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Investigate the Complex MSSM... because Investigate the Complex MSSM... because 
(Real MSSM has significant region excluded):(Real MSSM has significant region excluded):

� Complex parameters are in pr inciple allowedComplex parameters are in pr inciple allowed

� In combination with cer tain range of squark In combination with cer tain range of squark 
masses, CP violation in Higgs could give masses, CP violation in Higgs could give 
possible source of Cosmological Baryogenesispossible source of Cosmological Baryogenesis

Done by adding 2 extra phases in the MSSM:Done by adding 2 extra phases in the MSSM:

�   the gaugino mass  and the gaugino mass  and 

�  tr ilinear  coupling tr ilinear  coupling

� This is in addition to the already existing This is in addition to the already existing 
phase in the CKM matr ixphase in the CKM matr ix



Complex MSSM: we have MASS and CP  Complex MSSM: we have MASS and CP  
EigenstatesEigenstates

“ In zero momentum approximation”“ In zero momentum approximation”

� CP EigenstatesCP Eigenstates

�  h, H         h, H        CP-EVENCP-EVEN

�  A             A            CP-ODDCP-ODD

� Mass Eigenstates        Mass Eigenstates        MM hh11
  <  M  <  M

hh22    
 <  M <  M

hh33        



1st… Only focus on h1st… Only focus on h1  1  (mass < 135 GeV)(mass < 135 GeV)

� Masses and decay width for hMasses and decay width for h11, h, h22 & h & h33  obtained from:  obtained from:

� CPSuperH (CpsH)CPSuperH (CpsH)

� hep-ph/0307377hep-ph/0307377

� FeynHiggFeynHigg

�  hep-ph/0108059, hep-ph/0212037  hep-ph/0108059, hep-ph/0212037 

�

� Note: For some parametersNote: For some parameters

� hh
33
  to  to

    hh1  1  hh22 and (M and (Mhh33  < 100 GeV) where h--> bb, < 100 GeV) where h--> bb, t tt t

� This could be the dominant modeThis could be the dominant mode

� Good discovery potential at Good discovery potential at gggg  

2nd…  h3 to h2,h12nd…  h3 to h2,h1    (masses < 135 GeV)(masses < 135 GeV)



Comparison of CpsH & FeynHiggs           Comparison of CpsH & FeynHiggs           
(M. Wood, S. Heinemeyer) (M. Wood, S. Heinemeyer) 

� CPSuperH:CPSuperH:

	  Full complex phase dependence @  Full complex phase dependence @ O O (a(a
s s 
, a, a

t t 
))

	 Approx  for    Approx  for    O O (a(a22
t  t  
))

	 Approx @ 1LoopApprox @ 1Loop

� FeynHiggs:FeynHiggs:

	 Approx for  phase dependence @ Approx for  phase dependence @ O O (a(a
s s 
, a, a

t t 
))

	 Full  Full  O O (a(a22
t  t  
)) calculation calculation

	 Full   1Loop calculationFull   1Loop calculation
--->DIFFERENCES.... under  investigation by the authors!--->DIFFERENCES.... under  investigation by the authors!



Comparison of CPX (maximizes the CP effects)Comparison of CPX (maximizes the CP effects)



Event yields at gC compatitive with e+e-Event yields at gC compatitive with e+e-

All compar isons made with respect to SM expectationsAll compar isons made with respect to SM expectations

Higgs
Factory

Broad
Search



Consider gC  based on CLICHé  Consider gC  based on CLICHé  
parameters for hparameters for h

SMSM
= 115 GeV= 115 GeV


  The  h
SM

 to bb decay is the 

   most impor tant in this 
   mass range



Changes in rate for CPX-Scenario @ fix mChanges in rate for CPX-Scenario @ fix m
hh

Fix Masses:  Overall enhacement  in the full range of phases Fix Masses:  Overall enhacement  in the full range of phases 
&  tan&  tan b b

Recall: Recall: 
In the SM In the SM 
we expectwe expect
a 2% a 2% 
measumentmeasument
with a year !with a year !



Recall LHC and LC capabilities for hRecall LHC and LC capabilities for h
SMSM

@ LHC @ LC



CP violation bigger @ gC than @ LC in bb CP violation bigger @ gC than @ LC in bb 
decay & filling regions difficult @ LHCdecay & filling regions difficult @ LHC

@ Gamma Gamma @ LC

@ LHC

Heinemeyer    Velasco     WoodHeinemeyer    Velasco     WoodLCWS04LCWS04

MSSMMSSM
�LHC  Suppresion    LHC  Suppresion    

�LC  Small EffectLC  Small Effect

�gC EnhacementgC Enhacement



In Models where LC cannot see hIn Models where LC cannot see h
33
-->h-->h

22
 h h

11

gC will do the job...gC will do the job...

�   ==> WORRIES FOR WHEN COUPLING ==> WORRIES FOR WHEN COUPLING 
TO THE Z GETS LOST BY  TO THE Z GETS LOST BY  h &  Hh &  H  &    &  
hh11,h2,h3,h2,h3 CLOSE IN MASS ( Small M CLOSE IN MASS ( Small M

H+H+
).).


LHC: Could see some of LHC: Could see some of 
them, but will not be able to them, but will not be able to 
measure their    massesmeasure their    masses

�LC: challenging LC: challenging 
reconstruction  reconstruction  

  ==>  bbbb,t t bb,t t t t    all available... clear  signal

Gunion, SzleperGunion, Szleper

NowNow
availableavailable



Conclusions...Conclusions...
gC, e+e- and LHC colliders are all complementary  &gC, e+e- and LHC colliders are all complementary  &

highly desirable in the presence of Complex phases inhighly desirable in the presence of Complex phases in

the MSSM:the MSSM:

� These phases causes explicit CP violation in the Higgs These phases causes explicit CP violation in the Higgs 
sector  that could explain baryogenesis sector  that could explain baryogenesis 

� gC  and e+e- coll. both will see an enhancement in the gC  and e+e- coll. both will see an enhancement in the 
scenar ios study so far ,  the difference being that gC has scenar ios study so far ,  the difference being that gC has 
more sensitivity due to the “ Loop”  nature of the more sensitivity due to the “ Loop”  nature of the 
production mechanismproduction mechanism

�  h h
33
 --> h --> h

11
hh

22
 that star t to be difficult a LHC and LC can  that star t to be difficult a LHC and LC can 

be done well at gCbe done well at gC


