
Research Interests
past, present and

future

Subodh P. Patil

Research Interests past, present and future

Subodh P. Patil

CERN

Theory retreat, November 9th 2012



Research Interests
past, present and

future

Subodh P. Patil

In General

I am interested in Cosmology, Gravity and related aspects of
String Theory + BSM physics. The questions and current research
interests that occupy me include:

I Effective field theory on time dependent backgrounds;

I ... specifically, that of Inflation.

I Signatures of higher dimensional operators in cosmological
observables.

I Testing the inflationary paradigm itself? Alternatives?

I ‘String cosmology’ beyond a low energy supergravity approx?
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The causal past...

Some of my past research interests:

I Moduli problem in string theory– massless string modes at

enhanced symmetry points. w/ R. Brandenberger, Phys. Rev. D 71, 103522 (2005)

[hep-th/0401037]; w/ R. H. Brandenberger, JCAP 0601, 005 (2006) [hep-th/0502069].

I Stringy modifications to spacetime structure– representations on
fields (relevance during early universe physics in certain contexts?)

I Non-Commutativity during inflation? w/ G. A. Palma, Phys. Rev. D 80,

083010 (2009) [arXiv:0906.4727 [hep-th]].

I Representing the String Uncertainty principle on fields?
∆x∆p ≥ 1

2
[1 + β(∆p)2] , w/ G. A. Palma, JHEP 0904, 005 (2009), [arXiv:0810.5532

[hep-th]]..
I Matrix model description of D-brane dynamics– topology

changing transitions? JHEP 0501, 007 (2005) [hep-th/0406219]; hep-th/0407182.

I String inspired, non-inflationary mechanisms for structure

formation w/ R. H. Brandenberger, A. Nayeri and C. Vafa, Phys. Rev. Lett. 98, 231302 (2007)

[hep-th/0604126]; Int. J. Mod. Phys. A 22, 3621 (2007) [hep-th/0608121]
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All hands on deck!

I WMAP, ACT, SPT

I LSS surveys...

I Planck (2013)

I Euclid (2019)

I CMB polarization?

I 21 cm cosmology (20xx)
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The present: the EFT of inflation

I arXiv:1005.3848, Phys. Rev. D 84, 043502 (2011)
A. Achúcarro, S. Hardeman, J-O. Gong, G.A. Palma, S.P. Patil

I arXiv:1010.3693, JCAP 1101, 030 (2011)
A. Achúcarro, S. Hardeman, J-O. Gong, G.A. Palma, S.P. Patil

I arXiv:1201.6342, JHEP 1205, 012 (2012)
A. Achúcarro, S. Hardeman, J-O. Gong, G.A. Palma, S.P. Patil

I axXiv:1205.0710, to appear, Phys. Rev. D
A. Achúcarro, V. Atal, S. Céspedes, J-O. Gong, G.A. Palma, S.P. Patil

I arXiv:1209.5701, in press
C.P. Burgess, M.W. Horbatsch, S.P. Patil

I arXiv:1210.xxxx, in preparation
A. Achúcarro, J-O. Gong, G.A. Palma, S.P. Patil
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Three notions of ‘heavy’

Being able to write down an EFT is premised on the existence of a
hierarchy between fast and slow modes. Easy to define on static
backgrounds. But what about time dependent backgrounds?

I Split modes relative to excitations along the background
solution and orthogonal to it (adiabatic/ isocurvature)?

I Split modes relative to excitations along the direction of
steepest descent along the trough of the potential and
orthogonal to it?

I Split modes relative to excitations along the heavy and light
eigenvectors of the mass matrix Vab ?

I If the motion of the background field is static, each of these
definitions coincide. If time dependent, they do not

(!)

I The true EFT is very clever– low energy accounts for all the
curvature scales present in the parent theory.
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Effective field theory

Obtaining enough inflation requires field excursions. In some
models, they can be quite sizeable– ∆φ ≥ Mpl .

I What must we be aware of when computing the EFT?

I Dimensional transmutation!

I The sigma model in which the inflaton is embedded (e.g. in
the modular sector of some string compactification) has a
field space curvature R ∼ Λ−2

M – typically ΛM ∼ Ms/pl

I Therefore the typical inflaton trajectory feels out the topology
and curvature of the sigma model many times over– expect
persistent ‘sharp’ turns throughout the inflaton trajectory.

I Even in the presence of a large hierarchy H2 � M2 ,
deviations off the adiabatic minimum consistent with slow
roll. Transient strong(er) couplings in the EFT expansion.

I In the EFT of Senatore et al. (arXiv:0709.0293) all
co-efficients parametrized in terms of the scale M and
cs , ċs , c̈s ...
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A primordial spectroscopy?

I The variation of cs along the inflaton trajectory, induced by
non-geodesic motion in field space can imprint on CMB
observables.

I Evaluate the power spectrum from the full coupled equations,
and from the effective theory, from a single sudden bend in
field space preserving slow roll. Picking a fiducial background
solution which renders the attractor values
ε = 0.022, η|| = 0.034 in the absence of any bending in field
space. N.B. in what follows, we have COBE normalized at
the pivot scale k∗ = 0.002Mpc−1 , and where we define
η2
⊥ = θ̇2/H2 .
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A primordial spectroscopy?
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A primordial spectroscopy?
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Figure : f
eq
NL

vs ∆P
P

(left), f fNL vs ∆P
P

(middle) and f
sq
NL

vs ∆P
P

(right) for τ0k∗ = −11, c = 0.8 (top),

τ0k∗ = −9, c = 0.8 (middle) and τ0k∗ = −11, c = 1.5 (bottom) respectively for the ‘cosh’ drop in the speed of sound

given by ∆s = − ∆max
Cosh[c(τ−τ0)]

.


