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COMBINING MATRIX ELEMENTSAND THE DIPOLE CASCADE MODEL�Leif LönnbladDepartment of Theoreti
al Physi
s, Lund University, Sweden(Re
eived June 12, 2002)An algorithm is presented in whi
h the Colour�Dipole Cas
ade Model asimplemented in the Ariadne program is 
orre
ted to mat
h the �xed ordertree-level matrix elements for e+e� ! n jets. For the results presentedhere, matrix elements were used up to se
ond order in �s, but the s
hemeis appli
able also for higher orders.PACS numbers: 12.38.Aw, 13.87.Ce1. Introdu
tionPerturbative QCD has been very su

essful in des
ribing many featuresof multi-parti
le produ
tion in high energy 
ollisions. There are, however,several problems whi
h have not yet been solved, mostly related to the tran-sition between the perturbative and non-perturbative des
ription of the the-ory. Observables involving a few widely separated jets are in prin
iple welldes
ribed with �xed-order perturbative matrix elements (MEs) for produ
-ing a few partons. But to make pre
ision 
omparisons with experiments,it is important to understand the transition of these partons to observablehadrons. Our best knowledge of this transition 
omes from hadronizationmodels whi
h des
ribes how multi-parton states are transformed into multi-hadron ones. But for these models to work reliably one needs also a de-s
ription of the soft and 
ollinear partons des
ribing the internal stru
tureof widely separated jets and the soft partons between the jets.To des
ribe soft and 
ollinear partons it is not feasible to use �xed-orderperturbation theory. Not only do the MEs for many-parton states be
omeextremely 
ompli
ated but, sin
e the partons are no longer widely separated,the in
rease in phase spa
e introdu
es large logarithms whi
h 
ompensates� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3171)



3172 L. Lönnbladthe smallness of �s and makes the whole perturbative expansion ill-behaved.To des
ribe the inner stru
ture of jets, a more pra
ti
al approa
h is to use aparton shower (PS) pro
edure. Here the large logarithms are resummed toall orders at the expense of only keeping the leading logarithmi
 behaviourof the full matrix elements.To get a near 
omplete des
ription of multi-parti
le produ
tion it wouldbe desirable to 
ombine the generation of a few widely separated partonsa

ording to �xed-order MEs with the evolution of these states a

ordingPSs and �nally the transition into hadrons using a hadronization model.To do this is, however, highly non-trivial and so far there exist no generalpro
edure whi
h is entirely satisfa
tory. The main problem is that one needsa resolution s
ale to separate the ME generation from the PS one. This s
aleneeds to be small enough to bene�t from the full ME des
ription, but if itbe
omes too small the �nal result is spoiled by non-physi
al large logarithmsinvolving the separation s
ale.In this talk I will brie�y des
ribe a new algorithm whi
h 
ombines �xedorder tree-level matrix MEs for e+e�! n jets with the 
olour-dipole 
as
ademodel [1,2℄ as implemented in the Ariadne [3℄ event generator. A 
ompletedes
ription of the algorithm 
an be found in referen
e [4℄.The basi
 idea is the same as was previously presented by Catani etal. in [5℄ where tree-level MEs were 
ombined with the PS of Herwig [6℄.There the n-parton states generated with the Amegi
 [7℄ matrix elementgenerator were reweighted with Sudakov form fa
tors, with evolution s
alesre
onstru
ted by the k?-algorithm [8, 9℄. The same s
ales were used in therunning of �s, and the generated states were allowed to shower a

ording toa spe
ial vetoed version of the Herwig PS. In this way they 
an show thatthe dependen
e on the resolution s
ale used in the ME generator is 
an
eledto next-to-leading logarithmi
 a

ura
y.The algorithm presented here di�ers not only in that another parton
as
ade is used, but also in the way the jet re
onstru
tion is performedand how the Sudakov form fa
tors are obtained. Rather than using thek?-algorithm, a modi�ed version of the Di
lus [10, 11℄ algorithm is usedto re
onstru
t, not only the evolution s
ales, but a 
omplete dipole 
as
adehistory, i.e. a sequen
e of dipole 
as
ade emissions whi
h would result in then-parton state obtained from the ME generator. The Sudakov form fa
toris then interpreted stri
tly as a no-emission probability in exa
tly the sameway as in the subsequent dipole 
as
ade and are obtained by a spe
ial vetoalgorithm.
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onstru
tion of emissionsThe 
olour-dipole 
as
ade model des
ribes the emission of a gluon interms of dipole radiation from a 
olour dipole between two partons. Theemissions are hen
e des
ribed as two partons going to three, rather thanone going to two as in 
onventional parton shower models. This means that
olour 
oheren
e is automati
ally taken into a

ount and that the �rst gluonemission in e+e� annihilation trivially reprodu
es the full �rst order matrixelement. But there are a 
ouple of te
hni
al details whi
h are parti
ularto the dipole 
as
ade. All partons are always on-shell at ea
h step of the
as
ade. The 
onservation of energy and momentum is a
hieved sin
e bothemitting partons re
eives a re
oil from the emitted gluon. The splitting ofa gluon into a q�q-pair is also treated as if emitted from one of the dipoles
onne
ted to the gluon, and the parton in the other end will re
eive somere
oil in order to 
onserve anergy and momentum [12℄. Furthermore, thes
ale of an emission is de�ned in terms of a Lorentz-invariant p? of theemitted gluon with respe
t to the emitting partons. This is de�ned asp2? = (s12 � (m1 +m2)2)(s23 � (m2 +m3)2)s123 ; (1)where parton 2 is the emitted one and sij and sijk are the squared invariantmasses of the two- and three-parton 
ombinations.The di
lus algorithm 
an be thought of as the inverse of the dipole
as
ade. In ea
h step the 
ombination of three jets whi
h have the smallestinvariant p? are 
lustered together into two (massless) jets.Rather than always sele
ting the three parton 
on�guration whi
h hasthe smallest invariant p? to be re
onstru
ted, as is 
ustomary in jet algo-rithms, it is possible to re
onstru
t all possible dipole 
as
ade histories. Thisis feasible sin
e we are dealing with only a handful partons. The pro
edurewill then be to 
hoose randomly between these di�erent histories weightedwith the 
orresponding dipole splitting probabilities in analogy to the strat-egy in [13℄. The splitting probabilities will not in
lude a running �s as inthe normal dipole 
as
ade, sin
e a 
onstant �s0 was used in the generationof the parton state. Instead the whole event is reweighted by a fa
tor1�n�2s0 n�2Yi=1 �s(p?i2) (2)to get the running of �s with the re
onstru
ted s
ales.



3174 L. Lönnblad3. The Sudakov veto algorithmThe re
onstru
ted s
ales and states are also used to 
al
ulate the 
or-re
tion for the Sudakov form fa
tors. Rather than using the approximateanalyti
 expression as a weight, we 
an use the fa
t that it 
orresponds tothe no-emission probability in a spe
i�
 region of phase spa
e.Consider a three-parton state generated with the O(�s) ME, where thes
ale of the gluon emission has been re
onstru
ted to p2?1. The Sudakov formfa
tor is then the probability of there being no emission from the initial q�qstate before the gluon was emitted, i.e. at a s
ale above p2?1, and that thereis no emission from the qg�q state between the s
ale p2?1 and the 
uto� inthe ME. By making two trial emissions with the dipole 
as
ade, one fromthe re
onstru
ted q�q state, starting from the maximum s
ale, and one fromthe ME-generated qq�q state starting from p2?1 and reje
ting the whole eventif the �rst was at a s
ale above p2?1 or the se
ond was inside the ME 
uto�,the probability of a

epting the event is exa
tly equal to the Sudakov formfa
tor. With this veto pro
edure the proper phase spa
e region is taken intoa

ount rather than the approximate limits in the analyti
 form.4. ResultsWith these ingredients we 
an now 
onstru
t the algorithm des
ribed indetail in [4℄ whi
h 
an be used together with basi
ally any N -parton tree-level ME generator. Although the pro
edure is to add a dipole 
as
ade to the2-, 3-, . . . , N -parton states from the N -parton matrix element generator, theresult is that all �nal multi-parton states are distrubuted as if generated bythe dipole 
as
ade, ex
ept that if the n� 2 (with n � N) hardest emissionsare inside the resolution s
ale, y0 of the ME generator, their distribution isdes
ribed by the exa
t tree-level ME.It is 
lear that there should only be a small dependen
e on the y0 
utof the ME sin
e the only 
hange when going outside the 
ut is that theemissions are governed by the leading logarithmi
 expressions rather thanthe exa
t ME and these should be very similar for a small enough 
ut.Indeed when looking at standard event shapes from LEP, whi
h areknown to be reprodu
ed at a satisfa
tory level by the standard Ariadneprogram, there is only a small dependen
e on the y0. An example is givenin �gure 1(a) where the result for the oblateness distribution is shown. Inmost 
ases the dependen
e is mu
h smaller than the un
ertainties due tohadronization parameters and the basi
 parameters in the dipole 
as
ade,the 
uto� p?
 and �QCD.To really see the in�uen
e of the ME mat
hing one must look at detailsin the 
orrelations between jets. One example is the Bengtsson�Zerwasangle [14℄ whi
h is not at all des
ribed by the standard Ariadne program. In
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Fig. 1. (a) Ratios of the oblateness event shape on parton level at ECM = 91 GeVfor the new ME mat
hing algorithm using di�erent values of Q0 w.r.t. to thestandard Ariadne program. The full line is with y0 = Q20=Q2 = 0:05, long-dashed: y0 = 0:02, dashed: y0 = 0:01 and dotted: y0 = 0:005. (b) The distributionin the Bengtsson�Zerwas angle on parton level. The full line is standard Ariadne,the dashed line is the new ME mat
hing algorithm with y0 = 0:01 and the dottedline is the tree-level O(�2s ) ME-only generator in Pythia with y0 = 0:01.�gure 1(b) it is 
lear that the new mat
hing pro
edure is 
loser than standardAriadne to the result from the pure O(�2s ) ME generator in Pythia. Itdoes not, and should not, exa
tly reprodu
e the pure ME approa
h sin
ethe 
orrelation is smeared by the subsequent soft radiation.



3176 L. Lönnblad5. Con
lusionsThe algorithm presented here works well. So far it only works fore+e�!jets but it should be possible to apply the strategy also for 
olli-sions with in
oming hadrons. Investigations are underway to try to in
ludealso virtual 
orre
tions a

ording to exa
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