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" God always geometrizes” - Plato
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Geometric Interpreta ' Homogeneous Field Theories
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Kieran Finn (The University of Manchester) The Geometry of Inflation arXiv:1806.02431, 1812.07095 2/9



Geometric Interpretation of Homogeneous Field Theories

Lagrangian Field Space
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Geometric Interpretation of Homogeneous Field Theories
.

Lagrangian Field Space

Equations of Motion Noether Symmetries

m o+ TP =0 s g+ ()

m 3= 3k (kpd,c + ked,b — Kbe,d) m Vs + V& =0
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Geometric Interpretation of Homogeneous Field Theories

.
Lagrangian Field Space

Equations of Motion Noether Symmetries

n P TEpPpt = =k, m o7 =7 + ()

m 3= 3k (kpd,c + ked,b — kbe,d) m Ve + V&, =0

m V=0
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The Eisenhart Lift for Field Theories

L.P. Eisenhart: 1928
KF, S. Karamitsos and A. Pilaft

Original Theory Lifted Theory

n L= Than(0)3%08 — V(o)

" 5T Thghet = kP

m 3. = 3k (kpd,c + ked,p — kbe,d)
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The Eisenhart Lift for Field Theories

L.P. Eisenhart: 1928
KF, S. Karamitsos and A. Pilaft

Original Theory Lifted Theory

n L= ha(0)6%" — V() " L= k()P0 + 3"

- S5a_i_|-29)c(”;7b9';,c:_kab\/’b m ¢a+rzc9-.7b§bc :_ATZ kabv’b

m 5 = 3k (Kpd,c + Ked,b — Kbe,d) . g (ﬁ) =0 = % =A

Kieran Finn (The University of Manchester) The Geometry of Inflation arXiv:1806.02431, 1812.07095 3/9



The Eisenhart Lift for Field Theories

L.P. Eisenhart: 1928
KF, S. Karamitsos and A. Pilaftsis 18 (arXiv:1806.02431)

Original Theory Lifted Theory

n L= Lkan(@)$?5" — V() n L= 3kan(@) 9700 + 3 X0

- ¢a + chSbbSbC _ _kabv’b Sba + chbech :_ATZ kabv’b
m 3. = 3k (kpd,c + ked,p — kbe,d)

Extended Field Space
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Extension to Non-Homogeneous Field theories

Original Theory
m L=.—g (%gm,kab(‘ao) au‘r‘?aav@b - V(Qo))

n VAV,07 + 120,000 0" = —k®V,
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Extension to Non-Homogeneous Field theories

=S
Original Theory

m L= /8 (38" kab(p) 8u°0,0" — V()
m VAV ,07 4+ T2.0,pP0 o = —kPV,,

Extended Theory

L B= (%g’“’keb(go) 0up°0up® + 3 is V. BHV, B )

2\ 2
. VAV, + 000000 = =L (GiBr ) KV

] 6#(%):0 =

Kieran Finn (The University of Manchester) The Geometry of Inflation arXiv:1806.02431, 1812.07095

4

/9



Extension to Non-Homogeneous Field theories

=S
Original Theory

m L=/—g (38" kab(p) 0,970,0" — V()

m VAV ,07 4+ T2.0,pP0 o = —kPV,,

Extended Theory

L B= (%g’“’keb(go) 0up°0up® + 3 is V. BHV, B )

n VAV 07 + 3,8,0P0mpc = — L by,

-6( ¢))_0 =
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The Eisenhart Lift for Inflation
.

m 5= [d*xy/=g (—3R+ 3(0"0)(8u0) — V(¢))

m g, = diag (1’ —a2,—22, 732)’

Homogeneous Inflation

m L= —3a32+ 13%p? — 33V(p)
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The Eisenhart Lift for Inflation

n 5= [ d'xy=g (-3R+ }(0"9)(9u) — V(¥))

B Sy = diag (17 _327 —32, _32)v ¥ = Qp(t)

Homogeneous Inflation Eisenhart Lifted Inflation

n L= 3332+ 132 — 2®V(p) w L= 328" + §2%02 + L g X

Field Space Metric for Inflation

Kieran Finn (The University of Manchester) The Geometry of Inflation arXiv:1806.02431, 1812.07095 5/9



The Eisenhart Lift for Inflation

n 5= [ d'xy=g (-3R+ }(0"9)(9u) — V(¥))

B Sy = diag (17 _327 —32, _32)v ¥ = Qp(t)

Homogeneous Inflation Eisenhart Lifted Inflation
m L =-3ad+ 333p? — B*V(p) n L= 328+ 1% + Sy X°

. 2
" 6+ 300 + § () Vie) =0

d(_x ) _ D
« & (wvm) =0= wm = A
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The Eisenhart Lift for Inflation

n 5= [ d'xy=g (-3R+ }(0"9)(9u) — V(¥))

B Sy = diag (17 _327 —32, _32)v ¥ = Qp(t)

Homogeneous Inflation Eisenhart Lifted Inflation

n L= 3332+ 132 — 2®V(p) w L= 328" + §2%02 + L g X

2
m$+3Hp + 2 V(p)=0
Field Space Metric for Inflation :

- . 2
m H? + 28 = %@2 S %V((p)

J—)=0:>ﬁm=A
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Initial Conditi

Cosmic microwave background

Inflation

Quantum
Gravity

Pre-inflation

APS/Alan Stonebraker
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Phase Space Ma
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Phase Space M
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Fraction of Phase Space that allows Inflation

10—1 4
1072
10—3 4
1074 4

10—5 4

1077 / —— V(@) =A+5x10"14p*
1072017 A =2.846 x 1071%2M;
10—30 ! ! ! ! ! ! !
10—122 10—24 10—22 10—20 10—18 10—16 10—14 10—12
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Summary

m The Eisenhart lift allows us to describe any scalar field theory geometrically
For homogeneous theories we must add an additional scalar field
For non homogeneous theories we must add a vector field
We can use this to construct a geometric description of inflation

We can use this to study the initial conditions problem
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Distribution of the Inflaton Field

V=10"15M4 + 5 x 10~ 14p*
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Distribution of the Inflaton Field

V=10"'M3 + 5 x 10~ 14p*
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