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Cosmological Inflation

Rapid expansion of early universe
Explains problems with Big Bang Model: Flatness, Horizon, Monopole, etc
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Cosmological Inflation

Rapid expansion of early universe
Explains problems with Big Bang Model: Flatness, Horizon, Monopole, etc
Models of inflation involve scalar field, ¢:

8= 2;/d4x\/@f(¢)R— /d4a: ygy[%vaqbv%— Vel (1)

m V(¢), kinetic term, coupling to gravity choices guided by theoretical
and observational constraints

m often no fundamental principle governing its dynamics
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Cosmological Inflation

Rapid expansion of early universe
Explains problems with Big Bang Model: Flatness, Horizon, Monopole, etc

Models of inflation involve scalar field, ¢:

S = 2;/d4x¢@f(¢)}z— /d%: ygy[%vaqbv%— Vel (1)

m V(¢), kinetic term, coupling to gravity choices guided by theoretical
and observational constraints
m often no fundamental principle governing its dynamics

Our approach: Can we explain inflation as particular manifestation of
tensor field arising from TW-gravity?
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Projective Geometry

Projective Invariance = General Relativity

a - a a a
Kea = Rica + 01" Pap — 0% Pleq)
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TW - Gravity Action

Srw =— 5= /df dz+/|GIK

— joc/dz d%z\/|G] [162 — 4K + K

suka™| (2)
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TW - Gravity Action

Srw =— 5= /df dz+/|GIK

— joc/dz d%z\/|G] [162 — 4K + K

suka™| (2)

Integrate ¢ = /\%
+

Stw = — 5= [ d@+/]g|(R + (d — 1)P + 2A,)

2K0

+ e [ da/lg] [BKuoK™ = PPl = heSen (3)

Kabe = VipPas P = (d—1)g™P —22d =3P (4)
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Coupling Constants

d=4, c¢=h=1 define dimensionless couplings:
Ko = n,{Mp*Q, Ao = n,\Mgl, Jo=njh=ny

m n, = gravitational coupling
m n) = projective length scale

m 1y = angular momentum parameter

By definition: n.,ny,ny >0

= ©)

NNy

=P
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Realizing Inflation
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Realizing Inflation

M
Pab ==L
UDN

Cbgab (6)

M2
S =— f;i /d4m\/@f(¢)R + 12n,]/d4a: lg] [%VﬂbV“(ﬁ — V(¢)]
' (7)
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Realizing Inflation

M
Pab ==L
nx

Cbgab (6)

M2
§S=—L / d*z\/|g1f ()R + 120, / d'z/lg| [3Vad V6 = V()]
' (7)

Non-Minimally coupled Inflation with linear coupling (Brans-Dicke-like):

8
fo)=1+ ﬁMpqﬁ (8)
Predicted Inflaton Potential
My M2,
V9) = g FO) ~ 1 =505 (4¢ Hffpnab)
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Canonical Scalar Field Action

Perform Conformal transformation from Jordan to Einstein frame:

9w~
Gab = € wgab w=1In

h(¢) =
VB, (/14 B2 1(0) - cotn ™t 14 22 10)] 1(6) > 0
(11)
0= M. 1. - -
S— / day/1( — LR+ ST V(o(h) (12)
- 3M2 6Mip(Myn + 4
V()= e (1oL )= P# fya + 49) 13
S0 f(¢)? ny(Myi + 86)° P
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Slow Roll Parameters

Accelerated expansion: ¢ >0=e¢< 1, n<K 1

(14)

M2 [ av 2 277 /972
M (avm) Cae? V/oh

2 1%4 1%
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Slow Roll Parameters

Accelerated expansion: ¢ >0=e<1, n<K1

M2 oV /oh 2 02V on?
_ My _ 27 Y7
T ( vy (14)
~ 9 A B 96 nn LU2N
C(¢) = W[S +anaf(o)] = 2 f(¢)? |:1 . 8 - ﬁp¢:| (o)
_ MZ (0706 _ My 9 [0V
=3 (5F) = TEmlo .
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Slow Roll Parameters

Accelerated expansion: ¢ >0=e<1, n<K1

M2 (o7 /on\’ 02V /o2
_ _ a2
€= ( = , n=M, — = (14)
C0) = rprggslB+ i (O] = ooz [1+ 52 + 2] (15)

627( = >2 , M= Méi[c_lmﬂ}
2C Vv VCV 0¢ ol
Model Predictions:

32 16 32 4 5nny f (17)

T8+ ama) | B (2—1) B+ Amaf)’
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Observational Parameters

Model Predictions

Scalar Spectral Index:

ns =1 — 6e+ 2n

Tensor to Scalar Ratio:

r = 16¢

(.')*
Amplitude of Density Perturbations:
74

A= ————

: 24772]\,];)1 €

Number of e-folds:

1 [V

~— ———dh
A{é hend av/ah

C. A. Whiting (CMU)

Constraints

ns = 0.9649 +£ 0.0042

r < 0.056

2<In10%4, <4

N € [50 — 70]

(18)

)

(20)

(21)
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Constraining fenq with €|y, =1
32 8

finy = Any > 0 (22)

Sfend(fgnd - 1)2 - fend’
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Constraining fenq with €|y, =1
32 8

fimy fmy > 0 (22)

- Sfend(fgnd - 1)2 - fend’

1< fona < A/1+2/V3 =~ 147
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Constraining f, to f..q with N efolds

N L (Ana(0® — 1)f3,, +12(02 — 1) 2,4 — 3ina(a — 1) fond — 241 1)
@ Ef(asfi) s fend = f(Pend) (23)

1<f 5118 , N=50
1<f, 5129 , N=60

1<f 5139 , N=70
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Constraining f, with r vs. n, Parameter space

Planck, Bicep2, Keck Array data

TT,TE,EE+lowE+lensing+BK15

== 95% Confidence Interval

—— 68% Confidence Interval

TW Inflation

1<f, 5118 , N=50
1<f, 5129 , N=60
1<f 5139 , N=70
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Values of f,, fena, "1y constrained by observational values
of r vs. ng

-

»"\COLORADO MESA

C. A. Whiting (CMU) Inflation from Dynamical Projective Connections 13 /19



Constraining ny with Ay

N =60: 1.15 x 10® < ny < 4.37 x 1010

— 95% Confidence Interval

—— 68% Confidence Interval
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Validating Slow Roll

Slow Roll: 172 < V for N = 60, n; = 4.37 x 10'°, f, = 12.9,
fend = 1.47

172
[ zh
L V&)

— n;=4.77x10°
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Parameter Space

Minimum-Maximum values of three free parameters

Choosing: 0 < n, < 2
1.15 x 10® < ny < 4.37 x 10'°
0<ny < 1.34 x 106
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Conclusion

m Thomas-Whitehead Gravity predicts a model of inflation when
P,y ~ ¢gap consistent with data for range of parameters (n,, ny,ny)
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Future Work
Pap ~ @gap+woWap, with  Wap g™ =0 (25)

Scalar field Ansatz for traceless W:

30 0 0
0 -1 0 0

W,b = u(t) 0 0 -1 o0 (26)
0 0 0 -1

m Can u(t) be curvaton, responsible for reheating mechanism?
m Traceless tensor field W,;: responsible for density perturbations of
CMB without quantum fluctuations?

m We assumed connection is Levi-Civita: Investigate Inflation
application in Palatini formalism of TW-gravity
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