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Quadratic torsion theory

The action

The most general quadratic Lagrangian density:

L=-AR+ L(4a+b+3N) Ty TP + L(—2a+ b —3\) T, TPH
+1(—a+2c—3N)THT, + L(2p + q)Ruvpe R

~

+%(2P +q- 6r)§w’p0§pgw + %(P - q)Rngﬁupw
+(s+ t)R,eRY + (s — t)R,e R + L1y

parameters: A\, a, b, ¢, p, q, r, sand t
nine-parameter

[1] Phys. Rev. D 21 3269 (1980)
[2] Gen. Relat. Gravit. 21 1107 (1989)
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Quadratic torsion theory

Conditions

Constraints on the theory:

® To recover GR when T/, =0
@® Stability in weak-gravity: Ghost & tachyon free
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Reduction to GR

Lglr—g = AR+ (p = r)Ruppo R 4 28R, R

}

Conditions: ‘p =r, s=0
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Stability analysis
Strategy

Strategy to tackle the problem

- Take the decoupling limit: g, = 1, n=(+,——,—)
- Only vectorial (T,) and pseudo-vectorial (S,) d.o.f. :

7o, = 3(Tu6,% — T,0,°) + 18°% €10 S°
- Analyse the kinetic terms in £

- Analyse the potential terms in £
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Stability analysis

Ghost-free sector
Le=§(p+s+ t)Fu(T)F™(T)+ 2 (p—r+25)0,T"9, T

+15(2p + t)FLu (S)FH(S) + £99, 59,5 — V(T S)

11/19



Stability in quadratic torsion theories
LC)uadra\tic torsion theories

Stability analysis

Ghost-free sector
Le=§(p+s+ t)Fu(T)F™(T)+ 2 (p—r+25)0,T"9, T

+15(2p + t)FLu (S)FH(S) + £99, 59,5 — V(T S)

1
TH SH
Ghost-free p—rt2s=0 q=0
p+s+t<0 2r+t <0

[3] Phys. Rev. D 81 063519 (2010)
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Stability analysis

Tachyon-free sector

Weak torsion regime:

VA(T,S) = —2(c+3\)T,T* — L (b+3)\)S,S"
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Stability analysis

Tachyon-free sector

Weak torsion regime:

VA(T,S) = —2(c+3\)T,T* — L (b+3)\)S,S"
c+3Xx>0 b+3\>0

Strong torsion regime:

VT, S)= -8 (p—r+2s) T, ToTT?

—105(P — 1 +25)5a5°555” — §1(2p + 39 — 4r +25) T, 5 TS”
— S (p+r+4s)T,T*S5S"
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Stability analysis

Tachyon-free sector

Weak torsion regime:

VA(T,S) = —2(c+3\)T,T* — L (b+3)\)S,S"
c+3Xx>0 b+3\>0

Strong torsion regime:
VT, S)= -8 (p—r+2s) T, ToTT?
—105(P — 1 +25)5a5°555” — §1(2p + 39 — 4r +25) T, 5 TS”

~&(p+r+45)T,T*S3S?  — annihilated with p + 3s = 0
+ ghost-free
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Conditions analysis

TH SH
p—r+2s=0 qg=0
Ghost-free pts+t<0 drit<0
Tachyon-free (Weak torsion) c+3x>0 b+3X>0
i . p+3s=0 p+3s=0
Tachyon-free (General torsion) 4300 b4 31> 0
Reduction to GR when T, =0 p—r=0
s=0
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E. Sezgin & P. van Nieuwenhuizen:
[1] Phys. Rev. D 21 3269 (1980)
[4] Phys. Rev. D 24 1677 (1981)
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TH SH
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E. Sezgin & P. van Nieuwenhuizen:
[1] Phys. Rev. D 21 3269 (1980) pts+t<0 2+ t>0

[4] Phys. Rev. D 24 1677 (1981)
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Conclusions

GOALS

Theory of gravity with torsion close to GR

RESULTS

L= AR+ {5(4a+b+3N) Ty TP + L(=2a+ b= 3\) T, T

+i(—a+2c = 3N TN T + 2tR, R + Ly

with t <0, c+3X>0and b+ 3\ > 0.
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