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London model of dual color superconductor
[2107.07251 (modified v2 will appear after this event)]

Jiti Hosek
NPI Rez and IEAP Prague

My understanding: The experimental fact of

in colorless hadronic
jails is supported by the numerical lattice computations. It is
attributed to peculiar properties of the nonperturbative, strong-
coupling vacuum medium of QCD : it does not allow for penetration

of the chromo-electric field E, of which ?uarks and gluons are the
sources: The chromo-dielectric function of the QCD vacuum is €=0.

The Meissner effect for E, to the Meissner effect

observed for B in ordinary superconductors (u=0). As e.r =R1.in
Lorentz-invariant medium the QCD vacuum behaves simultaneously
as a

My attitude: Foll
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ow humbly the big masters (and quote from them).
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" London replaced in Maxwell egs the Ohm current by super-curvent j

* rot ] describes the Meissner effect for the magnetic field B in
superconductivity "’

+ =] describes superconductivity

* Later: London theory derived from GL, GL derived from BCS

Our program: Find the form of the current j, within the effective
strong-coupling QCD Maxwell equations (without quarks) such that:

(1) % J. describes the
in the QCD vacuum medium

(2) Such an approach raises the question :

(3) Try to find the generic form of the GL-like strong-coupling
effective QCD which gives rise to the London QCD current j, upon
appropriate chromo-magnetic color gluon condensate.
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1. London QCD current for the dual Meissner effect

Definition of the fields in the canonical A0 = O gauge kept also

—

E, =-0A4,/0t in strong-coupling regime

B, = vot A, - %gfabc Al A | |
QCD Maxwell equations:

Gauss' law (constraint) div E; = ~gfae AvE. = j°,
Ampere’s law (eq. of motion) | rot B, - DE,/0t = ~gfu Ay X B, = ]

|
-
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Bianchi identities (non-trivial in QCD):
divB, = gfau. Aprot A, = ko,

(o
S

(*) | rot E,+ @B, /0t = gfa. Epx A, =
What F. London did in SC (on blackboard)

Replace at strong coupling | jO,-> J°  j,-> Ja |and apply ot to ™)




o VIO, + (82/0t2 - V2)E, + %fa = gfape vot (E, x A) =
Impose the dual Meissnen effect in the form (0%/dt2 - V2)E, = pu? E,

2> = = E A
a]“"- vJOa = - ,,(2 Ea"‘gFabc rot (Eb XAc) (1)

Perform rot (1) and take off the time derivative:
Responsible for dual color superconductivity???

vot J, = + u2 By - = gfue [ W2+ rot rot J(Apx A | (2)

Take off rot:
fa =+ pu2 A)a B %gfabc rot (A)bx A)c)

* If the analogy does not falter this current should follow from a
manifestly gauge-invariant GL-like effective strong-coupling QCD
upon

* No trace of the chromo-magnetic charge density k°, .
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|2. The London QCD current for the chromo-magnetic superfluid ???

Wy
* Ordinary London macroscopic superconductivity:

response to B - Meissner effect
response to E - superconductivity
* QCD vacuum medium (analogies may falter!):
response to E,~ dual Meissner effect — done !!!
response to B, — chromo-magnetic superfluidity ???
* In QCD the strong coupling = large distances: The
macroscopic quantum long-range order of chromo-
magnetic (super)fluidity is conceivable.
« Can we associate the flow |, with the observed almost
perfect fluidity in droplets of the strongly interacting

quark- gluon plasma created in heavy-ion collisions? To be
analgzed E Sl«uryak ., Zakharov, ——




3/1 The GL-like effective QCD at strong coupling
[Work in progress (A. Smetana, P. Benes, J.H.)]

* Quote the prescient Fritz London:
Jau =i (@* VP - @ VP¥) - @@ A -> -k 4

In QCD the gauge fields can be large at large distances, tending to

condense. Hence, higher order polynomials in F,,., equally important

as the second order in Lycp

* L.g; Effective field theory appropriate: S. Weinberg, R. Friedberg,
T. D. Lee (quote), H. Pagels and E. Tomboulis, ...

e K = % Faww Fv# = E2 - B2
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s gfabc Fapuv Fbv;\ Feoat = Efabc B, (EBbx B, - EyX E. )
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3/2 The GL-like effective QCD at strong coupling

¢,

In general Heoee = V(Aao.s_a)) + Ea aLef{-'/aEa - Lo

{

»~ constant gauge field described by constant non-
commuting gauge potentials (Coleman; Brown&Weissberger)

In the canonical A,° = O gauge

e E, =-0A4,/0t is a “small’ field
e B, & roti, - %gFabc A, x A, is a ‘large” field
1= 1
< HeFF>vac < LeFF>vac = <EBa2+ C M2 Fabc B (BbX B ) + ... %vac

which invariants are non-zero when E, = O ???
vacuum is Lorentz-invariant (€E.n = 1 is valid)
Hence vacuum is a perfect color paramagnet characterized by

colorless spmless condensate w:tl« ﬁxed B
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3/3 The GL-like effective QCD at strong coupling

¥y
» Which gauge-dependent mean field*, if any, applied to L. yields
the London QCD current

. Ji, = + u2Ai,- % Gfabe (rot (Apx Ap)) =
? E = “zAl.a T gFabc [(vinb)Aic"(vinb)Aic]
*  We suggest (Gubarev, Zakharov; Lee).

* Keep only Ai, and its space derivatives in the first power.
LGL = A Fa;,w Fav“ = (B/Mz) Fabc Fapuv Fbvl Fc?\‘M *

Jo, = -4Ag foc Ay Ei - = geUk Bi, Ai, EX,
Jiy = = 4Agfape (Ap X Bo) ~ 2ogfevefosg[Bly (B-Ag) - E'y (E. Ag)_'{ .
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Conclusion and outlook

Wy

Done: The Meissner effect for E, by the phenomenological
strong-coupling QCD gluonic current |,

The path to the gauge-invariant GL-like effective QCD at
strong coupling outlined - apparently promising.

Can the medium above the confining QCD vacuum manifest
itself experimentally also by some sort of superfluidity as
the ordinary superconductor? In any case the gauge-
invariant L., contains the candidate current.

Outlook: It is a long way to understanding confinement if
the main analogy does not falter: Quote T.D. Lee (1978):
“... to derive quark confinement from QCD directly...”




