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I
From MinmvaL HI To T-Mope HI

INFLATIONARY OBSERVABLES AND REQUIREMENTS
© INFLATION 1S CALLED A PERIOD OF ExpONENTIAL Expansion oF THE UNIvErse, DurING WHICH

oy 2 = AN,
(dd)/ \/Edt) < Vi(¢) =~ Cst ~» R(t) = R(t;)e™"® witH AN, THE NUMBER OF e-FoLbDING

t THE Cosmic TimE, R(7) THE ScALE FacTor & a = E(t) THE CANONICALLY NORMALIZED INFLATON.
o A SuccessruL INFLATIONARY SCENARIO IN PrinciPLE REQUIRES:

® THe NUMBER OF E-FOLDINGS, N, THAT THE SCALE k, = 0.05/Mpc UNDERWENT DuURING HI HAs TO BE SUFFICIENT TO RESOLVE
THE HoRizoN AND FLATNESs PRoBLEMS OF STANDARD Big Bana:

* —
N, = f d¢ % ~ (44 — 56) DEePENDING ON wy, =~ (—0.24 — 0.58), WHERE
ot L¢

e THE Barotroric INDEX w;;, DEPENDS ON THE DEGREE OF THE POLYNOMIAL IN V7;
® ¢, Is THE VALUE OF ¢ WHEN k, Crosses OuTsIDE THE INFLATIONARY HORIZON;
® ;1S THE VALUE OF ¢ AT THE END OF HI WHicH Can BE Founp From THE CoNDITION:

Y — 2
max{e(@r), (o)} = 1, WimH e = (V@/ \/EVI) a7 =V,g5/V.
® THe AmpLITUDE A OF THE Power SpecTRUM OF THE CURVATURE PERTURBATIONS IS To BE CoNSISTENT WiTH Planck DaTa:
V32
alr e L MOy seq 0
2V3x |Vi5(64)]

© THE MopELs FuLFiLLing THE ResTricTioNs ABove CAN BE FURTHER QUALIFIED BY COMPUTING THE (SCALAR) SPECTRAL INDEX, ng, ITS
RUNNING, @, AND THE TENSOR-TO-ScALAR RATIO, r FROM THE FORMULAS:

ng=1-6e + 2y, ao=2(403 — (0= 1)?)3-2£, avo 1= 16,
WHERE ¢ = VI,$VLW/ V12 AND THE VARIABLES WITH SuBSCRIPT * ARE EVALUATED AT$ = @ = .

:
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From MinmvaL HI To T-Mope HI

OBsEeRvATIONAL Status oF Higas InFLaTioN (HI)
o WE Aspire To IDeNTIFY ¢ WiTH THE RADIAL CoMPONENT OF A Higas FiELD, @ = pe”/ V2, WitHiN A GRaND UNIFIED THEORY (GUT).
THererore, WE CHoose As INFLATIONARY PoTENTIAL THE ONE EMPLOYED FOR THE REALIZATION OF THE Hicas MECHANISM,
Vin(@) = A2(¢> — M*)?/16 ~ °¢* /16 For M <mp =1. (: H)
e ForR ¢ = ;5, THE THeEORETICALLY DERIVED VALUES g ~ 0.947 aND r ~ 0.28 ARe Not CompariBLe WiTH THE OBSERVATIONAL ONES.
e The ComBINED Bicer2/Keck Array AND Planck ResuLts ReQUIRE, FOR FITTED Ag AND N,

ng =0.965+0.009 anp r <0.032 AT 95% c.L.

0.25 A Planck TT,TE,EE+lowE+lensing
+BK18+BAO e ON THE CoNTRARY, OBservaTiONALLY FriENDLY ARE MODELS
020 1 a-attractors T-models CaLLED a-AttRACTORS WHIGH EMPLOY CHAOTIC POTENTIALS AND SO

— (-3ttractors E-models

CAN BE AcTIVATED WITH Vigr IN Ea. (H).

© THESE ARE BASED ON THE SPECIFIC RELATION ESTABLISHED

0.15
g BETWEEN THE INTIAL, ¢, AND THE CaNoNicALLY NoRMALIZED
e INFLATON ¢ AND cAN BE CLAssIFIED INTO E-MobEL INFLATiON (EMI)
0.10 (oR a-StarOBINSKY MODEL) AND T-MobEL INFLATION (TMI) AND |.E.
1 - Exp(-V2/N For EMI,
005 ¢ = AP( IN¢ With N > 0.
k tanh (¢/ VZN) For TMI,
0.00 w. | \ © SucH RELATIONS BETWEEN ¢ AND $CAN BE ACHIEVED IN THE
095 096 097 098 099 1.00 Presence OF A PoLE IN THe INFLATON KINETIC TERM.
s o & = = = 9Dac

:
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From MinmvaL HI To T-Mope HI

T-MopeL HI From A KiNetic PoLE oF Second ORDER

o TMI Is “TavLor Mape” For HI SiNce IT Arises FRom A KineTic PoLe oF Orber Two WHicH INcLUDES THE GUT-INVARIANT QUANTITY
|®? := ®Fd. IN ParTICULAR, THE LAGRANGIAN £ OF ¢ = ¢() READS

L= V=5(N2g? /27 = Vi(@)) wirn "= dfdt, fo=1-¢> ap Ny >0.
ALso, g Is THE DETERMINANT OF THE SPACE-TIME METRIC g .
o IF WE Extract @, Via THE REeLATION N2 /2 12 = (d/ V2dr)?, We Ostan'

d VN2 % S )
— =J=—— = ¢ =tanh ——. THEREFORE V} ~ — tanh” ——.
2 . [ A Hi(¢) 16 ~

Vi ExPRESSED As A FUNCTION OF ¢ DEVELOPS A PLATEAU FOR ¢ > 1 WHicH RENDERS IT CONVENIENT FOR THE REALIZATION OF A
OBSERVATIONALLY VIABLE HI.

oF e T I T l 3
sob 10x10! 1 6ok N
8.0x10° ¢
4 s0f 6.0x10° E 4 50F R "
8 wof 2.0x10° e 8 20k % E
~ 2.010° * ~
> E >"30F E
E 20F E
E 10F E
2 =111
(o] 2T T T T
10 0 1 2 3 4 5 6 7 8 9 10 11 12
A
4 ®
1 R. Kallosh and A. Linde (2013); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013). o = = = =
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No~n-SUSY T-Mobkt InrLaTioN (TMI)

INFLATION ANALYSIS

© THE PARAMETERS € & 77 (EXPRESSED As A FUNGTION OF ¢) DEcRease WiTH THE PoLe FuncTion f> = 1 — ¢?
€= 16/2°/N2¢® an0 7= 8/2(3 ~ 567)/N2¢”
AnD Can BE KepT BeLow UNITY As ¢ — 1, AsSURING THEREBY AN INFLATIONARY PERIOD.
o THE NumBER OF ¢-FoLpiNGgs TURNS oUT TO BE INVERSE PROPORTIONAL OF f>, = 1 — qbi,
= Nogl [Afoe = fu = VAN VAN + N2 ~ 1> gy,
AND so N, Can BE ADEQUATELY LARGE FOR ¢, — 1.
© THE PROXIMITY OF ¢, TO 1 SiaNALs A JusT MiLp Tuning IN THE INITIAL CONDITIONS SINCE
0.0l SA. <0.04 For 0.1 SN, <55 WHERE A, = (1 —¢y)
e THE NoRMALIZATION OF A PRroviDES THE VALUE oF A, |.E.,
A2~ M, =4588-107° = 1=~2+BNA/N, = A~107° For N, ~55 & N, =1.

V3N —

o For THE REMAINING INFLATIONARY OBSERVABLES WE OBTAIN
ng = 1—-2/Ny =~ 0965, ag~-2/N>=95-10"% anp r=~2N,/N> <0032 = N, <55,

ConsisTENTLY WiTH THE DATA, ProviDED WE Pose AN Upper Bounp oN V.

e THe ErrFecTive THeoRY DescrieiNg HI Remains VaLip Up 1o A “ULtravioLer” Cutorr THRESHOLD, Ayy ~ mip, ASSURING THE
STABILITY OF THE INFLATIONARY SOLUTIONS,

(@) Vi@ < Auy For (b) ¢ < Auy.
o THe NaTURAL FRAMEWORK FOR THE ANALYSIS OF A GUT Is SupersyMmEeTRY (SUSY) — AND ITs TopICAL EXTENSION, SUPERGRAVITY
(SUGRA) — WHeRE THE Gauee HierarcHy ProBLEM CAN BE NATURALLY ARRANGED. o & -
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Formuration oF HI

SUGRA ScaLAR PoTENTIAL
o THE GENERAL LAGRANGIAN For THE ScaLARr FieLps z* PLus Gravity IN Four DiMensionaL, N = 1 SUGRA is:
L= ‘/—_Q(KQB{JUVD,‘Z”DVZ*B - VSUGRA) WHERE K3 := afaz*BK >0, KBaKai = 3?;

Wb = GZDZ/Z» Dy =z (Ta)g K,Zﬂ D Dyz" = 0,2% + igA“ngﬂz’g,

Vsuora = Vi + Vo W -
SUGRA = VE VD WITH 4y ok (K"“*D,IWDEW* - 3|W|2) D = 0y + BuK.

Aj s THe Vector Gauge FIELDS, g IS THE GAUGE COUPLING AND T, ARE THE GENERATORS OF THE GAUGE TRANSFORMATIONS OF z°.
e THE KiNeTIC MixiNG 1s ConTRoLLED BY THE KAHLER PotenTtiaL K WHicH Arrects ALso V. THis DEPENDS oN AN HoLOMORPHIC
FuncTioN oF THE SUPERFIELDS CALLED SupPERPOTENTIAL W TooO.

© THEREFORE, POSSIBLE APPEARANCE OF f IN K3 Is EXPECTED TO IMPACT ON V 0O, IN ContrasT 10 NoN-SUSY Case, Making
More Dirricutt THE ReALizaTioN oF TMI IN SUGRA. WEe Propose BeELow Two Wavs Ourt oF THIs DiFFicuLTY.

o WEe ConcenTrate oN HI Driven BY Vi WhicH Reauires Vp = 0 During HI.

INTRODUCTION OF THE STABILIZER FIELD

e IN GENERAL, THE ReALIZATION OF CHAoTIC INFLATION IN SUGRA CaN BE FaciLmatep, IF WE INTRoDUCE A GAUGE-SINGLET SUPERFIELD

7! = § CaLLep SaBiLIZER oR GoLpsTiNo. ITs INTRODUGTION Is NECESSARY FoR THE FoLLowiNg REASONS:

® |7 can BE SaBILIZED AT S = 0 WitHoUT INvokiNg HiGHER ORDER TERMS, IF WE SELECT®:
K> = Ng ln(l + ISIZ/NS) = K35 =1 Wit 0 < N5 < 6 WhicH ParameTerizes THE Compact ManiFoLo S U(2)/U(1).
® |1 Assures THE Bounpepness of Vi: IF WE seT S = 0 During HI, THE TERms K .o W, @ # 1, AND —3|W|* VanisH. THE 2ND
oNE May Renper Vi UnBounDeD From BeLow.
® |t GENERATES THE NON-SUSY PotenTiaL From THE TerM [Ws|> For S = 0. E.a., FoR W = AS "2 \WE OBTAN
(Ve) = (eKKSS*IWSI2>I € Vyonsusy = A2¢" Wit ¢ = Re(®) THE (INITIAL) INFLATON.
2R. Kallosh, A. Linde and T. Rube (2011). 3C.P and N. Toumbas (2016).
: :
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Formurarion or HI

SELECTION OF K & W

o WE EmpLOY A PaiR oF CHIRAL SUPERFIELDS 2> = ® & 73 = ®, WiTH CHarGED OpposiTELY UNDER A GAUGE SYMMETRY, E.G.,

U(1)p-1. AND A SUPERPOTENTIAL CHARGE ASSIGNMENTS

W=S (/12<T)<D/2 - M4+ /14(&”1))2) SuperFIELDS: S [ )
DetermiNeD UniqueLy From A U(1)p_; & A GroeaL U(1)g Unper U(Dr Lo 0
WHIcH R(W) = R(S). U()p-1 0] 2] -2

W Leaps 1o A GUT Puase Transimion IN SUSY Vacuum (S) = 0, (®)| = KDY ~ M/ /2.
© THE INTRODUCTION OF f3 IN THE KINETIC TERMS Is AcHIEVED, IF WE ADOPT ONE OF THE FoLLOWING KAHLER
(1-10P - |BP)
(1 -20D)112(1 — 29 @=)1/2’
WhHicH SHARE THE SaME KiHLER METRIC, K3 PARAMETERIZING THE KAHLER MaNIFoLD S U(2,1)/(S U(2) X U(1)).

Ko ==NIn(1-|0P - |®?) Or Ky =-NIn

o For Bot K, THE D Team DUe 10 U(1)p— 18 Dy = N (|0 = |DP) / (1 = [0 = |BF) ~» Vp =0 I |0] = |B|
1.E., THE D Term 1s ELmiNaTED DURrING HI, IF we CHOOSE As INFLATON THE CommoN RapiaL ParT oF @ & ®.
e For K = K>; WE OsTaN (eX)| = l/sz AnD So, A PoLe AppeaRs IN {VE);. However, THis PoLe Can Be ELiminateD IN (VE)y, IF
WESETN =2 & A ~ -1y = A Resutting To W =~ AS OD(1 — ®D) —For M < 1.
eForRK = izl WE Os1ain (¢X); = 1 aND s0, No PoLE AppEARS IN (V).
o IN ALL, WE ENnD uP WiTH THE FoLLowing MopELs:
® § T-MopkL (STM) WitH K = K231 = K2 + Ko, N =2 aND Ay = o (1 + 6;) IN W with 6, = O(107%);
THe ResuLts Deviare WitH THose OBTAINED IN NON-SUSY REeGIME.

® T-MobEeL 4 & 8 (TM4 & TM8) With K = Enl =K, + EZI WITH HIERARCHY A > A4 AND Ay << A4 RESPECTIVELY;
N RemaiNs A FREE PARAMETER As IN THE NON-SUSY ReGIME. o & = = =
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INFLATIONARY SCENARIOS - RESULTS

INFLATIONARY POTENTIAL

o IF WE Use THe ParameTerizaTions: @ = gei® cosfp AND @ = gei® sinfp  WitH 0 < 0p <7/2 aND S = (s +i5)/ V2

WE SELECT As INFLATIONARY PatH THE D-Fuat Direction Is (8); = (0); = 0, (0p); = 1/4 anD (S) =0 (: 1)

© THE ONLY SURVIVING TERM OF Vi ALONG THE PatH IN Eq. (P) 1s (WiTH r; = —2;/4; witH i, j = 2,4)

2 4 2\2 #N
2 (¢ — ¢’ - Mz)z/fz FoR 6TM, A AND M, = % ForR 6TM anp TM4,
Vi = KKSS*W 2y 2 2 _ 4 a2 A= )
= (e W.s 16 (¢ riaf Mz)z For TM4, - wene s anp My = L For TMS.
(¢4 — rd? — Mf) For TM8, Vi
o IN AL THRee Cases, T-MobeL HI Can Be ReaLizep SINGE THE CONVENIENT RELATION ¢ —$0AN BEe ACHIEVED.
e To VeriFy THis, We CoMPUTE K3 Avong Ea. (), WHicH Takes THE Form
k¢? (2/¢* -1 1 N
(Kopht) = (Mopdr. (Kss=)r) wimn (Magh = —- [ Tty por) KT b K=
© UPON DIAGONALISATION OF (Mg, )1 THE CANoNicALLY NormALIzED FiELDs, ARE
dg V2N P~ — _
— =J=—— = ¢=tanh ——, O, = Vkgbs, 0- = kfr¢0_ & 0o = \2kfo B0 — 7/4).
o % ¢ o 0. f29 o H¢ (B
o WE CHeck THE STABILITY OF THE TRAJECTORY IN Eq. (I) W.R.T THE FLUCTUATIONS OF THE VARIoUS FiELDS. L.E.,
Vsucra — — = = 8*Vsucra -
<T ) =0 & mzq >0, WHERE mza = EGv[Mﬁﬁ] WitH Miﬁ = T : & 7% =04,00,s,5.

Here Eav AR THE EIGENVALUES OF Miﬁ & THE SuBscRIPT | DENOTES COMPUTATION ALONG EDQ. (1.

5 =
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INFLATIONARY SCENARIOS - RESULTS

StaBILITY OF THE INFLATIONARY DIRECTION

ScALAR Mass-Sauarep SpecTRUM FOR K = K271 AND K771 ALONG THE INFLATIONARY TRAJECTORY

FiELps EiGen- MassEs SQUARED
STATES ” K= Kzz] | K= K221
2 REAL b, mg+ 3H}
SCALARS Doy Fﬁg@ M3, +6HZ(1 +4/N - 2/N¢* —2¢* IN)
1 COMPLEX 5,5 2 6HZ(1/Ns —8(1 — ¢*)/N + N¢?/2 | 6H2(1/Ns — 4/N

SCALAR +2(1 = 2¢%) + 842 /N) +2/N¢?* + 262 /N)
1 GAUGE BOSON ApL M3, 2N $? | f7

4 WevL A i, 12f2H? IN*¢?

SPINORS Ao | M3, NG/ f2

o WE can Osman Y a, ’rﬁf{a > 0. Especialy 2 >0 & Ns <6.

e WE can OBTaN VY «, ﬁ;a > HI2 AND So No OTHER INFLATIONARY PERTURBATIONS BESIDES THAT OF ¢ CONTRIBUTE TO Ag;
e Mp; # 0 SiGNALS THE FACT THAT THAT U(1)p_; |s BROKEN AND s0, No TopoLocicAL DeFecTs ARE PRODUCED.

o M, & M, Can Be DeTerMINED Demanping THE GUT ScaLE Mgyt = 2/2.4 x 1072 IN THE CoNTEXT oF MinmaL SUSY Stanbarp
Mooer (MSSM) Coincioes Wit (Mg, ), E.a.,

(MpL) = V2NgM, [{f2) = Mgur = M, =~ Mgur/g V2N < mp witH g =~ 0.7 (GUT CoupLiNG CONSTANT).

e The ONe-Loor Rabiative CorrecTions A LA CoLeMAN-WEINBERG TO V| CaN Be KepT UNper ConTroL ONCE THE RENORMALIZATION
ScALE 1s CONVENIENTLY SELECTED. o e = =
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INFLATIONARY SCENARIOS - RESULTS

TesTING AGAINST THE INFLATIONARY DATA

o ENFORCING N, = 44 — 56 aND /A = 4.588 - 105, we OgtaiN THE ALLowep Curves FOR OUR MODELS IN THE ng — r PLANE
o THe Free Parameters oF 6TM, TM4, TM8 ARe 6, = r42 — 1, (N, r42) AND (N, rp4) RESPECTIVELY.

o WE SET 74> = 0.01 FOR TM4 AND 124 = 107° For TM8.

45 T MobEL: 6TM TM4 T™M8
aoh —o™ '2;‘ ] 6/ lras || —36-10° | 001 | 10°
350 _ _ vs | ° N 2 12 12
30 #+/0.1 9.9555 975 | 9.877
g 2s Au(%) 0.445 25 | 123
S 20 /0.1 59 3.9 6.5
=15 Wen 033 0266 | 0.58
10 A 552 564 | 58
05 /107 36 8.6 85
00 ; : 101 9.65 964 | 9.65
9.55 9.60 9.65 9.70 9.75 r/ 10—2 0.26 1.4 13

n (0.1)
o INSTM We Have N = 2 & ALL ALLowep ng ARe PossiBLe with r < 0.01, 6, ~ 1075 & A, ~ 1073,

e For TM4 & TM8 ng Turns ouT To BE CLOSE TO ITs OBSERVATIONALLY FAVORABLE VALUE,  INCREASE WiTH N AND A, COVERING ALL
THE ALLoweD VALUES, |.E.,

0.963 < ng < 0.965, 0.1 <N <40, 0452 A, /10722 13.6 & 0.0025 < r < 0.032.
THe Upper Bounp oN 7 < 0.032 IMpLiEs AN Upper Bouno N < 40.
o For TM8 AN ApbiTioNAL TUNING Is REQUIRED SINGE 724 ~ 107°.

o TM4 Can Be QuaLiFieD As THE MosT NATURAL ONE REGARDING THE CHOICE OF THE PARAMETERS. -
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INFLATON DECAY & NON-THERMAL LEPTOGENESIS

INFLATON Mass
o For TM4 THe Mass oF THE INFLATON AT THE SUSY Vacuum Is
sy = (Viggg)' > = (44-25)- 10" GeV For 15N 536.

|.E., Mgy CRUCIALLY DEPENDS ON THE IMPOSED GUT CONSTRAINT AND LIES AT THE INTERMEDIATE ENERGY SCALE.
Emgeppine OF THE MobEeL

e T MopeL HI Can Be EmBeDDED IN A B — L ExTension oFf MSSM Promorting To GAuge THE PRe-ExisTiNG GLoBAL U(1)p-;. THE
Terms ofF THE TotAL SuperpoTENTIAL WHICH CoNTROL THE COEXISTENCE OF THE INFLATIONARY AND THE MSSM SecTors ARE

- CHARGE ASSIGNMENTS
AW = 4, SH,Hy + 2;jy®N;N;

SUPERFIELDS! N¢ | Hy Hy
WHERE H,, AND H; ARE THE ELECTROWEAK Hicas SuPERFIELDS &

HeRe | ; U(Dr 100
N{ THE iTH GeNeRrATION RigHTHANDED NEUTRINO WITH ( = 1, .., 3. U(1)p-s 1 0 0

© THE TERMs ABoVE ALLow FOR THE PERTURBATIVE INFLATON DEcay INTO:

® A PaR oF (N;') WitH Masorana Masses M jyc THrougH THE FoLLowing Decay WiptH

5 2 \32
T, ¢ = Jine — - Miye WitH gine = Ainc /{J) ARisING FRoM L= =g; cg(\p(N."N." +hc)
S9oNE = Tor 7 iN iN SaoNe = GiN i Ni -c).
¢

® H, ano H; THrougH THE FoLLowing Decay WipTH
T 2 2 = /lu - = *
Tsponm = 3 JrMse WTH gy = % ARISING FROM L&HH,,Hd = —gumspop (Hqu +h.c) .
e THE REHEATING TEMPERATURE, T, IS GIVEN BY

4A —~ — —
T = (12/57%.)" Tfmil? winw Ty, = Tapone + oo, W g = 22875,
[m] = =
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INFLATON DECAY & NON-THERMAL LEPTOGENESIS
:
LEPTOGENESIS AND G ABUNDANCE
© Te Out-Or-EquiLisrium Decay oF N; cAN GENERATE AN L AsymMmETRY WHicH Can Be CoNVERTED T0 THE B YIELD
5 T 6¢—>N‘ |m (mDmD), ]
Yp=-03527 == & Where 5=y — L /1
Mog T 56 I

( s (Xijyinyj) + FV(X”))

87(H, )2 (mymp)ii ( )

HeRE x;; 1= Mjyc/Minc AND y; := Tjye [Miye = (m]7;m1)),-,-/87r(H,4)2 AND 71154 < 2M;nc FoR SoMe iwitH i = 1,2,3

ALso Fy AND F's RepResenT, ResPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS

© m;p ARE THE DIRAC Masses WHicH May Be DiagoNALizep IN THE WEAK (PRIMED) Basis
+

AND ARE RELATED TO M;yc VIA THE TypE | SEESAW FORMULA
L=

UTmpU" = dp = diag imp, mop, m3p) WHerRe L' = LU anp N = USNC.
my, = —mp dyc mg, WHERE dyc = diag (M yc, Maync, Manc) WITH Miye < Myne < Mzne REAL AND PosiTIVE
o REPLACING mpy IN THE SEE-SAW FormuLa WE ExTrAcT THE Mass Marrix of LigHT NEUTRINOS IN THE WEAK Basis
m, = Ulm,U* = ~dpUcd U dy,
WhHicH Can Be DiagonALizep By THE UNiary PMINS Marrix U, ParameTerizED As FoLLows
c12€13 S12€13
Uy, = [—c3812 = 8236‘125136
523512 — €23€12813€°

Sp3e70 oie112
ex3c1 — s3512513€° $23€13
—s$23€12 — C3812513€°

—ipy 2
© THE THERMALLY Propucep G YieLp At THE ONsEeT oF Bie-Bana NucLeosyTHEsis (BBN) Is EstiMatep To BE
C. PaLLIS

1
Yz =1.9-1072T4/GeV. -
m] = = = .
:
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i
€23€13
WITH ¢;j := €08 6;j, s;j = sin6;j, 6 THE CP-VioLaTING DIRAC PHASE AND | AND 3 THE TWO CP-VioLATING MAJORANA PHASES
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INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PosT-INFLATIONARY REQUIREMENTS
THe BARYOGENESIS SCENARIO VIA NON-THERMAL LEPTOGENESIS (NTL) CAN BE CHARACTERIZED AS SUCCESSFUL IF:
(i) We OsTaiN THE OBsERVATIONALLY REQUIRED B YiELD WHICH Is Y3 = (8.697 + 0.054) - 107'! ar 95% c.L.

(ii) ConsTRAINTS ON M;yc ARe Satisrien. WE HAVE To Avoib ANy Erasure OF THE Propuced Y, ; ENsURE THAT THE ¢ Decar To
Ny Is KINEMATICALLY ALLOWED; AND M;yc ARE THEORETICALLY AcCEPTABLE, WE HAVE To IMPOSE THE CONSTRAINTS:

(@) Myyec 2 10T, (b) sy > 2Miye AND (¢) Miye S TAM & e < 3.5,

(iii) G ConstrAINT Is Unper ControL. Assuming UnsTasLE G, WE Impose an Upper Bounp? on Y& IN Oroer T0 Avoib ProBLEMS
WiTh THE BBN:

10714 5.3-107 GeV = 0.69 TeV,
Yan 5 {10*13 = Tas {5‘3 108 Gey FOROMASS 32 =90 6 ey
(iv) IT1s IN AGReeMENT WitH THE LigHT NEUTRINO DATA.
PARAMETER Best Fir Vawe (2021) | | MASSES, /1y, OF v; ARE CALCULATED AS FOLLOWS:
NormaAL | INVERTED
HIERARCHY my, = ’m%v + Amgl AND
AnZ, J1073eV? 75
Am2 /10%eV? 255 [ 245 m3, = \Jm3, +Am3,, For NormaLLy Oroeren (NO) m,’s
sin® 61,/0.1 3.18 OR
2
sin 2913/0‘01 22 2.225 myy, = \jm3, + |Am§1|, FoR InverTeoLy Oroerep (I0) m,’s
sin~ 6,3/0.1 5.74 5.78
o/ 1.08 158 o Y.mj;, <0.12[0.15] eV AT 95% c.L. For NO [IO0] m,’s.
4M, Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005). o = = = =
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INFLATON DECAY & NON-THERMAL LEPTOGENESIS

COMBINING INFLATIONARY AND PoST-INFLATIONARY REQUIREMENTS

o ENFORCING THE PosT-INFLATIONARY CoNsTRAINTS, WE CAN OBTAIN PREDICTIONS FOR 11;’s OR M,yc
EMPLOYING As INPUT PARAMETERS 1,,, @1 AND 2, (WHERE m,, 1S A REFERENCE SCALE FOR THE NEUTRINO MASSES).
o ALL THE REQUIREMENTS CAN BE MET ALONG THE LINES PRESENTED IN THE N — m3p PLANE FOR u =~ 4 TeV.

Y,=868x10™
310 T T T T T T T

CASES : A B c
305 Hierarchy : NO NO 10
300 Y 0.02 0.01 0.007
< 295 Tm, eV 0.096 0075 011
T 2% m,,/ Gev 0.4 01 11
= 285 m,, / GeV 1 058 06
E"’ 280 9, n/l5 nl4 -3n/4
275 9, 0 n 5n/4
210 M,./10°Gev | 13 0.16 194
265 M, /10°Gev | 25 197 24
M, /10° GeV | 1.8-2 11-145 39-48

o WE TaKE m,,, = my, ForR NO m,’s AND m,,, = m3,, FOR IO m,’s.
© THE INFLATON DEcavs INTo THE LiGHTEST AND NEXT-TO-LIGHTEST OF N SINGE 2Myc > 115y FOR i = 3.
® Yp AND Yz caN BE ReconciLep WitH Data FoR m3;2 EVEN LigHTER THAN 10 TeV, Since We OsTain
325 Y5/107° <443 Win 1.6 < T /10'GeV $23.3 For 0.89 < 4,/1076 55.2.

o SuccessruL NTL ReQUIRES M;ye AND mp IN THE Ranaes (10° — 10'5) GeV anp (270 — 310) GeV REesPECTIVELY. =
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INTERCONNECTION WiTH MSSM PHENOMENOLOGY

GENERATION OF THE £-TERM OF MSSM AppLyING THE MEcHANISM OF G. DvALI, G. LazARiDES AND Q. SHaFI (1999)
© Tre ORIGIN OF THE 1t TERM CaN BE ExpLAINED, IF WE ComeINE THE TERMS Wiy + W), = AS (<i><1>/2 - M2/4) + A, SHHy .
o THe Sort SUSY Breaking Terms CoRRESPONDING TO Wiy + W), ARE INCLUDED IN
Vot = (A4S /2 + A,A,S H,Hy — as SAM? [4 + he) + m2 [} wimw 2 = @, 8,8, H,, Hy

WHERE 114, A, A, AND ag ARE SOFT SUSY Breaking Mass ParameTers OF THE ORDER OF GRAVITING MAss 713)5.
o Minmizing Vi, = Vsusy + Viore W.R.T PHASES AND SUBSTITUTING IN Vo (D) = (D) ~ M/ V2 we GET

(Vior($)) = P M*S? 4N — dayms ;s M2S | where mg << M anD (|A4] + lag ) = 2a,ms3)s.
Minimizing FINALLY (Vi (S)) W.R.T S WE OBTAIN A NON-VANISHING (S) As FoLLows:

(S) = 2Naym3)> [A~NNya,mz /21 \/m DuEe 10 A — A RELATION — SEE PaGE 5.
© THEREFORE, THE GENERATED (1 PARAMETER FROM W), 18 1t = 1,(S ) 1s OF THE ORDER 133 IF A, ~ 10~ =6 SINGE N, / VA ~ 10°.
® THis A, VALUE 1s WELCOME SINGE STABILITY OF THE H, — H; SvsTem ReQuiRes 4, < A(1 + Ng )q}f /4Ns ~ 107>,
® THE ALLowep A, VaLues Renper Our MobeLs ComparisLe Wit THE Best-Fir PoinTs IN THE CMSSM? SetTing, E.a.,
mo =m3;y AND |Ag| = [ag| = |Ao|

CMSSM Reaion [Agl (TeV) | mg (TeV) | |ul (TeV) a, A, (107%)
(my, = 125 GeV & Q h* < 0.12) N=1 | N=36
[0} A/H FuNNEL 9.9244 9.136 1.409 1.086 1.81 35
(U] 71 — x COANNIHILATION 1.2271 1.476 2.62 0.831 14.48 5
(1)) 71 — x COANNIHILATION 9.965 4.269 4.073 233 5.2 1
(V) X7 — X COANNIHILATION 9.2061 9.000 0.983 1.023 1.35 0.2

5P Athron et al. [GAMBIT Collaboration] (2018) — It is obtained mg = 29TeV, Mgk > 1.1 TeV & m; > 3.6 TeV (Besides Region Ill) so, Reglons IV Are SMI
Alive. On the Other hand, The muon g — 2 Anomaly is not Interpreted in These Regions. =} 5 = = (G4
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SumMmARY

o WEe Proposed NEw ImpLEMENTATIONS OF T-MopEL INFLATION IN SUGRA UsiNg As INFLATON A Higas FIELD.

o WEe EmpLoy W ConsISTENT WiTH THE GUT anD AN R SymmEeTRIES AND TWO K's WHICH PARAMETERIZE THE KAHLER MANIFOLD
SUQR2,1)/(SUQR2)x U(1)).

o We AnaLyzep THRee (6TM, TM4 & TM8) CosmoLocicaLLy SuccessruL INFLATIONARY MopELs, From WHicH one (TM4) Can Be
QuALIFiED As THE Most NaturaL ONE. It PrebicTs 15 ~ 0.965, AND r INcrREASING WITH THE COEFFICIENT N OF K> .

o WE ProposeD A PosT-INFLATIONARY ComPLETION FOR TM4 WhicH OFrers A Nice SoLuTioN To THE i ProBLEM oF MSSM anb
ALLows FOR BARYOGENESIS VIA NON-TL WiTH M;yc IN THE Range (10° — 10'%) GeV.

o IT REMAINS THE INTRODUCTION OF A CONSISTENT SoFT SUSY BReAKING SECTOR TO ACHIEVE A FuLLy SELF-CONTAINED THEORY.

THank You!

u]
)
I
i
!

Dac
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MATHEMATICAL APPENDIX

THe KAHLER MANIFoLD CORRESPONDING TO K>| AND 1?2 1

e K = K»; AND Eu ParameTERIZE THE KAHLER MaNIFoLD S U (2, 1)/(SU(2) x U(1)).

e To SHow i1, We ExTRACT THE LINE ELEMENT AND THE ScaLAR CuRrvaTURE IN THE MobuLi Space, WHICH ARE

|dD? + |dD|? |D*dD + D*dD|? 6
5 5 + 5 KAI R21 =—-—.

1 —|OP - || (1 — ]2 - |§>|2)

ds?) = K,pdz"dz? = N

521 apdl az [ N

o THE AcTioN OF S U(2, 1)/(SU(2) x U(1)) To ® & ® May Be FounD IF AN ELEMENT OF U € S U(2, 1), WHIcH FuLFILS THE RELATIONS
UlpyU =y anp detU =1 With 1y = diag (1, 1,-1),

Is PARAMETERIZED BY a, b, d, f € C,y € R, € R as FoLows U = UP WitH

1/N, 0 a (d f 0 Ny =1/y1 +laP?
U= |Nba* Ny bl & P=e”|-f & 0 |, Where Jlaf2 + b —y? = -1
Ngya* Ngb* vy 0 0 3 [ + |1 = 1.
eSUQR,D/SUR)xU(L)) eSUQR)x U(1)
o AcTiNG WITH THE LINE PARAMETERS OF U To & & @, WE DEFINE THE ISOMETREC TRANSFORMATIONS
o - A/NJD + Nab _a(D + Noay ap O — Nay®+ Nab +_N"b witH (B - L)(a, b,y) = (1,—-1,0)
a®+b*D+y a®+b*®+y

WHicH LET INVARIANT t/is§1 AND JUSTIFIES THE SYMMETRY OF K5 AND K> .
o CounrinG oF Free PARAMETERS OF EACH SPACE SHOws THAT THE DEMONSTRATION IS SELF-CONSISTENT.

| SPACE: || SU2,1) | SUR,D/SUR)x U(1)) | SUQR)x U(l) |
PARAMETERS: a,b,d, f,y,9 a,b,y d, f, 9
CONSTRAINTS: 2 1 1
DIMENSION: 10-2=28 5-1=4 B S5=1=4- E E
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