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Framework

@ Non-inflationary mechanism

@ Spontaneous breaking of conformal invariance:

SO(4,2) — SO(4,1)

@ Gravity is unimportant, can describe mechanism in
flat space

Rubakovs U(1) model

\ Galilean Genesis

@ Related ideas

@ DBI realization






Flat space: simplest realization V(o),

Siay / dx (-%(8@2 + %&) | ¢

A>0 —=

Invariant (classically) under:

op,¢ = —0,9; Oguv = (280" — 270" )¢;
op¢ = —(1+2%0,)9; Ok, @= (—29@ =S O 3325)“) 0.

O (¢°/Mg)



Flat space: simplest realization V(o),

1 A g
So= [ dt (209 + Jo4) | :
. 2 !
A>0 —=
Invariant (classicall der:
ariant (classically) under 0 (6°7h2)
op,¢ = —0,9; Oguv = (280" — 270" )¢;
op¢ = —(1+2%0,)9; Ok, @= (—2z, — 22,270, + 3325)“) O .
conformal weight O X
1 |4

—> X couples to an effective metric glw — ¢ My



Spontaneous breaking V(o),

Assuming homogeneous evolution,
b= A\’

2
== Cb(t) s \[ (assuming E = 0)

ﬁ(_t) —o0o<t<0




Spontaneous breaking V(o),

Assuming homogeneous evoluftion, > $
b=\’
V2
— | o(t) = F33 (assuming E = 0)
| oo 0
1
Coming back o §y = —3 / (60" XX + B Xx)
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Symmeitry Breaking Pattern

(1) ~

5P7;7 5D7 5J¢j7 5K@7 Z:17273

1 1
O T R B e 5 (5pz —5Kz) R0 e 5 (5Pz +5Kz) :

[6Jab7 5ch] — nacéde o 77b05t]ad _|_ nbdéjac B nadéjbc
Nep = diag(—1,1,1,1,1)



Perturbations: Attractor Property

2 " 6
br + k*or = 3XPpr = 3 Pk

|

:gpth—Q and QOthS

(recall —oco <t < 0)




Perturbations: Attractor Property

2 " 6
br + k*or = 3XPpr = 3 Pk

|

:gpth—Q and QOthS

(recall —oco <t < 0)
Growing mode is just a time shift

bt +€) = B(t) + eo(t) = (2)

V2

| g
V2



Perturbations: Attractor Property V(9),

i - 6
B + ko, = 3App = 3 Pk
’ 3
— Pk ~ ) and ©Qp ~ 1

(recall —oco <t < 0)
Growing mode is just a time shift

s = . r /2
[+ c).= o+ coldm= ol (| =
Bt +<) = (1) +6(0) = 6(0) + —=
Quantum fluctuations: assuming adiabatic vacuum,
e 3 |

k. A~/ 5/2(_kt) >47T3/2 L.5/242



But weight-0 field gets S.I. spectrum:

)

Xk Qng ke~
\/X(—t) e—ikt ( i )
Xk = 1 :
V2 2k kt
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But weight-0 field gets S.I. spectrum:

Xk 2%)@ ke et
\/X(—t) 6—ikt ( i )
N == 1 i
V2 2k kt
> | o 2

@ 2nd field only amplifies to a constant (attractor)
@ Contrast from other 2-field mechanisms...
@ No special funing necessary



Existing examples
o4 RUkaOV,S U(l) mOdel: £Rubakov o _%a,u,wa’uw* _I_ 2‘¢‘4

) = ge
1 2 A 4 1 2 2
LRubakOV e _§(a¢) i Z¢ P §¢ (aX)

¥ zp is conformally coupled to gravity (here: minimally-coupled)
s a spectator field (here: drives cosmology)




Existing examples

1
o4 RUkaOV,S U(l) mOdel: £Rubakov o _5 /J,wa’uw* _I_ 2‘¢‘4
v = g

1 A 1
LRubakOV i _§(a¢)2 - Z¢4 P §¢2 (8){)2

¥ zp is conformally coupled to gravity (here: minimally-coupled)
s a spectator field (here: drives cosmology)

@ Galilean Genesis
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e a set of conformal scalarstwith welghts

If these fields have background evolution




General framework

O1 dg

—0;@r1,
(20 — 270"y,

—(d] + x“@u)gpb

dr - d
(_Qxid] — 2x;270, + x287;) ©r. = . 2td; + 2tx"0, + x E) ©r.







Phenomenological Lagrangian
1 1 1

Lquad = §M1I'J(t)¢1% - §M§J(t)vgp1 Vg — §M:>{J(t)ww

quad

—— Dynamical attractor
— Identical spectrum for all d; % 0



Phenomenological Lagrangian

k 1 1

Lquad = §M1I'J(t)¢1% - §M§J(t)vgp1 Vg — §M:>{J(t)ww

quad

—— Dynamical attractor
— Identical spectrum for all d; % 0

dr =0

d :O —_ 1Y % —
ﬁéulad )~ t “nt 3uX13uXI 5 Mg”?f 900,

— Scale invariant spectrum for small Mg



Phenomenological Lagrangian

k 1 1

Lquad = §M1I'](t)¢f¢u - iMzu(t)Vw Vg — §M§J(t)9@1w

quad

—— Dynamical attractor
— Identical spectrum for all d; % 0

dr =0

d :O —_ 1Y % —
Céulad )~ t “nt 3uX13uXI 5 Mg”?f 900,

— Scale invariant spectrum for small Mg

In progress...

@ Coset construction: non-linear realization of SO(4,2), with linearly
realized SO(4,1) subgroup.



Turning on Gravity

M2 1 ¢

5= [atey=g (MR Ry~ 209+ 39* ~ 520" 0 50% ) -

X A
J 3 E
g,u,y i Wg,ul/

——> conformal invariance broken explicitly at 1/Mp)



Turning on Gravity

M2 A\ 1 ¢

S = /d4$\/ —(JE ( = RE T —(8¢) -+ Z¢4 S iﬁg“yaﬂﬁﬁyi) .

X A
J 3 E
g,u,y i Wg,ul/

——> conformal invariance broken explicitly at 1/Mp)

B(t) = —c0 <t <0

157887, 1 1
= = Hald) ~
2Mglqj At M2, B(?) 3At3 M3,
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Flatness and Homogeneity
| 1

Hg(t) = ap(t) ~ 1

=)~ DenT . A2 M,
flat homogeneous
K Cmat Crad Caniso
SHEME = —5 - | | £
S T e . ORI e ¢
~ const. 1
A2t6 Mz,

Akin to ekpyrotic cosmologies (contracting universe with w >> 1)















Duration:

¢end s MPI

O (¢°/M%,) .

Kend _ QPend _ \—1/4

25 o
kbegin ¢begin

Note: Modes are all super-Hubble by ¢end



DBI extension

Special conformal

s
0pp =

2
LpBI = —¢4\/1 | (ZQZ) | (l o %) ¢

transformations realized non-linearly:

(@ + x"0,9);

v, o — 0,0 (%fu“azz — (v - x)x”
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DBI extension

LpBI = —¢4\/1 | (5;?2 | (l o é) ¢

4
Special conformal transformations realized non-linearly:
0cp = €(@+ 2"0u0);
1

0Dy o= il O O ) (%fu“azz — (v-x)x” — ﬁv“) :

Equation of motion is more intricate...

d ' 20> ) .
(it( e ) ¢ =4¢3<1+Z—\/1—¢2/¢4>:0

J1—d2/61 )  oy/1— g2/ot
..but still admits a 1/t solution:
P D T
5(1) :

b VAEBY e



Conclusions

@ Spontaneous conformal symmetry breaking: SO(4,2) — SO(4,1)

o Or dj
dr ~ t7
o Goldstones ¥I symmetry breaking pattern
=== attractor
= X S.I. spectrum
® Gravity unimportant flatness

and homogeneity

o - significant non-gaussianity

- negligible gravity waves



