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Abstract

The new possible application of lattice technique to
physics beyond Standard Model is suggested.

Gauge theory of Lorentz group is the unusual gauge
theory that deserves investigation by itself

This theory may provide chiral symmetry breaking
without confinement

This theory may be one of the ingredients of the theory that
describes the dynamical Electroweak symmetry breaking
and the TeV scale physics: It may play the role of
Technicolor

Lattice setup for the investigation of this theory is
given 2



ll‘he main idea is to use Lorentz group
nstead of the Technicolor gauge group

N We do not need additional

Zl 12 soa Technifermions

I and additional index
Poincare gravity = Gauge theory of Lorentz group +

group of translations
Vzrlznlas:

Translational connection = Tetrad field =%
Lorentz group connection i(l‘“b Co)Ya V)5
Cate = T Eg* Evo) Ef] Gauge theory of Lorentz group
" appears when E is frozen
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I Massless fermions in Riemann — Cartan space
I Sy = 5 [ B¢~ 5Dy — (D)€~ v}t

(S Alexandrov, Class.Quant.Grav.25:145012,2008)
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tO(.?.,:I.) gauge field action | |
ith asymptotic free Sg = ST + Sc

ive charges
Sr = —M#% / Gd*x

(mi” = [Dp, Dv] D, =8, + lcﬂb'ﬁ[u’?’]
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E.Elizalde,S.D.Odintsov, Phys.Atom.Nucl.56:409-411,1993)

At small energy we neglect these six terms !!!
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I Integiahowver gauhg fﬁld gives 4
fermion attraﬁtlve lnte;aetlon\
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btl:ractive force between fermions => condensate
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Fffective 4 - fermion attractive interaction

v
hiral symmetry breaking in NJL, leading 1/N
ere is NO CONFINEMENT!!!
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P~ 250 Gev. A, > 1000 TeV.



The above results were obtained
In the leading 1/N approximation

We can thrust 1/N expansion
gualitatively for not very large
I value of the cutoff

We can thrust 1/N expansion
guantitatively if the mechanism
that suppresses higher orders is
added by hands as for the
vacuum energy in
hydrodynamics, where loop
divergences are subtracted due to
the extra — cutoff physics

Anyway, these results are to be
confirmed by lattice simuations



I Volovik's mechanism in quantum
hydrodynamics

I There formally exist the divergent contributions to
vacuum energy due to the quantized sound waves.

I The quantum hydrodynamics has finite cutoff E.
The loop divergences in the vacuum energy are to
be subtracted. The microscopic theory contains the
contributions from the energies larger than E.
These contributions exactly cancel the divergences
appeared in the low energy effective theory. This
exact cancellation occurs due to the

thermodynamical stability of vacuum.

(G.E.Volovik, "Vacuum energy: quantum hydrodynamics vs
guantum gravity", arXiv:gr-qc/0505104, JETP Lett. 82 (2005)
319-324; Pisma Zh.Eksp.Teor.Fiz. 82 (2005) 358-363)



I:::tch: for the moment we assume Volovik

nario for the cancellations of higher loop
wergences = IN expansug_r )

Id 2 x VA + 5 A2 (XA._LXEJ()EB,RXE)IE)

T

e ithout perturbations all fermion

xar=(tr,br) massesareequal 5 — 551 4 y)

1
Now let us consider as a perturbation the gauge field B interacting with the right - handed
top - quark only. We imply that the corresponding U (1) symmetry is broken spontaneously, and
B receives mass My much larger than A,. The corrections to Eq. (5.1) due to the exchange by

B give the modification of Eq. (5.1) with I§ = diag (1 + ye, 1 + yb). where yp =~ y. while
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the toy model with t and b quarks only,
leading 1/N order: different masses appear



S = d4$(7[' Ty 8‘""j(—, BBy (% sm xS YWEWILE RO
- X A2 \XkaALXR )(X1.3B.RXL ) B
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More complicated model: all quarks and
leptons are included, leading 1/N order



How can the unknown theory of
DEWSB and TeV scale physics look like

I . Masses of W and Z;
Fermions + gauge theory )

All fermion masses
are equal

Perturbations (flavor gauge

Hierarchy of fermion
field, SU(3), SU(2), U(1), etc)—/ masses from MeV to

170 GeV (5 orders)

- =

Still there are problems: extra light scalars are to be
made massive; There is no way to avoid fine tuning
(fermion masses from MeV to 170 GeV)



More detailed view of how this
ry migh
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I The problems:

The scale of the Lorentz

group gauge theory is above :
I 1000 TeVv ::1 ;:;v to avoid fine
Masses of W,Z, and SM

No way to avoid fine

tuning
higher loop divergences of NJL

fermions are much smaller

above the cutoff of the
from MeV to 0.1 TeV

considered theory
In direct lattice simulations this is difficult to implement the fine
tuning. Nevertheless, qualitative features of the theory may be
investigated numerically (chiral symmetry breaking,
deconfinement, asymptotic freedom)
In first simulations the scale of lattice theory should be on the
order of TeV while the realistic one is > 1000 TeV

are to be cancelled via Volovik
Hierarchy of fermion masses mnscnanissm dus o e pnysics



I Lattice discretization
SO(4) = SU(2) x SU(2) 0 = (Ve 0 )

Looks similar to A.A.Vladimirov and D.Diakonov,

Phase transitions in spinor qua—" v/
gravity on a lattice',
Phys. Rev.D 86, 104019 (2012
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Important: There is no way to keep SU(2)xSU(2)
gauge symmetry on the rectangular lattice!



Lrj_. ' {.-'TH = SD-I:E}

4.k — k4 - Y et g (TT T+ k T T+ k:
gr.n_j — _gz-n_j = isign(n) sign(Jj) (TI (UL,gmn,i—U 1'_-:.:|':ﬂ._1'}'tf:r —Ir(Urzmn.j — LH.E.'FL._F:IG- )
k.l iy kel ‘TT T [ T T
QI_n_j — isign(n)sign(j)e™™ (Tr (Upzmi—U ;_'_'_J.:ﬂ_j}:frm +Tr (Upzmi — U ;E_T_n_j]fr’”)

jons n, |



I St = — M3 / Gd'r Sa = P / GG gpeqd’z + Po / GG gapd
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Pure gauge field action

Looks similar to M.A.Zubkov,

Gauge invariant discretization of Poincare quantum
gravity, Phys.Lett. B 638, 503 (2006),
Erratum-ibid. B 655, 307 (2007)
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I Chlral symmetry breaking?
m = 0"
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g Chiral condensate.
.H IS hermltlan =>
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I Deconfinement?

I::tential for external fermions from the
rrelator of Ployakov lines

Priz) = 'l"r(”h':n....:r—1E-'Tr.-..r+h'f-'|--"+'-““3'“‘)
(

Pr(y) ="Tr ”P-.':':].....T'—l'E*'rfﬂ-.r'—h'm-.r'—[P-.'—L'm)

exp(—V, p(lz —y)T) = (Pr(z)PL(y)) = (Pr(z)Pr(y))



NEW APPLICATION OF LATTICE
ECHNIQUE TO BEYOND SM
PHYSICS

ery unusual gauge theory — gauge theory of
Lorentz group. It is interesting already by
Itself.

There are indications (1-loop in NJL
approximation), that the chiral symmetry
breaking occurs without confinement.

This pattern may be used Iin a realistic theory
of the DEWSB

22



