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                                Abstract

   In the Littlest Hig.ff.s model  with  T-parity, we  study  production  processcs  of  new  gauge
bosons  at  the  internatiorial linear eollider  (ILC). Throu.ffh Monte  CarlQ simulations  of  the

production  precesses, we  shew  that the heavy gauge  boson masses  can  be determined very

accurately  at  the ILC  for a  representative  parameter  point of  the model,  From  the slrnulatiom

result, we  alse  discuss the determination of  other  model  parairieters at  the  ILC.

1Introduction

The  Lit,tle Higgs model  [1, 21 has been  proposcd  fbr so]ving  the little hierarehy problem.  In

this scenario,  the  Higgs boson is re.ffarded  as  a  pseudo  Nambu-Goldst,one  (NG) boson associated
w",h  a  global  syminetry  at  some  higher scale.  Though  the, synimet･ry  is not  exact,  its breaking
is specially  arramged  to cancel  quadratically divergent, corrections  to the  Hig.ff,s mass  t,erm at

1-loop level. TI]his is called  the  Little Higgs rnechanisin.  As  a, result,  the  seale  of  new  phy, sics

can  be  aEs tijgh as  10 TeV  without  a  fine-tuning on  the IIiggs mass  term. Due  to the symmctry,

the scenario  necessitates  the introductioii of  new  particles. In adclition,  the  implemcntation  of

the Z2 symmetry  called  
rl]-parity

 to the model  has been  proposed  in order  to altoid  electroweak

precision  measurements  [3]. In this st･udy.  , wc  fbcus on  the r.･ittle/t'L Higgs model  with  
'Y-parity

as  a  simple  and  typieal  examp]e  of  models  implementing  both  1,he Litt.le Higgs meehanisrn  and

T-parity.

   In order  to  t･est the  Litt･le Higgs model,  precise  det,erminatiens of  properties  of  Little Higgs

partners  are  mandatory,,  because  these  parLicles are  directly related  t,Q 1,he cariccllation  of

quadrat･ieally  divergent corrections  to the  Hig.ffs rnas$  term.  Iii partic;ular, measurements  ol'

heavy gaug'e  boson  masses  are  quite  important. Since heavy gauge bosons acquire  mass  terms

threugh  the breaking of  the globa[L sy. rnmet･ry,  precise measuremerits  of  their masses  alloNiT us  to

det,ermine the most･  import･ant panrameter of  Lhe  model,  nan/Lely  the  va.cuum  e'xpectation  vaiue

(VEV) of  the  breaking. Furthermore,  because the  heavy phetoll is a candidate  for dark uiattei'

[4, 5], the  detex'inination of  its property gives a  great, impact not  only  on  particlc physics  but･

also  on  astrophy.  sics  and  cosinology.  However,  it is diMcult to det･errnine lhe  propcrties  of  heai'y,

gauge  bosons  at  the  Large. Hadron  Collider (LHC), because they  have ne  color  charge  [7].
   Oll the  ot,her  hand, the  Interiiational Linear Col]ider (ILC) "41]  provide  an  idea[[ environment

to  measure  the  properties  of  heatr･y. gauge besons. We  study  the  sepsitivity  of  the measuremer]ts

to the  Little Higgs paramet,ers  at  t･he ILC  based on  a  realistic  Monte  Carlo simulation  [6Il,
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2 Model

The  Litt･lest Higgs model  with  T-parity is based on  a  non-Iillear  si.ffma model  diescribing an

SU(5)ISO(5) symmetry.  breaking with  a  VEV,  f -  C:)(1) TeV,  An  [SU(2)xU(1)]2 subgroup  in

the  SU(5) is gauged, which  is broken down to the SM  g. aug.e  group  SIJ' (2) r.xU(1)y.  Due  to the

presence  of  the gauge  and  Yukawa  interactions, the SU(5) global symmet･ry  is not  exact.  The

SM  doublet and  triplet Higgs bosons (Il and  ¢ ) a[r'ise  as  pseudo  NG  bosons in the  model.  
'rhe

mass  of  the  triplet･ Higgs boson  ¢  is gixren by  mg  ==  2m,?,f2!v2, where  mh.  is the  SM  His,gs mass

and  <") =  (O,vfR)T. The triplet IIiggs boson is T-odd, while  t,he SM  Higgs is T-even.

   This model  contains  gauge  fields of  the gauged  [SU(2)xU(1)]2 symmetry;  The  linear com-

binatiens Wa  ==  (ptif +  W2a)IVI} and  B  :=  (Bi +  B2)fA  correspond  1,o the  SM  gauge  bosoiis

for the  SU(2)l. and  U(1)y  symmetries.  T'he other  linear combinations  M!fi =  (Wia -  IV2")!fi
and  BH  =  (Bi -  B2)/vE  are  additional  gauge  bosons called  heavy gauge bosons, which  ac,quire

masses  of  O(f) throu.ffh the SU(5)ISO(5) symmetry  breaking. After the e]ect･roweak  symmetry

breaking, the  neutral  componeiits  of  1?Vfi aiid  BH  are  mixed  with  c:ach  other  and  form mass  eigen-

sta{/es AH  and  ZH, Masses of  gauge  bosons are  given by 7nev  ==  (114)g2f2(1 -  cf)  rt (1!4)g2v2,
m}  

--
 (114)Cg2+g'2)f2(1 -  cf)  ty (1!4)(g2+ g'2)v2, m?,k  ==  {1/4)g2f2(cf +3)  ti  g2f2,,

m,2z.  ==  o/2)(rnii +  m22  +  vt(/ ;IIIJI- IllllJEil4 I?Im  ] -  rn22)2+4rn:2)  .` g2f2 and  m,k.  =:  Cl12)(rnii +  nz22  
-

V(mH-rn22)2+4m?2) N  O.2g'2f2, where  mll  ==  g2f2(c2t +7)18,  rni2  :=  gg'f2(1 -  c?)!8,

m22  =  g'2f2(5c? +  3)/40, cf  =:  cos(V2v!f)  and  g (g') js the SU(2)L (U(l)y) gauge  eoupling

constant.  [I]he heavy  gauge bosens CA}l, ZH, aud  TVH) behave  as  T-odd  part･icles, while  SM

gauge bosons are  
'Peven.

   
'Ib

 implement T-parity, two  SU(2) doublets l(i> aiid  i(2) are  introduced for each  SM  lep-

ten. 
'I"he

 quantuin  nuinbers  of  l(i) and  IC2) under  the  gauged  l'SU(2)xUCI)]2 syinmetry.  are

(2, -3110;  1, -115)  and  (1, -lf5;  2, -3flO),  respectively.  [I]he linear combination  lsM  :-7  (l{i) 
-

l(2))/Vlli gives the  left-ltanded SM  lepton. On  the  other  hand, another  linear cornbinatioll

IH =  (l(i) +  l(2})/v/l} is vector-like  T-odd partner which  acquires  tlie mass  of  O(f). 
'I'he

 masses

of' depend  on  rct: m..  =  x/2Ktf,m..  =  (112)(Vl}t 1+c/f)ft{,tf t x/l}itif. In addition,  new

partic:les are  also  introducedi in quark  sector,  CFbr details, see  Ref, [8].)

3 Simulationstudy

'Vhe
 representative  point･ used  in our  simulation  study  is (f,mh, A2, rcl) =  (580 GeV., 134 GeV,

1･5, e･5> where(  TrLA.,  TTLw.,  Tn,z.,  7n･o)  =  (81.9 GeV, 368 GeV, 369 GeV, 440 GeV)  and  A2 is

a  additiona]  Yukawa  eoupling  in the top secLor.

   In the  model,  thcre are  four processes  whose  firial states  consist  of  t,wo heavy g,auge bosons:

e'+e-  -  AHAH,  AHZH,  ZHZH, a[rid IUitWfi. The first process is undetectable.  At the rep-

resentat,ive  point,, the larg'est cross  seetion  i･s expected  for the fourth process, which  is open  at

v/li >  1 [[blvr. On  the  other  hand, because nLA.  +  rn,z.  is less t･haii 500  GeV,  the  second  process  is

irnportaut already  at  t･he v'Zl =  500 GeV,  We,  hence, concentrate  on  e+e-  -  AllZH  at･ Vil =  500

GeV  and  e'e-  -  Wii  VPJH- at, Vii =::  1 TeV.

   Fbr the  AHZH  production  at  vXg ==  500 GeV  with  an  integrat,ed Iuminosity. of  500 fb-i, we

define AHZH  -  AHAHh  -- lltlllAIIbb  as  our  si.ffnal  event.  [rhe AH  and  ZH  boson masses  can

be estimated  froin t･he edges  of  the  distribution ef  the  reeonst.ruct,ed  Higgs boson  energies,  The

endpoints  halJe been estimat･ed  by fitt,ing the  distribution with  a  iine shape  determined  by, a  high

statistics  signal  sample.  The  fit resulted  in rrtA.  and  Tn,z.  being 83.2± 13.3 Ge]vT and  366.e± 16.0



Soryushiron Kenkyu

NII-Electronic Library Service

SoryushironKenkyu

-C
 100- raf Z  fl \R ti,,t

GeV,  respectively,

   Fbr the  IVIIWII production at  VII :=  1. TeV  with  an  integTated  lumii]osity, of  500 fb-i, we

have used  4-jel. final states,  IliH+ WIi  -  .tlHAHI･V+W-  -  AHAiiqqqg.  [I]he masses  of  Ari and  Ll!i{

bosoris can  be deterrriined from  the  edges  of  the  Hf energ}r  distribution. 
'I"he

 fitted ]nasses  of

AH  and  LVH bosons are  8L58 ±
'
 O.67 GeV  and  368,3± O.6:3 GeV, respect,ively.  Using the precess,

it i$ also  pessible to coiifii'm  that t}ie spin  of  I4i±  is consistent  with  oiie  and  the polarization of

IV=  firom the  I･Yiii decay is deminantly  lons,itudinal. Furtheririore, t･he s,auge aliarges of  t-lie iVH

boson could  be also  measured  using  a  polarized e]ectron  beam.

4  Conclusion

Tihe Littlest Higgs Model wit･h  T'-parity is one  of  the attract,ive  candidat･es  fbr physics beyond the

SM,  "t'e have  shown  that  the  masses  ofthe  heaMy  gauge bosons can  be determined  ver.v･  aeeurately,

at  tlie ILC･. It is importanL to notice  that  Lhese  masses  are  obt･ained  in a  model-independenL

way,  so  t･hat it is possible t･o test the I.itt･le Higgs model  by comparing  them  with  the  thc}.oretical

predietions,  Furt･he]'more, sinee  the masses  of  the  heavy, gauge bosons are  determined  by  the

VEV  f, it is possible  to  accurately  det･ermine f. From  the  resu]Ls  ob{,ained  in our  simulat･ion

st･udy,  it t･urns out  that the  VEV  f can  be determined to accuracies  of  4.3% at Vg =  500 GeV
and  O.19E at  1 [[le)V. Another  Little Higgs. parameter  Kl  could  also  bc estimated  from  produetien
(;ross  sections  for the  heatry gauge bosons, becallse the  cross  sections  depend  on  the  masses  of

heartry leptons. At t,he ILC  with  vg  ==  500 GeV  and  1 TeV,  Kl could  be obtained  within  9.5%

and  O.8% accuracies,  respectively.
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