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Matrix elements

vs. parton showers .
Parton showering Matrix elements Parton showers

Matrix element

AR @ Fixed order calculation © Resums large logs

@ Limited number of particles @ No limit on particle multiplicity

© Valid when partons are hard © Valid when partons are
and well separated collinear and/or soft

Q@ Quantum interference @ Partial quantum interference
correct through angular ordering

© Needed for multi-jet © Needed for hadronization/
description detector simulation

Matrix element and Parton showers complementary approaches
Both necessary in high-precision studies of multijet processes

Need to combine them without double-counting!
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Parton showering

QCD strahlung from soft/collinear emission approximation

Evolves down from hard interaction scale to hadronization
scale/initial state hadron scale

Sudakov form factors gives non-branching probability between scales

t1
A (4, 1) —exp{/ dt’ /
t €

to distribution from

_ dA(t1,t2)

dty

,3(2)}

z distribution from QCD splitting functions P,_pc(2)

For initial state radiation (backward evolution), extra factor of

f(x, t2)/f(x, t1) at each splitting to account for parton content at

different scales

Different choice of evolution variable t in different generators

Pythia: @ (old),

pr (new) —

Herwig E26?

— Ariadne p% (2 — 3)
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Matrix elements
vs. parton showers

Parton showering

Matrix element
generators

Matrix element generators

Use complete matrix element

Diagrams for ud — etveuiig by MadGraph

o Get appropriate description for well separated jets (away from

collinear region)
o Get interference effects/correlations correctly

Examples: MadGraph/MadEvent, Alpgen, HELAC, Sherpa
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Matching schemes

The simple idea behind matching

@ Use matrix element description for well separated jets, and parton
showers for collinear jets

@ Phase-space cutoff to separate regions

This allows to combine different jet multiplicities from matrix elements
without double counting with parton shower emissions

Difficulties

o Get smooth transition between regions
@ No/small dependence from precise cutoff

@ No/small dependence from largest multiplicity sample

How to accomplish this

Two solutions so far:
o CKKW matching
o MLM matching
(Interesting newcomer: SCET M. Schwartz)
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CKKW matching

Catani, Krauss, Kuhn, Webber [hep-ph/0109231], Krauss [hep-ph/0205283]

Imitate parton shower procedure for matrix elements

Choose a cutoff (jet resolution) scale din;

© 0

Generate multiparton event with dmin = dini and
factorization scale dini

Cluster event with k7 algorithm to find “parton shower history”
Use d; ~ k% in each vertex as scale for as

Weight event with NLL Sudakov factor A(d}, dini)/A(d;, dini) for
each parton line between vertices i and j (dj can be dini)

© 00

©

Shower event, allowing only emissions with kr < din; ( “vetoed
shower")

@ For highest multiplicity sample, use min(d;) of event as din;

dii dins

Boost-invariant k+ measure:

{ dig = pT;
dj = min(p% ;, pT ;) Fi
Fij = cosh(n; — n;) — cos(¢i — ¢;)

SRR
4y LITTTTTTT

W- i

dip
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Sudakov reweighting

Telescopic product — in the
example:

[Ag(d5, ch)? %

5 Dg(ch, i) Dg(dh, dini)

Vetoed showers

o Start shower for parton at scale of mother
node (cf. upper scale for Sudakov

suppression)

@ Veto (forbid) emissions with d > din;, but
continue shower as if emission happened

@ Allow emissions below diy;

g
Adiniydg) /™

=

ini

At 92 A(dini, d1)

A (dini,d2) / Aldyy.ds) A L7
m{ 3 W:;d:) A(dmr dl)
dini
A(dini, d3)
dini
d2
(]1
dini ‘Iini ‘Iini
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CKKW matching
MLM matching
Differences
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in MadEvent

PDF factors in the Krauss algorithm

Want to account for probability of PS configuration in ME correction
weight

For ISR process shown, get PS probability:

AQ(t, ti"i)2Ag(t17 tini)Ag(tzv tini)
q(x2, tini) g(x1/z122, tini)

q(x2,t) q(x1/z12, t2)
. q(x1/z122, t2) s(t2) Pyqe(22) Xt
g(x/zi, 1) 27w Pl Xiz ty

o dba/z1, t) as(ts) Pog(21) geol
q(xa, t) 2m 41

gives, combined with LO cross-section q(x1, t)G(x2, t)d&qg—u:

dopyige = Da(t, tini) > Dg(t1, tin) Ag (2, tini)G(X1, tini)G(x2, tini)
5% as(t1) as(t2) Pgg(21) Poq(22)

dGgg—n(S
27 21 7 V) Gaz—1(8/212,)

BS]

Red: Correction weight ~ Blue: PDFs  Green: d6g3 (X1 = ;—;Z,XZ)
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@ For final-state showers (ete™ collision):
Combination of NLL Sudakov factors and vetoed NLL showers
guarantees independence of gini to NLL order

Johan Alwall

@ For initial-state showers: No proof but seems to work ok (Sherpa)
CKKW matching

MLM matching @ Problem in practice: No NLL shower implementation!
T (Sherpa uses Pythia-like showers and adapted Sudakovs)
and MLM
Matching schemes
in MadEvent
=N T T
3 + ]
e S— i 3
g
1 =
8 3
107 =
10°
10" =
| | | | 1Al aE | | | | | |

S [0
05 0 05 1 15 2 05 0 05 1

05 0 05 1 15 2 25 3 25 3
log(Q,/GeV) log(Q/GeV)

Differential 0 — 1 jet rate by Sherpa in pp — Z + jets for three different
cutoffs dini, compared to averaged reference curve [hep-ph/0503280]
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MLM matching
M.L. Mangano [2002, Alpgen home page, hep-ph/0602031]

Use parton shower to choose events

© Generate multiparton event with cut on jet prmin, Mmax and ARmin,
and factorizations scale = “central scale” (e.g. transverse mass)

Cluster event (according to color) and use k% for as scale

Shower event (using Pythia or Herwig) starting from fact. scale

© 00

Collect showered partons in cone jets with same AR, and
PTcut > PTmin

©

Keep event only if each jet matched to one parton
(AR(jet, parton < 1.5AR)
For highest multiplicity sample, allow extra jets with pr < p

parton
Tmin

©

Keep Discard Keep only if highest

miil+inliciry 11/28
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Differences between CKKW and MLM

o CKKW scheme: Assumes intimate knowledge of and modifications
to parton shower. Needs analytical form for parton shower Sudakovs.

@ MLM scheme: Effective Sudakov suppression directly from parton
shower

@ However: MLM not sensitive to parton types of internal lines
(remedied by pseudoshower approach, see below)

@ Factorization scale: In CKKW jet resolution scale, in MLM central
scale. Not clear (?) which is better.

@ Highest multiplicity treatment — less obvious in MLM than in CKKW

CKKW with pseudoshowers

Lonnblad [hep-ph/0112284] (ARIADNE)
Mrenna, Richardsson [hep-ph/0312274]

o Apply parton shower stepwize to clustered event, reject event if too
hard emission

@ Apply vetoed parton shower as in the CKKW approach
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Matching schemes in MadEvent

J.A. et al. [in preparation] (cf. Mrenna, Richardsson [hep-ph/0312274])

o CKKW scheme (for Sherpa showers) (with S. Hoche)
@ MLM scheme (Pythia showers)

® MLM scheme with kr jet clustering (Pythia showers)
)

Event rejection at parton shower level (work in progress)

Details of MadEvent k+ MLM scheme

© Generate multiparton event with jet measure cutoff dmin
@ Cluster event (according to diagrams) and use kr for s scale

© Shower event with Pythia starting from highest clustering scale (=
factorization scale)

Q Perform jet clustering with k7 algorithm with deut > dmin
© Match clustered jets to partons (d(jet, parton) < dout)
@ Discard events where jets not matched

@ For highest multiplicity sample, jets matched if
d(jet, parton) < dmin(parton, parton)
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o Important background (especially at the Tevatron)
@ Only one hard scale
o Mainly initial state radiation

@ Implemented by all matching softwares
Results 1: W:t ar

2.0 CETETED
H 8 Oet sample
IcE E o
Comparison g = 2t
between codes s et

2 E et
Results 2: Top 810 e
pairs + jets at 2
LHC g

Results 3: Gluino
pairs at LHC
Results 4: QCD
jets at LHC

5

=

et
2jet
et

S

et
. Matched, Q_ =10 Gev.

Cross sgction (normalizedys

g

T IO T A S TINTINTI - Ll L b Lo b i b Bl
6264 68 8 T T T e e e 6204 68 e T T L I e Y A e 62 6 b o T T T e e s 2
109(Q) Gev) 10g(@,) (Gev) foa(@,) Gev)

Differential 0 — 1, 1 — 2, 2 — 3 jet rates at parton level by
MadEvent + Pythia in pp — W + jets at the Tevatron,
dewt = 10 GeV (top), 30 GeV (bottom).
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Results 1: WE ar
Jjets.

Comparison
between codes
Results 2: Top
pairs + jets at
LHC

Results 3: Gluino
pairs at LHC
Results 4: QCD
jets at LHC

Cross section (pb/bin)

'Sum of contributions
- O-jet sample

1-jet

2-jet

3jet

-jet
a, scale x 0.5/2
—=— DO run 1 data

Cross section (pb/bin)

N

B
‘Sum of contributions.
Oret sample

Lijet

24et

3jet

3 adet
,,,,,, Matched total, Q__ =10 GeV.
—=— DOrun 1 data.

Gt b b Lo Ll Loy
5 07 15 20 25 30 35

s Ly,
50 20 40 60
Py (GeV)

| .
80 100 120

140 160 180 200 22
Py (GeV)

pr of W* by MadEvent + Pythia in pp — W + jets at the Tevatron,
dewt = 10 GeV (top), 30 GeV (bottom).

Note:

Pure Pythia shower (without matrix element corrections) below cut.
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Comparison between codes

J.A. et al. [hep-ph/soon]
Alpgen+Herwig, Ariadne, Helac+Pythia, MadEvent+Pythia, Sherpa

s 10 l r "Alpgen -
2 10! (@)  Ariadne ------- 1
9 ) Helac  +
Results 1: W+ + . 8 10 MadEvent x
jets § z 107 _ Sherpa o ]
Comparison 2 S 102 nt .
between codes % 3 3
Results 2: Top & L 10
pairs + jets at % 2
LHC 7
Results 3: Gluino 0 pres
pairs at LHC :% ) ! ) )
e e? 50 100 150 200 250
pLw (GeV)
10° ——— P~
s 2 pgen
3 10 (@ Ariadne - E
9 4o Helac + ]
2 I o MadEvent  x
¥ = 10 Sherpa ¢
g & 10"
i 3,2
{ T 10
° % t LN
e e
-2 1 1 1 1 1 1 Il 1 Il
o 0 50 100 150 200 250 300 350 400 450 500

Piw (GeV)

pr of the W* at the Tevatron
(top) and LHC (bottom)

Jet rates at the Tevatron (top) and
LHC (bottom)
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Results 1: W= +
jets

Comparison
between codes
Results 2: Top
pairs + jets at
LHC

Results 3: Gluino
pairs at LHC
Results 4: QCD
jets at LHC

W® + jets comparison plots: Jet Er for LHC

doldE ; (pb/GeV)

do/dE 5 (pb/GeV)

10?

10
10°

1

T 10°
pgen 1 <
(@ Ariadne - % 10t |
Helac + E 9] o
MadEvent  x £ 100 F
Sherpa  © < w0t L
g
5 107 ¢
°
2
TE
oF
3
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350

Eqy (GeV)

Erz (GeV)

- xle 4+ x

Eq3 (GeV)

[N
o
o
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T T
02t (a) E 0.2
- N
o= j=g
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3 " Alpgen 8
T 01f Ariadne ------- 1 © o1
Results 1: WE + = Madnglae 2
Jets N Sherpa ©
Comparison 0.4 I ! I L 0.
between codes 02 o T ' ' ' ' ' o] 0.
Results 2: Top Ofr * %ie 2 0 a6 6,00 v ¥ &
pairs + jets at :8% E | ! ! ! I I I = :8'
Lhe "4 3 2 a4 0 1 2 3 4 ’
Results 3: Gluino .o
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Results 4: QCD
jets at LHC
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0.4
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J.A., S. de Vissher et al. [in preparation]
One of the most important backgrounds to new physics at the LHC

Results 1: WE + pr of the tt pair — indicator of jet activity/hardness
jets

Comparison
between codes

Results 2: Top

E?_;"cs + jets at £ —— Matched contributions
q 2107 - 0+1+2 ets excl sample
Results 3: Gluino z T I‘H(‘ T T
pairs at LH 5 0+1 jets excl sample HC o
Results 4: QCD - e 0jets excl sample 100 do/dpr (pb/GeV)
: &
jets at LHC 2 10 —— Pythia (no matching) N Dashes: 0y, (04+1) e, (0+142),5c
4
S I
© 107t o
[
1 2 |
w072 =
N
I
o: €
1073 | I Sy )
10" | L AR
0 200_ 100 600 800
: i Py (GeV)
100 200 300 200 50

0 Pl(l,lba?)l
Matched MadEvent+Pythia
tt + jets compared to only
tt + Pythia parton showers

Matched Alpgen-+Herwig —
agrees well within statistics
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independence of cut

B —— Matched contibutans
2 - Ojet sample
5 Ligtsample
2psange
2 3t sampe
§
Results 1: W=+ +
jets
Comparison
between codes
Results 2: Top
pairs + jets at
s L
Results 3: Gluino z —— Matched contributions
pairs at LHC H Oiet sampie
Results 4: QCD 5 it
jets at LHC e
@ ... Malched 4_=25 GV
s

| i
75 25
log(d) log(d)

25
tog(d)

Differential 0 — 1, 1 — 2, 2 — 3 jet rates at parton level by MadEvent +
Pythia in pp — tt + jets at the LHC,
deut = 25 GeV (top), 60 GeV (bottom). No top decays.
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Work in progress using new scheme

600 GeV mass gluino pair production (SPS1a) at LHC

Results 1: W= +

jets
Comparson H — Metched conibutons
between codes g
Results 2: Te L -~ Ojetsanple
esults 2: To = E
A 5 P H Lt sanple
pairs + jets at s
LHC g 2jet sample
Results 3: Gluino H —— Pythiano matching
pairs at LHC G10°

Results 4: QCD
jets at LHC

u:
3 39
log(d)

Differential 0 — 1, 1 — 2, 2 — 3 jet rates at parton level by MadEvent +
Pythia in pp — &g + jets at the LHC, dcu¢ = 40 GeV, compared to
default Pythia showers (red curve). No gluino decays.
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Results 1: W= +

jets
Comparison
between codes
Results 2: Top
pairs + jets at
LHC

Results 3: Gluino
pairs at LHC
Results 4: QCD
jets at LHC

Results 4: QCD jets at LHC

Work in progress using new scheme

Pure QCD jets — difficult since no fixed hard scale

Cross section (pbibin)

.

PRELIMINARY

Matched contributions

2-jet sample

-+ 3jet sample

4-jet sample

—— Pythia non-matched

e

Cross section (pbibin)

T,
Y

‘H‘

S SRR R R B E R

ir | I
160 180
Pjet3

L
120

Steeply falling pr spectra — Pythia showers (red curve) seems to give OK
shape description with the correct starting scale (p7 of jets)
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Conclusions

@ Matrix elements and parton showers - complementary descriptions of

parton production:
o ME needed to describe hard and widely separated jets
e PS needed for very high multiplicities / substructure of jets /
evolution to hadronization scale
@ For realistic description of multijet backgrounds — necessary to
combine descriptions: Matching!

Important backgrounds: Z/W™* + jets, tT + jets,

)
WHW™/ZZ/W*Z + jets, pure QCD
@ Also interesting to study jet structure of signal, e.g. WBF
o Comparison with other codes done!
@ Validation with Tevatron data underway
@ MadGraph/MadEvent can do it — more studies underway!

Visit us — generate processes — generate events on
http://madgraph.phys.ucl.ac.be
http://madgraph.roma2.infn.it
http://madgraph.hep.uiuc.edu
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BACKUP SLIDES
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A user-driven matrix element generator and event generator
Madgraph (T.Stelzer and W.F.Long - 1994)
o Matrix element generation
Conclusions o lIdentifies all Feynman diagrams and creates Fortran code for the

matrix element squared (calls HELAS routines)
@ Handles tree-level processes with many particles in the final state

o Keeps full spin correlations / interference

MadEvent (F.Maltoni and T.Stelzer - 2003)

@ Phase space integration and event generation

@ Uses the MadGraph output and diagram information

o Efficient phase space integration using the technique
Single-Diagram-Enhanced multichannel integration

_ A
> Al

@ Algorithm parallell in nature - optimal for clusters!

A

i
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o Models

e Implemented by default: SM, SUSY, 2HDM, Higgs EFT
e Framework for easy implementation of new models
e Soon to come: MadRules (MG files from Lagrangian)

Conclusions

@ Tools

e Pythia and PGS interface for shower/hadronization and detector
simulation

o MadAnalysis, ExRootAnalysis

o BRIDGE (Reece, Meade): Decay of particles in any MadGraph model

o Complete simulation chain available: from hard scale physics to
detector simulation! (MadGraph/MadEvent — Pythia — PGS)

Web-based generation or download code
Three public clusters:

e Belgium (http://madgraph.phys.ucl.ac.be)
o ltaly (http://madgraph.roma2.infn.it)
e US (http://madgraph.hep.uiuc.edu)
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PYTHIA: Q2 = m?2

»

N

HERWIG: Q2 ~ E262
pi

A,

7 Y Y
large mass first
= “hardness” ordered
coherence brute
force
covers phase space
ME merging simple
g — qq simple
not Lorentz invariant

ISR: m2 — —m?

large angle first
= hardness not
ordered
coherence inherent
gaps in coverage
ME merging messy
g — qq simple
not Lorentz invariant

ISR: 6 — @

ARIADNE: @2 = p?

i

large p | first
= “hardness” ordered
coherence inherent

covers phase space

ME merging simple
g — qq messy
Lorentz invariant

ISR: more messy

Sherpa like Pythia — New Pythia shower similar to Ariadne
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particles.dat

interactions.dat

couplings.f

banner

{proc_card} [param_card] [ run_card ] [pythia_card ] [ pgs_card

|
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