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estimates its uncertainty

W. Giele, D. A. Kosower, P. Skands
0707.3652, 1102.2126

The Vincia Parton Shower

facilitates matching to fixed-order

integrates into Pythia 8[1] as a plugin

[1] T. Sjöstrand, S. Mrenna, P. Skands
0710.3820
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Formalism

H�R = H�ERX (M, N, O) H�R�� (. . . , -,/, . . . )

use approximate factorization of matrix element

encodes eikonal/splitting function 
for j soft/collinear

to approximate σn from σn-1

becomes exact in unresolved 
limits at leading colour

and exact factorization of phase space



�
H\%
\%

H\&
\&

J% (\%) J& (\&) H���R��

� �� �
EW�MR H���R��

JE (\E) JF (\F)
J% (\%) J& (\&)

H�ERX

Extension to Hadron Collisions
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D. A. Kosower, P. Skands, MR
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Extension to Hadron Collisions

the convolution factorizes, not the phase space

D. A. Kosower, P. Skands, MR
1210.6345

some antennae are crossings of final-final 
counterparts, some are not

ratios of parton distribution functions enter 
the branching probabilities
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Uncertainties

not unique (subleading colour)

not unique (scale)

E = ���W 'MNO Ē (M, N, O)
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Uncertainties

not unique (subleading colour)

not unique (scale)

therefore Vincia offers (among others) 
variations of

colour factors

antenna functions

scale of αS

not unique (non-singular terms)

E = ���W 'MNO Ē (M, N, O)
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Uncertanties

can run Vincia with variety of alternative settings

works, but may necessitate many runs

alternative: Vincia generates uncertainty weights

walt: weight of event relative to alternative settings

determination of a set {walt} much cheaper than 
doing all the corresponding runs

⇒Vincia can generate uncertainty bands
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Matching

Vincia uses a veto algorithm, generating trial 
branchings according to simple trial antennae

4EGGITX =
ETL]W

EXVMEP
accept probability

match by changing this to

what the shower would do without matching
{41) =

|1R|��
(MNO) ETL]W (M, N, O) |1R�� (. . . , -,/, . . . )|�

4EGGITX =
ETL]W
EXVMEP

41)what the shower should do 
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Matching

note: events still unweighted, 

41) =
|1R|��

(MNO) ETL]W (M, N, O) |1R�� (. . . , -,/, . . . )|�

41)
YRVIWSPZIH������ �

sector shower[1]: only one term in denominator

helicity-identified shower[2]: M much cheaper

[1] J.J. Lopez-Villarejo, P. Skands
1109.3608

[2] A. Larkoski, J.J. Lopez-Villarejo, P. Skands
1301.0933



Matching

A. Larkoski, J.J. Lopez-Villarejo, P. Skands
1301.0933

speed of tree-level matching in Z decay

Z→udscb ; Hadronization OFF ; ISR OFF ; udsc MASSLESS ; b MASSIVE ; ECM = 91.2 GeV ; Qmatch = 5 GeV
SHERPA 1.4.0 (+COMIX) ; PYTHIA 8.1.65 ;  VINCIA 1.0.29 (+MADGRAPH 4.4.26) ; 

gcc/gfortran v 4.6 -O2 ; single 3.06 GHz core (4GB RAM)
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One-loop matching
L. Hartgring, E. Laenen, P. Skands
1303.4974

events remain unweighted

tree-level matching at higher multiplicities stays

tuning of shower matched to Z→3 at one loop to 
event shapes (two-loop running & CMW scheme):

compared to�203
7 (Q>) � �.��� �03

7 (Q>) � �.���

multiplicative matching like at tree-level



Summary and Outlook

Vincia has been extended to hadron collisions

unitary and efficient matching at tree- and one-loop level has 
been demonstrated for e+ e- collisions

next: matching for hadron collisions

Thanks for your attention
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One-loop matching
L. Hartgring, E. Laenen, P. Skands
1303.4974

analogous to tree-level matching:
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rate for exactly three resolved partons at Qhad:
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One-loop matching
L. Hartgring, E. Laenen, P. Skands
1303.4974

shower is matched at tree-level
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L. Hartgring, E. Laenen, P. Skands
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One-loop matching
L. Hartgring, E. Laenen, P. Skands
1303.4974

singularities cancel

process-dependent, finite, integrated numerically

integral over 3→4 antennae has two pieces:
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