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Outline

Can fermions acquire mass without breaking flavor symmetries ? )

Possible in a lattice setup.

SO(4) invariant reduced staggered fermion model in D = 4 has

massless and massive phases without any intervening symmetry
broken phase
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Action and Symmetries

S = X VA uLudab+ Goglv’ + 305 6% — 5 Loxultx byt dx dr-l |
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Action and Symmetries

S Zx S ¢a[n/LA 5ab+ G¢ ]wb+2x 4¢2 g ZX:N[¢;¢;—+I“ +¢j(—¢j(_—,u]J

@ We use the isomorphism SO(4) = SU,(2) x SU_(2) for
introducing Yukawa field ¢ab where

¢ab P ¢ab 2(¢ab 6abcd‘b )
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Action and Symmetries

S= qu (U AP E G¢ ]¢b+2x 4¢2 5 ZX,M[¢;¢;—+#+¢;—¢;’(__N]J

@ We use the isomorphism SO(4) = SU,(2) x SU_(2) for
introducing Yukawa field qbab where

¢ab P ¢ab 2(¢ab 5abcd¢ )
@ ¢% is self-dual and transforms under SU, (2) and is a singlet
under SU_(2).
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Action and Symmetries

S = Y VImuudan+ Gogplt®+ 304 565 — 5 Yy WX b+ OV, |

@ We use the isomorphism SO(4) = SU,(2) x SU_(2) for
introducing Yukawa field ¢ where
ib = P+¢ab = %(¢ab + %Gabcd¢0d)
e ¢ is self-dual and transforms under SU. (2) and is a singlet
under SU_(2).

The self-dual nature of ¢ ensures fermion eigenvalues appear in
quartets (A, A, =\, —\) and hence the Pfaffian arising after integrating
over v is real and positive definite- no sign problem
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(Reduced) staggered fermion model

SO(4) flavor symmetry doesn’t allow a naive fermion bilinear and 2,
symmetry (¢ — ¢+, — Lie(x)v) forbids any possible
spontaneous symmetry breaking scenario.
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(Reduced) staggered fermion model

SO(4) flavor symmetry doesn’t allow a naive fermion bilinear and 2,
symmetry (¢ — ¢+, — Lie(x)v) forbids any possible
spontaneous symmetry breaking scenario.

With non-zero x we can achieve a direct transition between the
massless and massive phase without breaking the global SO(4)
symmetry and the discrete Z, symmetry.
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Phase structure from numerical simulation
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Phase structure from numerical simulation
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Connected susceptibility

Xstag = ¥ 2oxy < €(X)PAX)P(x)e(y)¥3(y)P(y) > shows no volume
scaling while we have evidence for four-fermion condensate for

non-zero K
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Extending this to a gauge model

Is it possible to retain this phase structure if we make one of the SU(2)
subgroups a gauge symmetry.

Sk = Y 3 (X) T ) U ()9 (x + 1) ViE(x) — 9t () Ul (x — p)o(x —
1)Viu(x = )]
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Choice of scalar for Yukawa interaction

Scalars

Wi — HYlYHY = o — HoH'
vyl — GG — ¢ — GGt
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Choice of scalar for Yukawa interaction

Scalars

Wiy — HOtHY = 0 — HoH'
vyl — GG — ¢ — GGt (1)

We gauge the symmetry under which the scalar is a singlet.

Yukawa term and auxiliary field action
Sy = 2x TH((X) (X1 (X)) + 55z 3oy TH((X))?
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Choice of scalar for Yukawa interaction

Scalars

Wiy — HOtHY = 0 — HoH'
vyl — GG — ¢ — GGt (1)

We gauge the symmetry under which the scalar is a singlet.

Sy = Xy TH(@(X)$(X)1 (X)) + 532 X TH(H(x))?

G is a global flavor symmetry while H is a gauge symmetry. Symmetry
breaking bilinear Tr(o3yvT)

Yukawa term and auxiliary field action J
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Choice of scalar for Yukawa interaction

Scalars

Yip — HYTYH' — o — HoHT
vyl — GG — ¢ — GGt (1)

We gauge the symmetry under which the scalar is a singlet.

Sy = Xy TH(@(X)$(X)1 (X)) + 532 X TH(H(x))?

G is a global flavor symmetry while H is a gauge symmetry. Symmetry
breaking bilinear Tr(o3yvT)

Yukawa term and auxiliary field action J

Integrating out the scalar field generates four-fermion term }

>k Tr(W ()9 (x) e (x) (X))
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Continued

The gauged model also posses an exact Z, center symmetry

Viu(x) = £V, (x), % (x) — e(x)y(x). Polyakov line is a good order
parameter.
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Continued

The gauged model also posses an exact Z, center symmetry

Viu(x) = £V, (x), % (x) — e(x)y(x). Polyakov line is a good order
parameter.

Reduction to SO(4) model

Using the pseudo-reality condition for SU(2) elements ¢ = oot 7o
and ¢ = 0, x, it is easy to show that this model reduces to the
aforementioned SO(4) model in Bg, Sy — oo limit.
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Reduction to SO(4) model

Using the pseudo-reality condition for SU(2) elements ¢ = oot 7o
and ¢ = 0, x, it is easy to show that this model reduces to the
aforementioned SO(4) model in Bg, Sy — oo limit.

As [y increases the lattice spacing a decreases and the physical
temperature T = ﬁ increases with de-confinement once temperature
exceeds the strong scale.
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Continued

The gauged model also posses an exact Z, center symmetry
Viu(x) = £V, (x), % (x) — e(x)y(x). Polyakov line is a good order
parameter.

Reduction to SO(4) model

Using the pseudo-reality condition for SU(2) elements ¢ = oot 7o
and ¢ = 0, x, it is easy to show that this model reduces to the
aforementioned SO(4) model in Bg, Sy — oo limit.

As [y increases the lattice spacing a decreases and the physical
temperature T = ﬁ increases with de-confinement once temperature
exceeds the strong scale. We keep Yukawa coupling small and scan
for four-fermion condensate as 3y is varied.
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Numerical results
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Numerical results
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Numerical results
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Tr(¢?) is used as a proxy for four-fermion condensate. Here the
four-fermion condensate is a result of gauge interactions since the
Yukawa coupling is below the critical A; to drive the transition.
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Summary and future directions
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Summary and future directions

@ We have shown that fermions can acquire mass using gauge
dynamics while maintaining flavor and discrete symmetries.
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@ Spectrum of composite states in the confining regime requires
further work.
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Summary and future directions

@ We have shown that fermions can acquire mass using gauge
dynamics while maintaining flavor and discrete symmetries.

@ Spectrum of composite states in the confining regime requires
further work.

@ Can this mechanism be used to decouple (have infinitely massive)
right-handed states and obtain a chiral theory in the continuum
limit ?
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