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Abstract: <strong><span><em>Quantum Gravity at the origin of seeds of cosmic

structure?</em></span></strong><span><br>This meeting shows a our impatience for uncovering at long last any signal of unknown physics that
might have a quantum gravitational origin. | will argue that the transition from a homogenous and isotropic state characterizing the mid-early parts
of inflation ( i.e. the regime after sufficient e- folds of inflation have elapsed so that all traces of the pre-inflationary state are erased), to those eras,
where the primordia inhomogeneities have appears might hold ins testing clues about the nature of quantum
gravity<br><br> <br> <br><br></span><br><span><em><strong>Quantum gravity and
cosmol ogy</strong><br></em></span><span>In the light of upcoming high-precision data from the Planck

mission and possible trans-Planckian signatures encoded in eg the

microwave background radiation, and in view of possible large-distance

modifications of gravity and the accelearted expansion of the universe</span><br>
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gravitation

physics of classical gravity

) . - _ o 3
Gy = 6.7 x 107112

kg s* “length scale o
physics of quantum gravity NDLAIGS
\1/2 5

Planck length (p) = (”{L;L) / ~ 107 cm

Planck mass Mp =~ 1019GeV

Planck time tp; ~ 104 g

Planck temperature 7p; ~ 10%? K

quantum modifications Mp
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quantum field theory

running couplings

gravitation

Gn — G(p)

geft = Gy p* — g(p) = G(p) p?

asymptotic safety

G(p) = gu/

anti-screening
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quantum field theory

running couplings

gravitation

Gy — G(n)
gt = Gy p® — g(p) = Gp) p°
asymptotic safety

G(p) = g/ 1

anti-screening
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quantum field theory

running couplings

gravitation

hal
WA

4.0 4 v . ? "oty = Seete 00t q o0, _ (}3

N —1 3.5 W‘\J’M“% | F(”

0 5 10 15 20 25 30 35
N

(Falls, DL, Nikolakopoulos, Rahmede 12, in prep.)
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UV - IR connection
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UV-IR connection

effective action

' —R+ 2\, ) ] ]
Fl, — / \/.(7 ( 1()7_[_( ,'f. —+—- . e ) + ‘\Slll}l.t‘l-(‘l‘,/,' —+- bgl!. + bg}“)gi&ll-

Ap = Nk?
(:;\. = _(]/infz

Einstein-Hilbert theory

g
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UV-IR connection

effective action
| (=1 + 2\, \ i :
[y v ( E I.h.'i‘ T ) t Omntter,h + Opl 4

Einstein-Hilbert theory

(Contreras, DL in prep
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scalar field cosmology

. . . . K f.:’ K \/T_' 1 i
classical cosmological fixed points =—, Y=—747—, 2=—
V6H V3H Kkl
Case T Y {2 existence type
(a) 0 1 0 0 all A potential
(b) - 0 . 0 all v and z.| kinetic
(¢) 76 \.‘".‘ll “:I " 0 <6 mixed
(d) i 7_ xi (2 — ol 1 T{:. ;, > 3y scaling
(e) 0 0 | v =0 fluid

ABLE I: Classical l'||h|||'l|n'_',il‘:|l fixed points for a scalar field and one other barot ropic fluid with equation of state parameter

1 + w. In all cases, z. is a solution to the equation 7(z) . see (B). Fixed point (d) exists only for z2 < 6. Fixed point

(e) exists only if 22 > 3. For the case of an exponential potential, these fixed points and eigenvalues agree with Copeland et al.,
[33]. Note that for z. = 0 fixed point (a) is just a special case of (¢). Fixed point (e) corresponds to the fluid dominated solution,

fixed points (a), (b), (¢) to scalar field dominated solutions with either potential term (a) or kinetic term (b) dominating or a

mixture (c¢), and fixed point (d) is known as the "scaling” or solution,
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RG cosmology
(Hindmarsh, DL, Rahmede, 'l I)

RG quantum corrections

JIn Gy , d1n Vi dIn 'V}
MG = ——— g = , ORG =
RC =3k * "*¢~ Bk "¢~ Ok
k=Fk(N)

assumption

consistency condition (Bianchi identity)

dIn k 1 ORG —5 o 3 _
= — — L 4 + j T . n’lg}-l’
dN ORG | VRG \ -2 ' 2 Z |

A"
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RG cosmology

(Case T Yy 2 Y J]“.L existence type
dN
NRG .
(a) 0 1 0 0 - " = 1 |potential
VRG
6 ORG \ 2. —
(b) +1 0 T 0 1 4 ) - ) ma =0 kinetic
VRG VRG vV 6

2 (]
0 0 n(0) =0 mixed
VRG

()| 4 (1+I”"f:)" ( )
VRG
« TIRG 3 nRG |\ # . 6 _
(c2) (14 e 0 14 - ORG = Vpa| mixed
VRG VRG VRG v or.

7 NG Ko .
0 1 4 el v #£ 0 scaling
VRG VRG

(d1) 0

1 1
- \ T [ ¢ . ‘)
4 e - 4 nRG B [3 ~ - NIRG - .
(d2) | & ( IRG ) IR [ 1 + - 0 ORG = VRG | scaling
VRG 2 Y VRG \ 2r. VRG < Y

IABLE II: Renormalisation group improved cosmological fixed points for Einstein gravity with a scalar field and one other

barotropic fluid. We adopt the classification of Tab. Il The RG parameters are defined in (16]). In case (a), the conditions for
r”nﬁ.'_'d,\' are discussed in Sec I\ (-'l In case (b), z. is a solution to (31D, and in case (¢2) z. is a solution to (34) (see text)
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RG cosmology

1In k .
(Case z Y ] ! . existence tvpe
dN
NG .
(a) 0 | 0 0 ! 1 yotential
I
VRG
, 6 ORG . . ,
(b) +1 0 . 0 1 4 - ma =0 kinetic
]
VRG VRG v O
1 1 6
(cl) i (] n f}““)‘ ffltr-)' 0 0 n(0) =0 mixed
VRG VRG VRG
: : .
- 2 1~ 4] ) Te
(c2) 1 + IRG ( ”"") . 0 (] TRg— ) ORG = Vre | mixed
VRG VRG VRG v or.
|
. d TRG Iy ,
(d1) 0 MR 0 I ! v % () scaling
VR VRG R
& - £ 2
Ve ~y . y p [3 ~ "RG = .
(d2) | & 'IRG "IRG [ 1 4 ! ~ 0 ORG = VRG | scaling
VRG 2 — % VRG \ 2zr. VRG 2

ABLE II: Renormalisation group improved cosmological fixed points for Einstein gravity with a scalar field and one other
barotropic fluid. We adopt the classification of Tab. [l The RG parameters are defined in (16). In case (a), the conditions for

dInk/dN are discussed in Sec.[V.C] In case (b), z. is a solution to (3I), and in case (c2) z. is a solution to (34) (see text)

Pirsa: 12100090 Page 21/34



summary

quantum gravity

cosmology

thank you!
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The inflationary origin of the seeds of cosmic
structure: quantum theory and the need for novel
physics.

Daniel Sudarsky, Inst. for Nuclear Sciences, UNAM, México
Collaborations with: M. Castagnino (U. Buenos Aires, Arg.) , R.
Laura (U. Rosario, Arg.) , H. Sahlman ( U. Utrecht, Ndr.), A.
Perez (U. of Marseille Fr.), A. de Unanue (ICN- UNAM), G. Leon
(ICN-UNAM), A. Diez-Tejedor (U. Guanajuato, Mx.), S. Landau
(U. Buenos Aires, Arg.) & C. Scoccola (Inst. Astr. Canarias, Sp.)

Experimental Search for Quantum Gravity: the hard facts.,
October , 2012
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Where to look for QG related phenomena? Where do we see things

we can not explain?
One of the most conspicuous 1s the Measurement Problem in QM.
Quoting J. Bell (1987):
“FEither the wave function as given by Schrodinger equation is not
evervthing, or it is not right”: (J Bell 1987)
R. Penrose and L. Diosi have argued that the resolution of this i1ssue 1s
likely tied to aspects of QG.
Time of existence of supperposition of two mass distributions is of
order 0T = h/Es where:

Es = Gy [ dxd*y[pi(¥) = p2(¥)][01 (F) = p2 (M1
Ideas for experiments (which are very difficult). Complications if one
needs to take into account the measuring apparatuses or the obserygs
(1.e. need to model them realistically using QM?).
However, there 1s one situation where the measurement problem =
appears in a very clean setting, and, moreover, the situation is suchus
that we can not even rely on the Copehnagen interpretation.
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The Data. Simplified characterization:

The CMB photons emitted by the LSS. They are essentially at a local
T ~ 3000K", but are subjected to the redshift by the cosmological
expansion down to 7' ~ 2.7K". However, besides that, there is an
extra red shift associated with their emergence from the local well in
the Newtonian potential.

Then:
S0, ) = 31 (np.Xp), gives us a picture of Newtonian Potential on

the LSS.

060913_320.jpyg 320x160 pixeles
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We characterize this map in terms of the spherical harmonic
functions, and write: ’.;4((). @) = D im UmYim(0, @).

()
The coethficients are thus :

| Y = ok
Ol = i /dg__!l,-"(lﬂ)..\'[))Yh”(().g,:') (I)

This 1s what 1s measured. The measurements allow us to extract the
detailed map we saw and from which we extract the individual
quantities a,,).

On the other hand, the quantity that 1s often the focus of the analysis
IS
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The standard analysis leads to a remarkable agreement with
observations:

111133_7yr_PowerSpectrum_320.jpg 320x224 pixeles
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Most people working on this topic compute the, so called,
decoherence functionals, apparently without focussing too much on
these issues.

However, even W Zurek tells us: “7The interpretation based on the
ideas of decoherence and ein-selection has not really been spelled out
to date in any detail. I have made a few half-hearted attempts in this
direction, but, frankly, I was hoping to postpone this task, since the
ultimate questions tend to involve such “anthropic” attributes of the
“observership™ as “perception,” “awareness,” or “consciousness,”
which, at present, cannot be modeled with a desirable degree of

rigor.”

We need to understand the breakdown of the initial homogeneity and
isotropy, if we really want to understand the source of the seeds of the
cosmic structure (which eventually lead to galaxies, stars, and,
planets, where we can find the conditions for the emergence of life,
and, eventually, intelligent :-) beings like ourselves.) .
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Ihe Propo
The idea is that, at the quantum level. gravity 18 VERY different, und
at large scales leaves something that looks hike a collapse of the

quantum wave funcoon matter helds, ¢ Inspired by Penrose and
Diost's wdeus)
Thus, the inflationary regime 1 one where gravity already his a good

clussical de mon. but matier helds sull require a full quantum

treatment

The setung will thus naturally be sermiclussical Emstenn’s gravity
(with the extra element. THE COLLAPSE) 1 ¢
SOMEMES, SPONLANEOUY Jumps

)y, &0 |0), 42 |0), s e

|IL‘\IL|L‘\ {

&y @ |0y |0,

ASSUME. There 18 un underlying Qua

N Theory of Gravity

(probably with no notion of ume uy -QG), however, by the "time’
WE rect semiclussical treatment 15 o very

cludes the inflavonary re

Space-time concepts
good one. IS regime of valids

ne as
long as #
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For Model 1

) " sinh(A)=sinh(B) [ '
2 | 4 .
1 = -1 -
e9)
E D — 4 = -
€
w
1 + 4
2k + -
3k + i .
0.0001 0.001 0.01 0.1 1 10 20
Value of -A
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