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U(1)s_, exact symmetry

In the Standard Model U(1)g_; is an exact global
symmetry. B baryon number, L lepton number.

This is strange, an exact symmetry is only natural
when it is local.
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Gauge symmetry

We promote U(1)g_; to a local symmetry and
combine it with U(1)y.

We introduce new couplings a; and «; and define a
new charge as

Y = 2041Y+%(B— L)

/ /
»ﬂb = (, »<X = (7.

We take the gauge group to be U(1)ys and we call
the gauge field A, with h" being its gauge coupling.
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Gauge anomaly

Gauge anomaly. It is cured by adding a vg (L =1)
to each generation.

Since the neutrinos have mass, it is natural to

introduce a mechanism to give mass to the
right-handed neutrinos.
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Usually we can also give mass to the right-handed
neutrinos with a Majorana mass term

M(DR + V;—C)(VR + Cﬂg)

However, in our scenario, this term is forbidden
since it breaks the U(1)y: gauge symmetry.
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To add a mass term solely for vg, independently of
v, we add a new Higgs field y € C

fVR(V;-Xl/R + c.c.),

where f,. is a Yukawa coupling.

To preserve gauge invariance, the field x must have
a charge B — L =2.
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Potential

,X /2 / .
V:E¢%+ @%f+3wx+4WXV
1 ity
S ®IeXTY

For the potential to be bounded from below, we

need
A>0, N>0 rkZ<AN.

We assume that v/ > v and f,, ~ O(1) in order to
give a large mass to the right-handed neutrino.
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Lagrangian

ﬁ::4D@D¢+3¢w+Nwm
2

1 * m * ES

+§(DAX) Dux + TX X + Z(X X)2
1

_+'€§<1)T(I))(*;( + 2i~7:;LV~7iuL/7

> (x) = (¢4(x),do(x))" € C? x(x) € C,

> D, = (0, + i Y, A,)D,

Dux = (9, + i Y/ A)x
> Fo = 0,4, — 0,A,.
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In Euclidean spacetime the probability of a
configuration is

exp(—5[9])
A
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Lattice regularization

UV divergencies.
Lattice regularization:

Ox

a

> ¢(x) = bx

> 9,0(x) — Dx+ap — Px

a
> /d4x—>a4z

Lattice units a = 1.

NON-PERTURBATIVE and gauge invariant

approach.

n

.

1
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Importance sampling

We generate [¢]; with probability %e‘s[‘ﬁ]", then

(0)~ %>~ 0Ll
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Metropolis algorithm

We perform a local update in a field and accept the
change with probability

p = min (1,exp(—AS)).
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Abelian gauge theory on the lattice

In compact formulation we do NOT fix the gauge
Aux€su(l) = U, € U(L), Ux= oA

T
x4 D Ux+9,u X+A+D

<

Ui, 1 kUcipw U = Ul UL Uiy Us

X,V x40,

>

x x+
UX7M

Standard Wilson action (correct continuum limit)
B
Sgaugel U] = D> ) Re[l = Uewl,
X p<v

where 3 = 1/h? and H' is the gauge coupling.
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On the lattice the fields are
O(x) = by, x(Xx) = xxr  Aulx) = Ax
and the covariant derivatives take the form

D) = (O + IHYSANO() = UL s o,
Dux(x) = (0, + it Y;AM)X(X) — U)%,MXX-F,& - Xx;

where we have defined

Ui,u = (Ux,u)yq/> ) Uiu = (Ux,u)Y;( , Uey = exp(ih' Ay ).
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Action on the lattice in 2d

1 1
> — 201D, + —mPdld, + \(dl,)?
S[®, v, U] = §j{ oML A(Loy)
+ E 2Xixx + 1m’2X*X Iy
XAX XAX 4 X AX
_E :E ,Re U)%*uu x—p t U)%,/JCDXJF,&)]

_ZZRe Xx U2*MuXx pt U MXX+“)]

+Z (DT X) XXXX —}—BZRG[].— x12]
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Plaquette value

The plaquette value is defined as

plaquette value = <Z Re UX712> )
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plaquette value
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plaquette value
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plaquette value
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Topological charge
In two dimensions there exists topology of the
Abelian gauge theory since

7T1(U(].)) = 7.
On the lattice, we define
0y =arg Uy1o € [-m, ),

and we define the topological charge, with periodic
boundary conditions, as

1
QZ%EX:GXEZ'
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Topological charge histogram
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topological charge density
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topological charge density
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2-point function and renormalized mass

The 2-point function of ® decays exponentially in
Euclidean time as

Co(t) = (®(0)!D(1)) ox exp(—mot)
and similarly for y
Cu(t) = (x(0)"x(2)) o< exp(—myt),

where me and m, are the renormalized masses of
the particles associated to both Higgs fields.
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Co(t)
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Co(t)

m*=m?=1,A=XN=1,Y3 =Y/ =01k=0.1

720
700
680
660
640
620
600
580

A cosh 7‘n¢,(t - L/é)) —
x°/d.o.f = 1.62
mg = 0.0512 £ 0.0008

28/29



Conclusions

» Turned U(1)g_; global symmetry to a gauge
symmetry.

» Minimal model: Abelian gauge field A, vgr
and .

» Simulated on the lattice in 2d. Non
perturbative approach.

https://github.com/JoseAntoniolattice/
scalar_gaugeUl.git
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https://github.com/JoseAntonioLattice/scalar_gaugeU1.git
https://github.com/JoseAntonioLattice/scalar_gaugeU1.git
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