Parton showers with quantum
Interference

Davison E. Soper
University of Oregon

work with Zoltan N agy CERN

CTEQ, November !"'#




comments on LO SNOVers with .\jilkn atliayc alll

|




Our splitting generabr
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Soft gluon limit
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with Catani$Seymour dipole
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Soft limit for dipoles
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Antenna shover
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Adding color and spin

¥ QCD is more complicated than scalar beld theor

¥ | n typical patton shower algorithms, the main
approximation is smal angle or soft splitting.

¥ But color, spin, and quantum inérference from
soft gluon emissions not fuly acounted for.




Our aim
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¥ Base paton shower on approaximation of smal
angle or soft splitting.

¥ Eliminate the other appraximations.

¥ Beware: there Is no ode and there are negative
weights.




The matrix element

¥ The basic object Is the quantum matrix element
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¥ This Is a function of the momenta and 3&ors and
carries olor and spin indies. Consider it @ a
vector in color and spin spae

M({p, fim))




Color basis stakes

¥ We use a set of OstringGslsastaes for mlor.
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¥ With this basis, splitting is simple.
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Color approximations

¥ Implement a largeN . approximation if desired.

An interferene diagram, ©
be demmposed In bais staes.

The leading ontribution A subleading ontribution.
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Jse ordinary helicity states
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¥ Take splitting amplitude directly from the Feynman ules,
Vi = ! !u(ﬁn+1,§m+1;©)!
. Ulpson@! B, + m(f))g'tu(a,s)

2oan [(B ! Pm+r)?! m2(f)]
¥ Here n, is the lightli ke combination of p; and Q




Soft gluon emission

Splitting includes interference graphs.

A soft gluon appraximation is used for the splitting function.

Sincee we use the inerferene graphs, & do not need
the angular ordering appraimation.




Soft splitting amplitude

¥ 1n an interferene graph, gluon emission can oyl
be soft.

¥ This allows a simple eiknal appro<imation,
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The cross section

The cross section with a mesurement functionF iIs

Qi $faya"aME) o ("b, HE)

it ml AP g (@ne(D) 2o o 05
(£ 3 m)E (D, 1) (£, } )




The density matrix
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Density matrix in statistical
notation

| ({p,f,s',c,s,cAm)= {pf,s, c,s,cm!

¥ For QCD partons have momenta and [3aors.

¥ Furthermore, there are tw sets of spin indies
and sets of olor indices.

¥ There are lots of indies, but the general
formalism Is the same s sketched earlier




Evolution

() = U, ()
d N . et
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¥Evolution doesrDchange the cross section,
(ucolt) = ()
¥This gives probability ®nsewation relation,
0= 1TH(t)! V()]




Result

¥With these choices, the solution of our &olution
equation Is

U(t,t') = N ('t, t")
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¥ Get a Sudabkyv factor diagonal in spin and olor
plus perturbative corrections.




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 ae treated
approximately with angular or dering

Color tr eatment is valid in the lar ge N¢limit
Spin treatment is approximated.

Usually very cr ude approximation for phase
space

OHidden tricksO
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