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StarOBINSKY-TYPE INFLATION (STI)
@00

NoN-MINIMAL INFLATION (NMI)

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorpAN FraMe (JF) OF A ScaLAr FIELD ¢ wiTH POTENTIAL V (¢) NON-MINIMALLY CouPLED
10 THE Ricci ScaLar CuRVATURE, R, THRougH A FRAME FUNCTION fr(¢). THIS Is:

S= fd“x\/jg(—%fk(r/:)ﬂ + fK2(¢) 9" 0,40, — V(¢)), WHERE

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




StarOBINSKY-TYPE INFLATION (STI)
@00

NoN-MINIMAL INFLATION (NMI)

CoupLING NON-MINIMALLY THE INFLATON To GRAVITY

© Our STARTING PoINT Is THE AcTioN IN THE JorpAN FraMe (JF) OF A ScaLAr FIELD ¢ wiTH POTENTIAL V (¢) NON-MINIMALLY CouPLED
10 THE Ricci ScaLar CuRVATURE, R, THRougH A FRAME FUNCTION fr(¢). THIS Is:

S= fd“x\/jg(—%fk(r/:)ﬂ + fK2(¢) 9" 0,40, — V(¢)), WHERE

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

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

—( 1= 1 — o~ =
S= f dAx\/jg(—ER + 5970,00,6 - v(@)
WhHere we INTrRopuce THE EF CanonicaLLy NormaLizep FiELD, E, AND POTENTIAL, V, DeriNep As FoLLows:
—~\2 . . —
[d;»] et v (¢@)

2
= —_— AND V@) =—7"
9 e 2\ f ) Jx (@)’

G = fRGy = {

K. Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi/(2008).
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o WEe OBSERVE THAT fg AFFECTS BOTH J AND Vi WHEREAS fg ONLY J;
® Ogviousty A CLEVER CHoICE OF V AND fg CAN LEAD To A PrLateEAU CONVENIENT FOR DRIVE INFLATION;
© THE ANALYsIs OF INFLATION IN THE EF UsiNg THE STANDARD SLow-RoLL APPROXIMATION Is EQUIVALENT WiTH THE ANALysis IN JF.

K. Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi/(2008).
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NoN-MINIMAL INFLATION (NMI)

INFLATIONARY OBSERVATIONAL AND THEORETICAL REQUIREMENTS
IN THE ERA OF PRECISION CosmoLoGY THE INFLATIONARY PARTICLE MopELs CAN BE TigHTLY RESTRICTED IMPOSING THE CONSTRAINTS:

® THE NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc SurreRrs DURING INFLATION HAS TO BE SUFFICIENT TO RESOLVE
THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Big Bana:

_ x Vv * v

N*:j: d¢f=f¢ d¢ J? =— ~50-60
9 3 Yo Ve

Whiere V IS THE EF scaLar POTENTIAL OF THE INFLATON ¢;

bx [s]1s THE VALUE OF ¢ (4] WHEN k, Crosses Outsipe THE INFLATIONARY HORIZON;
¢ [¢r] 1s THE VALUE OF ¢ [¢p] AT THE END OF INFLATION WHICH CAN BE Founp FRoM THE CONDITION:

— 2 — 2 — — —
_ 1V 1 (Vg _ Vi 1 (Ve Vel
5 Ol =1, Wi =z |l=| === == ==|l=-=—1
max{e(er), (r)l} E= 3 7 N7 ( AND 77 AR 5 7
® Tue AmpLITUDE A oF THE Power SpecTruM oF THE CURVATURE PERTURBATIONS IS To Be NormaALizeD WiTH Planck DaTa:

L V@) _ V@)l V)™
2V3n V@)l 2V3r [Vl

=4588-107.

2 C.P. Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias et-al. (2013).
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=4588-107.

® The EFrecTIVE THEORY HAS To BE VALID. |.E., THE HIERARCHY BETWEEN THE INFLATIONARY ScaLE, V(¢,)"/*, AND THE
UvrravioLeT Cut-oFF2, Ayy =~ 1 = mp, OF THE EFFECTIVE THEORY HAS TO BE THE FOLLOWING:

(@) V@) <1 for (b) ¢ <1

2 C.P. Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias et-al. (2013).
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NoN-MINIMAL INFLATION (NMI)

ConsTrAINTS FOR THE ACDM + r MopeL From Bicer2/Keck Array AND Planck 2018

T T \ Planck TT-+lowP
B Planck TT-+lowP+BKP
\ BN Planck TT-+lowP+BKP+BAO
BN Natural inflation
\ Hilltop quartic model
« attractors
- - Power-law inflation
Low scale SB SUSY
R? inflation

scalar ratio (

V¢
7 x ¢
3

fx ¢

V

— Vo'
V
v

" I3
0.94 0.96 0.98 1.00
Primordial tilt (n,)

o INFLATIONARY MopELs WHicH Succeeb To Fit THE OBseRvATIONAL DATA oN Ag AND N, CaN Be FurtHer RestricTeD IF WE CALCULATE
THE (ScaLar) SpecTRAL INDEX AND TENSOR-To-ScALAR RaTio Founp RESPECTIVELY As:

ng =1 —6€(@s) + 21(¢ps) AND 1 = 16€(¢s)
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o INFLATIONARY MopELs WHicH Succeeb To Fit THE OBseRvATIONAL DATA oN Ag AND N, CaN Be FurtHer RestricTeD IF WE CALCULATE
THE (ScaLar) SpecTRAL INDEX AND TENSOR-To-ScALAR RaTio Founp RESPECTIVELY As:

ng =1 —6€(@s) + 21(¢ps) AND 1 = 16€(¢s)
o THE CoMBINED Bicer2/Keck Array 2021 AND Planck 2018 ResuLts YIELD
ny =0.965+0.009 = 0.956 <ng <0.974 anp r <0.032 At 95%c.L.

o R? InFLaTION (OR StAROBINSKY INFLATION) PREDICTS 725 = 0.964 anD r = 0.003 FOR N, =~ 52.
e As A CONSEQUENCE, THE STAROBINSKY INFLATION REMAINS ONE oF THE MosT PrebicTivE AND SuccessFuL MobELs.
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STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

From NoN-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (Non-PRropagaTiNg) FIELD ¢ WiTH
fk=0, fr=1+4cr¢ AnD V =¢?
Usinag THe Equation OF MoTioN ¢ = cgR WE OsTaN THE AcTioN OF THE ORIGINAL MODEL:

S= ffxﬁ(—%ﬂ+c%ﬂz).

o ArpLYING THE STANDARD FoRMULAE, WE FiND J = 2 V6er/ f,

v #* . 1 b T LT4ord
= x~ , € —— -
2 6 T nae " ey
1
o Thererore, max{e(¢r),(gp)l} =1 = ¢ = ———-
2\/§C«R
_ N, —
2 30Rbs = by = 30 > ¢r. ForR N, ~52 We Ger
RIS
e N 46105 o cp=23-10%

12 \/ERCR
° ng~1-— Z/ﬁ* ~0.965, as = —Z/Nz ~-64-10"* Anp r = 12/]’(1\5 ~4.107° (In Acreement WiTH OBSERVATIONS).
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From NoN-MinmaL To R? INFLATION

© THE R? INFLATION GAN BE INTRODUGED As A TyPE oF NMI EmPLOYING AN AuxiLiary (Non-PRropagaTiNg) FIELD ¢ WiTH
fc =0, fr=1+4cgp Anp V =¢?

Usinag THe Equation OF MoTioN ¢ = cgR WE OsTaN THE AcTioN OF THE ORIGINAL MODEL:

fdﬁ (WRHRRZ) _ e

o APPLYING THE STANDARD FoRMULAE, we FiNp J = 2 V6 1 fr,
= ¢ . 1 . 1-4
V=¢—2= 7, € ————> AND 7= CR:&
2 l6cg, 12¢c5,¢ 12¢% 29
o THererore, max{e(¢s), Mg} =1 = ¢ = ———-
2 \/§C‘R
N. =
= 3crpx = Pu = 3ee > ¢¢. FoR N, ~52 WE Ger
3cr
o A2~ N ~46-107 = cg=~23-10%
12 V2neg —
° ng~1-— Z/ﬁ* ~0.965, as = —Z/Nz ~-64-10"* Anp r = 12/]’(1\5 ~4.107° (In Acreement WiTH OBSERVATIONS).

o THeRE Is No ProeLEM wiTH PerTURBATIVE UNITARITY, SINCE WE OBTAIN Ayy = 1 IF we PERFORM EXPANSIONS AROUND (¢) =

2 . )
P =|1- ﬁi+2¢ -~~$2AND v |- 2\/5‘75 2"L—--- With 6 = 2 V3cpe
mp m2 24c; 3 mp mlz,

P

o THE Mass oF THE INFLATON AT THE VACUUM IS: 75y = <A >l/2 = <V¢¢/Jz>l/2 =1/2V3cg = 1251075 (1e=3 - 102 GeV).
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STAROBINSKY VERSUS INDUCED-GRAVITY INFLATION

INbucep-GRraviTy INFLATION (IGI)

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

THis CAN BE ACHIEVED INTRODUCING THE IDEA OF INDUCED GRAVITY.
o |Gl Can Be ReaLizED EMPLOYING AN REAL-PRoPAGATING FIELD ¢ IF WE
ApopPT THE FOLLOWING INGREDIENTS:

. . 2
(@) fi = 1. (b) fi=crs” mo (0) V=a(¢" - M) /4.
o RecoveriNg EINSTEIN GRAVITY AT THE VACUUM IMPLIES
b
fron=1 = &1 xEM
e For cg >> 1 aND DEFINING fjy = 1 — cR(pz WE Fino J = \@/(1),

— Ay A _ 4 A0+ )
Vi=— ~—,€x — AND ]~ ———— ¢
45z 4c 3f 312
o Aso, Ny =3cgd/4 = ¢, =2~INu/3cr > ¢ = V(1 +2/V3)/cr. IMPoSING ¢y <1 = cg > 4N, [3cg = 74
ﬁﬁ*

For N, =52, A2~ ~46-107 = cg = 41850 VA avo gy = (V)" = VA/ Vg = 1.25-10°°.

6V2me
o ngx~1-— Z/N* ~0.962, ag= —2/573 ~-7-107% r= 12/1’\73{ ~4.107 (:IoenTicALLY With THE StaroBINSKY MobEL)
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e THE MobkL 1s Unitarity Sare, SINce WE OsTaIN Ayy = 1 IF We PerForm AN Expansion Asout 5?;) =¢p-M=0:

A 2o 1 T 3. 25 -
P = 1—,/§6¢+76¢2—~~ 5 mp V:6—26¢2 1—,/56¢+ﬂ(5¢2—m With 8 ~_6crdd
C,

C. PaLLis STAROBINSKY-TYPE B — L HiGas INFLATION LEADING BEYOND MSSM



Inpucep-GraviTy HiGGs INFLATION IN SU
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GENERAL FRAMEWORK

SUGRA (1.e. SUPERGRAVITY) POTENTIAL

o IT WouLp BE INTERESTING IF ¢ MAY BE PROMOTED To A GAUGE NON-SINGLET FIELD AND M (OR cg) |s RELATED TO THE SCALE OF

MSSM Gauce Unirication. To Tris Eno, WE Work WitHiN SUGRA WHere THe Gauge HIERARCHY PROBLEM Is ELEGANTLY
ADDRESSED.
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ENERAL FRAMEWORK

SUGRA (1.e. SUPERGRAVITY) POTENTIAL

o IT WouLp BE INTERESTING IF ¢ MAY BE PROMOTED To A GAUGE NON-SINGLET FIELD AND M (OR cg) |s RELATED TO THE SCALE OF
MSSM Gauce Unirication. To Tris Eno, WE Work WitHiN SUGRA WHere THe Gauge HIERARCHY PROBLEM Is ELEGANTLY
ADDRESSED.

© THE RELEVANT PART OF THE EINSTEIN FRAME AcTiON IN Four DimensionAL, N = 1 SUGRA Is (z* ARE ScALAR CompLEX FIELDS):

S= fd4»’6\/ (—*R+ Ko3g" Dz Dyz* — V) Where V = VF +VD
PK

0279778
A“} 1s THE VEcTOR GAuGE FiELDs AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z%; ALso

Awso K 1s Tre KinLer Potentiat Wit K3 = ———— >0 anp K’B"Km/ 6? D,z" = #z"+igAZT§ﬁzﬂ, WHERE

— 3 — 1
Vi = ef (K"ﬂF{,F; - 3|W|2) WitH W THE SuPERPOTENTIAL AND F, = Woa + K o W; Vp = igzDg wtH D, =z, (T(,)/‘; Kp.

o WEe CoNceNTRATE ON INbucep-GRraviTy Higas INFLATION (IGHI) DRIvEN BY Vi WHEREAS Vp = O DuRING IT.

‘ THererFore, IGHI Within SUGRA Reauires THE APPROPRIATE SELECTION OF THE FUNCTIONS W AND K
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o DirricuLties Anp PossisLe Wavs Out

® Tue Runaway ProeLem. THE Term —3|W|> Mar Renber Vp UnBounbep From BeLow. To Avoip THis WE May Apopt A W
WHERE THE INFLATON 1s MutTipLiED WiTH A STaBILIZER FiELD S WHIcH 1s SET At ZEro DurinG IGHI.
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E.G., IFwe Setect W = AS®® a0 K = —2Infg +|SP? Wit fg = cg(®? + @*2) — |®]>/2 (Np = 2q)
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Vi = ef (K"ﬂF{,F; - 3|W|2) WitH W THE SuPERPOTENTIAL AND F, = Woa + K o W; Vp = igzDg wtH D, =z, (T(,)/‘; Kp.

o WEe CoNceNTRATE ON INbucep-GRraviTy Higas INFLATION (IGHI) DRIvEN BY Vi WHEREAS Vp = O DuRING IT.

‘ THererFore, IGHI Within SUGRA Reauires THE APPROPRIATE SELECTION OF THE FUNCTIONS W AND K

o DirricuLties Anp PossisLe Wavs Out

® Tue Runaway ProeLem. THE Term —3|W|> Mar Renber Vp UnBounbep From BeLow. To Avoip THis WE May Apopt A W
WHERE THE INFLATON 1s MutTipLiED WiTH A STaBILIZER FiELD S WHIcH 1s SET At ZEro DurinG IGHI.

® Tue ;7 ProBLEM. IT 1s ReLATED To THE PReFacToR e oF VF WhHicH Diveraes For CoerricieNts oF Orber UNiTy. THis Can Be
Evapep IF WE ApbopT K = =N In (cg(DP + @*P)) + --- aAND TuNE N > 0 AND p WiTH THE EXPONENT ¢ OF @ IN W = AS @Y.

E.G., IFwe Setect W = AS®® a0 K = —2Infg +|SP? Wit fg = cg(®? + @*2) — |®]>/2 (Np = 2q)
WE OsTaN (FOR S = 0) VF = KKSS” |W_5 |2 = 2¢*/A((cg + 1)$*)* ~cst FOR ¢cg > 1 AND ¢ = \/ERe((D).

How WE can AppLy THESE GENERAL IDEAS TO IGHI?




Inpucep-GraviTy Higes INFLATION IN SUGRA

INFLATING WITH A SUPERHEAVY

SeLEcTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuperriELDs z' = @, z2 = @, CHarGED UNDER A LocAL SYMMETRY, E.6. U(1)p_z, AND 2> = S (“StaBiLizER” FIELD)
© SUPERPOTENTIAL W = AS ((T)CI) - M2/4)

CHARGE ASSIGNMENTS
e W Is UniqueLy DeTermINED UsiNg U(1)p_, AND AN R SYMMETRY

SUPERFIELDS! S [ )
AND LEADS TO A GRAND UNiFiED THEORY (GUT) PHASE TRANSITION U(r 1 0 0
AT THe SUSY Vacuum (S) = 0, ()] = K®)| = M2, UMp-1 0|1 ]~
SiNce IN THe SUSY Limir, Arter IGHI, WE Expect To GeT
2 K |G, 1o & x- 2
Ver = 2eX |00 — 2 M7 + 7(c1>1r<q>—c1>1r<d—,) FISPC-)

3C,F! and N. Toumbas (2016, 2017).




Inpucep-GraviTy Higes INFLATION IN SUGRA

INFLATING WITH A SUPERHEAVY

SeLEcTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuperriELDs z' = @, z2 = @, CHaRGED UNDER A LocAL SYMMETRY, E.6. U(1)p_z, AND 2> = S (“StaBiLizER” FIELD).

© SuPERPOTENTIAL W = AS ((T)CI) - M2/4) CHARGE ASSIGNMENTS

e W Is UniqueLy DeTermINED UsiNg U(1)p_, AND AN R SYMMETRY SUPERFIELDS: N ] [)

AND LEADS TO A GrAND UNiFiep THEORY (GUT) PHASE TRANSITION U()r 1 0 0
AT THe SUSY Vacuum (S) = 0, ()] = K®)| = M2, UMp-1 0|1 ]~

SiNce IN THe SUSY Limir, Arter IGHI, WE Expect To GeT

- 1 P & -
Veg = 226K |dD — ZM2 + % (©Ko - cI>K@,)2 FISPC-)

© PossiBLE KAHLER POTENTIALS
o IGHI can Be OBTAINED SELECTING THE FoLLowing K’s WHicH ARE QuabRraTic AND INVARIANT UNDER U(1)p-7, AND R SYMMETRIES:

O + D O + |<i>|2)
2

Ki=-3In (@Q (Fr+ Fy) + Fls), Ky=-2In (CR(F«R +Fp) + Fas (ISP

Where WE Usk INTEGER PREFACTORS FOR THE LogARITHMIC TeRMs (To Avoib Tuning) AND WE Croose Te FuncTions®
Fgr=®®, Fis=-In(1+IS/3) Anp Fps = NsIn(1+ISI*/Ns) With N5 >0

NoTe THAT cr(F + Fi) DOMINATES fiz AND [ + DI? fi, WHEREAS F) 55 Assures mj > 0 & m > Hy Duming IGHI.

3C,F! and N. Toumbas (2016, 2017).




Inpucep-GraviTy Higes INFLATION IN SUGRA

INFLATING WITH A SUPERHEAVY

SeLEcTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuperriELDs z' = @, z2 = @, CHaRGED UNDER A LocAL SYMMETRY, E.6. U(1)p_z, AND 2> = S (“StaBiLizER” FIELD).

© SuPERPOTENTIAL W = AS ((T)CI) - M2/4) CHARGE ASSIGNMENTS

e W Is UniqueLy DeTermINED UsiNg U(1)p_, AND AN R SYMMETRY SUPERFIELDS: N ] [)

AND LEADS TO A GrAND UNiFiep THEORY (GUT) PHASE TRANSITION U()r 1 0 0
AT THe SUSY Vacuum (S) = 0, ()] = K®)| = M2, UMp-1 0|1 ]~

SiNce IN THe SUSY Limir, Arter IGHI, WE Expect To GeT

- 1 P & -
Veg = 226K |dD — ZM2 + % (©Ko - cI>K@,)2 FISPC-)

© PossiBLE KAHLER POTENTIALS
o IGHI can Be OBTAINED SELECTING THE FoLLowing K’s WHicH ARE QuabRraTic AND INVARIANT UNDER U(1)p-7, AND R SYMMETRIES:

O + D O + |<i>|2)
2

Ki=-3In (@Q (Fr+ Fy) + Fls), Ky=-2In (CR(F«R +Fp) + Fas (ISP

Where WE Usk INTEGER PREFACTORS FOR THE LogARITHMIC TeRMs (To Avoib Tuning) AND WE Croose Te FuncTions®
Fgr=®®, Fis=-In(1+IS/3) Anp Fps = NsIn(1+ISI*/Ns) With N5 >0

Nore THAT cr(F + Fi) DOMINATES fiz AND | + [DI? fi, WHEREAS F) 55 Assures mj > 0 & m > Hy Duming IGHI.

o GIVEN THAT K's HAVE THE FORM K = —N In f, IMPosING THE INDucep-GRraviTy REQuIREMENT WE OBTAIN:

2N =
M= \|[——— Where N = 3 For K= Ki,
Neg -1 2 FoR K=K;.

3C,F! and N. Toumbas (2016, 2017).




EmBeppiNG IN A B — L SUSY GUT
[

B — L BREAKING, ¢t TERM & NEUTRINO MASSES

THe ReLEVANT SuPER- & KAHLER POTENTIALS

o PromoTiNG To Locat THE ALreapy ExisTing U(1)p-; GLoAL SYMMETRY oF THE MSSM, WE OBTAIN A SUPERPOTENTIAL INVARIANT
UNDER THE Gsm X U(1)p-1 Gauge Group WHicH ResPecTs ALso THREe OTHER GLOBAL SYMMETRIES (R, B, L):




EmBeppiNG IN A B — L SUSY GUT
[

B — L BREAKING, ¢t TERM & NEUTRINO MASSES

THe ReLEVANT SuPER- & KAHLER POTENTIALS

o PromoTiNG To Locat THE ALreapy ExisTing U(1)p-; GLoAL SYMMETRY oF THE MSSM, WE OBTAIN A SUPERPOTENTIAL INVARIANT
UNDER THE Gsm X U(1)p-1 Gauge Group WHicH ResPecTs ALso THREe OTHER GLOBAL SYMMETRIES (R, B, L):

W = S (@)(]) - M? /4) SUPER- REPRESENTATIONS GLOBAL SYMMETRIES
FIELDS WoERGsm XU, [ R B | L
1o AcHiEve IGHI & Break U(1)p-1, Maren FieLos
+  ASH.Ha < @Q,LLD 0 0 —1
To GENERATE (£ ~ 1 TeV N 1,1,0,1) 0 0 -1
. L; 1,1,-1/2,-1) 2 0 1
+ Ay ®N;N; " (3.,2,-2/3,-1/3) 1| =13 o
To GENERATE MAJORANA MassEes FOR NEUTRINOS & (3,2,1/3,-1/3) 1 -1/3 0
& ENsuRE THE INFLATON DEcay Qi (3.2,1/6,-1/3) 1 1/3 0
. Hiecaes FiELDs
+ i NiLiHy o, 1,2,-1/2.0) 0 o 0
10 GeNERATE DIRAC Masses FOR NEUTRINOS H, (1,2,1/2,0) 0 0 0
_ N (1,1,0,0) 4 0 0
* Wusswmip =0 3 (1,1,0,2) o] o | =
(Nore THAT 3 RigHT-HaNDED NEUTRINOS, N{, ARE @ (1,1,0,-2) 0 0 2

NEecessARY To CANCEL THE B — L GAUGE ANOMALY)




EmBeppiNG IN A B — L SUSY GUT
[

B — L BREAKING, ¢t TERM & NEUTRINO MASSES

THe ReLEVANT SuPER- & KAHLER POTENTIALS

o PromoTiNG To Locat THE ALreapy ExisTing U(1)p-; GLoAL SYMMETRY oF THE MSSM, WE OBTAIN A SUPERPOTENTIAL INVARIANT
UNDER THE Gsm X U(1)p-1 Gauge Group WHicH ResPecTs ALso THREe OTHER GLOBAL SYMMETRIES (R, B, L):

W = S (@)(]) - M? /4) SUPER- REPRESENTATIONS GLOBAL SYMMETRIES
FIELDS WoERGsm XU, [ R B | L
1o AcHiEve IGHI & Break U(1)p-1, Maren FieLos
+  ASH.Ha < @Q,LLD 0 0 —1
To GENERATE (£ ~ 1 TeV N 1,1,0,1) 0 0 -1
. L; 1,1,-1/2,-1) 2 0 1
+ Ay ®N;N; " (3.,2,-2/3,-1/3) 1| =13 o
To GENERATE MAJORANA MassEes FOR NEUTRINOS & (3,2,1/3,-1/3) 1 -1/3 0
& ENsuRE THE INFLATON DEcay Qi (3.2,1/6,-1/3) 1 1/3 0
. Hiecaes FiELDs
+ i NiLiHy o, 1,2,-1/2.0) 0 o 0
10 GeNERATE DIRAC Masses FOR NEUTRINOS H, (1,2,1/2,0) 0 0 0
_ N (1,1,0,0) 4 0 0
* Wusswmip =0 3 (1,1,0,2) o] o | =
(Nore THAT 3 RigHT-HaNDED NEUTRINOS, N{, ARE @ (1,1,0,-2) 0 0 2

NEecessARY To CANCEL THE B — L GAUGE ANOMALY)

e THE ABove W May Coorerate Wit ONe OF THe KiHLER PotenTiaLs K| AND K5, MenTioNED ABove, IF WE REPLACE
Fis(SP) Witn Fix(XP), Fas(SP) With Fax(IXP?) Where
Fix =—=In(1+X"X""/3) AND Fpx = NxIn(1 +X“X"/Nx) WitH Nx >0 anp X® =S, H,,Hy,N;.




EmBeppiNG IN A B — L SUSY GUT

@00

INFLATIONARY SCENARIO

INFLATIONARY POTENTIAL

o IF We Use THe PaRAMETRIZATION: @ = ¢he cos B/ V2 anD @ = ¢e® sinfp/ V2 anp XP = (xﬂ + iiﬁ) /2,

Weere XP = S, H,, Hq, N¢ anD Q < 0 < /2, A D-FLar DirecTion Is § =0 = ¥ =¥ =0 anp 0 = 71/4 (: 1)
o THE ONLY SurvIVING TERM OF Vi ALONG THE PatH IN Eq. (s 1
~ " 2t [ f K=K
Vi = e K557 Wi s = ¢N JJr FoR " 10f
16, 1 For K =K>,
i sf
WiTH fgr = (Ncg — 1)¢? /2N Praving THe RoLe O A Non-MinimaL 3
CoupLiNG To GRAVITY. = &f
© ALONG THE INFLATIONARY PATH K3 TAKes THE Form <" 4
) 1 (k k
(K(,B) = diag (M4, Kgg*) WITH M. = fj% [’_( K], 2f
AND Ksg+ = 1/fr [Kss+ = 1] For K = K [K = K3]. HERE oo 0.05 0.10 0.15 0.20

k= (1+Ncg)/2fg AND & = N/¢>.




EmBeppiNG IN A B — L SUSY GUT

@00

INFLATIONARY SCENARIO

INFLATIONARY POTENTIAL

o IF We Use THe PaRAMETRIZATION: @ = ¢he cos B/ V2 anD @ = ¢e® sinfp/ V2 anp XP = (xﬂ + iiﬁ) /2,

Weere XP = S, H,, Hq, N¢ anD Q < 0 < /2, A D-FLar DirecTion Is § =0 = ¥ =¥ =0 anp 0 = 71/4 (: 1)
o THE ONLY SurvIVING TERM OF Vi ALONG THE PatH IN Eq. (s 1
- - 20| f; K =K,
Vi = e K557 Wi s = ¢N JJr ror " 10f
16, 1 For K =K>,
ER:12
WiTH fgr = (Ncg — 1)¢? /2N Praving THe RoLe O A Non-MinimaL 3
CoupLiNG To GRAVITY. = &f
© ALONG THE INFLATIONARY PATH K3 TAKes THE Form <" 4
) 1 (k k
(K(,B) = diag (M4, Kgg*) WITH M. = fj% [’_( K], 2f
AND Ksg+ = 1/fr [Kss+ = 1] For K = K [K = K3]. HERE oo 0.05 010 0.15 0.20
k= (1+Ncg)/2fg AND & = N/¢>. ¢
o THE EF CanonicaLly NormaLizep FieLbs, WHicH ARe DenoTep By Har, Can Be OsTaiNeD As FoLLows:

do — J0, —~

N "’* = 500 w0 G =ovi (00 - 5). (PF)=(4.5),

d¢ 4

WHERE 0. = (0 £ 0)/ V2, Kk, = Nc’Rfygl AND K- = f!.

o WE Can CHECK THE STABILITY OF THE TRAJECTORY IN Ea. (I) w.R.T THE FLucTUATIONs OF THE VARIoUs FIELDS, I.E
v —
— =0 aND Mm% >0 Where m% = Eav|M2,| Wm M2, =
T lgq @) ol fad [ “ﬁ] qf

ia%
lisadird

AND z¥ = 6_,6,,0p, X", %.
Eq. (O




-GraviTy HiGGs INFLATIC SUGRA MBEDDING IN A B — L SUSY GUT I

INFLATIONARY SCENARIO

StaBiLITY AND RADIATIVE CORRECTIONS
THE Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

FieLps EINGESTATES Masses SQUARED
K=K [ K=K,
14 ReaL ’Zl i, 4H2, 6H2,
SCALARS 0o ”75¢ M3, M3,
55 2 Hyy(crd” —9) 6Hyy /Ns
E‘, Z% 2, | 3H2cr (6216 +24,/4) 3H2; (1+1/Ns + 44,/04%)
V.7, e | 3Hicr (¢2/6 +84%, //12) 3HZ, (1 +1/Ns + 1622, //12(1)2)
1 Gauae Boson AL My, 2Ng?/ (Neg — 1)
7 WevL Zi ﬁéi 12[1-1\12_11/ cxd?
SPINORS ?\B,ilp(p, M3, 21}/\92/ (Neg — 1)
N¢ e 48HE crd |29

e WE can OsTaiN VY a, ﬁf{u > 0. EsPECIALLY

m>0 o Ns<6apm >0 o A <AP*/4N [4, S Ap* (1 + 1/Ns)/4] ~ 107 For K = Ki[K = K»].

o WE can Os1aiN VY a, ﬁf{u > Hf” AND So ANy INFLATIONARY PERTURBATIONS OF THE FiELDS OTHER THAN ¢ ARE SAFELY ELIMINATED;
o Mgy # 0 SiGNALs THE FACT THAT THAT U(1)p-1. Is BROKEN AND s0, No TopoLogicAL DEFECTs ARE PRODUCED;
o WE DEeTERMINE ¢z DEMANDING THAT THE UNIFICATION ScALE MGyt = 2/2.43 x 1072 Is IDENTIFIED WITH M gy, AT THE VACUUM, |.E.,

2Ng?/(Neg — 1) = MéUT = cg=1/N+ ZgZ/MéUT ~1.451-10* wtH g =~ 0.7 (GUT Gauae CoupLING).

THe ONe-Loop Rabiative CorrecTions A LA CoLEMAN-WEINBERG TO Vi CAN Be Kept Unper CoNTROL.

ADING BEYOND MSSM




EmBeppiNG IN A B — L SUSY GUT

ooe

INFLATIONARY SCENARIO

INFLATIONARY DyNamics & PREDICTIONS

o THE SLow-RoLL ParameTERs ARE DETERMINED USING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ¢:

2- fw
Nfy

2

—léw AND =8

With fiy = cgep® —2-




EmBeppiNG IN A B — L SUSY GUT

ooe

INFLATIONARY SCENARIO

INFLATIONARY DyNamics & PREDICTIONS

© THE SLow-RoLL ParamETERS ARE DETERMINED USING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ?q;:
» -
. 2 o,
——— AND 7=8—2— WiTH f =crg” —2-
Neggd NfL
© THE NumBER oF ¢-FoLpiNgs THAT k, = 0.05/Mpc ExperieNcEs DuriNG IGHI Is CALCULATED To BE

= 5 fom 12 011, K=K,
Ny = Neg¢a /8 = ¢u = (8N, /Neg) ' = 013 K=K,

THererFore, THE MopEeL Is AutomaricaLLy WELL STaBiLizeD AGAINST CorrecTions From HigHER ORDER TERMS.




EmBeppiNG IN A B — L SUSY GUT

ooe

INFLATIONARY SCENARIO

INFLATIONARY DyNamics & PREDICTIONS

© THE SLow-RoLL ParamETERS ARE DETERMINED USING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ?q;:
_ & . 2—fw ;
€~16—— AND 7=8—2— WiTH fiy = crp? -2
Neggd NfL
© THE NumBER oF ¢-FoLpiNgs THAT k, = 0.05/Mpc ExperieNcEs DuriNG IGHI Is CALCULATED To BE

= 5 fom 12 011, K=K,
Ny = Newg/8 = ¢4 = (8Ny/Neg) 7{0.135 K = K.

THererFore, THE MopEeL Is AutomaricaLLy WELL STaBiLizeD AGAINST CorrecTions From HigHER ORDER TERMS.
© THe Power SpecTRUM NORMALIZATION IMPLIES A UNIQUE VALUE OF A

1 Vi@ 4N, 029, K=K,

024, K=K;.

(AsN)

s = —_— = 1=8 6A,7r07q7={

237 [V 5@l N32(4N, N = 12




EmBeppiNG IN A B — L SUSY GUT

ooe

INFLATIONARY SCENARIO

INFLATIONARY DyNamics & PREDICTIONS

o THE SLow-RoLL ParameTERs ARE DETERMINED USING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ¢:
)

= : —_o2-fw .
€~16—_ a0 7=8 WiTh = cre? - 2-
Neig® n N Jw = cré

© THE NumBER oF ¢-FoLpiNgs THAT k, = 0.05/Mpc ExperieNcEs DuriNG IGHI Is CALCULATED To BE

= 5 fom 12 011, K=K,
Ny = Newg/8 = ¢4 = (8Ny/Neg) 7{0.135 K = K.

THererFore, THE MopEeL Is AutomaricaLLy WELL STaBiLizeD AGAINST CorrecTions From HigHER ORDER TERMS.
© THe Power SpecTRUM NORMALIZATION IMPLIES A UNIQUE VALUE OF A

L V@) 4N 29, K=K
VA, = Y@ ) g JeAumeg—ax )02 " (AN)
2V37 Vi 5@l N32(4N, /N - 12 |024, K=K,.
o THe OservaBLES ARE PrepicTED To BE IDENTICAL WiTH THOSE OBTAINED IN THE ORIGINAL STI
2 4N 2 N
ng=1-— =0963, r= — =0.0032[0.0022] anD a;=-=> — =-0.005 fFor K =K; [K»].

N, N2 N2 2N3




EmBeppiNG IN A B — L SUSY GUT

ooe

INFLATIONARY SCENARIO

INFLATIONARY DyNamics & PREDICTIONS

o THE SLow-RoLL ParameTERs ARE DETERMINED USING THE STANDARD FORMULAE EMPLOYING THE CANONICALLY NORMALIZED ¢:

€~ 16 I AND 7=8 2= Jw With A )
e l6—W _ = = cpd? — 2
Neggb TN fa o

© THE NumBER oF ¢-FoLpiNgs THAT k, = 0.05/Mpc ExperieNcEs DuriNG IGHI Is CALCULATED To BE
= 5 (e 12 011, K=K,
Ny = Neggy /8 = ¢y = (SN,/NC'R) = {0.13’ K=K,

THererFore, THE MopEeL Is AutomaricaLLy WELL STaBiLizeD AGAINST CorrecTions From HigHER ORDER TERMS.
© THe Power SpecTRUM NORMALIZATION IMPLIES A UNIQUE VALUE OF A

L V@) 4N 29, K=K
VA, = Y @)™ ) g JoAmeg —ax 029 P AN)
2V37 Vi 5@l N32(4N, /N - 12 |024, K=K,.
o THe OservaBLES ARE PrepicTED To BE IDENTICAL WiTH THOSE OBTAINED IN THE ORIGINAL STI
2 4N 2 N
ng=1-— =0963, r=— =0.0032[0.0022] anD a;=-—= - — =-0.005 fFor K=K, [K>].
Ny Ng N2 2N}

® ALTHOUGH cg Is LArge, No ProeLEM WiTH THE PERTURBATIVE UNITARITY EMERGES SINCE THE ExPaNsIONs ABOUND (¢) = 0 ARE ¢
INDEPENDENT:

2
. [2 -~ 3 =2 [2 =3 =2 = 266 2N-1—~ S8N?>—4N+1 -2

252 ~ — — — — — ~ — )

Jop —(1 N6¢+ 2Né¢ N3é¢ + ]6¢ AND Vi 1 5 + op + )

2cg V2N 8N




PoST-INFLATION:
[ Jole}

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PERTURBATIVE REHEATING

e At THE SUSY Vacuum, THE INFLaton Anp THE RHNS, Ny, Acauire Masses Mg AND Miyc RESPECTIVELY GIVEN BY
/lmp

————— ~28-10% GeV AND Miyc = Aiyc M,
er(Ner =1 iN¢ iN¢

sy =

WHere WEe REeSTORE /7p IN THE FORMULAS.




PoST-INFLATIONARY

[ Jole}

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PERTURBATIVE REHEATING

e At THE SUSY Vacuum, THE INFLaton Anp THE RHNS, Ny, Acauire Masses Mg AND Miyc RESPECTIVELY GIVEN BY

— Am
Mgy ~ CR(TZ—I) ~2.8-10" GeV aND Minc = diye M,

WHere WEe REeSTORE /7p IN THE FORMULAS.
© THE INFLATON CAN DEcAY PERTURBATIVELY INTO:

® A Par oF RHNs (N;) WitH Majorana Masses M jyc THrRougH THE FoLLowing Decay WipTH
2 2
Jine — [1 _ My

3/2
s With giye = (N — 1
Tox o =) ] T gine = ( )

Aiye
2

/I:Mﬂ,\,ir = ARISING FROM Lgne = g,»Ncé?ﬁ N{NY .
i

® F, ano H; THrouaH THE FoLLowing Decay WipTH

= 2 Pl M? _
Tspt = —goyillsy WITH = L |1-2c,— | Arisina FrOM L= = —gpmss0H, H; .
so—H = o JulMsp 9H v [ + P ] Sty Hy = ~9HMsyOPH, Hy
® MSSM (s)-ParticLes XYZ THrouagH THE FoLLowiNG c..-DePENDENT 3-Boby Decay WipTH

3 1/2
—~ 14 my, Ncg — 1 —
Tspxyz = gf 5127 mfaz Wit g, = y3 (;T) AND 3 = hyp(i5s) = 0.5.
P

THis Decar Arises From L&;nyz = —/ly(g;/)/mp)(Xz//yl//Z + Yyxyz + Zyxyy) + hc.




PoST-INFLATIONARY

[ Jole}

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PERTURBATIVE REHEATING

e At THE SUSY Vacuum, THE INFLaton Anp THE RHNS, Ny, Acauire Masses Mg AND Miyc RESPECTIVELY GIVEN BY

— Am
Mgy ~ CR(TZ—I) ~2.8-10" GeV aND Minc = diye M,

WHere WEe REeSTORE /7p IN THE FORMULAS.
© THE INFLATON CAN DEcAY PERTURBATIVELY INTO:

® A Par oF RHNs (N;) WitH Majorana Masses M jyc THrRougH THE FoLLowing Decay WipTH
2 2
Jine — [1 _ My

3/2
s With giye = (N — 1
Tox o =) ] T gine = ( )

Aiye
2

/I:Mﬂ,\,ir = ARISING FROM Lgne = g,»Ncé?ﬁ N{NY .
i

® F, ano H; THrouaH THE FoLLowing Decay WipTH

= 2 Pl M? _
Tspt = —goyillsy WITH = L |1-2c,— | Arisina FrOM L= = —gpmss0H, H; .
so—H = o JulMsp 9H v [ + P ] Sty Hy = ~9HMsyOPH, Hy
® MSSM (s)-ParticLes XYZ THrouagH THE FoLLowiNG c..-DePENDENT 3-Boby Decay WipTH

3 1/2
—~ 14 my, Ncg — 1 —
Tspxyz = gf 5127 mfaz Wit g, = y3 (;T) AND 3 = hyp(i5s) = 0.5.
P

THis Decar Arises From L&;nyz = —/ly(g;/)/mp)(Xz//yl//Z + Yyxyz + Zyxyy) + hc.

© THE REHEATING TEMPERATURE, Ty, IS GIVEN BY

1/4 — -~ = — —
Twm = (72/57r2g*) / r;;zm:)/z witH [y = r§¢~>N’? + Uspn + Uopxyz, WITH g, ~228.75.




INFLATON DECAY & NON-THERMAL LEPTOGENESIS

LEPTC anp G A

© Te Out-Or-EquiLisrium Decay of N; cAN GENERATE AN L AsyMMETRY WHicH CaN Be CONVERTED TO THE B YIELD:

Tgoone Im (nf m )?.
5 Ty ~09-N; D
=-0352 BT e Where & = Z Q(Fs (xij’y[s!/j) + Fv(x;/)).

4 s T 5 8m(H, )2 (mmp)i

HERE x;j := Mjyc /Mine AND y; = Uiye [ Miye = (m]gmp),»,»/87r<Hl,)2 AND 7155 < 2M;yc For SoME iwiTH i = 1,2,3.
ALso Fy anD Fs RepresenT, RespecTively, THE ConTRiBUTIONS From VERTEX AND SELF-ENERrGY DiAGRAMS.
e m;p ARE THE DIRAC Masses WHicH May BE DiagoNALIzeD IN THE WEAk (PRiIMED) Basis

UtmpU*¢" = dp = diag im1p, map, msp) WHere L' = LU anp N¢ = USNC.
AND ARE RELATED TO M;yc VIA THE Type | SEESAW FORMULA
m, = —mp d,'\,l- mE, WHERE dyc = diag (M nc, Maye, M3ne) WITH Miye < Moye < Mzye REAL AND POSITIVE.

e RepLACING mp IN THE SEE-Saw FormuLa WE ExtracT THE Mass Marrix oF LigHT NEuTrINos IN THE WEAK Basis

iy = Utm,U* = —dpUdit U dp,
WHicH Can Be DiacoNALizeD BY THE UNiTary PMINS Marrix U, ParameTerizeD As FoLLows:
—i6 i1 /2
cci3 ) s12€13 size” eior/ )
U, = |—c3s12 — so3cias13€®  exzcnn — soasisize®  spzenz | - e~i2/? .
io is
523812 — €23C12813€" —$23C12 — C23812513€" €23C13 1

WITH ¢jj = €08 0, s;j := sin6;j, 6 THE CP-VIoLATING DIRAC PHASE AND | AND ¢, THE TWO CP-VIOLATING MAJORANA PHASES.
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WITH ¢jj = €08 0, s;j := sin6;j, 6 THE CP-VIoLATING DIRAC PHASE AND | AND ¢, THE TWO CP-VIOLATING MAJORANA PHASES.

o THe THERMALLY Probucep G YieLo At THe ONseT oF Bia-Bana NucLEOSYTHESIS (BBN) Is EstiMaTED To BE:
Yz =~ 1910727y /GeV.




PoST-INFLATION:
(ele] J

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PosT-INFLATIONARY REQUIREMENTS

THe A T OF BaRYC VIA NON-THERMAL LEPTOGENESIS CAN BE CHARACTERIZED SUCCESSFUL IF:
(i) WE OBTaIN THE OBSERVATIONALLY REQUIRED B YiELD WHICH Is Y3 = (8.697 % 0.054) - 10~'! AT 95% c.L.

“m Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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(ii) ConsTrAINTS ON M;yc ARe Satisrien. WE HAVE To Avoib ANy Erasure OF THE Propuceb Y} ; ENsuRe THAT THE ¢ Decay To
Ny Is KINEMATICALLY ALLOWED; AND Myc ARE THEORETICALLY AcCEPTABLE, WE HAVE To IMPOSE THE CONSTRAINTS:

(@) Miyc 2 10Ty, (b) iy > 2Miye AND (¢) Miye < T.IM & diye < 3.5.
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(iii) G ConsTrAINT Is Unper ControL. Assuming UnsTasLe G, WE Impose AN UpPER Bouno® on Y& IN Oroer To Avoip ProsLEMS
WitH THE BBN:

10714 5.3-10" GeV _ 0.69 TeV,
Y32 41078 = Ty $45.3-10% GeV  For G Mass my)p ~ 410.6 TeV,
10712 5.3-10° GeV 13.5 TeV.
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(ii) ConsTrAINTS ON M;yc ARe Satisrien. WE HAVE To Avoib ANy Erasure OF THE Propuceb Y} ; ENsuRe THAT THE ¢ Decay To
Ny Is KINEMATICALLY ALLOWED; AND Myc ARE THEORETICALLY AcCEPTABLE, WE HAVE To IMPOSE THE CONSTRAINTS:

(@) Miyc 2 10Ty, (b) iy > 2Miye AND (¢) Miye < T.IM & diye < 3.5.

(iii) G ConsTrAINT Is Unper ControL. Assuming UnsTasLe G, WE Impose AN UpPER Bouno® on Y& IN Oroer To Avoip ProsLEMS
WitH THE BBN:

10714 5.3-10" GeV _ 0.69 TeV,
Y32 41078 = Ty $45.3-10% GeV  For G Mass my)p ~ 410.6 TeV,
10712 5.3-10° GeV 13.5 TeV.
(iv) Be IN AcreeMenT WiTH THE LigHT NEuTRINO DATA.
PARAMETER Best Fir VaLue (2021) ® THE MASSES, m1;,, OF v; ARE CALCULATED As FoLLows:
NormAL | INVERTED
HieraRCHY my, = ﬂm%v + Amgl AND
AmZ, [107%eV? 7.5
Am§] /1073eV? 2.55 [ 2.45 ms, = 4 lm?v + Amgl, For NormALLY Orberep (NO) m,’s
sin 612/0.1 3.18 oR
2
s 2‘9‘3/0'01 22 2225 myy = Jm%, +|Am? |, For InverTepLy Orperep (10) m,’s
sin” 6,3/0.1 5.74 5.78
5/ 1.08 1.58 o Y.mj, <0.12[0.15] eV AT 95% c.L. For NO [IO] m,’s.

“m Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).




POST-INFLATIONARY SCENARIO

e0

Resurrs

CoMBINING INFLATIONARY AND PoST-INFLATIONARY REQUIREMENTS

© ENFORCING THE PosTINFLATIONARY CoNsTRAINTS, WE CAN OBTAIN PREDICTIONS FOR 172;p’S OR Myc
EMmPLOYING AS FREE PARAMETERS m,,, | AND @2, (WHERE m,, i1s A REFERENCE ScALE FOR THE NEUTRINO MASSES).
© ALL THE REQUIREMENTS CAN BE MET ALONG THE LINES PRESENTED IN THE 7111y — miop PLANE FOR 4, = 107°.

Y,=87x10"

' ' ' CASES : A B c
Hierarchy : NO NO 10
m_TeV 0.001 0.05 0.005
sm, eV 0.06 0.074 0.1
m 1 GeV 100 100 33
P, -n/2 nl6 nl4
9, 0 0 -nl3

_______ M, /10 GeV [09-22 0.01-6.4 0.01-3.8
M,/ 10% GeV |2 -447 5-78 43-11
0 5 10 15 20 25 0 | M, /10°Gev |23-95 058 01
m, (GeV)

o WE TaKE m,,, = my, For NO v;’s AND m,,, = m3, FOR |O v;’s.
o THE INFLATON DEecAvs INTo THE LighTEsT AND NEXT-To-LigHTEST OF RHN SINGE 2Myc > 7155 FOR i = 3.

® Y3 Is EQuaL To ITs CENTRAL VALUE AND THE G CoNsTRAINT Is UNDER CoNTRoL FOR 113/, ~ 10 TeV Since WE OsTaiN

145 Yz/1078 1.7 wrn 7.5 5 Tin/10%GeV 59,

WHeRE THE LowesT VALUEs OBTAINED For Case A.




POST-INFLATIONARY SCENARIO

(o] J

Resurrs

GENERATION OF THE (- TERM OF MSSM AppLying THE MecHANISM oF G. DvaLi, G. LazAriDes AND Q. SHari (1999)

o THe OriaIN oF THE i TerRm Can Be ExpLANED IF WE ComsINE THE TeERMS Wiy + W, = AS ((f)d) - M2/4) + ASHHy .

5F! Athron et al. [GAMBIT Collaboration] (2018) — It is obtained my > 2.9 TeV, M+ > 1L1TeV & my) > 3.6 TeV (Besides Region Ill) so, Regions I, Il, IV Are Still
Alive. On the Other hand, The muon g — 2 Anomaly is not Interpreted in These Regions.
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Resurrs
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© THEREFORE, THE GENERATED /1 PARAMETER FROM W), 18 1t = 2,(S) = Naazppmypeg/d = 105m3/2/l‘,‘T(N, IV*)
WHERE THE PREFACTOR Is ABSORBED SINCE SuccessruL IGHI Neeps A, < 2 - 107 For StasiLiry Reasons.
© THe ALLowep A, VaLues Renoer Our MobeLs CompariLe Wit THE BesT-Fit PoinTs IN THE CMSSM® SetTing, E.a.,

my =m3;; AND |Ay| = |ag| = |Ag| — Reaions (I) & (IV) Are More Favorep From THE G CONSTRAINT.

CMSSM ReaioN |Agl (TeV) | mgo (TeV) | |ul (TeV) a3y Ay (107)
(my, =~ 125 GeV & Q h* 5 0.12) K =K, K=K
[0} A/H FuNNEL 9.9244 9.136 1.409 1.086 0.963 1.184
(1) 71 — x COANNIHILATION 1.2271 1.476 2.62 0.831 1448 17.81
(L)) 1) — x COANNIHILATION 9.965 4.269 4.073 2.33 291 341
(v) X7 — X COANNIHILATION 9.2061 9.000 0.983 1.023 0.723 0.89

5F! Athron et al. [GAMBIT Collaboration] (2018) — It is obtained my > 2.9 TeV, M+ > 1L1TeV & my) > 3.6 TeV (Besides Region Ill) so, Regions I, Il, IV Are Still
Alive. On the Other hand, The muon g — 2 Anomaly is not Interpreted in These Regions.
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o WE Proposep A VARIANT oF B — L Higas INFLATION (NAMED INDuceD-GRravITY Higas INFLATION) WHICH CAN BE ELEGANTLY
IMpLEMENTED WITHIN A B — L ExTtension oF MSSM, Apoprting A SupERPOTENTIAL DETERMINED BY THE GAUGE AND R SYMMETRIES AND

Two SemLocARiTHMIC KAHLER POTENTIALS.
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CONCLUSIONS

CoONCLUSIONS

o WE Proposep A VARIANT oF B — L Higas INFLATION (NAMED INDuceD-GRravITY Higas INFLATION) WHICH CAN BE ELEGANTLY
IMpLEMENTED WITHIN A B — L ExTtension oF MSSM, Apoprting A SupERPOTENTIAL DETERMINED BY THE GAUGE AND R SYMMETRIES AND
Two SemLocARiTHMIC KAHLER POTENTIALS.

® THE MobEL ExHiBiTs THE FoLLowiNg FEATURES:

IT INFLATES Away CosmoLocicaL DEerecTs;

IT PrEDICTS ACCEPTABLE INFLATIONARY OBSERVABLES EMPLOYING SuBPLANCKIAN INFLATON VALUES AND WiTHOUT CAUSING ANY
ProsLem WitH THe VaLipity OF THE EFFecTIVE THEORY;

I OFrers A Nice SoLuTion To THE 11 ProBLEM oF MSSM — PROVIDED THAT A, 1 SOMEHOW SMALL — AND SELECTS THE MosT
Favorep FroM THE BesFiT Points oF CMSSM;

IT ALLows For BarvogeNEsis viA NON-TL CompatiBLe WiTH G ConsTRAINTS AND NEUTRINO DATA. IN PARTICULAR WE MAY HAVE
m3y2 2 10 TeV, With THe INFLaTon DEcAYING MaNLY To N anD N5 — We OBTAIN Miye IN THE Range (1010 — 10'%) GeV.

o IT REMAINS TO INTRODUCE A CONSISTENT SoFT SUSY BreakiNg SECTOR IN THE THEORY.

THAaNK You!
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