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Higas INnrLaTION IN SUGRA
°

GENERAL FRAMEWORK

SUGRA (1.E. SuPERGRAVITY) POTENTIAL

o THe GeNERAL EINsTEIN FRAME AcTioN For THE ScALAR FiELbs z* PLus GraviTy IN Four DimensionaL, N = 1 SUGRA is:
—( 1 5 =
S= fd4x V-9 (7572 + K3 VDﬂz“DVz*ﬂ - V) Where WE Use UNits WiTH mp=1.

K i .
PR >0 ano K7 K,y = 6‘; D" = 8,2" + igAzTgﬁzﬂ, WHERE

Aﬁ 1s THE VECTOR GAUGE FIELDS AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%; FINALLY, V = Vi + Vp WiTH

Auso K 1s The KAnLer PotentiaL With K5 =

- 2 ~ 1
Ve =ef (K””FL,F[; - 3|W|2) Wit W THe SuperpoTENTIAL AND Fy = W.e + Ko W; Vp = igsz; witH Dy = 20 (T)§ K 5.

o WEe CoNceNTRATE oN Higas INFLATioN (HI) DRiven BY Vi Since WE Can Easity Assure Vp = 0 DuriNg HI.

’ THererFore, HI WitHN SUGRA REeauires THE APPROPRIATE SELECTION OF THE FuNcTions W anD K
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’ THererFore, HI WitHN SUGRA REeauires THE APPROPRIATE SELECTION OF THE FuNcTions W anD K ‘

o DirricuLties Anp PossisLe Wavs Out

® THE 77 ProBLEM. CoEFFICIENTS OF ORDER UNITY IN K May SpoiL THE FLaTNESs oF Vi Due To THe FacTor eX. This Can Be
Evapep IF WE IMPose A SHIFT SYMmETRY SO THAT K = K(® — @*) = K(Im(®D)) AND THE INFLATON BE ¢ = V2Re(D).
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Evapep IF WE IMPose A SHIFT SYMmETRY SO THAT K = K(® — @*) = K(Im(®D)) AND THE INFLATON BE ¢ = V2Re(D).

® THe Runaway ProeLem. THE Term —3|W|? May Renoer Vi Unsounpep From BeLow. To Avoio THis WE May ApopT A W
WHERE THE INFLATON 1s MutTipLiED WiTH A STaBILIZER FiELb S WHicH Has To BE StagiLizep At ZEro DURING INFLATION.
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o CoMPLEMENTARILY, FRoM MoDpELs oF NoN-MiNiMAL CHaoric INFLATION (NMI) IN SUGRA WE KNow THAT Vp 1S SUFFICIENTLY FLAT, IF
WE Abopt K = =N1In (1 + cg(®" + ®*")) + --- AND TuNE N > O AND 2 WiTH THE EXPONENT m oF @ IN W = ASO™. E.qG.,

IF we SeecT W = AS®? A K = —21n (1 +2cp(D? + %)) = (& - &*)2/2 + IS
WEe Oan Vi = KKSS |Wv5 |2 = 2¢*/4(1 + crgp?)* ~ const FOR cg > 1.

How WE can AppLy THESE GENERAL IDEAs To HI?
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Higas INnrLaTION IN SUGRA

@00

I
INFLATING WiTH A SUPERHEAVY HIGGS

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuperriELDs z' = @, 72 = @, CHARGED UNDER A LocAL SYMMETRY, E.6. U(1)p-1, AND 2> = § (“StaBiLizER” FiELD).

© SUPERPOTENTIAL W = AS ((T?CD - M2/4) CHARGE ASSIGNMENTS

e W Is Uniquery DeTermiNeD UsiNg U(1)p-; AND AN R SYMMETRY SUPERFIELDS: S [0} [0}
AND LEADS TO A GRAND UNIFIED THEORY (GUT) PHASE TRANSITION U(r 1 0 0
Ar Tre SUSY Vacuum (S = 0, ()| = ()] = M2, UL LU

Since IN The SUSY Limit, Arter HI, We Get Vi ~ A2 |CDCT> - M2/4|2 + S P(DP + |D]?) + D — terms.

1 C.P. and N. Toumbas (2016, 2017).
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o PossiBLE KAHLER POTENTIALS — SoFTLY BROKEN SHIFT SymmeTry For Hices FieLps

-2
© THE SHIFT SYMMETRY CAN BE FormuLATED By THE FuncTions F. = |<D + @*|” WitH COEFFICIENTS ¢4 AND C_, ¢4 < C—.
e HI can Be OBTAINED SELECTING THE FoLLowing K's WHicH ARe QuabraTic AND INvarianNT UNDER U(1)p_; AND R SYMMETRIES:

Ki=-Nin(1+c,F.+Fis(SP)+c F., Ky=-NIn(1+c,F,)+c F_+ Fy(SP),
Ky =-NIn(1+c,F.)+ Fas(F_, |S|2) WHere WEe CHoose THe FuncTions'

—In(1 +|S]/N) Ns In(1 +|S?/Ns) Ns In(1 + c_F_/Ns +1S*/Ns)
Fig = {exp(—\S\z/N)— 1 Fos = _Ns (e"S‘Z/NS _ 1) AN Fis = —Ns (e—(chf/NSHSIZ/Ng) B ]) With N,Ns >0

SINGE THE SiMPLEST KINETIC TERM FOR S, |S |2, LEADS TO m§ < 0or m§ < H]%H ALONG THE INFLATIONARY PATH.

1 C.P. and N. Toumbas (2016, 2017).
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1 C.P. and N. Toumbas (2016, 2017).
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o THE FRee PARAMETERS, FOR FIXED 1, ARE 1. = ¢4 /c— AND A/c_ (NOT ¢4, c— AND A) SINCE IF WE PERFORM THE RESCALINGS
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1 C.P. and N. Toumbas (2016, 2017).
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Higas INnrLaTION IN SUGRA

[e] e}

INFLATING WiTH A SUPERHEAVY HIGGS

INFLATIONARY POTENTIAL

AND S =

s 1
2 V2

1 ; - 1 i .
o |F WE Use THE PaRAMETRIZATION © = E(pe"’ cosfp AND O = %qﬁe‘g sinflpy WitH 0 < 6 <

WE Can SHow That A D-Fuar Direction Is 6 =

5=0 aND Op =7/4 (1)
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HiGes InFLation IN SUGRA INFLATION ANALYSIS R

INFLATING WiTH A SUPERHEAVY HIGGS

INFLATIONARY POTENTIAL

1 i _ 1 ia n 1
o |F WE Use THE PaRAMETRIZATION © = —(pe"’ cosfp AND O = —q)e‘g sinfp WiItH 0<60p < = AND S = — (s +i5)
;i q ;i b v < 5 i
WE CaN SHow THaT A D-Fiat DiRecTioN s =6 =5s=35=0 aND Op =n/4 (1)
o THE ONLY Surviving TERM OF VF ALonG THE PatH IN Ea. (1) 1s
_ . (6 — M2 AR ARARE R
Vi = KK557 W = % WiTH fr =1+ c,d” n o a/10°
16fR( ) 20p .01 775 ]
0 664
Pravina THE RoLe OF A Non-MinmaL CoupLing To GraviTy. Also, ¢ 5 ]
=] r,=0.03
_[v=3)2 st _ [k K=K < :
n= {N/Z _7] AN K> = 1 FOR Y g _ K2s Lo . ]
e Forn >0, VHI Deverops A LocaL Maximum o5f " .
. pen 1 CX X g
- - 0.0 b eetieteies
Vit ($max ) 16¢2 (1 + m)2(1+n) AT Pmax e 00 02 04 06 08 10 12 14 16 18 20

¢
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INFLATING WiTH A SUPERHEAVY HIGGS

INFLATIONARY POTENTIAL

1 ; - 1 i n 1
o |F WE Use THE PaRAMETRIZATION © = —(pe"’ cosfp AND O = —q)e‘g sinfp WiItH 0<60p < = AND S = — (s +i5)
V2 ) V2 ' vT2 V2

WE CaN SHow THaT A D-Fiat DiRecTioN s =6 =5s=35=0 aND Op =n/4 (1)
o THE ONLY Surviving TERM OF VF ALonG THE PatH IN Ea. (1) 1s

_ . R — M2 R ARRARaR
Vi = KK557 W = % WiTH fr =1+ c,d” n a/10°
16£20" 208 01 775 ]
0 664
Pravina THE RoLe OF A Non-MinmaL CoupLing To GraviTy. Also, ¢ 5 ]
S r.=0.03
_[v=3)2 s _ [fr K=K < :
n= {N/Z _7 Ao K =97 FOR g K23 S Lo0f . ]
o Forn > 0, Viy; Deverops A Loca. Maximum 05F a4
_ 2p2n 1 )
v [ — = — 00 b T
1 (Pmax) 16¢2(1 + n)2(1+m AT fmax cn 00 02 04 06 08 10 12 14 16 18 20

e THE EF CanonicaLLy Normavizeo FieLps, WHicH Are Denotep By Har, Can Be OsTaiNed As FoLLows:
dé — 0, —~ _ - -
ﬁ =J= V&, B, = J‘\’E, = ,/%w,, B :mﬁ(ad,— %) o (5.3) = VKsse(s,5)-

Were 0, = (0£0)/ V2, k. = c_ (1+Nra(c.¢® = D/f3) = coawk_=c_ (1-Nro/fr) >0 = r.<I1/N.

o WE CaN CHECK THE STABILITY OF THE INFLATIONARY TRAJECTORY IN Eq. (I) w.R.T THE FLucTuATioNs OF THE VARIous FIELDS, I.E.

v — — = = L%
P =0 AND % >0 WHERE M2, = Eav|M? With M2, = AND x* =6_,0,,00p,s,5.
I o @) Pl X [ nﬂ] B P =0 +
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Higas INnrLaTION IN SUGRA

ooe
I

INFLATING WiTH A SUPERHEAVY HIGGS

STaABILITY AND RADIATIVE CORRECTIONS
THE Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

FieLps EINGESTATES Masses SQuARED
K = K, [ K=K K=K
2 ReAL ScaLaRs b, m2, Gﬁgn 6(1 — 1/Ng )I?fn
o A M2, +6H?, M2, +6(1 - 1/Ns)HY,
1 CoMPLEX SCALAR 5 m? 6c+¢2ﬁf"/N [ éilzn/Ng

1 GAUGE BOSON AL M3, g*c_ (1 = Nry/fr) ¢*

4 WEYL SpiNoRs V. w2, | 6N =3)¢* 2 H2 e ¢* 3 [ 6(ce (N —2)¢? — 2 HY -8 2
Ao Voo | M2, g*c_ (1= Nre/fr) ¢*

° Va, ﬁf{{, > 0. Especiay 72 > HY & 0 <N <6FoRK = Ki aND 0 < N5 < 6 FoR K = K»3;

® Va, ﬁf{a > 1"--1?_lI AND So ANy INFLATIONARY PerTurBaTions OF THE FiELbs OTHER THAN THE INFLATON ARE SAFELY ELIMINATED;

® Mp; # 0 SieNALs THE Fact THar U(1)p-; Is Broken DuriNGg NoN-MHI;
® THe ONe-Loop Rapiative CorrecTions A LA CoLEMAN-WEINBERG TO VHI Have The Form:
1 2 i my,
. —4 0+ —4 g —4 +
AVy = pves (mé,+ In a2t 2mig In A—; — 4y, In e WHERE

o M2, > m% AND ﬁg(b > m3 ARE NoT TAKEN INTO AGCOUNT;

o A~ (1-5)-10" s A ReNormaLIzaTION GRour Mass ScaLE DeTErMINED By RequIRING AVHI(qb*) =0orR AVH[((bf) =0.

As A Conseauence, AV Has No SieniFicant EFrect ON THE ResuLts.
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INFLATION ANALYSIS
°

INFLATIONARY OBSERVABLES

APPROXIMATING THE INFLATIONARY DYNAMICS

© THE SLow-RoLL Parameters ARE DETERMINED UsING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ¢:
— 2 —

1 Vg 8(1 — nc,.¢?)? W rr 3- (G +9n)cid® +n(l + 4;1)0%47)4
€e=z|=—| ———>— AN =—— =4 .

2| Va P fz Vi ¢ f3
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© THE SLow-RoLL Parameters ARE DETERMINED UsING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ¢:
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1 Vig| _ 81 —nc.¢?)?

— Vagg  3- G+ ¢ +n(l +dnc ¢t
= - AND = —— =4 —— .
2\ Vi - fz Vin ¢ f2

® THE NumBEeR oF e-FoLpings THAT k, = 0.05 Mpc Experiences DuriNG HI Is CALcuLATED To BE

— f?* Vi [+ erd?)? - D)/16r, FoR =0
Ne=| ~
9

dep — ~
¢ Vg —(nc+¢i +(1+n)In(l - ncgﬁ)) /8n%ry  FOR n#0.
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1 Vin@0)? AV ¢)fr(g)™ 32 ML= fi) + 1
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12 2172
3-2 3- 8 3+2 6— 8n-r,
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WitH NEGLIGIBLE 2y RUNNING, 5. THE VARIABLES WITH SUBSCRIPT * ARE EVALUATED AT ¢ = ¢by.
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HiGas InFLaTION IN SUGRA INFLATION ANALYSIS REsuLTs (

PERTURBATIVE UNITARITY

ULtravioLet (UV) Cut-ofF ScaLE (Ayy)

© THE IMPLEMENTATION OF OUR INFLATIONARY MopEL WiTH ¢ < | ReauiRes ReLaTIVELY LARGE ¢_’s. THEREFORE, WE Have To CHECk
IF THE ResuLTING EFFECTIVE THEORY RESPECTS PERTURBATIVE UNITARITY UP TO m1p = 1, ANALYZING THE SMALL-FIELD BEHAVIOR? OF THE
THEORY. |.E., WE Exranb AsouT (¢) = O THE AcTION S ALONG THE INFLATIONARY PATH

S=fd4x\/—7’g\(—%§+%]Zéz—"?ﬂmﬁ-"') .

e IN ParTicuLAr, WE FinD (J) As FoLLows

=Ky =

d¢ Ir Iz

= (Jy=c_#1, WHERE fk =c_fr AND (fgr) =~ 1.

I.E., THE FirsT TeERM INcLUDES THE A NoN-CanonicaL KineTic Mixine WHEREAS THE SECOND ONE IS DUE TO THE NON-MINIMAL
CoupLING fg. For THIs ReasoN, we CALL THis MopeL KineTicaLLy Mobiriep NoN-MinimaL HI.

2.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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e IN ParTicuLAr, WE FinD (J) As FoLLows
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2o [d¢) __Jfk Newlerd® -1

| =K =t

d¢ Iz Iz
I.E., THE FirsT TeERM INcLUDES THE A NoN-CanonicaL KineTic Mixine WHEREAS THE SECOND ONE IS DUE TO THE NON-MINIMAL
CoupLING fz. For THIs ReasoN, we CaLL THis MobeL KineTicaLLy Mobiriep NoN-MinmaL HI.
e For ry < 1, WE 0BTAIN Ayy = mp SINCE THE Expansions ABOUND (¢) = 0 ARe JusT r. DEPENDENT:
23
16¢2
ConsequenTly, No ProeLem WitH THe PerTuRBATIVE UNITARITY EMERGES FOR 7. < 1, EVEN IF ¢, AND c_ ARE LARGE.

= (Jy=c_#1, WHERE fk =c_fr AND (fgr) =~ 1.

. =2 — —
P2 = (143N28 - SNt +--)4 ano Vig = (1=201+ myrad® + B+ Sny2g* - ) .

2.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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THEORY. |.E., WE Exranb AsouT (¢) = O THE AcTION S ALONG THE INFLATIONARY PATH
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e IN ParTicuLAr, WE FinD (J) As FoLLows

—~\2
2 d¢ fk NC+(C+¢2 -1)
J=—| = Ky = —+ ——F7——
d¢ Iz Iz
I.E., THE FirsT TeERM INcLUDES THE A NoN-CanonicaL KineTic Mixine WHEREAS THE SECOND ONE IS DUE TO THE NON-MINIMAL
CoupLING fz. For THIs ReasoN, we CaLL THis MobeL KineTicaLLy Mobiriep NoN-MinmaL HI.
e For ry < 1, WE 0BTAIN Ayy = mp SINCE THE Expansions ABOUND (¢) = 0 ARe JusT r. DEPENDENT:

¢t

16¢*
ConsequenTly, No ProeLem WitH THe PerTuRBATIVE UNITARITY EMERGES FOR 7. < 1, EVEN IF ¢, AND c_ ARE LARGE.
o THis Has 1o BE CoNTRASTED WITH THE SITUATION IN STANDARD NoN-MinimaL HI WHicH is DEFINED FOR

= (Jy=c_#1, WHERE fk =c_fr AND (fgr) =~ 1.

g2 = (143N2@ - SNrg + - )?f D Vi = (1=201+ myrad® + B+ Sny2g* - ) .

fk=1 anp fr=1 +CR¢2 Leabina TO (J) =1.
THis ResuLts 1o Ayy = mp/cg << mp For cg > 1 SINCE THE Exransions AsouT (¢) ~ 0 ARe cg DEPENDENT, |.E.,
25 - 27 o =2 i =
Jr* = (1 — CRP” + 6CRd” + cpp +---)¢ AND Vyp = R (1 = 2er¢? + 3k’ — Ay +

WHeRE THE Term WHicH YieLDs THE SmaLLEST DenNomiNATOR For cg > 1 1s 6c§€<’p7.

2.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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Resurrs
°

FITTING THE DATA

TesTING AGAINST OBSERVATIONS
© THE Cowmsinen Bicer2/Keck Array ano Planck Resuirs® AttHouH Do Not ExcLupe INFLATIONARY MobeLs WiTH NEGLIGIBLE #'s, THEY
Seem 1o Favor THose WiTH r’s oF ORpEr 0.01 SINCE

r=0.028"002% = 0.003<r<0054 Ar68%c.L A <007 AT 95% c.L.

3 Planck Collaboration (2015); Bicep2/Keck Array and Planck Collaborations (2015)
C. PaLLIs
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HiGas InrFLaTION IN SUGRA INFLATION ANALYSIS Resurrs CONCLUSIONS
[e] [e] ° (o]
000 [¢]

FITTING THE DATA

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resuirs® AttHouH Do Not ExcLupe INFLATIONARY MobeLs WiTH NEGLIGIBLE #'s, THEY
Seem 1o Favor THose WiTH r’s oF ORper 0.01 SiNcE

r=0.028"002% = 0.003<r<0054 Ar68%c.L A <007 AT 95% c.L.

e ENFORCING N* =~ 58 aND VAg = 4.627 - 105, we Os7aN THE ALLowed Curves [REGION] IN THE 72, — 7,002 [ — 7] PLANE:

r = -=-n=-01
—n
- n=+0.1
1.0 N —-=-n=+0.2

12F

9.65
n

s

3 Planck Collaboration (2015); Bicep2/Keck Array and Planck Collaborations (2015)
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Higas INFLATION IN SUGRA INFLATION ANALYSIS Resurrs CONCLUSIONS
° o

FITTING THE DATA

TesTING AGAINST OBSERVATIONS
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Seem 1o Favor THose WiTH r’s oF ORper 0.01 SiNcE

r=0.028"002% = 0.003<r<0054 Ar68%c.L A <007 AT 95% c.L.

e ENFORCING N* =~ 58 aND VAg = 4.627 - 105, we Os7aN THE ALLowed Curves [REGION] IN THE 72, — 7,002 [ — 7] PLANE:

14 r = -=--n=-01 |}
12f 3 —n ]
4810 —= n=+01

5 10 . ——n=+02 = E
S o8 )

- S

So6 =

S o.

] s s s s s s s s s
9.65 9.70 9.75 9.80 -0.3 -02 -01 00 01 02 03 04 05 06 07
n n

s
e Forn > 0 [n < 0] THE Curves Move To THe LerT [RiaHT] oF THE CuRvE OBTAINED FOR 1 = 0. THEREFORE THE 1-07
OsseRvATIONALLY Favorep Range Can Be Coverep For QuiTe NATURAL 7.'s — E.G. 0.0029 <y < 0.5 For K = K5 OR K.
o Posimvity oF k_ Provipes AN UpPEr Bounp oN r.. WHICH Is TRANSLATED To A Lower Bounb on r.

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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o Posimvity oF k_ Provipes AN UpPEr Bounp oN r.. WHICH Is TRANSLATED To A Lower Bounb on r.

o Fixing ng = 0.968 anp LeT n Vary WE FiND THE ALLowep RaNGEs oF THE PARAMETERS AND THE ReEQuIReD (MiLp) TuNING:

-121'<£n/0.1 0215, 0.12<57:/0.1<5, 04<7r/0.01 <7 AND Amaxx = (dmax — @x) /Pmax 2 0.4.

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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NFLATION IN SUGRA

FITTING THE DATA

TesTING AGAINST OBSERVATIONS
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% e
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e Forn > 0 [n < 0] THE Curves Move To THe LerT [RiaHT] oF THE CuRvE OBTAINED FOR 1 = 0. THEREFORE THE 1-07

OsseRvATIONALLY Favorep Range Can Be Coverep For QuiTe NATURAL 7.'s — E.G. 0.0029 <y < 0.5 For K = K5 OR K.

o Posimvity oF k_ Provipes AN UpPEr Bounp oN r.. WHICH Is TRANSLATED To A Lower Bounb on r.

o Fixing ng = 0.968 anp LeT n Vary WE FiND THE ALLowep RaNGEs oF THE PARAMETERS AND THE ReEQuIReD (MiLp) TuNING:
-1.215n/0.1 0215, 0.12<57r./0.1 5, 04 <7/0.01 7 AND Apaxx = (Pmax — Px) /Pmax 2 0.4.

® SpeciAL Cases: (n,r.) = (0,0.015) = (ng, r) = (0.968,0.043) anD (1, r.) = (0.042,0.025) = (ns, r) = (0.968, 0.028).

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)

C. PaLuis OBsERVABLE GRAVITATIONAL Waves From HI IN SUGRA 8/9




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
CONCLUSIONS
[ ]

INFLATION AND GRAND UNIFICATION

INFLATON Mass anNp GRraND UNiFiED THeoRY (GUT) ScaLe

e THE INFLATIONARY OBservaBLES ARe Not AFrecTep By M, Provibep THAT M < mp.

4 https://indico.cern.ch/event/432527/contributions/2267274
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[ ]

INFLATION AND GRAND UNIFICATION

INFLATON Mass anNp GRraND UNiFiED THeoRY (GUT) ScaLe

e THE INFLATIONARY OBservaBLES ARe Not AFrecTep By M, Provibep THAT M < mp.
o WE Can DeTerMmINE M DemaNDING THAT THE Gauge CoupLing UNiFicaTion ScaLe WITHN MSSM (MinivaL SUSY Stanparp
MopEL) Mgyt =~ 2/2.433 - 1072 Is IpenTiFieD WiTH THE Mass OF THe Gauge Boson, My, AT THE Vacuum, |.E.,

Ve (I = Nr= /{fg)gM = Mgur = M = Mgur/g e (1 = Nry) ~ 105 GeV with g =~ 0.7 (GUT Gauae CoupLING).

N AM B AMgut

C 2(I-Nro)  V2ge-(1-Nry)
E.a., For ng = 0.968 We ger 2.4-1072 [2.1-107%] < 7i;/10™ < 1.5 For K = K [K = K, anp K3].

o Non-THerMAL LepToGeNEsis I1s PossiBLE IF WE INTRobuce SuimasLe CoupLiNgs BETWEEN @ AND THE RiGHT-HANDED NEUTRINOS.

s 12
o UsiNg THis, We OBTaIN FOR THE INFLATON Mass, 71; = <Vm_$$> =F(n,re)

4 https://indico.cern.ch/event/432527/contributions/2267274
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Ve (I = Nr= /{fg)gM = Mgur = M = Mgur/g e (1 = Nry) ~ 105 GeV with g =~ 0.7 (GUT Gauae CoupLING).
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C 2(I-Nro)  V2ge-(1-Nry)
E.a., For ng = 0.968 We ger 2.4-1072 [2.1-107%] < 7i;/10™ < 1.5 For K = K [K = K, anp K3].

o Non-THerMAL LepToGeNEsis I1s PossiBLE IF WE INTRobuce SuimasLe CoupLiNgs BETWEEN @ AND THE RiGHT-HANDED NEUTRINOS.

s 1/2
o Using THis, WE OBTaIN FOR THE INFLATON Mass, ;= <Vm_$$> =F(n,re)

CoNcLUSIONS

o WE Prorosed A VARIANT oF NON-MINIMAL HI IN SUGRA WhicH CaN SareLy AccoMmoDaTe #’s oF ORDpEer 0.01.

4 https://indico.cern.ch/event/432527/contributions/2267274
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e THE INFLATIONARY OBservaBLES ARe Not AFrecTep By M, Provibep THAT M < mp.
o WE Can DeTerMmINE M DemaNDING THAT THE Gauge CoupLing UNiFicaTion ScaLe WITHN MSSM (MinivaL SUSY Stanparp
MopEL) Mgyt =~ 2/2.433 - 1072 Is IpenTiFieD WiTH THE Mass OF THe Gauge Boson, My, AT THE Vacuum, |.E.,

Ve (I = Nr= /{fg)gM = Mgur = M = Mgur/g e (1 = Nry) ~ 105 GeV with g =~ 0.7 (GUT Gauae CoupLING).

N AM B AMgut

C 2(I-Nro)  V2ge-(1-Nry)
E.a., For ng = 0.968 We ger 2.4-1072 [2.1-107%] < 7i;/10™ < 1.5 For K = K [K = K, anp K3].

o Non-THerMAL LepToGeNEsis I1s PossiBLE IF WE INTRobuce SuimasLe CoupLiNgs BETWEEN @ AND THE RiGHT-HANDED NEUTRINOS.

s 1/2
o Using THis, WE OBTaIN FOR THE INFLATON Mass, ;= <Vm_$$> =F(n,re)

CoNcLUSIONS

o WE Prorosed A VARIANT oF NON-MINIMAL HI IN SUGRA WhicH CaN SareLy AccoMmoDaTe #’s oF ORDpEer 0.01.

© THE AcHIEVED r’s ARE PossiBLy DETECTABLE IN THE NEXT GENERATION EXPERIMENTS WHICH ARE EXPECTED To AcHIEVE A PRECISION
For r oF THE ORDER OF 1072, E.a., Core+, LiTEBIRD, Bicer3/Keck Array ano SPIDER?.
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© THis SETTING cAN BE ELEGANTLY IMPLEMENTED, EMPLOYING A SEMILoGARITHMIC KAHLER PoTENTIAL WHICH INCLUDES ONLY QUADRATIC
Terms AND THE ReAL FuncTions F... ON THE ONE HAND, F~ ResPECTS A PRINCIPAL SHIFF-SYMMETRY, REMAINS INVISIBLE IN Vig AND
DominNaTEs J WHILE, oN THE OTHER, F. CAN BE REGARDED As A SofT VIOLATION OF THE SHIFT SYMMETRY.
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THaNK You!
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