sense magnetic field.
@ Z flux built from Z, and Z, represent position of vortex.
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W fluctuations (k = 9)
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@ x and y fluctuations a little bit more than in z component.
@ fluctuations in z = not of Ambjorn-Olesen type.
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Some videos of Higgs field
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Mass dependence
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Conclusion

@ We observed magnetic field-induced phase transition in Electroweak
theory at zero temperature.

@ Transitions occur at weaker magnetic fields than predicted.
© We observed vortices (not of Ambjorn-Olesen type).
© Smooth (crossover) transition.

© At the physical point, we see no vortex lattice.

Vi

Questions remain: gas or liquid? Finite-T diagram.

[Thank youl]
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