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INTRODUCTION MobEL CONSTRUCTION Tue CosmorocicAL DyNamic TESTING AGAINST OBSERVATIONS CONCLUSIONS
° - - -

F-terM HyBrID INFLATION (FHI)

THe RELEVANT SUPERPOTENTIAL TERMS
THe FHI can e ReALIzED ADoPTING THE FoLLowiNg SupeRPOTENTIAL' :
Wenr = «S (tfub - Mz), WHERE k AND M ARE ReaL Parameters With M ~ Mgyt = 2.86 - 10'° GeV
® Weyp 1S RENORMALIZABLE AND CONSISTENT WiTH THE U(1)g SYMMETRY: § — €@ S, DD — DD, W — €@ W.
® S: A LerT HanDED SupeRFIELD, SINGLET UNDER A GUT Gauge GRouP, E.G., GLr = SU(3). X SU(2)L, X SUR2)r X U(1)p_L.

® ® anp @: Par of LEFT HANDED SuperFIELDS WHICH ARE SU(2)g DousLets WitH B — L = —1, 1 ResPECTIVELY
— No Cosmic StriNgs ARE Propuced SINGE S U(2)g X U(1)p- — U(1)y.

Tve SUSY PotenTIAL
e THE SUSY PorentiAL s Vsysy = Vi + Vp, WHERE
® Vp =0, with |®D| = |D|.
o Vi =M ((@% - 1)? +28%02),
wiTH @ = |O|/M = |®|/M anp S = |S|/M.

® Wryr Gives Rise o FHI Since THere I1s A F-FLar DirecTion
WiTH @ = 0 AND Vi =~ k2 M* = cst WHICH Is A LocAL MiNiMuM oF
VeFORS > 1=S,.

® Wgy1 ALso LEADS To THE SPoNTANEOUS BREAKING OF G R, SINCE
THE SUSY Vacuum Is

($)=0 anp (B = KO)| =v; = M

1 G.R. Dvali, Q. Shafi, and R.K. Schaefer (1994); G. Lazarides, R.K. Schaefer and Q. Shafi (1997).

C. PaLuis ComBINING F-TerM HyYBRID INFLATION WiTH A PECCEI-QUINN PHASE TRANSITION 2/14




R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRREREEERRRERERERRRRRRRRRRRERERRRRRRRERRRRRRRRRRRRRRRRRRRRRERERRRRRERRRPBPBREESSSS———

INTRODUCTION

TnE PeccEI-QUINN PHASE TraNsITION (PQPT)

THe Peccei-Quiny (PQ) SoLution To THE STRONG CP PROBLEM

DuE To THE STRUCTURE OF THE VACUUM OF SU(3). THE LANGRANGIAN OF QCD INcLupEs A CP-VioLATING TERM, INVOLVING THE STRONG
CoupLING CONSTANT, g3, THE GLUON FIELD-STRENGTH TENSOR, G, AND ITs DuAL, G. |.E.,
2

322

WiTH d,, THE NEuTRON ELEcTRIC DiPoLE MoMENT. A PossiBLE SoLuTioN To THIs Strong CP Problem is To INTRoDUCE A GLoBAL COLOR
AnomaLous U(1)pq Symmetry WHicH INbuces New Terms IN Locp As FoLLows:

Lacp > 0G., Gaw With 855-107'0 (12) Since d ~5- 107198 < 1072%

Locp > (6’+ca )gwgw Wit 10° < f,/GeV < 10'2 anb < a >= —6f,/c,.

2

93
3212 fa
WHERE ¢, Is A MobEL-DEPENDENT PARAMETER, a(x) Is THE GOLDSTONE BosoN - AxioN - AssociATED WITH THE SPONTANEOUS BREAKING
oF U(1)pq AND f; Is THE ENERGY ScALE WHERE U(1)pg Is BROKEN SPONTANEOUSLY.

THererFore, MiNMIZING THE PoTenTiAL With RespecT To @ Sets THe TotaL CP-VioLating Term To Zero.

THe RELEVANT SUPERPOTENTIAL TERMS

OsviousLy, THE SPoNTANEOUS BREAKING oF U(1)pg WiTHIN SUSY Can Be BE ReaLizED THRougH THE VEVs WHicH AcQuIRE A PaIR oF
PQ-CHarGeb FiELDS ADOPTINGZ _ONLY REN_ORMALIZABLE SupeRpPOTENTIAL TERMS SiMiLAR To Trose WHicH Leap 1o FHI. LE., IF WE
IMPOSEP — P, Q — ¢ Q0,0 — ¢ Q, Unber U(1)pg WE OBTaIN Wpq — Wpq WHERE

Wpq = KaP(QQ - f,12/4), Which Leaps To VEVs ¢g = f, With 20 =20 = ¢g.

’ Can we OBTAIN A CoNcRETE MobeL ComBINING BotH INGREDIENTS (FHI ano PQPT)?

2 J.E. Kim (1984); T. Goto and M. Yamaguchi (1992)
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MobEL CONSTRUCTION
@00

STRUCTURE OF THE MODEL

THE RELEVANT SUPERPOTENTIAL

THe Key Point OF our ConsTRucTION Is THAT P CaN BE REGARDED As THE LINEAR CoMBINATION OF THE G r SINGLETS WITH
(PQ,R) = (0,4) THar Does Nor CoupLe To ®®. THEREFORE, THE SUPERPOTENTIAL CAN BE WRITTEN As

W= «S (‘I)‘D - MZ) FHI Super- | REPRESENTATIONS GLOBAL SYMMETRIES
kP(O0 - faz/4) PQPT FIELDS UNDER GLR R [ PQ [ B [ D
150 U c MarTeR FiELDS
Q0 NAVOIDABLE COUPLING T A21.-D 0 ) 0 0
3252 " I (1,1,2,1) 2 0 0 0
+ 4, = (mp =2.44 10" GeV) M 3.2.1.1/3) L2y 13 0
—_— q (3,1,2,-1/3) 1 -1 -1/3 0

T0 GENERATE i1 = /lyfuz/mp ~1TeV Higes FieLps
o N (1,1,1,0) 4 0 0 0
L DI @ 1,1,2,-1) 0| o0 0 0
i ® 1,1,2,1) 0l o 0 0
—_— P (1,1,1,0) 4] 0 0 0
To GENERATE Masses For RHNs 0 (1,1,1,0) 0 -2 0 0
. 3 0 (1,1,1,0) 0] 2 0 0
+ !/h/llhl,' + yqu%hq‘f I (1,2.2,0) P > 0 0

ExTRA MATTER FiELDS
W oF MSSM = _

oF MSSM w1 = 0 D, G123 2] 1 0 | =1
+  ApaOD,D, + Ay, OH? D, (3,1,1,-2/3) 2 1 0 1
_— H, (1,2,2,0) 2 1 0 0

70 Avoip DomAIN WALLS
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MobEL CONSTRUCTION
oeo

STRUCTURE OF THE MODEL

EvapiNGg THE DoMAIN-WALL PROBLEM

WE InTRobucE® 12 PaiRs OF Lerr-HaNDED SuperFIELDS Dy AND D, (a = 1, ..., n) WHicH ARe SU(3). 3 AnD 3 RESPECTIVELY.
To Restore Gauae UNiFicaTion, WE INcLube AN Equat Numger oF SU(2)L X SU(2)r (2,2) SuPERFIELDS H,,.
WE Give INTERMEDIATE ScALE Masses To D, — D, AND H, THROUGH SUPERPOTENTIAL TERMS:

mp, = mp, = Ap, fa AND mp, = Ap, fo.

Sort SUSY Breaking AND INsTANTON EFFecTs ExpuiciTy Break U(1)g x U(1)pg 1o A DISCRETE SUBGROUP.
THe Expuicitty UnsrokeN Susaroup oF U(1)g x U(1)pq 1s Z4 X Za(u—6) AND CAN BE Founn, For EVeRy 7, As FoLLows:

W) = _, [4r=0 (mod 2m) WHERE e™® e U(D)g
i i Ri+p 5 POG) = | —12r +2(n - 6)p = 0 (mod 27) ePPC e U(1)pg,

Where r [p]1s A U(1)g [U(1)pq] Anp THE Sum Over i Is AppLiep Over AL SU(3). 3 Anp 3 OF THE MoDEL.
IT 1s THEN IMPORTANT To ENSURE THAT THIS SUBGROUP IS NOT SPONTANEOUSLY BROKEN BY (Q) AND (Q), LE.,
EP(Q) = (Q) avo ¢P5(Q)=(0) = 2p, =0 (mod 27).
Since OtHerwiSE CosmoLoaicALLy Disastrous DomaiN WaLLs WiLL Be Propucep at PQPT. THis IMPLIES
THe ONe Loop EvoLuTion oF THE THREE GAUGE CoupLING CONSTANTS g;, Wit i = 1, 2 anp 3, WitTHIN MSSM Osey THE REeLATIONS® :
do; b g ()

— =——a? Wi a;(1) = aND 7 =In(A/ GeV) =
dt 2 v a3 @

by — by
by — by

IF we AssiaN B — L = 2/3 aND —2/3 T0 D, anp D, RespecTivery AND FIND THE CONTRIBUTION OF D, D, AND H, T0 by, by, AND b3,
WE Can Prove THAT B, REMAINS UNALTERED.

1 1+B B,
1 _U+8) _ Be WHERE B, =
ai

3G. Lazarides and Q. Shafi (1982); H. Georgi and M.B. Wise (1982); G. Lazarides and Q. Shafi (2000).
4 See e.g. M. Peskin, arXiv:0801.1928.
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MobEL CONSTRUCTION
ooce

STRUCTURE OF THE MODEL

THe ReLevANT KALHER POTENTIAL

WE Expanp THE KAHLER POTENTIAL UP TO FOURTH ORDER IN THE RELEVANT FIELDS AS FoLLows:

ISI AP JISPIPE | elSP + fIPE
2

K=ISP+|P?+alSP +S*P)+b —
S| P ( ) 4m;; 4mlz, mp 2m12,

SP 48P + L [(SP) + (5P
4mg
WHERE ALL THE COEFFICIENTS a, b, ¢, d, e, f AND g ARE TAKEN, FoRr SimpLicITY, REAL.

THe SUSY PortenTiaL

THe SUSY PortentiaL, Vi, Comes From THE SUGRA ScALAR POTENTIAL

WR
e
mp

IN THE Limit WHERE mp — o0, Vsugra TENDS TO ITs SUSY Limit, Vi, WHicH TUuRNS ouT To BE:

Vsuara = €</ [KM’V* Fu Fp Where M, N = {S, P,®,®, 0, 0}.
Ve o= [e(@0-p2)+ /IQQ|2 (=) + 2|00 - f2/4f /(1 —a) + ISP (1BF +[F)
+ 1S + kPP (IO +101) - [axa (070" - £2/4) [k (®® - M?) + 20Q]/(1 - &) + CompLex Consueate|

Tre D—Term CONTRIBUTION VANISHES ALONG THE DIRECTION |®| = |®).
For M > f,, we FIND THAT THE SUSY Vacuum Lies At

’ (8) =0, kD) = kD) = M, (P) =0, a0 [(po)l = fu, WHERE ¢p =20 =20.

THereFoRE, GLr X U(1)pq 1s SPoNTANEOUSLY BROKEN DowN 1o Gsm X Z5.
THe SaMe Vi Gives ALso Rise 1o A Sage oF FHI ano A PQPT, as WE SHow IN THE FoLLoWING.
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MobEL CONSTRUCTION

Tne COSMOLOGICAL SCENARIO
i

FLaT DirecTioNs oF THE SUSY PoTenTIAL
Vi Possesses TWO D— anp F—FLar DiRECTIONS AT

(1) =d=0amQ0=0=0
2)8§=0,0=0d=M, a0 Q=0=0

Vi = K*M*/(1 - &%)
WITH A CONSTANT POTENTIAL ENERGY DENSITY
{Vmo =K, 16

StaBILITY OF THE FLAT DiRecTioN (1)

THe Direction (1) CaN Be Useb As INFLATIONARY PaTH SiNCE IT Corresponds To A CrassicaLly FLat VaLLey OF MiNMA For

(@) |S|>M/V1—-a> ano (b) |04 > V(A —ak,)/(1 — a2)M, WHere o, = AS + k,P

THE Mass SPECTRUM ALONG THE INFLATIONARY TRAJECTORY:

SUPERFIELDS FiELDs Mass SauARED
OF ORIGIN
Bosons
- 5}
O, 0 4 CompLEX ScALARs | «° (\Sl2 + (11':’32))
_ h 2
0,0 2 CoMPLEX ScALARS | o7g|? = %
FERMIONS
D, 0 2 DIRAC SPINORS KIS
0,0 1 Dirac SPINORS loral?

SINGE Vpgo < Vhio, Vpqo GAN DoMiNATE OVER RADIATION AFTER THE END OF FHI LEADING To A Peccei-Quinn Phase Transition (PQPT)

THe CosmoLoaicAL ScenArio ABove CaN BE ATTAINED IF (a) Is VioLatep BEFore (b) |.

i
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Tre CosMOLOGICAL DyNamics
[ 1]

THE INFLATIONARY ERA

THE INFLATIONARY POTENTIAL

THE INFLATIONARY POTENTIAL cAN BE WRITTEN As’ Vur = Vuio + Vars + Vaie |, WHERE

® Vio: THe DoMINANT CoNTRIBUTION TO Vig; ALONG THE F-FLat DIRECTION, Viypg = k2 M* /(1 — &%).

® Vis: SUGRA CoRrecTions T0 Vi WHICH CAN BE FOUND BY EXPANDING VsuGra ON THE INFLATIONARY TRAJECTORY
Vhio 2 B B 2 Vhio 4 4

Vi x  ————|AIISI"+ AR (STP+PST) + A2|PI" |+ ————=—|BilSI" + By|P

s (17a2)m,2,[ ISP +A1a ( )+ Al PP 4(17a2)2m‘;I 1ISI* + BalP|

+  BaSPIPP + (BalSI® + BsIPP) (S"P+ PS™) + Be ((S"P)* + (P*S)*) |

Vi
= LI; (mi (s2 + qz) + m%(rz) + -+ WHERE
2my

>

Ksp = ISP +|PP +a(SP* +S*P) = (0’2 +57 4 qz) /2 | THe QuApRATIC PART OF K

> m2 = (Dy 2 VD) /(1-a%)? wrn Dy = Aj —2aAp + Ay ano Dy = D? +4(1 - @)(A2, - Ay Ay).

> Ay =2ae-a*-a*(d-1)-b, Ay =1-d-ala+ac-2f),
Ap=a(l+d-ala+f)+g)—eap Bi_¢ = f(a,..,9)
Note THaTFORa #0AND b =c=d = e = f = g = 0 We OsTaN m? = 0. However WEe Neep m? < 0 IN ORDER To
OgTAIN OBSERVATIONALLY ACCEPTABLE VALUES FOR THE SPECTRAL INDEX, 1, — SEE BELOW.

® Vyi.: ONe-Loor RapiaTivE CoRRECTIONS TO Viyr DUE TO SUSY BREAKING ALONG THE INFLATIONARY TRAJECTORY
Vo K2xM? (A — aka)* Vo K(A — aky)xaM?
Vhe = +— 2 Az T 2 5 |2 A2 3
167%(1 — a%) (1-a*)A 327%(1 — a%) (1-a*)A
witH x = [S[2(1 — @)/M? anNp x, = |oa|>(1 — @) /k(A — ak,)M?>.
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Tre CosMOLOGICAL DyNamics
oce

I
THE INFLATIONARY ERA

THE INFLATIONARY DyNamics
THE Equations Of Motion (E.0.M.) OF THE VARIOUS FIELDS ARE

f+3Hf+Viny =0 = H*f” +3H>f + Vi =0wWmH f =0, s, AND g AND " = d/dN witd N = In (R/Ry;)
Here R(7) 1s THE ScALE FACTOR OF THE UNIVERSE AND Ry ITs VALUE AT THE ONsET oF FHI.
WE Impose Te FoLLowing InmiaL Conpimions (a1 N = 0): £(0) = (1.5 — 4.5) - 10" GeV anp f(0) = O witH f = 0, 5, OR q.
IF £(0) 1s LaArge EnouaH, s ReacHes AN AtTracToR AND OuR REesuLts ARe INDEPENDENT OF THE PRecise f(0). E.c.,

. g=0 T
. L 2C+A-a)’Cr %‘ 10
8(1 - a)mio  © o
©
_ g - 1k 4
o o=@ e D (DN a — —— f(0)=310"
V2G5 o - - - - - - f(0)=2510"
1 2Cur2» 1/2 »n 01 4
—arctan — (m% + 77"”2'2))] 5}
D mg(1 — a*)
0.01
— 2 — 2 2 — a2)3 _ 4 L L L L " " " "
Where D = ‘/C3(2K + (- ak))/2m(1 - &)’ —m? 0 20 40 60 80 100 120 140 160 180
With Ci23 = f(A’s, B's). N

o THEe FiELD s Turns Out To Be Just Mioy, ANp Not DRasTICALLY® REDUCED W.R.T. 0.

5, Izawa, M. Kawasaki, and T. Yanagida (1997); M. Kawasaki, N. Sugiyama, and T. Yanagida (1998)
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MonbgL CONSTRUCTION Tue CosmoLoGIcAL Dynamics TESTING AGAINST OBSERVATIONS CONCLUSIONS

I
THE PosT-INFLATIONARY ERA

THe Stace oF PQPT

For A ~ (0.05-0.1), we GeT Ty, > Vriét)' THererFore, AFTER FHI we OBTAIN Matter Domination (MD) For T > T, AND Radiation

Domination (RD) For V]',go < T < Thn. THE VALUE OF s AT THE BeGINNING OF PQPT 1s:

spqi = (P1m/Vio)* sur WITH pim = 72 g1 Ty /30.

ForT < Vlfl/];, W 1s DoMINATED BY THE TERM Wpq = k, P(QQ — faz/4) AND THE RELEVANT F-TERM SCALAR POTENTIAL Is

— 2 —~ —
Vege = k2[00 - £2/4]” + 1P (1OF +1017) = Veqr = Ve = 2.3 /16 For 0 =0 =0.

AssuMing GRraviTy Mepiatep Sort SUSY BReakiNG, THE POTENTIAL FOR O = Q = 0 HAS THE FORM:

Vg = Vego +m5 PP + Vi + Ve FOR [Pl > f,/2, WHERE

® Vr =—+/2Vpqo lapl|P|1s A TabroLe ConTRiBUTION? WiTH
ap ~ 1 TeV.

® Vege = K2Veqo (Ink2P/A% +3/2) /167° Are Loop
COoRRECTIONS ARISING DUE TO THE SUSY BREAKING.
® Vpq Does Not Give Rise To AnotHER FHI, SINGE Vpg SpoiLs
THE 77-CRITERION;
© WHEN |P| < f,/2, AN INsTABILITY OcCURs ALONG THE | P|-AXIS
TRIGGERING THEREBY A PQPT;

o I |Ppqil > f./2 WE Ostain AN Out-Or-EquiLierium Decay Or
THE PQ SysTeEM, |.E., A SECONDARY REHEATING.
+2|Ql/fa

ayN. Senoguz and Q. Shafi (2005).
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Tre CosMOLOGICAL DyNamics

oe

I
THE PosT-INFLATIONARY ERA

REeHEATING PROCESSES AND GRAVITINO (5) ABUNDANCE

THe ENeray DENsITY, p; [02], oF THE OsciLLaToRy SysTEM WHicH ReHEATS THE UNIVERSE AT THE TEMPERATURE Ty, [T2h], THE
Eneray Density OF Propucep RADIATION, pr, AND THE NuMBER DENSITY OF G, ngz, SATisFY THE EQuaTiONs:

p1+3Hp; +Tipy =0, Hfl =-T1fi fi= 1R3

P 0 HY = Tof y H = (p1 +p2+pr)'" [ \3mp
p2+3Hpy +Tops = =-hfp =pR? __ 39 (g,)
PR +4Hpg —T1py ~Tapp =0 = HfR (1 fi +Tafp)R WHERE Ve = ppRt AP Ce = B Ziy cigi In( 5

hg +3Hng - Cg (n*9)* = 0. Hff = Cg (™)’ R’ =ngR® 0 = Q)T

WHERE g; (WITH i = 1,2, 3) ARE THE GAUGE CoupLING CoNsTaNTs oF MSSM, (k;) = (1.634,1.312,1.271) anp (¢;) = (33/5,27,72).
WE use THE FoLLowing INmiaL Conpitions: 01(0) = Vi, pr(0) = ng(0) = 0, anp pz(NpQ) = Vpqo, WHERE NpQ 1s THE VALUE OF
N CoRRESPONDING To THE TEMPERATURE Tpq WHicH Is DeriNeD As THe SoLution OF THE EquaTioN pr (Tpq) = Veqo-

RexEeatiNG AFTER FHI ReHEeaTING AFTER PQPT
THe CORRESPONDING REHEAT TEMPERATURE IS THe CORRESPONDING REHEAT TEMPERATURE IS
7 \" L Ton = 7 " ﬂ witH I = ! 2 Ja 2m
T =(m) m wimh Ty = 16m Tt mint o 52 G e e 2T optm 2mp FQ

(SNGE AS OO € W) WHERE g1, = 438.75 [gisn, = 513.75] For  (SNCE 4, 0%/ /mp € W) WHERE gou. = 228.75. THe G

n=5[n="7]. THe G ABUNDANCE IS ABUNDANGE IS
nx T ) 1/4 Tom
Vi = S (M) 191072 (=gt ). Yo = "L (Tam) = ( glrh*) Dy
97 s 1010 GeV 30 i

’ WE OBSERVE THAT Y= Is SuPPRESSED RELATIVE TO Y, 5 BY THE RATIO T?rh/ PQO <1 ‘
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TESTING AGAINST OBSERVATIONS
°

(OBSERVATIONAL CONSTRAINTS

CosmoLoaicAL REQUIREMENTS

WE IMPOSE ON OUR COSMOLOGICAL SCENARIO THE FoLLowING CONSTRAINTS:

(i
(i)

=

(ii)

(iv)

(v)
(vi)

THE VioLATION oF THE INSTABILITY ConpiTions Occurs AcCORDING To THE DESIRED ORDER.

THe NUMBER OF e-FOLDINGS Ny, THAT THE ScALE k. = 0.002/Mpc Surrerep DuriNg FHI HAs To BE SUFFICIENT To RESOLVE
THE HoRIzoN AND FLATNESs PROBLEMS OF Standard Big Bang (SBB) CosmoLoay:
2 W1 Vebo 1 TaT
Nigte = N =N, =23+ = In 0 _ ~jp FX0_ ~y Zirh 7ok
Hl- = HL 371GeV 3 1GeV 3  1GeV?
WHERE N, [Nui] I1s THE VALUE OF N FRoM THE ONsET oF FHI unTiL k. Crossep Outsipe THE HorizoN oF FHI [THE END oF

FHI]. THis 1s Founp FrRom THE CONDITION:

~50 FoR Ty = 10 GeV anp Ty = 10° GeV

m (Vi \? 14
max{e(o (Vi) e M)l = 1, wmn e~ £ (i) AND 7 = iy~
2 VH] VHI
THE Power SPECTRUM, Pg., OF THE CURVATURE PERTURBATION AT k = k. 1s T0 BE CoNFRONTED WiTH THE WMAP7 DaTA:

P = ViR 12VB mmd Vi ||y, = 4.93- 1075,

THE SPECTRAL INDEX, 715, 1S TO BE CONSISTENT WiTH THE FiTTING OF THE WMAP7 REesuLts BY THE ACDM MobEL (a ~ 0).
ns =1-6€(N.) + 2n(N.) = 0.963 +£0.028 = 0.935 < ny < 0.991, AT 95% c.L.
IN Orper For THE PQPT 1o Take PLAcE AFTER A SHORT TEMPORARY DOMINATION OF Vpqo, WE REQUIRE ‘PPQ;| > fu/2,
WHERE THE VALUE OF |P| AT THE BEGINNING OF PQPT.
AssuMiNG UNsTaBLE G, WE Impose an UppER Bounp® on Y& IN Oroer To Avoip ProsLems WitH THE SBB NUCLEOSYNTHESIS:

o 060 Tev
Yo s {10-'3 FOR G Mass mg; = {10.6 Tev.

6M. Kawasaki, K. Kohri, and T. Moroi (2005); J.R. Ellis, K.A. Olive, and E. Vangioni (2005).
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TESTING AGAINST OBSERVATIONS

Resurrs

IMPosING THE INFLATIONARY REQUIREMENTS

WE CaN DEeLINEATE THE ALLOWED (LiGHTLY GRAY SHADED) REGIONS IN THE k — & AND k — M As FoLLows:
05

T T T
n,=0963 — = = n =0991 A
M eeeee - ]

M =M n =0.935 .
A . .
10° 10° 10"
K

M (10" GeV)

1F 4
~ == n=0991 -
n = 0.963
05 n =0935 -
M =M ) D
10° 10° 10"

e Our CosmoLoaicAL SET-Up Depenbs ON THE FoLLowiNg

—~ [
“':9. _: PARAMETERS: K, K4, A, M, fa, Ay, 1, @, b, ¢, d, e, f, AND g.
- - eWEFXxn=5,k,=-b=00l,1=c=d=e=f=¢g=0.1,
= 1 fu =102 GeV AND 4, = 0.01 =yt ~ 1 TeV.

2 e WE Can OBTAIN M = Mgyt For k = 0.002 anp a = —0.0125.
2 e THe RebucTioN oF 1y CaN BE ATTAINED WiTHOUT DISTURBING THE
>‘ - — = 2a=-0.0062,k=00036 | MonotoniciTY oF Viyy. For LARGE o’s, Vi1 DEVELOPS AN
Z a=-0.0125, k =0.002 OsciLLATORY BEHAVIOR BUT FOR LOWER 0~’s Vi1 REMAINS

o ) s---c a=-00189,k=0.00111 MONOTONIG.
5 10 15 20 25 30
o (10" GeV)
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CONCLUSIONS

Post-INFLATIONARY CosMoLogIcAL EvoLuTion

For k = 0.002, M = Mgur AND ng = 0.963 We OB Ty, = 4.7 - 1013 GeV, [T = 3 - 10* GeV] Resuiring To
Y,z =9-107 [Y,5 = 1.9 - 107'%] WhicH 1s ConsisTENT WiTH THE G CONSTRAINT FOR mg < 10 TeV.

® THE EvoLution ofF THE ENERGY DENSITIES ® THE EvoLution oF THE G ABUNDANCE
o . 7 e
sf
~—~ 50 g 79K
>
> —~
O 40 ] 10.10F
g >
CY o -1
= 30 ] oD ir
o o
k) 12f
20 ]
asf
20 bt b
14 13 12 11 10 9 8 7 6 5 4 14 13 12 11 10 9 8 7 6 5 4
log (T/GeV) log (T/GeV)

CoNCLUSIONS

Comsining FHI With A PQPT Basep oN RENORMALIZABLE SUPERPOTENTIAL TERMS, WE CAN OBTAIN:
® OgservaTioNALLY ViaBLE FHI at THE SUSY GUT Scate WitH NaturaL VALues, +(0.01 — 0.1), For THE MoDEL PARAMETERS;
® A SimuLtaNeous ResoLuTIoN oF THE STRoNG CP AND i ProLEMS oF MSSM;
® A Seconp Stace OF ReneaTING AFTER PQPT, WHicH LEADS To OBSERVATIONALLY SAFE VALUES OF THE G ABUNDANCE.

AN IMPORTANT OPEN IssUE OF OUR SCENARIO Is THIS OF BARYOGENESIS WHICH Is CURRENTLY UNDER CONSIDERATION.
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