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STAROBINSKY-TYPE INFLATION (STI)
@00

Non-Mimviat. INrLaTion (\MI)

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY
© Our STARTING PoINT Is THE AcTioN IN THE JorpAN 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:

S= fd“x\/jg(—%fk(r/:)ﬂ + fKZ((p)g“Vﬁﬂrﬁﬁvqb - V(¢)), WHERE

g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({¢)) =~ 1 (IN Rebucep PLanck UNiTs WiTH mp = 1) To GUARANTEE THE
ORbINARY EINsTEIN GRAVITY AT Low ENERGY. WE ALLow FoR A KINETIC MiXING THROUGH THE FUNCTION fi ().

K. 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-Mimviat. INrLaTion (\MI)

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorpAN 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:

S= fd“x\/jg(—%fk(r/:)ﬂ + fK2(¢) " 0,40, — V(¢)), WHERE

g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({¢)) =~ 1 (IN Rebucep PLanck UNiTs WiTH mp = 1) To GUARANTEE THE
ORbINARY EINsTEIN GRAVITY AT Low ENERGY. WE ALLow FoR A KINETIC MiXING THROUGH THE FUNCTION fi ().
o Ir we PErrFoRM A ConFormAL TraNsForMATION' Accoroing WHicH We Derine THE EF METRIC:

N-8= iV o G =g .
R = (R+30n fr +3¢" 9, frdy fr213) | fr
WE END up wiTH THE AcTIoN S IN THE EINsTEIN FrAME (EF)

= 1= 1, — ~ =
S :fd4x\/?g(—iﬂ + 5970,00,6 - v(@)
WhHere we INTrRopuce THE EF CanonicaLLy NormaLizep FiELD, E, AND POTENTIAL, V, DeriNep As FoLLows:

i e o
82 = v
¢ fo 2\ fr S (3@

G = fRGy = {

K. 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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1o THE Ricci ScaLar CuRVATURE, R, THRougH A FRAME FUNCTION fr(¢). THIS Is:
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g 1s THE DETERMINANT OF THE BAckGROUND METRIC AND fr({¢)) =~ 1 (IN Rebucep PLanck UNiTs WiTH mp = 1) To GUARANTEE THE
ORbINARY EINsTEIN GRAVITY AT Low ENERGY. WE ALLow FoR A KINETIC MiXING THROUGH THE FUNCTION fi ().
o Ir we PErrFoRM A ConFormAL TraNsForMATION' Accoroing WHicH We Derine THE EF METRIC:

VS =fZV=S Ao G =g fr
R = (R+30n fr +3¢" 9, frdy fr213) | fr

WE END up wiTH THE AcTIoN S IN THE EINsTEIN FrAME (EF)
=( 15 1, =~ =
S :fd4x\/?g(—iﬂ + 5970,00,6 - v(@)
WhHere we INTrRopuce THE EF CanonicaLLy NormaLizep FiELD, E, AND POTENTIAL, V, DeriNep As FoLLows:

i e o
82 = v
¢ fo 2\ fr S (3@

G = fRGy = {

o WE OBSERVE THAT fr AFFECTS BOTH J AND V| WHEREAS fi ONLY J;
® Ogviousty A CLEVER CHoICE OF V AND fg CAN LEAD To A PrLateEAU CONVENIENT FOR DRIVE INFLATION;
© THE ANALYsIs OF INFLATION IN THE EF UsiNg THE STANDARD SLow-RoLL APPROXIMATION Is EQUIVALENT WiTH THE ANALysis IN JF.

K. 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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STAROBINSKY-TYPE INFLATION (STI)
oeo

Non-Mimviat. INrLaTion (\MI)

INFLATIONARY OBSERVATIONAL AND THEORETICAL REQUIREMENTS
IN THE ERA OF PRECISioN CosmMoLoay THE INFLATIONARY PARTICLE MopeLs CaN BE TigHTLY RESTRICTED.

® THE NUMBER OF E-FOLDINGS, N, , THAT THE ScALE k, = 0.05/Mpc Surrers DURING INFLATION HAS TO BE SUFFICIENT TO RESOLVE
THE HoRrizoN AND FLATNESS PRoBLEMS OF STaNDARD Bia Bana:

- D Vv * Vv
Ne= | d¢fzf¢ d¢ J? = =50-60
7 Yo Vo

ot

WHERE V Is THE EF SCALAR POTENTIAL OF THE INFLATON ¢;
b [¢x]1s THE VALUE OF ¢ [¢] WHEN Kk, Crosses OuTsiDE THE INFLATIONARY HORIZON;
s [¢¢] 1s THE VALUE OF ¢ [¢p] AT THE END oF INFLATION WHICH CAN BE Founo From THE CoNDITION:

— 2 —~ - — —

_ 1V 1 (Vv V& 1 (v Vi J.

max(@@e), el = 1, Wih €= 5 [=2| = ——[=2| aw 7= 2= |2 222
2|y 22\ v

2cp Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias etal. (2013).
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|
Non-Mimviat. INrLaTion (\MI)

INFLATIONARY OBSERVATIONAL AND THEORETICAL REQUIREMENTS
IN THE ERA OF PRECISioN CosmMoLoay THE INFLATIONARY PARTICLE MopeLs CaN BE TigHTLY RESTRICTED.

® THE NUMBER OF E-FOLDINGS, N, , THAT THE ScALE k, = 0.05/Mpc Surrers DURING INFLATION HAS TO BE SUFFICIENT TO RESOLVE
THE HoRrizoN AND FLATNESS PRoBLEMS OF STaNDARD Bia Bana:

_ bx Y * %

Ne= | d¢f=f¢ d¢ J? = =50-60
9 Ve Yo Vo

WHERE V is THE EF SCALAR POTENTIAL OF THE INFLATON ?;

[ @*] 1s THE VALUE OF ¢l$] WHEN k, Crosses Outsipe THE INFLATIONARY HORIZON;
s [¢¢] 1s THE VALUE OF ¢ [¢p] AT THE END oF INFLATION WHICH CAN BE Founo From THE CoNDITION:

— 2 — 2 — -
~_1(Vs 1 (V _ V& 1 (Vv Vg J
max{€(¢r), (ge)l} =1, WitH €= 3 f‘;b =35 (%ﬂ] AND 7= % =7 (ﬂ - —"bi’)-

% v vJ
® The AmpLITUDE A OF THE Power SpecTruM OF THE CURVATURE PERTURBATIONS Is To BE NormaLizep WiTH Planck DaTa:
g L V@) @)l V@)
s = —— = —
2V3r V@0l 2V3r V(e

=4.627-107°.

2cp Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias etal. (2013).
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- D Vv * Vv
Ne= | d¢fzf¢ d¢ J? = =50-60
7 Yo Vo
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WHERE V Is THE EF SCALAR POTENTIAL OF THE INFLATON ¢;
b [¢x]1s THE VALUE OF ¢ [¢] WHEN Kk, Crosses OuTsiDE THE INFLATIONARY HORIZON;
s [¢¢] 1s THE VALUE OF ¢ [¢p] AT THE END oF INFLATION WHICH CAN BE Founo From THE CoNDITION:

~ 2 — _ —
_ 1Yz 1 (V. _ V& 1 (V Vg J
max{e(gr), i)y = 1, Wit €= > f“; =57 (%] AND 7= % =5 (% - %7“’)

® The AmpLITUDE A OF THE Power SpecTruM OF THE CURVATURE PERTURBATIONS Is To BE NormaLizep WiTH Planck DaTa:

g L V@) @)l V@)

— - =4.627-107°.
2V3r V@0l 2V3r V(e

® We Have To CHeck THe HierarcHy Between THe ULtravioLer Cut-oFf2, Ayy, OF THE EFFECTIVE THEORY AND THE
INFLATIONARY ScALE. IN PARTICULAR, THE VALIDITY OF THE EFFeCTIVE THEORY IMPLIES:

(@) V($.)""* < Ayy For (b) ¢ <1

2cp Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias etal. (2013).
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RK KAHLER POTENTIALS INFLATIONARY

Non-Mimviat. INrLaTion (\MI)

ConsTrAINTS FOR THE ACDM + r MopeL From Bicer2/Keck Array AND Planck 2015

0.25

N Planck TT-+lowP

Planck TT-+lowP+BKP
Planck TT+lowP+BKP+BAO
Natural inflation

Hilltop quartic model

a attractors

Power-law inflation
Low scale SB SUSY
R? inflation

o
7 x ¢*
E]

3

2

0.94 0.96 0.98 1.00
Primordial tilt (n.)

© INFLATIONARY MobELs WHicH Succeep To Fit THE OBsERVATIONAL DATA ON A AND N, CaN Be FurTHER ResTricTED IF WE CALCULATE
THE (ScaLAR) SpecTRAL INDEX AND TENSOR-TO-ScALAR RaTio Founp RESPECTIVELY As:

ng =1-06e(ds) + 2n(¢x) aND 1= 16€(¢y)
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© INFLATIONARY MobELs WHicH Succeep To Fit THE OBsERVATIONAL DATA ON A AND N, CaN Be FurTHER ResTricTED IF WE CALCULATE
THE (ScaLAR) SpecTRAL INDEX AND TENSOR-TO-ScALAR RaTio Founp RESPECTIVELY As:

ng = 1—-6€(@s) + 2n(¢+) AND 1 = 16€(¢y)
o THe CoMBINED Bicer2/Keck Array AND Planck ResuLTs YIELD

ng=0968 £0.009 ano r=0.028*00% = 0.003 <r<0054 ar68%0c.L or r<0.07 Ar95%G.L.

1., INFLATIONARY MopeLs WitH NEeaticisLe 7's ARe Not ExcLubep, AutHouGH THose WiTH r’'s oF orper 0.01 Seem To Be Favorep.
o R? InFLaTION (OR StAROBINSKY INFLATION) PREDICTS 725 = 0.964 anD r = 0.003 FOR N, =~ 52.
e As A CONSEQUENCE, THE STAROBINSKY INFLATION REMAINS ONE oF THE MosT PrebicTivE AND SuccessFuL MobELs.
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StAROBINSKY-TYPE INFLATION (STT)

o0

STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From Non-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (NoN-PRropagaTiNg) FIELD ¢ WiTH
fc =0, fr=1+4cgd Anp V = ¢
Usineg THe Equation OF MoTioN ¢ = cgR WE OsTaIN THE AcTioN OF THE ORIGINAL MODEL:

S= fd“xﬁ(—%ﬂ#—&;gzﬂz).
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StAROBINSKY-TYPE INFLATION (STT)

o0

STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From Non-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (NoN-PRropagaTiNg) FIELD ¢ WiTH
fc =0, fr=1+4cgd Anp V = ¢
Usineg THe Equation OF MoTioN ¢ = cgR WE OsTaIN THE AcTioN OF THE ORIGINAL MODEL:

S= fd“x (»RHRRZ) e —————

o APPLYING THE STANDARD FoRMULAE, WE FiND J = 2 V6ieg [ frs

&1 1 T

v=_C = , € ——— =
2T T e M T Taeg2e?
1
o THererore, max({e(¢r), Mg} =1 = ¢ = :
2\/§L‘«R

Ny —
N,, ~3cRdy = Py = > ¢¢. FOR N, ~52 WE Ger

N,

o A=
* lz‘ﬁﬂ'CR

=4.627-107 = cg=~23-10%
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STAROBINSKY-TYPE INFLATION (STI)

o0

STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From Non-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (NoN-PRropagaTiNg) FIELD ¢ WiTH
fc=0, fo=1+4dcgd Anp V = ¢
Usineg THe Equation OF MoTioN ¢ = cgR WE OsTaIN THE AcTioN OF THE ORIGINAL MODEL:

S= fd“x (»RHRRZ) e —————

o APPLYING THE STANDARD FoRMULAE, WE FiND J = 2 V6ieg [ frs

# 1 o 1 . 1—4cre
12 16eg2” T 1208792 a

V=

o THERerore, max{e(¢r), M(ge)} =1 = ¢ =

1
2 \/§L‘vR

N, —~
JRLESN ¢¢. FoR N, ~52 WE Ger
367{

= 3crpx = Py =

N,
12 \ﬁlrc;z
ng=~1- Z/N* ~0.965, a, = —Z/NE ~—64-107* Anp r= 12/1’(12 ~4.1073 (In Acreement WiTH OBSERVATIONS).

o AV? =4627-107° = cg=~23-10%
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STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From Non-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (NoN-PRropagaTiNg) FIELD ¢ WiTH
fc=0, fo=1+4dcgd Anp V = ¢
Usineg THe Equation OF MoTioN ¢ = cgR WE OsTaIN THE AcTioN OF THE ORIGINAL MODEL:

S= fd“x (»RHRRZ) e —————

o APPLYING THE STANDARD FoRMULAE, WE FiND J = 2 V6ieg [ frs

2 — A
RO NN SN R k.1
12 l6eg 12cg2¢? 12¢g%¢?

o THERerore, max{e(¢r), M(ge)} =1 = ¢ = 2\/1§CR-

N. —
~3crpx = Py = 3es * > ¢. ForR N, ~52 We Ger
CR

N,
12 \ﬁlrc;z
o n,=~1-2/N, ~0.965, a;=~-2/N?=~—-64-10" Ano r=12/N? ~4.107°

o AV? =4627-107° = cg=~23-10%

(IN AcreemeNT WiTH OBSERVATIONS).
o THere Is No ProeLEM witH PerTurBATIVE UNITARITY, SINCE WE OBTAIN Ayy = 1 IF we PERFORM EXPANSIONS AROUND (¢) =

. . vl e =
JZ¢2:[1—2\/§$+2?¢7—--»]3>2 anp V= 2:(27[1—2\/?7”2?;?—..-] Witk ¢ = 2 V3crd
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STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From Non-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (NoN-PRropagaTiNg) FIELD ¢ WiTH
fc=0, fo=1+4dcgd Anp V = ¢
Usineg THe Equation OF MoTioN ¢ = cgR WE OsTaIN THE AcTioN OF THE ORIGINAL MODEL:

S= fd“x (»RHRRZ) e —————

o APPLYING THE STANDARD FoRMULAE, WE FiND J = 2 V6ieg [ frs

2 — A
7ol s e e
12 l6eg 12cg2¢? 12¢g%¢?

o THERerore, max{e(¢r), M(ge)} =1 = ¢ = 2\/1§CR-

N. —
~3crpx = Py = 3es * > ¢. ForR N, ~52 We Ger
CR

N.
12 \ﬁlrc;z
o ng=~1-2/N, ~0.965, a,=~-2/N>=~-64-10"* Anp r=12/N2 =410

o AV? =4627-107° = cg=~23-10%

(IN AcreemeNT WiTH OBSERVATIONS).
o THere Is No ProeLEM witH PerTurBATIVE UNITARITY, SINCE WE OBTAIN Ayy = 1 IF we PERFORM EXPANSIONS AROUND (¢) =

. (T e —
JZ¢2:[1—2\/§$+2?¢7—--»]3>2 anp V= 2:(27[1—2\/?7”2?;?—..-] Witk ¢ = 2 V3crd

— 2 = 2
o THE Mass oF THE INFLATON AT THE VACUUM IS: 77155 = <V%>l/ = <V\¢¢/Jz>l/ =1/2V3cg = 125 -10°5 (1e=3- 10'2 GeV).
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I
STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

INbucep-GRraviTy INFLATION (IGI)

o It WouLp Be CertainLy BenericiaL To OsTaiN STI Avoibing DrasTic DeviaTions FRoM EINSTEIN GRAVITY, AT LEAST AT PRESENT.

FoR THIS REASON WE INTRODUCE THE IDEA OF INDUCED GRAVITY.
e |G| Can Be ReaLizep EMpLOYING AN ReAL-PropacaTiNG FIELD ¢ IF WE
ApOPT THE FOLLOWING INGREDIENTS:

2
fe=1, fr=crg® mo V=1(¢* - M) /4.
o RecoveriNG EINSTEIN GRAVITY AT THE VACUUM IMPLIES

frN=1 = M=1/er.

C. PaLLis STI With SU(1,1)/U(1) x SU(2)/U(1) KAHLER MANIFOLDS 6/13




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
StAROBINSKY-TyPE INFLATION (STT) THe SUGRA FRAMEWORK

KAHLER PoTEN s INFLATIONARY OBSERVABLES - RESULTS ConcLt

oe

STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

INbucep-GRraviTy INFLATION (IGI)

o It WouLp Be CertainLy BenericiaL To OsTaiN STI Avoibing DrasTic DeviaTions FRoM EINSTEIN GRAVITY, AT LEAST AT PRESENT.

FoR THIS REASON WE INTRODUCE THE IDEA OF INDUCED GRAVITY.
e |G| Can Be ReaLizep EMpLOYING AN ReAL-PropacaTiNG FIELD ¢ IF WE
ApOPT THE FOLLOWING INGREDIENTS:

fk=1 fr=crd® a0 V=1(¢ - M) /4.
© RecoveriNg EINSTEIN GRAVITY AT THE VACUUM IMPLIES
Jr() =1 = M=1/yex.
o For ¢ >> 1 anD DEFINING f, = 1 — cr¢p? WE FiND J = \@/qb,

oA a4 Ay
Vi= Gad g2 €T g AN E —/ [
4eg*d 4er* 315 3f3
0 Aso, Ny =3cgd/4 = ¢, =2+INi/3cr > ¢ = V(1 +2/V3)/cr. IMPosING s <1 = cg > 4N, [3cg = 74
For N, ~52, A% ~ ‘ﬁzN* = 4627107 = cp = 41850 VA avo gy = (V) = VA/ Vieg = 12510
TTCR

~1- Z/N* ~0.962, ag= —2/573 ~-7-107% r= 12/1’\73 ~4.107 (:IpenTicALLY WitH THE StaroBINSKY MobEL)
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OBINSKY-TYPE INFLATION (STI) e SUGRA Fr,

\MEWORK KAHLER PoTEN s INFLATIONARY OBSER

LES - RESULTS CONCLUSIONS

oe

I
STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

INbucep-GRraviTy INFLATION (IGI)

o It WouLp Be CertainLy BenericiaL To OsTaiN STI Avoibing DrasTic DeviaTions FRoM EINSTEIN GRAVITY, AT LEAST AT PRESENT.

FoR THIS REASON WE INTRODUCE THE IDEA OF INDUCED GRAVITY.

e |G| Can Be ReaLizep EMpLOYING AN ReAL-PropacaTiNG FIELD ¢ IF WE
ApOPT THE FOLLOWING INGREDIENTS:

fk=1 fr=crd® a0 V=1(¢ - M) /4.
© RecoveriNg EINSTEIN GRAVITY AT THE VACUUM IMPLIES
Jr() =1 = M=1/yex.
o For ¢ >> 1 anD DEFINING f, = 1 — cr¢p? WE FiND J = \@/qb,

oA a4 Ay
Vi = T S T € 5 AND 7] & ——— ¢
4eg*d 4er* 315 3f3
0 Aso, Ny =3cgd/4 = ¢, =2+INi/3cr > ¢ = V(1 +2/V3)/cr. IMPosING s <1 = cg > 4N, [3cg = 74
‘ﬁﬁ*

For N, ~52, A2~ Y00 S =467 107 = cg = 41850 VA ano 7igy = (V)" = VA/ Vieg = 1.25-10°°
mCR —

o ng~1-— Z/N* ~0.962, ag= —2/573 ~-7-107% r= 12/1’\73 ~4.107 (:IpenTicALLY WitH THE StaroBINSKY MobEL)
e THE MobkL 1s Unitarity Sare, SINce WE OsTaIN Ayy = 1 IF We PerForm AN Expansion Asout 5?;) =¢p-M=0:

22 (1= Poae L= )67 o 7= Lo i \fﬂ 552 ) Wi 53 ~ oo
Jo¢ —[l \/;6¢+26¢ ]605 AND V—6CR26¢ 1 25¢+246¢ WitH 8¢ ~ +/6crdd

C. PaLuis STI Wit SU(1,1)/U(1) x SU(2)/U(1) KXHLER MANIFOLDS
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Tue SUGRA FRAMEWORK
°

Tue GENErAL SET-Up

SUGRA ScaLar PotentiAL IN EF & JF (For A GAuGE SINGLET INFLATON)
o THE GENERAL EF AcTion For THE ScaLAr FieLbs @ Prus GraviTy IN Four Divensionat N = 1 SUGRA is:
S= f(ﬂxv (——R+ Ko5 3" 9,0°0,0% — V) Where V= Vg = ¢ (k"/’(D W)(DEW*) = 3|W| )

32 _
7>0 o KPK,y =&
IO IDP o

K 15 THe K&HLER PoteniaL Wit K5 = 7y DaW =Woe + KgaW.

‘ THeReFORE, IMPLEMENTING STI WiTHiN SUGRA Reaquires 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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Tue SUGRA FRAMEWORK
°

Tue GENErAL SET-Up

SUGRA ScaLar PotentiAL IN EF & JF (For A GAuGE SINGLET INFLATON)
o THE GENERAL EF AcTion For THE ScaLAr FieLbs @* Prus GraviTy IN Four DimensionaL N = 1 SUGRA is:
S= f d*x \/Ta(—%ﬁ + K5g" 9,0°9,07F — \7) Where V = Vi = ¢ (KP(D, W)(D W) = 31WP),
PK

K 1s THE KAHLER PoTenTIAL WiTH Kp=—"7"—=> 0 anp K ﬁKm; = 88

= 0307 5 DoW = Wao + Ko W,

‘ THeReFORE, IMPLEMENTING STI WiTHiN SUGRA Reaquires THE APPROPRIATE SELECTION OF W AND K ‘

e IFWESETS K = —Nln( - .Q/N) AND PErFORM A CONFORMAL TRANSFORMATION, S IN JF ReADs

S= fd*‘xr( R+( 5+ 3N

)8 TP DP - ﬂQﬂ A — V), Q: Frame FuncTion

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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Ky-TYPE INFLATION (STI Tue SUGRA FRAMEWORK KAHLER POTENTIALS INFLATIONARY OBSER
Y

Tue GENErAL SET-Up

SUGRA ScaLar PotentiAL IN EF & JF (For A GAuGE SINGLET INFLATON)
o THE GENERAL EF AcTion For THE ScaLAr FieLbs @* Prus GraviTy IN Four DimensionaL N = 1 SUGRA is:
S= f d*x J—i(—%ﬁ + K5g" 9,0°9,07F — \7) Where V = Vi = ¢ (KP(D, W)(D W) = 31WP),
PK

K 1s THE KAHLER PoTenTIAL WiTH Kp=—"7"—=> 0 anp K ﬁKm; = 8‘.3

= 0307 5 DoW = Wao + Ko W,

‘ THeReFORE, IMPLEMENTING STI WiTHiN SUGRA Reaquires THE APPROPRIATE SELECTION OF W AND K ‘

e IFWESETS K = —Nln( - .Q/N) AND PErFORM A CONFORMAL TRANSFORMATION, S IN JF ReADs

S= fd*‘xr( R+( 5+
o WE Osserve THAT Q ENTERs THE KINETIC TERMS OF THE ®®’s T00. S CAN ExHieir Non-MinmaL CoupLings oF ®*’s To R IF
® A, =0 WHeRe A, = —iN (3,,(1)"9,, - BHCD*f’Q;Y) /6Q2. THis HapPENs WHEN arg®® = 0 or ®* = 0 DuRING INFLATION;

27

Q,Q
3-N ﬁ)(? TP DP - 799{1“7{# - V), Q: Frame FuncTion

® WE Can Decompost Q 1o AN HoLomorpHic Q = Q (D) anp A KineTic (ReAL) Qg = Q (CD‘*(D*B) Part, WiTH

Q> Qg =~ 6,,[,;(1)"@*3 Where WEe ResTricT OurseLves 1o THE LowesT Orper Quapratic TErMs. THEREFORE
Q = Qg - N(Qu(@%) + Q@) = K = -NIn(Qu(®?) + Q5(@**) - Qg /N).

® ArtHougH N = 3 1s STANDARD SINCE IT Assures CANONICAL TERMS FOR @,,’s, 0 < N # 3 Is TOTALLY ACCEPTABLE.

3 M.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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)BINSKY-TYPE INFLATION (STI Tue SUGRA FRAMEWORK KAHLER PoTEN INFLATIONARY OBSERVABLES - RESULTS

CONCLUSIONS

TuE Ipea oF INpucep GraviTy IN SUGRA

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuncTioN

o Recovering EINsTEIN GraviTY AT Low ENeRaiEs DicTaTes (Qp ) + (Q*H) =1= (Qn) = 1/2 For (Qp) = () AND (Qk) ~ 0.

o WE Use 2 SuperrieLps @' = T (InrLaton) anp @2 = S (“StasiLizer” FiELb) AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

h ©
W=08@Qu-1/2) win Qu(T) =crT" + Z/lkT”k ~¢pT" = f(T) FoR T <1 anp A < 1
cr
k=2
e W Is INVARIANT UNDER A GiLOBAL Z,, SYMMETRY AND ResPECTs A CONTINUOUS R SYMMETRY, 1.E.,

W— W R T — 2" ap W— W FoR § — %S ap Qy — Q.
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1 S
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cr
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o THe SUSY umiT, Vsysy, OF 'V, OBTAINED FOR mp — oo 1s Vsusy = A2 1Qu — 1/2 /c2T + /IZISQHJDIZ/C%.
o THE SUSY Vacuum Lies Ar THe DirecTion (S) =0 anp (Qu) =1/2 = (T) = Qcr)'/".
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TuE Ipea oF INpucep GraviTy IN SUGRA

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuncTioN
o Recovering EINsTEIN GraviTY AT Low ENeRaiEs DicTaTes (Qp ) + (Q*H) =1= (Qn) = 1/2 For (Qn) = () AND (Qg) ~ 0.
o WE Use 2 SuperrieLps @' = T (InrLaton) anp @2 = S (“StasiLizer” FiELb) AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

W= és Qu-1/2) wrn Qu(T) = crT" + Z/lkT”k ~¢pT" = f(T) FoR T <1 anp A < 1
=2
e W Is INvARIANT UNDER A GLOBAL Z,, SYMMETRY AND RESPECTS A CONTINUOUS R SYMMETRY, L.E.,
W— W R T — 2" ap W— W FoR § — %S ap Qy — Q.
e THE SUSY umiT, Vsysy, OF ’\;, OBTAINED FOR mp — o0 18 Vsusy = A2 |Qu — l/2|2 /c2T + /IZISQHJDIZ/C%.
o THE SUSY Vacuum Lies Ar THe DirecTion (S) =0 anp (Qu) =1/2 = (T) = Qcr)'/".
THE INFLATIONARY STAGE

o IF WEe SeT S = 0, THE ONLY Surviving Term of V is Vj = eK K5S” |W,g |2.

Vm ~ AZKSS*/c%féV WHERE fr = —Q/N, AND K = fR’N.
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TuE Ipea oF INpucep GraviTy IN SUGRA

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuncTioN

o Recovering EINsTEIN GraviTY AT Low ENeRaiEs DicTaTes (Qp ) + (Q*H) =1= (Qn) = 1/2 For (Qn) = () AND (Qg) ~ 0.

o WE Use 2 SuperrieLps @' = T (InrLaton) anp @2 = S (“StasiLizer” FiELb) AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

1 S
W=08@Qu-1/2) win Qu(T) =crT" + Z/lkT”k ~¢pT" = f(T) FoR T <1 anp A < 1
cr
=2
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W— W R T — 2" ap W— W FoR § — %S ap Qy — Q.
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o THE SUSY Vacuum Lies Ar THe DirecTion (S) =0 anp (Qu) =1/2 = (T) = Qcr)'/".
THE INFLATIONARY STAGE
o IF WE SET S = 0, THE Onwy Surviving Term oF V is Vj = eKKSS” |W,g |2.
Vm ~ AZKSS*/c%féV WHERE fr = —Q/N, AND K = fR’N.

o As ReaArDs THE S TERMS IN K WE DisTiNguisH THE FoLLowiNg Cases:
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® Kijp=-niln (f(T) + f*(T*)) +|S > WhicH ParameTerizes THE S U(1, 1)/U(1) x U(1) K&HLER MANIFOLD.
® Ky =-nyln (f(T) + f*(T*)) +ny 1n<1 + %) WHicH ParaMeTeRizes THE S U(1, 1)/U(1) X SU(2)/U(1) KAHLER
ManiFoLp.
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TuE Ipea oF INpucep GraviTy IN SUGRA

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuncTioN

o Recovering EINsTEIN GraviTY AT Low ENeRaiEs DicTaTes (Qp ) + (Q*H) =1= (Qn) = 1/2 For (Qn) = () AND (Qg) ~ 0.

o WE Use 2 SuperrieLps @' = T (InrLaton) anp @2 = S (“StasiLizer” FiELb) AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

1 S
W=08@Qu-1/2) win Qu(T) =crT" + Z/lkT”k ~¢pT" = f(T) FoR T <1 anp A < 1
cr
=2
o W Is INvARIANT UNDER A GLOBAL Z,, SYMMETRY AND RESPECTS A CONTINUOUS R SYMMETRY, LE.,
W— W R T — 2" ap W— W FoR § — %S ap Qy — Q.
o THe SUSY umiT, Vsysy, OF V, OBTAINED FOR mp — oo 1s Vsusy = A2 1Qu — 1/2 /c2T + /IZISQHJDIZ/C%.
o THE SUSY Vacuum Lies Ar THe DirecTion (S) =0 anp (Qu) =1/2 = (T) = Qcr)'/".
THE INFLATIONARY STAGE
o IF WE SET S = 0, THE Onwy Surviving Term oF V is Vj = eKKSS” |W,g |2.
Vm ~ AZKSS*/c%féV WHERE fr = —Q/N, AND K = fR’N.

o As ReaArDs THE S TERMS IN K WE DisTiNguisH THE FoLLowiNg Cases:
2

® Ky =-ny ln (f(T) + f(T") - %) WHicH ParaMETERIZES THE S U(2, 1)/S U(2) X U(1) KAHLER MANIFOLD.
® Kijp=-niln (f(T) + f*(T*)) +|S > WhicH ParameTerizes THE S U(1, 1)/U(1) x U(1) K&HLER MANIFOLD.
2
® Kip=-nyln (f(T) + f*(T*)) +ny ln(l + %) WhicH ParameTerizes THE S U(1, 1)/U(1) x S U(2)/U(1) KiHLER
ManiFoLp.
[ IN THe FoLLowing WE SHow DEeTAILS ON THE REALIZATION OF THESE THREE MODELS.
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KAHLER PoTENTIALS
[ ]

STI AND KKHLER POTENTIALS

STI & CurvaTuRE OF THE KAHLER MANIFOLDS

o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:

ge'? s+ 05 _
T= 7 AND S = ;i ., THE INFLATIONARY DIRECTION IS DEFINED AS 5 = § =60 = 0.
2 2

o WE Can INTRobuce THE EF CanonicaLLY NoRMALIZED FIELDS, SO AS

s (=2 =2\ 1 (2 =2 i — ~
K525% = E(¢ +9 )+ E(Ez +§) Where Zz = 7= Krpr, 6:]%, o (555 = VKsse(s,5).

4C,F! (2014); A.B. Lahanas and K. Tamvakis (2015).
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KAHLER PoTENTIALS
[ ]

STI AND KKHLER POTENTIALS

STI & CurvaTuRE OF THE KAHLER MANIFOLDS

o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
i .
s+1s

T="— AD S =

V2 V2

o WE Can INTRobuce THE EF CanonicaLLY NoRMALIZED FIELDS, SO AS

s (=2 =2\ 1 (2 =2 i — ~
K525% = E(¢ +0)+5(§2 +§) Where Z—z = 7= Krpr, 6:]%, o (555 = VKsse(s,5).

THE INFLATIONARY DIRECTION Is DEFINED AS 5 = § =60 = 0.

e ALONG THE INFLATIONARY TRAJECTORY, V| 1s WRITTEN As

di (/12]»12 on/2-1 ) K
7
Since (Ka;?) = diag (K77+, Kss+) = 20 ! FOR K = { 2!

2

; e Ky & Ky
d|ag( 2 1)

eForcr =1AND @ > 10rRcr > 1 AND ¢ < 1, V| DeveLops A PLateau WiTH ALMosT CoNsTANT POTENTIAL ENERGY DENSITY, |IF

— =3
2n = {n(n21 D = {n21 FOR K= {KZ] (RECALL THAT [ ~ ¢")

C2T 27(2+n1 1) /f”l 1

— 2 -2f7 {2’“*”21)/]"’21*1
Vi= ————-

nnyy ny =2 Kiin ano Kipp

Twis EmpiRicaL CRITERION |s VERY PRecise SINGE THE Data oN ng AtLows ONLy Tiny (OF Oroer 0.001) Deviations®.
© THE 7 ProBLEM WITHIN SUGRA Is RESOLVED BY REQUIRING ¢ >> 1 AND N (THESE SiGNAL A MiLp TuNiNG).

4C,F! (2014); A.B. Lahanas and K. Tamvakis (2015).

C. PaLLis STI With SU(1,1)/U(1) x SU(2)/U(1) KAHLER MANIFOLDS 9/13




KAHLER PoTENTIALS
[ ]

STI AND KKHLER POTENTIALS

STI & CurvaTuRE OF THE KAHLER MANIFOLDS

o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
i .
s+1s

T = AND S =

V2 V2

o WE Can INTRobuce THE EF CanonicaLLY NoRMALIZED FIELDS, SO AS

2 2 =2 1 (o =2 b _ _
Kl,/;z P = (¢ +0)+§(§2 +E) WHERE Z—z =J = \Krr*, 6:]%, AND (5, 5) = Kgg+(s, 3).

THE INFLATIONARY DIRECTION Is DEFINED AS 5 = § =60 = 0.

e ALONG THE INFLATIONARY TRAJECTORY, V| 1s WRITTEN As

nyyn? gnf2-1
S B =2 [t di ( 22 0 T ) K>
V= — 22 Since (K, z3) = diag (K77+, Kgs+) = ¢ FOR K =
I C2T 2-@ny) ) gy ( 043) iag (K77 55%) dlag(n“nz,l) K & Kin
eForRcr =1AND@ > 10Rcr > 1AND @ <1, VI Deverops A PLateau WiTH ALMosT CONSTANT POTENTIAL ENERGY DENSITY, IF
-1 =3 K
2n = nlnz) ) = = PR K={ " (RECALL THAT [ ~ ¢")
nniy ny =2 K11 AND Ko

Twis EmpiRicaL CRITERION |s VERY PRecise SINGE THE Data oN ng AtLows ONLy Tiny (OF Oroer 0.001) Deviations®.
o THE 7 ProBLEM WiTHIN SUGRA Is RESOLVED BY REQUIRING ¢ >> 1 AND N (THESE SiagNAL A MiLp TuNING).
e ALONG THE INFLATIONARY PATH, V= V1 AND THE CORRESPONDING HuBBLE PARAMETER H| BecoMEe (ALMoST CONSTANT):

252 i A,

U o ' oo 1  _ ¢ _ on/2-1 n

Vi=—— A Hi=— = —7——, Witn f; =2 —crd" <O0.
4cio V3 2V3cgn ‘

4C,F! (2014); A.B. Lahanas and K. Tamvakis (2015).
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STI AND KKHLER POTENTIALS

StasiLITY oF THE INFLATIONARY DIReCTION AND KAHLER POTENTIALS

© To ConsoLIDATE THE VALIDITY OF OUR INFLATIONARY SCENARIO WE HAVE TO CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY
s = 5 = 6 = 0 w.R.T THE FLucTuaTions OF THE VARious FIELDS, I.E.

ov

— . = — o’V
@ =0 AND m)z(a >0 WHERe m)z((y = Eav [Mﬁﬁ] WitH Mfw = W AND x* =0,5,5
=0

WHERE Eav ARE THE EIGENVALUES OF THE MATRIX Miﬁ-

5cp (2014).
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STI AND KKHLER POTENTIALS

StasiLITY oF THE INFLATIONARY DIReCTION AND KAHLER POTENTIALS
© To ConsoLIDATE THE VALIDITY OF OUR INFLATIONARY SCENARIO WE HAVE TO CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY
o’V

= 6 = 0 w.R.T THE FLucTtuaTions OF THE VARious FIELDS, I.E.

s =

v — —~ 72 v
P =0 a0 m, >0 WHERE m’, = Eav|M, With M, = ——
WHERE Eav ARE THE EIGENVALUES OF THE MATRIX Miﬁ
Scatar Mass-Sauarep SpecTruM FOR K = K11, K21 AND K12 ALONG THE INFLATIONARY TRAJECTORY
FiELps EINGESTATES Masses SQuARED
K =Ky [ K =K [ K =K
1 ReAL ScALAR 9 M2 H? | 4272 = cr g f)l 2 6(2"2 —cr¢" f)/ f2
1 CoMPLEX SCALAR 53 'rﬁ%/ﬁf (2”/fnf -2) 3 '2"71/f¢2 [ 6(1/n, +2”’2/f;§)
2 WEYL SPINORS Vs ", 27202 3¢t 2302 [t

® For K = K;, WE 0BTAIN ﬁg < 0. THis can B RecTIFIED INcLUDING HiGHER ORDER TERMS OF THE FORM ks |S |* wiTh kg ~ 1,
But THEN THE SYMMETRY OF KAHLER MANIFOLD Is LosT. ALso, THE PREDICTABILITY OF THE THEORY Is LosT SINCE TERMS

ksolS [2|D|* CHANGE® THE RESULTING 125 AND 7. ALTERNATIVELY WE MAY AssuME THAT S2 = 0.

10/13

5cp (2014).
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s = 5 = 6 = 0 w.R.T THE FLucTuaTions OF THE VARious FIELDS, I.E.
v — —~ 72 v >rv
@ o =0 AND Mo > 0 WHEeRe My = Eav [Maﬁ] Wit Mnﬁ = W N

WHERE Eav ARE THE EIGENVALUES OF THE MATRIX Miﬁ-

Scatar Mass-Sauarep SpecTruM FOR K = K11, K21 AND K12 ALONG THE INFLATIONARY TRAJECTORY

FiELps EINGESTATES Masses SQuARED
[ K =K [ K=K [ K=K
1 ReAL ScALAR 9 M2 H? | 4272 = cr g f)l 2 6(2"2 —cr¢" f)/ f2
1 CoMPLEX SCALAR 53 'rﬁ%/ﬁf (2”/fnf -2) 3 '2"71/f¢2 [ 6(1/n, +2”’2/f;§)
2 WEYL SPINORS Vs ", 27202 3¢t 2302 [t

® For K = K;, WE 0BTAIN ﬁg < 0. THis can B RecTIFIED INcLUDING HiGHER ORDER TERMS OF THE FORM ks |S |* wiTh kg ~ 1,
But THEN THE SYMMETRY OF KAHLER MANIFOLD Is LosT. ALso, THE PREDICTABILITY OF THE THEORY Is LosT SINCE TERMS
ksolS [2|D|* CHANGE® THE RESULTING 125 AND 7. ALTERNATIVELY WE MAY AssuME THAT S2 = 0.

® For K = Kj11, We OBTAIN 717% < ;I\Iz AND S0 S MAY GENERATE INFLATIONARY PERTURBATIONS LEADING TO LARGE
NoN-GaussiANITY IN THE Cosmic MicRowAVE BACKGROUND, CONTRARY TO THE OBSERVATIONS;

5cp (2014).
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s = 5 = 6 = 0 w.R.T THE FLucTuaTions OF THE VARious FIELDS, I.E.
v — —~ 72 v >rv
@ o =0 AND Mo > 0 WHEeRe My = Eav [Maﬁ] Wit Mnﬁ = W N

WHERE Eav ARE THE EIGENVALUES OF THE MATRIX Miﬁ-

Scatar Mass-Sauarep SpecTruM FOR K = K11, K21 AND K12 ALONG THE INFLATIONARY TRAJECTORY

FiELps EINGESTATES Masses SQuARED
[ K =K [ K=K [ K=K
1 ReAL ScALAR 9 M2 H? | 4272 = cr g f)l 2 6(2"2 —cr¢" f)/ f2
1 CoMPLEX SCALAR 53 'rﬁ%/ﬁf (2”/fnf -2) 3 '2"71/f¢2 [ 6(1/n, +2”’2/f;§)
2 WEYL SPINORS Vs ", 27202 3¢t 2302 [t

® For K = K;, WE 0BTAIN ﬁg < 0. THis can B RecTIFIED INcLUDING HiGHER ORDER TERMS OF THE FORM ks |S |* wiTh kg ~ 1,
But THEN THE SYMMETRY OF KAHLER MANIFOLD Is LosT. ALso, THE PREDICTABILITY OF THE THEORY Is LosT SINCE TERMS
ksolS [2|D|* CHANGE® THE RESULTING 125 AND 7. ALTERNATIVELY WE MAY AssuME THAT S2 = 0.

® For K = Kj11, We OBTAIN 717% < ;I\Iz AND S0 S MAY GENERATE INFLATIONARY PERTURBATIONS LEADING TO LARGE
NoN-GaussiANITY IN THE Cosmic MicRowAVE BACKGROUND, CONTRARY TO THE OBSERVATIONS;

® For K = Ky witH ny < 6 WE OBTAIN ﬁf > ﬁlz AND So, THE STANDARD 1-FIELD INFLATIONARY FORMALISM CAN BE APPLIED.

5cp (2014).
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KAHLER PoTENTIALS

KAHLER POTENTIALS Vs KAHLER MANIFOLDS

THe KiHLER MaNIFoLD CORRESPONDING TO K|

o THE STRUCTURE OF THE S U(1, 1)/U(1) CoseT Space Becomes MoRe TRANSPARENT IF WE DEeriNE &

. 11=2Z/+nn
AN =5 — e
21+ Z/ Vi
WE CaN SHow THAT THE THEORY BASED ON K12 AND W I1s EQuIVALENT WITH THIS BASED ON illz anD W

— 7|2 S? —
1(“2:_,1“111(]—u)+n21n(l+u) ano W =W +Z/ \n)"1
ni n

SINCE THE GENERALIZED KAHLER PoTeNTIAL G = K + In |W| RemAINS UNCHANGED.

SR, Ellis, C. Kounnas and D.V. Nanopoulos (1984); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
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KAHLER POTENTIALS Vs KAHLER MANIFOLDS

THe KiHLER MaNIFoLD CORRESPONDING TO K|

o THE STRUCTURE OF THE S U(1, 1)/U(1) CoseT Space Becomes MoRe TRANSPARENT IF WE DEeriNE &

. 11=2Z/+nn
AN =5 — e
21+ Z/ Vi
WE CaN SHow THAT THE THEORY BASED ON K12 AND W I1s EQuIVALENT WITH THIS BASED ON illz anD W

2 2
= 4 N =
K12 = —npy ]n(] - — |+mhn|l+—| ano W =W +Z/+n)"!
ni n
SINGE THE GENERALIZED KAHLER PoTENTIAL G = K + In |W| RemAINs UNCHANGED.
e K> REMAINS INVARIANT, UP TO A KAHLER TRANSFORMATION, UNDER THE TRANSFORMATIONS
VA a1Z] \Jni1 + by S @S/ \ny + by
—_— - Provioep THAT |a;|> = [bi> =1 anp |aaf? + |bo> = 1.

- —————— AND _
A/ni biZ] \nii + a} V2 =b3S/ Va2 + a;

SR, Ellis, C. Kounnas and D.V. Nanopoulos (1984); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
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KAHLER POTENTIALS Vs KAHLER MANIFOLDS

THe KiHLER MaNIFoLD CORRESPONDING TO K|

o THE STRUCTURE OF THE S U(1, 1)/U(1) CoseT Space Becomes MoRe TRANSPARENT IF WE DEeriNE &

. 11=2Z/+nn
AN =5 — e
21+ Z/ Vi
WE CaN SHow THAT THE THEORY BASED ON K12 AND W I1s EQuIVALENT WITH THIS BASED ON illz anD W

2 2
= 4 N =
K12 = —npy ]n(] - — |+mhn|l+—| ano W =W +Z/+n)"!

ni n
SINGE THE GENERALIZED KAHLER PoTENTIAL G = K + In |W| RemAINs UNCHANGED.
e K> REMAINS INVARIANT, UP TO A KAHLER TRANSFORMATION, UNDER THE TRANSFORMATIONS

VA a1Z] \Jni1 + by S @S/ \ny + by
- 5> —— Y- = Provioen THAT |a;]> = |b1> =1 anp |aaf? + |bof? = 1.

- —————— AND R
A/ni biZ] \nii + a} V2 =b3S/ Va2 + a;

© THeSe TRANSFORMATIONS CAN BE Usep To DEeFINE TRANSITIVE AcTions OF THE 2 X 2 MATRICES

v finoa) me s (5 3)
ON THE ScALAR FIELD MANIFOLDS PARAMETERIZED BY Z AND S. THESE MATRICES HAVE THE PROPERTIES
UlosUy =03 o UjUp =1 wih o3 =diag(1,~1) anp [ =diag(1,1) .
THEREFORE, THEY PRoVIDE REPRESENTATIONS OF THE S U(1, 1) AND S U(2) GRoUPS RESPECTIVELY.

SR, Ellis, C. Kounnas and D.V. Nanopoulos (1984); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
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KAHLER POTENTIALS Vs KAHLER MANIFOLDS

THe KiHLER MaNIFoLD CORRESPONDING TO K|

o THE STRUCTURE OF THE S U(1, 1)/U(1) CoseT Space Becomes MoRe TRANSPARENT IF WE DEeriNE &

. 11=2Z/+nn
AN =5 — e
21+ Z/ Vi
WE CaN SHow THAT THE THEORY BASED ON K12 AND W I1s EQuIVALENT WITH THIS BASED ON illz anD W

= 1z NG =
K = —npy ]n(] )+ mn|1+ == aw W=W({+Z/va)
ni n
SINGE THE GENERALIZED KAHLER PoTENTIAL G = K + In |W| RemAINs UNCHANGED.
e K> REMAINS INVARIANT, UP TO A KAHLER TRANSFORMATION, UNDER THE TRANSFORMATIONS
z a1Z/ \ni1 + by S @S/ \ny + by
— —————— AN —— — —————————, PROVIDED THAT lai?> = bi? =1 anp |aof* +|bof> = 1.
Vi biZ \nii + a] N —b3S [ \ny + a
© THeSe TRANSFORMATIONS CAN BE Usep To DEeFINE TRANSITIVE AcTions OF THE 2 X 2 MATRICES
ay by a by
v (0] we v (%
by 4 -by a4

ON THE ScALAR FIELD MANIFOLDS PARAMETERIZED BY Z AND S. THESE MATRICES HAVE THE PROPERTIES

UlosUy =03 o UjUp =1 wih o3 =diag(1,~1) anp [ =diag(1,1) .
THEREFORE, THEY PRoVIDE REPRESENTATIONS OF THE S U(1, 1) AND S U(2) GRoUPS RESPECTIVELY.
o As ReaarDs THE ScaLar Curvatures OF THE Spaces, WE AppLy THE FORMULA
=2/ny, For SU(,1)/U)

Rk =97 (929 —99.:7) = 2Ums. For SUQ)U) With g=Kj;2 AND z=Z OR z=S, RESPECTIVELY.

SR, Ellis, C. Kounnas and D.V. Nanopoulos (1984); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
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TesTING AGAINST OBSERVATIONS

® THE SrLow-RoLL ParameTerRs ARE DETERMINED As FoLLows:

n

n-2 n/2
2 2—2 (2”/2 —cpj)") With J = g

€= — AND 7=

i

© THE TERMINATION OF STI Is TRIGGERED FOR ¢ = ¢y GIVEN By

e \5[1*7‘5]]/"‘ \6[\6]1/”

2cr E

© WE cAN THEN CALCULATE N, AND FROM IT ¢, As FoLLows:

(=)= 5w = o= V2(Farer)

© THERE Is A Lower Bounp oN ¢, ABovE WHICH ¢, < 1 — AND so TERMS @' with | > n ARe HARMLESS. INDEED,

¢ <1 = cr >2"2N, ~ 110, wmH N, =55 AwD n=2.

cr

N*:W
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INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST OBSERVATIONS

14

® THE SrLow-RoLL ParameTerRs ARE DETERMINED As FoLLows: 12p
e o . _wof i =6,c =465

€= —3 AND 7= —5 (2”/“ —cpj)") With J = — <

15 [ 8, 08k ]
© THE TERMINATION OF STI Is TRIGGERED FOR ¢ = ¢y GIVEN By <> 06f 1
1413 1/n 3 1/n 04f ]
¢f=max{\6[ zc_f] R \6[%] } 02F ; :f.

© WE cAN THEN CALCULATE N, AND FROM IT ¢, As FoLLows:

N 2 (o2 - 01) - gln%:

© THERE Is A Lower Bounp oN ¢, ABovE WHICH ¢, < 1 — AND so TERMS @' with | > n ARe HARMLESS. INDEED,
P <1 = cr 2> 22N, =~ 110, with N, =55 AND n = 2.

e THE Power Spectrum NormaLizaTION IMPLIES A DEPENDENCE OF A ON ¢ INDEPENDENTLY OF 11

12 _ A =2N, )

A7 = —
* 16 V3crnN,

= go= VI(Nuser).

~4627-107° = A=4n+\BA,cr/N, = cr =~ 416374.
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INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST OBSERVATIONS

14
® THE SrLow-RoLL ParameTerRs ARE DETERMINED As FoLLows: 12p
on-2 on/2 " 10} n=6.c,=465]
€= —5 AND 7= — (2”/2 —cpj)") With J = — <
1 15 ¢ g osf ]
© THE TERMINATION OF STI Is TRIGGERED FOR ¢ = ¢y GIVEN By <> 06f 1
1/n 1/n 04f ]
1+ V2 V3

= max] V2 Va2 L ‘e

br max{ 27 s 21 02fF x o

© WE cAN THEN CALCULATE N, AND FROM IT ¢, As FoLLows:

N, = 2”/7 (4 - ¢() -Zh Z—* = g~ \E(ﬁ*/cf)””

© THERE Is A Lower Bounp oN ¢, ABovE WHICH ¢, < 1 — AND so TERMS @' with | > n ARe HARMLESS. INDEED,
P <1 = cr 2> 22N, =~ 110, with N, =55 AND n = 2.

e THE Power Spectrum NormaLizaTION IMPLIES A DEPENDENCE OF A ON ¢ INDEPENDENTLY OF 11

A2 = M ~4.627-107° = A=~4n\BAycr/N, = cr ~416374.
16 V3crnN,
© THE INFLATIONARY OBSERVABLES ESSENTIALLY CoiNciDE WITH THOSE OF PURE STAROBINSKY INFLATION:
ny= W ZIN 3 2 g6a, gy = NGV L 2 30 2 32 L 8 L0004,
(1-2N,)? N, (1-2N,) N2 (1-2N,)? = N2
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CONCLUSIONS

UV BeHavior

o WE ANaLyze THE SmaLL-FiELp BEHavior OF THE THEORY ExPanDING S ABouT (¢) = 2("'2’/2%;]/“ IN Terms OFZ.
To tHis Eno WE FinD
Iy = nj{g) = 2(2-;1)/2unclr/n i
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o WE ANaLyze THE SmaLL-FiELp BEHavior OF THE THEORY ExPanDING S ABouT (¢) = 2("'2’/2%;]/“ IN Terms OFZ.
To tHis Eno WE FinD
Iy = nj{g) = 2(2-;1)/2unclr/n i

o As IN THE OTHER VERsIONS OF STI Ayy = 1 SINCE THE Exransions ABOUND () ARE ¢z INDEPENDENT:

) 2 2 4 - 2 — A 1~ 11+7n ~
PR =(1-26+ 25 A oy o 72 A o e BT )
n n? n3 4c2 12n2
o THE Mass OF THe InFLaTon At THE SUSY Vacuum Is Given By
_ — 12 = a\1/2 A 6A m s
msy = (Vi35 = (Vigs/J =——=— ~125-10
¢ < I.dr¢> < 0 > ‘ﬁCT Ny

NoTE THAT 71254 1S ESSENTIALLY INDEPENDENT OF 72 THANKS To THE RELATION BETWEEN A AND c7.
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o THE Mass OF THe InFLaTon At THE SUSY Vacuum Is Given By
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NoTE THAT 71254 1S ESSENTIALLY INDEPENDENT OF 72 THANKS To THE RELATION BETWEEN A AND c7.
CoNcLUSIONS

e WE Proprosep A NoveL ReaLization oF STI WitHin SUGRA — THe EMBEDDING OF THE MODEL IN STRING THEORY REMAINS OPEN;
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UV BeHavior

o WE ANaLyze THE SmaLL-FiELp BEHavior OF THE THEORY ExPanDING S ABouT (¢) = 2("'2’/2%;]/“ IN Terms OFZ.
To tHis Eno WE FinD
Iy = nj{g) = 2(2-;1)/2unclr/n

o As IN THE OTHER VERsIONS OF STI Ayy = 1 SINCE THE Exransions ABOUND () ARE ¢z INDEPENDENT:

. 2~ 32 43 =2 = 2 +7n =2
JpT=[1-—-6p+ 500 — =6 +---|6¢p AND V x op —---).
n n? n’ 4c2 n 12n2
o THE Mass OF THe InFLaTon At THE SUSY Vacuum Is Given By
. — 172 o~ a\1/2 A 2 6A T 5
msy = (Vizz) = (VigelJ = — ~1.25-10
1 < I.a>¢> ( g > ‘ﬁcr N*

NoTE THAT 71254 1S ESSENTIALLY INDEPENDENT OF 72 THANKS To THE RELATION BETWEEN A AND c7.
CoNcLUSIONS

e WE Proprosep A NoveL ReaLization oF STI WitHin SUGRA — THe EMBEDDING OF THE MODEL IN STRING THEORY REMAINS OPEN;
o We EmpLoy A SurerpoTenTIAL WHICH CAN Be DeTERMINED BY AN R A DiscreTe Z,, SyMMETRIES WHEREAS THE KAHLER POTENTIAL
ParameTeRIzES THE Propuct Seace SU(1, 1)/U(1) x SU(2)/U(1) Wit SecTioNAL CURVATURES —1 AND 2/n;, RESPECTIVELY,
WHEeRe 0 < np < 6;

© INFLATIONARY SoLuTioNs CAN BE ATTaiNED EVEN WiTH SuBpPLANCKIAN INFLATON VALUES WHEREAS S 1s HEAvY ENouaH AND WELL
StasiLizeo During Anp AFTER STI;
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NoTE THAT 71254 1S ESSENTIALLY INDEPENDENT OF 72 THANKS To THE RELATION BETWEEN A AND c7.
CoNcLUSIONS

e WE Proprosep A NoveL ReaLization oF STI WitHin SUGRA — THe EMBEDDING OF THE MODEL IN STRING THEORY REMAINS OPEN;
o We EmpLoy A SurerpoTenTIAL WHICH CAN Be DeTERMINED BY AN R A DiscreTe Z,, SyMMETRIES WHEREAS THE KAHLER POTENTIAL
ParameTeRIzES THE Propuct Seace SU(1, 1)/U(1) x SU(2)/U(1) Wit SecTioNAL CURVATURES —1 AND 2/n;, RESPECTIVELY,
WHEeRe 0 < np < 6;

© INFLATIONARY SoLuTioNs CAN BE ATTaiNED EVEN WiTH SuBpPLANCKIAN INFLATON VALUES WHEREAS S 1s HEAvY ENouaH AND WELL
StasiLizeo During Anp AFTER STI;

e THereroRe, STI Reauizep WitHIN THis SUGRA SetTing Preserves ITs OriciNaL PrepicTive Power YIELDING

ng ~0.964, a,~—-63-10"", r=~0.0024 anD sy = 3 - 10" GeV.
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