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Curvature as usual

GV o = Dol — Oz TL 4 TK T —TH T
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If torsion is present beside the metric, then metric and connections are independent,
and analogously TETRADS and SPIN-CONNECTION
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are the strengths (as Hehl said, we believe in Poincaré group and in gauging, so we
have to believe in gauging the Poncare group).
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are the strengths (as Hehl said, we believe in Poincaré group and in gauging, so we
have to believe in gauging the Poncare group).

Commutators of covariant derivatives are

[D(.T: D?T}V‘u — QQJ?TDQVH + G,uPUW Ve



In the infinitesimal parallelogram torsion produces disclination likewise the curvature
produces dislocation (Cosserat media).
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spacetime the Principle of Equivalence provides a natural interpretation for the
curvature, but there is no such principle providing a similar interpretation for torsion.



So there are many interpretations for torsion and curvature: in particular for the
spacetime the Principle of Equivalence provides a natural interpretation for the
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For the spacetime, torsion is model-dependent, but there is a model that is
priviledged with respect to all others:
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FRANCE 2015
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The Sciama-Kibble completion of Einstein gravity maintains in the most general
case Einstein's spirit with spin coupled to torsion as curvature is coupled to energy

QPP = —16mhSPH
GF, — 20LG — Nl = 8wkTH,
from the Lagrangian L=G(g,Q).

The most general SKE gravity for completely antisymmetric torsion
QP = —qSPHY

( {jHQZ QH&J(QV&J*DPC)’?#M) Ll (Gf#u - %O‘ﬁG — )\Oij) — (bT) THU

from the Lagrangian L=G(g,Q)+Q? (with two constants).
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These are verified by the spin and energy
SPHY — %;{’}/p oMY 1) —~ completely antisymmetric
T — % (T,}/H D, — D, it I) — non-symmetric
once the Dirac SPINOR Field equation
thy? D) — miy =0
assigned in terms of the usual Lagrangian.

Torsion is as fundamental as the spin is, which is as fundametal as spinors are.
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The DESK theory for matter is equivalent to the Nambu--Jona-Lasinio model

ihy* N wip + F5 PPy y by, — map =
— iﬁ?’“vuw o ?—%52@7“1/)’)’#?/) o mZ/) =
= ihy"V ¢ — 22h2 (Yl — pyyy) ¢ — map = 0

For models with propagating torsion, this can be done only for very massive torsion.

In general, torsion is a massive axial-vector Proca field.



Consider spherically symmetric backgrounds: the most general spinor must be

It is possible to see that the Dirac equation becomes

(r n + %?; P COS (“ Ea )) (v3h+) — ~vi (i? 1 S1n (“ E% ) ) (v3th+) —

~— (v (iao + &) (VArZy ¢) 5 (VA=) ) 7
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B
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These expressions
can eventually be
written in the form

1 0 ﬁ —
sinf dyp In (p? ) =0

2 cot 6 + %W F 5131 5 (;; (x4 3) =10

In which the above constraints lead to a geometrical contradiction.

Dirac delta distributions are spherically symmetric: the absence of spherically
symmetric solutions implies that Dirac delta distributions are not solutions.

The issues about non-renormalizability coming from point-like particles is

circumvented. L. Fabbri, Int. J. Theor. Phys. 52, 634 (2013).
N. J. Poplawski, Phys. Lett. B690, 73 (2010).
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In which the above constraints lead to a geometrical contradiction.

Dirac delta distributions are spherically symmetric: the absence of spherically
symmetric solutions implies that Dirac delta distributions are not solutions.

The issues about non-renormalizability coming from point-like particles is

circumvented. L. Fabbri, Int. J. Theor. Phys. 52, 634 (2013).
N. J. Poplawski, Phys. Lett. B690, 73 (2010).

Somewhat obvious, because spin is internal structure.
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How reasonable is to have Dirac field condensates at galactic scales? This is not a
new idea and it has been C. G. Boehmer, T. Harko, JCAP 0706, 025 (2007).

used in varius ways _ _ |
M. P. Silverman, R. L. Mallett, Gen. Rel. Grav. 34, 633 (2002).

For the symmetries and approximations valid for galactic systems, one has

divaiz—div gradV = =Ry ~drk [mi — ih (Vy* ' Vih — Vidbyhh) | =
~ —4Amk|my) + %a n2 v + ik (V Y-y =y - Vb ))]

or also the non-relativistic limit

divad &~ —47k(mdTéd + Sah?éTod! o)

~ 8

and the non-relativistic Schroedinger field equation

B 7 A 9aZR ot 012 0 3ah® g . A
TV -V— 2 0102 p— 22 ¢l + (E —m) p =0



For high-density condensates, centripetal acceleration in spherical coordinates is
1 8 .-2 - T Ea— . 2 4
(! u.) ~ smhah™u

2 or

while for the condensate we get
1 [0 (,20u) , 1 8 (.i.pndu\]  9h%a>. 5 ¢
= Lar (P 5r) + cugan (Sin05)] 256 U~ U

for which a solution is given by

i — 8
S 3harsin @

which can be substituted to give the tangential velocity as

2 - 327k
™~ 3a

()

mimicking Dark Matter behaviour. L.Fabbri, Int.J.Mod.Phys.D22, 1350071 (2013)
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Navarro-Frenk-White profile

Effective field theories

Piso (T)

PO

T 14 (r/r.)?

Name| Operator |Coefficient
Cl1 x"xaq mg/M?
C2 xTxdv®q img/M?
C3 | xtOuxary*q | 1/M2
C4 |xT8uxary*voq| 1/M?
C5 | x'xGuwG* | as/4M2
C6 | xT'xG G | i /AM?
R1 Y2dq mq/QAi[f
R2 x2qv°q img/2M?
R3 | x2GG* | as/8M?2
R4 | x2GuG* | ias/8M2

Name Operator Coeflicient
D1 XXqq Mg /]’fo’
D2 X7’ Xqq img /M3
D3 XXG7Y°q tmg /M 2
D4 | xv°xq@v°q | mg/M3
D5 | X7*Xquq 1/M2
D6 | XV v xqyuq | 1/M?
D7 | Xxv*x@vuv’q | 1/M?
D8 (Xv*v°xq@vuv’a| 1/M?
D9 | xo"™xqouwq 1/M2
D10 |Xouv°Xxqoapq| i/M?
D11 | xxGG* o /AM2
D12 | X7V’ xGu G | ias /AM3
D13 | xxGuG* | ics/4M3
D14 | x7V°xGuG* | as/4M3
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The case of two spinors we simply replicate the Lagrangian
L=R+ ﬁWQ — %Elp}/”ﬂ-wl Wu — %E27ﬂﬂw2 W/_L

—v@w“vwl — ’LEQ'Y”VM&Z +m1@1 1 +m2@2 (0
The torsion can be integrated

L=R-— ?ﬂﬂ’ﬂvﬂwl —?JEQ'Y”VM?? —

. _ _
—575@%??1‘)’”77191%91'7#77191 —
—%ka%%'r“wz%wwz + ) | des th
_ — The Hamiltonian provides the
+1ma 7!’_177{)1 +m2 7732 2 — possibility for flavour oscillation,
—kaia2py ¥ wiboth 1y, Y both kinematically and dynamically

L
~ 2 =
AP~ (Am +2kamN) 7

L. Fabbri and S. Vignolo, Mod. Phys. Lett. A31, 1650014 (2016)
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—i LYV , L—iRy*V ,R—VF ¢V, +
+Y W, (LY*L—Ry* R)+Z¢*W?2 +
+G(LoR+R¢TL)+1A2¢*
The torsion field equations

Vao(VEWY —VYIWe) + MWV =

=Y (LAY L—R~" R)+22¢*W"

for large torsion mass can be integrated

M2W" ~Y (L’ L — R~ R)+2Z2¢*W"

L=—ily"V ,L—iRy"V ,R—V ¢V ¢
—2(M? —22¢?)"'Y2LRRL +
+G(LoR+RoT L)+ \2¢*



The potential has a new minimum
A0 (M? —220%)2 —4EY?LRRL=0
the unitary gauge ¢! = (0,v + H) gives rise to the
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The potential has a new minimum
A0 (M? —220%)2 —4EY?LRRL=0
the unitary gauge ¢! = (0,v + H) gives rise to the
L=—ivy*V v —iey*V e+ Guee —
—V“HV#HJr?))\%QHQ +
—[M?—25(v+H)?|"'Y?(20egegr+ 2ev” eev,e) +
+GeeH + N2 (H+4v) H3 +2X203 H+ 22204

The induced mass and cosmological constant

2 2 2
me=Gv  m¥=2\*v" A:—)‘g:M

N2 MA=Z2Y?(|2veR|*+|ee|*+|ieme|?)

arXiv:1504.04191
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Torsion potential:
1. no singularities
2. Dark Matter dynamics
3. Degenerate-mass neutrino oscillation
4. the cosmological constant and coincidence problem

And a number of open problems:
* Dynamical torsion
* Exact solutions
* Quantization

Anywhere you have a spinor there can be more to it.

There is no critical mass in torsion community:
— connection 1915, spinors 1928
— the Newton constant misconception
— difficulties intrinsic to the non-linearities
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— Luca: “... so, torsion is natural, despite admittedly it is difficult to treat and we
still do not know what it can do.”

— Colleague: “Nobody intelligent would ever consider anything that is difficut to
manage and of which we are not sure about the outcome, regardless its naturality.”

—- Other Colleague (who just had a new-born son): “Well, let me disagree.”



A metaphor




A metaphor

We are into Naturalness so much that we do not realize when we see it.



il

Thomas Walter Bannerman Kibble
(23 December 1932 — 2 June 2016)
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