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: :

OBsERVATIONAL STATUS OF MiNIMAL CHaorTic INFLATION (CI)

o Morivation: THE Power-Law PotenTiaLs, EMPLOYED IN MobEs oF Cl, oF THE FORM

Vi=2%¢" or Vi =A%(¢* - M*)"? For M <mp=1.
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From MINIMAL T NoN-Minivar CT

OBSERVATIONAL STATUS OF MiNiMAL CHaoric INFLaTiON (CI)
e Morivarion: THe Power-LAaw PotenTiALs, EMpLOYED IN MopEs oF Cl, oF THE FORM
Vi=2%¢" or Vi =A%(¢* - M*)"? For M <mp=1.

ARE VERY COMMON IN PHysics AND S0 IT Is EAsy THE IDENTIFICATION OF THE INFLATON ¢ WITH A FIELD ALREADY PRESENT IN THE THEORY;
E.a., WitHIN Higas INFLaTiON (HI) THE INFLATON CouLb PLay, At THe Enp OF INFLATiON, THE RoLe OF A Hiaas FiELD.
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From MINIMAL T NoN-Minivar CT

OBsERVATIONAL STATUS OF MiNIMAL CHaorTic INFLATION (CI)

e Morivarion: THe Power-LAaw PotenTiALs, EMpLOYED IN MopEs oF Cl, oF THE FORM
Vi=2%¢" or Vi =A%(¢* - M*)"? For M <mp=1.

ARE VERY COMMON IN PHysics AND S0 IT Is EAsy THE IDENTIFICATION OF THE INFLATON ¢ WITH A FIELD ALREADY PRESENT IN THE THEORY;
E.a., WitHIN Higas INFLaTiON (HI) THE INFLATON CouLb PLay, At THe Enp OF INFLATiON, THE RoLe OF A Hiaas FiELD.
e However, For n = 2,4 THe THeORETICALLY DERIVED VALUES FOR SPECTRAL INDEX 12y AND/OR TENSOR-TO-ScALAR RaTtio r ARe Nort
ConsisTENT WiTH THE OBSERVATIONAL ONES.
o THe ComBINED BIcEP2/Keck Array AND Planck ResuLTs ReQUIRE, FOR FITTED A AND N, — SEE BELOW —,

n,=0.968£0.009 anp r=0.028"002% = 0.003 <r<0.054 Ar68%cL or r<0.07 AT95%c.L.
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InTrRODUCING A NoN-MinimAL KiNeTic Mixing IN THE INFLATON SECTOR

o OBSERVATIONAL REQUIREMENTS INDICATE THAT WE HAVE TO INVOKE SOME NON-MINIMALITY TO (OR ReconciLe) Cl WitH Data
— C.F. STAROBISKY MODEL AND ¥ ATTRACTORS

© AcTuALLY, THERE ARE TWO SouRces oF NON-MINIMALITY IN ConsTRuCTING MobELs oF Cl.

® ONE puE To NoN-MiNiMAL CoupLING OF ¢ To THE Ricci ScALAR CURVATURE, R, fr # 1. HERE WE Take fr = 1
® ONE DUE To THE NoN-MinmAL KiNeTic Mixing, fk (¢) # 1.

UNDER THis AssuMPTION, THE AcTION OF THE (INITIAL REAL) INFLATON ¢ IS

S:fd4x\/—_g(—%72+ @¢V8u¢8y¢—V(¢)), WHERE

WE SET mp = 1 AND ¢ Is THE DETERMINANT OF THE BAckGROUND METRIC g

1 B.J. Broy et al. (2015); T. Terada (2016); T. Kobayashi et al. (2017). o = =
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From MINIMAL T NoN-Minivar CT

InTrRODUCING A NoN-MinimAL KiNeTic Mixing IN THE INFLATON SECTOR

o OBSERVATIONAL REQUIREMENTS INDICATE THAT WE HAVE TO INVOKE SOME NON-MINIMALITY TO (OR ReconciLe) Cl WitH Data
— C.F. STAROBISKY MODEL AND ¥ ATTRACTORS
© AcTuALLY, THERE ARE TWO SouRces oF NON-MINIMALITY IN ConsTRuCTING MobELs oF Cl.

® ONE puE To NoN-MiNiMAL CoupLING OF ¢ To THE Ricci ScALAR CURVATURE, R, fr # 1. HERE WE Take fr = 1
® ONE DUE To THE NoN-MinmAL KiNeTic Mixing, fk (¢) # 1.

UNDER THis AssuMPTION, THE AcTION OF THE (INITIAL REAL) INFLATON ¢ IS
S= fd“x\/—_g(—%ﬂ + @wa,,qsayqa - V(¢)), WHERE

WE SET mp = 1 AND ¢ Is THE DETERMINANT OF THE BAckGROUND METRIC g
o |F we INTRoDUCE THE CANnoNicALLY NormALizep FieLp, $, DeriNep As FoLLows:
agY
(%] =rP=f = $=fd¢](¢) witH J = ++/fk

THE ACTION S IN TERMS OF $TAKES THE FORM
1 1 —_— — o~
S= f d'x x/_—g(—ive + 970,90, - Vi ($)) With Vi(@) = Vi (4(9))-

o WE cAN SHow THAT FOR A SurmasLe CHoice oF fi INcLUDING A PoLe! THE PotenTiaL V;(#) DeveLops A PLATEAU, AND SO IT
BecoMes SuimasLE To DRIVE OBSERVATIONALLY ACCEPTABLE Cl.

© THE ANAwysis oF Cl Can Be PERFORMED EXCLUSIVELY IN TERMS OF Vi AND ¢ UsING THE STANDARD SLow-RoLL APPROXIMATION.

1 B.J. Broy et al. (2015); T. Terada (2016); T. Kobayashi et al. (2017). o = = E
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THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Bia Bana:

_ b Vi *
m:ﬂ’ d¢—l—ﬁ dg J*—
ot Viz of

WHERE ¢, Eﬂ] 1s THE VALUE OF ¢A[$] WHEN &, Crosses OuTsiDE THE INFLATIONARY HoRIZON;

® THe NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc UNDERWENT DuRING Cl HAS TO BE SUFFICIENT TO RESOLVE

%
~52-56
Vie
¢r [¢pr] 1s THE VALUE OF ¢ [¢p] AT THE END OF HI WHicH Can Be Founo From THE CONDITION:
max{e(¢r), mgo)l} = 1,

1(VigV¥ 1 (Vie) Vigg 1 (V Vig J
win 2= L(N8) 2 L (Ve s Va1 (Vie  Vie Ju)
2 V] 2.[2 V] |4 jz VI VI J
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:

:
INFLATIONARY OBSERVABLES AND REQUIREMENTS

® THe NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc UNDERWENT DuRING Cl HAS TO BE SUFFICIENT TO RESOLVE
THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Bia Bana:

_ oy, * \Z
Ny = f dg —- =f dpJ*—L ~52-56
5 Vig  Jo Vig
WHERE ¢, Eﬁ*] 1s THE VALUE OF ¢L[$] WHEN k, Crosses OuTsIDE THE INFLATIONARY HORIZON;
¢r [¢pr] 1s THE VALUE OF ¢ [¢p] AT THE END OF HI WHicH Can Be Founo From THE CONDITION:

o (VigV 1 (Vi) Vi 1
max{elee), ol = 1, Win 5:5(%’) =ﬁ(%") AND n:ﬂ——(

Vs _Vis Lo,
1 J?

Vi i J
® THe AmpLITUDE A OF THE Power SPecTRUM OF THE CURVATURE PERTURBATIONS IS To BE CONSISTENT WiTH Planck DaTa:
= \32 3/2
Al = 1 V1(¢*l _ (gl Vi(gy) ~4588.10°°
2V3x Vi@l 2V3r Vie(ds)l

:
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INFLATIONARY OBSERVABLES AND REQUIREMENTS

® THe NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc UNDERWENT DuRING Cl HAS TO BE SUFFICIENT TO RESOLVE
THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Bia Bana:

_ oy, * \Z
N, = f dg —- =f dp =L ~52-56
b VI,$ [ Vie
WHERE ¢, ’@*] 1s THE VALUE OF ¢L[$] WHEN k, Crosses OuTsIDE THE INFLATIONARY HORIZON;
¢r [¢pr] 1s THE VALUE OF ¢ [¢p] AT THE END OF HI WHicH Can Be Founo From THE CONDITION:

1(VigV¥ 1 (Vie) Vigg 1 (V Vig J
max{e(o). Fiol) = 1, Wi ?:—(ﬂ) ——( "“’) AND ﬁ:ﬂ——(ﬂ—ﬂi’)-

2\vi ) " 22\w v —12\v Vi J

® THe AmpLITUDE A OF THE Power SPecTRUM OF THE CURVATURE PERTURBATIONS IS To BE CONSISTENT WiTH Planck DaTa:

g L Vi@ @l Vi)
T 2V3r Vi@l 2V3x Vie(@))

® THE REMAINING OBSERVABLES ARE FOUND AS:

ng=1-66 + 2%, 5= 2(453—(ns—1)2)/3—22* AND 7= 166,

=4.588-107°

Where & = VLEV@%/VI2 = VigTe/Vi J* + 27j€ AND ThE VariaBLES WITH SUBSCRIPT % ARE EVALUATED AT ¢ = ¢y

[m] = =

Dac
:

:
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INFLATIONARY OBSERVABLES AND REQUIREMENTS

® THe NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc UNDERWENT DuRING Cl HAS TO BE SUFFICIENT TO RESOLVE
THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Bia Bana:

_ oy, * \Z
N, = f dg —- =f dp =L ~52-56
[ Vl,fi [ Vie
WHERE ¢, ’@*] 1s THE VALUE OF ¢L[$] WHEN k, Crosses OuTsIDE THE INFLATIONARY HORIZON;
¢r [¢pr] 1s THE VALUE OF ¢ [¢p] AT THE END OF HI WHicH Can Be Founo From THE CONDITION:

1 (Vig\ | 1 (VY ~ Vi@ _ 1 (Ve Vie g
=1. W = () - (¢ Z Mo _ (e T4 T4,
max{e(¢r), frgol} = 1, With € 2( m V2 B i it G i

® THe AmpLITUDE A OF THE Power SPecTRUM OF THE CURVATURE PERTURBATIONS IS To BE CONSISTENT WiTH Planck DaTa:

g L Vi@ @l Vi)
T 2V3r Vi@l 2V3x Vie(@))

® THE REMAINING OBSERVABLES ARE FOUND AS:

ng=1-66 + 2%, 5= 2(453—(%—1)2)/3—22* AND 7= 166,

=4.588-107°

Where & = VLZVI.W/VIZ = VigTe/Vi J* + 27j€ AND ThE VariaBLES WITH SUBSCRIPT % ARE EVALUATED AT ¢ = ¢y

® WE Have To CHeck THe HiEraRcHY BETWEEN THE ULTRAVIOLET CuT-OFF Ayy ~ mp, OF THE EFFECTIVE THEORY AND THE
INFLATIONARY ScALE. IN PARTICULAR, THE VALIDITY OF THE EFFECTIVE THEORY IMPLIES:

(a) Vi(@)'"* < Ay For (b) ¢ < Ayy
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Non-SUSY PoLE INFLATION

:

:
PoLe oF Orper Two (T-MookeL Cl)
e PoLe Cl Is Most UsuaLLy ReaLizep IF WE INTRopuce A PoLe oF Orber Two IN fK2 l.E.,

fx =2N/fk wmH frp=1-¢° anD VI=VHI=/12(¢2—M2)2/16 With M<1 & N>0.

2 R. Kallosh and A. Linde (2013); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
;
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Non-SUSY PoLE INFLATION

PoLe o Orper Two (T-MobEL CI)
e PoLe Cl Is Most UsuaLLy ReaLizep IF WE INTRopuce A PoLe oF Orber Two IN fK2 l.E.,:

Je =2N/f3 win fop=1-¢% a0 Vi = Vi = A2(¢? —M2)2/16 With M<1 & N>0.
o CanonicaLLY NorMALIZING ¢, WE OBTAIN ¢ ~ tanh$AND HENCE THE Name T-MobeL (TM,) HI

&= N/2In((1 +¢)/(1-¢)) or ¢ =tanh(¢/ V2N)

2R, Kallosh and A. Linde (2013); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013). o = - = = A
; ;
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Non-SUSY PoLE INFLATION

PoLe o Orper Two (T-MobEL CI)
e PoLe Cl Is Most UsuaLLy ReaLizep IF WE INTRopuce A PoLe oF Orber Two IN sz l.E.,:
Je =2N/f3 win fop=1-¢% a0 Vi = Vi = A2(¢? —M2)2/16 With M<1 & N>0.
o CanonicaLLy NormALizING ¢, W OBTAIN ¢ ~ 1anh$AND HENCE THE Name T-MobeL (TM,) HI
$=N/2In((1+¢)/(1-¢)) or ¢ =tanh($/ V2N)
e Vi IN TeERms OF;; ExPERIENCES A STRETCHING FOR $> 1 Whic Resutrs To A Puateay, LE., Vi = A2 tanh4($/ \/Z_N)/16.

oF — 7 ST 7
60 10x10° 60 l
8.0x10° a
4 sof 50a0° 9 4 s0F g
3 N
9 wf +010° e 9 ol 13 E
o s o
T30 oo T30
> o. 0001 0002 0003 0004 00 >
20F E 20 E
10f E 10F N=18 . H
A =1110
ok L bl
00 0.2 0.4 06 08 10 0 1 2 3 4 5 6 7 8 9 10 11 12
A
¢ ¢

Here, €=~ 16/202/Ng> aND 77 = 8f2p(3 — 5¢7)/Ng*. THEREFORE, Ny = N2/ frps = u = VANK/ VAN4 + N ~ 1> ¢r.
o THe ConsTRAINT oN A, Yieos A2 = V2N, / V3Nz = 45881075 = 1= 4+/6NA/N, = A~1075 For N, =55

. ~1- = 0965, a,=~-2/N>=95-10"* an r=~N/N?<007 = Nxg2ll
2R. Kallosh and A. Linde (2013); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013). o = = E
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Non-SUSY PoLg INFLATION
; ;
PoLE oF ORrDER ONE

© THE SimpLEST CHoICE IT wouLb BE THE PoLE IN fk To BE OF ORDER ONE. |.E.,:

fx =N/2fl wrn fip=1-¢ a0 Vi =V =2¢"/n Wiw N> 0.

o =
:
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; ;

PoLE oF ORrDER ONE

© THE SimpLEST CHoICE IT wouLb BE THE PoLE IN fk To BE OF ORDER ONE. |.E.,:
fx =N/2fl wrn fip=1-¢ a0 Vi =V =2¢"/n Wiw N> 0.
o CanonicaLLY NormALIzING ¢, W OBTAIN

F=-yN2In(1-¢) orR ¢=1-e VWNI%
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Non-SUSY PoLE INFLATION

PoLe oF Orber ONE
© THE SimpLEST CHoICE IT wouLb BE THE PoLE IN fk To BE OF ORDER ONE. |.E.,:
k= N/fop WITH fip=1—-¢ aND Vy = Vor = 22¢"/n With N > 0.
o CanonicaLLY NormALIZING ¢, WE OBTAIN
F=-N2In(1-¢) or ¢=1-e V%

o V; IN TERMS OF ¢ EXPERIENCES A STRETCHING FOR ¢ > 1 WHicH Resurs To A Puateau, LE., Vi = A2(1 — e~ YN/20)1 1
— E.G., For n = 2 we OsTaIN THE WELL-KNOWN STaROBINSKY MoDEL AND THE PLoTS BELOW.

40 T T T T 40 T T T T T T T
35
30
25
20
15
10

- 11,
Vv, (10

Here, € = nfip?/2N¢* anp 1 = nfip(nfip — 1)/Ng?. THEREFORE, Ny = N2 /nfipx = s = YNy /(MNy +N) ~ 1 > ¢y
o THE CoNSTRAINT ON A YIELDS Ai/z ~ AN, /2V3nNrm =4.588 107 = A=~ 2+/3nNAqt/Ny = A~ 10°° ForR N, ~55
o The Othen OservasLes ARE i1, = | = 2/N, = 0.965, ay = ~2/N; =9.5-107" ano r =8N/N; <007_ = N<$265.

:
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GAUGE SINGLET Vs NON-SINGLET INFLATON

SUGRA ScaLAR PoTENTIAL
e How WE Can FormuLate PoLe-InFLaTion WiTHN SUGRA?
o THE GENERAL AcTioN For THE ScaLar FieLps z* PLus GraviTy IN Four DiMensionaL, N = 1 SUGRA is:
S= fd4xx/_(——R+Kﬂg“" Dz D, 7P V) WHere V = Vg + Vp WiTH Vo= gzDg/Z_
v Vi = ek (KﬂﬁFaF;; - 3|W|2)

2

K 5
As0 Ky = 225 > 0 o KPRy = 80 Dyt = 0,2 + igASTSsd, Fu=Wao + KoW avp Dy =z, (TS K g

A,‘j 1s THE VECTOR GAUGE FIELDS, ¢ Is THE GAUGE COUPLING AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%.

3C.P and N. Toumbas (2016). o = E = = 9Dae
:

:
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GAUGE SINGLET Vs NON-SINGLET INFLATON

SUGRA ScaLAR PoTENTIAL
e How WE Can FormuLate PoLe-InFLaTion WiTHN SUGRA?
o THE GENERAL AcTioN For THE ScaLar FieLps z* PLus GraviTy IN Four DiMensionaL, N = 1 SUGRA is:
S= fd4xx/—_g(—l7?+ Ko39" Dy Dy2P - V) WHere V = Vi + Vp WiTH o= gzDg/Z_
2 opd Duz” Dy F+ Vb Vi = oK (K“ﬁFaFE _ 3|W|2)
ALsoKaﬁzLK.>0 AND KE“Kayzf' D,z = 8,2% +igA°Te 7%, Fy=W.a +K.aW aND D, =z, (TS K
6Z(laztﬁ ¥y H " ut aps 0 @ Ea 5 a ag & B

Az 1s THE VECTOR GAUGE FIELDS, ¢ Is THE GAUGE COUPLING AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%.
o THE KINETIC MixING 1s CoNTROLLED BY THE KAHLER PoTeNTIAL K WHIcH AFFecTs ALso V. THis Consists A CompLication WiTH
RespecT THE NON-SUSY case AND WE SHow BeLow How WE ARRANGE 1T IN Two Ways. V DePENDs oN SuperpoTENTIAL W Too.
e We ConceNTRATE oN Cl Driven BY Vi — As we sHow BeLow WE Can Easity Assure Vp = 0 During Cl.

3.C.P and N. Toumbas (2016).

u]
)
I
i
!

Dac
:

:
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GAUGE SINGLET Vs NON-SINGLET INFLATON

SUGRA ScaLAR PoTENTIAL
e How WE Can FormuLate PoLe-InFLaTion WiTHN SUGRA?
o THE GENERAL AcTioN For THE ScaLar FieLps z* PLus GraviTy IN Four DiMensionaL, N = 1 SUGRA is:
S= fd4x\/—_9(_l7?+ K,39" D" D,z — V) WHErRe V = Vg + Vp WitH Vo = gZDZ/z-
B ap! H v F D Ve = oK (KaﬁFaF:-; _ 3|W|2)

aZK _ _
R Ba - . a _ g sopaTa — — @
A0 Kyp = 225 > 0 o K¥'Ko = & D" = 9,2 +igALTS . Fo=Weo + KaW a0 Dy =20 (T3 K
Az 1s THE VECTOR GAUGE FIELDS, ¢ Is THE GAUGE COUPLING AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%.
o THE KINETIC MixING 1s CoNTROLLED BY THE KAHLER PoTeNTIAL K WHIcH AFFecTs ALso V. THis Consists A CompLication WiTH
RespecT THE NON-SUSY case AND WE SHow BeLow How WE ARRANGE 1T IN Two Ways. V DePENDs oN SuperpoTENTIAL W Too.
e We ConceNTRATE oN Cl Driven BY Vi — As we sHow BeLow WE Can Easity Assure Vp = 0 During Cl.

INTRODUCTION OF THE STABILIZER FIELD

o PoLe Cl Can Be SysTematicaLly FormuLatep IN SUGRA IF WE INTRobuce A GAUGE SINGLET SUPERFIELD 7! = S CALLED STABILIZER
or GoLpsTiNo. ITs INTRoDUCTION Is NECESSARY FOR THE FoLLowING REASONS:

3.C.P and N. Toumbas (2016). o = =
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SUGRA ScaLAR PoTENTIAL
e How WE Can FormuLate PoLe-InFLaTion WiTHN SUGRA?
o THE GENERAL AcTioN For THE ScaLar FieLps z* PLus GraviTy IN Four DiMensionaL, N = 1 SUGRA is:
S= fd4x\/—_9(_l7?+ K,39" D" D,z — V) WHErRe V = Vg + Vp WitH Vo = gZDZ/z-
3 g Duz Dy F+Vp Vi = oK (K“’SFQFE _ 3|W|2)

aZK _ _
o Ba - . a _ g s opaqa — — @
Awso K5 = P >0 aND KF'K,y = 193 Dyz" = 0,2" + ng#T,lﬁz'B, Fo =W +K.eW anp D, =2z, (T,,)/3 K p

Az 1s THE VECTOR GAUGE FIELDS, ¢ Is THE GAUGE COUPLING AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%.
o THE KINETIC MixING 1s CoNTROLLED BY THE KAHLER PoTeNTIAL K WHIcH AFFecTs ALso V. THis Consists A CompLication WiTH
RespecT THE NON-SUSY case AND WE SHow BeLow How WE ARRANGE 1T IN Two Ways. V DePENDs oN SuperpoTENTIAL W Too.
e WE ConceNTRrATE oN Cl Driven BY Vi — As we sHow BeLow WE Can Easity Assure Vp = 0 During Cl.
INTRODUCTION OF THE STABILIZER FIELD
o PoLe Cl Can Be SysTematicaLly FormuLatep IN SUGRA IF WE INTRobuce A GAUGE SINGLET SUPERFIELD 7! = S CALLED STABILIZER
or GoLpsTiNo. ITs INTRoDUCTION Is NECESSARY FOR THE FoLLowING REASONS:

® |1 GENERATES THE NON-SUSY PotenTIAL FROM THE TERM |W ¢ [> For S = 0. E.q., For W = 1S ®"2 WE OsTaN

M
Ve = eXK59 |W5|2 € Vion_susy = /12¢” WITH ¢ = Re(®) THE (INITIAL) INFLATON.
® It Assures THE Bounpepness oF Vi:: IF WE seT S = 0 DuRING INFLATION, THE TERMS K .o W, o # 1, AND —3|W|? VanisH. THE
2ND oNE May Renber Vi UNBounpep From BeLow.
® It can BE STaBILIZED AT S = O WitHouT INvoking HigHER ORDER TERMS, IF W SELECT 3

K> = Ng ln(l + ISIZ/NS) = K35 =1 Wimn0 < N5 < 6 WhicH ParameTerizes THE Compact ManiFoLo S U(2)/U(1).

3.C.P and N. Toumbas (2016).
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GAUGE SINGLET Vs NON-SINGLET INFLATON

GAUGE SINGLET INFLATON
o GENERATION OF INFLATON KiNETIC MixiNg: [F we ApopT

Kis=-NIn(1 - (®+®")/2),
WE OsTaiN A PoLe OF orper 1 IN THE KINETIC TERMS

.. N 1 N 1
lE, S= fd“x\/—_g(Km*tD(I)* +o0r) WHERE Kogr = dodor K = 7 7

I-@+0)/27 4 (1-¢7

FORD = D" =¢

o 5 = E DA
: :
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GAUGE SINGLET INFLATON
o GENERATION OF INFLATON KiNETIC MixiNg: [F we ApopT

Kis=-NIn(1 - (®+®")/2),
WE OsTaiN A PoLe OF orper 1 IN THE KINETIC TERMS
.. N 1 N 1
le, S= | d*xv=g(Kper®D" +---) Wi Koo = 000K = — == o= =
E, S f x\/_g( o0 ) HERE Koy 000 1@+ 0)2r ~ 40 9p FOR 3
o CANcELLATION oF DenominaToR: DUE To FacTor ¢X, THE AboPTED K RESULTS TO A DisTURBING DENOMINATOR, |.E.,
pea

* Vion-susy [
Vi = K5 Wg| = ——toSUY_ K=K +K
F=e Wl T-@+0)" ~ A-gF WITH 2+ K

THE AvoIDANCE OF THIS DENoMINATOR Is OBTAINED UsiNg ONE oF THE FoLLowiNg Two METHODS:
® TuniNe THE FORM OF W So THAT THE DENOMINATOR Is CANCELLED. E.G., IF W = AS(® — ®?) aND N = 2, THEN
. 2(b—0P L1 — )2
szeKKSS Ws| = (¢ — ¢°) _ ¢ ( ®) )

= o
a-ep ~ a-ep Y

® MobiFyiNg K So THAT THE NEW (“TILDED") ONE,
I?ls(d),(l)*) = Ki5(D, 0") — Ky(P) — Ka(®") = Ki5 + Nln(l — ®)/2 + NIn(l — ©*)/2,
viELDs THE DEsIRED KINETIC MIXING BUT NoT DENOMINATOR, |.E., dpdo+ K15 = dpde K15 BuT X = 1 For @ = ®*,

u]
)
I
i
!

Dac
:
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GAUGE SINGLET INFLATON
o GENERATION OF INFLATON KiNETIC MixiNg: [F we ApopT

Kis=-NIn(1 - (®+®")/2),
WE OsTaiN A PoLe OF orper 1 IN THE KINETIC TERMS

.. N 1 N
le, S= fd4x\/—_g(Kq>q,*<DCI)* +) WHERE  Kppr = dpOpr K

1
= — = — orR ® = ®* =

T A-@+0)27  d-gf ¢
o CANcELLATION oF DenominaToR: DUE To FacTor ¢X, THE AboPTED K RESULTS TO A DisTURBING DENOMINATOR, |.E.,

« Vaon-SUSY ¢
Vi = K5 Wg| = ——toSUY_ wrH K = K, + K|
P KW= e oy T a-en 2o

THE AvoIDANCE OF THIS DENoMINATOR Is OBTAINED UsiNg ONE oF THE FoLLowiNg Two METHODS:

® TuniNe THE FORM OF W So THAT THE DENOMINATOR Is CANCELLED. E.G., IF W = AS(® — ®?) aND N = 2, THEN
. 2(b—0P L1 — )2
VF - eKKSS I‘V,SI - (¢ ¢2) - ¢ ( f) — /12¢2
(1-¢) 1-9)

® MobiFyiNg K So THAT THE NEW (“TILDED") ONE,
I?ls(d),(l)*) = Ki5(®, ") — Ky(®) — KA(P*) = K15 + NIn(1 — ®)/2 + NIn(1 — ®*)/2,
viELDs THE DEsIRED KINETIC MIXING BUT NoT DENOMINATOR, |.E., dpdo+ K15 = dpde K15 BuT X = 1 For @ = ®*,
Workine MobELs
© SUPERPOTENTIAL W = AS (® — M?) — 'S 2.
IT 1s THE MosT GeENerAL W CoNsiSTENT WiTH AN R Symmetry UNDER WHICH R(S) = R(W).
® MobeL 1 (CH): K=Ky =K>+ Ky witH N=2aD M < 1 aND A’ = A(1 + 6,) witH 6, = O(1075).

[m] = =
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GAUGE SINGLET INFLATON
o GENERATION OF INFLATON KiNETIC MixiNg: [F we ApopT

Kis=-NIn(1 - (®+®")/2),
WE OsTaiN A PoLe OF orper 1 IN THE KINETIC TERMS

.. N 1 N
lLE., S:fd4x\/—_g(K®q,*<Dd)*+~-~) WHERE  Kppr = dpOpr K

1
= — = — orR ® = ®* =

T A-@+0)27  d-gf ¢
o CANcELLATION oF DenominaToR: DUE To FacTor ¢X, THE AboPTED K RESULTS TO A DisTURBING DENOMINATOR, |.E.,

« Vaon-SUSY ¢
Vi = K5 Wg| = ——toSUY_ wrH K = K, + K|
P KW= e oy T a-en 2o

THE AvoIDANCE OF THIS DENoMINATOR Is OBTAINED UsiNg ONE oF THE FoLLowiNg Two METHODS:

® TuniNe THE FORM OF W So THAT THE DENOMINATOR Is CANCELLED. E.G., IF W = AS(® — ®?) aND N = 2, THEN
. 2(b—0P L1 — )2
VF - eKKSS stl - (¢ ¢2) - ¢ ( f) — /12¢2
(1-¢) 1-9)

® MobiFyiNg K So THAT THE NEW (“TILDED") ONE,
I?ls(d),(l)*) = Ki5(®, ") — Ky(®) — KA(P*) = K15 + NIn(1 — ®)/2 + NIn(1 — ®*)/2,
viELDs THE DEsIRED KINETIC MIXING BUT NoT DENOMINATOR, |.E., dpdo+ K15 = dpde K15 BuT X = 1 For @ = ®*,

Workine MobELs
© SUPERPOTENTIAL W = AS (® — M?) — 'S 2.
IT 1s THE MosT GeENerAL W CoNsiSTENT WiTH AN R Symmetry UNDER WHICH R(S) = R(W).

® MobeL 1 (CH): K=Ky =K>+ Ky witH N=2aD M < 1 aND A’ = A(1 + 6,) witH 6, = O(1075).

® MopeL 2 (CI2): K = I?ls =K+ 1?15 WITH FREEN AND M < L INW (X' /A 1s FnEEtlz).
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GAUGE SINGLET Vs NON-SINGLET INFLATON

GAUGE NON-SINGLET INFLATON

o WE Use 2 SuperFiELDs 72 = @, 7> = @, CHaRGED UNDER A LocAL SYMMETRY, E.G. U(1)p_, AND THE “STABILIZER” ! = §.

© SUPERPOTENTIAL W = AS ((i)(l) -M? /2) /2 = XS (DD)? CHARGE ASSIGNMENTS

e W Is Uniquery DeTermINED UsiNg U(1)p-7 AND AN R SYMMETRY SUPERFIELDS: S [ [)
AND LEADS T0 A GRAND UNIFiED THEORY (GUT) PHASE TRANSITION U(Dr 1 0 0
AT THe SUSY Vacuum (S) = 0, KD)| = (D) ~ M/ V2 Ylp-1 L L

1,]~ "o 1P
SiNce IN THE SUSY Limi, AFTer HI, WE ExPecT Ve =~ 2/12 DO + 2%(@(13)2 - EMZ +|SP(---) + D-TerMs

o F = = £ DA
;
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GAUGE SINGLET Vs NON-SINGLET INFLATON

GAUGE NON-SINGLET INFLATON

o WE Usk 2 SuPERFIELDS z° = @, 7> = @, CHARGED UNDER A LocAL SYMMETRY, E.G. U(1)p_1, AND THE “STaBILIZER” 7' = .

© SUPERPOTENTIAL W = 1S ((i)(l) - M? /2) /2 = XS (dD)? CHARGE ASSIGNMENTS

e W Is Uniquery DeTermINED UsiNg U(1)p-7 AND AN R SYMMETRY SUPERFIELDS: S [ [)

AND LEADS TO A GRAND UNiFiED THEORY (GUT) PHASE TRANSITION U(Dr 1 0 0
AT THe SUSY Vacuum (S) = 0, KD)| = (D) ~ M/ V2 YDs-1 L L

SiNce IN THE SUSY Limi, AFTer HI, WE ExPecT Ve =~ %/Iz DO + 2%’@)(1))2 - %MZ ’ +|SP(---) + D-Terms
o To Assure The Presence OF THe PoLe IN K3 we SeLect ONe OF The FoLLowing KAHLER PoTenTiALS
K =-Nln(1-|0P - [B?) Or Ky = Ky + NIn(1-200)/2 + Nln(1 - 20°0")/2
o WE OBSERVE THAT aaa,-gﬁu = 6,,3[,K21 Since 95K = 0, Ka = 0 WHERE Kpy AND Ko ARE DEFINED AS FOLLOWS
Ky = Nln(1 —-20®d)/2 anp Kp = NIn(1 = 20°®%)/2.
e For BotH K’s, THE D Term Due To B — L SyMMeTRY Is Dp; = N(l(I)l2 - |<i)|2)/(1 —|oP - |<i)|2) = Vp=0 IF | =D

1.e., D-Term CaN Be ELiminatep During HI, IF we IDENTIFY INFLATON WiTH THE RapiaL Parts OF @ anp @.
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GAUGE NON-SINGLET INFLATON

o WE Use 2 SuperFiELDs 72 = @, 7> = @, CHaRGED UNDER A LocAL SYMMETRY, E.G. U(1)p_, AND THE “STABILIZER” ! = §.

© SuPERPOTENTIAL W = AS ((i)(l) -M? /2) /2 = XS (DD)? CHARGE ASSIGNMENTS

e W Is Uniquery DeTermINED UsiNg U(1)p-7 AND AN R SYMMETRY SUPERFIELDS: S [ [)

AND LEADS TO A GRAND UNiFiED THEORY (GUT) PHASE TRANSITION U(Dr 1 0 0
At THE SUSY Vacuum (S) = 0, (D) = KDY ~ M/ V2 UMp-1 L R g

SiNce IN THE SUSY Limi, AFTer HI, WE ExPecT Ve =~ %/12 DO + 2%’@)@)2 - %MZ ’ +|SP(---) + D-Terms
o To Assure The Presence OF THe PoLe IN K3 we SeLect ONe OF The FoLLowing KAHLER PoTenTiALS
K =-Nln(1-|0P - [B?) Or Ky = Ky + NIn(1-200)/2 + Nln(1 - 20°0")/2
o WE OBSERVE THAT 3a3,§§21 = 6,,3[,K21 Since 95K = 0, Ka = 0 WHERE Kpy AND Ko ARE DEFINED AS FOLLOWS
Ky = NIn(1 —20®d)/2 anp Kp = Nin(1 — 20" ®*)/2.
e For BotH K’s, THE D Term Due To B — L SyMMeTRY Is Dp; = N(l(I)l2 - |<i)|2)/(1 —|oP - |<i)|2) = Vp=0 IF | =D

I.e., D-Term CaN Be Euminatep During HI, IF we IDENTIFY INFLATON WiTH THe RapiaL Parts OF @ AnD @.

o THE DiFFereNce BETWEEN K>; AND Ezl ARises FROM ¢X IN Viy;. ALONG THE INFLATIONARY PaTH, |®| = |,

® K = K5 YiELps A DenomiNaTOR IN VE WHICH CAN BE ALMosT CANCELLED Out BY Tuning A" /A IN W
® K = K, poes NoT Leap To A DENoMINATOR AND so WE caN Use A = 0.

C. PaLLis PoLe INrLATION IN SUGRA 9/18
00




R

FORMULATING POLE INFLATION SUGRA FRAMEWORK INFLATIONARY SCENARIOS CONCLUSIONS

[e]e]e} ooe [e]e]e}
[e]e] [e]e] [e]e]

GAUGE SINGLET Vs NON-SINGLET INFLATON

GAUGE NON-SINGLET INFLATON

o WE Use 2 SuperFiELDs 72 = @, 7> = @, CHaRGED UNDER A LocAL SYMMETRY, E.G. U(1)p_, AND THE “STABILIZER” ! = §.

© SuPERPOTENTIAL W = AS ((i)(l) -M? /2) /2 = XS (DD)? CHARGE ASSIGNMENTS

e W Is Uniquery DeTermINED UsiNg U(1)p-7 AND AN R SYMMETRY SUPERFIELDS: S [ [)

AND LEADS TO A GRAND UNiFiED THEORY (GUT) PHASE TRANSITION U(Dr 1 0 0
At THE SUSY Vacuum (S) = 0, (D) = KDY ~ M/ V2 UMp-1 L R g

Since IN THe SUSY Limit, Arter HI, WE Expect Vg =~ %/12 DD + 2%’@)@)2 - %MZ ’ +|SP(---) + D-Terms
o To Assure The Presence OF THe PoLe IN K3 we SeLect ONe OF The FoLLowing KAHLER PoTenTiALS
K =-Nln(1-|0P - [B?) Or Ky = Ky + NIn(1-200)/2 + Nln(1 - 20°0")/2
o WE OBSERVE THAT aaaﬁﬁz, = 6,,3[,K21 Since 95K = 0, Ka = 0 WHERE Kpy AND Ko ARE DEFINED AS FOLLOWS
Ky = NIn(1 —20®d)/2 anp Kp = Nin(1 — 20" ®*)/2.

e For BotH K’s, THE D Term Due To B — L SyMMeTRY Is Dp; = N(l(I)l2 - |<i)|2)/(1 —|oP - |<i)|2) = Vp=0 IF | =D
I.e., D-Term CaN Be Euminatep During HI, IF we IDENTIFY INFLATON WiTH THe RapiaL Parts OF @ AnD @.

o THE DiFrereNce BETWEEN K,; AND Ezl ARises FROM ¢X IN Viy;. ALONG THE INFLATIONARY PaTH, |®| = |,

® K = K5 YiELps A DenomiNaTOR IN VE WHICH CAN BE ALMosT CANCELLED Out BY Tuning A" /A IN W
® K = K, poes NoT Leap To A DENoMINATOR AND so WE caN Use A = 0.
Workine MobELs

® MobeL 1 (HI1): K = Kpy = Ko + Koy WiHN =2 aND X = A(1 + 6,) N W with 6, = O(1075);
[m] = =
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GAUGE NON-SINGLET INFLATON

o WE Use 2 SuperFiELDs 72 = @, 7> = @, CHaRGED UNDER A LocAL SYMMETRY, E.G. U(1)p_, AND THE “STABILIZER” ! = §.

© SuPERPOTENTIAL W = AS ((i)(l) -M? /2) /2 = XS (DD)? CHARGE ASSIGNMENTS

e W Is Uniquery DeTermINED UsiNg U(1)p-7 AND AN R SYMMETRY SUPERFIELDS: S [ [)

AND LEADS TO A GRAND UNiFiED THEORY (GUT) PHASE TRANSITION U(Dr 1 0 0
At THE SUSY Vacuum (S) = 0, (D) = KDY ~ M/ V2 UMp-1 L R g

Since IN THe SUSY Limit, Arter HI, WE Expect Vg =~ %/12 DD + 2%’@)@)2 - %MZ ’ +|SP(---) + D-Terms
o To Assure The Presence OF THe PoLe IN K3 we SeLect ONe OF The FoLLowing KAHLER PoTenTiALS
K =-Nln(1-|0P - [B?) Or Ky = Ky + NIn(1-200)/2 + Nln(1 - 20°0")/2
o WE OBSERVE THAT aaaﬁﬁz, = 6,,3[,K21 Since 95K = 0, Ka = 0 WHERE Kpy AND Ko ARE DEFINED AS FOLLOWS
Ky = NIn(1 —20®d)/2 anp Kp = Nin(1 — 20" ®*)/2.

e For BotH K’s, THE D Term Due To B — L SyMMeTRY Is Dp; = N(l(I)l2 - |<i)|2)/(1 —|oP - |<i)|2) = Vp=0 IF | =D
I.e., D-Term CaN Be Euminatep During HI, IF we IDENTIFY INFLATON WiTH THe RapiaL Parts OF @ AnD @.

o THE DiFrereNce BETWEEN K,; AND Ezl ARises FROM ¢X IN Viy;. ALONG THE INFLATIONARY PaTH, |®| = |,

® K = K5 YiELps A DenomiNaTOR IN VE WHICH CAN BE ALMosT CANCELLED Out BY Tuning A" /A IN W
® K = K, poes NoT Leap To A DENoMINATOR AND so WE caN Use A = 0.
Workine MobELs

® MobeL 1 (HI1): K = Kpy = Ko + Koy WiHN =2 aND X = A(1 + 6,) N W with 6, = O(1075);
® MooeL 2 (HI2): K = 1?221 =K+ 1?21 witH FREE N aND A’ = 0 IN W; o = =
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KAHLER POTENTIALS Vs KAHLER MANIFOLDS

GEOMETRY OF K5 AND K¢

© THE GEOMETRY OF K| AND K 1s Is DETERMINED BY RiEmANNIAN METRIC AND THE ScALAR CURVATURE, Rk, CALCULATED BY
ds% = Kpp:dDdd* anp Rg = —K®® 80 In (Kpor) .
e For K = K5 AND fls, WE OBTAIN THE LINE ELEMENT AND THE ScCALAR CURVATURE
N dDdD*
Rls

ds’. = — ————— aND =——.
BT U@ o922 N

[m] = =
;
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KAHLER PoTENTIALS Vs KAHLER MANIFOLDS

GEOMETRY OF K5 AND K¢

© THe GEOMETRY OF K5 AND K 1s Is DETERMINED BY RiEmANNIAN METRIC AND THE ScALAR CURVATURE, Rk, CALCULATED BY
ds% = Kpp:dDdd* anp Rg = —K®® 80 In (Kpor) .

e For K = K| AND K5, WE OBTAIN THE LINE ELEMENT AND THE SCALAR CURVATURE

ds}, = Eﬂz ™o Riy = =
4 (1-(@+9%/2) N
. ds%S REMAINS INVARIANT UNDER THE TRANSFORMATIONS
[} /2 +b
3 - Z(JT+d REPRESENTED By M = [? z], ProviDED THAT b = 0, ¢ = 2a, d = —1/a* anp |af® = 1. (Ty)
o THE Matrix M Has THE FoLLowiNg ForMs AND PROPERTIES RESPECTIVELY
_(a 0 ; _ (0 1
M= [2a —l/a*] AD M'OM=-Q wth Q= [_1 0].

THEREFORE, THE MATRICES M ARE NoT ELEMENTS OF A Susgroup oF GL(2, C).
© THE lwasawa DecomposiTioN oF M is
B 1 (1 =2 _ (Y5a 0 (1 =25
M=KAN wrH K—%[2 1], A—(O —a/\/§] AND N = [0 1 ]

WHeRE THE MATRICES K, A AND N PARAMETRIZE THE CompacT, ABELIAN AND NILPOTENT TRANSFORMATIONS OF THE MdBIUS GROUP.

u]

)
I
i

!

Dac
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KAHLER PoTENTIALS Vs KAHLER MANIFOLDS

GEOMETRY OF K| AND ES
© THe GEOMETRY OF K5 AND K 1s Is DETERMINED BY RiEmANNIAN METRIC AND THE ScALAR CURVATURE, Rk, CALCULATED BY
ds% = Kpp:dDdd* anp Rg = —K®® 80 In (Kpor) .

e For K = K| AND K5, WE OBTAIN THE LINE ELEMENT AND THE SCALAR CURVATURE

ds}, = Eﬂz AND Rjs = -2
4 (1-(@+9%/2) N
. ds%s REMAINS INVARIANT UNDER THE TRANSFORMATIONS
[} /2 +b
3 - Z(JT+d REPRESENTED By M = [? Z], ProviDED THAT b = 0, ¢ = 2a, d = —1/a* anp |af® = 1. (Ty)
o THE Matrix M Has THE FoLLowiNg ForMs AND PROPERTIES RESPECTIVELY
_(a 0 ; _ (0 1
M= [2a —l/a*] AD M'OM=-Q wth Q= [_1 0].

THEREFORE, THE MATRICES M ARE NoT ELEMENTS OF A Susgroup oF GL(2, C).
© THE lwasawa DecomposiTioN oF M is
(1 -2 Vsa 0 1 —2/5]
M=KAN wtH K= — , A= AND N = .
\5 [2 1 ] [ 0 ~a/Vs [0 1
WHeRE THE MATRICES K, A AND N PARAMETRIZE THE CompacT, ABELIAN AND NILPOTENT TRANSFORMATIONS OF THE MdBIUS GROUP.
o IN ApbpiTioN K5 (BUT NOT 1?15) Remains InvarianT UNDER Eq. (7)), UP TO A KAHLER TRANSFORMATION, I.E.,

K-> K+A+A ap W—o We™™ wrn A=Nln(ad>—a*'é3.
a
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KAHLER POTENTIALS Vs KAHLER MANIFOLDS

THe KAHLER MANIFoLD CORRESPONDING TO K> AND El

o THe GeOMETRY OF THE KAHLER MANIFOLDS Is DeTERMINED BY Riemannian Metric AN THE ScaLArR CURVATURE, Rk, CALCULATED BY
dsy = Kpdz®dz® ano Ry = ~KP3,0; In (det Map), 2™ = 0, ®

Here My,q, ExPrEsses THE KINETIC MixING IN THE INFLATIONARY SECTOR.

e For K = K> AND K7, WE OBTaIN THE BERGMANN METRIC, WHICH PARAMETERIZE THE S U(2, 1)/(S U(2) X U(1)) MaNiFoLp. |.E.,

ldOP +1dDP | dD + D*dD]? 6
AND Ry = ——

ds3, =N .
2 1- |<D|2 - |q)|2 (1 _ |(I>|2 — I(i)lz)z N

o F = = £ DA
;
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KAHLER PoTENTIALS Vs KAHLER MANIFOLDS

THe KAHLER MANIFoLD CORRESPONDING TO K> AND EZI

o THe GeOMETRY OF THE KAHLER MANIFOLDS Is DeTERMINED BY Riemannian Metric AN THE ScaLArR CURVATURE, Rk, CALCULATED BY
dsg = K,pdz"dz? anp Ry = —K"P9,03In (det Mgg), 7 =@, ®

HERE Mg, Expresses THE KINETIC MIXING IN THE INFLATIONARY SECTOR.

e For K = K> AND K7, WE OBTaIN THE BERGMANN METRIC, WHICH PARAMETERIZE THE S U(2, 1)/(S U(2) X U(1)) MaNiFoLp. |.E.,

6
AND Ry = N

dOP + |[dDP " dD + D*dD?
453, = | JOE +IdDP | ¢
1 -0 - | (1 _ |(I>|2 — |(i)|2)
o Proor: AN ELEMENT U oF S U(2, 1) Satisries The Retations Uy U =151 anp detU =1 with 151 = diag (1, 1, —1),
AND Depenps ON EigHT (4+4) FRee ParamETERs. WE MAY PARAMETERIZE U IN TERMS OF a, b, d, f € C,y € R, ¥ € R as FoLLows

1/N, 0 a (df 0 Ny =1/+1+laP
] AND P:e’”[ ], WHERE

U=UP win U= |Niba® Niy b -0 laP + b2 — 92 = 1
Nyya*  N,b* y 0 0 e WP +1f1 = 1.

e SUQ,1D/(SUQ) x U(1)) e SUQ) x U(1)

Dac
:

:
C. PaLuis PoLe INrLATION IN SUGRA 11/18

00




R

FORMULATING POLE INFLATION SUGRA FRAMEWORK INFLATIONARY SCENARIOS CONCLUSIONS

[e]e]e} 000 [e]e]e}
[e]e] oe [e]e]

KAHLER PoTENTIALS Vs KAHLER MANIFOLDS

THe KAHLER MANIFoLD CORRESPONDING TO K> AND EZI

o THe GeOMETRY OF THE KAHLER MANIFOLDS Is DeTERMINED BY Riemannian Metric AN THE ScaLArR CURVATURE, Rk, CALCULATED BY
dsg = K,pdz"dz? anp Ry = —K"P9,03In (det Mgg), 7 =@, ®
HERE Mg, Expresses THE KINETIC MIXING IN THE INFLATIONARY SECTOR.

o For K = K31 AND Koy, WE OBTAIN THE BeramaNN MEeTRIC, WHICH PARAMETERIZE THE S U(2,1)/(SU(2) x U(1)) ManiFoLp. |.E.,
O +|dD?>  |D*dD + O*dDP
ds;:zv['d'*'d' ©'d® + &)

+
1- |<D|2 - |<I)|2 (1 _ |(I>|2 — |(i)|2)2

6
Ry = ——.
AND a1 N

o Proor: AN ELEMENT U oF S U(2, 1) Satisries The Retations Uy U =151 anp detU =1 with 151 = diag (1, 1, —1),
AND Depenps ON EigHT (4+4) FRee ParamETERs. WE MAY PARAMETERIZE U IN TERMS OF a, b, d, f € C,y € R, ¥ € R as FoLLows

1/N, 0 a (df 0 Ny =1/+1+laP

Ngba*  Ngy b| ano P=e? |-f* d* 0 |, wHere {laf® + b2 —y* = -1

Nyya*  N,b* y 0 0 e WP +1f1 = 1.

eSUR,D/(SUQR)x U(1)) eSUQR)xU)

o AcTiNG WTH THE PARAMETERS OF THE LINES OF U4’ oN @ aND @ WE CaN Be DEerINE THE IsoMETRIC TRANSFORMATIONS
1/N)® + N,b*a® + N, _ N,y®

o UNJ®+ Nab"a® + Naay gy Nay®ENab g by = (1,-1,0) ()

ad+bO+y ad+bd+y

WHicH LET INvARIANT ds§1 AND s0, WE CoNCLUDE THAT K| AND i(}l ParameTerize SU(2, 1)/(SU(2) x U(1)).

U=UP with U=

[0}
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KAHLER PoTENTIALS Vs KAHLER MANIFOLDS

THe KAHLER MANIFoLD CORRESPONDING TO K> AND EZI

o THe GeOMETRY OF THE KAHLER MANIFOLDS Is DeTERMINED BY Riemannian Metric AN THE ScaLArR CURVATURE, Rk, CALCULATED BY
dsg = K,pdz"dz? anp Ry = —K"P9,03In (det Mgg), 7 =@, ®

HERE Mg, Expresses THE KINETIC MIXING IN THE INFLATIONARY SECTOR.

e For K = K> AND K7, WE OBTaIN THE BERGMANN METRIC, WHICH PARAMETERIZE THE S U(2, 1)/(S U(2) X U(1)) MaNiFoLp. |.E.,

[dD]? + [dDP  |0*dD + B dDP

+ AND Ry = — 6
1- |<D|2 — |q;|2 (1 _ |(I>|2 _ |(i)|2)2 21 .

dsi =N
$21 N

o Proor: AN ELEMENT U oF S U(2, 1) Satisries The Retations Uy U =151 anp detU =1 with 151 = diag (1, 1, —1),
AND Depenps ON EigHT (4+4) FRee ParamETERs. WE MAY PARAMETERIZE U IN TERMS OF a, b, d, f € C,y € R, ¥ € R as FoLLows

1/N, 0 a (d f 0 Ny =1/+1+laP
Ngba*  Ngy b| ano P=e? |-f* d* 0 |, wHere {laf® + b2 —y* = -1
Nyya* N,b* vy 0 0 e WP +1f1 = 1.
eSUR,D/(SUQR)x U(1)) eSUQR)xU)
o AcTiNG WTH THE PARAMETERS OF THE LINES OF U4’ oN @ aND @ WE CaN Be DEerINE THE IsoMETRIC TRANSFORMATIONS
1/N)® + N,b*a® + N, _ N,y® + N,
o UNIO+ N+ Noay g Nay®+Nab e by =(1-1,0) ¢ T)
ad+bO+y ad+bd+y

WHicH LET INvARIANT ds§1 AND s0, WE CoNCLUDE THAT K| AND EZI ParameTerize SU(2, 1)/(SU(2) x U(1)).

U=UP with U=

o IN AppiTioN K7 IN Remains InvarianT UNDER Ea. (T), uP To A KAHLER TRANSFORMATION, I.E.,
K-> K+A+A" a0 W— We™ wth A=NIn(@®+b"d + 7).

WHEREAS K| DOES NOT ENJOY SUCH AN INVARIANCE.

[m] = =
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CONCLUSIONS

I
INFLATIONARY POTENTIALS

GAUGE SINGLET INFLATON
o ExpanDING ® AND S As FoLLows:
O =g anp S = (s +is)/ V2,
WE CaN INTRoDUCE THE CANONICALLY NORMALIZED FIELDS,
dpldp =J = \INJ2/fip, O=~Jg0 anp 5;=s; wrH i=1,2 (RecAlL fip=1—¢)
Where WE oBserve THAT WE EsmasLisHED THE CorrecT Non-MinmaL Kinetic Mixine.

£ DA
;

:
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INFLATIONARY POTENTIALS

GAUGE SINGLET INFLATON
o ExpanDING ® AND S As FoLLows:
O =g anp S = (s +is)/ V2,
WE CaN INTRoDUCE THE CANONICALLY NORMALIZED FIELDS,
dpldp =J = \INJ2/fip, O=~Jg0 anp 5;=s; wrH i=1,2 (RecAlL fip=1—¢)

Where WE oBserve THAT WE EsmasLisHED THE CorrecT Non-MinmaL Kinetic Mixine.
e For S = 0 AND 6 = 0, THE ONLY SURVIVING TERM OF VE IS

2
Var = KK (WsPt = 22 (p-(+060¢> - A;F) /fy = A¢* FoRN =2anp M =5, =0 (Cl1),
(p-xg?/a- M?) ~ A2¢? FoR X' = M =0 (CI2)

£ DA

:
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CONCLUSIONS

INFLATIONARY POTENTIALS

GAUGE SINGLET INFLATON
o ExpanDING ® AND S As FoLLows:

WE Can INTRoDUGE THE CANONICALLY NORMALIZED FIELDS,

dldp =J = \INJ2/fip, G=Jg0 anp 5, =s; wH i=1,2 (Reca fip=1—-¢)
WHeRe WE oBserve THAT WE EsTasLisHeD THE CorRECT Non-MinmaL KineTic Mixing.
e FOorR S = 0 AND 6 = 0, THE ONLY SURVIVING TERM OF V Is

Vo = eKKSST W2 = 2

(6-ve2/a-m2)

D =¢e” D S =(s; +is)/ V2,

(6- (146002 - M) /fY =~ A2* rorN = 2an0 M =5, = 0 (CI1),

~2%¢*> FoRA =M =0 (ClI2)

ScaLar Mass-Sauarep Spectrum FOR K = K| AND K| ALONG THE INFLATIONARY TRAJECTORY

Masses SquareD

FieLbs EiGeN-
STATES | K=Kis | K=Kis
= = 2
1 REAL SCALAR 6 my 6H,
2 REAL SCALARS 51, 2 iy 6HZ,/Ns
— —
2 WEVL sPINORS || ¥y = %Z’S méi Vo(1 - p)HZ,/ VN

WE OsseRVvE THE FoLLOWING:

® AL mass? > 0. EspeciALLY m% >0 © Ng<6;

® A mass? > H(2:1 AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN THE INFLATON ARE SAFELY ELIMINATED.

® The ONe-Loop Rapiative CorrecTions Have No SigNIFICANT EFFECT.

=] 5

Dac

:
12/18

C. PaLuis

Pore InFLaTION IN SUGRA




ForMULATING PoLE INFLATION SUGRA FRAMEWORK INFLATIONARY SCENARIOS CONCLUSIONS
[e]e]e} 000 o] le}
[e]e] [e]e] [e]e]
|
INFLATIONARY POTENTIALS
|
Gauge NON-SINGLET INFLATON

o IF WE Use THE Paramerrizations: @ = ¢e'® cosfp aND @ = e sin 6y

WTH 0 <60p <7m/2 AND § :(s+i§)/\/§
WE Can SHow THat A D-FLar Direction Is 0 = 0 =0, 6 = 7/4 anp S =0 (: P) WHicH Is QUALIFIED As INFLATIONARY PATH.

:
C. PaLuis

o F = DA
:
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INFLATIONARY POTENTIALS

GAuGeE NON-SINGLET INFLATON

o IF WE Use THE Paramerrizations: @ = ¢e'® cosfp AND @ = pesinfp Wit 0 <8p <7/2 aND S = (s+i5)/V2

WE Can SHow THat A D-FLar Direction Is 0 = 0 =0, 6 = 7/4 anp S =0 (: P) WHicH Is QUALIFIED As INFLATIONARY PATH.
© THE ONLY SURVIVING TERM OF Vi ALONG THE PATH IN Ea. (P) I1s

Vi = oKKSS" ot < (62 = (1+608* - M2)' /7Y~ 22¢*/16 FoR N =2 mo M = 6, = 0 (HI1),
HI = S =570
16| (¢2 - a2)’ = 2¢*/16 For X' = M =0 (HI2)

=] 5
:

C. PaLuis

£ DA

:
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CONCLUSIONS

INFLATIONARY POTENTIALS

GAuGeE NON-SINGLET INFLATON

o IF WE Use THE Paramerrizations: @ = ¢e'® cosfp AND @ = pesinfp Wit 0 <8p <7/2 aND S = (s+i5)/V2
WE Can SHow THat A D-FLar Direction Is 0 = 0 =0, 6 = 7/4 anp S =0 (: P) WHicH Is QUALIFIED As INFLATIONARY PATH.
© THE ONLY SURVIVING TERM OF Vi ALONG THE PATH IN Ea. (P) I1s

22 (¢2 —(1+06)¢* - Mz)z/le‘l’, ~ 22¢*/16 FoRN =2 aND M = 6, = 0 (HI1),

16 |(¢2 - M2y ~ 2¢*/16 FoR X = M =0 (HI2)

e To OsTaN TMy, WE Have To EsmasLisH THE CorrecT Non-MinimaL Kinetic Mixing.

o To This Eno We Compute The KinLer Metric K, ALone THE Pati IN Ea. (P) Which Takes THe Form

Vi _EKKSS IW |2

2 2
K 2/¢7 -1 1
(Kop) = diag (Mo, Kss+) Wit Mg = ¢ [ /¢1 2 - 1], k=N/f2 mp Kgge = 1.
AND DiagoNALIZE Mg VIA A SIMILARITY TRANSFORMATION As FoLLows:

1
U@@MM,U&, = diag (k+,k-), WHERE Ugg = o [_11 }] AND Ky =K, K- =Kfop

o F = = £ DA

:
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INFLATIONARY POTENTIALS

GauGe NON-SINGLET INFLATON
o IF WE Use THE Paramerrizations: @ = ¢e'® cosfp AND @ = pesinfp Wit 0 <8p <7/2 aND S = (s+i5)/V2
WE Can SHow THat A D-FLar Direction Is 0 = 0 =0, 6 = 7/4 anp S =0 (: P) WHicH Is QUALIFIED As INFLATIONARY PATH.
© THE ONLY SURVIVING TERM OF Vi ALONG THE PATH IN Ea. (P) I1s

22 {(¢2 —(L+6)¢* - Mz)z/le‘l’, =~ 22¢*/16 ForR N =2 aND M = 5, = 0 (HI1),

16 (- M2)2 = 2¢*/16 FoR X = M =0 (HI2)
e To OeTaiN TMy, WE Have To Estasuist THE CorrecT Non-MinimaL Kinetic Mixing.

o To This Eno We Compute The KinLer Metric K, ALone THE Pati IN Ea. (P) Which Takes THe Form

Vi _eKKSS IW |2

> 2 _
(K ) diag (Mg, Kss*) WITH Mgg = K¢ [2/¢1 ! 2/¢21_1], k=N/f} anp Kggx = L.

AND DiagoNALIZE Mg VIA A SIMILARITY TRANSFORMATION As FoLLows:

T X 1 1 1
UppMopUgg = diag (k+,k-), WHERE Ugg = % [ 1 1] AND K. =K, K- =Kfp
e The EF CanonicaLLy NormaLizeo FieLps, WhicH Are Denotep By Har, Can Be Ostained As FoLLows:

ZZ =J=+2 = ¢=tanh 23N’ 0y = \kegl,, 0= VK g0, a0 O = 32 (o - 7/4), (57)=(59-

u]

)
I
i

!

Dac
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INFLATIONARY POTENTIALS

GAuGeE NON-SINGLET INFLATON
o IF WE Use THE Paramerrizations: @ = ¢e'® cosfp AND @ = pesinfp Wit 0 <8p <7/2 aND S = (s+i5)/V2

WE Can SHow THat A D-FLar Direction Is 0 = 0 =0, 6 = 7/4 anp S =0 (: P) WHicH Is QUALIFIED As INFLATIONARY PATH.

© THE ONLY SURVIVING TERM OF V ALoNG THE PaTH IN Ea. (P) 1s
2 (- a+ongt - MZ)Z/fZI; =~ 22¢*/16 FoRN =2 an0 M =6, = 0 (HI1),
16 |(¢2 - M2y ~ 2¢*/16 FoR X = M =0 (HI2)

e To OeTaiN TMy, WE Have To Estasuist THE CorrecT Non-MinimaL Kinetic Mixing.

Vi _EKKSS |W |2

o To This Eno We Compute The KinLer Metric K, ALone THE Pati IN Ea. (P) Which Takes THe Form

> 2 _
(K ) diag (Mg, Kss*) WITH Mgg = K¢ [2/¢1 ! 2/¢21_1], k=N/f} anp Kggx = L.

AND DiagoNALIZE Mg VIA A SIMILARITY TRANSFORMATION As FoLLows:

1
UM,MM,U&, = diag (k+,k-), WHERE Ugg = o [ 11 }] AND Ky =K, K- =Kfop

e The EF CanonicaLLy NormaLizeo FieLps, WhicH Are Denotep By Har, Can Be Ostained As FoLLows:

d — — - = -
dz =J=+2% = ¢=tanh 23N’ 0. = VK¢, 6= kg0, ap o =2 (00 —7/4), (57)=(s.5)-
o WE Have, ALso, To CHECK THE STABILITY OF THE TRAJECTORY IN Ea. (P) w.R.T THE FLucTuaTIoNs OF THE VARIous FIELDS, I.E.
6_V =0 AND mo, >0 WHERE mzo, = Eev[ HB] Wit Ma/3 a4 AND ¥ =6_,60,,0p,s,5.
32 gq. p) Eq. (P)
Here Eav ARE THE EIGENVALUES OF THE MATRIX ﬁﬁﬂ. . _ =
=} 5 = E
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I
INFLATIONARY POTENTIALS

StaBILITY OF THE INFLATIONARY DIRECTION

ScaLAr Mass-Sauarep SpecTruM FOR K = K| AND 1?221 ALONG THE INFLATIONARY TRAJECTORY

FiELDs EiGen- Masses SQUARED
STATES ” K= K221 | K= K221

2 REAL b, m§+ 3HE,

SCALARS [ ﬁg@ M3, +6HZA (1 + 1/N — 1/N¢?)
1 COMPLEX 53 m2 6HZ (1/Ns —4(1 — ¢*)/N + N¢* | 6HZ (1/Ns —2/N

SCALAR +2(1 = 2¢%) + 44 /N) +1/N¢* + ¢*/N)

1 GAUGE BOSON Apr M2, ANG §? | f2,
4 Wevi v | 3 f5eHi IN*¢?
SPINORS AspVo- | M2, ANG B/ [

o WE can OsTaN V a, ﬁ)z(a > 0. EspeciaLy 712 > 0 & Ny < 6.

[m] = =
;

C. PaLuis

£ DA
:
Pore InFLaTION IN SUGRA
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INFLATIONARY POTENTIALS

:

StaBILITY OF THE INFLATIONARY DIRECTION

ScaLAr Mass-Sauarep SpecTruM FOR K = K| AND 1?22 1 ALONG THE INFLATIONARY TRAJECTORY

FiELDs EiGen- Masses SQUARED
STATES ” K= K221 | K= K221

2 REAL b, m§+ 3HE,

SCALARS [ ﬁg@ M3, +6HZA (1 + 1/N — 1/N¢?)
1 COMPLEX 53 m2 6HZ (1/Ns —4(1 — ¢*)/N + N¢* | 6HZ (1/Ns —2/N

SCALAR +2(1 = 2¢°) + 4¢? /N) +1/N¢? + ¢ /N)

1 GAUGE BOSON AL M2, ANG §? | f2,

4 Weve Ei i, 3f5H2 IN?¢?

SPINORS AspVo- | M2, ANG B/ [

o WE can OsTaN V a, ﬁ)z(a > 0. EspeciaLy 712 > 0 & Ny < 6.

o WE can Os1an VY «, ’rﬁ;a > HI%II AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN ¢ ARE SAFELY ELIMINATED;

=] = = DAy
: :
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INFLATIONARY POTENTIALS

StaBILITY OF THE INFLATIONARY DIRECTION

ScaLAr Mass-Sauarep SpecTruM FOR K = K| AND 1?22 1 ALONG THE INFLATIONARY TRAJECTORY

FiELDs EiGen- Masses SQUARED
STATES || K = Ky | K = Ky
2 REAL b, m§+ 3HE,
SCALARS b g, M2, +6HZ (1 + 1/N — 1/N¢?)
1 COMPLEX 53 m2 6HZ (1/Ns —4(1 — ¢*)/N + N¢* | 6HZ (1/Ns —2/N

SCALAR +2(1 = 2¢%) + 4¢2/N) +1/N¢? + ¢*/N)
1 GAUGE BOSON Apr M2, ANG §? | f2,

4 Wevi A 2, 3 f5eHi IN*¢?

SPINORS RS M3, ANG B/ [

o WE can OsTaN V a, ﬁ)z(a > 0. EspeciaLy 712 > 0 & Ny < 6.

o WE can Os1an VY «, ’rﬁ;a > HI%II AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN ¢ ARE SAFELY ELIMINATED;

e Mgy # 0 SiGNALs THE FACT THAT THAT U(1)p-1. Is BROKEN AND s0, No TopoLogicAL DEFecTs ARE PRODUCED.

Dac

:
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INFLATIONARY POTENTIALS

StaBILITY OF THE INFLATIONARY DIRECTION

ScaLAr Mass-Sauarep SpecTruM FOR K = K| AND 1?22 1 ALONG THE INFLATIONARY TRAJECTORY

FiELDs EiGen- Masses SQUARED
STATES ” K= K221 | K= K221
2 REAL f* m§+ 3HE,
SCALARS [ ﬁg@ M3, +6HZA (1 + 1/N — 1/N¢?)
1 COMPLEX 53 m2 6HZ (1/Ns —4(1 — ¢*)/N + N¢* | 6HZ (1/Ns —2/N
SCALAR 121 = 2¢%) + 4¢2/N) +1/NG + ¢*/N)
1 GAUGE BOSON AL M2, ANG §? | f2,
4 Wev v ", 3f5H} IN*¢*
SPINORS AspVo- | M2, ANG B/ [
o WE can OBTAIN V @, 7%, > 0. EspeciaLy 712 > 0 & Ny < 6.

s
o WE can Ostain VY a,

e Mgy # 0 SiGNALs THE FACT THAT THAT U(1)p-1. Is BROKEN AND s0, No TopoLogicAL DEFecTs ARE PRODUCED.

o We DeTeRMINE M Demanping THAT THE UNIFICATION SCALE MGyt = 2/2.433 x 1072 Is IDENTIFIED WiTH M, AT THE VAcuuM, |.E.,

(Mpr) = V2NgM/{fop) = Mgur = M = Mgur/g V2N with g =~ 0.7 (GUT Gauge CouPLING).

[m] = =

’rﬁ)z(a > HI%II AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN ¢ ARE SAFELY ELIMINATED;

Dac
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ForMULATING PoLE INFLATION

SUGRA FRAMEWORK INFLATIONARY SCENARIOS

CONCLUSIONS
[e]e]e} 000 ooce
[e]e] [e]e] [e]e]
I
INFLATIONARY POTENTIALS

StaBILITY OF THE INFLATIONARY DIRECTION

ScaLAr Mass-Sauarep SpecTruM FOR K = K| AND 1?22 1 ALONG THE INFLATIONARY TRAJECTORY

FiELDs EiGen- Masses SQUARED
STATES ” K= K221 | K= K221
2 REAL f* m§+ 3HE,
SCALARS [ ﬁg@ M3, +6HZA (1 + 1/N — 1/N¢?)
1 COMPLEX 53 m2 6HZ (1/Ns —4(1 — ¢*)/N + N¢* | 6HZ (1/Ns —2/N
SCALAR 121 = 2¢%) + 4¢2/N) +1/NG + ¢*/N)
1 GAUGE BOSON AL M2, ANG §? | f2,
4 Wev v ", 3f5H} IN*¢*
SPINORS AspVo- | M2, ANG B/ [
o WE can OBTAIN V @, 7%, > 0. EspeciaLy 712 > 0 & Ny < 6.

s
o WE can Ostain VY a,

’rﬁ)z(a > HI%II AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN ¢ ARE SAFELY ELIMINATED;

e Mgy # 0 SiGNALs THE FACT THAT THAT U(1)p-1. Is BROKEN AND s0, No TopoLogicAL DEFecTs ARE PRODUCED.

o We DeTeRMINE M Demanping THAT THE UNIFICATION SCALE MGyt = 2/2.433 x 1072 Is IDENTIFIED WiTH M, AT THE VAcuuM, |.E.,

(Mpr) = V2NgM/{fop) = Mgur = M = Mgur/g V2N with g =~ 0.7 (GUT Gauge CouPLING).

e THE ONE-Loopr Rapiative CorrecTions A LA CoLEMAN-WEINBERG TO V| CaN Be KepT UNDER CONTROL.
a

C. PaLuis
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INFLATIONARY OBSERVABLES - RESULTS
:

:
TesTING AGAINST THE INFLATIONARY DATA
o ENFORCING N, =~ 52 — 56 AND A, = 4.588 - 10~5, we OsTaIN THE ALLoweD CURVES FOR OUR MODELS IN THE 715 — 79,002 PLANE
o IN BotH MobELs ¢, ~ 1 AND THE RELEVANT TuNING cAN BE QUALIFIED BY COMPUTING A, = (1 — ¢,) /1.
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I
INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST THE INFLATIONARY DATA

o ENFORCING N, = 52 — 56 AND /A = 4.588 - 1075, we OsTaIN THE ALLoweD CURVES FOR OUR MODELS IN THE 115 — 9002 PLANE
o IN BotH MobELs ¢, ~ 1 AND THE RELEVANT TuNING cAN BE QUALIFIED BY COMPUTING A, = (1 — ¢,) /1.
GAUGE SINGLET INFLATON

© OuRr INFLATIONARY ScENARIA DEPEND ON THE PARAMETERS: M, 1 AND 5, For ClI1, AN N ror Cl2. WE Take M < 0.01.

—__ cn MobEL: CH Cl2 (X =0)
— ci2,¥=0 o2 —9.10°° -1
—-— CI2,A'=01n N 2 10
8 #,/0.1 9.9106 9.598
e Av(%) 0.89 4
g /0.1 5.9 3.9
= /107 1 1.95
ng/0.1 9.67 9.64
3 —ay/107 837 6.8
965 970 975 980 r/1072 0.3 L1
n.(0.1)

s

o For CI1 THE WHoLE OBsERVATIONALLY FAvORED RANGE CAN Be Coverep FoRr 8;’s cLose To 10~ anp + RemaiNiNG BeLow 0.01.

[ Ay —ay r
225 <7 852 2% 95 7732 253 AD 393 —— 225,
106 103 104 AND 103

C. PaLuis
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INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST THE INFLATIONARY DATA

o ENFORCING N, = 52 — 56 AND /A = 4.588 - 1075, we OsTaIN THE ALLoweD CURVES FOR OUR MODELS IN THE 115 — 9002 PLANE
o IN BotH MobELs ¢, ~ 1 AND THE RELEVANT TuNING cAN BE QUALIFIED BY COMPUTING A, = (1 — ¢,) /1.
GAUGE SINGLET INFLATON

© OuRr INFLATIONARY ScENARIA DEPEND ON THE PARAMETERS: M, 1 AND 5, For ClI1, AN N ror Cl2. WE Take M < 0.01.

—__ cn MobEL: CH Cl2 (X =0)
— ci2,¥=0 o2 —9.10°° -1
—-— CI2,A'=01n N 2 10
8 #,/0.1 9.9106 9.598
e Av(%) 0.89 4
g /0.1 5.9 3.9
= /107 1 1.95
ng/0.1 9.67 9.64
3 —ay/107 837 6.8
965 970 975 980 r/1072 0.3 L1
n.(0.1)

s

o For CI1 THE WHoLE OBsERVATIONALLY FAvORED RANGE CAN Be Coverep FoRr 8;’s cLose To 10~ anp + RemaiNiNG BeLow 0.01.

[ Ay —ay r
225 — <7, 852 — 295, 772 >53 39> — 225.
106 10 10 AN 10
For g = 0.967 WE FIND 6, = =9 - 10~° Anp = 0.003.

e For CI2 anp Using 0 < A"/ < 0.1 we see THAT r < 0.07 INcreases WiTH N aND A, YiELDING UppEr Bounbs
e, 0.96<n, <0968, 0.5<N <800, 0242 A,/1072 252 and 0.00076 < r < 0.07-

:
Pore InFLaTION IN SUGRA
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INFLATIONARY OBSERVABLES - RESULTS

TesTING AGAINST THE INFLATIONARY DATA

o ENFORCING N, = 52 — 56 AND /A = 4.588 - 1075, we OsTaIN THE ALLoweD CURVES FOR OUR MODELS IN THE 115 — 9002 PLANE
o IN BotH MobELs ¢, ~ 1 AND THE RELEVANT TuNING cAN BE QUALIFIED BY COMPUTING A, = (1 — ¢,) /1.
GAUGE SINGLET INFLATON

© OuRr INFLATIONARY ScENARIA DEPEND ON THE PARAMETERS: M, 1 AND 5, For ClI1, AN N ror Cl2. WE Take M < 0.01.

—__ cn MobEL: CH Cl2 (X =0)
— ci2,¥=0 o2 —9.10°° -1
—-— CI2,A'=01n N 2 10
8 #,/0.1 9.9106 9.598
e Av(%) 0.89 4
g /0.1 5.9 3.9
= /107 1 1.95
ng/0.1 9.67 9.64
3 —ay/107 837 6.8
965 970 975 980 r/1072 0.3 L1
n.(0.1)

s

o For CI1 THE WHoLE OBsERVATIONALLY FAvORED RANGE CAN Be Coverep FoRr 8;’s cLose To 10~ anp + RemaiNiNG BeLow 0.01.

[ Ay —ay r
225 — <7, 852 — 295, 772 >53 39> — 225.
106 10 10 AN 10
For g = 0.967 WE FIND 6, = =9 - 10~° Anp = 0.003.

e For CI2 anp Using 0 < A"/ < 0.1 we see THAT r < 0.07 INcreases WiTH N aND A, YiELDING UppEr Bounbs
e, 0.96<n, <0968, 0.5<N <800, 0242 A,/1072 252 and 0.00076 < r < 0.07-

:
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INFLATIONARY OBSERVABLES - RESULTS

GAUGE NON-SINGLET INFLATON
e Our INFLATIONARY SCENARIA DEPENDS ON THE PARAMETERS: M, A AND 8, For HI1, or N For HI2.

e M 1s DetermiNED RequIRING (M) = Mgut. For HI2 WE Use onLy RENORMALIZABLE TERMS IN W.

MopEL: HI1 HI2

6,/107° -4 -

N 2 18

g ¢4 /0.1 9.9564 | 9.6322

S Ay (%) 0.44 3.7
8 ¢¢/0.1 7.1 4.3
- /1073 3.8 10.7
M/1073 5.87 1.96
ns/0.1 9.67 9.64

—a,/107* 7.1 6.4

9.65 9.70 9.75 9.80 r/10—2 0.28 2

n (0.1)

o For HI1 THE WHoLE OBsEeRvATIONALLY FAVORED RANGE CaN Be Coverep For 6,’s cLose To 1075 anp » Remaining BeLow 0.01.

-0, Ay —ay r
le, 245 4 <52 462 —5 2401, 5450 <86 aw 215 —— 534,
§ 103 103 10 e 107

u]
)
I
i
!

Dac
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INFLATIONARY OBSERVABLES - RESULTS

GAUGE NON-SINGLET INFLATON

e Our INFLATIONARY SCENARIA DEPENDS ON THE PARAMETERS: M, A AND 8, For HI1, or N For HI2.

e M 1s DetermiNED RequIRING (M) = Mgut. For HI2 WE Use onLy RENORMALIZABLE TERMS IN W.

I5002 (0-01)

9.65 9.70 9.75 9.80
n_(0.1)
s

MopEL: HI1 HI2
6,/107° -4 -
N 2 18
¢4 /0.1 9.9564 | 9.6322
Ay (%) 0.44 3.7
¢¢/0.1 7.1 43
/1073 3.8 10.7
M/1073 5.87 1.96
ns/0.1 9.67 9.64
—a,/107* 7.1 6.4
r/1072 0.28 2

o For HI1 THE WHoLE OBsEeRvATIONALLY FAVORED RANGE CaN Be Coverep For 6,’s cLose To 1075 anp » Remaining BeLow 0.01.

-5, Ay -
le, 245 105 $52, 462 241, 545 0= <86 A 215

1073 ~
For 1 = 0.967 WE FIND 6, = —4 - 107> Anp r = 0.0028.

e For HI2 ng 1s CoNceNTRATED A LiTTLE Lower THAN ITs CENTRAL VALUE AND r < 0.07 INcreases WiTH N < 80 AND A,
0.962 <ng <0.964, 1 <N <80, 0452 A,/1072213.6 ano 0.0025 < r < 0.07.
=

[m]

r

1073 7

C. PaLuis
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I

INFLATIONARY OBSERVABLES - RESULTS

GAUGE NON-SINGLET INFLATON
e Our INFLATIONARY SCENARIA DEPENDS ON THE PARAMETERS: M, A AND 8, For HI1, or N For HI2.

e M 1s DetermiNED RequIRING (M) = Mgut. For HI2 WE Use onLy RENORMALIZABLE TERMS IN W.

MopEL: HI1 HI2

6,/107° -4 -

N 2 18

'57 ¢4 /0.1 9.9564 | 9.6322

S Ay (%) 0.44 3.7
g ¢¢/0.1 7.1 43
- /1073 3.8 10.7
M/1073 5.87 1.96
ns/0.1 9.67 9.64

—a,/107* 7.1 6.4

9.65 9.70 9.75 9.80 r/10—2 0.28 2

n (0.1)

o For HI1 THE WHoLE OBsEeRvATIONALLY FAVORED RANGE CaN Be Coverep For 6,’s cLose To 1075 anp » Remaining BeLow 0.01.

-0, Ay —ay r
le, 245 4 <52 462 —5 2401, 5450 <86 aw 215 —— 534,
§ 103 103 10 e 107

For 1 = 0.967 WE FIND 6, = —4 - 107> Anp r = 0.0028.

e For HI2 ng 1s CoNceNTRATED A LiTTLE Lower THAN ITs CENTRAL VALUE AND r < 0.07 INcreases WiTH N < 80 AND A,
0.962 <ng <0.964, 1 <N <80, 0452 A,/1072213.6 ano 0.0025 < r < 0.07.
o IN THE case oF GauGe SINGLET INFLaTON, WE 0BTAIN LEss Tuning REGARDING A, o & =

:
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:
CoNcLUSIONS

CoNcLusions
o WE Proposep Two Types oF MopELs IMPLEMENTING PoLE INFLaTion WiTHIN SUGRA:

:
® ONE WHERE K HAS ONE LOGARITHM AND THE POLE APPEARS NOT ONLY IN THE INFLATIONARY KINETIC TERM BUT ALSO IN V.
Miory Tuning Two W TERMS WE CAN ALMOST ELIMINATE THE POLE FROM V.

® ONE WHERE K HAS THREE LOGARITHMIC TERMS AND THE POLE APPEARS ONLY IN THE INFLATIONARY KINETIC TERM.

C. PaLuis
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INFLATIONARY SCENARIOS CONCLUSIONS

SUGRA FRAMEWORK

FoRMULATING POLE INFLATION
000 [e]e]e} 000
00 [e]e) [e]e]
: :
: :
CoNcLUSIONS

o WE Proposep Two Types oF MopELs IMPLEMENTING PoLE INFLaTion WiTHIN SUGRA:
® ONE WHERE K HAS ONE LOGARITHM AND THE POLE APPEARS NOT ONLY IN THE INFLATIONARY KINETIC TERM BUT ALSO IN V.
Miory Tuning Two W TERMS WE CAN ALMOST ELIMINATE THE POLE FROM V.
® ONE WHERE K HAS THREE LOGARITHMIC TERMS AND THE POLE APPEARS ONLY IN THE INFLATIONARY KINETIC TERM.
© Both Types oF MoDELS WORK FOR BOTH GAUGE SINGLET AND NON-SINGLET INFLATONS.
CoMPARISON OF THE THE PROPOSED INFLATIONARY MODELS

MobEeL QUuANTITY INFLATON-TYPE
GauGe SINGLET (M < 1) | GAUGE NON-SINGLET ((MpL) = Mgur)
I(N=2) | K=K(©S)+ Kis = —-N1In(1 — (® + ©*)/2) Ky =-Nn(1- 0P - |0])
W= 18 (@ - (1 + 6902 - M?) 18 (B0 - 2(1 + 5,)(@0)* - M?/2) /2
ng = 0.96 — 0.974
5,/1075 = ((=22)-7)- 107! (=5.2) = (-2.4)
/1073 ~ 22-39 21-34
2 K=K@©)+ || Ki=Ko+Wh(l-®)/2+cc) | Ky =Ky +(NIn(l1-00)/2+cc.)
W= 8 (@-xe2/a- M) 18 (B0 - M?/2) /2
r= 0.00076 — 0.07
N< 800, (0 < X'/A1<0.1) 80
ng = 0.96 — 0.968 0.961 — 0.963
THank You! Or <@r <=><=r = DacC
17/18 |
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:
:
SuppLEMENTARY MaTERIAL: Cl WiTH PoLE oF ORDER 2
o Cl can BE ALso ReALIZED wiTH PoLe oF ORDER 24, UsiNg ONE oF THE FoLLOWING K’s FOR THE INFLATON SECTOR

Kiy==NIn(1- ) or Kiy =Ky +Nn(1-®?)/2+Nn(1-@?)/2
WHIGH LEAD To THE KINETIC MixiNG J = V2ZN/fop WiTH fap = 1 — ¢ aND @ = e For 6 = 0.

o For K = Ki; anp K1, We OBTaIN ds}, = Nld(Dlz/(l - |CI>|2) AND Ry = —
° ds%l REMAINS INVARIANT UNDER THE TRANSFORMATIONS

2/N.
- ad +

o ta REePREsENTED By U = [;; Z], ProviDep THAT a? — b = 1. (T>)
(e

THererore, U Provibes RepRresenTaTion OF THE S U(1, 1)/U(1) KAHLER ManiFoLp, siNGE UTosU = o3 with 073 = diag (1, —1).

4J.J.M. Carrasco, R. Kallosh, A. Linde and D. Roest
C. PaLLis

o F £ DA
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:
:
SuppLEMENTARY MaTERIAL: Cl WiTH PoLE oF ORDER 2
o Cl can BE ALso ReaLiZED witH PoLe oF ORDER 24, UsiNg ONE oF THE FoLLowiNG K’s FOR THE INFLATON SEGTOR:

Kiy==NIn(1- ) or Kiy =Ky +Nn(1-®?)/2+Nn(1-@?)/2
WHIGH LEAD To THE KINETIC MixiNG J = V2ZN/fop WiTH fap = 1 — ¢ aND @ = e For 6 = 0.

o For K = Ki; anp K1, We OBTaIN ds}, = Nld(Dlz/(l - |CI>|2) AND Ry
° ds%l REMAINS INVARIANT UNDER THE TRANSFORMATIONS

2/N.
- ad +

o ta REePRESENTED By U = [;71, 2], PRoVIDED THAT @ — |b|2 =1. (T)
(e

THererore, U Provibes RepResentatioN OF The S U(1,1)/U(1) KAHLER MaNIFOLD, SINGE UtosU = o3 with o3 = diag (1, —1).
o IN AppiTioN, Kp; (BUT NoT K1) ReEmAINS INvARIANT UNDER Eaq. (7,), UP TO A KAHLER TRANSFORMATION, I.E.,

K—>K+A+A amp W— We™ wih A =NIn(b*® + ).

4J.J.M. Carrasco, R. Kallosh, A. Linde and D. Roest
C. PaLLis
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:
:
SuppLEMENTARY MaTERIAL: Cl WiTH PoLE oF ORDER 2

o Cl can BE ALso ReaLIZED wiTH PoLe oF ORDER 24, UsiNg ONE oF THE FoLLowiNG K’S FOR THE INFLATON SEGTOR:
K

Nin(1-[®2) or Ky =Ky +NIn(1-@*)/2+Nn(1-0?)/2
WHIGH LEAD To THE KINETIC MixiNG J = V2ZN/fop WiTH fap = 1 — ¢ aND @ = e For 6 = 0.
o For K = Ki; anp K1, We OBTaIN ds}, = Nld(I)lz/(l - |CI>|2)2 AND Ry
° ds%l REMAINS INVARIANT UNDER THE TRANSFORMATIONS

2/N.
@ ad +b

b*d+

REePRESENTED By U = [;; 2], PRoVIDED THAT @ — |b|2 =1. (T)

THererore, U Provibes RepResentatioN OF The S U(1,1)/U(1) KAHLER MaNIFOLD, SINGE UtosU = o3 with o3 = diag(1,-1)
o IN AppiTioN, Kp; (BUT NoT K1) ReEmAINS INvARIANT UNDER Eaq. (7,), UP TO A KAHLER TRANSFORMATION, I.E.,

K—>K+A+A amp W— We™ wih A =NIn(b*® + ).
o Cl caN BE IMPLEMENTED BY THE FoLLowing ComeiNaTIONS (K, W)

® K=K, +K;| AND Wy = AS(® - VD3 /21— M?) orR Wy =AS(P? - VD*/1 - M?).
IFWeEUSE N =2 AND A’ = A(1 + 6,) # O witH 6, =~ 0 WE OBTAIN

Vi = KK (Wis P = 22" a-¢ 2g", =24
’ (1-¢%)7?
Tre Form oF W May BE MOTIVATED FROM THE BREAKING OF THE CONFORMAL SYMMETRY*.
® K=K+ I?“ aND W, = AS®". WE oBTAIN

C. PaLuis
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*
Vi = KK (WP = A%9™
40dM. Carrasco, R. Kallosh, A. Linde and D. Roest
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