
Stuart Raby

Planck 2017
May 22, 2017

Leptogenesis after Inflation 
in a Pati-Salam Model



Stuart Raby

Planck 2017
May 22, 2017

Subcritical Hybrid Inflation 
in a Pati-Salam Model



Outline     

 Subcritical hybrid F-term inflation
 Re-heating  
 Pati-Salam 3 family model 

with D4  family symmetry &       symmetry
 Yukawa Unification – 3rd family only
 Global  χ2   fits  &  predictions
 Conclusions

4
R



Subcritical hybrid F-term inflation

B. Charles Bryant &  S.  Raby   arXiv:1601.03749

Following work on  subcritical hybrid D-term inflation by

Buchmuller, Domcke & Schmitz  
J. Cosmol.Astropart. Phys. 11, 006 (2014)

Buchmuller & Ishiwata PRD91, 081302 (2015)
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At the end of inflation

Reheat temperature 
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At the end of inflation

A word about leptogenesis

Instant preheating can non-perturbatively create 
Higgses every time  inflaton VEV vanishes

Then when inflaton VEV reaches a maximum the 
Higgs gets heavy and can decay into right-handed 
neutrinos and radiation.   Right-handed neutrinos 
decay and produce non-zero lepton asymmetry.
ε3 < 0    good  , ε1,2 > 0 bad

Problem  :   reheat temperature is too high and
Lepton asymmetry is washed out !!
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SO(10)  Grand Unification
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Unique       symmetry for the MSSM    4
R

Lee, Raby, Ratz, Ross, Shieren, Schmidt-Hoberg & Vaudrevange
Phys.Lett. B694, 491-495 (2011)
Nucl.Phys. B850, 1-30 (2011) 

Kappl, Peterson, Raby, Ratz, Schieren & Vaudrevange
Nucl.Phys. B847,  2325-349 (2011)
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Suppresses  µ and Dimension 5 proton decay ops.
Preserves  R parity !!
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Soft  SUSY  breaking  terms
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Blazek,  Dermisek & Raby  PRL 88, 111804 (2002)
PRD 65, 115004 (2002)

Baer & Ferrandis,               PRL 87, 211803  (2001)
Auto, Baer, Balazs, Belyaev, Ferrandis & Tata

JHEP 0306:023  (2003)
Tobe & Wells                      NPB 663, 123  (2003)
Dermisek & Raby                Phys.  Lett. B 622, 327 (2005)
Baer, Kraml, Sekmen & Summy JHEP 0909 :005 (2009)
Anandakrishnan,  Raby  &  Wingerter        arXiv:1212.0542
Anandakrishnan & Raby                            arXiv:1303.5125
Anandakrishnan, Bryant & Raby                arXiv:1404.5628
Poh & Raby                                             arXiv:1505.00264

Yukawa  Unification  &  Soft SUSY breaking



t b ττ νλ λ λ λ λ= = = ≡
Note,   CANNOT predict top mass due to 

large  SUSY  threshold corrections to  
bottom and tau mass 

Hall,  Rattazzi & Sarid
Carena, Olechowski, Pokorski & Wagner

So instead  use  Yukawa unification to predict
soft  SUSY breaking masses !!

33 HQ Qλ



Bottom mass corrections
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Needed to fit data
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Anandakrishnan,  Raby  &  Wingerter
arXiv:1212.0542

Anandakrishnan, Bryant & Raby
arXiv:1404.5628 

Global  χ2 analysis
3rd family  only
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Yukawa  Unification

Fit t,b,tau requires

~ Universal  Gaugino Masses 



Bagger, Feng, Polonsky & Zhang
PLB473, 264 (2000)

Third family scalars lighter than first two !

Suppresses flavor  &  CP violation      

Inverted  scalar mass  hierarchy
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Heavy  scalars 
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* SM
7 7BR(B K   )     favors    C   LHCb Cµ µ+ − ≈ +→

arXiv: 1304.6325
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Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub
JHEP 0710:055  (2007) 

tension between  b  s γ &  b  s l+ l-
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Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub
JHEP 0710:055  (2007) 



Title of talk 32

Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub
JHEP 0710:055  (2007) 
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Albrecht, Altmannshofer, Buras, Guadagnoli, &  Straub
JHEP 0710:055  (2007) 
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Light  Higgs   
SM-like



Br(  Bs ->  µ+ µ− ) :
Light  Higgs  SM-like 
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Gluino mass bound - Third family only
Anandakrishnan,  Raby & Wingerter

m16 = 20 TeV,  M1/2 varied  ->  2 d.o.f.



Summary  
First order results 
Third family only  

 Universal  scalar masses  ~ 25 TeV
 Third family scalars  much  lighter
 Light  Higgs is   SM-like  
 Gluinos want to be light,

But constrained by data !
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Three  family model  
gives  good  fits 
to low  energy data



In this talk we introduce a new 
Yukawa sector with 

two new real  parameters      

First  before - then  after adding
New  parameters
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2, , , flavon fieldsa a B Aφ θ
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24parameters  at  GUT scale 

Global χ2   analysis 

45  Low energy observables

Poh  &  Raby arXiv:1505.00264
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16 25 TeVm =

/d sm m

Before
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13 7oθ ≈



New Yukawa sector with 
two new real  parameters      

Now after adding
New  parameters
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{ }2, , , , , flavon fieldsaa a B Aφ θ θ θ ′

3 3{ , , } (4,2,1,1), { , , } (4,2,1,1)c c c
a a a aQ Q F Q Q F= =

41, 2 family indexa D=

1 , 15FM X Y B Lα β∝ + + ∝ −

 , terms added (real),   ,   now complexaθ θ α β′
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Vary 24  parameters  at  GUT/EW scale –
m16, M1/2 fixed 

New  Global χ2   analysis 

51 Observables in  χ2 function

Poh, Raby and Wang   arXiv:1703.09309
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NOT simplified model

Compare to ATLAS &
CMS  data

Bound on gluino mass ??
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Our model
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Conclusions    

 SO(10)/PS Yukawa unification 
 Inverted scalar mass hierarchy
 Light  Higgs   - SM-like
 Three family model fits low energy data !!

 Third family scalars significantly lighter    

than first two  

 Not  simplified model !



2.7 1.9 TeVgm≥ ≥



0 0, , ,i ig t b t b t t bbχ χ χ χ− +→
⇒

Pati-Salam x        yields Sub-Critical Hybrid Inflation
consistent with  Bicep2-Keck-Planck data with  inflation at   
“GUT” scale and  MSSM at low energy
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