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Inflationary Attractor Models
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Ex.) «v-attractor
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Ex.) Universal Attractor
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Unity of cosmological attractors
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[Galante, Kallosh, Linde, Roest, 1412.3797]
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Unity of cosmological attractors

| 1 1
T e N A | —n 1 2 n
("9 L£="SR" SKe(@)(9up)”" Vel(p)
[Galante, Kallosh, Linde, Roest, 1412.3797]
3"'/2 Unerstatracions - (Contormal st
KeM) ! =73 [T\
(' R O) 5 — models Of — models |
KJ:LE(QT) Equivalent to special
Induced inflation , 2 s with
a=14+1/6¢

2nd order pole(s) inK g !

Inflation occurs near the pole.

Canonical normalization makes the potential flat.



Pole inflation

g L=" %"“!" Vo 1M+ 01

[Galante, Kallosh, Linde, Roest, 1412.3797]
[Broy, Galante, Roest, Westphal, 1507.02277]
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Pole inflation
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Pole inflation
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Change of potential shape

The original potential

“hilltop” “Inverse-hilltop”
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Attractor behaviors

Consider an example,

: L a‘p " m
\/ — L = g W — H o T
J 2(1_g2yp - WF T Tm

(inspired by the alpha-attractor Lagrangian)

—Kpz! MO @ =
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A closer look

canonical field canonical potential
(2 Ap % 5 ( P2 _p!% o
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p=1 pole inflation

Consider the example with p=1,

: | 1 a
vJ—ag L= P U W T
J 2(1L_w2)p  WTTEm
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p=1 pole inflation

Consider the example with p=1,

‘ 1 d
vJ—ag L= P U W T
J 2(1_wgyp T T Hm

Upon canonical normalization,

1.1 N
(V=5) L= = 50006 — A <m>
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p=1 pole inflation

Consider the example with p=1,

‘ 1 d
vJ—ag L= P U W T
J 21—y o HF T Hm

Upon canonical normalization,
|1 1 m [ @
_ — _ _ A N _
(\/ g) L 28 ®0,P — Am, SIn <\/a71>

Generalization of natural in3ation potential (m=2).
V = V(1! cos( /f )) =2 Vysin®(!/2f)
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Inflation with a singular potential

The original diverging potential

“power-law” “chaotic”
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Inflation with a singular potential

See also [Rinaldi, L. Vanzo, S. Zerbini, and G. Venturi, 1505.03386]

1 ap U C

(v—g) "L = 2!10" "o !S(1+ O(!))
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Inflation with a singular potential

See also [Rinaldi, L. Vanzo, S. Zerbini, and G. Venturi, 1505.03386]
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Inflation with a singular potential

See also [Rinaldi, L. Vanzo, S. Zerbini, and G. Venturi, 1505.03386]

11 ap e C
(vV—g) L= 2!pp Ml = 5 @ o)
e (g2 w72,
Ces ap 4+ ... (p — 2)
Potentials for monomial chaotic and power-law inflation
p+ sl 2 85
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Inflation with a singular potential
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non-singular potential

singular potential

Summary

For more details, see
[TT, arXiv:1602.07867].

p:l 1<p<2 p:2 2<p
_ alpha-attractor
2nd order hilltop .
Xi-attractor
o hilltop Inverse-hilltop
generalization of .
_ _ Starobinsky model
natural inf3ation . . .
Higgs inf3ation
. . chaotic
power-law inf3ation .
run-away run-away _ . (monomial/
(exponential potential) _
polynomial)
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Correspondence with universality classes of inflation

[Mukhanov, 1303.3925] [Roest, 1309.1285] [Garcia-Bellido et al., 1402.2059] [Binetruy et al., 1407.0820]

Universality Class ! (N ) V(¢) Name Pole
=2 i i :
Constant constant eqﬁ Power-Law | P with singularity
PerURElR n : p > 2 with singularity
L1 1/N @" (n>0)| Chaotic i
Perturbative |
1<k< 2 1/N X 1 — ¢n (n < 0)| Inverse-Hilltop D > )
Perturbative 0 | _
k=2 1/N2 1! e Starobinsky p=2
Perturbative |
K> D UNF* | 1—¢™ (n>0)] Hiltop 1<p<?2
Non-Perturbative e! N 11 ng (Natural) p=1
Logarithmic [ (INN)N | 1 — !¢ ¢ Kahler Modul p=2 with
\ logarithmic corrections
= 2nlt 1) Sy 2
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General Pole Inflation
As a realization of Universality Classes

Figures from [Garcia-Bellido, Roest, 1402.2059]
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General Pole Inl3ation'!
As a realization of Universality Classes

Figures from [Garcia-Bellido, Roest, 1402.2059]
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Origin of the pole?

[Galante, Kallosh, Linde, Roest, 1412.3797]

- . o R
L=+/—g3 §! J(!")RJ—EKJ(!")QSl u = V(M)

I | .

L = ﬁ %QE (SHO)RE ) %KE(db)géyaﬂg'b@,/gb " Ve (9"0)
Vi)

A VE(Y) =
Keg(1) = Ko(r) | 3L/3(Y) 2(1)

(1) 2 2(n)
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Does the pole imply a physical singularity?

Discussion on complex poles: [Broy, Galante, Roest, Westphal, 1507.02277]

—Not necessarily.

The pole-like behavior is responsible
only for the observable range of e-folding.

$ ( el |09‘|09

e-g.) \
= ..

..........
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Examples of singular potentials in SUGRA

F-term model [Kallosh, Linde, Roest, 1311.0472]

K = —3alog (1 — (|®|* +|S5]%)/3)
W = Sf(®/V3)(3 =p2y3e—1)/2

D-term model

K = —3alog (1 — |9]%)

2 2\ 2 2
g 3&|!| g 2 . 14
V_7(1_|! ‘2> —5(304) sinh

7o)
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Toward UV embedding

p # 2 pole inflation into SUGRA

See also Sec. 5 of [Broy, Galante, Roest, Westphal, 1507.02277]

F-term inflation

a | ap
K ~ £ W~ (1 —®2) z¢ 2@ 2977 [1/(D)
~\Y9) 0
(1—[2[*)"
D'term inﬂati()n [Nakayama, Saikawa, Terada, Yamaguchi, 1603.02557]

— N —2
K~a+bA+A)—c¢(A+A)rt
where A + A =log |®]° with ® being a standard U(1) charged field.
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Effects of additional poles (p>1)

n 11 n 1 “ ap aq " o o
9 L="35 St Mpdup" Vo — +1" o+ O0(p?)
Ns =Ns,0 + Okin Ns + Opot Ns r=ro+'kint +!pot!
b 8 a ot 1
Ns 0 =11 _ D
S (Pt DR R ((p! 1>N>
| _ (q—p)(q—p—l)aq! p—1 E oo = | 8(q! p! 1)aq! p! 1 e
I'kin s = (q—l)a% > N linl = ! q 1)a12) ~ N
ot N _tt+1)(p+20h  p! In A - 8p+20h  p! 1 L
R (p+ t)ap p J, (p+ t)ap ap
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Effects of additional poles (p=1)

!!" !1£:|| ap IanaIJ

1
N =11 —
s,0 ay
(¢! 2)agq €V p= N
5kin s — 2
a’p:l Pend
t(2t + 1) h eN/a p=1 f+1
Opot Ns =

29

pOue " Vo E+1" v + O(¢?)

e

90’[

' =ro+'unl +'potl

! end —N/a;

ro =16 e
0 23,

eN/a p:]_ q_2

8(q! 2)ag

Okin I = !
. (@' Dad;  wen

t

o _stt+1)b (eN/ap=l )

. I =
pot (t n 1) a,-1 Y



Effects of additional poles

A\ 9"! L= % !a_p+ %Y AT |£ %+1+ O(! )Y
Ns =Ngs o+ Okin Ns + Jpot Ns ' =ro+'kinl + !potrl
Nso =1 ?p+! S2!)|\|2 R !852)|\|
nee St ?C);!q!z)zg! 9ag (9! 2) NER NN N 85(2(?!2)2%%’ s(noa!p 2N
5p0tnszt(t!(ps)-fp;-!l-22t);p2)h ’ s,(pa!Io 2\ Ea 5 85(tF()p-)l_+t2!t!2)a2p)b[ ! S(pa!p 2\ 2
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