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Inflation & CMB anomalies

CMB anomalies as an indirect probe of the inflaton dynamics + interactions
What is the prediction from motivated inflationary models?
Come to IberiCOS 2016 to find out!

Let me address a more interesting, related question arising after envisaging:

A framework providing a common origin for anomalies

CMB anomalies as the result of statistical inhomogeneity & anisotropy developed by
isocurvature fields of mass m~H present during inflation
(arXiv:1602.06809)

4

Can account for Cold Spot, power deficit and statistical anisotropy

e SO e e R

Phys. Lett. B 739,2014 (arXiv:1405.4913) arXiv:1602.06809 arXiv:1603.01603




The particle physics side

The framework requires the following:

1- Abundance of isocurvature fields (o): SUGRA can do that if m~H
2- Sustained, previous stage of fast-roll inflation: SUGRA -> inflaton mass m~H

3- Interactions for o with other degrees of freedom y:

1 X 1
‘::53"‘03 a+23ﬂx3”x—5m2 o = 3 ixz 2g262x2

The problem is the length

Long enough -> Give rise to appropriate ICs
of the fast-roll

Short enough -> Statistical inhomogeneity likely

How likely is that one such field o with m~H gives rise to

statistical inhomogeneity on CMB scales?




Anomalies again: Statistical inhomogeneity on CMB scales

1- Evolve o-field distribution with correlations

on CMB scales

L2

at

2- Field interactions to influence the o-field distribution

[ Pu(0e,t) =0 ]

AB: instantaneous transition

3- Find parameters to get fo this
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The fine-tuning

The computation is quite simple:

Begin inflation with o= 0 -> Classical o generated during FR

\

To estimate probability just integrate 7 = / Gdo
Ao

G(o) = field distribution when slow-roll begins

& Ao = interval leading to inhomogeneous distribution of o &

LIII = Unsuited FR stage -> Catastrophically unlikely

5
: Il = good FR stage -> appropriate for CMB anomalies
Fsr(&min) :
L I —
11 M () K 3




The fine-tuning

To estimate probability just integrate I = G do
Ao

G(o) = depends on the inflationary model

Ao = interval leading to inhomogeneous distribution of o

\ 4

No particular model considered -> try a different, meaningful question

G What's the magnitude of | if conditions are appropriate

for o o become inhomogeneousy distributed?

Appropriate conditions: 3. = o (&min) ﬂ

r i ()} e
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The jazz: all of them playing together

Absorbing barrier:

Instantaneous transition

_: g
] Very many y fields involved

in the coupling g2a2x?

+

Tuning grows for smaller g

logo co

Very unlikely for small g



The jazz: all

of them playing together
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Independence from g
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The jazz: all of them playing together
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and independently of the strength coupling g




The jazz: all of them playing together

T Ty
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What's the inflationary model providing the appropriate conditions?

(CMB anomalies to seriously discriminate inflationary models)
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Vila do Conde

What do you mean T<0?

TN R A
T \ou), ~ s

31/03/2016



Some landmarks in NAT

NAT(?) solution to turbulent vortices
Onsager, supp. to Nuovo Cimento, 6:279-287

LiF at -1K

Purcell & Pound, Phys. Rev., 81:279-280

Theoretical framework
Ramsay, Phys. Rev., 103:20-28

T<0 with motional degrees of freedom
Braun et al, Science 339(6115)

Vila do Conde 31/03/2016 J. P. P. Vieira



Vila do Conde

Why do we care?

dU =T1dS — PdV
P=sT-p

l

IT'<0=P<0

31/03/2016

J. P. P. Vieira
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Low-temperature holes may behave like

A
{ \

radiation matter
W:_l 4pmax_1] = — Pomax
30 p P
MNP _ 31 (14+w)>0

dt

Vila do Conde 31/03/2016 J. P. P. Vieira



Chen et al (2007)
arXiv:0712.2345v3

<5PT2> o ph5/4 50

Sp; +6p’ Sp.
<§2> s <(;T_:_pp)2> __ [ 2 <52 >
T o o
Depends only on H!
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p _pmaX
d2p=—3H(1+w) 2
p—0
H<0
1 (&%), In2 1 (&%)
P — . P=—Sp, - LIy
p 2 p max 4 ﬂ + ﬂ nmax 2 p max —I_ 8 ﬂ —I_

Vila do Conde 31/03/2016 J. P. P. Vieira



SOC ANA ACHUCARRO (LEIDEN/BILBAO),
FERNANDO ATRIO-BARANDELA (SALAMANCA),
MAR BASTERO-GIL (GRANADA), JUAN GARCIA-
-BELLIDO (MADRID), RUTH LAZKOZ (BILBAO),
CARLOS MARTINS (PORTO), JOSE PEDRO
MIMOSO (LISBON), DAVID MOTA (OSLO)

LOC ANA CATARINA LEITE, CARLOS MARTINS
(CHAIR), FERNANDO MOUCHEREK, PAULO
PEIXOTO (SYSADMIN), ANA MARTA PINHO,
IVAN RYBAK, ELSA SILVA (ADMIN)

11* lberian Cosmology Meeting

IBERICOS |

w'Ww.lastro.pt/||oer|c 5 £

oS

AAAAAAA



IBERICOS 2016 (11t Iberian Cosmology Meeting)

White dwarfs in an ungravity-inspired model
Hodjat Mariji
In collaboration with

Orfeu Bertolami

at the Departament of Physics and Astronomy, University of Porto

O Ungravity (UG) Model 1 WD’s Equilibrium Equations
4 UG Equilibrium Equations U Results & Discussion
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d Ungravity (UG) Model
UG arises from the coupling between spin-2 “unparticle” to the stress tensor!

gLl a1 pv [ e ld [H. Goldberg and P. Nath, PRL 100,

I m—) T A ? j}#f 1|'|.-"III |g T (“'}Ei.'j' gF”"" 031803 (2008)]
Unparticle?
In order to compensate the lack of scale invariance at the low energy sector of the
Standard Model, Howard Georgi presented an appealing idea by introducing a type of
Stuff, dubbed “Unparticle”.

Howard Georgi: [H. Georgi, PRL 98, 221601 (2007); PLB 650, 275 (2007)]

“| found a scheme in which this may be possible by keeping the unparticle world
and the world of standard model particles separate from one another except at very

high energies. ”

: TS MM’
Universal Gravitation Law F,, = Gy ——
¥
General Relativity
S8TGyy
G,HV -+ J'.Xgﬂl.r — (’_:‘4 TFV

Need to be modified for Unparticle Physics
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Ungravitational potential

Lowest order correction of ungravity alters the classical laws of gravitation

Newtonian ungravitational potential

Ungravitational Constant
Characteristic Length Scale of UG

Scaling Dimension of UG operator

4 WD’s Equilibrium Equations
The most general hydrostatic equilibrium equation (TOV)

D B _G_-”t-f(?“)dﬁ-f(?‘) P(r) A2 P(r) B 2G M (r) —1
Adrr<dP(r) = > 1+ o) 1+ ViGE 1 =

dM(r) = 4mwp(r)ridr

Forawp = 0 _ _GMIolr) 1 g (rg d,P(I‘})

— —4nGp(r)
NHE equation

r2

(1 will show Iatergh r2dr \ p dr
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o EoS for WD

Tine ~ 107 K = WDs are too cold to ignite nuclear reactions (a mixture gas of ions & electrons)

Bounded nucleons contribute to all the WD energy density (u.n.myc?, u, = A/Z)

Pressure of degenerate electrons (rather than temperature) supports a WD against gravitational collapse!

P = Kpnth/n * Polytropic gas

e P = :OCHH:'
NHE equation 1 d dfﬁ 0(¢ = 0) =
| T = .53’35: ) E o _ _9?1
§2dg " dg :
1/2 0'(§ =0) =0

— B, = Fn;gﬁ peT n)/m ] (Lane-Emden (LE))

R = Byp&io 40 &10: first zero of the LE equation solution

M (&0) = i]:’frﬁc.ﬁg( ‘5 _g) |<E=-E1|:|

- Degenerate gas
P vp 10° =10° o/ cm’ x x

Epe ® 1075 erg (Tpe ® 10°K =102 Ty ); Ere = [ (PreC)? +EZ,» Eyp 2 Tipe K Tpp
= \WDs safisfy degeneracy condition
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. A = Ei /247%(he)® ~ 6.002 x 10%2erg/em?
2
gﬂ-zh / dp Af ) {

\fmz+_ f(x) = 2(22% = 3)(z® + 1)Y2 + 3sinh ™ (z)

p = Bz? . B =E3 pemy/3m2(he)® ~ 9.74 x 10°u, g/em? T = pp/Mmec

NHE equation 1 4 2AX _ mGB2_3
— —_ ™ —_— ¥ I 2
g (MG) = —T5rT X =Vt

- X = XD, .
1 d 2 dP 2 2\ 5
X.= (2 +DY2 x.=(p./B)"? » f_ﬂde( E) = (07— X)

¥ (LE equation)
- &=r/Ba Ba= \/ TGB2x2

X(€10) = 1, ®(€ =0) = 1, ®'(€ = 0) = 0
{ R = Bai&o
f o AP
M (&10) = 4nBX. B3 (£

dE) ‘Em

A

S8A
pc? ~ 5Be2

For WDs { P 24 ppe p =10°g/cm?
‘E:}}l -E @INTX]_U (EDE)<<]. pFC/EDeN].T

Point: T L] — 2 ~5x107%22 <« 1

<O -
2
m I =2
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4 UG Equilibrium Equations

AP(r) _ _G.M(r)p(r) [1 . (R*)C‘l]

dr e r
R* Ct'—l
| Y (—)
r

1 d .T,Edp(_?,)
—— (= = —47G,
» r*dr (p dr ) o)

Modified LE Equation for WD (polytropic gas model)

1 d [ _db G, e\t N\ /1d6
S (et =& (oo () oo e ()7 ()
=it (V) G*{ a [( ) \ca

Modified LE Equation for WD (degenerate gas model)
- r—1
| g*) (1 d.fI})
ala—1) | — ——
@0(%) (ca

1 d [ ,dD G, (EN T a2
Eﬁ(g )<?{1+“(5) ]“ — X

é* o P{d,l

M & R are calculated at the first zero of these modeified LE equation solution (f Tcl)

G.M(r)
RE’-

*

a+2
ala—1) (ji*) ]

(]




[ Results & Discussion

IBERICOS 2016 (11t Iberian Cosmology Meeting)

WD

(Mo + AM,) /Mg

(Ro = ARy)/Rs

Tepp + ATy (K)

(Lo £ ALy)/Ls

M. A. Barstow, et. al, Mon. Not. R.

SIB 1.0240.02 0.008140.0002 25193+37 0.0237-+0.0013 | Astron. Soc. 362, 1134 (2005)
. - J. Farihi, et. al, Mon. Not. R. Astron.
H[iB 0.61640.022 0.012940.0003 153104350 0.008240.0011 Soc. 417, 1735 (2011)
€ R.eticulunl (Ca|CU|atEd) L = 47TRQUTE,—1J¢}¢
Inputs: Model WD _11_10/"(;1{5 Rlo‘fﬂg, I ]_U;'JLS
pe = 3.20x107(3.22 x 10%)¢g/cm? Degenerate| SIB | 1.0988 | 0.0080 | 0.0231
n = 2.03(1.73) HDB| 0.6012 | 0.0127 | 0.0079
Polytropic | SIB | 1.0201 | 0.0081 | 0.0237
HDB| 0.6162 | 0.0129 | 0.0082

For the UG-LE equations, by keeping the same inputs:
- We select those solutions for which M, R, and L, calculated at ¢, stay within the observational
range [M, — AM,, My + AM, ], etc.
- In order to find the allowed region for a and R,, we compute R and R, the upper and lower

bound on R, , respectively. by setting the upper and lower values of M (calculated at &;) so that
the values of R and L remain within the observational range.

- In each portion of the allowed regions we set a fixed value for the uncertainty in M. R, and L:

* 2 / * x 0\ 2
AM = (@) (@> —1| My, AR= [(@)—1] Ry, AL= (61“) ~1| Ly, "' indicates (%)
§10 ho §10 §10
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log(R«R)
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The allowed region for the UG parameters

The characteristic length has been normalized by R, the radius of the relevant WD
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L E
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The allowed region for the UG parameters

The characteristic length has been normalized by R, the radius of the relevant WD



Model |WD| o« | R.(m) |M/Ms|R/Rs|L/Ls
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Degenerate| SIB (0.948| 713.707 | 1.040 |0.0079/0.0226] By increasing the ratio M/R, the allowed

1.092| 581.410 | 0.594 |0.0132|0.0858

1.093] 460.951 | 1.000 (0.0083|0.0248)  region for the UG parameter becomes
HDB|0.880|2261.582| 0.638 |0.0126(0.0078|  smaller.

For example, when the ratio M/R increases about

Polytropic | SIB |0.942| 445.632 | 1.038 10.0079)0.0226) 2 5 times, « gets closer to unity by about 4%

1.102{1345.948| 0.594 10.0132{0.0858

1.065| 550.077 | 1.000 0.0083/0.0248| and £ gets reduced by 60% based on the limit
HDB|0.004|1141.932| 0.638 [0.0126|0.007s| Values of & for the polytropic model.

UG effect on the Chandrasekhar mass limit M,
Mey, = 0.721 (=€6') |e,, Ms
{ - (=€) lew Ms B Mo, = L4505
&0 = 6.80679 and 6}, = —0.04243.

log(R/Ry)

It is possible to have WDs with masses greater
than M, The existence of WD 1143+321
(M=1.52 M) can be accommodated within the
UG model.

[N. K. Glendenning, Compact Stars: Nuclear Physics, Particle Physics,
and General Relativity (Springer-Verlag, New York, 2000) 2" edition]
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0.0000005 |
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Ultra-massive WDs (M > 1.1 M) 1
EUVE J1746-706. M =1.43Ms AM = 0.06 Mg 01
AM=0.0230, AM=-0.059M1p
UG polytropic gas model (n = 3) 0.01
0.001
g
It seems that one should include general e 00001
relativity corrections in UG-LE equation e
=7, 0.00001
2
0.000001
0.024 I % 1E-07 L AM=-0.059M,, AM=0.023M,;
I 1E-08
0021
B 1E-09
0.018 __ IE_IDU.SE D.SSI ID.94I | 1 | Il.DGI Il.l"l Il.lSI
2 I o
]
3 0.015
0012 _— -
I UG effect on the location of WDs
0.000 - in H-R diagram
0.006 _—
- LP347-6 =—=,. \
O_GGS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
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Ongoing ...

UG Effects on Neutron Stars

Sheanks ﬁzyour atleritzor
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