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The extension of the Poincaré algebra.
New generators L)'*s carry higher spins and charges.

[P*, P"] =0,
(M1, P = i(n P — i PY),
(MM MY = (0 MY =t MY MEP = M),

[PF, Lyv-™] =0,
[]\4/.1117 LC)L\l...)\S] — Z'(n)\ll/LZ)\g...)\s + + —nAS”Léln'/\sily%

[Lél,,,,\n’ Ll))\n-&-l-..)\s} — Z‘fabcLé\lm/\s (S = 07 1, 2, )

Unification of the Poincaré and internal algebras.
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The Li* "< are high helicity generators

s
Lgl...us _ H(ei@ei” + e—igoelin) ® Lo, (1)

n=1
eli is the polarisation vector of helicity +1,

ke LEV ot =0, k* =0, k'e, =0 (2)

The LE* "< carry the helicities:

h=+s,+(s—2),...... , (3)
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The non-Abelian tensor gauge fields are:

Z A,m (@) Lyt (4)
the field strength tensor is
Guw(z,e) =0, A (x,e) — 0, Au(x,e) —iglAu(x,e) Ay(x,e)] (5)
The invariant Lagrangian

L(x) = (G (x, L)Gy, (2, L) ) (6)
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In terms of the field components the Lagrangian L is

1 a a
L= - JGLGL

1 1
- ZGZV,)\GZZ/,)\ - ZGZquw,)\A +
1 1 1
+ ZGZZ/,)\GZ)\,I/ + ZGZVW Z)\,)\ + iGZVGZ)\,I/A_'_
where the field strength tensors are:

GYY, = 0,AL— 0 AL+ gf*™e Al AL,

o = OuApy —0,A) + ar*( A,g Aoy + AZ,\ AL ),
Zu,)\p = 81“4?1)\;7 - aVAZAp + gfab(:( AZ zc/Ap + AZ)\ Alc/p + AZp lc/)\
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Helicity spectrum of the tensor-gluons

An 1
Acy o £2,

AZAMQ +3,

a
AH>\1>\2>\3 +4,
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a, ad’ G Yy

Splitting of gluons into tensorgluons,
the coupling constants are dimensionless ¢ and ¢
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We consider a possibility that inside the proton and, more
generally, inside hadrons there are additional partons -
tensorgluons, which can carry a part of the proton momentum.

If there is an additional emission of tensorgluons in the proton,

then one should introduce the corresponding density 7'(x,t) of
tensorgluons

Gluons

Tensor Gluons

PROTON
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What we whant to know - are the Parton Distribution Functions -
PDF

for the new partons — TensorGluons

Gluons

Tensor Gluons

PROTON
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The generalisation of the parton evolution equations

Gi(z) = S [12[g (y, 1) Pygi + Gy.t) Pyl, (8)
= o) f1 Wgi (y,t)Pag + G(y,t) Pac + Tr(y, t) Pa, 7,
t)

Tr($) = 2(73 Jo “G(y.t) Pra+ X, Ts(y,t) Prr,).

The a(t) is the running coupling constant (o = g2 /4)

«

o) =T et

where by is the one-loop Callan-Symanzik beta coefficient,
it receives an additional contribution from the tensorgluons.

bl = bquarks + bgluons + btensorgluons

G.S. Phys.Lett.B732, 2014
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Asymptotic Freedom of Tensor-Gluons

> (=1)*(1252 — 1)Cy(G) — 4nsT(R) 7

b= 4872

wheres=1, 2,..... at s=1 it reproduces the Gross-Wilczek-Politzer

Tensorgluons " accelerate” the asymptotic freedom !
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Splitting probabilities P§ ()

he

A—-B+C
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The DGLAP quark and gluon Splitting Probabilities in QCD are:

Pu(2) = Ca(R) [(ffi + 20z 1)] ,
Poe) = Cory EO=2E (10)
Pua(z) = T(R)[Z*+(1-2)7,
Poc(z) = 205(G) {(1 _zz)+ . - © (1 - z)] +
N S (125% — 1)CZ(G) —4nsT(R) 5z 1),
(11)

where Co(G) = N, Cy(R) = 2221 T(R) = 1 for the SU(N).
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A —-B+C

Figure: Splitting of the tensorgluons P§ ,.

1
h — — =
Prpha = 221hs—1(1 — z)2nhc—1’ he+hp+ha=n==+l

The formula describes all known splitting probabilities found earlier
in Gauge theories and the generalised Yang-Mills theory.
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The splitting probabilities of gluons into tensorgluons is

225—1—1 _ZQS—l-l
Pra() = GO |+ e
r _225+1
Par () = GO |t .
r Z2$+1 1
Prat) = G0 [+ ]
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For spin 2 we shall have

Pre(z) = Cu(G) [

PGT(Z) = CQ(G)[

PTT(Z) = 02 (G)
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Tree level scattering amplitudes of (n-2)-gluons and 2-tensorgluons
calculated using BCFW formalism.G.Georgiou and G.S. [JMP 2011.

M, (1", i, . kts, =5 .nt) =

o i <ij >4 < ij >\ 252
— ig"2(2m) 45 (Pob) ! (=)

[T, <liU+1>\<ik>

They reduce to the Parke-Taylor formula when s = 1.
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The collinear behavior:

b
Miree( ata b L) al D Split'se (a, bN) x ME(..., P, L),
A==1
b o]

Antoniadis and Savvidy, Mod.Phys.Lett.(2012)
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Spin sum rule of helicity weighted distributions:

1 1
2AZ+AG+ZS:S AT, + L. = 5h.
The lowest moment of the spin-dependent structure function

1
N T (B P et
0

The singlet part of the proton spin structure function,
contribution of a tensorgluon of the helicity s

1 a(Q?) a(Q?) 3(12s% — 1) — 8ny
o =3 (AE Mo A N T s — ) oy ) T
(@) \ N
27 *3(12s2 — 1) — 2ng

+ny

Extension of Efremov-Altarelli-Ross formula
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How the contribution of tensor-gluons changes the high energy
behaviour of the coupling constants of the SM 7
The coupling constants evolve with scale as
1 1 M
= +2bjln—, i=1,2,3, 13

ai(M)  ai(p) T p (13)
consider only the contribution of s = 2 tensor-bosons:
For the SU(3). x SU(2)r x U(1) group with its coupling
constants a3, a2 and aq and six quarks ny = 6 and SU(5)
unification group we will get

1 110 1
Oy = —54, Uy = ——. 2 =——4
3= 0h 2= go 20 o

the solution of the system of equations (13) gives

M T 1 8 1
= 58 <ael<u> ‘3as<u>>’ (14)
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If one takes aj(Mz) =1/128 and as(Mz) = 1/10 one can get
that coupling constants have equal strength at energies of order

M ~ 4 x 10°GeV = 40 TeV,

it is much smaller than the previous GU scale M ~ 104GeV
the value of the weak angle remains intact :

s 2 el Z
ST Uy 6 + 9 5(7‘ [ ) ) ( )

the coupling constant at the unification scale is of order
a(M) =0,01.
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Summary

Strength of Forces

PROTON Ll

0 5 6 10
My ~ 4 x 10'GeV

1 1
2A2—|—AG+§S:SATS+LZ—2FL
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Thank You
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We suggest an extension of the gauge principle which includes new
tensor gauge bosons. The vector bosons of SM become the
members of the bigger family of gauge bosons of larger spins. The
extension is essentially based on the extension of the Poincaré
algebra. We calculated the scattering amplitudes of tensor bosons
at tree level, as well as their one-loop contribution into the
Callan-Symanzik beta function. This contribution is negative and
corresponds to the asymptotically free theory. This leads to a
natural inclusion of the Standard theory of fundamental forces into
theory in which vector bosons, leptons and quarks represent a
low-spin subgroup. We consider a possibility that inside the proton
and, more generally, inside hadrons there are additional partons -
tensorgluons, which can carry a part of the proton momentum.
The parton distribution functions (PDF) of the tensorgluons is
calculated. The extension of QCD influences the unification scale
at which the coupling constants of the Standard Model merge,
shifting its value to lower energies.

George Sawvidy PARTICLEFACE 2019



Extension of Poincaré Group and of Yang-Mills Theory Proton Structure, Tensorgluons, PDF, Grand Unification

The Killing forms are:
(P*;PYy =0
(Mu; Py) =0
(MM MAPY = giAge — plty

L(P) :
(PH; Ly-) =0,
(M L) =,
La(P)
<L21'">\"; Lg\n+1....Azs+1> =0, s=0,1,2,3,...
(Lavng Lpntte22e) = sl (phihaghads pas—1das 4 per)
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