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                                 Abstract

       Th6  phase  pararneters in low-energy supersymrnetry  (SUSY) models  are  highly con-

    strained  by the electric  dipole mornents  (EDM) of  the fermions. Fbrther imposing rde

    diative electroweak  symmetry  breaking (REWSB) condition  results  in a  large degrree of

    fine tuning  of the  phase parameters at  the unification  scale.  In supergravity  models,  one

    finds highly fine tuned values  for the phases of  the bilinear Higgs coupling  parameter B

    at] the unification  scale  (GUT) scale  which  in tuTn also  constrain  the phase of  universal

    trilinear coupling  Ao. We  analysed  how  a  GUT  inspired definite nen-universal  gaugino

    mass(NUGM)  model  can  reduce  such  fine-tuning keeping superparticle  masses  within  the
    naturalness  domain.

1Introduction

  Minimal Supersymrnetric Standard Model (MSSM) has 1arge number  of  the unknown  param-

  eters  including phases. Definite SUSY  breaking mechanism  at the high scale  can  be proposed

  to eliminate  the 1arge number  of  unknown  pararneters. The  gra;vity mediated  SUSY  break-

  ing (SUGRA) is the most  popular choice in this respect.  The  minimal  version  of  the model

  (mSUGRA) can  be characterized  lry the  parameters tan6, mi/2,  mo,  Ao, sign(pa)  and  two

  independerrt phase parameters [1, 2]. We  can  parameterize these phases as  ipA, for Ao  (at
  Ma  rv  2 × IOi6Gev) and  eB for the B  parameter at  the electroweak  (EW) scale  [21. These phase'
. pararneters are  highly restricted by the experimental  limits on  the EDMs  of  the electron  and

  the neutron  l3]. This results  into the so  called  SUSY-CP  problem  and  we  are  restricted  to the

  following scenarios.

    1, The phase 0B needs  to be very  smaJl-O(10-2)  or O(10-3)-if the superpartners  are

      within  [EbV range  [2] Such sman  eB typically translates into highly fine-tuned vaJue  for

      eB, (i,e phase of  B  parameter at MG)  which  may  also  censtrain  the  phase diA, of  Ao.

    2, The  phases anre Iarge and  less fine-tuned but the sparticles  ha:ve to be really  super-massive.

    3. There ame  also  speeial  parameter  points where  a  large amount  of  irrternal eancellations

      between the diagrams contributing  to the  EDMs  of  e!ectron  and  neutron  could  make

       phases large and  less fined tuned  even  with  smaller  $particle  masses  [4]

     The  issue of  fine-tuning in phases at  the GUT  scale  arises  out  of  the combined  requiremerrt

  of  satisfying  the EDM  constrairrts  and  the radiative  electrowealc  symmetry  breaking colldition.

  Here we  always  impose REWSB  condition  to evaluate  pa2 and  B  at  the EW  scale.

     The  objective  of  the work  is to explore  the role  of  NUGM  models  in reducing  the  fine-tuning

  of  the phase eB,. Now  to quantify the fine-tuning, we  define a  naturalness  like measure,

                               ¢ =[AOB,IAeB]e.-o.  (1)

  ClearlM a  large value  for ¢  would  mean  a  lesser degree of fine-tuning of  eB,. Here we  evaluate

  the phase-derivative at eB nJ  O in order  to  sa:tisfy the EDM  constraints.
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2 Non-universal  gaugino  masses  in supergravity

In supergra;vity  models  gaugino masses  originate  from the gauge kinetic energy  function fbn
which  is a  function of  the  chiral  superflerds  in the theory. The indices a,fi  mn  over  the
generators of the gauge group (for example,  a  =  1,2,...24 for SU(5)). Since gauginos are
Majorana partieles, flte, transforms under  the symmetric  product ofthe  adjoiirt represerrtations

of  the gauge group. Thus  for SU(5) one  has,

                     fL,fi)(24x24).,.=1o24e75o200. (2)
CIearly the singlet one  represents  mSUGRA  with  universal  gaugino masses.  Similarly,there
could  be non-universal  gaugino masses  originating  from the different non-singlet  representations

which  in isolation will not  imroduce any  new  phases.

  In general Ml(Ma)  
=

 rni  E]. C,n;･ where  q  and  n;･ 
's

 corresponds  to the relative  weighrs  and

Clebsch-Gordan coeMcients  of  different representations.  Fbr the case  of  SU(5), the coeMcients
n:･ are  displabred in the following [[bble.

                      mzgliEmlglsl A!!i lglm
1mSUGRA111

24NUGM:242-3-1
75NUGM:7513-5
200NUGM:2001210

   Clearly, in NUGM:24  the electro-weak  gauginos appears  with  negative  value  at the ,GUT
scale,  a  signature  which  is different from mSUGRA.  We  will  show  that this particular feature
is mainly  responsible  for reducing  fine-tuning in phases of  the soft  breaking pararneters.

3 Evolution  of  B  and  reduction  of  fine tuning

We  now  identify the differences between mSUGRA  and  NUGM:24  in regard  to the evolution

of  the B-parameter  in the absence  of (IP violating  SUSYphases. The B  parameter evolution
equation  reads  as

                 
Eli/+

 ==  (3a,?7L,+:a,M,)+(3YiA,+3}･SAb+Yl.A.) , (3)

where  X  =  y,2- 1(4T)2, with  yi being the  Ytikawa  couplings,  For small  tan6, the contributions

from the bottom quark thkawa  coupling  (yb) and  the  tau  lepton Ytikawa coupling  (y.) can  be
neglected,  and  the above  RGE  may  be approximately  integrated to obtain  [1]

                                Do(t) -  1

                       
B-Bot

 2 
Ao"C(t)mi,

 (4)

where  definition of  each  quantities  may  be fbund in Ref [ll.
   There are  two different contributions  in dB/dt, the gaugino contribution  and  the trilinear
contribution,  It turns out  that the gaugino contribution  is positive fbr mSUGRA,  but neg-

ative  only  for NUGM:24.  Regarding evolution  of  the trilineav couplings,  with moderate  Ae,
'the

 dominant contribution  comes  from At, Ab  which  typically turns out  to be negative  at  the
electroweak  scale  for both mSUGRA  and  NUGM:24.  Thus  in mSUGRA,  the gaugino and  the
trilinear parts would  tend to cancel  each  other  giving Bo !t B. But for NUGM:24  since  the
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signs  of  thi,th2 are  reversed,  the different contributions  wou}d  now  enhance  eaKih other  leading

to a 1arge value  of  ABC=  Bo 
-

 B) in NUGM:24.

   Introducing SUSY  CP  phases the solutions  fbr real  and  imagtnary parts of B  are given by

[i]
                                       1

               LB]sineB 
-t:

 IBolsineB,-i(1-Do)]ADIsinipAo
                                                                             (5)
                                       1

               IBI cos eB 
==
 IBol cos  eB, 

-
 i(1 

-
 Do)IAol cos ipA, -  Cmi

   Using the expressions  (1)and (5) one  can  immediately  write

                                             1
                                                                             (6)                              ¢  r-  IBI1IBol
                                           cos  eBo

   Fbr a  small  tEm6, sin2fi  is large, therefore 1Bj is appreciably  large(via REWSB  condition).

Since in mSUGRA  IBol 2t IBI, fbr moderate  IAol (IAe[sinipA, <  IBisineB) one  usually  gets

eB, [r eB [5] 
,
 thereby  causing  O  to be  too small  (Fig:1), However in NUGM:24  1arger evolution

of  IBI could  make  IBol rv  O ,that  essentialy  leads to large ¢  (Fig:1). Clearly, O  can  be larger in

NUGM:24  lry a  factor of  10-20 compared  to the  mSUGRA  scenario.  However the enhancement

of  ¢  is not  so  much  pronounced for large tan fi.
   In our  nurnerical  computation  we  restricted  ourselves  for really  small  eB ( fS O.Ol) to satisfy
the EDM  constraints:  We  keep ipA. fixed to T12  for our  entire  work  as  it mandmize  the  EDM

values.

4Conclusion

In minimal  supergravity,  eB, the  phase of  the B  parameter  is highly eonstrained  (A) O.Ol)
to satisfy axperimental  upper  bounds of  the EDM  of  the fermions. This, however leads to

a  severe  fine-tuning fOr eB,, the va:Lue  of the B  parameter  at  the  unification  scale.  This is

a  generic problem  of  lcrw energy  SUSY  that aJrises from REWSB  condition  and  EDM  limits.

Here we  haye  demonstrated that models  admitting a 1arge RG  evolution  of  the bilineam Higgs

coupling  parameter  could  be interesting in the  context  of  a  reduction  in the fine-tuning of

phases. In pamticular, we  considered  GUT  motivated  non-universal  gaugino  mass  scenario  that

conld  reduce  the above  mentioned  fine-tuning significantly.  The  result  shows  a  reduction  of  fine

tuning by a  fact6r of  10-20. Although our  analysis is based on  24 representation  of  SU(5), the

same  conclusio'n  can  also  be made  fbr the 54 representation  of  the SO(10) rnodel.  To conclude,

we  should  sabr that our  result shows  a  considera:ble  degree･of reduction  of phase fine tuning even

for smaller  sparticle  masses･.
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Figure 1: O vs  rni  for mSUGRA  and  NUGMlr24 fortan fi =
 2, when  rno and  IADfi are scanned

mp to 1 7leVfor ipA, ==  7r12,


