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Introduction
o0

Motivation

m In the traditional paradigm, massless fermions acquire a mass
through the spontaneous symmetry breaking(SSB) of chiral
symmetries. This is forced due to t'Hooft anomalies.

m In lattice field theory alternate mechanisms of mass generation
were known for fermions become massive without SSB.

(Ayyar V, Chandrasekharan Shailesh: PhysRevD.91.065035)

m These exotic mechanisms have become interesting recently.
(Razamat and Tong: Phys.Rev.X.11.011063)

m In this work we explore a three dimensional Gross-Neveu model
with two couplings such that both mechanisms of fermion mass
generation are possible and can compete.

m The goal is to understand how the three phases,(1) the massless
fermion phase (2) the traditional massive phase and (3) the
exotic massive phase, connect with each other.
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Model and Symmetries
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Action

S=S5+S|+8,
Where,

1 . B _ _
So = Z §77x7a{(Uxe+a — Uxalix) + (GkGra — Ghrak) },

X,

staggered phase factor

Sp is invariant under SU(4) x U(1) symmetry
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Model and Symmetries
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S% = _UZ (DxeDera Uxto + axdxax+adx+a> )

X,

— invariant under SU(2) x U(1) x SU(2) x U(1)

= —U'Y (GrtsBrd) —SU(4)

X

m But S} breaks U(1) chiral symmetry explicitly.
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Model and Symmetries
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Fermion Bag Idea

m In order to study our GN model using Monte Carlo methods we
use the fermion bag approach.

m Idea: Group fermion worldlines inside regions called fermion
bags.
(Shailesh Chandrasekharan: Eur.Phys.J.A 49 (2013) 90)

m The partition function is then written as a sum over
configurations of fermion bags.

m One possible way to identify fermion bags is to introduce new
variables, the "dimers" dy , for nearest neighbour interactions
and "instantons" iy for single site interactions.

(Ayyar, Chandrasekharan, and Rantaharju: Phys.Rev.D 97
(2018) 5, 054501)

Z = / [DGDuDA DA

— (T M,y Uy 8 My dy )+U S (T U Ty Uy +0x G Gy 0y )+ U 3 T Ol
e X,y x5y X
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Model and Symmetries
0000

QUUxty Ty U _ H(1 + Ul Uy Oyuy) = H Z (Ul uyTyuy )%

X,y X,y dy,,=0,1
eV B — TT(1 + U'litxdrcy) = [] S (U'TtixOuchy)*
X X ix=0,1

The partition function then becomes the sum over all configurations
of [i] and [d]
Z=> " UN(> UNUNdet(W,[f])det(Wy[f]))
U [u][d]

e
l s
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Observables
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Observables

m We focus on four interesting observables.

m Four- fermion condensates: o
Ny=—v Z (Uxuy Uy Ux), Ng = —+ > (dyd,dydx),

le
N; = v Z < Uxuxdxdx>
m Fermion bilinear susceptibilities: ~
X1 :\17Z<EIU0L_IUX>, X2:\17Z<L_JU0ddX>,
X X

m Susceptibilities will diverge as L9 in the broken phase with a
fermion bilinear condensate and as L2~" at a second order
critical point but saturate in the massless phase or the exotic
phase.
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Results

We present some exact results on a 23 |attice.
Nj: lvz<axuxdxdx>, N[_/ - _lVZ<DXuyDyUX>
X X,y

SINP GN Model July 29, 2021 9/11



Results
o]

[for 23 lattice]
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Results
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Outlook

m We study the three dimensional Gross-Neveu model for two
flavors of staggered fermions and discuss about the alternative
mechanism of mass generation. Then we have shown some
results.

m We are implementing the algorithm to explore the phase
structure of our model.
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Thank You !
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Symmetries

So = (TxMyyuy + ccMy,dy)
X7y

SU(4) x U(1) symmetry:

Ux Ux
Uy 0 | Ux .
— Ve , even sites
dy dy
dy dy

[ ux dv d — [0 ux dy d] Vie ™, odd sites
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Symmetries

Sj = —U_ (TxuxDyUy + 0dxdydy)
X,y

SU(2) x U(1) symmetry:
[':’X} — Vet [L_IX] , even sites
UX UX

[U ux] = [Ox ux] Vie™", odd sites

For two flavors S} is invariant under SU(2) x U(1) x SU(2) x U(1)
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Symmetries

S|2 = _U/ Z (Dxuxaxdx)

X

SU(4) symmetry:
X1 ZU,X2=U,X3:aandx4:d

X1 =2 ViaXa, x2 = > Vegxs, xa =2 Vayxy and xa = Y- Vasxs
@ B vy 4

fa#p#~y#6

X1x2x3xs — SU(4)
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