Wilson Fermions with Four Fermion
Interactions

Jarno Rantaharju, Vincent Drach, Martin Hansen, Ari
Hietanen, Claudio Pica, Francesco Sannino,
CP3 -Origins, IFK & IMADA, University of Southern Denmark

July 15, 2015

CP3QOrigins



Four fermion interactions
In composite Higgs

e A standard way of explaining SM fermion masses

e Potentially significant effects on dynamics

e Deform a conformal model into a walking one

e Significant effects on the spectrum (top coupling)*
Preserve chiral symmetry: NJL-models

e Ungauged

e Wilson fermions, chiral symmetry
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Four fermion interactions

e Composite Higgs models need to explain fermion masses
e Generated at a high energy scale Ayy
Generates all allowed terms:
a - 5 b - — c - 5
AT(WSMWSM) + /\2—WSM‘U5MWTCWTC +A2—(‘UTC‘UTC)
uv uv uv

e Mixing term provides masses

e First term includes flavour changing neutral currents
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A2 (VrcVrc)?
ETC

The third term appears in the technicolor Lagrangian

Can influence dynamics at technicolor scale

Increased anomalous dimension, spontaneous chiral symmetry
breaking

Tunable parameter ~y
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The Nambu-Jona-Lasinio Model

L=V + v (VWWV + Uiy, WWiysT, V)
e A chirally symmetric four fermion interaction (Ng = 2)

e A model for spontaneous symmetry breaking
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Gauged NJL

L= Fu, F*™ + WPV + 4 (VWY + Wiys,WWinsT, V)
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The Lattice Model 2
e For lattice, need to rewrite with pseudo fermions

e To make quadratic, rewrite with auxiliary fields
L=Lc+ VDV + v (VWU + Viysr,WWinsT, V)
o2 + mr?

— L=Lc+ VDV + oWV + 72V jys7,W + Z
5

(o) =29 (WW,)  (m) = 29(VirsT3V)
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The Lattice Model
e For lattice, need to rewrite with pseudo fermions

e Integrate out fermions

/dqjdwezx’y ¥ [dx’y+6x»y(¢7x+7r§i’Y5Ta)] v,

— Det [ Dy + (5@,(0 + iT375) Ox,y(im1 + 7T2.)’)/5
5x,y(/7rl - 7T2)'Y5 lpx,y + 5x,y(0 - ’77375)

e This is complex, sign problem

— Restricttom; =1 =0

e Only one axial symmetry
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The Lattice Model
Wilson fermion action:

L= Fu,F" + Y@y + mo)V
+ 7 (VWOV + Vi3 WWins3V) + 65, WWiw

e Chiral symmetry broken
— Possible corrections myg, 57

e Restored when (9,(A3(x))0) =0
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The Lattice Model
Ward identities:

O (A3 (x)0) = 2mo(P3(x)0) + 46, (S°(x)P*(x)O) + (aX>(x)O)
Variation of Wilson term X3 renormalises as
aX3(x) = aX3(x) + 2P (x) + (Za — 1) GuAL(x)

+ 3ca0, 0, P3(x) + a2 9,0,0,) A3 (x)
+ a%¢,S%(x)P3(x) + O(a°)

i (5’y
c=cl|B,—5,—%,am

When v/a? < 1, no correction to &,

amg + cm =0and 6, =0
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First step: ungauged NJL
Check d¢

o Tree-level mass m = 2(y + 6, )(WW) + mg
e Jumpin (VW) - m=0

e Symmetric if axial current conserved:
0u(A%(£)A3(0))
2(P3(1)A%(0))

if 0R =0, m=rm

m=

e Spontaneous symmetry breaking implies m; =0, m, # 0
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The Lattice Model
Configurations not flavor symmetric
— Disconnected diagrams

Mu,d = Z 8u,y,x7u + (5X,y (U(X) + i7T(X)’)/5)
w

The disconnected loop is

Ox,y2im(X)Ys5 r

Tr (S, — Sq) (x; )l = —Tr M,

Noisy, need many configurations of «, ¢

CP3QOrigins



Small coupling
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Small coupling
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Large coupling

v =042252°, §,=0, L=8x16
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Four fermion interactions

e Needed for fermion masses

e Can affect dynamics
Ungauged NJL with Wilson fermions

e Signs of spontaneous symmetry breaking

e Large o and 7 statistics needed for disconnected diagrams
To do

e Full phase space

Scaling check

Improve disconnected diagrams
Renormalisation on mode number
Full gauged model (SU(2) adjoint)

CP3Origins



2.9

0.42252%, 6, =0, L=8 x16, mo

’)/:

a
E— 0
- 7
o
a@
i 99
B8 o
& u
=£8 u
283 ]
307 u
b
i Wu_b
L
\\\\\\\\\\\\\\\ mu\\ i
L 1}
©
o
$
B
B3
i
=£
283
L

4e-06 —
3e-06—
2e-06 —
1e-06 —

CP3Origins



Small coupling

v =0.042%, 0,=0, L=28x16, m=0.25
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Large coupling

y=225a% 6,=0, L=8%x16, my=—15
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