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INFLATION AND PARTICLE PHysics

SHoRTCOMINGS OF STANDARD Bia Bang (SBB)
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GIVEN THAT Q) = 1.02 £ 0.02 AND In |Q — 1] o 6T

[In|Q — 1] & 47] For RD [MD], WEe Fino Qppy = 1 + 10717
AND Qgut = 1 + 10754, THis PuzzLe Can Be ResoLvep IF WE
Hab ONGe d1n|Q — 1|/dt < 0 & R > 0. INDEED, FOR VD
In|Q — 1] o< =27 AND FOR AN =~ 65 WE FiND Qyp ~ 1 £ 0.01
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A PHysicAL LENaTH A = 2R /k 1s INsiDE Horizon, 1/H,
FA<1/H & k>RH.IF Ay = 1/Hy WE Have

Apo > (1/H) For T < 0 SINGE In A o< T AND In(1/H) o 21
[In(1/H) o 1.5t] For RD [MD]. THis PuzzLe Can BE
Resowvep IF We Hap Once dIn(1/H)/dt < 1 & R > 0.
INDEED, FOR H = cst AND Nuy 2 50 we 0BTAIN A < 1/H.
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A PHysicAL LENaTH A = 2R /k 1s INsiDE Horizon, 1/H,
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Apo > (1/H) For T < 0 SINGE In A o< T AND In(1/H) o 21
[In(1/H) o 1.5t] For RD [MD]. THis PuzzLe Can BE
Resowvep IF We Hap Once dIn(1/H)/dt < 1 & R > 0.
INDEED, FOR H = cst AND Nuy 2 50 we 0BTAIN A < 1/H.

o A PeRrIoD oF AcCeLERATED ExPansioN oF THE UNIVERSE Is CALLED INFLATION AND CAN Be QuanTIFIED As FoLLows:

R _ 1
E—(]—E)H = 6(1+3w)p>0 =3 {

e<1
w<-1/3

With € = —H/H?,

With w = P/p. (WE use mp = 1)
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INTRODUCTION
oeo

INFLATION AND PARTICLE PHysics

INFLATION AND THE INFLATON, 0~(1)
ENeray DENSITY  p, = %(;-2 + V(o) = H = -¢2/)2,

o PRESSURE, Py = 367 = V(o).

o AN HomogENous ScALAR FIELD or(7) Has: {

INFLATION THROUGH 0" CANBE ATTAINED IF: € < | & 0 < V(0) © Py = —ps (e = —1 < —1/3)

& H?=py/3=V/3=cst= R(t) = R(t)e*N Anp T(f) = T(t)e Ve,
WHEeRe AN, = H(t — ;) THE NUMBER OF e-FOLDINGS FOR 7 > ;.
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INTRODUCTION
oeo

I
INFLATION AND PARTICLE PHysics

INFLATION AND THE INFLATON, 0(7)

i
_ 152 T 52
o AN HomocEenous ScALAR FIELD o7(f) Has: Enerey Densmy - oo = 2|U.-7 Vo) = H =-07/2,
e PRESSURE, Py = 50° = V(0).
INFLATION THROUGH 0" CANBE ATTAINED IF: € < | & 0 < V(0) © Py = —ps (e = —1 < —1/3)

& H?=py/3=V/3=cst= R(t) = R(t)e*N Anp T(f) = T(t)e Ve,
WHEeRe AN, = H(t — ;) THE NUMBER OF e-FOLDINGS FOR 7 > ;.

o IF, IN AppiTion, WE Have: 3Ho > g e n <1, With 57 =

Voo d
=
THeNn we OBTAIN “Stow RoLL” oF o AND THE EquatioN oF MoTioN oF o

G +3Ho+V, =0 Becomes —3Ho =V, WHERE , = -
a
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oeo

INFLATION AND PARTICLE PHysics

INFLATION AND THE INFLATON, 0(7)

Por %d’z + V()= H = -52/2,
Py

50"2 - V(o).

ENeray DEeNsITY
e PRESSURE,

o AN HomogENous ScALAR FIELD or(7) Has: {

INFLATION THROUGH 0" CANBE ATTAINED IF: € < | & 0 < V(0) © Py = —ps (e = —1 < —1/3)

& H?=py/3=V/3=cst= R(t) = R(t)e*N Anp T(f) = T(t)e Ve,
WHEeRe AN, = H(t — ;) THE NUMBER OF e-FOLDINGS FOR 7 > ;.

|4 d
o |5, N Aopimion, We Have: 3Ho > G @ < 1, With = === WHERE o, = -—
3H? do-
THeNn we OBTAIN “Stow RoLL” oF o AND THE EquatioN oF MoTioN oF o
. . . d
G +3Ho+V, =0 Becoves —3Ho =V, WHERE , = e
o
o As A CoNsSEQUENCE, THE NUMBER OF e-FOLDINGS THAT k, = 0.05/Mpc Surrereb DURING INFLATION Is

N. = f do V((T), WHERE:
g Ve

f
® o.: THE VALUE OF 0" WHEN THE SCALE k, CRosseD OUTSIDE THE INFLATIONARY HORIZON

® o¢: THE VALUE OF o AT THE END OF INFLATION, WHICH CAN BE FOUND IN THE SLow-RoLL APPROXIMATION FROM THE CONDITION:

Ve \? Voo
Mcle(oy), In(op)ly =1, WiTH € = Vv AND 7} = V-

WHERE Mc¢ = max [Mc = min] IF o~ DECREASES [INCREASES] DURING INFLATION — LARGE [SMALL]-FIELD MODELS.
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INTRODUCTION

ooe

INFLATION AND PARTICLE PHysics

PriMoRrDIAL CURVATURE PERTURBATION
o ExPANDING IN FouRIER SERIES THE PERTURBATION OF 0,

10 T T
d i b
0% = otx) =)= [ M) o
AND INSERTING INTO THE EQuATION OF MOTION OF 0, WE GET ;;‘ “F
2F

80y + 3H60y + (k/R 60 =0 = A S ——
o | 00kt &/RF S0k =0 rom k> RH, T 2t
66’k + 3H§d‘k ~(0 For k < RH. o 4 Horizon —

o S
o THE Vacuum Two-PoinT CorreLATION FuncTioN Is GIVEN BY 3

" dk . , -10 L L

(060 (x, DT (X', 1)|0) = f ?Pﬂ.(k)e’k("”‘ ) 0.01 01 1 10

0 k/RH
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ooe

INFLATION AND PARTICLE PHysics

PriMoRrDIAL CURVATURE PERTURBATION
o ExPANDING IN FouRIER SERIES THE PERTURBATION OF 0,

10 T T
Sor(x,0) = o(x, 1) — o°(t) = f ﬁe""‘(s(rk(t) i
’ ’ (2n)3/2 . of
AND INSERTING INTO THE EQUATION OF MOTION OF 0, WE GET ;;‘ M3
2F
50k + 3HS0y + (k/R? 60 =0 = N
o [ oou+ (k/R? 60 =0  Fom k > RH, I 2
S0 +3Hé0k ~0  For k < RH. o 3 Horizon —
o S
o THE Vacuum Two-PoinT CorreLATION FuncTioN Is GIVEN BY 3 H
< dk I -10 L L
(015 (x, D30 (X', DI0) = = (ke KOx) 0.01 0.1 1 10 100

k /RH
_He 9w (A= AYPH, |04 = H? 27104,
T 21 sge \Ac=8AY /md.

WHERE

3\12
With A2 = PPk = k) = (2ﬂ,) 60k

k=ky =RH
[As, As, A{] P, Ps, Py 1s THE [AMPLITUDE OF] POWER SPECTRUM OF 0-, CURVATURE (ScALAR) AND TENSOR PERTURBATION RESPECTIVELY.
o IN THE SLow RoLt ArproximaTiON, WE CAN CoRRELATE A WITH THE SHAPE OF V(¢) THROUGH THE FORMULA:

ap o L V@)
* T 2B Velowl

AND A; = rAg WITH 7 = 16€(0y).
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® A Is DirecTLy ReLATED WITH THE MEASURED QuabrupoLE ANisoTropY oF CMB, (AT /T)q = A:/Z/Z V15.
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INTRODUCTION

o0

(OBSERVATIONAL DATA

Osservations oF WMAP (2003, 2005, 2008, 2010) & PLANCK SateLLITES

Angular scale
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. . .
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e AT /T Can Be EXPANDED INTO A SERIES OF SPHERICAL HARMONICS, Yy, :

AT XY d
=20 D An¥en (0.6) Wirw 3 la ~ C

=1 m=—t

m

MeasuRres THE ANisoTRoPY BETWEEN 2 ReGIoNs WiTH A DisTANCE ANGLE
6 ~ 180°/¢ UsiNg A GaussiaN DISTRIBUTION.

[ Pea [ £ ] InFormatioN |
Ter || 220 | (A.Q0)
2ND 550 Qp
3RD 850 -QCDM
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UNiTARITY CONSTRAINT SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CoNCLUSIONS

INTRODUCTION Non-Mimnmvar Craotic INpLaTion (Non-MCI)
000 (e]e] [e]e] [e] [e]
o0 [e]e] [e]e] [¢]

(OBSERVATIONAL DATA

Ossenvations oF WMAP (2003, 2005, 2008, 2010) & PLANCK SateLLITES

Angular scal
, [ nguiarscae o AT /T CaN BE EXPANDED INTO A SERIES OF SPHERICAL HARMONICS, Y,

90° 0.2°
6000 T T T T
¢
AT &
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X 4000
& MEeasures THE ANisoTRopy BETWEEN 2 ReGIONs WiTH A DISTANCE ANGLE
& 6 ~ 180°/¢ UsiNg A Gaussian DISTRIBUTION.
T 2000
= [ Peak [| ¢ ] INFormaTioN |

1000 Tst || 220 | (A, Q)

0 b L L L 2ND 550 Qp
10 100 500 1000 3RD 850 QCDM

Multipole moment 1
ResuLts oF THE AnALysis With ACDM MobeL

ENerey-DensiTy DISTRIBUTION ok e TR Dark atter
Qop 0.685%501¢
Qcpmh? 0.1199 + 0.0027
Qph? 0.02205 + 0.00028 Sy
INFLATIONARY OBSERVABLES
1, 0.968  0.0045
AM? (4.627 £0.01)- 107

Before Planck After Planck
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INTRODUCTION

oe

No

MinmvaL Chaoric INFLaTion (Non-MCI)

INFLATION ANALY

CONCLUSIONS

(OBSERVATIONAL DATA

ConsTrAINTS ForR THE ACDM + r MopeL From Bicer2/Keck Arrav anp Planck 2015’

Tensor-to-scalar ratio

0.10

0.05

\ |
\ .

\
\
\ —

\
\ L]
\
Q@ PPN o

Planck TT+lowP
Planck TT-+lowP+BKP
Planck TT+lowP+BKP+BAO
Natural inflation
Hilltop quartic model
« attractors
Power-law inflation
Low scale SB SUSY
R? inflation
7 x ¢*
S x o?

3

S x ¢

V
v
V x ¢t
!
!

0.00

L
0.94

0.96 0.98 1.00
Primordial tilt (ny)

© THE OBsERVABILITY OF GRAVITATIONAL WAVES Is Bounbep As FoLows: r < 0.12 (r: TENSOR-TO-ScALAR RaTI0).
o THe ComBINED Bicer2/Keck Array aND Planck ResuLts AitHougH Do Not ExcLupe INFLATIONARY MopELs WiTH NEGLIGIBLE 7's,
THey Seem To Favor THose WiTH r's oF orper 0.01 SINCE

0.035
r=0.048700%

= 0.01 £7<0.085 At 68%c.L.

o As A CONSEQUENCE, THE SIMPLEST PoweR-Law MopELs BAsep oN V oc 0" ARE DISFAVORED FOR 71 = 2 OR EVEN EXCLUDED FOR 11 = 4.

1 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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Non-Mnmmar Chaoric INeLaTION (NoN-MCI)
@O

JSY FRAMEWORK

CoupLiNG NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorDAN FRAME (JF) OF A ScaLAr FIELD ¢ witH POTENTIAL V (¢9) NoN-MiNimALLY CoupLED
1o THE Ricci ScaLar CuRVATURE, R, THRouGH A FRAME FUNCTION fr(¢). THIS Is:

1
S= fd“xx/?g(—ifﬁ(@fz + @wa,,wm - V(¢)), WHERE

g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({#)) = 1 (IN Repucep PLanck UNits WiTH mp = 1) To GUARANTEE THE
ORDINARY EINsTEIN GRAVITY AT Low ENeray. WE ALLow For A KINETIC MixiNg THROUGH THE FUNCTION fi ().

2K, Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi/(2008).
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Non-MinmvaL Chaotic INpLaTioN (Non-MCI) UNITARITY CONSTRAIN SUPERGRAVITY EMBEDDING INFLATION ANALYSIS CONCLUSIONS

THE NON-SUSY FRAMEWORK

CoupLiNG NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorDAN FRAME (JF) OF A ScaLAr FIELD ¢ witH POTENTIAL V (¢9) NoN-MiNimALLY CoupLED
1o THE Ricci ScaLar CuRVATURE, R, THRouGH A FRAME FUNCTION fr(¢). THIS Is:

1
S= fd“xx/?g(—ifﬁ(@fz + @wa,,wm - V((/))), WHERE

g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({#)) = 1 (IN Repucep PLanck UNits WiTH mp = 1) To GUARANTEE THE
ORDINARY EINsTEIN GRAVITY AT Low ENeray. WE ALLow For A KINETIC MixiNg THROUGH THE FUNCTION fi ().
o WE can WRITE S IN THE EinsTEIN FRAME (EF) As FoLLows

S= fd“x (-77z+ G 0,80,8 - V@)

PERFORMING A CoNForRMAL TRANsFORMATION? AccorbiNGg WHicH WE DerINe THE EF METRIG:

G0 = frgn = |NT=IRVTE M0 G =g fr,
Gur = IR v R = (R+301n fi + 39" 8, frdy fr1213) | fr
AND INTRODUCE THE EF CanonicaLLy NormaLizep FieLp, g, AND POTENTIAL, \7, Derinep As FoLLows:
[Z—‘t] =J= f—K + é (fve,¢) AND V() = M

¢ Jr J= Iz (6(9))

2K, Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi/(2008).
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Non-MinmmaL Craoric INeLation (Non-MCI)

ONSTRAIN SUPERGRAVITY EMBEDDING INFLATION ANALYSIS CoNcLusioNs
o C :

THE NON-SUSY FRAMEWORK

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorDAN FRAME (JF) OF A ScaLAr FIELD ¢ witH POTENTIAL V (¢9) NoN-MiNimALLY CoupLED
1o THE Ricci ScaLar CuRVATURE, R, THRouGH A FRAME FUNCTION fr(¢). THIS Is:

1
S= fd“x\/?g(—ifﬁ(wz + @wa,,wm - V((/))), WHERE

g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({#)) = 1 (IN Repucep PLanck UNits WiTH mp = 1) To GUARANTEE THE
ORDINARY EINsTEIN GRAVITY AT Low ENeray. WE ALLow For A KINETIC MixiNg THROUGH THE FUNCTION fi ().
o WE can WRITE S IN THE EinsTEIN FRAME (EF) As FoLLows

S= fd4x (-77z+ G 0,80,8 - V@)

PERFORMING A CoNForRMAL TRANsFORMATION? AccorbiNGg WHicH WE DerINe THE EF METRIG:

= _ V3= V=5 a0 G ="/ fr.
Gur = SO = {5@ = (R+301n fix + 390, fed, S /213 | Fr

AND INTRODUCE THE EF CaANonicaLLY NormALIZED FIELD, ¢, AND POTENTIAL, V, DEFINED As FoLLows:

_ , VG
[Z—‘t] =J = s + 3 (fve,¢) o V(@) = 7@(@)2.
¢ fe 2\ 12(6())

o WEe OBSERVE THAT fg AFFECTS BoTH J AND Vu Here we DELIBERATE J FROM THE fr-DEPENDENCE EMPLOYING fk = ck fg'-
© THE ANALysis oF NON-MCI IN THE EF UsiNg THE STANDARD SLow-RoLL APPROXIMATION Is EQUIVALENT WiTH THE ANALVSIS N JF.

2K, Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi/(2008).

C. PaLuis OBSERVABLE GRAVITATIONAL WavEs From KINETICALLY MoODIFIED NON-MCI 7/19




Non-Minivat. Craoric InrLation (Nox-MCI)
oe

THE NON-SUSY FRAMEWORK

INFLATIONARY OBSERVABLES - REQUIREMENTS

® THe NUMBER OF E-FOLDINGS, N, , THAT THE ScALE ks = 0.05/Mpc Surrers DuRING NON-MCI HAS TO BE SUFFICIENT TO
REsoLve THE HoRIzoN AND FLATNESS PROBLEMS OF STANDARD Bic Bana:

— « .V % v Vi)' 1 [ C)
Ny = dp — = dp J? — =~ 61.7+In ——— + —InTy, + = In 222
»L;j ¢ Vs j;‘ ¢ Vg o Vigp)'3 R nf'R(clﬁr)”3

WHERE ¢, LE*J 1s THE VALUE OF qg\[aj WHEN k, Crosses Outsipe THE INFLATIONARY HORIZON;
¢ [p¢] 1s THE VALUE OF ¢ [¢p] AT THE END OF NON-MCI WhicH Can Be Founo From THE ConbITION

— 2 —~ — — —~
Vs Vo
max (&), figol) = 1, Wi €= %[%’] : [V"”] mo 7= == i[v"”’ S J‘“”]-

v) 22V v P\v v

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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Non-Mnmmar Chaoric INeLaTION (NoN-MCI)

oe

THE NON-SUSY FRAMEWORK

® THe NUMBER OF E-FOLDINGS, IV*, THAT THE ScALE ks = 0.05/Mpc Surrers DURING NON-MCI HAs TO BE SUFFICIENT TO
Jr(@x)

INFLATIONARY OBSERVABLES - REQUIREMENTS

REsoLve THE HoRIzoN AND FLATNESS PROBLEMS OF STANDARD Bic Bana:
v Vi)' 1 1
,\((ﬁi +7lnTrh+ —In ————

Vg3 3 2 frgp)!3

. $x Dk
N, = ﬁ d¢AL :f dquZAL ~61.7+1n
o Vg Yo Vg
WHERE ¢, LE,(] 1s THE VALUE OF qg\[aj WHEN k, Crosses Outsipe THE INFLATIONARY HORIZON;
¢ [p¢] 1s THE VALUE OF ¢ [¢p] AT THE END OF NON-MCI WhicH Can Be Founo From THE ConbITION
— 2 —~ 2 — — —
Vs 1 (Ve ~ V& 1 (Ve Vel
_ == | = AND N =—=—|—— = — |-
22\ v v P\lv Vv J

max{e(gr), g} = 1, Wi €= 5 [ =
® Tue AmpLiTubE OF THE Power SpecTrRum Ag oF THE CURVATURE PERTURBATIONS 1s To BE CoNsISTENT WiTH Planck DATA:
Vg 32 Vi )32
1 Vigx) _ /(I VA(¢*) — 4627107
2V37 [Vl

A = =
2V3x V()

8/19

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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THE NON-SUSY FRAMEWORK

INFLATIONARY OBSERVABLES - REQUIREMENTS

® THe NUMBER OF E-FOLDINGS, N, , THAT THE ScALE ks = 0.05/Mpc Surrers DuRING NON-MCI HAS TO BE SUFFICIENT TO
REsoLve THE HoRIzoN AND FLATNESS PROBLEMS OF STANDARD Bic Bana:

— « .V % v Vi)' 1 [ C)
Ny = dp — = dp J? — =~ 61.7+In ——— + —InTy, + = In 222
»L;j ¢ Vs L‘ ¢ Vg o Vigp)'3 R nﬁR(¢r)'/3

WHERE ¢, LE,(] 1s THE VALUE OF qg\[a] WHEN k, Crosses Outsipe THE INFLATIONARY HORIZON;
¢ [p¢] 1s THE VALUE OF ¢ [¢p] AT THE END OF NON-MCI WhicH Can Be Founo From THE ConbITION

— 2 —~ — — —~
_ 1(Vs 1 (V. _ V& 1 (v Vg J,
max(e(en), gl = 1, Wi €= = | =2| = —| 22| awo 7= -2 - |Z&_224]
2l v 272\ v Vv v J
® Tue AmpLiTubE OF THE Power SpecTrRum Ag oF THE CURVATURE PERTURBATIONS 1s To BE CoNsISTENT WiTH Planck DATA:
L V@) _ @l Ve
2V3r V@0l 2V3r V(e
® THE (ScALAR) SPECTRAL INDEX, 115, ITs RUNNING, a5, AND THE TENSOR-TO-ScALAR RATIO 7 ARE TO BE CONSISTENT WITH THE
FITTING OF THE Planck Results By THE ACDM MobEL (AT 95% c.L.)3:

ng=1-66 + 27, =0.968 +0.0045, |ag| = |2 (47 - (e = 1)?) /3 - 28,

v 2

=4.627-107°

A% =

< 0.001 anp r =166 <0.12,

WHEHEE: Vﬁm/vz = V¢ﬁ¢/v J? + 27j€ AND THE VARIABLES WITH SUBSCRIPT % ARE EVALUATED AT ¢ = @,

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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® THE (ScALAR) SPECTRAL INDEX, 115, ITs RUNNING, a5, AND THE TENSOR-TO-ScALAR RATIO 7 ARE TO BE CONSISTENT WITH THE
FITTING OF THE Planck Results By THE ACDM MobEL (AT 95% c.L.)3:

ng=1-66 + 27, =0.968 +0.0045, |ag| = |2 (47 - (e = 1)?) /3 - 28,

v 2

=4.627-107°

A% =

< 0.001 anp r =166 <0.12,

WHEHEE: Vﬁm/vz = V¢ﬁ¢/v J? + 27j€ AND THE VARIABLES WITH SUBSCRIPT % ARE EVALUATED AT ¢ = @,

® To Avoip CorrecTions From Quantum GRaviTY Anp ANy DestasiLization OF Our PrebicTions Due To HigHER ORDER TERMS,
WE ReQuIRE: .
Vin(@)""* < Ayy aND ¢y < Ayy WHERe Ayy = 1 THE UV CUTOFF SCALE.

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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Non-Minivat. Craoric InrLation (Nox-MCI)

[ 1]

THE SyNERGY BETWEEN fg aND V([
_

THe Two ReaiMes oF SyneraisTic NON-MCI

o Non-MCI Has Been ORiGINALLY FormuLATED As FoLLows: Vep = A¢* /4, Wit fr = 1 + crdp> AND fig = 1.
o WE caN GENERALIZE THE ABOVE CONSTRUCTION ESTABLISHING A SYNERGY BETWEEN fz AND V(p As FoLLows*:

Ver(g) = 2¢" /2" Win fr = 1+ cgd™> anp fx = 1

4C. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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CTION Non-MinmmaL Craoric INeLation (Non-MCI)

Y CONSTRAIN SUPERGRAVITY EMBEDDINGS INFLATION ANA

CONCLUSIONS

[ 1]

THE SyNErGY BETWEEN fg aND V([
-

THe Two ReaiMes oF SyneraisTic NON-MCI

o Non-MCI Has Been ORiGINALLY FormuLATED As FoLLows: Vep = A¢* /4, Wit fr = 1 + crdp> AND fig = 1.
o WE caN GENERALIZE THE ABOVE CONSTRUCTION ESTABLISHING A SYNERGY BETWEEN fz AND V(p As FoLLows*:

Ver(g) = 2¢" /2" Win fr = 1+ cgd™> anp fx = 1
o THE ResuLTiNg MobEeL ExHiBits THE FoLLowing Two ReaimEs:
® THe WEeak cg ReaIME, WITH cg << 1 OR ¢ > 1 AND cg-DEPENDENT OBSERVABLES CONVERGING TOWARDS THEIR VALUES IN MCI,
LE., ng=1 —(2+n)/2ﬁ* =0.963,0.947 anp 1 = 4:1/1’\7* ~(.13,0.28 FOrR n = 2,4 RESPECTIVELY (1’\7* =55).
® THE StroNG ¢k ReGIME, WITH cg > 1 AND ¢ < 1 AND c»-INDEPENDENT OBSERVABLES:

ng=1-2/N, =0.965 ano r = 12/N? = 0.0036.

0.30 + . . . r r
10 e n=2
025} =4
——-n=6
0.20
g
S 015
o
0.10
0.05

0.945 0.950 0.955 0.960 0.965 0.970 0.975 0.980
n

s

4c. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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INTRODUCTION Non-MinmmaL Craoric INeLation (Non-MCI) UNITARITY CONSTRAIN SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS
[e]e]e} (e]e} [e]e] [e] [e]
00 [ 1] [e]e] [¢]

CONCLUSIONS

THE SyNErGY BETWEEN fg aND V([
-

THe Two ReaiMes oF SyneraisTic NON-MCI

o Non-MCI Has Been ORiGINALLY FormuLATED As FoLLows: Vep = A¢* /4, Wit fr = 1 + crdp> AND fig = 1.
o WE caN GENERALIZE THE ABOVE CONSTRUCTION ESTABLISHING A SYNERGY BETWEEN fz AND V(p As FoLLows*:

Vair(@) = 224" /2" Witn fr = 1 +cr¢™? anp fi = 1
o THE ResuLTiNg MobEeL ExHiBits THE FoLLowing Two ReaimEs:
® THe WEeak cg ReaIME, WITH cg << 1 OR ¢ > 1 AND cg-DEPENDENT OBSERVABLES CONVERGING TOWARDS THEIR VALUES IN MCI,
LE., ng=1 —(2+n)/2ﬁ* =0.963,0.947 anp 1 = 4n/1’\7* ~(.13,0.28 FOrR n = 2,4 RESPECTIVELY (1’\7* =55).
® THE StroNG ¢k ReGIME, WITH cg > 1 AND ¢ < 1 AND c»-INDEPENDENT OBSERVABLES:

ng=1-2/N, =0.965 ano r = 12/N? = 0.0036.
0.30

0.25

0.20

0.15

rOvOOZ

0.10

0.05

s
0.945 0.950 0.955 0.960 0.965 0.970 0.975 0.980 0.945 0.950 0.955 0.960 0.965 0.970 0.975 0.980
n n

s
s
o IN THE LATTER REGIME, THE MopELs Face ProeLems WiTH PerTurBaTIVE UNITARITY.

4C. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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Non-Mnmmar Chaoric INeLaTION (NoN-MCI)

oe
I

THE SyNERGY BETWEEN fg aND V([
i _

MinimaL Vs. NoN-MinmaL INFLATION CHaoTic Basep oN THE Power-Law PotentiaL V = A2¢" /2"/2
o IF fr(¢) = 1, .., WitH MinmaL CoupLine To GraviTY. WE FiND:
2
n

— 2 —
€=~ ? AND 7] = _n(n¢2 D, Tuererore max{e(¢r), Mg} =1 = ¢ = V2n Anp N, = (% = ¢y = \/2nN, > L.
n n 24n 12
Al :A¢1*+2/2]+1n\5n=4.627~10’5 = A= \J6Amn" TN, *

A Ea 212107 ror n=4

ns ~1—-n+2/2N,, as=~-2+ n/ZNi AND 7 = 4n/N, - IN Tension WitH PLANCK Dara.

¢ For N, = 55 anp 12 = 2 [4], WE FIND 715 = 0.963 [0.947], a5 = —6.5 [<9.5] - 107* anp r = 0.13 [0.28] > 0.12

C. PaLis
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Non-MinmvaL Chaotic INpLaTioN (Non-MCI) UNITARITY CONSTRAIN

SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS

THE SyNErGY BETWEEN fg aND V([
-

MinimaL Vs. NoN-MinmaL INFLATION CHaoTic Basep oN THE Power-Law PotentiaL V = A2¢" /2"/2
o IF fr(¢) = 1, 1.E., WitH MinmaL CoupLing To GRraviTy. WE FiND:
2

—_ 2 —
€=~ % AND 7] = _n(n¢2 D, Tuererore max{e(¢r), Mg} =1 = ¢ = V2n Anp N, = (125—* = ¢y = \/2nN, > L.
n
n n 24n 12
AV g T 2 B = 46271075 = A=~ oA H N, ¥ Ee 12107 ror n=4.

ns ~1—-n+2/2N,, as=~-2+ n/ZNi AND 7 = 4n/N, - IN Tension WitH PLANCK Dara.

¢ For N, = 55 anp 12 = 2 [4], WE FIND 715 = 0.963 [0.947], a5 = —6.5 [<9.5] - 107* anp r = 0.13 [0.28] > 0.12

o IF fr(¢) = 1 + crg/?, 1.E., WiTH A CoNVENIENT NoN-MinmaL CoupLing To GRaviTY. FoR cg > 1, we FiND:

=4
2 4n 2 T
THereFoRe  max{e(dy), (e} = 1 = ¢f = (4/3cp)'"
Aiso Ny =3cpd"?/4 = ¢, = (4N, /3cr)?/"-
Ao A2 = 23N, infr = A =32 \2Axcr/ N,

E.a., For n = 4 anD IV* ~ 55 WE Ger

o

(10™)

cl

$<1 = cgpz4N/3=T74,AND cg~41850 1.

0 L At 1 1 1 1 1 1 1 1 1
0.1 0.0 0.1 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 11
4 ATTRACTOR (INDEPENDENT OF 71 AND CR) VALUES : ¢
~4-107% In Acreement With Planck.

ng=1-2/N, ~0965, a;=-2/N?=~-64-10" r=12/N,

C. PaLuis
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UNITARITY CONSTRAINT
[ Je]

Trk Uttravioer (UV) Cut-orr Scate (Agy)

EinsTEIN FRAME COMPUTATION

o WE AnALYzE THE SMALL-FiELD Beravior® OF THE THEORY EXPANDING S ABouT (¢) = 0 IN TERMS OF 5 To THIs ENo WE FinD (J)

—~\2 . 2.2 gn-2

de fk 3ncpd 3/2cg, FOR n =2,

Tk T R = F =1.
(d¢] T TE T T a2 or (i)

WE OBSERVE THAT ¢ = ¢ FOR 1 > 2 AT THE VACcUUM OF THE THEORY.

JZ,

5.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)

C. PaLis
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UNITARITY CONSTRAINT
[ Je]

Trk Uttravioer (UV) Cut-orr Scate (Agy)

EinsTEIN FRAME COMPUTATION

o WE Analvze THE SmaLL-FieLp Benavior® OF THE THEORY ExpanpiNG S AsouT (¢) = O IN TERMS 0F$. To THIs ENo WE FinD (J)

e (“E]z _fx G 3T3cg, Fon n =2,
a

WE OBSERVE THAT ¢ = ¢ FOR 1 > 2 AT THE VACcUUM OF THE THEORY.

e For 1 = 2 AND ANY ¢ WE 0BTAIN Ayy = mp SINCE THE ExpansioNs ABOUND {¢) = O ARE cg INDEPENDENT:

S RN LT R - N PPN L7 3
J7¢ _{] \/;¢+2¢ ]qﬁ AND V = 32 [l 3¢+2¢ .

R

5.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)

C. PaLis

T fr 8f,§ = U= 1, FoR n %2 For (fg)=1.
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UNITARITY CONSTRAINT
[ Je]

Trk Uttravioer (UV) Cut-orr Scate (Agy)

EinsTEIN FRAME COMPUTATION

o WE Analvze THE SmaLL-FieLp Benavior® OF THE THEORY ExpanpiNG S AsouT (¢) = O IN TERMS 0F$. To THIs ENo WE FinD (J)

—~\2 . 2 o
JL(%] _ K drGet 0y = | V3Ter, For n =2,

fr 8f7§ 1, FORn#2
WEe OBSERVE THAT $ = ¢ FOR n > 2 At THE VAcUUM OF THE THEORY.
e For 1 = 2 AND ANY ¢ WE 0BTAIN Ayy = mp SINCE THE ExpansioNs ABOUND {¢) = O ARE cg INDEPENDENT:

S RN LT R - N PPN L7 3
J7¢ _{] \/;¢+2¢ ]qﬁ AND V 30% [l 3¢+2¢ .

e For 12 > 2 SIMILAR ExPaNsIONS ARE cg DEPENDENT:

For (fk)=1.

. 3t - ~ |2 P —~ - 3
124)2:(1_0,@%+%ci¢"'2+cé¢"---)¢ wo Vo = 5 (120068 +3G -~ 4cg ¥+ )

— 2 -2
SiNce Te TerM WHIcH YiELDS THE SMALLEST DENOMINATOR FOR c > 1 1s 31 ci¢"’2/8 WE FiNb Ayy = mp/(':k/(“ Y« mp.

5.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)
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Minmvar Cuaoric INpLaTion (Non-MCI) UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS CoNCLUSIONS
[ Je] O O

Trk Uttravioer (UV) Cut-orr Scate (Agy)

EinsTEIN FRAME COMPUTATION
o WE Analvze THE SmaLL-FieLp Benavior® OF THE THEORY ExpanpiNG S AsouT (¢) = O IN TERMS OFa. To THIs ENo WE FinD (J)

—~\2 . 2.2 4n-2 . —
12:(%]:f—'<+m @y={ VIem FRNE2 e (=1,

fr 8f7§ 1, FORn#2
WEe OBSERVE THAT $ = ¢ FOR n > 2 At THE VAcUUM OF THE THEORY.
e For 1 = 2 AND ANY ¢ WE 0BTAIN Ayy = mp SINCE THE ExpansioNs ABOUND {¢) = O ARE cg INDEPENDENT:

S RN LT R - N PPN L7 3
J7¢ _{] \/;¢+2¢ ]qﬁ AND V 30% [l 3¢+2¢ .

e For 12 > 2 SIMILAR ExPaNsIONS ARE cg DEPENDENT:

. —n 3n% ~ |2 P —~ - 3
P§ = (1 e + g +c3<¢”---)¢ wo Vo = 5 (120068 +3G -~ 4cg ¥+ )

— -2
SiNce Te TerM WHIcH YiELDS THE SMALLEST DENOMINATOR FOR c > 1 1s 31 ci¢"’2/8 WE FiNb Ayy = mp/c;/(" Y« mp.

o IF WE INTRODUCE A NoN-CanonicaL KineTic Mixing SucH THaT

(fx)=ck AND cg = rgxcyt

THE Expansions ABove ARE REWRITTEN IN TERMS OF THE NEwW PARAMETER rgk
270

P =(1-r $g+ﬁr2 &2+ $"--~$2AND\7 :—(/)(I—Zr B2 + 3% " — 4 $%+)
RK g RK RK Cl 202 RK RK RK
K

ConsequenTLy, No ProeLem WitH THE PerTurBATIVE UNITARITY EMERGES FOR rgi < 1, EVEN IF cg AND ck ARE LARGE.

5.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)
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UNITARITY CONSTRAINT
oe

|
Trk Uttravioer (UV) Cut-orr Scate (Agy)

JorbaN FRAME COMPUTATION

o |F we ExPanD gy, ABouT THE FLAT SPacETIME METRIG 77, AND ¢ ABOUT ITs V.E.V As FoLLows
Guv = My + hyy AND @ = (p) + 6¢ WHERE () =~ O
THe LacRraNGIAN CoRRESPONDING To THE Two FirsT TeRMs IN THE RigHT-HaND Sipe OF S Takes THe Form ((¢) = 0):

5L = <fR>F (h“‘)+<fK>6 6¢6“6¢+((f7w)6¢+ (fra)o0 +7<qu¢¢>5¢ +- )qu

1 - J— —n _
_gFEH (h‘”) + 56“6450“&75 + Aal\,éd) 2 oh, (THE ONLY NON-VANISHING TERM IS (n/2)!cR5¢”/2)
WHERE THE Fey AND Fr READ: Fpy = #"Y0hy, — hOh + 20,1 0" hy,, — 20,1V 3, AND Fg = Oh — 8,0,/"” Witk h = hﬁ.

C. PaLis
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1 - J— —n _
_gFEH (h‘”) + 56“6450“&75 + Aal\,éd) 2 oh, (THE ONLY NON-VANISHING TERM IS (n/2)!cR5¢”/2)

WHERE THE Fey AND Fr READ: Fpy = #"Y0hy, — hOh + 20,1 0" hy,, — 20,1V 3, AND Fg = Oh — 8,0,/"” Witk h = hﬁ.
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5p = 1 gﬂ 8¢ AND h;,y = V{fR) Py + <fff¢>> Muv0¢p WHERE fr=fxfr+= )‘Rﬂ, With (fr) =1 AND (frg) =0 FORn > 2.

C. PaLuis OBSERVABLE GRAVITATIONAL WavEs From KINETICALLY MoODIFIED NOoN-MCI 12/19




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———

MinmvaL CHaoTIC INFLATION

oN-MCI) UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS CONCLUSIONS
oe O .

Trk Uttravioer (UV) Cut-orr Scate (Agy)

JorbaN FRAME COMPUTATION
o |F we ExPanD gy, ABouT THE FLAT SPacETIME METRIG 77, AND ¢ ABOUT ITs V.E.V As FoLLows
Guv = My + hyy AND @ = (p) + 6¢ WHERE () =~ O
THe LacRraNGIAN CoRRESPONDING To THE Two FirsT TeRMs IN THE RigHT-HaND Sipe OF S Takes THe Form ((¢) = 0):

oL = <fR>F u (W) + <fK>3 5¢5“5¢+(<fm>6¢+ (frg0)o0® +*<fvw¢¢>'5¢‘ +- )FR

1 - J— —n _
_gFEH (h‘”) + 56“6450“&75 + Aal\,dd) 2 oh, (THE ONLY NON-VANISHING TERM IS (n/2)!cR5¢”/2)

WHERE THE Fey AND Fr READ: Fpy = #"Y0hy, — hOh + 20,1 0" hy,, — 20,1V 3, AND Fg = Oh — 8,0,/"” Witk h = hﬁ.
e THE JF CanonicaLLy NormaLizep FieLbs izw AND 8¢ ARe DEFINED By THE RELATIONS:

5p = 1 gﬂ 8¢ AND h;,y = V{fR) Py + <]Z<f¢>>nw6¢ WHERE fr = fufr+ = )‘Rﬂ, With (fr) =1 AND (frg) =0 FORn > 2.

e For n = 2, No OFrenpiNGg TERM ARIses AND So IT Is A UNiTariTy-Sare CAsE.

C. PaLuis OBSERVABLE GRAVITATIONAL WavEs From KINETICALLY MoODIFIED NOoN-MCI 12/19




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———

MinmvaL CHaoTIC INFLATION

oN-MCI) UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS CONCLUSIONS
oe O .

Trk Uttravioer (UV) Cut-orr Scate (Agy)

JorbaN FRAME COMPUTATION
o |F we ExPanD gy, ABouT THE FLAT SPacETIME METRIG 77, AND ¢ ABOUT ITs V.E.V As FoLLows
Guv = My + hyy AND @ = (p) + 6¢ WHERE () =~ O
THe LacRraNGIAN CoRRESPONDING To THE Two FirsT TeRMs IN THE RigHT-HaND Sipe OF S Takes THe Form ((¢) = 0):

oL = <fR>F u (W) + <fK>3 5¢5“5¢+(<fm>6¢+ (frg0)o0® +*<fvw¢¢>'5¢‘ +- )FR

1 - J— —n _
_gFEH (h‘”) + 56“6450“&75 + Aal\,dd) 2 oh, (THE ONLY NON-VANISHING TERM IS (n/2)!cR5¢”/2)

WHERE THE Fey AND Fr READ: Fpy = #"Y0hy, — hOh + 20,1 0" hy,, — 20,1V 3, AND Fg = Oh — 8,0,/"” Witk h = hﬁ.
e THE JF CanonicaLLy NormaLizep FieLbs izw AND 8¢ ARe DEFINED By THE RELATIONS:

5p = 1 gﬂ 8¢ AND h;,y = V{fR) Py + <]Z<f¢>>nw6¢ WHERE fr = fufr+ = )‘Rﬂ, With (fr) =1 AND (frg) =0 FORn > 2.

e For n = 2, No OFrenpiNGg TERM ARIses AND So IT Is A UNiTariTy-Sare CAsE.

C. PaLuis OBSERVABLE GRAVITATIONAL WavEs From KINETICALLY MoODIFIED NOoN-MCI 12/19




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
MinmvaL CHaoTIC INFLATION

oN-MCI) UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS CONCLUSIONS
oe O .

Trk Uttravioer (UV) Cut-orr Scate (Agy)

JorbaN FRAME COMPUTATION
o |F we ExPanD gy, ABouT THE FLAT SPacETIME METRIG 77, AND ¢ ABOUT ITs V.E.V As FoLLows

Guv = My + hyy AND @ = (p) + 6¢ WHERE () =~ O
THe LacRraNGIAN CoRRESPONDING To THE Two FirsT TeRMs IN THE RigHT-HaND Sipe OF S Takes THe Form ((¢) = 0):

oL = <fR>F u (W) + <fK>3 5¢5“5¢+(<fm>6¢+ (frg0)o0® +*<fvw¢¢>'5¢‘ +- )FR

1 - J— —n _
_gFEH (h‘”) + 56“6450“&75 + Aal\,dd) 2 oh, (THE ONLY NON-VANISHING TERM IS (n/2)!cR5¢”/2)

WHERE THE Fey AND Fr READ: Fpy = #"Y0hy, — hOh + 20,1 0" hy,, — 20,1V 3, AND Fg = Oh — 8,0,/"” Witk h = hﬁ.
e THE JF CanonicaLLy NormaLizep FieLbs izw AND 8¢ ARe DEFINED By THE RELATIONS:

% = () 8¢ AND h;,y = V{fR) Py + {ro) 1uv0¢ WHERE fr=fefr+ = )‘Rﬂ, WitH (fg) =1 AND (fr4) =0 FORn > 2.
V(f V{fr)
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e THE ProBLemATIC ScaTTERING AMPLITUDE A REMAINS WITHIN THE VALIDITY OF THE PerTURBATION THEORY PROVIDED THAT £ < Ayy
Is WritTeEN IN TERms OF THe CeENTER-OF-Mass ENeraY E As FoLLows
2 7 \n/4 n/4
E UL Gt Mt e = (o 4/n
A~ (TUV) Wit Ayy = or G IR = T op TR IF (fk) = ck = (cr/rrK)
THererore, WE VERIFY THAT PERTURBATIVE UNITARITY Is RETAINED UP TO PLANCK SCALE, IF rgg < 1. ForR THESE REASONS
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WE Proposkt 1o ANALYze MobELs ofF KineTicaLLy Mobirieo NoN-MCI WiTH fx = ch”’ WHERE ck = (cr/rrk)*™ & rrg < 1

(SiNcE (fk) = ck & (fr) = 1 AND THE EXTRA FUNCTIONAL UNCERTAINTY IS PARAMETERIZED BY f')
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SUPERGRAVITY EMBEDDINGS
°

TnE GENERAL FRAMEWORK

ReaLization oF NOoN-MCI Within SUGRA (UsiNg A GAUGE SINGLET INFLATON)
o THE GeNeRAL EF AcTion For THe ScaLar FieLbs @ Prus GraviTy IN Four Divensionat N = 1 SUGRA is:
S= fd4x 3 (—E'R + K, 53" 0,0°9,0% - v) Where V = Vg = f (K”B(DHW)(DEW*) -3WP),
PK

K 1s THE KAHLER PoTenTiAL WiTH Kpp=———=>0 anp I("/’Km/ éﬁ

prrY" 5 DoW = Wao + Kgo W,

‘ THEREFORE, IMPLEMENTING NON-MCI WitHin SUGRA Reauires THE ApPROPRIATE SELECTION OF W AND K ‘

SM.B, Einhorn and D.R.T. Jones (2010); S. Ferrara et al. (2010, 2011); H.M. Lee (2010); C.P. and N. Toumbas (2011);
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® O Consists oF AN HoLomorpHic Qy AND A KiNeTic Qg PArRT, WitH Qp > Qg =~ 6,1ﬁ<1>“<l>5:

Q = O = 3(Qu(@) + Q') = K = =31n(Qu(®) + Qj(®"7) - Qk/3), Where

Qx (lCI)”l ) = 0P + koo |D*PIDP (Terms @} @ Wit o # 8 Can Be FoRBIDDEN)

WITH kgyaqs ~ 1. THE TERMS | 2|d#|2 ARe INcLUDED IN ORDER To Evape A Tachyonic INsTABILITY OCCURRING ALONG THIS
DirecTioN oF THE “StaBiLizep” (NON-INFLATON) FIELD.

8 \.8. Einhorn and D.R.T. Jones (2010); S. Ferrara et al. (2010, 2011); H.M. Lee (2010); C.P. and N. Toumbas (2011):
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[ 1e]

Kineticary Mopiriep NoN-MCI v SUGRA

SEeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuNcTION

o WE Ust 2 SuperrieLos @' = @ (InrLaton) anp @2 = S (“StasiLizer” FiELD)

CHARGE ASSIGNMENTS
AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

SUPERFIELDS! S [
W = 1S ®"/2 u(l) 1 2/n
U(1)g 1 0

From WHicH IN THE THE SUSY Limit W GeT Vy = A2 |O" + A2|S|?
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o To OeTaN KineTicaLLy Mopiriep Non-MCI in SUGRA WE SeLecT THE FoLLowiNg KAHLER POTENTIAL K

FK|S|2),

k
(Fr+ Fg)" Fx ~ Fs + 2 Fy -

ksa
3

CK
2”16
OR, IF we Do Nor INsisT ON THE PURELY LoGARITHMIC KAHLER POTENTIAL :

K= —31n(% (Fr+Fp)+

CK

e (P F)"

Ky = —31n(%(FR+F,;;)—Fs)—

WHere WE DerINE THE FuncTions WHICH Provibe THE NoN-MiNiMAL CoupLiNg To GRaVITY AND THE KINETIC TERMS OF @ AND S

Fr®) = 1+25d3cq, Fx=(@—-0)? ao Fs =ISP/3 —ks|S[*/3.
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2”16
OR, IF we Do Nor INsisT ON THE PURELY LoGARITHMIC KAHLER POTENTIAL :

K= —31n(% (Fr+Fp)+

2 om (FR + F’;‘Q)HFI Fx.,

WHere WE DerINE THE FuncTions WHICH Provibe THE NoN-MiNiMAL CoupLiNg To GRaVITY AND THE KINETIC TERMS OF @ AND S
Fr®) = 1+25d3cq, Fx=(@—-0)? ao Fs =ISP/3 —ks|S[*/3.
e FoR cg > cg, Our MoDELS ARE CoMPLETELY NATURAL, BECAUSE THE THEORY ENJOYS THE FoLLOWING ENHANCED SYMMETRIES:
Do O, P> O+c (ceR) D S — €S, NTHELMTS cg >0 & 41— 0
o ALoNG THE INFLATIONARY DirecTioN S = @ — @* = 0, VC] THe OnLy Surviving TerM OF V Is:

K> = —31n(1(FR+F,;)—FS)— &

- . 2o .
Ver = eKK5 W5|2 = f‘z‘ Where fg = Fr = -Q/3, Since e = f° aw K55 = fr-
R

© THe FUNCTION ck f' REMAINS INVISIBLE IN Vicp AND INFLUENCES ONLY THE CANONICAL NORMALIZATION OF ®, Ko+ = J?
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MinmvaL Chaoric INFLaTion (Non-MCI)

CONSTRAIN SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS

00

Kineticary Mopiriep NoN-MCI v SUGRA

SEeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuNcTION

o WE Ust 2 SuperrieLos @' = @ (InrLaton) anp @2 = S (“StasiLizer” FiELD)

CHARGE ASSIGNMENTS
AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

SUPERFIELDS! S [
W = 1S ®"/2 u(l) 1 2/n
U(1)g 1 0

From WHicH IN THE THE SUSY Limir WE GeT Vey = A2 |O" + A2|S|?
o To OeTaN KineTicaLLy Mopiriep Non-MCI in SUGRA WE SeLecT THE FoLLowiNg KAHLER POTENTIAL K

k ks
(Fr+ Fg)" Fx = Fs + -2 Fg = =7 FK|S|2),

6

CK
2”16
OR, IF we Do Nor INsisT ON THE PURELY LoGARITHMIC KAHLER POTENTIAL :

K= —31n(% (Fr+Fp)+

2 om (FR + F’;‘Q)HFI Fx.,

WHere WE DerINE THE FuncTions WHICH Provibe THE NoN-MiNiMAL CoupLiNg To GRaVITY AND THE KINETIC TERMS OF @ AND S
Fr®) = 1+25d3cq, Fx=(@—-0)? ao Fs =ISP/3 —ks|S[*/3.
e FoR cg > cg, Our MoDELS ARE CoMPLETELY NATURAL, BECAUSE THE THEORY ENJOYS THE FoLLOWING ENHANCED SYMMETRIES:
Do O, P> O+c (ceR) D S — €S, NTHELMTS cg >0 & 41— 0
o ALoNG THE INFLATIONARY DirecTioN S = @ — @* = 0, VC] THe OnLy Surviving TerM OF V Is:

K> = —31n(1(FR+F,;)—FS)— &

- . 2o .
Ver = eKK5 W5|2 = f‘z‘ Where fg = Fr = -Q/3, Since e = f° aw K55 = fr-
R

© THe FUNCTION ck f' REMAINS INVISIBLE IN Vicp AND INFLUENCES ONLY THE CANONICAL NORMALIZATION OF ®, Ko+ = J?
© THE 77 ProBLEM WiTHIN SUGRA Is Resowvep BY MiLbLy TUNING ck >> 1 AND rgk = c'R/c]"(/4 <L
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SUPERGRAVITY EMBEDDINGS

oe

Kineticary Mopiriep NoN-MCI v SUGRA

FraMEWORK OF INFLATIONARY ANALYSIS
o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
O =0/ V2 DS = (s+i5)/ V2 WeOsman Vi = 220" /(1 + crd™?)> (No DEPENDENCE ON 72 AND ¢ ARISES)
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MinmvaL CHaoTIC INFLATION N-MCI)

oe

YSIS CONCLUSIONS

Kineticary Mopiriep NoN-MCI v SUGRA

FraMEWORK OF INFLATIONARY ANALYSIS
o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
@ = ¢/ V2 an§ = (s +15)/ V2 WEe Osman VCI = 22¢" /(1 + cgd™?)* (No DEPENDENCE ON m AND ¢k ARISES)
e WE CAN CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY s = § = # = 0 w.R.T THE FLucTuATiONs OF THE VARious FiELDS, I.E.

v ~ - ~ O ey
T L 0 AND 7riry >0 Where iy = Eav [Mfw] With M2, = o M0y = 0,5, 5.

=0

o Here WE INTRoDUCE THE EF CanonicaLLy NormaLizep FieLps, da/dq) =J = g, ,,’g’", 9~ JpO AND &9 =G/ \/ﬁz.
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SUPERGRAVITY EMBEDDINGS

oe

Kineticary Mopiriep NoN-MCI v SUGRA

FraMEWORK OF INFLATIONARY ANALYSIS

o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
O =0/ V2 DS = (s+i5)/ V2 WeOsman Vi = 220" /(1 + crd™?)> (No DEPENDENCE ON 72 AND ¢ ARISES)
e WE CAN CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY s = § = # = 0 w.R.T THE FLucTuATiONs OF THE VARious FiELDS, I.E.

v —~ —~ 72 v >rv
=0 AND M, >0 WHERE m’, = Eev|M, With M, = ———
T im0 i = Eov [ * G,

o Here WE INTRopuce THE EF CanonicaLLy NormaLizep FiELDs, da/dq) =J= ﬁﬁ,’g", =~ Jp

=5=0

0> A (5;3) = (5,5)/ VFr-

AND ¥ =6,5,5.

THE Mass SPeCTRUM ALONG THE INFLATIONARY TRAJECTORY — 1y = 4 [ny = 6] For K = K [K = K3].

FiELps

EINGESTATES

l

MassEs SQUARED

|

1 REAL ScALAR
2 REeAL ScALARs

s, §

ﬁg = n(.;v(j]/:; = ngi-lél
2 = 2(6ks fr - DVer/3

2 WEvL SPINORS

Ve = o = ¥s)/ V2

iz, = n*Va/2ek* £

e Vo, ﬁf{n > 0. Especialy 2 > 0 & ks > (0.5 - 1.5);

® Va, 1’15)2(,, > I-?él AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN THE INFLATON ARE SAFELY ELIMINATED;

® THe ONEe-Loop Rabiative Corrections (RCs) A LA CoLEMAN-WEINBERG TO Vo HAVE THE UsuaL Form:

AV =

— — =2
. m . m — n,
—— |7y In =2 + 27t In = — 4, In ——
8 A A

123 A2

WHERE A = (1 —5) - 10'* 1s A ReNormALIzaTION GRroup Mass ScaLe DETERMINED By REQUIRING AVCI(¢,,) =0oR

AVCI(q)r) = 0. Unper THese CIRCUMSTANCES, AVCI Has No SieniFicant EFrect ON THE Resulrs.
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INFLATION ANALYSIS
[ ]

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS

© THE SLow-RoLL PARaMETERS ARE DETERMINED USING THE STANDARD FORMULAE IN THE EF:
T=n2 QPP ek fy™) a0 7= (21— 1/n) — (4 +n(1 + mycrs? /2n) Je.
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INFLATION ANALYSIS
[ ]

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS
© THE SLow-RoLL PARaMETERS ARE DETERMINED USING THE STANDARD FORMULAE IN THE EF:

T=n2 QPP ek fy™) a0 7= (21— 1/n) — (4 +n(1 + mycrs? /2n) Je.
© THE NUMBER OF e-FOLDINGS |s CALCULATED TO BE

20N, "
K

For m =0, SINCE »F; (0,%;1+ %;—C«R(b’i/z): 1

el+m

Jmx—1 9. n2) _ R
N FOR n =4, SINCE o F ( m, 1;2; —cgd) ") = .
RK K ’ 2 T RO« (l+m)egdl

1/(1+m)

S
N, ~
* 2n

4 4 /2
2 [=m, = 1+ —5—crd)") = ¢u =
n n

HeRE » F'| 1s THE GAuss HYPERGEOMETRIC FUNGTION AND fi, = (1 +8(m + l)r'RKN,,)
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INFLATION ANALYSIS
[ ]

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS
© THE SLow-RoLL PARaMETERS ARE DETERMINED USING THE STANDARD FORMULAE IN THE EF:
T=n2 QPP ek fy™) a0 7= (21— 1/n) — (4 +n(1 + mycrs? /2n) Je.

© THE NUMBER OF e-FOLDINGS |s CALCULATED TO BE

2nN, _ 4. n/2
. cxd? 4 4 [,K* For m =0, SINCE »F (0, L+ o —ordly )
Ny = n 2F —m,;,l+;,—£7z¢* = Pe = N f'*"" .
,/’"L FOR n =4, SINCE »F) (—m 1;2; —cR(p”/ ) 7.
RK K a +m)¢R¢*

HERE , F 1s THE GAauss HYPERGEOMETRIC FUNCTION AND f;, = (1 + 8(m + 1)rgg Ny
o For EVERY m AND 1, THERE IS A LOWER BOouND ON ¢k, ABOVE WHICH ¢, < 1.
e THE Power SpecTRuM NORMALIZATION IMPLIES A DEPENDENCE oF A oN ¢k FOR EVERY rgk

)1/(1 +m)

1= BAx. (CK/”N*) (anm/N,) FOR m =0,
- S
1661(’ /(fm* - 1)2f,,,* FOR n =4,

WHERE fin = fR(6) = 1 + rri (20N )"
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-MinmvaL Chaoric INpLaTioN (Non-MCI) UNITARITY CONSTRAIN SUPERGRAVITY EMBEDDING: INFLATION ANALYSIS ConcLusions
ole . [ ]

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS
© THE SLow-RoLL PARaMETERS ARE DETERMINED USING THE STANDARD FORMULAE IN THE EF:

T=n2 QPP ek fy™) a0 7= (21— 1/n) — (4 +n(1 + mycrs? /2n) Je.
© THE NUMBER OF e-FOLDINGS |s CALCULATED TO BE

20N, "
K

2
~ For m =0, SINCE »F; (0, %; 1+ %;_OR¢Z/ ) =1;

N, ~
* 2n

4 4 /2
2 [=m, = 1+ —5—crd)") = ¢u =
n n

el+m
Smx—1 _ _ L9 n2y - Sg !
,I—WKCK FOR n =4, SINCE 2F1( m, 1;2; —cgd), ) T

—~ \1/(1+m)
HERE , F 1s THE GAauss HYPERGEOMETRIC FUNCTION AND f;, = (1 + 8(m + l)r'RKN,,) .
o For EVERY m AND 1, THERE IS A LOWER BOouND ON ¢k, ABOVE WHICH ¢, < 1.

e THE Power SpecTrRuM NoRmALizaTION IMPLIES A DEPENDENCE OF A ON ¢k FOR EVERY rgyk

n 1
ck/nNL)* (2nfox /NL)? ForR m =0, -
2= i /Nt @nh /N WHERE fs = fr(ds) = | + rgic@nlVy )"/,

3
L6kt [ fume = D2 f, 7 FOR 1= 4,

e A CLeAR EFricienT Dep E oF THE O BLES ON rgi ARises, E.a. For n = 4, WE GeT
m—=1+(m+2)fiux 16(f13m — 1)
—, r= =,
(e = DL+ m)N, (e = D™+ m)Ny
=2(14m) (lem _ 1y
L

Qo= dmk  mw T )
YT (1 +mN, (= 12

e E.a., ExPANDING THE RELEVANT FORMULAS FOR 1/1’\7* < 1 WEFiNDFOR R = 4 AND m2 = 1:
ng =~ 1=3/2N, =3/8(Nirgi)'?, r = 1/2N2rgy +2/(Nirgi)'?, oy ~~3/2N3 = 9/16(N3rzi)!/?

ng=1=(fi" = 1)

(2fe (1 + o) + 3ok = Dfowst + (fonse = DPm? = 1)
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INFLATION ANALYSIS

NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS
e THE FRee ParameTERs OF THE MobELs, FoR FIXED 12 AND m1, ARE rgK AND /l/c';’</4 (AND NOT ¢k, cg AND A). SINCE

IF We Perrorm A RescALING ¢ = ¢/ \cg  THEN fi = f, Wit fr = 1 + rggd™? anp Vg = AZ&"/Z"/ZC']’(/Z.
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INTRODUCTION Non-MinmvaL Chaotic INFLaTION (NoN-MCT) UNITARITY CONSTRAIN SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS

[e]e]e} (e]e] [e]e] [e] [e]
00 [e]e] [e]e] [

NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS
e THE FRee ParameTERs OF THE MobELs, FoR FIXED 12 AND m1, ARE rgK AND /l/c;’</4 (AND NOT ck, cg AND A). SINCE
— 3 _ m _ “n/2 _ 3250 jon/2 n/2
IF We PerrorM A RescaLNG ¢ = ¢/ ek THEN fk = fg', WITH fgr = 1 + rgg¢™” AND Vi = 2°¢" /277"

o IMPosING THE Planck CONSTRAINTS For N, = 55, ks =0.5—1aND kg = 1 we OTaN THE FoLLowing ALLowep CuRVES:

0.4 : m=0 :
- ’b.0oL R
0.12f RK \ —-=-n=2
AY
AY
0.10 «.0.027
\

5008 . N
o \

0.955 0.960 0.965 0.970 0.975

n

s
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INTRODUCTION Non-Mimnmvar Craotic INpLaTion (Non-MCI) UNiTARITY CONSTRAINT SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS
[e]e]e} (e]e] [e]e] [e] [e]
00 [e]e] [e]e] [

NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS
e THE FRee ParameTERs OF THE MobELs, FoR FIXED 12 AND m1, ARE rgK AND /l/c;’(/4 (AND NOT ck, cg AND A). SINCE
— 3 _ _ “n/2 _ 3250 jon/2 n/2
IF We PerrorM A RescaLNG ¢ = ¢/ ek THEN fk = fg', WITH fgr = 1 + rgg¢™” AND Vi = 2°¢" /277"

o IMPosING THE Planck CONSTRAINTS For N, = 55, ks =0.5—1aND kg = 1 we OTaN THE FoLLowing ALLowep CuRVES:

014 . m=0_ . 014 . m=1 .
r =®bool a2 r = &Db0ol ne2
12F RN -oon= 12F \ i
0 \ —n=4 0 n=4
\
0.10 «.0.027
\
5008 \
3

0.955 0.960 0.965 0.970 0.975 0.980
n n

s

0.955 0.960 0.965 0.970 0.975

® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI AitHougH WiTH ¢ < 1.
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INTRODUCTION Non-Mimnmvar Craotic INpLaTion (Non-MCI) UNiTARITY CONSTRAINT SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS
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NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS
e THE FRee ParameTERs OF THE MobELs, FoR FIXED 12 AND m1, ARE rgK AND /l/c;’(/4 (AND NOT ck, cg AND A). SINCE
— 3 _ _ “n/2 _ 3250 jon/2 n/2
IF We PerrorM A RescaLNG ¢ = ¢/ ek THEN fk = fg', WITH fgr = 1 + rgg¢™” AND Vi = 2°¢" /277"

o IMPosING THE Planck CONSTRAINTS For N, = 55, ks =0.5—1aND kg = 1 we OTaN THE FoLLowing ALLowep CuRVES:

014 . m=0_ . 014 . m=1 .
r =®bool a2 r = &Db0ol ne2
12F RN -oon= 12F \ i
0 \ —n=4 0 n=4
\
0.10 «.0.027
\
5008 \
3

0.955 0.960 0.965 0.970 0.975 0.980
n n

s

0.955 0.960 0.965 0.970 0.975

® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI AitHougH WiTH ¢ < 1.

® Form = 1 THe Curves Move To THe RiGHT AND FiLL MoRe DENsELY THE 1-0- OBSERVATIONALLY FAvORED RANGES For QuITE
NATURAL rgk’s — E.G. 0.005 < rgg < 0.1 FORm =1 AND 1 = 4.
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INTRODUCTION Non-Mimnmvar Craotic INpLaTion (Non-MCI) UNiTARITY CONSTRAINT SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS

[e]e]e} (e]e] [e]e] [e] [e]
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NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS
e THE FRee ParameTERs OF THE MobELs, FoR FIXED 12 AND m1, ARE rgK AND /l/c;’(/4 (AND NOT ck, cg AND A). SINCE
— 3 _ _ “n/2 _ 3250 jon/2 n/2
IF We PerrorM A RescaLNG ¢ = ¢/ ek THEN fk = fg', WITH fgr = 1 + rgg¢™” AND Vi = 2°¢" /277"

o IMPosING THE Planck CONSTRAINTS For N, = 55, ks =0.5—1aND kg = 1 we OTaN THE FoLLowing ALLowep CuRVES:

014 . m=0_ . 014 , m=1_ .

r =®bool a2 r = &Db0ol ne2
012} N nea 012} \ .
010

\
« 0.027
\

0.955 0.960 0.965 0.970 0.975 0.980
n n

s s

0.955 0.960 0.965 0.970 0.975 0.980

® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI AitHougH WiTH ¢ < 1.

® Form = 1 THe Curves Move To THe RiGHT AND FiLL MoRe DENsELY THE 1-0- OBSERVATIONALLY FAvORED RANGES For QuITE
NATURAL rgk’s — E.G. 0.005 < rgg < 0.1 FORm =1 AND 1 = 4.

® APART FROM THE 71 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYonD WHicH THE MopeLs ArRe Not UNITARITY SAFE.
® THE n = 2 LINE APPROACHES AN ATTRACTOR VALUE FOR cg >> 1 AND ANY m.
® Forrgg = 1 WE OBTaAIN THE LowesT 7: 0.0032 (For m = 0 AND n = 6) T0 0.015 (FOR m = 4 AND n = 4).

C. PaLuis OBSERVABLE GRAVITATIONAL WavEs From KINETICALLY MoODIFIED NON-MCI 17/19




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———

INTRODUCTION Non-Mimnmvar Craotic INpLaTion (Non-MCI) UNiTARITY CONSTRAINT SUPERGRAVITY EMBEDDINGS INFLATION ANALYSIS CONCLUSIONS
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e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FroM THE 1-0- RANGES:

0.14 . bole 2 i 0.14 m=4
T = /Y

0.12F \

-=-n=2
\ —n=4

0.955 0.960 0.965 0.970 0.955 0.960 0.965 0.970 0.975 0.980
n

s nS
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CONCLUSIONS.

e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FroM THE 1-0- RANGES:

m=2 m=4

0.14 . . . 0.14

T o= «0.001

012} \ -oon=2

\ —n=4

0.955 0.960 0.965 0.970 0.955 0.960 0.965 0.970 0.975
n

s nS

CoNcLUSIONS

o WE Proposep A VARIANT oF NON-MCI| WHicH CAN SareLy AccommoDaTe r’s oF ORDER 0.01.

0.980
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e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FroM THE 1-0- RANGES:

0.14 . boryl: 2 i 0.14 m=4
T = /Y

0.12F \

-=-n=2
\ —n=4

0.955 0.960 0.965 0.970 0.960 0.965 0.970 0.975 0.980
n

s nS

CoNcLUSIONS

o WE Proposep A VARIANT oF NON-MCI| WHicH CAN SareLy AccommoDaTe r’s oF ORDER 0.01.
o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLOYING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomoRrpHIC FUNCTION AND A SHIF-SyMMmETRIC QuaDRATIC FuncTion Fx WHicH REMAINS INvisiBLE IN Vioyg WHILE DOMINATES J.
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0.12f \

-=-n=2
\ —n=4
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ng n

s
CoNcLUSIONS

o WE Proposep A VARIANT oF NON-MCI| WHicH CAN SareLy AccommoDaTe r’s oF ORDER 0.01.

o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLOYING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomoRrpHIC FUNCTION AND A SHIF-SyMMmETRIC QuaDRATIC FuncTion Fx WHicH REMAINS INvisiBLE IN Vioyg WHILE DOMINATES J.

© INFLATIONARY SoLuTions CaN BE AttaiNed EVEN WiTH ¢ < 1 ReauiriNG LARGE ck’s AND WiTHouT CAusiNg ANY ProsLEM WITH THE
PEeRTURBATIVE UNITARITY.
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CoNcLUSIONS

o WE Proposep A VARIANT oF NON-MCI| WHicH CAN SareLy AccommoDaTe r’s oF ORDER 0.01.

o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLOYING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomoRrpHIC FUNCTION AND A SHIF-SyMMmETRIC QuaDRATIC FuncTion Fx WHicH REMAINS INvisiBLE IN Vioyg WHILE DOMINATES J.

© INFLATIONARY SoLuTions CaN BE AttaiNed EVEN WiTH ¢ < 1 ReauiriNG LARGE ck’s AND WiTHouT CAusiNg ANY ProsLEM WITH THE
PEeRTURBATIVE UNITARITY.

o A SizaBLE FRACTION OF THE ALLOWED PARAMETER SPacE OF OUR MODELS (WITH 12 = 4) CAN BE STUDIED ANALYTICALLY.

THANK You!
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CONCLUSIONS

KineTicALLY MobiFiep Non-MiNiMAL Higes INFLATION witH m = 0

e THE FiELbs INcLuDING THE INFLATON ARE CHARGED UNDER A LocAL SyMMETRY, E.G. U(1)p_;. THEN INFLATON cAN BE IpenTiFiED WiTH
THE RADIAL PART (¢) OF THE Hicas FIELDS INvOLVED IN THE BREAKING Gsm X U(1)p- — Gsm.

e W Is Uniquery DeTERMINED UsING U(1)_;, AND AN R SYMMETRY. CHARGE ASSIGNMENTS
= SUPERFIELDS! S 0] [0]
W = a8 (00 - M?/4),
( 14) TUx T [0 0
© THe SeLecTeD K's ARE INVARIANT UNDER U(1)p_1 AND R. U()p-1 0 1 -1
1 k- ks— c_
K, = -N; ln(l - N—IF +e,F, - FFS + EF + %F IS?| or K, =-N>In[1- EF, +c+F+)+FS )

WHERE F, = |CD £ @ " aND Fs = |S2 — ks |S|*. NOTE THAT Ck —> C_ AND CR —> C+ AND fr=1+cio.
o IF WEe Use THe ParameTerizaTion: @ = ¢e®® cos 0/ V2 anp @ = ¢e'” sin O/ V2 ALoNg THE D-FLAT DIRECTION

0=0=0,0p =n/4 ano S =0, We OsraN
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WHERE F, = |CD¢(D* AND Fg = |S|? — kg |S|*. NOTE THAT cg — c_ AND cg — C4 AND fr = 1 + c,b.
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244 014p ' ' —n=o0
Vi Aé HERE {N171:2(1+n) OR {K:K] n=-1/50
CI0 = —305 _ _ 0.12f —=-n=-
16720 Ny =2(1 +n) K=K, R s
010F | _
e THE EF CaNoNIcALLY NORMALIZED INFLATON IS S 0.08 N
da 1 S™F 4510 1
c — . —
— =J= = ¢ = ——arcsinhc; ¢ 0.06F E
d¢ fr Vs 0.04F
AND THE CORRESPONDING EF POTENTIAL Is 002
—~ A2 tanh* \/ria cy -
Vew = ——F————= WItH ry = — - 0955 0960 0965 0970 0975  0.980
4¢3 cosh™ \frz c n
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