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Event Generators

PyTHIA and HERwIG
» Limited to 2 — 2 hard processes

» Integrated phenomenological parton shower and
nadronization models

» Difficult to produce high multiplicity events (eg, W + 5 jet)

Generators with 2 — IN matrix elements
» ALPGEN and CompHEP used by DO

» Add parton showers and hadronization via PyTHIA Or
HerwiG but double counting contributions an issue —
matching mechanisms alleviate this problem

Michael Begel TeV4LHC 2



e
e

Matched Samples vs Data

QCD
» A ¢ distributions Iin dijet events

Top

» Z + |ets

» W + jets

» Heavy flavor fractions in W + jets
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¢ Decorrelation

L. dodjee g g three-jet

Odijet AAQDgijet

observable
NLO pQCD (in 3-jet prod.)

» Good description over large range

pr¥* > 180 GeV (x8000)

130 < pf'™ < 180 GeV (x400)

100 < p7™™ < 130 GeV (x20)
75 <p7*<100 GeV
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» Tree-level only for Aggijet < 27/3

» divergent at Addijet = 7

LO pQCD (in 3-jet prod.) V7 o

---- LO
Poor agreement _ ' NLOJET++ (CTEQB.AM)

no phase space at < 27 /3 i, = 1 = 0.5 prx

» divergent at Addijet = 7
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Event Generator Comparisons

Third and fourth jets are DO

generated via parton showers o D7 = 180 GV (<8000)

O 130 < pM*< 180 GeV (x400)
m 100 < p"* < 130 GeV (x20) ,%

HERWIG v6.505
» very good description

PYTHIA v6.225
» poor description

» Increase pr cut-off Iin : Y
_-~ —— HERWIG 6.505
the ISR parton shower - P - Pasas
PARP (67)=1.0 = 2.5
Improves description
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ALPGEN Results

Tree-level production for 00
2 -2, 3,..,6jets

O 130 < < 180 GeV (x400)
m 100 < 7™ < 130 GeV (x2Q)sw

Matched via MLM 7 75.<p< 100 Ge
prescription :

ALPGEN + PYTHIA and
ALPGEN + HERwWIG Yield
similar results

(details of parton shower | .
model not re|evant) _ —— ALPGEN + HERWIG

---- ALPGEN + PYTHIA

Reasonable description of
the data
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ALPGEN Results

DY

® pI'™ > 180 GeV (x8000)

O 130 < pI"™ < 180 GeV (x400)
®m 100 < p7® <130 GeV (x2

O 75<p?® <100 GeV

DY

- e p" > 180 GeV (x8000)

O 130 < pI'™< 180 GeV (x400)
[ ® 100 < pI'™ < 130 GeV (x20

| O 75<pP™< 100 GeV

1/6 et A0iier / AAD iy

L 3

.*"==== PYTHIA (default)
—— ALPGEN (+ PYTHIA)
|

---- HERWIG
—— ALPGEN (+ HERWIG)

| AL

%

T

3n/4 T 3n/4 T
AQ i (rad) Ad i (rad)
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MLM Matching Prescription

Generate parton-level configuration for a given multiplicity
bin with cuts pr > Prmin aNd AR > R,.n

Perform jet showering using HERwIG Or PYTHIA

Process showered event before hadronization with a jet
algorithm

Match partons and parton-shower jets:
» a Jet can only be matched to a single parton

» Exclusive: every parton matched to a jet with
N jet — N. parton

» Inclusive: all partons matched to jets
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MLM Matching Prescription

Combine exclusive
event samples (constant
luminosity) to obtain an
iInclusive sample
containing events with
all multiplicities.

—_
o

m 100 < pI™ <130 GeV

—— ALPGEN (matched)
2-jet ME
3-jet ME
4-jet ME
5-jet ME

1/0 4ot A0 / A iy

N =2 | ezcc"_g | emc+4|ea}c+5|inc
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Multiplicity Mixing

Fractional Contribution

Michael Begel

W + N =0...6 Jet Production
Reconstructed: p;>15 GeV/c, AR<0.5
Generated: pT>10 GeV/c, AR>0.4
Matched: p;>10 GeV/c, AR<0.4

W+0j exclusive
W+1j exclusive
W+2j exclusive
W+3j exclusive
W+4j exclusive
W+5j exclusive
W+6j inclusive

7 8
Jet Multiplicity

Fractional Contribution

TeV4LHC

Event mixture by multiplicity bin highly dependent
on matching parameter choices. This is an
Important consideration when creating samples.

W + N = 0...6 Jet Production
Reconstructed: p;>15 GeV/e, AR<0.5
Generated: p;>10 GeV/e, AR>0.4
Matched: p;>30 GeV/e, AR<0.7

W+0j exclusive
W+1j exclusive
W+2j exclusive
W+3j exclusive
W+4j exclusive
W+5j exclusive
W+6j inclusive
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Jet Multiplicity
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Matching Stablllty

Result does not

depend on generator Tt 8 Ot 503
cuts or m atC h | N g -~ Generated/Matched: p,>30 GeV/c, AR<0.7
criteria

Matched result lies
between generated
cross sections and has
different multiplicity

® ALPGEN: pT>10 GeV/c, AR>0.4

d e p en d ence - O ALPGEN: p,>30 GeV/c, AR>0.7

7 8
Jet Multiplicity
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Matching in Top Samples

Events in top analyses must be processed through
the full simulation chain including GEant

For technical reasons, MLM matching is only
applied at the end of the chain

» Compare matched and unmatched samples for multiple
parameter choices

» Unmatched samples have p+ > 8 GeV and AR > 0.4

The low matching efficiency requires very high
initial statistics so comparisons will be made in low
multiplicity bins
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Z + Jets: Leading Jet pr

tt analysis in Z inclusive Z+ 2 jets

dimuon channel

Two isolated muons
with p > 15 GeV

75 < M, <105 GeV

N e S S e s AP
80 100 120 140
Leading Jet Pt [GeV/c]

10 20 30 40 50 60 70 ) 100

Leading Jet Pt [GeV/c]

BEIE!
PYTHIA
- M L I\/I M atC h ed A L P G E N LeaJet Pt [eV/c] ?.(c)eading Jet Pt [GeV/c]
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Z + Jets: Leading Muon pr

tt analysis in Z inclusive Z+ 2 jets

dimuon channel e

-+ MLM 20043

e Data
——MLM 100.43
-+ MLM 20043
“““““ MLM 300.43

Two isolated muons
with pr > 15 GeV

75 < M, <105 GeV

il e
10 20 30 40 50 60 70 80 90 100
Leading Muon Pt [GeV/c]

1
20 40 60 80 100 120 140
Leading Muon Pt [GeV/c]

e Data

Data
PYTHIA

——MLM 100.43
-+ MLM 20043
“““““ MLM 300.43

LM 10073

MLM 30073
- - Pythia

E

——MLM 100.43
-+ MLM 20043

“““““ MLM 300.43

20073
MLM 30073
- - Pythia

80 100 120 140

Leading Muon Pt [GeV/c]

— MLM Matched ALPGEN 020 3 40 50 G0 70 5030 oo
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Z + JetS: Z DT

tt analysis in Z inclusive
dimuon channel

Two isolated muons
with pPr > 15 GeV

75 < M, < 105 GeV

80 100 120 140

PT,, [GeVic] PT,, [GeVic]

Data
PYTHIA |
— MLM Matched ALPGEN oo e

e gy
00 120 140
PT,, [GeVic]
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W + 2 Jets: Leading Jet pr

Match —
pr > 10 GeV

no of events
no of events
no of events

S 400
2091 Evt. data §
0 % ttbar 300
| 94 % W-+jets

200
6 % QCD

no of events
no of events
no of events

leading jet p, [GeV] leading jet p, [GeV] leading jet p, [GeV]

tt analysis in p+jets channel
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W + 2 Jets: HT

Match —
pr > 10 GeV
AR < 0.4

fuiry
[} o
o o
(=} o

no of events
no of events
no of events

60 b 600
H, [GeV] H, [GeV]

no of ev_gnts
® O
e o
S o

2091 Evt. data
0 % ttbar

| 94 % W-+jets
6 % QCD

fuiry
[} o
o o
(=} o

no of events
no of events

pT > 30 GeV . ’ e 60 i 60
H, [GeV] H, [GeV] H, [GeV]
AR < 0.7

tt analysis in p+jets channel
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W + 2 Jets: Ag(p, Emiss)

Match —
pr > 10 GeV
AR < 0.4

2091 Evt. data Ad(u, missing E,) Ao(u, missing E,)
0 % ttbar

| 94 % W-+jets
6 % QCD

Ad(u, missing E,)

Match —
pr > 30 GeV

AR < O 7 Ad(u, missing E.) Ad(u, missing E,) Ad(u, missing E.)
tt analysis in pu+jets channel
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Heavy Flavor Fractions

The flavor composition of backgrounds is important in
b-tagged analyses

Use W + jets samples (W3, We, Wbb, W ce, with up to 5
jets) to calculate flavor fractions

» Coalescence of two b’s or two ¢’s within a single reconstructed
jet is an important contribution to the background.

Since our MLM matched ALpcen samples have limited
statistics, we employ an ad-hoc matching procedure:

» Flavor tag reconstructed jets using generated information

» Exclusively match keeping 4-jet bin inclusive
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--- pT>10GeV,dR < 0.9

—pT>5GeV,dR<O.5|

lIllllIlllllllllllllllllllllllllll lIllllllllllllllllllllllllllllllll

1 15 2 25 3 35 4 1 1.5 2 25 3 35 4
Njets Njets
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, Ad-hoc Flavor Fractions

Fraction
Fraction

4
Jet Mult. Jet Mult.
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pT > 5 GeV pT > 10 GeV

pT > 5 GeV pT > 10 GeV
pT > 5 GeV pT > 10 GeV

Wj, 3 jets

W(cc), 3 jets

W(bb), 3 jets
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BRI T rrrrrT
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l
pT > 5 GeV pT > 10 GeV

—e—i

PT>5 GeV pT>10 GeV pT > 5 GeV pT > 10 GeV

Wec, 3 jets Wece, 3 jets Wbb, 3 jets

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4

N R R RN RN R R N R I

LN R L RN RN R R LN R R

Michael Begel TeV4LHC



1@

Wj

W(cc)

W(bb)

Wc Wcce Wbb

1| ‘ L1l ‘ - ‘ L1 ‘ - ‘ L1 ‘ - ‘ 11 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 ‘ 1 1 1 1 ‘ 1
1 15 2 25 3 3.5 4 2 2.5 3 3.5 4 2 2.5 3 3.5
Njets Njets Njets
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Conclusions

MLM matched ALrceN describes ¢ decorrelation in dijets.

High statistics unmatched ALrcen samples describe the
W+jets and Z+jets distributions. Lower statistics MLM
matched samples provide reasonable agreement.

The ad-hoc matched W+jets flavor fractions are in fair
agreement with the lower statistics MLM matched fractions.

What's next?
» Increase statistics in MLM matched samples

» Investigate CKKW matching using Mrenna’s W & Z
samples and SHERPA
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W + 2 Jet: Unmatched ALPGEN

tt analysis in unmatched W + 2 jet

p+jets channel P .

Isolated high-pr E :

muon

E?’fiss > 20 GeV 0 200 400 600 0 b 100 150 200 -

M, [GeV] W transverse mass [GeV] A¢(leading jet, missing E;)

o of events

W Y
no of events
N N

® 2091 Evt. data
B 0 % ttbar

[ 94 % W+jets
B 6 % QcD

piet > 20 GeV

[2]
8
$5
>

®

S 4
o
c

no of events

0 4 0 106 150 200 0 50 100 150 200
2nd leading jetn leading jet p, [GeV] 2nd leading jet p. [GeV]

Good agreement in all multiplicity bins
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W + 2 Jet: Unmatched ALPGEN

tt analysis in unmatched W + 2 jet
p+jets channel

N
o
o

no of events

Isolated high-p+
muon

Egliss > 20 GeV b 02 0. o.sce:.tt:amy 0 01 02 0.3Apg.:aritoy.5
pit > 20 GeV

® 2091 Evt. data
B 0 % ttbar

[ 94 % W+jets
B 6 % QcD

(2]
-
c
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>
(]
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Y
o
o
no of events

4 06 08
Sphericity

Good agreement in all multiplicity bins
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