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VINCIA

What is it? A
Plug-in to PYTHIA 8 (http://projects.hepforge.org/vincia) -

What does it do? TheVIN&ZIA Code

“Matched Markov antenna showers”

Improved parton showers
+ Re-interprets tree-level matrix elements as 2—n antenna functions
+ Extends matching to soft region (no “matching scale”)

Extensive (and automated) uncertainty estimates

Systematic variations of shower functions, evolution variables, Ur , etc.

— A vector of output weights for each event (central value = unity = unweighted)
Who is doing it?

GEEKS: Giele, Kosower, Skands + Gehrmann-de-Ridder & Ritzmann (mass
effects), Lopez-Villarejo (“sector showers”), Hartgring & Laenen (NLO multileg)

P. Skands 3
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PQCD with Markov Chains

Starting Point: reformulate perturbative series as Markov Chain

~ all-orders parton shower with all-orders matrix-element corrections

~ R
For Each “Evolution Step” = increase in parton multiplicity (on-shell)

Cover all of phase space with (large) trial overestimate = “approximate”

Compute the physical evolution probability using ...

v >x.E.Gs get from MadGraph

= . .

e PPTOTHIAE Approximate

— Must be able to compute both numerator and denominator
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For Each “Evolution Step” = increase in parton multiplicity (on-shell)

Cover all of phase space with (large) trial overestimate = “approximate”
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used at first order:
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. and ME corrections,
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and by POWHEG for
virtual ones
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Unitarity & No need to impose “matching scale” (Matching corrections applied directly to Markov chain as it evolves
— self-regulating — can be applied over all of phase space, also inside jets)
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PQCD with Markov Chains

Starting Point: reformulate perturbative series as Markov Chain

~ all-orders parton shower with all-orders matrix-element corrections

~ R
For Each “Evolution Step” = increase in parton multiplicity (on-shell)
Cover all of phase space with (large) trial overestimate = “approximate”
Compute the physical evolution probability using ...
- ”‘ { E.g., get from MadGraph us:a\:l“:l:‘:i):'::i:stl:l)(;r:
: . KBXacC
Matched = Approximate JN—— o ME correctons.
p prOXIma © and by POWHEG for
virtual ones
X — Must be able to compute both numerator and denominator Also similar to GenEva?
J

Unitarity & No need to impose “matching scale” (Matching corrections applied directly to Markov chain as it evolves
— self-regulating — can be applied over all of phase space, also inside jets)

— One single unweighted event sample (Effectively, n-parton samples use parton shower itself as phase space generator =
highly efficient “multi-channel” integration — speed gains expected, + unitarity — unit-weights)

P. Skands 4



The Denominator

Matched = Approximate=

Number of Histories:

Existing parton showers are not really Markov Chains

Further evolution (restart scale) depends on which branching
happened last — proliferation of terms

Number of histories contributing to n® branching « 2"n!

— 2 terms
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The Denominator

Matched = Approximatgemm—————_

Number of Histories:

Existing parton showers are not really Markov Chains

Further evolution (restart scale) depends on which branching
happened last — proliferation of terms

Number of histories contributing to n® branching « 2"n!

Parton- or Catani-Seymour Shower:

After 2 branchings: 8 terms
— 2 terms After 3 branchings: 48 terms

After 4 branchings: 384 terms

P. Skands 5




Matched Markovian Antenna Showers

Parton and CS showers: 2"n! Antenna showers: 2"n! — n! 8
One term per parton (two for gluons) One term per parton pair \
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Matched Markovian Antenna Showers

Parton and CS showers: 2"n! Antenna showers: 2"n! — n!
One term per parton (two for gluons) One term per parton pair \ /
(+ Change “shower restart” to Markov criterion: ) 3 i '
Given an n-parton configuration, ‘ordering” scale is
Qord = min(Qe1,Qe2,...,Qen)
Unique restart scale, independently of how it was produced b
+ Matching: n! =& n
Given an n-parton configuration, its phase space weight is:
IMn|? : Unique weight, independently of how it was produced )
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Matched Markovian Antenna Showers

Parton and CS showers: 2"n! Antenna showers: 2"n! — n! / ’
One term per parton (two for gluons) One term per parton pair /
\ Y
/
e s s h 3
+ Change ‘“shower restart” to Markov criterion: _—
Given an n-parton configuration, ‘ordering” scale is
Qord = min(Qe1,QE2,...,QEn)
\
Unique restart scale, independently of how it was produced b
+ Matching: n! = n
Given an n-parton configuration, its phase space weight is:
IM;|? : Unique weight, independently of how it was produced
Y

Matched Markovian Antenna Shower: Parton- or Catani-Seymour Shower:
After 2 branchings: 2 terms After 2 branchings: 8 terms

After 3 branchings: 3 terms After 3 branchings: 48 terms
After 4 branchings: 4 terms After 4 branchings: 384 terms
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Approximations

Distribution of Logi0(PSLo/MELo) (inverse ~ matching coefficient)

o 1F I 3 I I
(&) = =
s | Z—4 (second order) r 7/— 5§ (third order) 7— 6  (fourth order)
% Vincia 1.025 + MadGraph 4.426 Vincia 1.025 + MadGraph 4.426 i Vincia 1.025 + MadGraph 4.426
210" E Matched to Z— 3 e Matched to Z—3 Matched to Z—3
° Strong Ordering Strong Ordering Strong Ordering
ke
3]
I-%10-2 . GGG
— Pps
- - mp-ord
10° ARI
:
104 Bl ool L
- 1.5 1
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— Better Approximations

Distribution of Log10(PSLo/MELo) (inverse ~ matching coefficient)

Z— 4

Vincia 1.025 + MadGraph 4.426
Matched to Z— 3

Strong Ordering
= GGG

Z— 5

Vincia 1.025 + MadGraph 4.426
Matched to Z—3

Strong Ordering

Z— 6

Vincia 1.025 + MadGraph 4.426
Matched to Z—3

Strong Ordering

— Yps

[} -- my-ord

3 ARI 3 3

'l . [ [

2 15 1 0.5 0 05 -2 1.5 -1 -0.5 0 05 -2 1.5 1 -0.5 0 0.5

log, (PS/ME) log, (PSIME) log, (PS/ME)

Leading Order, Leading Color, Flat phase-space scan, over all of phase space (ho matching scale)

E ]

F Z— 4 Z— 5 Z— 6 ;

Vincia 1.025 + MadGraph 4.426
Matched to Z— 3

Smooth Ordering

= GGG,
— GGG, g
- - GGG, Y g

ARI, y sr (99 & g9)

P. Skands

0 05 -
log,_(PS/ME)

Vincia 1.025 + MadGraph 4.426
Matched to Z—3

Smooth Ordering

N~

Vincia 1.025 + MadGraph 4.426
Matched to Z—3

Smooth Ordering

||r.‘|'|'|'|’|

GEEKS (Giele, Kosower, Skands): arXiv:1102.2126
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+ Matching (+ full colour)

/— 4

Vincia 1.025 + MadGraph 4.426
Matched to Z— 3

Smooth Ordering

= GGG,
— GGG, g

- - GGG,y g
ARI, ¥ 5 (a9 & g9)

Z— 5

Matched to Z—3
Smooth Ordering

T~ T T

1
N

ll—1.5llll-1lll -0.5

Vincia 1.025 + MadGraph 4.426

Z— 6
Vincia 1.025 + MadGraph 4.426
Matched to Z—3

Smooth Ordering

T lr.‘I'I'ITI_I_I_I-I'I'I'ITl_I_I_I'I'I'I'I'I'l'

15 -1

O 5 0 O 5 -2 -1.5 -1 -0.5

— A very good aII orders startmg point

3 | Z— 5 (third order) F /— 6 (fourth order)
% " Vincia 1.025 + MadGraph 4.426 " Vincia 1.025 + MadGraph 4.426
a10'E Matched to Z—4 = Matched to Z—5
° | Color-summed (NLC) - Color-summed (NLC)
i) E L
©
S02L + GGGl
& E — GGG, prPs E
[ --- GGG,y i
10°  ——ARLvy (a9 &gg) L Remaining matching
F| corrections are small
10-4 [ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 [ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

-1.5 -1 05 0 05 -2 -1.5 -1 -0.5

1
\)

GEEKS (Giele, Kosower, Skands): arXiv:1102.2126
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Matched through:

Pythia 6
(initialization time = zero)
Pythia 8
(initialization time = zero)
Vincia
(initialization time = zero)
Sherpa (Qmah = 5 GeV)

* + initialization time

ms/event

Z—qq + shower. Matched and unweighted. Hadronization off
gfortran/g++ with gcc v4.4 -O2 on single 3.06 GHz processor with 4GB memory

0.24 0.62 5.60 112.50

5.15% 53.00* 220.00%* 400.00%*

90,000 ms 420,000 ms 1,320,000 ms 7,920,000 ms

Generator Versions: Pythia 6.425 (with Perugia 201 I tune), Pythia 8.150, Sherpa 1.3.0 (“not including initialization), Vincia 1.026 (NLLNLC, and uncertainties OFF)

P. Skands

(+ working with |. Lopez-Villarejo at CERN to further increase multi-pbarton matching speed)







Uncertainty Variations

A result is only as good as its uncertainty

Normal procedure:

Run MC 2N+ times (for central + N up/down variations)

Takes 2N+1 times as long

+ uncorrelated statistical fluctuations
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Uncertainty Variations

A result is only as good as its uncertainty

Normal procedure:

Run MC 2N+ times (for central + N up/down variations)

Takes 2N+1 times as long

+ uncorrelated statistical fluctuations

Automate and do everything in one run

VINCIA: a” events have Welght — I GEEKS (Giele, Kosower, Skands): arXiv:1102.2126

Compute unitary alternative weights on the fly

— sets of alternative weights representing variations (all with <w>=1)

Same events, so only have to be hadronized/detector-simulated ONCE!

MC with Automatic Uncertainty Bands

P. Skands



Uncertainties

For each branching,
recompute weight for:

P. Skands

- Different renormalization scales
- Different antenna functions
- Different ordering criteria

- Different subleading-colour treatments

Nominal

Variation




Uncertainties

For each branching, Weight
recompute weight for:

- Different renormalization scales Nominal |

- Different antenna functions

- Different ordering criteria Variation | 2 =222 p,

- Different subleading-colour treatments

For each failed branching:

g202

Pono=1—FPo=1-— P

(g101
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Uncertainties

For each branching, Weight
recompute weight for:

- Different renormalization scales Nominal |

- Different antenna functions

- Different ordering criteria Variation | 2 = P

- Different subleading-colour treatments

+ Matching

Differences explicitly matched out

(Up to matched orders) For each failed branching;
o : ool
(Ca.n in principle al§o include Ppo=1-—P=1— 5202 P,
variations of matching scheme...) ’ Vg1Q1

P. Skands



Automatic Uncertainties

Vincia:uncertaintyBands = on

- ] = =
il - 1-Thrust (udsc) - - 1-Thrust (udsc)
S 10§ -3 N e
2 B —— Vincia§ Q 10?
© - : : P -
— 1 © -
- | = F Zz 1= o
10" & Automatic — -
- Variation 10 ;_ Traditional
102 (enerun g = Variaton
- Vincia 1.025 + Pythia 8.145 | (two separate runs)
- Data from Phys.Rept. 399 (2004) 71 10—2 - :
10° &= | - - o
= - Vincia 1.025 + Pythia 8.145 :
8 - Data from Phys.Rept. 399 (20@4) 71 4
= 108 &
E :IIII|IIII|IIII||§|||‘| L1
1.4 o
©
© Q - Renormalization Scale Uncertainty
%, < i ~ constant relative size
p - o - 3
3 2 08}
£ 08} = |
06 1 0'6_|||||||||||||||||||.|||
0O 01 02 03 04 05 o 061 02 03 04 05
1-T (udsc) 1-T (udsc)

Variation of renormalization scale (no matching)




Automatic Uncertainties

Vincia:uncertaintyBands = on

T 1-Thrust (udsc) S 1-Thrust (udsc)
S 10¢ LB A
Z n —— Vincia. B 10 S
© - : : P -
= 1 3 © B
- | = F Zz 1= o
10" & Automatic — -
- Variation 10 ;_ Traditional
102 (onerun | = Variaton
= Vincia 1.025 + Pythia 8.145 _ (two separate runs)
3 B Data from Phys.Rept. 399 (20(?4) 71 10—2 - :
10 §_| NI N R N U N NN R N | L1 L1 E Vincia 1.025 + Pythia 8-14‘§5 5
O Ll - Data from Phys.Rept. 399 (20@4) 71 ﬁ
D \ 10‘3 - AYR
g) —F'nite SIS B I B SN SR A R R B\ AN
R )L 1.4F
T ———= © B
®© © 1.2 . .
© Q - n-Singular terms only important
%, g“ 10 in “hard multi-jet region”
o) 5 N
8 0 2 08f N /
O'6:_|||||||||||||||||||!||| 0'6__""|""|""|'"I' —
0O 01 02 03 04 05 o 01 02 03 04 05
1-T (udsc) 1-T (udsc)

Variation of “finite terms’ (no matching)




1/N dN/dB,

Rel.Unc.

Theory/Data

—h
o
T IIIIIII| T IIIIIII|

—h

—
Q

107

Puttmg it logether

VinciaMatching:order = 3

VinciaMatching:order =

Total Jet Broadening (udsc)

L3
—— Vincia

Vincia 1.025 + Pythia 8.150
T Data from Phys.Rept. 399 (2004) 71

—Def R ~Finite | QMatch ~Qrd

1/N dN/dB.

Rel.Unc.

Theory/Data

—_k
o

—h

LLL )
T

Total Jet Broadening (udsc)

L3
—— Vincia

Vincia 1.025 + MadGraph 4.426 + Pythia 8.150

T Data from Phys.Rept. 399 (2004) 71

_.D?f. .“R | IFiInittla : QMatch erd
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GEEKS (Giele, Kosower, Skands): arXiv:1102.2126

VINCIA STATUS

PLUG-IN TO PYTHIA 8

STABLE AND RELIABLE FOR FINAL-
STATE ]ETS (EG. LEP)

AUTOMATIC MATCHING AND
UNCERTAINTY BANDS

IMPROVEMENTS IN SHOWER

(SMOOTH ORDERING, NLC, MATCHING, ...)

PAPER ON MASS EFFECTS ~ READY

(WITH A. GEHRMANN-DE-RIDDER & M. RITZMANN)

.....

.....

!!!!!

NEXT STEPS
MULTI-LEG ONE-LOOP MATCHING

(WITH L. HARTGRING & E. LAENEN, NIKHEF)

THE " ”
P SECTOR SHOWERS
VINCIA (WITH J. LOPEZ-VILLAREJO, CERN)
CODE

— [NITIAL-STATE SHOWERS

HTTP.//PROJECTS.HEPFORGEORG/VINCIA (WITH W. GIELE, D. KOSOWER)
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GEEKS (Giele, Kosower, Skands): arXiv:1102.2126

VINCIA STATUS

NEXT STEPS
MULTI-LEG ONE-LOOP MATCHING

(WITH L. HARTGRING & E. LAENEN, NIKHEF)

THE ! »
X SECTOR SHOWERS
B VI NCI A (WITH J. LOPEZ-VILLAREJO, CERN)
CODE

— [NITIAL-STATE SHOWERS

HTTP://PROJECTS.HEPFORGEORG/VINCIA (WITH W. GIELE, D. KOSOWER)
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PQCD as Markov Chain

Start from Born Level:

(.

A\ Rorn- _Shell Momentum
don ,Z%O /(O) , /On Configuration
don :/dch My'[>5(0 — O({p}n))
dO [Bom

H = Arbitrary hard process
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PQCD as Markov Chain

Start from Born Level:

(<

(.
otV - _Shell Momentum
dOH ,Z% /(O) 2 /On Configuration
don :/d(I)H My 1?60 — O({p}n))
dO |Born

H = Arbitrary hard process

Insert Evolution Operator, $:

e Evolution operator
o (0)2
_ 4 _ o v

Think: starting a shower off an incoming on-shell momentum configuration
Postpone evaluating observable until shower “finished”

P. Skands



The Evolution Operator

No-evolution Probability
¥

Depends on Evolution Scale : Qe <

S{ptu,s,Q%,0) = é({p}ﬂ,saQ?E)é(O - O({prin))

H + 0 exclusive above Q g

<

Legend:

A represents no-evolution probability (Sudakov): conserves
probability = preserves event weights

P. Skands



The Evolution Operator

Depends on Evolution Scale : Qe
p No-evolution Probability
SUp}i.5.Q%.0) = A{p}i.5.Q%) 6 (0 — O{p}n))

H + 0 exclusive above Qg |
ed” Radiation Functions

S d(I)[r] ;Correct /Continue Markov Chain off H+1
H+1 2 2 2
—I_Z/Q d(I)H Sr A({p}H’S’QH—i—l) S({p}H—l—laQH—i—l?QEaO)
r E
ﬁ _J/
\\9571 & o . e
9 e o H + 1 inclusive above () g
%\) X0 R O
é\’b 56 ,b’\.
' Q\\’b' " (\1’
a
Legend:

A represents no-evolution probability (Sudakov): conserves
probability = preserves event weights

Sr = Emission probability (partitioned among radiators r)

According to best known approximation to |H+ | (e.g, ME or LL shower)

P. Skands



(Expand S to First Order)

Equivalent to Sjostrand/POWHEG

8(1)({]?}]{, S, QZEv O) —

0
S d®g4q |M1(L1j)u1‘2

+ Q%E d(I)H

05 0(O — O({pta+1)) -
M| \T
Orbjérn)




(Expand S to First Order)

Equivalent to Sjostrand/POWHEG

ection v Expa\’\s‘on

Lo virtal €t Sudako

V4 _7”0
S Q%4 0) = + kW _ AP | H()“'Q §(O -0
({p}H757 E> ) 1 H 0 ( ({p}H))
QQE d(I)H |_7\[()‘2

i Unitarity

0) |2

s d®pyoq |MY) ]
+ [ SIS0 — O({pha)
Qf H | My’ \To

Virtual Correction (NLO normalization)

oRe[ MY priD¥ S Ay My, )
H H +

= KW

M2 o d®u|pg)p
a b Té a b
6—2—|—E+C+O(€> C/ 6—2+E+C+O(€>

P. Skands



Simple Solution

Generate Trials without imposing strong ordering

At each step, each dipole allowed to fill its entire phase space

Overcounting removed by matching
(revert to strong ordering beyond matched multiplicities)

I I
[ [ _ I\

2
T
T

I |_ T | T T J_ I | I I
— o | Ta] _
N‘\l& 6~ Zqugq <R4> ANT=DEF —| 49 %_& 6 Zqugq <R4> ANT=DEF —| {4
L2 5[ VINCIA 1.025 KIN = — L= 5| VINCIA1.025 KIN = pn —
L ORD = p2 (strong) | a1 ORD = PHASESPACE |
r ' ] L i
3 i ® - 3 —§ -
(0] ] | 5 |
2 g — 2 -g —
5 _ - 15) il
8 Dead Zone 1 - Overcounting 1B
-1=13 - B ~1[=3 |
- ot | |— ol —
-2 25 ""* 225 =
=T - =T -
-4 _— | < Soft .i-..'1st Branch.i“r.].g I Hard...; | _: 10" -4 _— | < Soft .i....1st Branch.i..r.\'g_; | Hard“.; | _: 10"
-5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0
2 2 2 2
In[4pT1/mz:| In[4pT1/mZ:|
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Better Solution

Generate Trials without imposing strong ordering

At each step, each dipole allowed to fill its entire phase space

Overcounting removed by matching

it 52 last branchi
Py D1 lastbranching

+ smooth ordering beyond matched multiplicities 71 +r1 p% current branching
—_ —771 I R ]
o~ B — 7] NQ.F | Z% al R —]
e 6—-/Z—QqQggq <R4> ANT=DEF | 40 NI dqg9q <Rh,> ANT=DEF = Jqg
SV - - e o}
L2 5[ VINCIA 1.025 KIN = s —] L= 5[ VINCIA 1.025 KIN = pn —
[= ) B T ORD = p? (strong) _| al- ? ORD = pZ (smooth) _|
3 pl® ] 38 -
2 g _ 2 T.E . o
S i Si=] S i
8 Dead Zone 1 - f Smooth Ordering |
I k N "
= ok ] — 8 . : ]
-2 __8 = -2=15 —
=k R —F E
-3 o -3 |
gl [ < Soft I st Branc;h.iHQ " Fard N . N 10" abd [ —Soft I st Brar.‘c.h.i-ﬁ.g [ Hard L. ] 10"
Y I S I ) T N ]
-5 -4 -3 -2 -1 0 -5 -4 -3 -2 -1 0
In[4pi1/m§] In[4p? /mZ]

P. Skands




(Subleading Singularities)

Isolate double-collinear region: [&In’

Z—4 :[q,g.g,qbar] my)

| ]
ANT = DEF — 110

2
T

6 f—&%qégﬁ <RI4> ANT = DEF — 110

INGIA 1.025 KIN = s —
\‘

2
T

KIN =pap —

In[mgg/4p ]
In[mgg/4p ]

ORD = EZ (strong) _|

ORD = pZ (smooth) _|

coorgy Ordervgl || | [VNGA
" (1)— = | (before matching — s

P. Skands



LEP event shapes

- S | O = | Q S
F = 1-Thrust (udsc) ) = C Parameter (udsc) ) = D Parameter (udsc)
- - | - | s
5 10k SN Z 10E - 13 S 105 . L3
pd = —— Vincia. =z = —— Vincia =z s —— Vincia
© B i , =~ B P =~ B .
— 1 —— Pythia 8 — 1 —— Pythia 8 — 1 —— Pythia 8
~ = : : 3 =
— - -
1L SR 1L
107 ¢ 107 E 107
10 ¢ ;' 10% ¢ ; 10% &
= Vincia 1.025 + MadGraph 4.426 + Pythia 8445 = Vincia 1.025 + MadGraph 4.426 + Pythia 8.145 = Vincia 1.025 + MadGraph 4.426 + Pythia 8.145 s
- Data from Phys.Rept. 399 (2004) 71 1 - Data from Phys.Rept. 399 (2004) 71 - Data from Phys.Rept. 399 (2004) 71 |
-3 L 3 PR -3 | 3 -3
107 e T 107 E | | | N 107 E | | |
3 1 3 1 3 1
C C C
@ | Def uR —Fite QMaich Orq — 1Nj | o | —Def -uR —Finite ~QMatch Ord —1INg|
141 '
o 5 - S S
s : S S
e 10 & 2
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PYTHIA 8 already doing a very good job
VINCIA adds uncertainty bands + can look at more exclusive observables?




Multijet resolution scales
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yas = scale at which 5% jet becomes resolved ~ “scale of 5% jet”
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Interesting to look at more exclusive observables, but which ones!?



