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 Measuring  lepton flavor violation  at  LHC  using  a  long-lived
slepton  in the  constrained  MSSM  with  right-handed  neutrinos

                        Sa,itarna lJniversitv Hiroki Saito                                        tt

                   ilmaiL: hiroki@krishna.th.phy.saitama-u.ac.jp

   ]vdinirnal Supersyrnmetric Standard Model is an  aLtractive  t,heory. [Iihis theory  .y,'ives  a  solu-

tion  of  
`thierarchy

 problem;', ullification  of  gauge  coupling  c;onstai'it,  and  dark  ]naM,er  caiidjda･te.

In the  MSSM,  neut･ralino  which  is linear combination  ofbino,  wino,  and  higgsinos is electorically
neut･ra[[, arid  onl},  w･eaki}r  interacts with  ether  particies. So, if the ncuti"alino  is the  11ght,est SUSY

partic}e  (LSP) in tbe  MSSM,  it is n,n  at･tractivc  candidatc  of  1/･he daJ'k rnat･ter.  If the neutraliiio

is the  dark matter,  then  inass  differeiice (6m) between the  neut,ralino  an(1  a  nexi/  lightest SIJSY

particle (NLSP) have te be smaller  than  a  few pereent  of  the  IJSP inass  in order  to obtain  re]ic

abimdanc/e  of  the  dark  matter  from  c:oannihilation  mechanism,  "Te have  eonsidered  a  case  where

the  LSP  is the  neutraliiio  (Ro), t,he NLSP  is the stau-]ike  lightcst s]epLon  (ll,), and  the 6rre is
smaller  than  tau mass  (m.) c'.speciall}r. In this case,  lifetime of  the  NLSP  bec'omes sensitive  to

effects  of  Iepton fia,vor violation  (LFV),
   If 6m  >  mr,  st･au  (fi) cau  decay into a  neutralino  and  a  tau. Since' t,his decay precess is
dominant and  has large decay rate,  Iifetirne ef  the  stau  is very  short.  However,  t･his process is

kinematieally forbiddeii when  6m  <  m..  So, then  the  stau  lifetiine becomes  lone, If the  LFV
effects  are  exist/s in sleptoll  sector,  the st･au  can  have new  2-body  decay modes  in which  the  stau

deca,ys into a  neutralino  and  an  electron  or  a  mllon  even  if 6m  <  m..  Partial decay widths  of

t･hese decay modes  are  depencls en  the  LFV  effects  strong!y.  So, the stau  lifetime are  sensitive

t･e the  IllFV effects  when  tim <  m..  If the stau  can  be produced  at  LIIC, LFV  effects  could  be
foui,id by measuring  the  lifet･ime.

   [Vhe LFV  effects  have  been  found from  experiments  of  neutrino  oscillat/ion.  One  of  the

popular  m,ethc)d  to  explain  this effect･s  is int,roducing right-handed  neutriiios  into a  iTiodel,  !n
our  worlt,  we  calcu]ate  the  LFV  effects  in the constrained  MSSM  (cMSSM) xxTith right/-handed

neutrinos.  In this model,  new  t,erms are  aclded  into a  superpotential,  because of  including  the

right-handed  neut/rinos  in MSSM,  Then  new  2 paranieters are  introduced,  Tbese  are  a  neutrino

I)irac Ytikawa matrix  y., and  EL Majorana  rnass  inatrix  of  the ri.ffbt-hallded  neutrinos  ]s4R. In
the cMSSM,  other  parameters  don"t･ have sizable  offLdiagoual  elernents  at  GUT  scale,  and  one

can  ta,ke MR  diagonal by  rotating  base. Se, only  y. has siz･able  off-diagonal  ctlemci]ts  at  GU'I'
scale,  [I]hese off-dia,gonal  elernents  induc;e the  LFV  effacts  in the  slepton  sector  at  lower scale.

   Soft SVSY-brcaking squared  rnass  inat･rix  of  left-handed slepton  (mr2-,,) can  have sizable

off-diagonal  elements  at  lc)wcr scale.  These  off-diagonal  elements  are  induced from  y. by renor-

ma[Lization  equat,ion

      c? 
d(
 3'L)i?' =:  i6i., [m?, yJyu  t y;' y.m7-, +  2(yLm;. 

.yy
 + m?f.yLi  yu +  Al Av )]

                    +(diagona].  terms  at  ene-loop)

where  Cl} is renormalization  scale,  and  a,  ,B represellt  fiavoi' e,  p,,T. On  the  other  hand, squared

mass  matrix  of  right-ha･nded  slepton  callnot  have off-diagona]e  e]emcnts  at  one-loop  order.  Mass
matrix

 ot  slepton  on  fiavor base <e-L. I-iL, fL, e-R, 11R, fR) inc;Iudes m7..  So, this matrix  has sizab]e

off-diagenal  elements.  "J'hen chis  ma ±rix  are  diagonalized, t･he diagonalization matrix  (Ni.)
represents  mixing  ofthe  slepton  flavor states  Cl. (c! =  eL,ItL,  7i.,  efl, IiR, 71R) ) in riiass eigenstateS



Soryushiron Kenkyu

NII-Electronic Library Service

SoryushironKenkyu

-C
 92- Eff n  k  "tt s

(li (i =  1, 2, - - ･ , 6)). Xit･J'e calculai,e  this N.i,. by computer  program.  b}orn t･his result,  we  calculate

decay widt･hs  of  the  deca", inodes  li ::[' fi -  Io, e or  Rt), It, and  the  Iil'etiTrie of  the Iightest slepton.

   In t.hese calcu!at.ion,  value  of  y. is important By  see-saw  mec:hariism,  y. is givell a,s

                            y. =  -･2- VlgEiilw VifiJUIi 
{Ns

                                 Vu

where  Mft  is {liagonal  right-handed  rieutrino  l,tajoraua mass  matrix,  W  is c;oinplcx  ort･hQgollal

mat･rix,  m.  is left-handed neutrino  mass  matrix,  and  UMNs  is MNS  matrix.  Z'hese parameters
have  toLa] 18  degree of  fre,cciom, However  mass  differences of  ]efl･-handed neutrinos  (6rn:2, 5rn,i3),

alld  twu  mixing  angie  in the  MNS  matrix  (ei2, e2･3) are  det･ermined by experiments,  Se, remaining
firee parameters  a,rc  two  E(ajorana CP  phase  of  left,-handed neut･rinos,,  a  Dirae C)P phase in the

MNS  matrix,  a  1-3mixing angle  in the  MNS  matrix,  a  Iightest left-handed neut･rino  mass,  three

right-handed  neutvillo  masses,  and  six  unobservable  pararrieters in the W,  In these parainetei's,
we  have  vEmried  third  right･-handecl  neutrino  mass  lt(R3. "ie fixed eL･her  

'prameters
 as

      ai,  a2  =  6 =  e, rrbvi =  O [cV], ei3 =  0.01, At(iti =  10iO [GeV21/, A.dR2 ==  loii [Gev2],

and  W  is identitv mat,rix.               v

   The  lightest slepton  ],ifetime depends on  ll4R3. Branching ratio  of  it .  e7･ also  clepends  on

MR3.  Ngure  shows  cc)rrela･tion  between the  lightest slept,on  lifet,ime aiid  the  Br(tL -> ct"s,) as  a

numerica]  result.  for calculation,  we  used  4 types  of  values  of  mo,  Tn,i,,2,  Ae, tan  X3 as  shown  in

the  figure. These  parameter  sets  gives 6rn sinaller  Lhan  m.  when  there  is no-I.FlvJ.  Stau Iifetime

is measurable  wiLhiii  lOV5-10Mii  [secl by ATI.AS detect,or at. LHC,  Il' t;he Iifetime alld  Br(pt. -  e:,)

can  be  measured,  orie  can  obtain  limits on  LFV  parameters.  BrCu  -  ctl･) is co]'istrained  to  be

srnaller  thaii 1.2 x  10-ii by, experiments.  Eyen  if Br(pa -  e:b') is too  srnaM  t,o be measured  by

cxperiirienl'･s,  this c;ould  be determined by measuring  the lightest slepton  lifetime,
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Figure 1:correlation between the lightest slepton  lifetime and  the  Br(pt -  eni,)
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