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T h e  d is c o v e ry  o f  th e  m e c h a n is m  fo r  e le c tro w e a k  s y m m e try  b re a k in g  is o n e  o f  th e  g o a ls  o f  
th e  p h y s ic s  p ro g ra m m e  a t th e  L a rg e  H a d ro n  C o llid e r  (L H C ). In  th e  s ta n d a rd  m o d e l (S M ) th is  
sy m m e try  b re a k in g  is  a c h ie v e d  b y  in tro d u c in g  a  c o m p le x  s c a la r  d o u b le t, le a d in g  to  th e  
p re d ic t io n  o f  th e  H ig g s  b o so n . T h e re  a re  fo u r  m a in  m e c h a n is m s  fo r  H ig g s  b o s o n  p ro d u c tio n  in  
p p  c o llis io n s . T h e  g lu o n -g lu o n  fu s io n  m e c h a n is m  h a s  th e  la rg e s t  c ro s s  se c tio n , fo llo w e d  in  tu rn  
b y  v e c to r  b o s o n  fu s io n , a s so c ia te d  WH a n d  ZH p ro d u c tio n , a n d  p ro d u c tio n  in  a s s o c ia tio n  w ith  
to p  q u a rk s , ttH.

In  th is  w o rk  th e  H ig g s  b o s o n  p ro d u c tio n  is  s tu d ie d  d u r in g  e le c tro n -p o s itro n  sca tte rin g :

e~ +  e+ ^  H  + e~ + e+. (1 )

T h e  F e y n m a n  d ia g ra m s  fo r  th e  p ro c e s s  (1 )  a re  sh o w n  in  F ig .1 .

T h e  a n n ih ila tio n  ( s -c h a n n e l)  d ia g ra m  a) c o r re s p o n d  to  fo u r  in d e p e n d e n t  h e lic i ty
+ - , + - , + - , +

a m p litu d e s , w h ic h  d e s c r ib e  th e  p ro c e s s  eL+ eR^  H + eL+ eR, eL F eR ^  H F eR F eL,
eR + eL ^  H + eL + eR, eR + e— ^  H + eR + e—, w h e re  eL (eR)  — is an  e le c tro n  w ith  h e lic i ty  -1 (+ 1 ). 

T h e  s q u a re d  tra n s i t io n  a m p litu d e s  o f  th is  p ro c e s s e s  a re  g iv e n  by:

^ a  (e—eR ^  He—eR ) |2  ̂

|M a (e—eR ^  He—L ) |2  ̂

Wo, (eRe+L ^  He—eR ) |2  ̂

Wo, (eRe - ^  He—L ) |2^

| FLL |2 .(Pı.q2)(P2.qı),

| F—R) |2 .(Pı.qı)(P2.q2), 

| ^ |2 .(Pı.qı)(P2.q2),

| FRR ) |2 .(Pj.q2)( P2.qı),

(2 )

H e re

FLL = Dz (s)Dz (xs) sL,

F—RR = FR—) = DZ (s)DZ (xs)S lS r ,
FRR = d z (s)Dz (xs) gR

are  th e  s -c h a n n e l  h e lic i ty  a m p litu d e s ; d z  (s ) is  th e  p ro p a g a to r  o f  th e  Z -b o s o n  an d

Dz(s) = (s — MZ + M ,rz)-‘, x = 1 — Ş  +M H-,
s s

(3)
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M h a n d  a  th e  m a ss  a n d  e n e rg y  o f  th e  H ig g s  b o so n .

T h e  t-c h a n n e l  d ia g ra m  b )  a lso  h a s  fo u r  in d e p e n d e n t h e lic i ty  a m p litu d e s , w h ic h  d e s c r ib e  th e  
p ro c e s s

eL :  eR ^  H  :  eL :  eR, 

eR :  eL ^  H  :  eR :  eL,

eL + eL ^  H + eL + eL,

eR :  eR ^  H  :  eR :  eR,
T h e se  p ro c e s s e s  c o r re s p o n d  to  th e  s q u a re d  tra n s i t io n  am p litu d e s :

| M b ( e L e+R ^  H e L e R  ) | 2  ~  İ F Ll ? . İ  P i ^ ^ i X
| M b ( e R e+L ^  H e R e l ) | 2  ~  ( F R L ) ) 2 . ( m X P 2 . q i X
| M b ( e L e+L ^  H e L e+L ) | 2  ~  ( F L R ) ) 2 . (  P 1 .  P 2 ) ( q i . q 2 X  
| M b ( e R e R  ^  H e R e+R ) | 2  ~  \ F R R  |2  . ( P 1 . P 2 ) ( ^ 1 . ^ 2 ) .

W h e re

F'R = DD 2 gL, 
fRL) = D1D2 g \,
FlL) = FRR) = D D 2 gLgR

are  th e  t-c h a n n e l  h e lic i ty  a m p litu d e s , an d

(4 )

(5 )

D = [(Pi -  qi)2 - M l Y \  
d2 = [(P2 -  ̂ 2)2 -  M Z]-i

A m o n g  th e  fo u r  s -c h a n n e l  a n d  fo u r  t-c h a n n e l  h e lic i ty  a m p litu d e s  th e re  is  in te r fe re n c e  b e tw e e n  
o n ly  tw o  a m p litu d e s  d e s c r ib in g  th e  p ro c e ss :

eL :  eR ^  H :  eL :  eR, eR :  eL ^  H : eR :  eL :

\M.^e-eR ^  He-eR) \2 ~2Re[FRf Fi(R)].(p1.q2)(p2.q1), 

\ M nA(eRe+L ^  HeReL ) \2 ~ 2Re[ Fm ] F(L)].(Pl.q2)(P2.qi).
(6 )

e +  e+ ^  H  + e + e+ is  c h a ra c te r iz e d  b y  ju s t  s ix  in d e p e n d e n t h e lic i ty  a m p litu d e s , w h ic h

d e s c r ib e  th e  p ro c e s s e s  e,- + e R ^  H  + e- + e,̂  , eR + e- ^  H  + eR+ eL, e- + eR ^  H  + eL+ eL ,

+ — H  + eR + eR , e- + eR ^  H  + e- + eR . T h e  s q u a re d  tra n s i t io neR + eR ^  H  +  eR + eR, eL +  e R ^
a m p litu d e s  o f  th e s e  p ro c e s s e s  a re  g iv e n  by :

M ( e Le R ^  H e Le R )2 ~ | F L L  + F L L \ (Pi ■ ^2)(P2 ■ q ), 

M ( e R e L ^ H ~eRe L ) 2 ~ | F RR  + F RRR\(P i  ■ q 2) ( P 2 ■ q i ), 
M ( e L e+L ^  H e L e L  )2 ~ ( F L L )2 (P i  ■ P 2 )(qi ■ q2 X

|M ( e R e R ^  H e R e R  ̂  ~ ( F RR ) (p i ■ p 2)(qi ■ q2),

M(eLeiî ^  eLf  ~ (FL(/s))2(Pi ■ qi)(P2 ■ q2),

M  ( e Re L ^  H e Le R )2 ~  ( F RL} )2 (Pi ■ qi)(P2 ■ q 2).

(7)
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