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The Cosmic Uroboros
by Sheldon Glashow
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The Cosmic Uroboros
by Sheldon Glashow
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* Wrapped DBI inflation

arXiv:0708.4285 [hep-th]
with T.Kobayashi and S.Kinoshita

« DBI inflation with curvature coupling
arXiv:0910.1353 [astro-ph.CO]
with D.Easson and B.Powell

« Rapid-roll inflation
arXiv:0709.1952 [hep-th] with L.Kofman
arXiv:0810.0810 [hep-th] with T.Kobayashi
arXiv:0905.1752 [astro-ph.CO]
with T.Kobayashi and B.Powell

« Curvaton from brane angular motion
arXiv:0905.2835 [hep-th] with T.Kobayashi




Wrapped DBI inflation

arXiv:0708.4285 [hep-th] with
T.Kobayashi and S.Kinoshita



The KKLMMT model

Kachru, Kallosh, Linde, Maldacena, McAllister, and Trivedi 2003
= brane inflation (Dvali&Tye 1998) in KKLT

Many fields are conformally

N> coupled in this background.

The inflaton gets the mass

D3

2 _ 2
/inflaton () M, = 2H
anti-D3 However, inflation with almost scale-invariant
spectrum of perturbations requires m; ~107°H?

This can be achieved by considering extra ¢-dependence
and fine-tuning It.



KKLMMT fine-tuning

m,? = 2H? would stop inflation.

This Is based on dynamics of a scalar
with canonical Kinetic term —0“go ¢/2 .

However, the brane position Is described by
nonlinear DBI Kinetic action.

We should take it into account!
[Silberstein&Tong 2003]




DBI inflation: model description

* Mobile D3-brane with relativistic speed
« Action

S =[d'6\=g® | T(@)L+0"0,4/T(9) +T(9) -V ($)

DBI part

d¢ :Tsllzdp . ..
T(4) = TH?h? p : radial position of the brane
-3

* Energy density & Pressure

p =T () —1)+V(¢) o]
p=T(AL-r")-V(p) J1-F1T(¢)




DBI inflation: good things

A kind of k-inflation with general sound speed:
a new model of stringy inflation!

+ J1-4?IT(¢) leads to a speed limit.

No need for slow-roll:
a remedy to the n problem (KKLMMT fine-

tuning)?
* Large non-Gaussianity:  f,, ~ 1(7/2 -1)
signature of stringy inflation? 3




DBI inflation: bad thing

Baumann&Mcllister 2006; Lidsey&Huston 2007

« (UV) DBI inflation with large non-Gaussianity
seems inconsistent with WMAP data.

 Can be consistent only in the limit when It goes
back to the slow-roll KKLMMT inflation.

e The reason:

large but not too large |fy, | (say, 20<|fy, [<300)
=) large r ™ large Ad/Mp,
)| large A¢ ™ long throat = large V,

1) not large M, =% not large V6%nﬂiction



Our attempt: wrapped DBI

Kobayashi, Mukohyama and Kinoshita 2007

The essential reason for the inconsistency of
DBI inflation with WMAP data:
large A¢ == long throat

For D3, this is inevitable:  dg=T"2dp

For a wrapped D5 or D7, we can get
larger A¢ from the same throat!

do = T31+/22n {J-d anx/dEt(Gm - Bkl)}llz

This significantly ameliorates the confliction!



More stringent bound on

wrapped DBI inflation

» Wrapped DBI inflation with large non-
Gausslanity still requires a long throat.
(Not as long as for D3 but still long.)

long throat == large background charge
=) large Euler number of CY fourfold,
exceeding the known maximal value

) 1820448 [Klemm,Lian,Roan&Yau 1997]



Summary of wrapped
DBI inflation

« Wrapping D5 or D7 over a cycle changes the
relation between the brane position and the
Inflaton field.

 This significantly ameliorates the confliction
between (UV) DBI inflation and WMAP data.

» However, successful wrapped (UV) DBI
Inflation requires Euler number larger than
the known maximal value.
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Understanding the universe Is one of our
greatest dreams.

Quantum gravity Is another great dream.

In January 2009, Horava proposed a power-
counting renormalizable theory of gravitation.

Why don't we apply-Horava's theory to
cosmology?

The Cosmic Uroboros by
Sheldon Glashow



Higher curvature terms lead to

(Calcagni 2009, Brandenberger 2009).

Higher curvature terms (1/a°, 1/a%)

might make the

(Kiritsis&Kofinas 2009).

The z=3 scaling solves the horizon problem and
leads to scale-invariant cosmological perturbations
without inflation (Mukohyama 2009).

Absence of local Hamiltonian constraint leads to

CDM as integration “constant” (Mu

New mechanism for generation of
magnetic seed field (Maeda, Muko
2009).

Kohyama 2009).
orimordial

nyama, Shiromizu
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* Scalingdimof ¢ . Renormalizability
t Dbt ( )

X =2 bx

* Gravity Is highly non-
1+3-2+2s =0 linear and thus non-
renormalizable



| 5 [ dtdx’4’ | dtdx’"

* Anisotropic scaling

t > Dbt ( ) «Forz=3,
X =2 b X

are
z+3-2z2+25 =0 renormalizable!
s =-(3-2)/2

» Gravity becomes
renormalizable!?



free part j dtd X( +¢O¢)

N A’
FERMI, MAGIC O = YORRVE C,A—m;
2> M>1011GeV
for photon
, renormalizable nonlinear theory
Il RG flow

, familiar Lorentz invariant theory

Note: we need a mechanism or symmetry to make “limits of
speed” of different species to be essentially the same.
c.f. lengo, Russo, and Serone (2009)

oc = 0 is an IR fixed point but approach seems slow.



Scale-invariant cosmological
perturbations from Horava-
Lifshitz gravity without inflation

arXiv:0904.2190 [hep-th]

c.f. Basic mechanism is common for “Primordial magnetic field from non-
Inflationary cosmic expansion in Horava-Lifshitz gravity”, arXiv:0909.2149
[astro-th.CO] with S.Maeda and T.Shiromizu.



e 2 >>H2: oscillate
m? << H? : freeze

»? =k?/a? leads to d?a/dt? > 0O
Generation of super-horizon fluctuations requires
accelerated expansion, I.e. inflation.

« Scaling law
t 2bt ( )

X =2 b x j>

Scale-invariance requires almost const. H, I.e.
Inflation.




- In a




InL Inflation solves
horizon problem

o‘\@'fhorizon~H'1~const.
@)

during inflation

- In a




®? =M-+k%/a® leads to d?(a3)/dt> > 0
OK for a~tP with p > 1/3

« Scaling law
t > b3t ( )

X =2 b X
—)

Scale-invariant fluctuations!
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GOING BACK TO
HORAVA'S IDEA



Horava (2009)

Basic quantities:
lapse , shift , 3d spatial metric

ADM metric (emergent in the IR)

ds? = -1N2dt? + g, (dx' + N'dt)(dx! + 1N'dt)
Foliation-preserving deffeomorphism
t-=>t(t), x -2 x'(t,x)

Anisotropic scaling with z=3 in UV
t-=>b?t, X2 bx

Ingredients In the action

\Fd X 9ij D. Rij

Kij 2N tg” DN _D N ) (Cijk|:Oin 3d)



« Kinetic terms (2"d time derivative)

| Ndt/gd*x (K K" - 2K?)

potential terms (6™ spatial derivative)
det\Fd x| DR,D'R* DRDR
RRIR, RR/R}  R® ]

c.f. DR, DIR" is written in terms of other terms



« z=2 potential terms (4" spatial derivative)
|Ndt/gd’x[ R'R}  R® ]

« z=1 potential term (2"d spatial derivative)

| Ndt/gd*x[ R ]

« 7z=0 potential term (no derivative)

Ith\Ed?’x[ 1 |



, power-counting renormalizability

@ RG flow
. seemstorecoverGRIffA =2 1
kine}i\c term

1 4 ' A
167G, | Ndt/gd*x (K K" - 1K? + R - 2A

note:
Renormalizability has not been proved.
RG flow has not yet been investigated.



Infinitesimal tr. &t = f(t), 6x' = C\(t,X)
5gij — 8ié/kgjk +aj§kgik +§kakgij T 1:gij
SN, =0.¢'N, +¢ 0N, + &g, + N, + N,
SN ='0.N + fN + N

Space-independent N cannot be transformed to
space-dependent N.

N Is gauge d.o.f. associated with the space-
Independent time reparametrization.

It IS natural to restrict
Consequently,



* Imposing local Hamiltonian constraint would
result in theoretical inconsistencies and
phenomenological obstacles.

« “Strong coupling in Horava gravity”
by C.Charmousis, et.al., arXiv:0905.2579
“A trouble with Horava-Lifshitz gravity”
by M.Li and Y.Pang, arXiv:0905.2751
“A dynamical inconsistency of Horava gravity”
by M.Henneaux, et.al., arXiv:0912.0399

(c.f. section 5 of arXiv:0905.3563)



Dark matter as integration constant
In Horava-Lifshitz gravity

arXiv:0905.3563 [hep-th]

See also arXiv:0906.5069 [hep-th]
Caustic avoidance in Horava-Lifshitz gravity



* 4D diffeomorphism -
4 constraints = 1 Hamiltonian + 3 momentum

« Constraints are preserved by dynamical
eguations.

* We can solve dynamical equations, provided
that constraints are satisfied at initial time.



e ds?=-dt? + a?(t) (dx? + dy? + dz?)
* Approximates overall behavior of our patch
of the universe inside the Hubble horlzon

» Hamiltonian constraint 3a_2 — 87TGNZ/OZ

- Friedmann eq a’
E.o.m. of matter . a
- pi +3—(pi+F;)=0
-> conservation ed. a
i a2 n

but follows from the above n+1 egs.



Foliation-preserving diffeomorphism

= 3D spatial diffeomorphism
+

3 local constraints + 1 global constraint

= 3 momentum @ each time @ each point
+

Constraints are preserved by dynamical
equations.

We can solve dynamical equations, provided
that constraints are satisfied at initial time.



* Approximates overall behavior of our patch
of the universe inside the Hubble horizon.

 No “local” Hamiltonian constrain
E.o.m. of matter , a
- pi +3—(pi+ F) =0
-> conservation ed. a
~ 2

o Dynaml_cal eq 98 a_2 _ 87Gy Y P
can be integrated togive a a i=1

a2 n C
3— = 81Gyn (Z Di )

) 3
a — a




167G, | Nt /gd*x(K;K" - AK? +R—2A)

e Looks like GR iff L = 1. S0, we assume that
A =1Is an IR fixed point of RG flow.

/de\/_ D - Agp) — 8nGNT,,)n"n" =0

n,dxt = —Ndt, n"0, = O, — N'0;)

1

v

 Momentum constraint & dynamical eq
(G + Aglh — 8nGNTy,)n* = 0

G + Ag(4) 87TGNTZ‘J' =0



Def. TH- |, G + Agl)) = 8nGy (T, + THF)

174

General solution to the momentum
constraint and dynamical eq.

TﬂL = p'tn,n, n*V,n,=0
Global Hamiltonian constraint

/d?’af;\/ﬁpHL =\

Bianchi identity = (non-)conservation eq

O p7t + Kptt = n“V*1,,



Dark matter as integration constant
» Def. TH- | G + Agly) = 8nGy (T, + THF)

 General solution to the momentum
constraint and dvnamical eq.

* Blanchi identity = (non-)conservation eq

0, p"" + Kp""t = n'VHIT,,



« Overall behavior of smooth THL = pHln n_ is like
[TAY P utv
pressureless dust.

(cf. early universe bounce [Calcagni 2009,
Brandenberger 2009]) If asymptotically free, would-
be caustics does not gravitate too much.

* Group of microscopic lumps with collisions and
bounces - When coarse-grained, can it mimic a
cluster of particles with velocity dispersion?

« Dispersion relation of matter fields defined in the
rest frame of “dark matter”
-> Any astrophysical implications?



* Horava-Lifshitz gravity Is power-counting
renormalizable and expected to be renormalizable
and unitary. New candidate for quantum gravity!

* The z=3 scaling and leads to
scale-invariant cosmological perturbations for a~tP

with p>1/3.

« The lack of local Hamiltonian constraint may explain
GR is NOT
recovered: constraint algebra is smaller than GR
since the time slicing and the “dark matter” rest
frame are synchronized in the theory level.
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