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INTRODUCTION

@000

Non-Mimviat. INrLaTion (\MI)

COUPLING NON-MINIMALLY THE INFLATON To GRAVITY (THE NON-SUSY Cask)

o THE AcTioN OF A ScALAR FIELD ¢ WiTH PoTENTIAL V (¢) NON-MiNiMALLY CoupLeD To THE Riccl ScatAR CURVATURE, R, THROUGH A
FRAME FUNCTION fz(¢) IN THE JORDAN FRAME (JF) Is:

1
s= [[asvAa(-Juseon B2 ga,00.0-v o)
WHERE ¢ IS THE DETERMINANT OF THE BACKGROUND FRIEDMANN-ROBERTSON-WALKER METRIC AND fz({#)) =~ 1 To RECOVER EINSTEIN
GRaviTy At Low ENeray. WE ALLow ALso FoR A KINETIC MixING THROUGH THE FUNCTION fk (¢)).
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S= f d“xﬁ(—%méf«(@wfk(¢)g"Vﬁ#¢ﬁy¢ V<¢>)

WHERE ¢ IS THE DETERMINANT OF THE BACKGROUND FRIEDMANN-ROBERTSON-WALKER METRIC AND fz({#)) =~ 1 To RECOVER EINSTEIN
GRaviTy At Low ENeray. WE ALLow ALso FoR A KINETIC MixING THROUGH THE FUNCTION fk (¢)).
o WE can WRITE S IN THE EINSTEIN FRaME (EF) As FoLLows

S= f TG (-7mpvz+ L fgo,90,8 - V(&))

PERFORMING A CONFORMAL TRANSFORMATION' DuURING WHicH WE DEFINE THE EF METRIG:

V=9=/f2v"g a0 G =g"/fr,

oy = fr e = {R (ﬂ+3m In fi + 39" 0, frd frI213) | Fr

AND INTRODUCE THE EF CaNoNicALLY NorMALIZED FIELD, ¢, AND PoTENTIAL, V, DEFINED As FoLLows:

—~.2 1% ry
(Zij] =J2:f—,K+% (fR¢) AND ’V(a):(iiw))f
¢ Jr Jr AC0)

o THE ANaLysis oF NMI IN THE EF UsiNg THE STanDaRD Stow-RoLL APPROXIMATION Is EQuIVALENT? WiTH THE ANALysis IN JF.

K. Maeda (1989)
2D,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-Mimviat. INrLaTion (\MI)

INFLATIONARY OBSERVABLES - REQUIREMENTS

® THE NUMBER OF E-FOLDINGS, N, THAT THE ScALE k. = 0.002/Mpc Surrers DurING NMI HAs TO BE SUFFICIENT TO RESOLVE THE
HorizoN AND FLATNESS PROBLEMS OF Standard Big Bang

. 1 b __ Y 1 B v D44 Vige)/4 1
L= = fA 5~ =L [TaprL 2oseom LE) @)
My Jop Vi mp Jo Ve

+-In Ten +
eV 3 1 GeV 3 1GeV
WHERE ¢, [j@] 1s THE VALUE OF ¢l$] WHEN k. Crosses OuTsiDE THE INFLATIONARY HORIZON;

&r [¢r] 1s THE VALUE OF ¢ [¢] AT THE END OF NMI WHicH Can BE Founp From THE CoNDITION

— 2 —~
2 (V- 2
max(&@n), gl = 1, Wi €= -2 {—“’) p [V‘“ﬁ)

1 fr(r)
~1 .
2" fr@0)

2

2\ T 2e
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= lﬁ* Gy 1 v V@)Ut 4L V@t 1 Tw 1 (@)

*

= === dp J* = ~225+21 -z1 71
P S A A TEN TG T3 TGev T3 TGV T2 fr@)

WHERE ¢, [j@] 1s THE VALUE OF ¢l$] WHEN k. Crosses OuTsiDE THE INFLATIONARY HORIZON;
&r [¢r] 1s THE VALUE OF ¢ [¢] AT THE END OF NMI WHicH Can BE Founp From THE CoNDITION
" [Vw Vo J-¢}

_ m(VeY (VY Vg
max(e(¢r), (g} = 1, WitH €= 5 =57 5 AND 7I=mp7: 27 v T

® The Power SPECTRUM A,fz(aﬁ = ¢..) oF THE CURVATURE PERTURBATIONS IS To BE CoNnsisTENT witH WMAP7 NORMALIZATION:

1L V@) @)l Vi)

—— = — =493-107°
2V3mm V3@l 2V3mm V@)l

Ag =
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INFLATIONARY OBSERVABLES - REQUIREMENTS
® THE NUMBER OF E-FOLDINGS, N, THAT THE ScALE k. = 0.002/Mpc Surrers DurING NMI HAs TO BE SUFFICIENT TO RESOLVE THE
HorizoN AND FLATNESS PROBLEMS OF Standard Big Bang

_ b YV b % 1/4 /4
N Lf s v 1 v Vig.) dpYen ™ 1, Tm 1 1f¢<(¢f)
of

*

= — dp J* — ~225+2In - —-In

_ — = 1In
m2 Vs om Jy Vs 1GeV 3 1Gev 3  1GevV Tx(@0)

WHERE ¢, [j@] 1s THE VALUE OF ¢l$] WHEN k. Crosses OuTsiDE THE INFLATIONARY HORIZON;
&r [¢r] 1s THE VALUE OF ¢ [¢] AT THE END OF NMI WHicH Can BE Founp From THE CoNDITION

m? 3% m (VY Vi mi(V Vg J
max{e(¢p), mge)l} = 1, With €= 7’) {%) = 2—;2 [%) AND T = m % = T;) [% - 7¢7¢)
® The Power SPECTRUM A,fz(aﬁ = ¢..) oF THE CURVATURE PERTURBATIONS IS To BE CoNnsisTENT witH WMAP7 NORMALIZATION:
1 V(3.3 I Vie)3?
Ap = ‘ﬁ'ﬁl _ (gl VA(tI5 ) —493.10°°
2V3amd V(@) 2V3mmd [Vy(s.)l

® THE (ScALAR) SPECTRAL INDEX, 115, ITs RUNNING, ag, AND THE ScALAR-To-TENSOR RATIO 1 ARE TO BE CONSISTENT WITH THE
Firting oF THE WMAP7 Results BY THE ACDM MobEL:

2, —~
n = 1-68 + 27, = 0.968£0.024, ~0062 < ay = 3 (472 — (n, - 1?)-2£. < 0.018 mp r=166<0.24, a1 95%c.L.

WHeRE € = mPV(bVa;us-g/V2 =mj V4 Tis/V J* + 277€ Anp THe VariaLes WiTh SUBSCRIPT * ARE EVALUATED AT ¢ = b,
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® The Power SPECTRUM A%(aﬁ = ¢..) oF THE CURVATURE PERTURBATIONS IS To BE CoNnsisTENT witH WMAP7 NORMALIZATION:
L V@) @l V)
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® THE (ScALAR) SPECTRAL INDEX, 115, ITs RUNNING, ag, AND THE ScALAR-To-TENSOR RATIO 1 ARE TO BE CONSISTENT WITH THE
Firting oF THE WMAP7 Results BY THE ACDM MobEL:
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3.107°

Ag =

WHeRE € = mPV V;,;u;d;/V2 =mj V4 Tis/V J* + 277€ Anp THe VariaLes WiTh SUBSCRIPT * ARE EVALUATED AT ¢ = b,

® WE Have To CHeck THE HiERARCHY BETWEEN THE ULTRAVIOLET CUT-OFF, A, OF THE EFFECTIVE THEORY AND THE INFLATIONARY
ScaLe.? IN ParTicuLAR, THE VALDITY OF THE EFFECTIVE THEORY IMPLIES
(@ V)" <A or (b) H(p.)=V(.)"?/VBmp <A wrH A =mp/cg

Scp Burgess, H.M. Lee and M. Trott (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); F. Bezrukov et al.(2011).
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Non-Mimviat. INrLaTion (\MI)

The QuarTic PotenTiaL, V = A¢* /4

® [F fr(¢) = 1, 1.E., WitH MiniMAL CoupLiNG To GRavITY. WE FIND:
Sm?, 12m%, @2
~ ? AND 77 = 7 - THererore max{e(er), (g} =1 = ¢ = 2V3mp AnD N, = = = ¢. = 2+2N.mp.
2 m2
93 -
Ag =~ & =493-107° = A= §4.932- 10792283 = 1=2-1073(17) FoR N, =55
16 \Blrmii 2

ng~1-3/N, ~0947, a;=~-3/N>=95-10" anp r=16/N, ~0.28 > 0.24:WMAP REQUIREMENT
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The QuarTic PotenTiaL, V = A¢* /4
® |r fr(¢) = 1, 1.E., WitH MiNIMAL CoupLiNGg To GRavITY. WE FIND:

o

2 2
% 12mg

~ AND 77 = - THererore max{e(er), (g} =1 = ¢ = 2V3mp Anp N, = = ¢. = 2+2N.mp.
¢ ¢ 8m2
147 —
Ag =~ & =493-107° = A= §4.932- 10792283 = 1=2-1073(17) FoR N, =55
16 \Blrmii 2

ng~1-3/N, ~0947, a;=~-3/N>=95-10" anp r=16/N, ~0.28 > 0.24:WMAP REQUIREMENT

® Ir fr(¢) = 1 + cr(¢p/mp)?, LE., WiTH THE STANDARD NON-MiNMAL CoupLING To GRavITY. FoR cg >> 1, we Finp

— gt amy _ Am} _ 4m? :/Z mp
V=—5=~—, €x —— AND 7]~ ——— THEREFORE Max ), =1 = ¢r=+/=
2 "3 € 324 n end? {€lgr), (o)1} o 3 Ve
~ _ 3crg? N. N. 5
N, = CR?* = ¢ =2mp N aso Ag = VAN =4.93-107° = cg ~ 41850 VA ror N, =55
4my kI 6\2neg A

ng~1- 2/1’\7* ~0.965, a5 =~ —Z/ﬁf ~-64-10" anp r= 12/1/\73 ~4.1073 IN AGREEMENT WiTH OBSERVATIONS.
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INTRODUCTION QuarTic POTENTIAL FOR A GAUGE SINGLET INFIL

QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON
0000 oc

Non-Mimviat. INrLaTion (\MI)

The QuarTic PotenTiaL, V = A¢* /4

® [F fr(¢) = 1, 1.E., WitH MiniMAL CoupLiNG To GRavITY. WE FIND:

Sm?, 12m12, @2
€~ ? AND 7 7 - THererore max{e(er), (g} =1 = ¢ = 2V3mp Anp N, = 5 = ¢ =2~2N.mp.
P
147 —
Ag =~ & =493-107° = A= §4.932- 10792283 = 1=2-1073(17) FoR N, =55
16 \Blrm?, 2

ng~1-3/N, ~0947, a;=~-3/N>=95-10" anp r=16/N, ~0.28 > 0.24:WMAP REQUIREMENT
® Ir fr(¢) = 1 + cr(¢p/mp)?, LE., WiTH THE STANDARD NON-MiNMAL CoupLING To GRavITY. FoR cg >> 1, we Finp
— ¢ /lmf, Am? 4m?

— —~ 4 mp
V=" =P T T ——L Tuererore max{e(¢y), =1 = -=‘{/j
an z € 324 n end? {€(¢r), (o)} [ 3 Vo
~ _ 3crg? N. N. 5
L= Cﬁ(f* = ¢ =2mp - Aso Ag = VN, =493-107 = cg ~ 41850 VA For N, ~55
4my kI 6\2neg A

ng~1- 2/1’\7* ~0.965, a5 =~ —2/]V3 ~-64-10" anp r= 12/1\73 ~4.1073 IN AGREEMENT WiTH OBSERVATIONS.
Status oF THE STanDARD MopeL Hices INFLATION (SEE ALso TaLk oF Pror. Ross)
IN THE PRESENCE OF A NON-MiNiMAL CoupLiING THE Higas Boson oF Stanpbarp MobeL (SM) Can AcT as INFLATON. BUT THe ReauiReD

Mass oF Hiaas BosoN Seems To Be Heavier THaN THE ONE RecentLy ANNounceD BY CMS anD ATLAS AND THE REHEATING
Process* Is RaTHER CoMPLIGATE AND UNCERTAIN.

4J. Garcia-Bellido, D.G. Figueroa and J. Rubio (2008); F. Bezrukov, D. Gorbunov and M. Shaposhnikov (2009)
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Non-Mimviat. INrLaTion (\MI)

Tre Quapratic PotenTiaL, V = m?¢? /2

® [F fr(¢) = 1, .., WitH MiniMAL CoupLiNG To GRaviTY. WE FiND:

2my ¢
e=n= F - THererore max{e(¢r), Mol =1 = ¢ = V2mp Anp N, =

G, = ¢, = 2\/N*}’VLP.
P

mg;
AvR & —_—
4 \@nm;

ng=1- Z/ﬁ* ~0.965, a5 =~ 73/N*2 =95-10"* anp r=8/N, ~0.14 IN Acreement WitH OBSERVATIONS.

=493-107° = m=~4.93-107 VérmpN,! = m=10" GeV ror N, = 55.
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NoN-MiNiMAL INFLATION (NMI)

Tre Quapratic PotenTiaL, V = m?¢? /2
® Ir fr(¢) = 1, 1.E., WitH MiINIMAL CouPLiNGg To GRavITY. WE FIND:
e

V2mp Anp N, = = = ¢. =2+N.mp.
4my

2m3
—— - THererore max{e(¢r), M(gp)l} =1 = ¢ =

e=n=
=4.93-107 = m~4.93-107 VormpN,! = m~10" GeV For N, =55

2
me;

AvR X — =
4 \@nm;
95-107* aND r = 8/N, =~ 0.14 In Acreement With OBSERVATIONS

ng=1-2/N, ~0.965, as=-3/N>=
® Ir fr(¢) = 1 + cr(¢p/mp), L.E., WiTH A LiNear® NoN-MinimaL CoupLig To GraviTy. For cg > 1, WE Fino
—  m? 2m3 4m? dmp 2 mp
V= = , €= —— AND 7= - Trererore max{e(¢r), M(grl} =1 = ¢ = — —-
2/2 232 34 n 3en o), (e [ 3 o
5 _ 3crd. N. N. _
N ¢. = 4mp > ¢r. ALso Ag = — =493-10° = m=4.1-10"cg GeV For N, = 55.
4mp RIS 6mpeg
ng ~ 1—2/1’(1; ~0.965, a = —2/1’(1\*2 ~—-64-100" AND r =~ 12/N; = 41073 IN ExceLLent AGREEMENT WIiTH OBSERVATIONS
5¢cp (2010
i
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OR A GAUGE NON-SINGLET IN

QuarTIC POTENTIAL

INTRODUCTION QuarTic POTENTIL GAUGE SINGLET INFL

oooe C

NoN-MiNiMAL INFLATION (NMI)

Te Quapraric PoTenTiaL, V = m?¢? /2
® Ir fr(¢) = 1, 1.E., WitH MiINIMAL CouPLiNGg To GRavITY. WE FIND:
e

V2mp Anp N, = = = ¢. =2+N.mp.
4my

2m3
—— - THererore max{e(¢r), M(gp)l} =1 = ¢ =

e=n=
=4.93-107 = m~4.93-107 VormpN,! = m~10" GeV For N, =55

2
me;

Ag ~ ——— =
4 \@nm;
95-107* aND r = 8/N, =~ 0.14 In Acreement With OBSERVATIONS

ng~1-2/N, ~0965, a5~-3/N>=
® Ir fr(¢) = 1 + cr(¢p/mp), L.E., WiTH A LiNear® NoN-MinimaL CoupLig To GraviTy. For cg > 1, WE Fino
—  m? 2m3 4m? dmp 2 mp
V= > , € —— AND 7= - THererore max{e(¢r), =1 = ¢p= — L.
2 22 328 =R (1), M)l o 7 ox
= 3cgp. N, . _
= ﬂ = ¢. =4mp > ¢p. ALso Ag =~ n =493-10° > m=4.1- 1013cqg GeV ForR N, = 55.
4mp 3eg 6mmpeg
—6.4-100" aND r =~ 12/NZ =~ 4. 1073 IN ExceLLent AGREEMENT WiTH OBSERVATIONS

ng =~ 1-2/N, ~0.965, a; ~ —2/N? ~
Is PossiBLe To OBTaIN A ReALizaTIoN OF THESE INFLATIONARY MobeLs WitHin SUGRA?

(WHeREe THE HiErARCHY ProBLEM WiTHIN GUTS Is Sowvep)?

5/20

5¢.P (2010)
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INTRODUCTION

o0

I
ReaLizaTION OF NMI Within SUGRA

SELECTING THE CONVENIENT KAHLER POTENTIAL

o THe GeNerAL EF AcTion For THE ScaALAr FieLbs @ PLus GraviTy IN Four DivensionaL, N = 1 SUGRA is:

—( 1 ,= PR = = =
S= f d4x\/—g(—§mlz,'R + K39 D, "D, 0% — v) WHerRe V = Vg + Vp,

(92[( _ .
K 15 The KanLer PoteniaL, With K3 = ——— >0, anp KB”K(,,—, = (5/?; D,®" = 9,0 - AAkZ;
D oDP 7 #
(Aﬁ: The VecTor Gauce FiELDS AND k@ THE KiLLiNG VECTOR, DEFINING THE GaugE TRANSFORMATIONS OF THE ScaLaRs.)

— 2 - w? = 1
Vi = 5/™p [K”‘*F(,F/i; - 3%] WITH Fo = Wa + KgaW/md; Vp = EgzDaDa WITH Dy = D (T)g K o8-
P

Here, W 1s AN HoLoMoRrpHIC FUNCTION CALLED SUPERPOTENTIAL.
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— 2 - w? = 1
Vi = 5/™p [K”‘*F(,F/i; - 3%] WITH Fo = Wa + KgaW/md; Vp = EgzDaDa WITH Dy = D (T)g K o8-
- ;
P

Here, W 1s AN HoLoMoRrpHIC FUNCTION CALLED SUPERPOTENTIAL.

_K/3mi
o IF We Abopt 6 Q = -3¢ X" = K = —3m3 In (—©/3) AnND PeRFORM A CoNFORMAL TRANSFORMATION, S IN JF READS

mz 3 .
S= f d*x \/—g(%QVQ + m3Q, D, D OP — QA A [m?, — V], Where A, = —im} (D, 0°Q, — D0 Q;) /20

THE ON-SHELL VALUE OF THE AuxiLiary FiELD A,

SM.B, Einhorn and D.R.T. Jones (2010); S. Ferrara, R. Kallosh, A. Linde, A. Marrani and A. Van Proeyen (2010, 2011);H.M. Lee (2010).
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o THe GeNerAL EF AcTion For THE ScaALAr FieLbs @ PLus GraviTy IN Four DivensionaL, N = 1 SUGRA is:

—( 1 ,= PR = = =
S= f d“x\/—g(—imlz,'R + K39 D, "D, 0% — v) WHerRe V = Vg + Vp,

, &K 5 2 A
K 1s THE KAHLER PotenTiAL, WiTH K. = W >0, AND KE”K(,,—, = (5/;; D,®" = 9,0 - A”kg;
: THE VEcTor GAuge FiELDs AND k¢ : THE KiLLING VECTOR, DEFINING THE GAUGE TRANSFORMATIONS OF THE SCALARS.
Aﬁ THE V G F LA K V D THe G T OF THE S
Vo = K | goBE pr WP _ I B "
F=e K F(,F/} - 3? WITH Fo = Wea + Kge W/mp; Vp = Eg D,D, wtH D, = ®, (Ta)ﬁ K.
P

Here, W 1s AN HoLoMoRrpHIC FUNCTION CALLED SUPERPOTENTIAL.
_K/3mi
o IF We Abopt 6 Q = -3¢ X" = K = —3m3 In (—©/3) AnND PeRFORM A CoNFORMAL TRANSFORMATION, S IN JF READS

mz A .
S= f d*x \/—g(%QVQ + m3Q, D, D OP — QA A [m?, — V], Where A, = —im} (D, 0°Q, — D0 Q;) /20

THE ON-SHELL VALUE OF THE AuxiLiary FIELD A,
o WE OsseRrve THAT Q@ ENTERs THE KINETIC TERMS OF THE ®@®’s T00. S CAN ExHiBIT NoN-MiNiMAL CourLings oF @*’s To R IF
® A, =0 WhicH Happens WHEN O = |®?| or @ = 0 Durina NMI;

® Fg > Fg = Gap®®F Iml Where
Q= -3+ F = 3(Fr(®@") + Fp(®'™)) = K = -3m}In(1 - Fx/3 + FR(®°) + Fi(@'")).

8 \.8. Einhorn and D.R.T. Jones (2010); S. Ferrara, R. Kallosh, A. Linde, A. Marrani and A. Van Proeyen (2010, 2011);H.M. Lee(2010).
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INTRODUCTION

oe

ReaLizaTION OF NMI Within SUGRA

HeRre Fg 1s A DiMensionLEss, HoLomoRrpHIC FuncTion WHEREAS Fk I1s A DiIMENSIONLESS, REAL FUNCTION OF THE FoRM:
o2 a2 2 2112 /04
Fi (J0°1) = 1072 /m + kg 107 PIOPP i
WiTH SUFFIGIENTLY SMALL COEFFICIENTS K g0 - THE INCLUSION OF THE 4TH ORDER TERM AT LEAST FOR THE ACCOMPANYING
Non-InFLaton Fietp, @' := S, i1s OsLicatoRrY IN ORDER To Evape A TacHYoNIC INSTABILITY OCCURRING ALONG THIS DIRECTION.
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e The ReaLization oF NMI IN SUGRA Reauires ALso Vp = 0 WHicH HapPeNs WHEN

® THE INFLATON Is A GAUGE SINGLET @2 := ®;

® Te INFLATON I THE RADIAL PART OF A CoNyuGATE PalR oF Hices SUPERFIELDS, @? := O anD O3 :
PARAMETERIZED so As Vp = 0

@, WHICH ARE
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e The ReaLization oF NMI IN SUGRA Reauires ALso Vp = 0 WHicH HapPeNs WHEN
® THE INFLATON Is A GAUGE SINGLET @2 := ®;

® Te INFLATON I THE RADIAL PART OF A CoNyuGATE PalR oF Hices SUPERFIELDS, @2 := @ anp O3 := O, WHICH ARE
PARAMETERIZED so As Vp = 0

SELECTING THE CONVENIENT SUPERPOTENTIAL AND CoUPLING FuNCTION

o IN BotH Cases Asove IF WE SET S = 0 witH THE ResuLting V = Vi 1s EQuaL T0”

Vio = K"K (W
o sl = ff2 : 73

GIVEN THAT fsg << fr, AN INFLATIONARY PLATEAU Is GENERATED WHEN Vo =~ VF/fqg ~ const.

7F1’. Kallosh and A. Linde (2010).

Q 2 1
WHERE Vg = |W5| fso = miQgg+, fr=—=, SINCE KMy = — anp K557 =

Ir

fso
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® Te INFLATON I THE RADIAL PART OF A CoNyuGATE PalR oF Hices SUPERFIELDS, @2 := @ anp O3 := O, WHICH ARE
PARAMETERIZED so As Vp = 0

SELECTING THE CONVENIENT SUPERPOTENTIAL AND CoUPLING FuNCTION
o IN BotH Cases Asove IF WE SET S = 0 witH THE ResuLting V = Vi 1s EQuaL T0”

17 K

Vio = X" k5S” |ws[ =

fsa f2 ’ 12
R

GIVEN THAT fsg << fr, AN INFLATIONARY PLATEAU Is GENERATED WHEN Vo =~ VF/fqg ~ const.

® PossiBLE SuccessFuL COMBINATIONS ARE

® W =aS0%aND Fg = 1 +cg®?/m} (With DY = 0). THen Vg ~ &% anp f2 =~ c2®*. THEREFORE Vio ~ const.

Q 2 1
WHERE Vg = |W5| fso = miQgg+, fr=—=, SINCE KMy = — anp K557 =

Ir

fso

e W=.aS (CI@ - Mz) AND Fg = 1 + cg®®/m} (Wit DY # 0). For @ = &, We GeT Vp = 0, Vi ~ &* anp f2 = 0.

THEREFORE Vjo ~ const. ALso (@) = (®) = M anD So, A GAUGE SYMMETRY Is SPONTANEOUSLY BROKEN AT THE SUSY vacuum.

® W=AS® a0 Fg = 1+ cg®/mp (D* = 0). THen Vi ~ @ aND f3 = cx®*. THEREFORE Vio ~ const.

IN THE FoLLowing WE SHow DETAILS ON THE REALIZATION OF THESE THREE SCENARIA

7F1’. Kallosh and A. Linde (2010).
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QUARTIC POTENTIAL FOR A GAUGE SINGLET INFLATON
[ le]

THE INFLATIONARY POTENTIAL

DeriNTion oF THE MobEL

THE INFLATON IS UNCHARGED UNDER A LOCAL SYMMETRY AND so, D = 0.

WE Impose JusT A GLosaL U(1) To UNiuery DETERMINE W. CHARGE ASSIGNMENTS
_ 5 _ o o [ Superrietos: [[ S [ @ |
W=1S0%, Fg= 0 l o 2T
Note THAT F'g VioLates THis U(1) During NMI
2P 4 D 2|2
N
mP mp mP n’lP mP
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THE INFLATIONARY POTENTIAL

i
DeriNTion oF THE MobEL

THE INFLATON IS UNCHARGED UNDER A LOCAL SYMMETRY AND so, D = 0.
WE Impose JusT A GLosaL U(1) To UNiuery DETERMINE W. CHARGE ASSIGNMENTS

W = a5 02, FR:@(DZ [ Superrietos: [[ S [ @ |

Lo [[2]-1]
Note THAT F'g VioLates THis U(1) During NMI
2P 4 D 212
Fg = % % *k.s‘% *2kq)| L 72k5(])w
mP mp mP 7 'lp mP
THe F-rerm SUGRA PotenTiaL

eForRS =0, 6 =argd =0AND ¢ > 1,

V = Vjo AND THE CORRESPONDING HuBBLE PARAMETER Hyyyg Become Amost ConsTanT Anp ARe Given By

-~ P . BN S 2 1
\/]():_7¢ZE7P2 H]Z 10 ZL, WHERE CR:@—*,
4fs ‘I’f:R 2fs oCp ‘BWLP 2 \Bde)Cﬂ 6

fr =1+ crxy +koxy /6 fi =1—4kox;, AND fso =1 —ksoXy WITH x4 = ¢/mp
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THE INFLATIONARY POTENTIAL

i
DeriNTion oF THE MobEL

THE INFLATON IS UNCHARGED UNDER A LOCAL SYMMETRY AND so, D = 0.
WE Impose JusT A GLosaL U(1) To UNiuery DETERMINE W. CHARGE ASSIGNMENTS
Co

W =ASD?, Fg = —@°

[ Superrietos: [[ S [ @ |
Lo [[2]-1]
Note THAT F'g VioLates THis U(1) During NMI
2P 4 D 2|2
N
mp My Mp p mp
THe F-rerm SUGRA PotenTiaL

eForRS =0, 6 =argd =0AND ¢ > 1,

V = Vjo AND THE CORRESPONDING HuBBLE PARAMETER Hyyyg Become Amost ConsTanT Anp ARe Given By

-~ P . BN S 2 1
V;o:‘igszzipz ano Hy = —2 ZL, WHERE CR:@—*,
4fs ‘I’f:R 2fs oCp ‘BWLP 2 \Bde)Cﬂ 6

fr=1+ c’;gxf, +k<px$/6 fxk=1 —4kq,x$, AND fsg =1 —ksq,xi WITH X4 = ¢/mp
o ExpanDiINGg O AND S As FoLLows:

¢e”" S1 +isy
=— AN § = ——,
V2 V2
WE Can INTRopuce THe EF CaNonicALLY NorMALIZED FIELDS,
dg 6 — _ g
—¢=Jz£, 6=~ Jpo AND 5; = Msi wtH = 1,2
d¢ Xp fr

C. PaLuis
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QUARTIC POTENTIAL FOR A GAUGE SINGLET INFLATON
oe

THE INFLATIONARY POTENTIAL

STABILITY OF THE INFLATIONARY TRAJECTORY

THE ScALAR Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

FieLos [ EINGESTATES Mass SauaReb ]
1 REAL SCALAR 0 m? = A% (1 + 6cg) maxh /3 fso faJ* = 4H}
2 REAL SCALARS 5.5 m2 = Pl (2 + 2 (6ks fr = )xb) /6c% fo 12
2 WEYL SPINORS | /s = % m%i = P2 - ksoxs + k.yq)c«Rx;)Z/ISf;‘d)f,%

WE OBSERVE THE FoLLOWING:

® AuL mass? > 0. EsPEciaLLY m% >0 © ks > 1/6fz,
2
H,

® AL mass® > AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN THE INFLATON ARE SAFELY ELIMINATED.

® THe ONe-Loop Rabiative CorrecTions HAvE No SiaNIFICANT EFFecT ON THE INFLATIONARY DyNAMiCs AND PREDICTIONS, SINGE
THE Store OF THE INFLATIONARY PaTH |s GENERATED AT THE CLASSICAL LEVEL.
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WE OBSERVE THE FoLLOWING:
® AuL mass? > 0. EsPEciaLLY m% >0 © ks > 1/6fz,
® AL mass® > ;1? AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN THE INFLATON ARE SAFELY ELIMINATED.

® THe ONe-Loop Rabiative CorrecTions HAvE No SiaNIFICANT EFFecT ON THE INFLATIONARY DyNAMiCs AND PREDICTIONS, SINGE
THE Store OF THE INFLATIONARY PaTH |s GENERATED AT THE CLASSICAL LEVEL.

APPROXIMATING THE INFLATIONARY DyYNAMICS

For SIMPLICITY WE ASSUME THAT kg = 0 AND kg, = 0.

® Durarion: max{e(¢y), g} = 1 = ¢¢ = (4/3)"/* mp V1] WHERE € =~ ?4/2 e
‘(,R

® NUMBER OF E-FOLDINGS (¢, DECREASES AS cg OR A INCREASES): N, = -

® THe Power SpecTRUM NoRMALIZATION (THE REQUIRED g IS A LITTLE LOWER THAN THAT IN THE NON-SUSY cASE):

~ g2 o _ANe 5 -
AR = 716@””}2) = Dareg 493-107° = cg ~209251 For N, ~55
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QUARTIC POTENTIAL FOR A GAUGE SINGLET INFLATON

THE INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST OBSERVATIONS

IMposiNG THE OBSERVATIONAL CONSTRAINTS FOR kg = 1 AND kg, = 0.5 we OBTaIN THE FoLLowiNg ALLoweb REalons:

® IN THE A — ks PLANE

® IN THE A — cg PLANE

-—-n,=0992
n, = 0.968
- n_=0.944
N s
3 H, (@) <m_/c,
X (/ A /
0 (@)>mylc,

WE OBsERVE THE FOLLOWING:

® For1<0.05< ¢. > 0.0lmp A TUNING OF THE ORDER (.01 IS REQUIRED IN THE kg q-VALUES
® For A > 0.05 & ¢. <0.01mp LESS TUNING AS REGARDS THE kg q-VALUES IS REQUIRED.

® (x REMAINS PROPORTIONAL TO A AND INCREASES AS 715 DECREASES.

C. PaLis
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I
THE INFLATIONARY POTENTIAL

DeriniTion oF THE MobEeL

THEe FieLbs INcLubiNG THE INFLATON MusT Be CHarGED UNDER A LocAL SYMMETRY, E.G. U(1)p_z. THEN INFLATON cAN BE IDENTIFIED
WITH THE RADIAL PART OF THE Hicas FIELDS INVOLVED IN THE BREAKING G X U(1)p- — Gsm-

W Is Uniquery DeTermINED UsiNg U(1)p-;, AND AN R SYMMETRY. CHARGE ASSIGNMENTS

o Cop = SUPERFIELDS! S 0] 0]
W =28 (00 - M2, ), Fgr = 220
( ). Fr 2 R T[0] 0
Note THAT Fg Is INvarianT UNDER U(1)5_; AND R. U(D)p-1 0] 1 ]-1
SE o |op S o | SRR . ISPDP DL2DR
FK:Q+%*IC| | 2k,‘ | 2k¢%—2k5¢| [°|D] *stwl ||4\ 72km| ||4|
lnl; m

P my, iy Mp mp Mp p

C. PaLis MobELs 0F NoN-MINIMAL CHAOTIC INFLATION IN SUPERGRAVITY 11/20




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON
[ le]

I
THE INFLATIONARY POTENTIAL
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W Is Uniquery DeTermINED UsiNg U(1)p-;, AND AN R SYMMETRY. CHARGE ASSIGNMENTS

o Cop = SUPERFIELDS! S 0] 0]
W =28 (00 - M2, ), Fgr = 220
( ). Fr 2 R T[0] 0
Note THAT Fg Is INvarianT UNDER U(1)5_; AND R. U(D)p-1 0] 1 ]-1
SE o |op S o | SRR . ISPDP DL2DR
FK:QWL%—k IST* 2k(,‘ I —2k¢%—2k5¢| [°|D] *stwl ||4\ 72km| ||4|
mg ; iy, my, my

p Mp mp
A D-Fuar Direction oF THE SUGRA PoTeNTIAL
o IF WE Use THe PARAMETERIZATION: @ = ¢ cos 0/ V2 AnD @ =

" 3in 00,/ V2, WHERE @ 1S THE INFLATON,
WE CaN Easiy Depuce THaT A D-FLat DirecTion Occurs At

2
0=0=0,0p=7/4 mp S =0, Snce Vp = % (1o ~1BP)” =

o THe PreservaTioN OF THIs D-FLat DIRecTioN REQUIRES THE IMPOSITION OF A “CONJUGATION” SYMMETRY ON KAHLER POTENTIAL

DD aD DD = ko=ko AND kso = kso SINGE ’\7'% ~

C. PaLuis MobELs 0F NON-MINIMAL CHAOTIC INFLATION IN SUPERGRAVITY 11/20




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON
[ le]

I
THE INFLATIONARY POTENTIAL

DeriniTion oF THE MobEeL

THEe FieLbs INcLubiNG THE INFLATON MusT Be CHarGED UNDER A LocAL SYMMETRY, E.G. U(1)p_z. THEN INFLATON cAN BE IDENTIFIED
WITH THE RADIAL PART OF THE Hicas FIELDS INVOLVED IN THE BREAKING G X U(1)p- — Gsm-

W Is Uniquery DeTermINED UsiNg U(1)p-;, AND AN R SYMMETRY. CHARGE ASSIGNMENTS

= Cop = SUPERFIELDS! S 0] 0]
W =28 (00 - M2, ), Fgr = 220
( ). Fr 2 R T[0] 0
Note THAT Fg Is INvarianT UNDER U(1)5_; AND R. U(D)p-1 0] 1 ]-1
SE o |op S o | SRR . ISPDP DL2DR
FK:QWL%—k IST* 2k(,‘ I —2k¢%—2k5¢| [°|D] *stwl ||4\ 72km| ||4|
lnl; mP mP P mP mP

p mp
A D-Fuar Direction oF THE SUGRA PoTeNTIAL

o IF We Use THE ParameTerization: @ = ¢ cos 6/ V2 anD @ = ¢ sin 6/ V2, WHERE ¢ 1s THE INFLATON,
WE CaN Easiy Depuce THaT A D-FLat DirecTion Occurs At

2
0=0=0,0p=7/4 mp S =0, Snce Vp = % (1o ~1BP)” =

o THe PreservaTioN OF THIs D-FLat DIRecTioN REQUIRES THE IMPOSITION OF A “CONJUGATION” SYMMETRY ON KAHLER POTENTIAL

2mixd
D0 ap Po>D = ko =ko AND kso =kso SINCE Vg = 2 z ¢ (kSQ)—I_CSQ))zo
P
o ALona THIS DiRecTioN, For cg > 1, V= VIO AND THE CORRESPONDING HuBBLE PARAMETER fllo Take THE Form
= /lz(x —4m3 )' A —~ V2 Pl 1 cos
Vio = mip —2 L P2 mp Hg=—0 = 20 Wiy g = o 4 S20
16fs0 f3 16fsacy V3mp 43 fseck 6 4
2 4 2 2 Mg ¢
Jfr =1+ crxy + (ko + kop)xy/24, fso =1 —ksoxy, fo=1-kox; AND mpp. = ot Xp = re
i
C. PaLLis
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QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON
oe

THE INFLATIONARY POTENTIAL

STABILITY OF THE INFLATIONARY TRAJECTORY

o WE INTRopuce THE EF CanoNicALLy NormALizeD FIELDS, ¢, 0., 0_, Op AND s, AS FOLLOWS:

d_, N6 5 90 5 _ |fo oo |f LAY
@6 BT B= 300 T fR¢(9@—4)ANDJ_

C. Paruis
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QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON
oe

THE INFLATIONARY POTENTIAL

STABILITY OF THE INFLATIONARY TRAJECTORY

o WE INTRopuce THE EF CanoNicALLy NormALizeD FIELDS, ¢, 0., 0_, Op AND s, AS FOLLOWS:

@, No G 10 G e, G h n
L P fR¢(9@—4)

THe ScALAR Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

l FieLbs “ EiGENSTATES [ Masses SQUARED ]
2 REAL SCALARS 0o = = m3x2 (¢ ffso — 202) [Afso fo f2 = gmi2a2/Afo fso
o, rr% = Pmixse «R/IZfRfyp ~4H?
1 COMPLEX SCALAR s m2 = 212 + 53 (1 + 6ckx )(6kg = 1)+ 36c3ks x5) /1443, £, £2
2 GAUGE BOSONS Apr my, = fog*mix /4 fr
4 WEVYL SPINORS Ve = % m%i = 2mi (2 + ksox3(crxg — 1)) 136f3,f3ck
AL, Y- my, = fog*mixs /4 fr

WE OBSERVE THE FoLLOWING:
° mA >0 & kg >1/6aND mZ > 0 SINCE THEY INCLUDE TERMS PROPORTIONAL TO g =~ 0.7 > A,
b

® Al mass® > Hﬁ) AND So ANy INFLATIONARY PERTURBATIONS OF THE FIELDS OTHER THAN THE INFLATON ARE SAFELY ELIMINATED.

Ap], BECOMES MASSIVE ABSORBING THE D.O.F. OF 6_ AND S0, U(1)p_; 1s BRokeN DuriNG NMI AND THEREFORE, TOPOLOGICAL
Derects (CosMic STRINGS) ARE NOT PRODUCED AT ITS END.

THe ONEe-Loop RapiaTive CoRRECTIONS MAY HAVE A SIGNIFICANT EFFECT ON THE INFLATIONARY DyNAMICS AND PREDICTIONS FOR
fo # 0, SINCE AN AcCIDENTAL CANCELLATION BETWEEN m5;, AND m; 1S REMOVED.

i
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QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON

o0

I
THE INFLATIONARY OBSERVABLES - RESULTS

Urper Bounb oN cg

WE CaN IpenTIFY THE LowesT Mass ScaLE oF THE MopeL IN THE SUSY Vacuum With THE UNIFICATION ScALE
Mgyt =2 - 10'° GeV, Within THE MSSM. LLE.

1 o0 = 7 = ;
ffm gMg1, = Mgyt = mpL ¥ ——— WITH {fRO r(xp =2mpL) " max
0

k P max 3
— . , Cy ———— AND cg < 2cp " ~1.8-10
= fo(xy =2m R R
fr 2 26,";“ —cr Joo = folxs BL)

However, Tris Bouno CaN Be Even Lowerep SiNce N, BecoMes MonoToNicALLY DECREASING FUNCTION OF ¢k FOR cg > c;g”"‘
wHERE ™ CAN Be Founp By Te ConbiTion

AN, 3¢? (g™ - c)
deg ~ Aml g™

=0 = cg=cg™ ~1000.
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QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON

o0

THE INFLATIONARY OBSERVABLES - RESULTS

Urper Bounb oN cg

WE CaN IpenTIFY THE LowesT Mass ScaLE oF THE MopeL IN THE SUSY Vacuum With THE UNIFICATION ScALE
Mgyt =2 - 10'° GeV, Within THE MSSM. LLE.

1 R0 = [ = ’ '
ftm gMp1 = Mgur = mpr = ————— WITH fro = fr(xy = 2mpr) = 0 e < 26 = 18.10°
fro 2 [2emax — cp foo = fo(xs = 2mpy)

R

However, Tris Bouno CaN Be Even Lowerep SiNce N, BecoMes MonoToNicALLY DECREASING FUNCTION OF ¢k FOR cg > c;g”"‘
wHERE ™ CAN Be Founp By Te ConbiTion

dN., 3¢Z (C'Rax - U’R) .
- ~ emax g .
» =~ % 7cmax =0 = CR =Cqp ™ ~ 000

APPROXIMATING THE INFLATIONARY DyNAmICS

For SIMPLICITY WE ASSUME THAT ks = 0, kgy = 0 AND kgyg, = 0.

. andr2 . amdfro
® Durarion: max{e(@s), fi@p)l} = 1, = ¢ = ¢ = (4/3)"* mp \[fro/cx wHERE € =~ 3%;‘0 AND 7= = 3r;¢2

2 42

= 3eg P59

® NUMBER OF E-FOLDINGS (¢, DECREASES AS cg OR A INCREASES): N, =~ 4f7§0 ;2‘ = ¢. =2mp
P

R0/

® THe Power SZPECTRUM NORMALIZATION:
Ag = —2 AN:_ ~493.105 = 1=84-10"mcg/N. = cg ~209251 For N. = 55.

6V2md frg 12 VIneg
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QUARTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON

(el ]

THE INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST OBSERVATIONS (PRELIMINARY RESULTS)

IMPOsING THE OBSERVATIONAL CONSTRAINTS FOR ks = 1, kg = 0.01 AND kg = 0.5, we OBTAIN THE FoLLOWING ALLOWED REGIONS:

® IN THE A — ksq PLANE ® IN THE A — cg PLANE

00sE T T T T 1000 T T T T 3

0.00 900 i —---n,=0992

-0.05 800 ] n,=0.968

-0.10 —-—-n_=0.944
g -0.15 . 700 N ((p)s(m .
ju

X" 020 © 600 Al PR

025 500 Vip (@)>m, /e,

030 400

-0.35

-0.40 1 1 1 1 1 300 1 1 1 1 1 3

0.02 003 004 005 006 007 0.02 003 004 005 006 007
Y A

WE OBsERVE THE FOLLOWING:
® THE ALLoweD REGION Is CONSIDERABLY SHRUNK W.R.T THAT OBTAINED WITH A GAUGE SINGLET INFLATON;
® A Tuning oF THE ORDER 0.01 1s REQUIRED AS REGARDS kgq AND kg (NOT kg, );
® THE ALLoweD REGION Is LIMITED IN THE I-?l < mp/cr REGIME;
® ( REMAINS PROPORTIONAL TO A AND INCREASES AS 1y DECREASES.
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QuaRATIC POTENTIAL

0
THE INFLATIONARY POTENTIAL
DeriniTion oF THE MobEeL
THe INFLATON MusT BE UNcHARGED UNDER A LocAL SYMMETRY (D = 0) Since S = 0 Durina NMI.
WE Impose JusT A GroeaL U(1) To Uniquery DeTERMINE W. CHARGE ASSIGNMENTS
R [ Superrieps: [[ S [
W=mS0, Fg = [}
\ﬁmp l ud) “ 1 [ -1 l
Note THAT Fig VioLaTes THIS U(1) During NMI
N IS |D* IS Pl
k= 5+ —ks — = 2ko—7 ~ 2kso ———
my omg m, mp, mg
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QUADRATIC POTENTIAL
0
|
THE INFLATIONARY POTENTIAL
i
DeriniTion oF THE MobEeL
THe INFLATON MusT BE UNcHARGED UNDER A LocAL SYMMETRY (D = 0) Since S = 0 Durina NMI.
WE Impose JusT A GroeaL U(1) To Uniquery DeTERMINE W. CHARGE ASSIGNMENTS
R [ Superrietos: [[ S [ @ |
U(l) [T [-1]

l

W=mS0, Fg =
V2mp

Note THAT Fig VioLaTes THIS U(1) During NMI
N IS o IS Pl
k=—F5+—F5 —ks— —2ke = 2kso —5—
ITlP mP mP mP P

THe F-term SUGRA PortenTiaL
eForRS =0, 6 =argd =0aND cg > 1,
v VIO AND THE CORRESPONDING HUBBLE PARAMETER I-AIIO Become Awmost ConsTanT AND ARe GIVEN By
2 2.2 /2
— m? m m —~ V
Vio = ¢ S H = LU %, WHERE
2f3 <Df¢g 2fS (l)C:R ‘BWLP 2 \/gfgqn‘qg
Jr =1+ crxy — x3/6 — koxy /6, fi =1 —4kox;, aND fso =1 —ksox; WTH X4 =¢/mp

15/20
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QuaRATIC POTENTIAL

0
| |
THE INFLATIONARY POTENTIAL
i i
DeriniTion oF THE MobEeL
THe INFLATON MusT BE UNcHARGED UNDER A LocAL SYMMETRY (D = 0) Since S = 0 Durina NMI.
WE Impose JusT A GroeaL U(1) To Uniquery DeTERMINE W. CHARGE ASSIGNMENTS
R [ Superrieps: [[ S [
W=mS0, Fg = [}
\ﬁmp l ud) “ 1 [ -1 l
Note THAT Fig VioLaTes THIS U(1) During NMI
N S|+ [l S [?|Df?
o BELOF ISP ot st
my omg mP mp mg

THe F-term SUGRA PortenTiaL
eForRS =0, 6 =argd =0aND cg > 1,

V = Vjo anND THE CoRRESPONDING HuBBLE PARAMETER Hjy Become ALmost ConsTanT AND ARE GIVEN By

2 2.2 /2
— m? m m — \%
Vio = ¢ — P H = LU %, WHERE
2fs<1>fqg 2fs<1>C,R 3mp  2V3fsocr

Jr =1+ crxy — x3/6 — koxy /6, fi =1 —4kox;, aND fso =1 —ksox; WTH X4 =¢/mp

o ExpanDING @ AND S As FoLLows: )
¢et? S1+ s

o= AND S = s
V2 V2

WE Can INTRoDUCE THE EF CanonicALLy NormALIZED FiELDS,

31 —~ _ R
~ \/;E’ 0=~Jp AND §; ~ f;d)x[ WTH i=1,2

R
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QuaRATIC POTENTIAL

oe
i
THE INFLATIONARY POTENTIAL
i
STABILITY OF THE INFLATIONARY TRAJECTORY
THe ScALAR Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY
FiELps [ EINGESTATES Mass SQUARED ]
2~ 2 312 ~ A2
1 REAL SCALAR 0 e = CRiM Xp/ fgd” = 4H;
= = 2 2 2.2 31.22)/f3 £2 2
2 REAL SCALARS 51,52 me = m (2 —CpX, + 12¢3ks A¢) [ fsopfz(2 +3cg)
7 Yoxds 2~ 2 32 3 2 2
2 WEYL SPINORS Yy = - me =m (6 + x5 + 6crkswx3)"/12f5, [o(2 + 3cg)
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QuaRATIC POTENTIAL

oe
i
THE INFLATIONARY POTENTIAL
i
STABILITY OF THE INFLATIONARY TRAJECTORY
THe ScALAR Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY
FiELps [ EINGESTATES Mass SauARED ]
2~ 2 312 ~ A2
1 REAL SCALAR 0 e = CRiM Xp/ fgd” = 4H;
2 REAL SCALARS .5 m2 = m? (2 = cAx2 + 12c3 ks x2) / £2. f2(2 + 3¢%)
51,52 5 RG RS 2g) IIsalR R
7 Yoxds 2~ 2 32 3 2 2
2 WEYL SPINORS Yy = - me =m (6 + x5 + 6crkswx3)"/12f5, [o(2 + 3cg)

WE OsseRvE THE FoLLoWING:
2 2 2 3.
o m>0 & ks> (ck-2/x3)/12e};
® ALL mass? > Itfl2 AND So ANy INFLATIONARY PerTURBATIONS OF THE FiELps OTHER THAN THE INFLATON ARE SAFELY ELIMINATED;

® THe ONe-Loop Rabiative CorrecTions HAvE No SigNIFICANT EFFecT ON THE INFLATIONARY Dynamics AN PRrebicTions, SINCE
THE Stope OF THE INFLATIONARY PatH |s GENERATED AT THE CLAsSICAL LEVEL.
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QuaRATIC POTENTIAL

oe
i
THE INFLATIONARY POTENTIAL
i
STABILITY OF THE INFLATIONARY TRAJECTORY
THe ScALAR Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY
FiELps [ EINGESTATES Mass SauARED ]
1 REAL SCALAR 0 mg = c';gmzx.b/f;;]z ~4H?
= = 2 o 2 3 2 2
2 REAL SCALARS 51,52 me = m (2 - c,Rx¢ +12¢3 wks x, )/fmva(z +3cp)
7 Yoxds 2~ 2 2 3 2 2
2 WEYL SPINORS Yy = "T me =m 6+ xd, + Gqukgq,xa,) [12f5 /72 + 3cg)

WE OsseRvE THE FoLLoWING:
2 ) 2 /2 3
o mk>0 & ks >(ch-2/x3)/12¢
Itfl2 AND So ANy INFLATIONARY PerTURBATIONS OF THE FiELps OTHER THAN THE INFLATON ARE SAFELY ELIMINATED;

® THe ONe-Loop Rabiative CorrecTions HAvE No SigNIFICANT EFFecT ON THE INFLATIONARY Dynamics AN PRrebicTions, SINCE
THE Stope OF THE INFLATIONARY PatH |s GENERATED AT THE CLAsSICAL LEVEL.

® Al mass® >

APPROXIMATING THE INFLATIONARY DYNAMICS
FOR SIMPLICITY WE ASSUME THAT ks = O AND kg = 0.

4m?

i
® Durarion: max{e(¢y), (@p)} =1 = ¢ = 2mp/ V3cr, WHERE € = 2¢,2 AND 7] — Sond
3

—~ e bty —
® NUMBER OF E-FOLDINGS (¢, DECREASES AS ¢ OR m INCREASES): N, =~ T'R f”:‘ = ¢, ~4mpN./3cg.

® THe Power SpecTRUM NORMALIZATION: Ag =~ 6:&1;/; =493.10° = m=4.1-10%cg GeV For N. =55
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QuaRATIC POTENTIAL

THE INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST OBSERVATIONS

IMposiNG THE OBSERVATIONAL CONSTRAINTS FOR kg = 1 AND kg, = 0.5 we OBTaIN THE FoLLowiNg ALLoweb REalons:

o IN THE 1 — kg PLANE o IN THE m — cg PLANE
3 T T T
10"
2 fo® - ] 10°F { —---n,=0992
. n_=0.968
" s
.F . ] —-—-n_= 0944
. N
5 T A @) <m,ic,
~ 0 1 {/“"(q;)>m/c
Ak ] 10°F 1
2 \ ; A .

10 10

1 1
m (10" GeV) m (10%° GeV)

WE OBsERVE THE FOLLOWING:
® Form <2-10' GeV & ¢. > 0.01mp A TUNING OF THE ORDER (.01 IS REQUIRED IN THE ks -VALUES
® Form>2-10' GeV & ¢, < 0.01mp Less TuNING As REGARDS THE kg q-VALUES |s REQUIRED.

® ¢ ReMAINs ProPoRTIONAL To 12 AND INCREASES As g DECREASES.
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CONCLUSIONS

CoNcLUSIONS

® NMI can Be ReaLizep IN SUGRA AborTiNG A LoGARITHMIC KAHLER POTENTIAL INCLUDING AN HoLoMoRPHIC FUNCTION;

® A TacHvoNic INsTABILITY Occurs ALONG THE DIRECTION OF THE ACCOMPANYING NON-INFLATON FIELD. THIS CAN BE CURED BY A 4RTH
oRrDER REAL TERM IN THE FRAME FUNCTION;

® | ess TuniNg As REGARDS THE kg q-VALUES |s REQUIRED FOR ¢, < 0.01mp.
As Recarps NMI DRIVEN BY A Higas FieLb (N\MHI) WE ConcLube THe FoLLowing:
® No ToroLoaicAL Derects ARe Propucep SINcE THE GUT SymMEeTRY Is Broken During NMHI;
® THe Spontaneous Breaking OF THE GUT Gauae Group 1o THE SM oNe Can Occur At THE SUSY GUT ScaLg;

® A ConsuaATioN SYMMETRY HAs To BE IMPOSED ON KAHLER POTENTIAL BETWEEN THE Two Higas FIELDS IN ORDER THE
D-Fuatness ConbpiTioN To REMAIN VALID.
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QuaRTIC POTENTIAL FOR A GAUGE SINGLET INFLATON QuarTIC POTENTIAL FOR A GAUGE NON-SINGLET INFLATON QUADRATIC POTENTIAL CONCLUSIONS

CowmpariNg NMHI anp F-Term Hysrip InFLaTiON (FHI)

Non-MinimaL Higas INFLATION Stanparp F-Term HyYBRID INFLATION

0.005

, 0% rnnzT 600 g0z 004 |

-7 S2Mpg 2myg

L L L
02 03 04 05 06 07

IN BotH Casks:
® \WE Neep THE SAME SuPERPOTENTIAL TERMS AND, CONSEQUENTLY WE HAVE To IMPOSE THE SAME R-SYMMETRY;
® THe Fuar INFLATIONARY TRAJECTORY |s GENERATED By Freezing SoMe FieLbs To Zero;

® INFLaToN Can Decay INTo LigHT Degrees OF Freepom Due To NoN-ReNoRMALIZaBLE INTERAGTION TERMs ARisING® IN THE
SUGRA LancranaiaN AND DUt To THE NoN-VanisHING Vacuum ExpecTation VALUE (VEV) oF INFATON.

8. Endo, M. Kawasaki, F. Takahashi and T.T. Yanagida (2006); M. Endo, F. Takahashi and T.T. Yanagida (2007).
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CONCLUSIONS

Dirrerences oF GUT ScaLe NMHI ano FHI

Non-MinimaL Higas INFLATION
® THe RADIAL PART oF THE Hiaas FIELD DRIVES INFLATION;
® Tue GUT SymMETRY Is BROKEN DURING NMI ;
® No CosmoLoaicAL DerFecTs ARE PRODUCED;
® The GUT ScaLe CaN AssuMe ITs SUSY VALUE;
® The FLarness OF THe PotenTiaL Arises WiTHN SUGRA;
® NMI is LARGELY INDEPENDENT FROM RADIATIVE CORRECTIONS;

® THe INFLATIONARY OBsERvABLES LiIE WITHIN THE RanGe OF
THE CURRENT DaAa;

® PossiBLE NATURALNESS ProBLEM WiTH THE EFFECTIVE
THEORY.

® PossiBLE COMPLICATIONS IN THE REHEATING PRocESs Occur
Dut To INSTANT PREHEATING? .

9 G.N. Felder, L. Kofman and A.D. Linde (1999).
10 juan Garcia-Bellido and Ester Ruiz Morales (2002).

StanparD F-TERM HYBRID INFLATION

A SiNGLET FiELD DRIVES INFLATION;
THe GUT SymmeTRy I1s Broken IN THE Enp oF FHI;
CosmoLoaicaL Derects May BE Probucep;

THe GUT Scate Turns Out To Be MosTLy Lower THAN
Its SUSY vALUE;

THe Fratness OF THE PotenTiAL Arises WiTHIN SUSY;
FHI Depenbents CruciaLLY ON RabiaTivE CORRECTIONS;

THE SpecTRAL INDEX LiEs MosTly ABove THE RanGe OF
THe CuRRENT DaAT;

No NaturALNEss ProBLem WiTH THE EFFECTIVE THEORY;

PossiBLe CompLicaTiONs IN THE ReHEATING PRrocEss Occur
Due To Tackvonic PreveaTiNG 0.
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