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Non-Mixiviat. Criaoric Inration (Nox-MCI)
®0

JSY FRAMEWORK

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING POINT Is THE AcTioN IN THE JoRrDAN FRAME OF A ScALAR FIELD ¢ wiTH POTENTIAL V (¢b) NON-MiNiMALLY CouPLED TO
THE Ricci ScaLar CuRvATURE, R, THRouGH A FRAME FUNcTION fr(¢) (JF). THis Is:

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

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

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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S= fd“xx/?g(—ifﬁ(wz + @g‘”ﬁuqﬁam - V(¢)), WHERE

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

S= fd“x (——‘R + 59" 8,40, — v(?p))
PERFORMING A CoNForMAL TRaNsForMATION' AccorbiNg Wi WE DerINe THE EF METRIG:

~ V=V mo G =g/ fr
Gur = SR G = {5@ = (R+301n fi + 360, frd, fr/2f3) | fr

AND INTRODUCE THE EF CanonicaLLy NormaLizep FieLp, g, AND POTENTIAL, \7, Derinep As FoLLows:
[Z—‘t] =12=f—K+§(fR’¢) AND V(¢):M.
¢ Jr Jr Iz (6())

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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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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THE NON-SUSY FRAMEWORK

INFLATIONARY OBSERVABLES - REQUIREMENTS

® THE NUMBER OF E-FOLDINGS, N, , THAT THE ScALE ks = 0.05/Mpc Surrers DuRING NMI HAs To BE SUFFICIENT TO RESOLVE THE
Horizon AND FLATNESS PROBLEMS OF STANDARD Bia Bana:

_ o Y bx v Vo2 1 1 3
N*:ﬁ d¢Al:f d¢J2AL:61.7+1nM+71nTrh+7lnL¢*]%
G Vs Ju Vs Vigo's 3 2" Tron)'7

WHERE ¢, ’[},] 1S THE VALUE OF qg\[?q;] WHEeN k, Crosses OutsiDe THE INFLATIONARY HORIZON;
&r [¢r] 1s THE VALUE OF ¢ [¢] AT THE END OF NON-MCI WHicH Can Be Founp From THe CoNbiTioN

V= V—
max(@), [0l = 1, Wi €= 1[ .¢] 1 [V,m] o 7= g6 1 (V,m Ve J,¢]'

2\v | T2l v v

=5

v v I

2 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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_ (Ve 1V, ~ V& 1 (Ve VelJds
max{e(¢r), gnlt = 1, With €= 3 [f] =5n [7] AND 7 = —— v v

v 2E
® THe AMPLITUDE OF THE Power SpecTrRuM A OF THE CURVATURE PERTURBATIONS IS To BE ConsisTENT witH PLANCK Dara:
Ao L V@E VGl Ve

2V3r V3@l 2V3r V(e

=4.627-107°

2 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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L V@)Y _ U@l Vg
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® THE (ScALAR) SPECTRAL INDEX, 115, ITs RUNNING, a5, AND THE TENSOR-TO-ScALAR RATIO 7 ARE TO BE CONSISTENT WITH THE
FITTING OF THE Planck ResuLts By THE ACDM MobeL (a1 95% c.L.):

n = 1-68, + 2ij, = 0.968=20.0045, —0.0314 < o, = 2(4735 — (n, — 1)?) /3-2€, < 0.0046 anp r =168, <0.11,

A2 = =4.627-107°

WHEREE: V;\A{%/\Aﬂ = V,¢ﬁ¢/v J? + 27j€ AND THE VaRiABLES WITH SUBSCRIPT * ARE EVALUATED AT ¢ = @b,

2 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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r=0048"003 = 0.01<r<0085 ar68%CL.

2 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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Non-Mixiviat. Criaoric Inration (Nox-MCI)

THE SyNERGY BETWEEN fg aND V([
_

THe Two ReciMes oF SyneraisTic NoN-MCI

o NoN-MCI Has Been ORIGINALLY FORMULATED As FoLtows: Ver = A¢* /4, With fr = 1 + crg® anD fi = 1.
o WE can GeNERaLIZE THE ABove CONSTRUCTION ESTABLISHING A SYNERGY BETWEEN fz AND V(p As FoLLows®:

Ver(g) = 2¢" /2% Witk fr = 1+ cgd™? anp fx = 1

3C. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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THe Two ReciMes oF SyneraisTic NoN-MCI

o NoN-MCI Has Been ORiaiNALLY FormuLATED As FoLlows: Vey = A¢*/4, With fg = 1 + cgrd® anD fi = 1.
o WE can GeNERaLIZE THE ABove CONSTRUCTION ESTABLISHING A SYNERGY BETWEEN fz AND V(p As FoLLows®:

Ver(g) = ¢ /2"2 With fg = 1+ cg¢"? anp fic = 1
® THE Resutting MobEeL ExHiBits THE FoLLowing Two ReaimEs:
® THe WEeak cg ReaIME, WITH cg << 1 OR ¢ > 1 AND cr-DEPENDENT OBSERVABLES CONVERGING TOWARDS THEIR VALUES IN MCI,
lE, ng=1-(2+n)/2N, =0.963,0.947 anp r = 4n/N, =~ 0.13,0.28 For n = 2,4 RespecTvewy (N, = 55).
® THE StroNG ¢ ReGiME, WITH cg > 1 AND ¢ < 1 AND cg-INDEPENDENT OBSERVABLES:

ng=1-2/N, =0.965 anp r = 12/N2 = 0.0036.

0.30 . , , , : :
10 -—=-n=2
025} — =41
=-=-n=6
0.20F g
8 -
S 015 '\\ == o001 1

0.945 0.950 0.955 0.960 0.965 0.970 0.975 0.980
n

s

3C. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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3C. Pallis (2010); R. Kallosh, A. Linde and D. Roest (2013); A. Kehagias, A.M. Dizgah and A. Riotto (2013).
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UNITARITY CONSTRAINT
@O0

Tue UrtravioLet (UV) CuT-0FF ScALE

EinsTEIN FRAME COMPUTATION

o WE ANALYzE THE SMALL-FiELD BeHAvior OF THE THEORY ExPANDING S ABouT 8¢ = ¢ — 0 IN TERMS OF E“. To THIs ENo WE Finp (J)

—~\2 2.2 pn-2
d 3n’ci¢ V3/2cg, FOR n =2,
,z:(dz] 7}&*# = D=y :o:Rn;:ZRn For (fk)=1.
2 ,

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

4 J.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)
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Tue UrtravioLet (UV) CuT-0FF ScALE

EinsTEIN FRAME COMPUTATION

o WE ANALYzE THE SMALL-FiELD BeHAvior OF THE THEORY ExPANDING S ABouT 8¢ = ¢ — 0 IN TERMS OF 5“. To THIs ENo WE Finp (J)
T\ 2.2 4n-2
3n“cg, ¢ A/ - =
P90} S Lo TURE Ly VAR PRy
d¢ fr 82 1, FOR n#2
WE OBSERVE THAT?E = ¢ FOR n > 2 At THE VAcUUM OF THE THEORY.
e For n = 2 AND ANY ¢ WE OBTAIN Ayy = mp SINCE THE Expansions ABoUND (¢) = 0 GIVE:

'2:[1—\/§$+2?/7—~-]$2 o 7 = [1_ \/§$+22¢7—-~].

J2

22
2
SCR

4 J.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)
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P (@]Z gk s [T, ror =2,
de

fr 82 1, FOR n #2
WE OBSERVE THAT?E = ¢ FOR n > 2 At THE VAcUUM OF THE THEORY.
e For n = 2 AND ANY ¢ WE OBTAIN Ayy = mp SINCE THE Expansions ABoUND (¢) = 0 GIVE:

. 272
'2:[1—\/?$+2:/7—~-]$2 o V= 2 [1_ ﬁ%z&?—m].
3 3c; 3

2
R

For (fk)=1.

J2

e For n > 2 SimiLAR Expansions Can Be DERIVED:

. n 302 - —~ pery —n — —3n
Pg? = (1 —crg? + %c‘%tﬁ”’z + P T¢ (1 —2epp? +35F —4cSF T + -

SiNce Tre Term WHICH YiELDS THE SMALLEST DENOMINATOR FOR c > 1 1s 312 ci?ﬁ"’z /8 WE FiND Ayy = mp/ch/("'”.

=2 .
~)¢ AND V(1

4 J.L.F. Barbon and J.R. Espinosa (2009); C.P. Burgess, H.M. Lee, and M. Trott (2010); A. Kehagias, A.M. Dizgah, and'A. Riotto (2013)
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NIMAL CHaotic INFLATION (NoN-MCI UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDINC INFLATION ANALYSIS CoNCLUSIONS
@O0

Tue UrtravioLet (UV) CuT-0FF ScALE

EinsTEIN FRAME COMPUTATION
o WE ANALYZE THE SMALL-FiELD BeHAvior OF THE THEORY ExpANDING S ABouT 6¢p = ¢ — 0 IN TERMS OF 5“. To THIs Eno WE Finp (J)

—~\2 2.2 pn-2
d 3n’ci¢ V3/2cg, FOR n =2,
,z:(dz] :ﬁ;*# = D=y :o:Rn;z” For (fk)=1.
2 ,

WE OBSERVE THAT?E = ¢ FOR n > 2 At THE VAcUUM OF THE THEORY.
e For n = 2 AND ANY ¢ WE OBTAIN Ayy = mp SINCE THE Expansions ABoUND (¢) = 0 GIVE:

807 |7 w0 7= EF _\/E 7.
[l—\/;¢+2¢ ]¢ AND V = 36% [l 3¢+2¢ .

e For n > 2 SimiLAR Expansions Can Be DERIVED:

J2'2:

/12 ¢n
2

3n? ,

8

L,R¢ 24 LR¢

Pi? = (1= cogh =2 v 1= 2end3 +32F — 43 G2
¢"={1-crp2 + ~]¢ AN Ve —2crp2 +3cpd" —dcgd 2 +--
SiNce Tre Term WHICH YiELDS THE SMALLEST DENOMINATOR FOR c > 1 1s 312 ci?ﬁ’"z /8 WE FiND Ayy = mp/ci/("'”.
o |F WE INTRODUCE A NoN-CanNonicaL KineTic Mixing SucH THAT

— = n/4
(fc) =cx AND cg = rgrcy

THe Expansions ABove ARE REWRITTEN IN TERMS oF THE NEW PARAMETER rgi

270

. —n 3% 5 —~ |2 = P —3n
S = (1 — R 2 + ?r,ze,(w 2+r,2“<¢"---)¢ aND Vep = —2 f/ (1 ~ gk 2 + 3k — A b2 + )

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

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

I
Tue UrtravioLet (UV) CuT-0FF ScALE

JoRDAN FRAME COMPUTATION

o |F we ExPaND gy, ABoUT THE FLAT SpaceTiME METRIG 77, AND ¢ ABoUT ITs V.E.V As FoLLows
Guv = My + hyy AND @ = (@) + 6¢ WHERE () =~ O
THe LacraNGIAN CoRRESPONDING To THE Two FirsT TeRMs IN THE RigHT-HaND Sibe OF S Takes THe Form ((¢) = 0):

or = -y om By, 6¢ﬂ”6¢+(<m>6¢+—<fw>a¢ + 2 fron)o0 +- )F'R

1 _ R —n2 -
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o THE ProeLemaTic ScaTTERING AMPLITUDE A REMAINS WITHIN THE VALDITY OF THE PERTURBATION THEORY PROVIDED THAT E < Ayy
Is WriTTeEN IN TERMs OF THE CeENTER-OF-Mass ENeray E As FoLLows

E 2 1 Z \n/4 n/4
ﬂN(ATv) i v = ?% = mﬁ; = ik ® (o) = e = (er/rri0)*"

THereFore, WE VERIFY THAT PerTuRBATIVE UNITARITY Is RETAINED UP TO PLANCK ScALE, IF rgx < 1. For THESE REASONS
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SUPERGRAVITY EMBEDDING
[

TnE GENERAL FRAMEWORK

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

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

prvrY" 5 DoW = Wao + Kgo W,

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

5M.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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00

Kineticary Mopiriep NoN-MCI in SUGRA

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND FRAME FuNncTiON

o WE Ust 2 SuperriELDs @' = @ (INFLATON) AND @ = S (“StaBiLizep” FiELD) AND ADOPT THE FOLLOWING SUPERPOTENTIAL:

CHARGE ASSIGNMENTS

W =S 0" -
[ Suerrietps: [[ S [ @ |
From WHICH IN THE THE SUSY Limt WE GeT Vp = A2 @ + 22|S|? l 70 [ 1 [ 2/ |
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2

o IF WEe SeT S = 0, THE ONLY Surviving TerM of V i1s Ve = eKKSS” |W5|
e To OeTaiN KineTicaLLy Mopiriep Non-MCI in SUGRA WE SeLecT THE FoLLowiNg KAHLER POTENTIAL :
ko

X (Fr+Fp)" Fx - Fs + ?Fﬁ

kso

K= —3ln(§(F«R+F;}) FK|S|2)

276
WhHeRE WE HAVE DEFINED THE FUNCTIONS
Fr(®)=1+23d%cg, Fx=(@ -0 anp Fs = |SP/3—ksIS[*/3.
e ALoNG THE INFLATIONARY DIRECTION § = @ — ®* = (), ch 1s WRITTEN As FoLLows:
Vo = /12|<§>|" WHERe fgr = Fr = -Q/3, Since e :f,;3 o K557 = fpe
R

o THe 17 ProBLEM WiTHIN SUGRA 1s ResoLvep BY MiLbLy TUNING ¢k >> 1 AND rgx = c’R/c;’(M <1
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o Tre 17 ProsLem WitHiN SUGRA 1s Resowvep By MiLbwy TUNING ck >> 1 AND gk = cg/cil” < 1.

© THe FUNCTION ck f' REMAINS INvisIBLE IN Vc; AND INFLUENCES ONLY THE CANONICAL NORMALIZATION OF @, Koo+ = J?
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e To OeTaiN KineTicaLLy Mopiriep Non-MCI in SUGRA WE SeLecT THE FoLLowiNg KAHLER POTENTIAL :
ko kso

o\ 2 2
(Fr+Fp)" Fx - Fs + o Fe— 5 Fise),

K= —3111(% (Fr+ Fy)+ 2LTKG
WhHeRE WE HAVE DEFINED THE FUNCTIONS
Fr(®)=1+23d%cg, Fx=(@ -0 anp Fs = |SP/3—ksIS[*/3.
e ALoNG THE INFLATIONARY DIRECTION § = @ — ®* = (), ch 1s WRITTEN As FoLLows:
Vo = /12|<§>|" WHERe fgr = Fr = -Q/3, Since e :f,;3 o K557 = fpe
R

o THe 17 ProBLEM WiTHIN SUGRA 1s ResoLvep BY MiLbLy TUNING ¢k >> 1 AND rgx = c’R/c;’(M <1

© THe FUNCTION ck f' REMAINS INVisIBLE IN Ve AND INFLUENCES ONLY THE CANONICAL NORMALIZATION OF @, Koo+ = J?
e For ¢k > cg, Our MoDELS ARE CoMPLETELY NATURAL, BECAUSE THE THEORY ENJoYs THE FoLLowiNG ENHANCED SYMMETRIES:

D> O, D O+c AND S — €S, NTHELMTS cg >0 & 1 -0
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SUPERGRAVITY EMBEDDING

oe

Kineticary Mopiriep NoN-MCI in SUGRA

FrAMEWORK OF INFLATIONARY ANALYSIS
o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
O =0/ V2 DS = (s+i5)/ V2 WeOsman Vi = 420" /(1 + crd™?)> (No DEPENDENCE ON 172 AND ¢ ARISES)
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NIMAL CHaoTic INFLATION (NoN-MCI

N ANALYSIS CONCLUSIONS

Kineticary Mopiriep NoN-MCI in SUGRA

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

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

=0

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

oe

Kineticary Mopiriep NoN-MCI in SUGRA

FrAMEWORK OF INFLATIONARY ANALYSIS
o ExpanDING @ AND S IN REAL AND IMAGINARY PARTS As FoLLows:
O =0/ V2 DS = (s+i5)/ V2 WeOsman Vi = 420" /(1 + crd™?)> (No DEPENDENCE ON 172 AND ¢ ARISES)
e WE CAN CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY s = § = # = 0 w.R.T THE FLucTuATiONs OF THE VARious FiELDS, I.E.

v s — — — PV _
=0 AND M, >0 WHERE m’, = Eev|M, With M, = ——— AND ¥ =6,5,5.
" =500 o o [ P GG

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

THE Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

FieLps EINGESTATES [ MassEs SQUARED ‘

1 ReAL ScaLar 2 4Vey/3 = 4HZ,
m2 =~ 2(6ks fr — HVer/3
2 WevL SpiNoRs | e = oy + 1s)/ V2 My, = ”Z?C'/ZCK&J%W
o WE OBSERVE THE FOLLOWING:

°* Vo, Tﬁ;q > 0. EspeciaLy m2 > 0 & kg > (0.5 - 1.5);

m

2 REeAL ScALARs

® Ya, ﬁ)z((, > 1"--1\(2:I AND So ANy INFLATIONARY PerTURBATIONS OF THE FiELDs OTHER THAN THE INFLATON ARE SAFELY ELIMINATED;

® THe ONe-Loop Rabiative Corrections (RCs) A LA CoLEMAN-WEINBERG TO Vier Have The Usuat Foru:

—~ —~ 752
— 1 (_ m2 . m2 m,
AVor = o (mz In 5 +2m{In - — 47, In szi

WHERE A = (1 —5)- 10'* 1s A ReNormALIZATION GRouP Mass ScaLE DETERMINED By REQUIRING A’VCI((ﬁ*) =0or
éVm (¢¢) = 0. UNDER THESE CIRCUMSTANCES. AVﬂ Has No SigNiFicaNT EFFECT ON THE RESULTS.
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INFLATION ANALYSIS
[

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS

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

ANALYTICAL RESULTS

APPROXIMATING THE INFLATIONARY DyNAMICS
© THE SLow-RoLL PArRaMETERS ARE DETERMINED UsING THE STANDARD FORMULAE IN THE EF:

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

20N, "
K

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

el+m

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

1/(1+m)

S
N, ~
* 2n

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

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

ANALYTICAL RESULTS

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

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

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

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

)1/(1 +m)

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

WHERE fin = fR(6) = 1 + rri (20N )"

C. PaLuis OBSERVABLE GRAVITATIONAL WaVES FrROM NON-MINIMAL INFLATION IN SUGRA 10/12




CHaoric INFLaTION (NON-MCI UNITARITY CONSTRAINT SUPERGRAVITY EMBEDDINC INFLATION ANALYSIS CONCLUSIONS
N °

ANALYTICAL RESULTS

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

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

e 4 4 " 1[% For m =0, SINCE o F) (0,%;1 - ¢"/2)
Ny = 2Fy (—m,;;l+;;—67e¢* ) = e =

on fl+m 1

Jmx=1 _ _ n/2
,l,_RKCK FOR n =4, SINCE ‘>F1( m, 1;2; —cgd), ) (1+nz)¢,¢¢*'

— \1/(1+m)
HERE , F 1s THE GAuss HYPERGEOMETRIC FUNCTION AND f;,, = (1 + 8(m + l)r'RKN,,) .

o For EVERY m AND 1, THERE IS A LOWER BOouND ON ¢k, ABOVE WHICH ¢, < 1.
e THE Power SpecTRuM NORMALIZATION IMPLIES A DEPENDENCE oF A oN ck FOR EVERY rgk

Py (G ) (2"f”*/ N *) PR =00 ese e = fale) = 1 + r(2nNs ).
l6cKr /(f,,,* - 1)2fm* FOR n =4,

e A CLeAR EFricienT Dep E oF THE O BLES ON rgi ARISES, |.E.,
m—=1+(m+2)fiux 16(f13m — 1)
—, r= =,
<ﬁm Dfrem(1 + m)N, (fx = DY™A+ m)N,
—2(1+m
_ m,‘( +m) (f,“m 1)2
(1 +mN, (Fux =17
e E.a., ExPANDING THE RELEVANT FORMULAS FOR 1/1’\7* < 1 WEFiNDFOR R = 4 AND m2 = 1:
~ N 3 2 . 2 3 12 ~ 2 N3 1/2
ng=~1-3/2N, —3/8(N;rgx) "=, r=1/2N;rgg +2/(Nyrgx) '~, as=~3/2Ng = 9/16(N; rgx)

ne = 1 _(me _

(2fe (1 + o) + 3ok = Dfowst + (fonse = DPm? = 1)
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Non-MinimaL CHaoric INFLaTiON (Non-MCI) UNitaRITY CONSTRAINT SUPERGRAVITY EMBEDDING INFLATION ANALYSIS CoNCLUSIONS
(e]e] [e]e] [e] [e]
[¢] 00 [

I
NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS

o IMPosING THE PlanckCONSTRAINTS FOR IV* =55, kg

0.14

m=0

0.12F

0.10

0.955 0.960 0.965 0.970
n

r - =«bool
RK \
\
\
«.0.027
\

-=-n=2
—n=4

0.975

=0.5—-1AND kg = 1 we OBTaIN THE FoLLowing ALLoweb CURVES:
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NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS

© |IMPOSING THE PlanckCONSTRAINTS FOR IV* =55, ks =0.5—1AND kg = 1 we OBTAIN THE FoLLowiNg ALLoweb CURVES:

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

r - =«bool T M= «0ool -no2
012} R \\ nea o012} \ i
0.10

\
« 0.027
\

0.955 0.960 0.965 0.970 0.975 0.980 0.955 0.960 0.965 0.970 0.975 0.980
n

n

s s
o WE OsSERVE THE FoLLOWING:
® APART FROM THE 72 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYoND WHicH THE THEORY CeAsEs To BE UNITARITY SAFE.
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r - =«bool T M= «0ool -no2
012} R \\ nea o012} \ i
0.10

\
« 0.027
\

0.955 0.960 0.965 0.970 0.975 0.980 0.955 0.960 0.965 0.970 0.975 0.980
n

n

s s
o WE OsSERVE THE FoLLOWING:
® APART FROM THE 72 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYoND WHicH THE THEORY CeAsEs To BE UNITARITY SAFE.
® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI ALtHougH WiTH ¢ < 1.
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NUMERICAL REsuLTS

TesTING AGAINST OBSERVATIONS

© |IMPOSING THE PlanckCONSTRAINTS FOR IV* =55, ks =0.5—1AND kg = 1 we OBTAIN THE FoLLowiNg ALLoweb CURVES:
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012} R \\ nea o012} \ i
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« 0.027
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0.955 0.960 0.965 0.970 0.975 0.980 0.955 0.960 0.965 0.970 0.975 0.980
n

o WE OsSERVE THE FoLLOWING:
® APART FROM THE 72 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYoND WHicH THE THEORY CeAsEs To BE UNITARITY SAFE.
® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI ALtHougH WiTH ¢ < 1.

® Form = 1 THe Curves Move To THe RigHT AND FiLL MoRe DENsELY THE 1-0- OBSERVATIONALLY FAvoRED RANGES For QuITE
NATURAL rgk’s — E.G. 0.005 S rgx S 0.1 FORm =1 AND 1 = 4.
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n

o WE OsSERVE THE FoLLOWING:
® APART FROM THE 72 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYoND WHicH THE THEORY CeAsEs To BE UNITARITY SAFE.
® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI ALtHougH WiTH ¢ < 1.

® Form = 1 THe Curves Move To THe RigHT AND FiLL MoRe DENsELY THE 1-0- OBSERVATIONALLY FAvoRED RANGES For QuITE
NATURAL rgk’s — E.G. 0.005 S rgx S 0.1 FORm =1 AND 1 = 4.

® THe REQUIREMENT rgg < 1 PRroviDEs A Lower Bounp on r, WHicH Ranaes From 0.0032 (For m = 0 aND 1 = 6) 70 0.015
(FoRm =4 AND 1 = 4).
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TesTING AGAINST OBSERVATIONS

© |IMPOSING THE PlanckCONSTRAINTS FOR IV* =55, ks =0.5—1AND kg = 1 we OBTAIN THE FoLLowiNg ALLoweb CURVES:
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r - =«bool T M= «0ool -no2
012} R \\ nea o012} \ i
0.10

\
« 0.027
\

0.955 0.960 0.965 0.970 0.975 0.980 0.955 0.960 0.965 0.970 0.975 0.980
n

o WE OsSERVE THE FoLLOWING:
® APART FROM THE 72 = 2 LINE, THE OTHERS TERMINATE FOR rgx = 1, BEYoND WHicH THE THEORY CeAsEs To BE UNITARITY SAFE.
® Form = 0 we ReveaL THE ResuLts oF THE ORIGINAL NON-MCI ALtHougH WiTH ¢ < 1.

® Form = 1 THe Curves Move To THe RigHT AND FiLL MoRe DENsELY THE 1-0- OBSERVATIONALLY FAvoRED RANGES For QuITE
NATURAL rgk’s — E.G. 0.005 S rgx S 0.1 FORm =1 AND 1 = 4.

® THe REQUIREMENT rgg < 1 PRroviDEs A Lower Bounp on r, WHicH Ranaes From 0.0032 (For m = 0 aND 1 = 6) 70 0.015
(FoRm =4 AND 1 = 4).

® THE n = 2 LINE APPROACHES AN ATTRACTOR VALUE FOR Cg > 1 ANY m.
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e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FRoM THE 1-0- RANGES:

m=2 m=4

0.14
—=qD.001 T !
k=% ——-n=2

0.14 .

0.12F \\ n=4 0.12

0.04

0.02

0.955 0.960 0.965 0.975 0.980 0.955 0.960 0.965 0.970 0.975 0.980
n
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e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FRoM THE 1-0- RANGES:

m=2 m=4

0.14
—=qD.001 T !
k=% ——-n=2

0.14 .

0.12F \\ n=4 0.12

0.04

0.02

0.955 0.960 0.965 0.970 0.955 0.960 0.965 0.970 0.975 0.980
n n

s s

CONCLUSIONS

o WEe Proposed A VARIANT oF NON-MCI WHicH CaN SareLy AccommopaTe 7’s oF ORper 0.01.
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RK -—=-n=2
012} \ 0.12
N —n=4
0.10
5008
=

0.04

0.02

0.955 0.960 0.965 0.970 0.955 0.960 0.965 0.970 0.975 0.980
n

s s

CONCLUSIONS

o WEe Proposed A VARIANT oF NON-MCI WHicH CaN SareLy AccommopaTe 7’s oF ORper 0.01.
o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLovING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomorrHIC FUNCTION AND A SHIF-SymmeTric Quapratic Function F WHicH Remains INvisiBLE IN Vicg WHILE DoMINATES J.
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0.10
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=

0.04
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0.955 0.960 0.965 0.970 0.955 0.960 0.965 0.970 0.975 0.980
n

s s

CONCLUSIONS

o WEe Proposed A VARIANT oF NON-MCI WHicH CaN SareLy AccommopaTe 7’s oF ORper 0.01.

o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLovING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomorrHIC FUNCTION AND A SHIF-SymmeTric Quapratic Function F WHicH Remains INvisiBLE IN Vicg WHILE DoMINATES J.

© INFLATIONARY SoLuTions CaN Be Artained EveN WiTH ¢ < 1 ReauiriNG LARGE ck’s AND WiTHouT CausiNg ANY ProsLEm WiTH THE
PERTURBATIVE UNITARITY.
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e For m = 2 & m = 4 THe Curves Move More AN MoRre To THE RigHT AND Tend To Go FurTHER FRoM THE 1-0- RANGES:
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CONCLUSIONS

o WEe Proposed A VARIANT oF NON-MCI WHicH CaN SareLy AccommopaTe 7’s oF ORper 0.01.

o THis SETTING CAN BE ELEGANTLY IMPLEMENTED IN SUGRA, EmpLovING A LocaRiTHMIC KAHLER PoTENTIAL WHICH INCLUDES AN
HoLomorrHIC FUNCTION AND A SHIF-SymmeTric Quapratic Function F WHicH Remains INvisiBLE IN Vicg WHILE DoMINATES J.

© INFLATIONARY SoLuTions CaN Be Artained EveN WiTH ¢ < 1 ReauiriNG LARGE ck’s AND WiTHouT CausiNg ANY ProsLEm WiTH THE
PERTURBATIVE UNITARITY.

© A SizaBLE FRACTION OF THE ALLOWED PARAMETER SPacE OF OUR MODELS (WITH 72 = 4) CAN BE STUDIED ANALYTICALLY.
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