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Higas INnrLaTION IN SUGRA
°

GENERAL FRAMEWORK

SUGRA (1.E. SuPERGRAVITY) POTENTIAL

e THe GeNERAL EINsTEIN FrRAME 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 .
P >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 7 ProBLEM. COEFFICIENTS OF ORDER UNITY IN K May SpoiL THE FLATNESS OF VF Due To THe FacTor ¢X. 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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© THe Runaway ProeLem. THE Term —3|W|? May Renoer Vi Unsounpep From BeLow. To Avoip THis We May Apbopt 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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R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
Higas INnrLaTION IN SUGRA

I
INFLATING WiTH A SUPERHEAVY HIGGS

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuPeRFIELDS 7! = @, 7> = @, CHARGED UNDER A LocAL SYMMETRY, E.G. U(1)p_z, AND 2> = S (“StaBILizER” FiELD).

e SuPERPOTENTIAL W = AS ((f)(l) - M2/4) CHARGE ASSIGNMENTS

e W Is UniqueLy DeTermINED UsiNg U(1)p_z AND AN R SYMMETRY SUPERFIELDS: S [} [0}
AND LEADS TO A GRAND UNIFIED THEORY (GUT) PHASE TRANSITION U(r 1 0 0
AT THe SUSY Vacuum (S) = 0, (®)] = (D)| = M/2, UMp-1 O] 1]t

SiNce IN THe SUSY Limit, Arter HI, We Ger

Vsusy = A2 |<TJ(I> - M2/4|2 + m/lZISI2 (ICIJI2 + ICFIZ) +D —terms (N, c_ AND 7. ARE DEFINED BELOW)

1 C.P.and N. Toumbas (2016, 2017).
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SUSY | / | + PRI

o PossiBLE KAHLER POTENTIALS — SoFTLY BROKEN SHIFT SymmeTry For Hices FieLps

-2
e THE SHIFT SyMmMETRY CAN BE FormuLATED By THE FuncTions F. = |<I> + ®*|” WitH COEFFICIENTS ¢ AND ¢_, ¢4 < C_.
e HI can Be OBTaINED SELECTING THE FoLLowing K's WHicH ARe QuapraTic AND INvarianT UNDER U(1)p_; AND R SYMMETRIES:

Ki=-NIn(1+c¢,F)+c_F_+ Fis(ISP), Ky =-NIn(l +c,F,)+ Fas(F_,|S?) WHere We CHoose THE FuNcTiONs'

Ng In(1 +|S*/Ns) Ns In(1 + c_F_/Ng +|S|*/Ns)
Fis = N (g*IS\z/NS _ 1) AND Fpg = N (ef(cfl"—/Nsﬂslz/Ns) B 1) WitH N,Ns >0

A28 1 (ICIJI2 + ICFIZ) +D —terms (N, c— AND r.. ARE DEFINED BELOW)

SINGE THE SiMPLEST KINETIC TERM FOR S, |S |2, LEADS TO m§ < 0or mg < [:1\]%[I ALONG THE INFLATIONARY PATH.

1 C.P.and N. Toumbas (2016, 2017).

C. PaLLis B — L HiGGs INFLATION IN SUPERGRAVITY WITH SEVERAL CONSEQUENCES 3/15




HiGes InFLation IN SUGRA

INFLATING WiTH A SUPERHEAVY HIGGS

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuPeRFIELDS 7! = @, 7> = @, CHARGED UNDER A LocAL SYMMETRY, E.G. U(1)p_z, AND 2> = S (“StaBILizER” FiELD).

© SUPERPOTENTIAL W = AS ((f)(l) - M2/4) CHARGE ASSIGNMENTS

e W Is UniqueLy DeTermINED UsiNg U(1)p_z AND AN R SYMMETRY SUPERFIELDS: S [} [0}

AND LEADS To A GRraND UniFiED THEORY (GUT) PHASE TRANSITION U(l)g 1 0 0
At The SUSY Vacuum (S) = 0, (D) = KD)| = M/2, U)p-L O] 1]-1

SiNce IN THe SUSY Limit, Arter HI, We Ger
Vsusy = 22|00 — M2jaff + — —

SUSY | / | + PRI

o PossiBLE KAHLER POTENTIALS — SoFTLY BROKEN SHIFT SymmeTry For Hices FieLps

-2
e THE SHIFT SyMmMETRY CAN BE FormuLATED By THE FuncTions F. = |<I> + ®*|” WitH COEFFICIENTS ¢ AND ¢_, ¢4 < C_.
e HI can Be OBTaINED SELECTING THE FoLLowing K's WHicH ARe QuapraTic AND INvarianT UNDER U(1)p_; AND R SYMMETRIES:

Ki=-NIn(1+c¢,F)+c_F_+ Fis(ISP), Ky =-NIn(l +c,F,)+ Fas(F_,|S?) WHere We CHoose THE FuNcTiONs'

Ng In(1 +|S*/Ns) Ns In(1 + c_F_/Ng +|S|*/Ns)
Fis = N (g*IS\Z/Ns _ 1) AND Fpg = N (ef(cfl"—/Nsﬂslz/Ns) B 1) WitH N,Ns >0

A28 1 (ICIJI2 + ICFIZ) +D —terms (N, c— AND r.. ARE DEFINED BELOW)

SINGE THE SiMPLEST KINETIC TERM FOR S, |S |2, LEADS TO m§ < 0or mg < ;1211 ALONG THE INFLATIONARY PATH.
e For ¢; > c¢_, Our MopELs ARE CompLETELY NATURAL, BEcAUSE THE THEORY ENJoYs THE FoLLowiNG ENHANCED SYMMETRIES:

D> P+, ®> OP+c (ceC) ap S —> €S, NTHELMITS ¢, 50 & 1> 0.

1 C.P.and N. Toumbas (2016, 2017).

C. PaLLis B — L HiGGs INFLATION IN SUPERGRAVITY WITH SEVERAL CONSEQUENCES 3/15




HiGes InFLation IN SUGRA

INFLATING WiTH A SUPERHEAVY HIGGS

SeLECTING CONVENIENTLY THE SUPERPOTENTIAL AND KAHLER POTENTIALS

o WE Use 3 SuPeRFIELDS 7! = @, 7> = @, CHARGED UNDER A LocAL SYMMETRY, E.G. U(1)p_z, AND 2> = S (“StaBILizER” FiELD).

© SUPERPOTENTIAL W = AS ((f)(l) - M2/4) CHARGE ASSIGNMENTS

e W Is UniqueLy DeTermINED UsiNg U(1)p_z AND AN R SYMMETRY SUPERFIELDS: S [} [0}

AND LEADS To A GRraND UniFiED THEORY (GUT) PHASE TRANSITION U(l)g 1 0 0
At The SUSY Vacuum (S) = 0, (D) = KD)| = M/2, U)p-L O] 1]-1

SiNce IN THe SUSY Limit, Arter HI, We Ger

- 2
Vsusy = A% |00 — M2 /4] + PG

o PossiBLE KAHLER POTENTIALS — SoFTLY BROKEN SHIFT SymmeTry For Hices FieLps

A28 1 (ICIJI2 + ICFIZ) +D —terms (N, c— AND r.. ARE DEFINED BELOW)

-2
e THE SHIFT SyMmMETRY CAN BE FormuLATED By THE FuncTions F. = |<I> + ®*|” WitH COEFFICIENTS ¢ AND ¢_, ¢4 < C_.
e HI can Be OBTaINED SELECTING THE FoLLowing K's WHicH ARe QuapraTic AND INvarianT UNDER U(1)p_; AND R SYMMETRIES:

Ki=-NIn(1+c¢,F)+c_F_+ Fis(ISP), Ky =-NIn(l +c,F,)+ Fas(F_,|S?) WHere We CHoose THE FuNcTiONs'

Ng In(1 +|S*/Ns) Ns In(1 + c_F_/Ng +|S|*/Ns)
Fis = N (g*IS\Z/Ns _ 1) AND Fpg = N (ef(cfl"—/Nsﬂslz/Ns) B 1) WitH N,Ns >0

SINGE THE SiMPLEST KINETIC TERM FOR S, |S |2, LEADS TO m§ < 0or mg < ;1211 ALONG THE INFLATIONARY PATH.
e For ¢; > c¢_, Our MopELs ARE CompLETELY NATURAL, BEcAUSE THE THEORY ENJoYs THE FoLLowiNG ENHANCED SYMMETRIES:

D> P+, ®> OP+c (ceC) ap S —> €S, NTHELMITS ¢, 50 & 1> 0.
o THe Free Parameters, FoR FIXep N, ARE 7y = ¢4 /c— AND A/c_ (NOT ¢4, c— AND 1) SINCE IF WE PERFORM THE RESCALINGS
D> D/c., D> D/Jc_, anp S — S, wesee THaT W DepENDS ON A/c_ AND K ON 7y .
1 C.P.and N. Toumbas (2016, 2017).
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R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
EmBeppinG IN A B — L GUT
[ Je]

B — L BREAKING, it TERM & NEUTRINO MASSES

A B — L Extension oF MSSM
Promoting To LocAL THE ALreapy Existing U(1)p-; GLoeaL SymmeTry oF THE MSSM, WEe OsTain:

ZG‘ Dvali, G. Lazarides and Q. Shafi (1999).
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~INFLATIONARY EvOLUTION CONCLUSIONS

B — L BREAKING, it TERM & NEUTRINO MASSES

A B — L Extension oF MSSM
Promoting To LocAL THE ALreapy Existing U(1)p-; GLoeaL SymmeTry oF THE MSSM, WEe OsTain:

o A ConveNiENT CANDIDATE FOR Higas-INFLATON. SINCE A GUT ScALE PHASE TRANSITION CAN BE IMPLEMENTED VIA
Wyr = AS (<T><D - M2/4) , WHicH Can ALso Support HI.
o GENERATION OF MAssEs For THE LIGHT NEuTRINOS. THRouGH THE Type | SEESAW MECHANISM WHICH CAN BE REALIZED BY THE TERMS
WriN = Ajjve DN NS + hyijN{ L;H, .
Nore THat THE THREE RHNS, N{, ARe NecessaRY To CANCEL THE B — L GAUGE ANOMALY.
o A Morivation For THE ORIGIN OF THE 1« TERM. THis cAN BE ExpLAINED IF WE ComBINE Wy WiTH?

W, = L,SHH,. (:1)

THe ParT OF THE ScaLAR PotenTiaL WHIcH INcLUDES THE SoFT Susy BReaking TERMs CORRESPONDING TO Wiy + W,

Veort = (1428 DD + 4,A,S H,Hy — a5 S AM2 /4 + hee) + i}

wH 2% = ®,®,S,H,, Hy

WHERE 114, A, Ay, AND ag ARE SOFT SUSY BreakiNg Mass ParameTeRs. Minmizing Vo, = Vsusy + Vioft AND SUBSTITUTING IN Vot
THE SUSY V.E.vs oF ® AND @ WE GET

(Vior($)) = 2 M2S?/2c_(1 = Nry) — Aa,M>S, WHERE ms < M aND (|Aq] + lag) = 2a,m3
WHERE 113/ 1S THE GRAVITINO Mass. THE MINIMIZED ( V(S )) W.R.T S LEADS TO A NON VANISHING (S ) As FoLLows:
d(Via(SN/dS =0 = (S)=a,c_(1 = Nro)mzp/d= 105a“m3/277(N, re).

THEREFORE, THE GENERATED 1 PARAMETER FROM EQ. (1) I1s 1 = 4,(S) = Aym3ppa e (1 = Nry)/A = 1051113/2/1“'77(N, rs).
SuccessruL HI Neeps 14, <9 - 107° AND SO THE PREFACTOR IS ABSORBED. THEREFORE, p = 1TeV Impues m3;; 2 1 TeV.

26‘ Dvali, G. Lazarides and Q. Shafi (1999).
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oe
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B — L BREAKING, ¢t TERM & NEUTRINO MASSES
i i

THe ReLEVANT SupPer- & KAHLER POTENTIALS

e WE Focus oN A SUPERPOTENTIAL INVARIANT UNDER THE Gsy X U(1)p-; Gauge GRoup:

SUPER- REPRESENTATIONS GLOBAL SYMMETRIES
W o= S (cI)cI) - M2/4) FEDS | WNDERGsM X U(Dp. | R B [ L
MarTer FiELDS
70 AcHIEVE HI & Break U(1)p-1 = atLn 0 0 1
+  ASH,Hy N¢ 1,1,0,1) 0 0 -1
70 GENERATE 1t = 10° 4,m3 0 F (N, i) ~ 1 TeV L; 1,1,-1/2,-1) 2 0 1
oo uf 3,2,-2/3,-1/3) 1 -1/3 0
+ Ay ®NPN; de (3,2,1/3,-1/3) 1| -13] 0
To GENERATE MAJORANA MassEs FOR NEUTRINOS Qi (3.2,1/6,-1/3) 1 1/3 0
& ENsuRE THE INFLATON DECAY Hiaas FiELps
. H, 1,2,-1/2,0) 0 0 0
+  hinN;L;H, H, (1,2,1/2,0) 0 0 0
70 GeNERATE DiIRAC Masses For NEUTRINOS S (1,1,0,0) 4 0 0
- o (1,1,0,2) 0 0 -2
+ WorMSSMwtHu =0 @ (1.1,0,-2) 0 0 2
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e WE Focus oN A SUPERPOTENTIAL INVARIANT UNDER THE Gsy X U(1)p-; Gauge GRoup:

SUPER- REPRESENTATIONS GLOBAL SYMMETRIES

W o= S (cI)cI) - M2/4) FEDS | WNDERGsM X U(Dp. | R B [ L
MarTer FiELDS

70 AcHIEVE HI & Break U(1)p-1 = atLn 0 0 1

+  ASH,Hy N¢ 1,1,0,1) 0 0 -1

70 GENERATE 1t = 10° 4,m3 0 F (N, i) ~ 1 TeV L; 1,1,-1/2,-1) 2 0 1

oo uf 3,2,-2/3,-1/3) 1 -1/3 0

+ Ay ®NPN; de (3,2,1/3,-1/3) 1| -13] 0

To GENERATE MAJORANA MassEs FOR NEUTRINOS Qi (3.2,1/6,-1/3) 1 1/3 0
& ENsuRE THE INFLATON DECAY Hiaas FiELps

. H, 1,2,-1/2,0) 0 0 0

+  hinN;L;H, H, (1,2,1/2,0) 0 0 0

70 GeNERATE DiIRAC Masses For NEUTRINOS S (1,1,0,0) 4 0 0

- o (1,1,0,2) 0 0 -2

+ WorMSSMwtHu =0 @ (1.1,0,-2) 0 0 2

o THe ABove W May Cooperate WiTH THE FoLLowiNg KAHLER PoTENTIAL PoTENTIALs WHICH RESPECT THE IMPOSED SYMMETRIES
Ki=-NIn(1+c,F)+c F_+ Fix(XP), K»=-NIn(1+c,F.)+ Fox(F_,|X”) WHERe
Nx1In(1 + X*X,/Nx) NxIn(l + X*X,/Nx + c_F_/Ny)
Fis = {—Nx (e*X"Xa/Nx _ 1) AND Fo5 = “Ny (e*(C—F—/Nx+X"Xn/Nx) _ 1) With N,Nx >0

AND X¢ = S, Hy, Hy, N{ — PraciNg XX, INSIDE THE ARGUMENT OF In, WE OBTAIN TIGHTER RESTRICTIONS ON ;.
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HiGas InFLaTION IN SUGRA EmBeppinG IN A B — L GUT

CONCLUSIONS

00

THE INFLATIONARY SCENARIO

THE INFLATIONARY POTENTIAL
o IF WE Use THE PARAMETRIZATION:
® = e cosp/ V2 anD D = ge sinfBp/ V2 witH 0 <6 <7/2 anp XP = ()cﬁ + ixﬁ) /N2,
Weere XP = S, H,, Hy, N¢, We Can Srow THat A D-Fiat DirecTion Is 6 = 6= ¥ = # =0, anp 6 =7/4 (1)
o THE ONLy Surviving Term oF Vi ALoNG THE PatH N Ea. (s

2042 242 3
— - A -M ) n /10
Vi = K5 Wl = LM ey em 1 e 2o J) MR ]
16 2(1+n)
Iz . 0 6.64
Pravinag THe RoLe OF A Non-MinmaL CoupLing To GraviTy. ALso, S 15 =003 1
n:N/271ANDKﬁB:1 Ti0fF - ]
—~ <> 1y
e Forn > 0, Vg DeveLops A LocaL Maximum o
_ 2pn 1 oSt C AL A
Vi ax) = ————————— AT ax = . X, X g,
B (@rmax) T6c2 (1 4 my2aom 7 P = o ook e .
00 02 04 06 08 10 12 14 16 18 20

¢

i
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HiGas InFLaTION IN SUGRA EmBeppinG IN A B — L GUT

)

THE INFLATIONARY SCENARIO

THE INFLATIONARY POTENTIAL

o IF WE Use THE PARAMETRIZATION:
@ = e cosOp/ V2 anD D = ge sinfp/ V2 witH 0 <6, <7/2 anp XP = (xﬁ + ixﬁ) /N2,

Weere XP = S, H,, Hy, N¢, We Can Srow THat A D-Fiat DirecTion Is 6 = 6= ¥ = # =0, anp 6 =7/4 (1)

o THE ONLy Surviving Term oF Vi ALoNG THE PatH N Ea. (s

— " 22(¢? — M?)? r/10°
Vi = X K55 |Ws P = % With fr = 1+ ¢y 20f g1 775 1
1620
Jr . 0 6.64
PLaving THE RoLe OF A Non-MinmaL CoupLing To GRaviTY. ALso, m‘a 15 =003 1
N/ 5 _ = -
n=N/2-1 ap K¥* =1 ST Lof ]

P

e Forn >0, Vm DeveLops A LocaL Maximum

_ 2pn 1 oSt C AL A
Vit(fmax) = —5——— AT Pmax = CX X

16¢2 (1 + n)2(1+m) cn ook et
00 02 04 06 08 10 12 14 16 18 20

o The EF CanonicaLLy NorMALIZED FieLps, WHicH Are Denotep By Har, Can Be OsTaiNeD As FoLLows:
dg . _ = _Jeb. — [k = n 2\ _ (5
d6 ==V BT e eq,_dzﬁ(eq,— Z)’ (?‘,x )_(xﬁxﬁ)
WHERE 0, = (0:£0)/ V2. ks = c_ (1 + Nro(eo¢? = D)/f2) = c k- =c_ (1 -Nro/fg) >0 = 1. <1/N.
o WEe Can CHEck THE STABILITY OF THE TRAJECTORY IN Ea. (I) w.R.T THE FLucTuATIoONs OF THE VARIoUs FIELDS, I.E.

% — _ — — 9V . N
T by (|):0 AND 7115y >0 WHERE Mo :EGV[Mdﬂ] With Maﬁ: @W%m AND 2% = 0_,6,,00, X, .
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EmBeppinG IN A B — L GUT

oe

THE INFLATIONARY SCENARIO

STaABILITY AND RADIATIVE CORRECTIONS
THE Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY

FieLps EINGESTATES MassES SQUARED
K=K | K=K,
2 ReAL ScALARS 0, w2, 617-1?_II 6(1 + l/NX)I’-I\f"
b mp, | M3, +6HE | M3+ 61+ 1/NOHE,
1 COMPLEX SCALARS 53 m? 6Hp,; /Nx
4 CoMPLEX SCALARS hyy by m:, 31:12“(1 + 1/Ny £44,/14%)
3 CoMPLEX SCALARS ¥, mke SI:fEH(l + 1/Nx + 16;y¢ [ 12¢%)
1 GAUGE BOSON AprL M3, g*c- (1 = Nr./fr) ¢*
4 WEvL SpiNors 7 fﬁéi 24H} c_¢* f3
Yine e B8 HY P
Apr. Yoo | M3, g*c_ (1 - Nr./fr) ¢

o WE can OsTaiN VY a, ﬁ)z((, > 0. EsPeciaLLy

m:>0 © Nxy<6awp iy >0 & A, <A1+ 1/Ny)¢e/4 (Ee. 4, <9-107 For rp = 0.03).
e WE can Ostain VY a, ﬁf{u > Hﬁu 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. |s BROKEN AND s0, No TopoLogicAL DerecTs ARE PRODUCED.
e THE ONe-Loopr Rapiative CorrecTions A LA CoLEMAN-WEINBERG TO Vg CaN BE Kept Unper ConTRoL PROVIDED THAT
® M2, > m aND 2 > m? ARE NOT TAKEN INTO ACCOUNT.
D

® THe RenormALizaTioN GRroup Mass ScaLe A Is DetermiNED By ReauiriNg AVHI (¢p6) = O oR AVHI(@) =0:
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INFLATION ANALYSIS
[ Je]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

APPROXIMATING THE INFLATIONARY DYNAMICS

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

— 2 —

1 Vg 8(1 - nc;¢?)? — Vigs _,3-0G+ e, ¢? + n(1 + dn)c2 ¢*
e=s|l= | ¥ Hma AND = —— =4 —— .
2\ Vi - fz Vin ¢ f2
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INFLATION ANALYSIS
[ Je]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

APPROXIMATING THE INFLATIONARY DYNAMICS

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

2
1 Vig| _ 81 —nc.¢?)?

— Vagg  3-G+ e d? +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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INFLATION ANALYSIS
[ Je]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

APPROXIMATING THE INFLATIONARY DYNAMICS

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

2 —~
1 Vg 8(1 — nc,.¢?)? — VHI]J.E 3- (G +9n)cid® +n(l + 4;1)0%47)4
E=s|l=| =75 AND = —— =4 > .
2\ Vi - fz Vin ¢ f2
® THE NumBEeR oF e-FoLpings THAT k, = 0.05 Mpc Experiences DuriNG HI Is CALcuLATED To BE
— bV [+ g2 - D/16r, FoR =0
Ne= | dog—= 2+ (1+m)n(l 2)) /8n> 0
5 VHLa —(nc+¢* +(1+n)In(l - nc+¢*))/ n“r. FOoRn#0.

© THERE Is A Lower Bounp on c_, ABovE WHICH ¢, < 1 — AND so Terms (O®)’ with [ > 1 Are HarmLess. E.a.,

ForR =0, ¢ <1 = c_>(fiu—D/re =100, WITH fu = (1 + 16r1,]v*)]/2 AND IV,, ~ 58.
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NG INA B - L GUT INFLATION ANALYSIS
[ Je]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

APPROXIMATING THE INFLATIONARY DYNAMICS

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

2 —~
1(Ving| _ 80 -ned® Vi _, 3-G+9mc.g +n(l +4ncg*
€= X AN = —— = 4 > .
2 Vi c-¢* fr Vi - fx
® THE NumBEeR oF e-FoLpings THAT k, = 0.05 Mpc Experiences DuriNG HI Is CALcuLATED To BE
— S Vo [ +erg?) - 1)/16rs FOR =0
Ne= | dp == 2 2 2
5 Vg —(nc+¢* +(1+n)In(l - nc+¢*)) /8n°r.  FOR n#0.

® THERE Is A Lower Bounp on c_, ABove WHICH ¢, < 1 — AND 5O TERMS (d®)Y with [ > 1 Are HarmLess. E.a.,
ForR =0, ¢ <1 = c_>(fiu—D/re =100, WITH fu = (1 + lGrtN*) ! AND N, =~ 58.
o THe Power SpecTRUM NORMALIZATION IMPLIES A DEPENDENCE OF A ON ¢_ FOR EVERY 7.

Vi ()32 AN B F —n _
o L Ya@)V Ave ¢,fR(¢*)2 o A= 32T AR ,;,):21
2V3r [Vyg(@ol  32V3r 1-nc.g] (fos = DY

= .= 100AF (n,rs).
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[ Je]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

APPROXIMATING THE INFLATIONARY DYNAMICS

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

2 —~
1 VH1$ 8(1 — nc+¢2)2 . Vm],s'.; -3+ 9n)c+<z)2 +n(l+ 4;1)0%47)4
€=~ = AND = —— =4 > .
2| Vi -9 fz Vin c-$*fz
® THE NumBEeR oF e-FoLpings THAT k, = 0.05 Mpc Experiences DuriNG HI Is CALcuLATED To BE
= (" =V [+ 2P - 1)/16r FOR n =0
Ne= | dog—= 2+ (1+m)n(l 2)) /8n> 0
5 VHI,¢ —(nc+¢* +(1+n)In(l - nc+¢*))/ n“r. FOoRn#0.

® THERE Is A Lower Bounp on c_, ABove WHICH ¢, < 1 — AND 5O TERMS (d®)Y with [ > 1 Are HarmLess. E.a.,
ForR =0, ¢ <1 = c_>(fiu—D/re =100, WITH fu = (1 + lGrtN*) ! AND N, =~ 58.
o THe Power SpecTRUM NORMALIZATION IMPLIES A DEPENDENCE OF A ON ¢_ FOR EVERY 7.

o L Vw@) Ve GRG0 g e 2 ML= fre) + 1

= .= 100AF (n,rs).

2V3x |VHI,$($*)‘ 32V3r 1-ncd " (e = D2
e A CLeAR Dep £ oF THE O BLES (SPECTRAL INDEX 125 AND TENSOR-TO-ScALAR RATIO, r) ON 7. AND 1 ARISES, |.E.,
12 2172
3-2 3- 8 3+2 6— 8n°r,
ny=1-66 + 2, ~ 1 —4n’r. - 2n?/27f"—A7" S Tk L g
N, B(Nir)'? N, 6N:r. 3(Nir)2 NV

WitH NEGLIGIBLE 12y RUNNING, 5. THE VARIABLES WITH SUBSCRIPT * ARE EVALUATED AT ¢ = ¢b.

C. PaLLis B — L HiGGs INFLATION IN SUPERGRAVITY WITH SEVERAL CONSEQUENCES 8/15




R R RRRREERRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRBRBRBRRRBRESSSSEEEEESEESSSSS
HiGas InrFLaTION IN SUGRA A NG IN B INFLATION ANALYSIS

NARY EvoLUTION CONCLUSIONS
ce

I
INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resutrs® AttHougH Do Not ExcLube INFLATIONARY MobeLs WiTH NEGLIGIBLE 7’s, THEY
Seem 1o Favor THose WiTH s oF ORDER 0.01 WHicH IMpLy OBsERVABLE GRAVITATIONAL WAVES.

CURRENT DatA: 1 = 0.028fg:8§g = 0.003<r<0.054 AT68%c.L. AN r<0.07 AT 95% c.L.

3 Planck Collaboration (2015); Bicep2/Keck Array and Planck Collaborations (2015)
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HiGas InrFLaTION IN SUGRA EmeeppinG INA B — L GUT INFLATION ANALYSIS Post-INFLATIONARY EvoLuTION CONCLUSIONS
[e] [e]e] oe 000
[¢] [e]e] [¢] [e]

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resutrs® AttHougH Do Not ExcLube INFLATIONARY MobeLs WiTH NEGLIGIBLE 7’s, THEY
Seem 1o Favor THose WiTH r’s oF ORDER 0.01 WHIcH IMPLY OBsERVABLE GRAVITATIONAL WAVES.

CURRENT DatA: 1 = 0.028fg:8§g = 0.003<r<0.054 AT68%c.L. AN r<0.07 AT 95% c.L.

e ENFORCING ﬁ* =~ 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 3
| 4810 —— n=+01

1.0 N —-=-n=+0.2

9.65
n

s

3 Planck Collaboration (2015); Bicep2/Keck Array and Planck Collaborations (2015)
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INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resutrs® AttHougH Do Not ExcLube INFLATIONARY MobeLs WiTH NEGLIGIBLE 7’s, THEY
Seem 1o Favor THose WiTH r’s oF ORDER 0.01 WHIcH IMPLY OBsERVABLE GRAVITATIONAL WAVES.

CURRENT DatA: 1 = 0.028fg:8§g = 0.003<r<0.054 AT68%c.L. AN r<0.07 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 3
4810 —= n=+01
5 10 N ——-n=+02 = E
S o8 S
e
S06

] 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
OBsEeRVATIONALLY FAVORED RANGE CaN Be Coverep For QuiTe NATURAL 7.’s — E.G. 0.0029 < ry < 0.5.

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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HiGas InrFLaTION IN SUGRA EmBeppiNG IN A B — L GUT INFLATION ANALYSIS Post-INFLATIONARY EvoLuTION CONCLUSIONS
oe

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resutrs® AttHougH Do Not ExcLube INFLATIONARY MobeLs WiTH NEGLIGIBLE 7’s, THEY
Seem 1o Favor THose WiTH r’s oF ORDER 0.01 WHIcH IMPLY OBsERVABLE GRAVITATIONAL WAVES.

CURRENT DatA: 1 = 0.028fg:8§g = 0.003<r<0.054 AT68%c.L. AN r<0.07 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 3
4810 —= n=+01
5 10 N ——-n=+02 = E
S o8 S
e
S06

] 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
OBsEeRVATIONALLY FAVORED RANGE CaN Be Coverep For QuiTe NATURAL 7.’s — E.G. 0.0029 < ry < 0.5.

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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oe

INFLATIONARY OBSERVABLES — GRAVITATIONAL WAVES

TesTING AGAINST OBSERVATIONS

© THE Cowmsinen Bicer2/Keck Array ano Planck Resutrs® AttHougH Do Not ExcLube INFLATIONARY MobeLs WiTH NEGLIGIBLE 7’s, THEY
Seem 1o Favor THose WiTH r’s oF ORDER 0.01 WHIcH IMPLY OBsERVABLE GRAVITATIONAL WAVES.

CURRENT DatA: 1 = 0.028fg:8§g = 0.003<r<0.054 AT68%c.L. AN r<0.07 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 3
4810 —= n=+01
5 10 N ——-n=+02 = E
S o8 S
e
S06

] 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

OBsEeRVATIONALLY FAVORED RANGE CaN Be Coverep For QuiTe NATURAL 7.’s — E.G. 0.0029 < ry < 0.5.

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.

o SpeciAL Cases: (1, 72) = (0,0.015) = (5, r) = (0.968,0.043) aND (11, ) = (0.042,0.025) = (15, 7) = (0.968,0.028).

3 Planck Collaboration (2015); Bicer2/Keck Array and Planck Collaborations (2015)
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HiGas InrFLaTION IN SUGRA EmBepDING IN A B — L GUT

INFLATION ANALYSIS

SLUTION CONCLUSIONS

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 mp = 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.

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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HiGas InrFLaTION IN SUGRA EmBeppiNG IN A B — L GUT INFLATION ANALYSIS NARY YLUTION CONCLUSIONS

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 mp = 1, ANALYZING THE SMALL-FIELD BeHAvior* OF THE
THEORY. |.E., WE Exranb AsouT (¢) = O THE AcTION S ALONG THE INFLATIONARY PATH

= 1= 1 ,., =
S= fd“xv—g(—?R-ﬁ— E ]2¢2 - VHIU +) .
e IN ParTicuLAr, WE FinD (J) As FoLLows
—~\2

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 (¢) = O ARe JusT r.. (NoT ¢_ OR ¢, ) DEPENDENT:
persl
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 — —
P = (143N2@ - SNg* +--)4 ano Vi = (1=201+ myrad® + B+ Sny2g* - ) .

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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HiGas InrFLaTION IN SUGRA EmBeppiNG IN A B — L GUT INFLATION ANALYSIS NARY YLUTION CONCLUSIONS

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 mp = 1, ANALYZING THE SMALL-FIELD BeHAvior* OF THE
THEORY. |.E., WE Exranb AsouT (¢) = O THE AcTION S ALONG THE INFLATIONARY PATH

= 1= 1 ,., =
S= fd“xv—g(—?R-ﬁ— E ]2¢2 - VHIU +) .
e IN ParTicuLAr, WE FinD (J) As FoLLows
—~\2
2 _[d¢ fk | New(erg® = 1)
J =l == —————
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 (¢) = O ARe JusT r.. (NoT ¢_ OR ¢, ) DEPENDENT:
persl
16¢2
ConsequenTly, No ProeLem WitH THe PerTuRBATIVE UNITARITY EMERGES FOR 7. < 1, EVEN IF ¢, AND c_ ARE LARGE.
© THis Has To BE CONTRASTED TO THE SITUATION IN STANDARD NoN-MinimAL HI WHicH 1s DEFINED FOR

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

. — =2 — —
P = (143N2@ - SNg* +--)4 ano Vi = (1=201+ myrad® + B+ Sny2g* - ) .

fk=1 anp fr=1 +CR¢2 Leabina TO (J) =1.
THis Resuts 1o Ayy = mp/cg << mp For cg > 1 SINCE THE Expansions Asout (¢) ~ 0 ARe cg DEPENDENT, |.E.,
25 - 2= o =2 i =
T :(1 — cr$® + 6cxd” + cp +---)¢ AND Vyp = T(l -2k’ + 3cggt —4cpd® + -

WhHeRe THE TerMm WHicH YieLDs THE SmALLEST DenNomiNATOR For cg > 1 1s 6c§€$2.

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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Post-INFLATIONARY EvoLuTION
@00

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PeRTURBATIVE REHEATING

o At tHe SUSY Vacuum, THe INFLaToN AND THE RHNS, N, AcauiRe MAsSES 77155 AND Myc RESPECTIVELY GIVEN BY
AM
V2c_(1 = Nry)

WHERE WE RESTORE /m1p IN THE FORMULAS. 71254 1S ONLY N AND 7. DEPENDENT IF WE IMPoSE A GUT ConbiTioN — SEE BeLow.

Mgy = (Ea. 9- 10'° GeV For ry =0.03) AND Mjyc = Aine M,
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HiGas InrFLaTION IN SUGRA

I PosT-INFLATIONARY EvoLuTiON CONCLUSIONS
@00

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PeRTURBATIVE REHEATING
o At tHe SUSY Vacuum, THe INFLaToN AND THE RHNS, N, AcauiRe MAsSES 77155 AND Myc RESPECTIVELY GIVEN BY
am
V2eZ(T=Nrs)

WHERE WE RESTORE /m1p IN THE FORMULAS. 71254 1S ONLY N AND 7. DEPENDENT IF WE IMPoSE A GUT ConbiTioN — SEE BeLow.
© THE INFLATON CAN DEcAY PERTURBATIVELY INTO:

Msg = (Ea. 9- 10'° GeV For ry =0.03) AND Mjyc = Aine M,

® A Par oF RHNs (N;) WitH Masorana Masses M jyc THrougH THE FoLLowing Decay WipTH

—~ A2 am2,. P M. N M2 -
F5¢HN‘¢ = ]’g;r sy (1 - W’N( ) WITH Ajye = ﬁ (l - 3c+5 W] ARISING FROM L@HN‘( = iye6p NENE .
50 3

® H, ano H,; THroueH THE FoLLowing Decay WipTH

= 2 5 1 M? o~
Tspsrr = —/lf,m‘;,b WITH Ay = —= (1 -2c,(n+ I)W] ARISING FROM L{;,HH“HJ = —Apmsy6pH H; .
P

8n V2
® MSSM (s)-ParticLes XYZ THRouGH THE FoLLOWING c..-DeEPENDENT 3-Bopy Decay WipTH
14n¢ ’"7;245

zl:{sqjﬁxyz = /12 — WitH /l_,/ = Ny3c+

g AND y3 = fyp o (iss) = 0.5.

(SHmp
This Decay Arises From Ly v, = ~ 2,5 /mp) (X¢hypz + Ybxihz + Zibxiby) + hec.
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HiGas InrFLaTION IN SUGRA

I PosT-INFLATIONARY EvoLuTiON CONCLUSIONS
@00

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

PeRTURBATIVE REHEATING
o At tHe SUSY Vacuum, THe INFLaToN AND THE RHNS, N, AcauiRe MAsSES 77155 AND Myc RESPECTIVELY GIVEN BY
am
V2eZ(T=Nrs)

WHERE WE RESTORE /m1p IN THE FORMULAS. 71254 1S ONLY N AND 7. DEPENDENT IF WE IMPoSE A GUT ConbiTioN — SEE BeLow.
© THE INFLATON CAN DEcAY PERTURBATIVELY INTO:

Msg = (Ea. 9- 10'° GeV For ry =0.03) AND Mjyc = Aine M,

® A Par oF RHNs (N;) WitH Masorana Masses M jyc THrougH THE FoLLowing Decay WipTH

—~ /l?LA AM>,. 32 Mie N M2 -
F5¢HN‘¢ = ]’gﬂ sy (1 - ﬁ(z;: WITH Ajye = m (l - 3c+5 m—lz)] ARISING FROM L@HN‘( = iye6p NENE .

® H, ano H,; THroueH THE FoLLowing Decay WipTH

= 2 5 1 M? o~
Tspsrr = —/lf,m‘;,b WITH Ay = —= (1 -2c,(n+ I)W] ARISING FROM L{;,HH“HJ = —Apmsy6pH H; .
P

8n V2
® MSSM (s)-ParticLes XYZ THRouGH THE FoLLOWING c..-DeEPENDENT 3-Bopy Decay WipTH
14n¢ ’"7;245

— M _
Topoxvz = 4 S o With 4, = Ny3c+m AND Y3 = g (igp) = 0.5.
P

THis Decar Arises From L%nyz = —/ly((%/mp)(wa(//z + Y¥xz + Zyxyy) + hec.

o THE REHEATING TEMPERATURE, Ty, IS GIVEN BY

1/4 = = = = =
T = (12/57%9.) " TLml/> wn Ty = Tygone + Laport + Topoxvze WITH g, = 228.75.

C. PaLLis B — L HiGGs INFLATION IN SUPERGRAVITY WITH SEVERAL CONSEQUENCES 11/15




Post-INFLATIONARY EvoLuTION
oeo

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o THE Our-OF-EaquiLiBriuM DECAY OF

¢ cAN GENERATE AN L AsymmeTrY WHICH CaN B CONVERTED To THE B YIELD:

Ty 6¢~>N Im (m mp)
Ys=-03522 A“ : WHeRE 5; = ) ———Dr _m]ommo)] (Fs (xioyiw)) + Fv(xi,-)),
4 My Ty, 4 Sr(H, )2 (m)mp)ii '

WITH xjj := M e [ Miye AND yf; = Diye [Mine = (mTDmD);;/87r<H“)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS

Fy (x) = 7x1n(1 + x’z) AND Fg (x,y,2) = —2x(x% = 1)/ <x2 - 1)2 + (xzz - y)2

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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Post-INFLATIONARY EvoLuTION
oeo

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o The Out-Or-EquiLiBrium Decar oF N; caN GENERATE AN L AsyMMETRY WHicH Can BE CoNVERTED TO THE B YIELD:
5 T,h 6¢~>N Im (mDmD),J]
Yp=-03522 = : WHeRE 5; = ) ———Dr (Fs (xioyiw)) + Fv(xi,-)),
4 mgy 1‘M < 8n(H, Y2(m mp i

WITH xjj := M e [ Miye AND yf; = Diye [Mine = (mTDmD);;/87r<H“)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS

—2x(2 - 1)/ <x2 - 1)2 + (xzz - y)2

o ThE THEermALLY Propucen G YieLp At THe ONseT oF BBN Is Estimarep To BE: Yz ~1.9-107T/GeV.

Fy (x) = 7x1n(1 +x’2) anp Fs (x,y,z

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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PosT-INFLATIONARY EvoLuTiON CONCLUSIONS

HiGas InrFLaTION IN SUGRA EmBepDING IN A B — L GUT

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o The Out-Or-EquiLiBrium Decar oF N; caN GENERATE AN L AsyMMETRY WHicH Can BE CoNVERTED TO THE B YIELD:

5 Ty 6¢~>N
Yp=-03522 A“ i Whene ;= ) — >
4 Mgy Tsy < 8n(H, Y2(m mp i

Im| (mDmD)U]

(Fs (wijs s ) + Fv(Xi/))»

WITH xjj := M e [ Miye AND yf; = Diye [Mine = (m;mD);;/87r<H“)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS
2 2
Fy(x) = 7x1n(1 + x’z) AND Fs (x,1,2) = —2x(x% — 1)/ <x2 - 1) + (xzz - y)
o ThE THEermALLY Propucen G YieLp At THe ONseT oF BBN Is Estimarep To BE: Yz ~1.9-107T/GeV.

PosTINFLATIONARY REQUIREMENTS
(i) Gauee Unirication. AutHougH U(1)p-; Gauge SymmeTry Does Not Disture THis Gauge CoupLing UNiFication WiTHiN MSSM
WEe DETERMINE M DEMANDING THAT THE UNIFICATION SCALE Mgut =~ 2/2.433 X 1072 Is IDENTIFIED WiTH M, AT THE VAcuum, |.E.

Ve-((fr) — Nro)gM[ \[{fg) = Mgur = M = Mgur/g+c- (1 —Nry) ~ 10" GeV with g =~ 0.7 (GUT Gauce CouprLING).

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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INFLATIONARY EvOLUTION CONCLUSIONS

HiGas InrFLaTION IN SUGRA

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o The Out-Or-EquiLiBrium Decar oF N; caN GENERATE AN L AsyMMETRY WHicH Can BE CoNVERTED TO THE B YIELD:

5 Ty 6¢~>N
Yp=-03522 A“ i Whene ;= ) — >
4 Mgy Tsy < 8n(H, Y2(m mp i

Im| (mDmD)U]

(Fs (wijs s ) + Fv(Xi/))»

WITH xjj := M e [ Miye AND yf; = Diye [Mine = (m;mD);;/87r<H“)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS

2 2
Fy (x) = 7x1n(1 + x’z) AND Fs (x,1,2) = —2x(x% — 1)/ <x2 - 1)“ + (xzz - y)
o ThE THEermALLY Propucen G YieLp At THe ONseT oF BBN Is Estimarep To BE: Yz ~1.9-107T/GeV.

PosTINFLATIONARY REQUIREMENTS
(i) Gauee Unirication. AutHougH U(1)p-; Gauge SymmeTry Does Not Disture THis Gauge CoupLing UNiFication WiTHiN MSSM
WEe DETERMINE M DEMANDING THAT THE UNIFICATION SCALE Mgut =~ 2/2.433 X 1072 Is IDENTIFIED WiTH M, AT THE VAcuum, |.E.

Ve-((fr) — Nro)gM[ \[{fg) = Mgur = M = Mgur/g+c- (1 —Nry) ~ 10" GeV with g =~ 0.7 (GUT Gauce CouprLING).
(ii) ConsTRAINTS ON M yc. To Avoip ANy Erasure OF THE PRropuceD Y, AND ENsURE THAT THE ¢ Decay To &; Is KINEMATICALLY
ALLOWED AND M;yc ARE THEORETICALLY AccerPTABLE, WE HAVE To IMPosE THE CONSTRAINTS:

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

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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HiGas InFLaTION IN SUGRA NG INA B - L GUT INFLATIONARY EvoLuTion CONCLUSIONS

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o The Out-Or-EquiLiBrium Decar oF N; caN GENERATE AN L AsyMMETRY WHicH Can BE CoNVERTED TO THE B YIELD:

5 T 6tb~>N
Yp=-03522 A"‘ . WHERE &; = Z
4 msy r&b pry

Im| (mDmD)U]

8(H, )2 (m,mp)i

(Fs (wijs s ) + Fv(xi/))»

WITH xjj := M e [ Miye AND yf; = Diye [Mine = (m;mD);;/8ﬂ<Hu)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS
2 2
Fy(x) = 7x1n(1 + x’z) AND F (x,y,7) = —2x(x* = 1)/ <x2 - 1) + (xzz - y)
o THe THERMALLY Propucep G YiELp A THe ONseT of BBN Is EsTimarep To BE: Yz ~1.9-107T/GeV.

PosTINFLATIONARY REQUIREMENTS
(i) Gauee Unirication. AutHougH U(1)p-; Gauge SymmeTry Does Not Disture THis Gauge CoupLing UNiFication WiTHiN MSSM
WEe DETERMINE M DEMANDING THAT THE UNIFICATION SCALE Mgut =~ 2/2.433 X 1072 Is IDENTIFIED WiTH M, AT THE VAcuum, |.E.

Ve-((fr) — Nro)gM[ \[{fg) = Mgur = M = Mgur/g+c- (1 —Nry) ~ 10" GeV with g =~ 0.7 (GUT Gauce CouprLING).
(ii) ConsTRAINTS ON M yc. To Avoip ANy Erasure OF THE PRropuceD Y, AND ENsURE THAT THE ¢ Decay To &; Is KINEMATICALLY
ALLOWED AND M;yc ARE THEORETICALLY AccerPTABLE, WE HAVE To IMPosE THE CONSTRAINTS:

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

(iiii) THE Ac T OF BARYC VIA NON-THERMAL LEPTOGENESIS DICTATES AT 95% C.L. Y5 = (8.64‘:8:{2) -1071,

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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N ANALYSI PosT-INFLATIONARY EvoLuTiON CONCLUSIONS

Higas INFLATION IN SUGRA
0

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

Lep anp G A

o The Out-Or-EquiLiBrium Decar oF N; caN GENERATE AN L AsyMMETRY WHicH Can BE CoNVERTED TO THE B YIELD:

Ty 6¢~>N Im (m mp)
Ys=-03522 A“ : WHeRE 5; = ) ———Dr _m]ommo)] (Fs (xioyiw)) + Fv(xi,-)),
4 My Ty, 4 Sr(H, )2 (m)mp)ii '

WITH x;j := Mjye [ Miye AND y; = Tiye [Miye = (m;mD);;/87r<H“)2 AND 754 < 2M;yc For SoMe i with i = 1,2, 3.
o Here Fy AND F's RePRESENT, REsPECTIVELY, THE CONTRIBUTIONS FROM VERTEX AND SELF-ENERGY DIAGRAMS
2 2
Fy(x) = 7x1n(1 + x’z) AND Fs (x,1,2) = —2x(x% — 1)/ <x2 - 1) + (xzz - y)
o ThE THEermALLY Propucen G YieLp At THe ONseT oF BBN Is Estimarep To BE: Yz ~1.9-107T/GeV.

PosTINFLATIONARY REQUIREMENTS
(i) Gauee Unirication. AutHougH U(1)p-; Gauge SymmeTry Does Not Disture THis Gauge CoupLing UNiFication WiTHiN MSSM
WEe DETERMINE M DEMANDING THAT THE UNIFICATION SCALE Mgut =~ 2/2.433 X 1072 Is IDENTIFIED WiTH M, AT THE VAcuum, |.E.

Ve-((fr) — Nro)gM[ \[{fg) = Mgur = M = Mgur/g+c- (1 —Nry) ~ 10" GeV with g =~ 0.7 (GUT Gauce CouprLING).

(ii) ConsTRAINTS ON M yc. To Avoip ANy Erasure OF THE PRropuceD Y, AND ENsURE THAT THE ¢ Decay To &; Is KINEMATICALLY
ALLOWED AND M;yc ARE THEORETICALLY AccerPTABLE, WE HAVE To IMPosE THE CONSTRAINTS:

(a) Miye 2 10Ty, (D) msp > 2Miyc AND (¢) Miye <T.IM & Ajye < 3.5.
(iiii) THE AcHievemenT OF BARYOGENESIS VIA NON-THERMAL LePToGENESIS DICTATES AT 95% C.L. Y = (864‘:8:}2) -1071,
(iv) G ConsTRAINTS. AssUMING UNSTABLE G, WE Impose an Upper Boun® on Y In Oroer To Avoip ProsLems Wit THE SBB

NUCLEOSYTHESIS:
yo (107 [53.107GeV = (069 TeV
G 110713 m3153.108 Gev © SSMG = 110.6 TeV.

5M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———
Post-INFLATIONARY EvoLuTION
ooe

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

LeptoN-Numeer AsyMMETRY AND LigHT NEUTRINO DATA

© mp ARE THE DIRac MassEs IN A Basis (CaLLep N¢-Basis) WHere Ni Are Mass EicensTates. IN THE WEAK (PRIMED) Basis
i

UTmDU(T = dp = diag (mp, myp,msp) WHERe L' = LU ano N = U°N° (1.
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HiGas InrFLaTION IN SUGRA

LYSI PosT-INFLATIONARY EvoLuTiON CONCLUSIONS
ooe

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

LeptoN-Numeer AsyMMETRY AND LigHT NEUTRINO DATA
© mp ARE THE DIRac MassEs IN A Basis (CaLLep N¢-Basis) WHere Ni Are Mass EicensTates. IN THE WEAK (PRIMED) Basis
i
UTmDUCT = dp = diag (mp, myp,msp) WHERe L' = LU ano N = U°N° (1.

o WorkiNG IN THE N; -Basis, THE Type | Seesaw FormuLA Reaps

m, = —mp d,_\,l mE, WHERE dyc = diag (M nc, Maye, Maye) WITH Miye < Moye < Mzye REAL AND POSITIVE.
© RepLaciNg mp FRoM Ea. (1) IN THE ABove Equation aND WE ExTRACT THE Mass Marrix o LigHT NEUTRINOS IN THE WEAK Basis

iy = Ulm,U* = —dpUdyt U dp,

WhHich Can Be DiaconALized BY THE UNITARY PMINS Marrix U, ParameTerizep As FoLLows:

c12€13 S12€13 si3e70)  (ei1/?
U, = |—c3s12 — sa3¢12513€° 23012 — $23512513€ $23€13 | - e~i2/2 s
io i6
523812 — €23€C12513€" —$23C12 — C23812513€" c3C13 1

WITH ¢jj 1= €08 0, s;j := sin6;j, & THE CP-VIoLATING DIRAC PHASE AND ¢; AND ¢, THE TWO CP-VIOLATING MAJORANA PHASES.
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Post-INFLATIONARY EvoLuTION
ooe

INFLATON DECAY & NON-THERMAL LEPTOGENESIS

LepToN-NumBer AsymmeTRY AND LigHT NEUTRINO DATA
© mp ARE THE DIRac MassEs IN A Basis (CaLLep N¢-Basis) WHere Ni Are Mass EicensTates. IN THE WEAK (PRIMED) Basis
i

UTmDU(T = dp = diag (mp, myp,msp) WHERe L' = LU ano N = U°N° (1.
o WorkiNG IN THE N; -Basis, THE Type | Seesaw FormuLA Reaps

m, = —mp d,_\,l mE, WHERE dyc = diag (M nc, Maye, Maye) WITH Miye < Moye < Mzye REAL AND POSITIVE.
© RepLaciNg mp FRoM Ea. (1) IN THE ABove Equation aND WE ExTRACT THE Mass Marrix o LigHT NEUTRINOS IN THE WEAK Basis
iy = Utm,U* = —dpUsdyt U dp,
WhHich Can Be DiaconALized BY THE UNITARY PMINS Marrix U, ParameTerizep As FoLLows:
c12€13 S12€13 si3e70)  (ei1/?
Uy = |—exsia = s;cinsize®  cazcnn = sysiasine®  syens | - emie2/2

6 5
523812 — €23€C12513€" —$23C12 — C23812513€" c3C13 1

WITH ¢jj 1= €08 0, s;j := sin6;j, & THE CP-VIoLATING DIRAC PHASE AND ¢; AND ¢, THE TWO CP-VIOLATING MAJORANA PHASES.

PARAMETER Best FiIT +10
NorAL INVERTED © THE MassEs, m;,, oF v; ARE CALCULATED As FoLLows:
HieraRCHY ny, = m%v + Amgl AND
Am?, /1073eV? 7.6 s > ’
Am§1 /1073eV? 2-381'8%2 mi, = 4 lmh, +Amg,, For NO m,’s
sin” 612/0.1 3.23+0.16 OR
sin” 613/0.01 226 +0.12 229£0.12 mi, = Jm2, +|Am2 |, FoR1Om,’s
2 4032 +025 ’
sin” 623/0.1 367 54 >T300% o Sumiy <0.23 eV a7 95% c.L. Frow Planck Dama.
S/n 141407 1.48 £ 0.31 |

C. PaLLis B — L HiGGs INFLATION IN SUPERGRAVITY WITH SEVERAL CONSEQUENCES 13/15




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———

Post-INFLATIONARY EvoLuTION

Resurrs

CoMBINING INFLATIONARY AND POST-INFLATIONARY REQUIREMENTS

e To VeriFy THe CompatiBiLITY oF THE PosT-INFLATIONARY ConsTRAINTS, WE Focus oN THE FoLLowing CENTRAL VALUES OF THE
PARAMETERS OF THE INFLATIONARY MODEL

(n,r) = (0.042,0.025) — (ns,7) = (0.968,0.028) & 7iss ~ 8.6 10'° GeV.
® ALL THE REQUIREMENTS CAN BE MET ALONG THE LINES PRESENTED IN THE A, — mmp PLANE.

Y, =864x10"
14f m,m m o, 0, ) R ] CASES : A B C
as in the Table .- Hierarchy : NO NO 10
L2 - CaseC B m _/ev 0.01 0.07 0.005
g =m, eV 0.074 0.23 0.104
< 10f - ] M
) Pt m,. 1 GeV 13 5 0.9
Q osf CaseB .-~ 1 |mylGev 250 250 270
EEOG- ——.—_’,.~”——.- 1 P, - nl2 n
- 9, 0 - -n/3
04F 3
Case A
02f 1 | M, /10°Gev| 08-3 04-2 29-31
01 1 . 0 | My /10" GeV | 0.4-0.6 13 0.3-04
2, (107) M, /10°Gev | 1 0.1 5.2

e WE 1aKE m,,, = my, FOR NO v;’s AND m,,, = m3, FOR 1O v;’s .
o THE INFLATON DEecAYs INTo THE LigHTEST AND NExT-To-LigHTEST OF RHN SINGE 2Myc > 155 FOR i = 3.

e Y5 Is EquAL To ITs CENTRAL VALUE AND THE G ConsTRAINT Is UNDER CoNTROL EVEN FOR m3/, ~ 1 TeV Since We OsTain
0.75Yz/107" <3 anp 0.4 < T1n/107GeV 5 1.8.
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CONCLUSIONS

CoNcLUSIONS

o WE PRroposeb A VARIANT oF NON-MiNiMAL HI (NameD KineTicaLLY MobiFiep) WHicH CAN SAFELY ACCOMMODATE OBSERVABLE
GraviTationaL Waves® WitH SuspLANCKIAN INFLATON VALUES AND WiTHOUT CAusiNG ANy ProsLEM WiTH THE VALIDITY OF THE
EFFecTIVE THEORY.

6 E.g., Core+, LiteBird, Bicep3/Keck Array and SPIDER — see https://indico.cern.ch/event/432527/contributions/2267274
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HiGas InrFLaTION IN SUGRA

NARY EvoLuTion CONCLUSIONS

CoNcLUSIONS

o WE PRroposeb A VARIANT oF NON-MiNiMAL HI (NameD KineTicaLLY MobiFiep) WHicH CAN SAFELY ACCOMMODATE OBSERVABLE
GraviTationaL Waves® WitH SuspLANCKIAN INFLATON VALUES AND WiTHOUT CAusiNG ANy ProsLEM WiTH THE VALIDITY OF THE
EFFecTIVE THEORY.

© THis SCENARIO CAN BE ELEGANTLY IMPLEMENTED WITHIN A B — L SUSY GUT, AporTiNG A SUPERPOTENTIAL DETERMINED BY AN
R-SyMMETRY AND SevERAL SemiLoGARITHMIC KAHLER PoTenTiALs WHICH RESPECT A SOFTLY BROKEN SHIFT SYMMETRY.

8 E.g., Core+, LiteBird, Bicep3/Keck Array and SPIDER — see https://indico.cern.ch/event/A32527/contributions/2267274
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HiGas InrFLaTION IN SUGRA EmBeppiNG IN A B — L GUT

~INFLATIONARY EvoLuTION CONCLUSIONS

CoNcLUSIONS

o WE PRroposeb A VARIANT oF NON-MiNiMAL HI (NameD KineTicaLLY MobiFiep) WHicH CAN SAFELY ACCOMMODATE OBSERVABLE
GraviTationaL Waves® WitH SuspLANCKIAN INFLATON VALUES AND WiTHOUT CAusiNG ANy ProsLEM WiTH THE VALIDITY OF THE
EFFecTIVE THEORY.

© THis SCENARIO CAN BE ELEGANTLY IMPLEMENTED WITHIN A B — L SUSY GUT, AporTiNG A SUPERPOTENTIAL DETERMINED BY AN
R-SyMMETRY AND SevERAL SemiLoGARITHMIC KAHLER PoTenTiALs WHICH RESPECT A SOFTLY BROKEN SHIFT SYMMETRY.

o CoMmBINED RESTRICTIONS FROM BARYOGENESIS via NTL, G ConsTRAINTS AND NEUTRINO DATA CAN BE MET EVEN FOR m3py ~ 1TeV,
WitH THE INFLATON Decaving MaNLY o N and N5 — WE OBTAIN My IN THE RANGE (10° — 10") GeV.

THank You!

8 E.g., Core+, LiteBird, Bicep3/Keck Array and SPIDER — see https://indico.cern.ch/event/A32527/contributions/2267274
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