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Plan

¥Comments on LO showers with spin average and 
leading color.

¥Shower formulation with color and spin.



Our splitting generator
!
{ öp, öf , öc} m +1

"
"H app

I (t)
"
"{ p, f , c} m

#

=
$

l

$

k
k != l

{ prefactor}
!
{ öp, öf } m +1

"
"Pl

"
"{ p, f } m

#

! !
%

t " log
%

Q2
0

2|öpl áöpm +1 |

&&
'
{ öc} m +1

"
"a†

l k

"
"{ c} m

(

! ! l k ({ öp, öf } m +1 )



!
{ öp, öf , öc} m +1

"
"H app

I (t)
"
"{ p, f , c} m

#

=
$

l

$

k
k != l

{ prefactor}
!
{ öp, öf } m +1

"
"Pl

"
"{ p, f } m

#

! !
%

t " log
%

Q2
0

2|öpl áöpm +1 |

&&
'
{ öc} m +1

"
"a†

l k

"
"{ c} m

(

! ! l k ({ öp, öf } m +1 )

{prefactor} = (m + 1)
nc(a)nc(b) ! a! b

nc(öa)nc(öb) ö! a ö! b

f öa/A(ö! a, µ2
F )f öb/B(ö! b , µ2

F )

f a/A(! a, µ2
F )f b/B(! b , µ2

F )

! l k ({ öp, öf } m +1 ) = CF

!
W l l ({ öp, öf } m +1 ) ! W l k ({ öp, öf } m +1 )

"

kinematic mapping

deÞnition of t

color



Soft gluon limit
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with Catani$Seymour dipoles
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Soft limit for dipoles
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Antenna shower
Pant
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Angular ordering 
approximation

Replace g by this



Adding color and spin

¥QCD is more complicated than scalar Þeld theory.

¥ In typical parton shower algorithms, the main 
approximation is small angle or soft splitting.

¥But color, spin, and quantum interference from 
soft gluon emissions not fully accounted for.



Our aim

¥Base parton shower on approximation of small 
angle or soft splitting.

¥Eliminate the other approximations.

¥Beware: there is no code and there are negative 
weights.
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The matrix element

¥The basic object is the quantum matrix element

¥This is a function of the momenta and ßavors and 
carries color and spin indices. Consider it as a 
vector in color and spin space

M ({p, f }m )ca ,cb ,c1 ,. ..,c m
sa ,sb ,s1 ,. ..,s m

∣∣M ({ p, f } m )
〉



Color basis states

¥We use a set of ÒstringÓ basis states for color.

¥With this basis, splitting is simple.



Color approximations

¥Implement a large Nc approximation if desired.

�i

�j

�m�+�1
An int erference diagram, to 
be decomposed in basis states.

The leading contribution A subleading contribution.



Spin

¥Use ordinary helicity states

¥For gluons, deÞne polarization vectors with

U(p,s) ! (p,s; öQ)

öQ á! (p,s; öQ) = 0

öQ =
m+1!

i=1

öpi



Splitting amplitudes

vl = ! ! µ ( öpm +1 , ösm +1 ; öQ)!

"
U(pl , sl ) /nl (/öpl ! /öpm +1 + m(f l ))g" µ U( öpl , ösl )

2pl ánl [( öpl ! öpm +1 )2 ! m2(f l )]

¥Take splitting amplitude directly from the Feynman rules,

Here nl is the lightli ke combination of pl and öQ.¥ 



Soft gluon emission
Splitting includes interference graphs.

A soft gluon approximation is used for the splitting function.

Since we use the interference graphs, we do not need 
the angular ordering approximation.



Soft splitting amplitude

¥In an interference graph, gluon emission can only 
be soft.

¥This allows a simple eikonal approximation,

vsoft
l = g ! ösl ,s l

" ( öpm +1 , ösm +1 ; öQ)! áöpl

öpm +1 áöpl



The cross section

The cross section with a measurement function F is
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The density matrix
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Density matrix in statistical 
notation

! ({ p, f , s!, c! , s, c} m ) =
!
{ p, f , s!, c! , s, c} m

"
"!

#

¥For QCD partons have momenta and ßavors. 

¥Furthermore, there are two sets of spin indices 
and sets of color indices. 

¥There are lots of indices, but the general 
formalism is the same as sketched earlier.



Evolution
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¥Evolution doesnÕt change the cross section,

¥This gives probability conservation relation,
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Result

¥With these choices, the solution of our evolution 
equation is

¥Get a Sudakov factor diagonal in spin and color 
plus perturbative corrections.

U(t, t !) = N (t, t !)
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Summary
 � The parton shower relies on the universal 

soft and collinear factorization  of the QCD 
matrix elements.  This should be the only  
approximation ...

... but we have some further approximations:

! Interfer ence diagrams are treated 
approximately with angular or dering

! Color tr eatment is valid in the lar ge Nc limit 

! Spin treatment is approximated. 

! Usually very cr ude approximation for phase 
space

! ÒHidden tricksÓ

Parton 
shower as 
classical 
statistical 
mechanics 
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