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Introdução

• Importância de VB + jatos para 
determinação de background em busca 
para física nova.

• Além disso, permite testes importantes do 
MP.

• Usado como calibração de detectores.
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Simulações de MC

• Importância para ajustes de teoria e para a 
comparação de dados experimentais.

• MC de própositos gerais em geral usam 
termos em até LO.

• Adiciona-se o formalismo de PS e de 
correções de ME.
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Parton Shower

• Aproximação colinear da descrição da 
separação dos partons na radiação de 
QCD que acompanha o processo de 
espalhamento duro.

• Boa descrição de observáveis a baixo pT, 
mas falha no preenchimento do espaço de 
fase de radiação dura.
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Correções de ME

• Melhora na descrição de PS através da 
adição de cálculos do elemento de matriz 
da radiação extra.

• Pode ser implementado de maneiras 
diferentes. Estudos comparativos entre 
Sherpa e Herwig++.
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Sherpa - Improved 
CKKW merging

• Separa o espaço de fase nos domínios de 
ME e PS. 

• Usa os pesos de Sudakov para garantir que 
se houve uma emissão pelo ME, o PS não 
vai novamente realizar essa emissão.

• O gerador toma conta de gerar 
automaticamente amostras inclusivas, para 
diferentes multiplicidades partônicas, com 
PS e hadronização. 
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Herwig++

• Divide as correções de ME como soft and 
hard.

• As correções soft adicionam as 
contribuições dos ME para baixo pT, e são 
implementadas separadamente das hard, de 
alto pT, que descrevem o ME exatamente.
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Métodos em NLO

• Ir além de LO é uma tarefa complicada, no 
entanto cálculos com precisão de ordem 
mais alta são necessários em medidas 
experimentais precisas.

• Se ater em LO para o showering, e fazer 
cálculos dos processos duros em NLO 
geram melhoras nos geradores de multiplo 
propósito.

Wednesday, July 21, 2010



POWHEG - Positive Weight 
Hardest Emission Generator

• Gera primeiramente a emissão dura em 
NLO, e usa o programa de monte carlo de 
multi propósito para gerar as radiações 
subseqüentes.

• Sua fórmula pode ser parâmetro de 
entrada em qualquer gerador multi 
propósitos que permita fazer o showering 
ordenado  por pT.
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Compações aos dados 
do  Tevatron

• Uso do programa Rivet para a comparação 
do MC com dados do D0 e CDF.

• Comparações são úteis para checar quais 
parâmetros e funcionalidades de cada 
gerador melhor descrevem a física da vida 
real.
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Modelos de UE/MPI
For SHERPA generator, the comparisons were for the default PDF, cteq6.6 and default

adjust of the MPI, and for cteq6l1 PDF with different parameters of scale for MPI Amisic
model: 2.1, 2.3 and 2.5. The plots on Fig. 2 show that the best parameters for the SHERPA
MPI run is the cteq6l1 PDF with the scale 2.5. This PDF will later be shown to have a
good description of the shape of the Z p⊥.
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Figure 1. Underlying Event analysis for Herwig + + Z NLO with MPI on and off.
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Figure 2. Underlying Event analysis for SHERPA Z + 3 jets with MPI on, and different PDFs:

cteq6.6 with standard MPI or cteq6l1 with scale parameter equals to 2.1, 2.3 and 2.5.

4.2.2 PDF and K_PERP choice on Sherpa

For the sake of using the best parameters for the description of Tevatron data, some other
parameters were studied in SHERPA generator: the impact of the use of different PDFs and
different values for intrinsic transverse momentum of the beams (K_PERP_MEAN) and
its uncertainties (K_PERP_SIGMA).

For the Z p⊥ analysis (D0_2008_S7554427 [6]), it was required for generator level pp̄
collisions with 1960 GeV center of mass energy, Z → e+e− and lepton pair mass cut to
avoid photon singularity, looser than 40 < mee < 200 GeV.

Intrinsic Transverse Momentum of Beams In Fig. 3, in the left, the transverse
momentum of the Z boson in Z+3 jets production with different values for the tranverse
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UE/MPI

For SHERPA generator, the comparisons were for the default PDF, cteq6.6 and default
adjust of the MPI, and for cteq6l1 PDF with different parameters of scale for MPI Amisic
model: 2.1, 2.3 and 2.5. The plots on Fig. 2 show that the best parameters for the SHERPA
MPI run is the cteq6l1 PDF with the scale 2.5. This PDF will later be shown to have a
good description of the shape of the Z p⊥.
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Figure 1. Underlying Event analysis for Herwig + + Z NLO with MPI on and off.
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Figure 2. Underlying Event analysis for SHERPA Z + 3 jets with MPI on, and different PDFs:

cteq6.6 with standard MPI or cteq6l1 with scale parameter equals to 2.1, 2.3 and 2.5.

4.2.2 PDF and K_PERP choice on Sherpa

For the sake of using the best parameters for the description of Tevatron data, some other
parameters were studied in SHERPA generator: the impact of the use of different PDFs and
different values for intrinsic transverse momentum of the beams (K_PERP_MEAN) and
its uncertainties (K_PERP_SIGMA).

For the Z p⊥ analysis (D0_2008_S7554427 [6]), it was required for generator level pp̄
collisions with 1960 GeV center of mass energy, Z → e+e− and lepton pair mass cut to
avoid photon singularity, looser than 40 < mee < 200 GeV.

Intrinsic Transverse Momentum of Beams In Fig. 3, in the left, the transverse
momentum of the Z boson in Z+3 jets production with different values for the tranverse
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PDF e pT intrinsico do 
feixe

DØ data
1.2.0
1.2.1 µ = 0.8 σ = 0.8
1.2.1 µ = 1.4 σ = 0.8
1.2.1 µ = 1.4 σ = 1.4

10−7

10−6

10−5

10−4

10−3

10−2

10−1

Z boson pT

1/
σ

d
σ

/
d

p
⊥
(Z

)

0 50 100 150 200 250

0.6

0.8

1

1.2

1.4

p⊥(Z) [GeV]

M
C

/
d

at
a

D0 data
Z+3jets as0.11
Z+3jets as0.12
Z+3jets as0.13

10−7

10−6

10−5

10−4

10−3

10−2

10−1

Z boson pT

1/
σ

d
σ

/
d

p
⊥
(Z

)

0 50 100 150 200 250

0.6

0.8

1

1.2

1.4

p⊥(Z) [GeV]

M
C

/
d

at
a

Figure 3. The Z p⊥ in SHERPA for several different parameters of K_PERP and its uncertainty
(left), and for different PDFs (right).

momentum of the beams. We can see that even showing the same behaviour systematically
lower than the data for the regions of medium Z p⊥, the K_PERP_MEAN equals to 1.4
(default 0.8) and K_PERP_SIGMA equals to 0.8 (default value) shows a better agreement
in the low Z p⊥ region.

PDF Set With Different αS Values For showing the impact of changing the PDF in
the shape of the Z p⊥, the analysis was run with the MSTW08Sherpa set, that is a set
of PDFs fitted with different values of the strong coupling constant in the Z mass pole,
αS(MZ) = 0.11, 0.12, 0.13. The Fig. 3 on the right shows that the systematic behaviour
is kept the same, althought the change in the αS introduces differences in the description.

4.2.3 Herwig++ Z NLO vs Sherpa Z+jets

Study of Total Recoil The study of the inclusive cross section of Z production as
a function of the boson p⊥ was done using also the D0_2008_S7554427 analysis. To
complement and check some of the features seen on the Z → e+e− analysis, also the Z p⊥
shape on the Tevatron Run I and in the muon channel on Run II were investigated.

Plot from Run I The Rivet standard analysis CDF_2000_S4155203 [7] compares with
Tevatron data the measurement of cross section in funciton of the transverse momentum
of e+e− pairs in the Z boson mass region of 66 GeV/c2 < mee < 116 GeV/c2 from pp̄
collisions at 1800 GeV of center of mass energy. The Z p⊥, in a fully-factorised picture, is
generated by the momentum balance against initial state radiation (ISR) and the primor-
dial/intrinsic p⊥ of the Z’s parent partons in the incoming hadrons. The Z p⊥ is important
in generator tuning to fix the interplay of ISR and multi-parton interactions (MPI) in-
generating UE activity. This analysis is subject to ambiguities in the experimental Z p⊥
definition, since the Rivet implementation reconstructs the Z momentum from the dilepton
pair with finite cones for QED bremstrahlung summation, rather than non-portable direct
use of the (sometimes absent) Z in the event record [7].

Fig. 4 shows that in the region observed by the CDF detector in Run I, the MC
description for both HERWIG + + Z NLO generation in POWHEG formalism and Sherpa
Z+3 jets in the PS+ME formalism is well agreed with the data, inside the MC statistics
uncertainties. However, this analysis doesn’t go up to the medium p⊥ region where the
systematic behaviour appeared in the previous session.
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Total Recoil - Run I
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Figure 4. Z p⊥ analysis for Tevatron Run I.

Plots from RunII We can see in Fig. 5, in the left, that the D0 analysis in the electrons
Z decay channel has a systematic behaviour in the region of medium Z p⊥, for both
HERWIG + + Z NLO (POWHEG formalism) and Sherpa Z+1, 3 jets.

This shows that something is going wrong - or the formalism used to treat the Monte
Carlo, or something in the analysis that could not be reproduced by the Monte Carlo
analysis code.

Looking in the Z p⊥ plot, it looks like one could approximate the 1/p⊥ fall-off linearly.
However, there is a kink between the low and medium p⊥ region, and this happens exactly
when the bin size changes. There could be some peculiarity in the analysis that should
have a closer look.

So, following this reasoning, we took a closer look in a new D0 analysis [8] in the muon
channel. This new analysis has as an important development the definition of the final
observable at the level of particles entering the detector, while previous measurements have
applied theoretical factors correcting for any undetected final state radiation and from the
measured lepton acceptance to full 4π coverage. This approach minimize the dependence
on theoretical models, so the result can be used as a test of them.

We can see in the Fig. 5, to the right, that in the muon channel there is still some
systematics in the medium Z transverse momentum region, but the Monte Carlo seem to
agree a bit better within the statistics uncertainties with the data.

Jet Recoil Because primarily the Z p⊥ should be balanced in the event with the p⊥ of
the leading jet (or all jets in the event), the study of the shape of the jet p⊥ should give
some information about the systematic behaviour seen in the Z mid range p⊥. However,
to compare to the data of the jet p⊥, there should be a cut on the minimum transverse
momentum of the clusterd particles in the definition of the jet itself. So, it was done some
studies to check the p⊥ balance in the MC samples, to see if the Z p⊥ was summing up to
zero when added to the p⊥ of the leading jet, the sum of the p⊥ of all jets and, for a more
fundamental check of balance, with the sum of the p⊥ of all particles found in the event.

The first sanity check was done to assure that the sum of the transverse momentum of
all particles in the event was balanced, so that both MC generators and Rivet were dealing
with the events correctly. After this check, the Z p⊥ balance against the sum of the p⊥
of all jets in the event and leading jet was analyzed, for both SHERPA and HERWIG + +
generators, with multiple parton interactions turned on and off.
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Total Recoil - Run II
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Figure 5. Comparison plots for Z production at: NLO Herwig + + and LO SHERPA Z+1, 3 jets.

Fig. 6 shows that with the MPI model turned on, the SHERPA and HERWIG + + genera-
tors have a different behaviour for low Z p⊥ region when the balance is for the sum of the
p⊥ of all jets, while they show a similar plot for the balance against the leading jet.

Fig. 7 shows that for the MPI model off in the generators, the behaviour is similar.

The leading jet p⊥ is not, in general, enough for balancing all the transverse momentum
that comes from the Z boson. Specially in the low region of the boson p⊥, it is recoiling
against other particles that were not clustered in the jets or jets that didn’t pass the
analysis cut on transverse momentum and jet rapidity.
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Figure 6. Difference between Z p⊥ and: sum of jets p⊥ (left) and leading jet p⊥ (right) for

Herwig + + (up) and SHERPA (down), MPI turned on.
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Jet Recoil
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Figure 5. Comparison plots for Z production at: NLO Herwig + + and LO SHERPA Z+1, 3 jets.

Fig. 6 shows that with the MPI model turned on, the SHERPA and HERWIG + + genera-
tors have a different behaviour for low Z p⊥ region when the balance is for the sum of the
p⊥ of all jets, while they show a similar plot for the balance against the leading jet.

Fig. 7 shows that for the MPI model off in the generators, the behaviour is similar.

The leading jet p⊥ is not, in general, enough for balancing all the transverse momentum
that comes from the Z boson. Specially in the low region of the boson p⊥, it is recoiling
against other particles that were not clustered in the jets or jets that didn’t pass the
analysis cut on transverse momentum and jet rapidity.
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Figure 6. Difference between Z p⊥ and: sum of jets p⊥ (left) and leading jet p⊥ (right) for

Herwig + + (up) and SHERPA (down), MPI turned on.
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Jet Recoil
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Figure 7. Difference between Z p⊥ and: sum of jets p⊥ (left) and leading jet p⊥ (right) for
Herwig + + (up) and SHERPA (down), MPI turned off.

For a better comparison of the plots, we can also see the plots for three different Z p⊥
regions ( Z p⊥< 30 GeV, 30 GeV < Z p⊥ < 100 GeV, Z p⊥ > 100 GeV). These plots (Figs. 8

and 9) make more evident the difference that one can see, specially in the lower p⊥ region,

between the generators with MPI model turned on. SHERPA and HERWIG + + disagree from

each other in the balance for both the sum of all jets p⊥ and leading jet p⊥. However, they

agree reasonably when there is no simulation of multiple parton interactions. This makes

more evident that these models should be better studied and implemented in the context of

the Drell Yan production, as have already been shown concerning the HERWIG + + generator

in the UE analysis in section 4.2.1.
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Figure 8. The difference between Z p⊥ and the sum of all jets p⊥ for three regions of boson p⊥: Z
p⊥< 30 GeV, 30 GeV < Z p⊥ < 100 GeV, Z p⊥ > 100 GeV.

D0 Z → µ+µ− Analysis For studying the jet recoil and Z boson p⊥, the standard

analysis D0_2008_S7863608 [9] was performed. It measures the cross sections as a function

of the boson momentum and rapidity and momentum and rapidity of the leading jet in
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Herwig + + (up) and SHERPA (down), MPI turned off.

For a better comparison of the plots, we can also see the plots for three different Z p⊥
regions ( Z p⊥< 30 GeV, 30 GeV < Z p⊥ < 100 GeV, Z p⊥ > 100 GeV). These plots (Figs. 8

and 9) make more evident the difference that one can see, specially in the lower p⊥ region,

between the generators with MPI model turned on. SHERPA and HERWIG + + disagree from

each other in the balance for both the sum of all jets p⊥ and leading jet p⊥. However, they

agree reasonably when there is no simulation of multiple parton interactions. This makes

more evident that these models should be better studied and implemented in the context of

the Drell Yan production, as have already been shown concerning the HERWIG + + generator

in the UE analysis in section 4.2.1.
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Figure 8. The difference between Z p⊥ and the sum of all jets p⊥ for three regions of boson p⊥: Z
p⊥< 30 GeV, 30 GeV < Z p⊥ < 100 GeV, Z p⊥ > 100 GeV.

D0 Z → µ+µ− Analysis For studying the jet recoil and Z boson p⊥, the standard

analysis D0_2008_S7863608 [9] was performed. It measures the cross sections as a function

of the boson momentum and rapidity and momentum and rapidity of the leading jet in
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Figure 9. The difference between Z p⊥ and the leading jet p⊥ for three regions of boson p⊥: Z p⊥<
30 GeV, 30 GeV < Z p⊥ < 100 GeV, Z p⊥ > 100 GeV.

Tevatron D0 experiment.

As can be seen in Figs. 10 and 11, the cross section in leading jet rapidity is well
behaved inside uncertainties for both generators and conditions of MPI simulations. The
Z p⊥ shows imprecisions in the low momentum region: for HERWIG + + the production in
low Z p⊥ is lower than data, and in SHERPA it’s greater than data when the MPI model is
turned on in the simulation, and lower without MPI.

The leading jet p⊥ does not show any systematic behaviour in both cases, inside the
uncertainties. However, to turn the MPI simulation on makes the low transverse momen-
tum region of the jets more populated, for both generators. This behaviour is also seen in
the Z p⊥, that is correlated to the leading jet p⊥.

Leading Jet Rapidity for jet p⊥ > 5 GeV For checking the behaviour of the
jets with lower transverse momentum of that of the analysis cut, it was made a plot of the
jets pseudorapidity, for a p⊥ cut of 5 GeV. It can be seen that, when the Multiple Parton
Interactions are turned on in the simulation, the cross section is higher for low momentum
jets, specially for the SHERPA generator (Fig. 12 right). The behaviour is almost gone when
the cut on the jets is that of the analysis - the MPI model affects specially the production
of particles in low transverse momentum region. One more time, the MPI model in the
generators disagree between themselves.

4.2.4 Herwig++ LO vs NLO

To check the contribution that the NLO term in the Z production matrix element add,
comparisons plots with the same analysis, but with samples produced in LO without ME
correction, LO with ME correction and NLO, are shown in Figs. 13 and 14.

The standard anaysis D0_2009_S8202443 [10] measures the cross section as a function
of the transverse momentum of the three leading jets in the production of Z/γ∗ → e+e−+
jets + X. In Fig. 13, up left and right, and down left, the comparison for HERWIG + +
generator in NLO (POWHEG formalism) and in LO with ME corrections on and off.
The LO without ME corrections show a wrong behaviour in high p⊥ region, because it
corresponds to the phase space where the LO can’t fill properly. When the ME correction
is turned on, the effect in correcting the high transverse momentum region can be seen.
The behaviour for the NLO plot is more close to the data in higher p⊥ region (above 130
GeV), while it has similar results to LO with ME corrections at lower p⊥. However, for the
second and third leading jets, the description is worse - the Z production at NLO should
take care properly of the production of up to one jet in the event, the second and third
jets plots show that further orders are needed for these description (or the use of matrix
elements for the production of Z accompained by jets).
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Figure 10. Comparisons plots for Z production at NLO on HERWIG + +, in the muon Z decay

channel.

The analysis D0_2008_S7554427 (Fig. 13, down right), the same as the Z p⊥ in the
electron channel presented in the previous sessions, shows that the ME correction is also
necessary to fix the behaviour in the large p⊥ region. Again, the NLO plot shows slightly
better behaviour in the mid region (30-60 GeV) than the LO with ME corrections, but no
significative differences in the low region. The hight p⊥ region has low statistics to make
a better comparison. The medium region systematic behaviour is present also in the LO
with ME correction simulation, in the same manner it was discussed for NLO and SHERPA

generator in session 4.2.3.

The plot on Fig. 14 left is from standard analysis D0_2007_S7075677 [11], that mea-
sures the cross sections as a function of Z boson rapidity. All generator configuration does
it in a good way, compatible with the data measurements.

In Fig. 14 right, the CDF_2008_S7540469 [12] standard analysis. It shows the cross
sections as a function of jet multiplicity. The cut on the jet transvers momentum is p⊥ >
30 GeV, and in the detector rapidity, |yjet| < 2.1. This analysis show that the cross section
for one jet production is better reproduced for the NLO term, but for higher number of
jets it’ needed something else. The ME correction improves the number of jets that passes
the analysis cuts, so it does better than LO without the ME correction. However, as one
can check in the table 1, the ME correction doesn’t affect the Z total cross section, as it is
expected.

The table 1 shows a comparison of the total Z cross section measured in Tevatron CDF
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Figure 11. Comparisons plots for Z + 3 jets production on SHERPA, in the muon Z decay channel.
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Figure 12. Leading jet rapidity for jet cuts on tranverse momentum of 5 GeV (left), and analysis
cut of 20 GeV (right).

experiment (standard analysis CDF_2009_S8383952 [13]). The NLO simulation has a

better prediction of the cross section, while in LO, HERWIG + + has a better performance

than SHERPA generator.
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Figure 11. Comparisons plots for Z + 3 jets production on SHERPA, in the muon Z decay channel.
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Figure 12. Leading jet rapidity for jet cuts on tranverse momentum of 5 GeV (left), and analysis
cut of 20 GeV (right).

experiment (standard analysis CDF_2009_S8383952 [13]). The NLO simulation has a

better prediction of the cross section, while in LO, HERWIG + + has a better performance

than SHERPA generator.
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Seção de Choque Total

Total σZ [pb] Uncertainty [pb]
CDF data 256.0 2.1

HERWIG + + LO ME on 185.1 0.7
HERWIG + + LO ME off 185.2 0.7

HERWIG + + NLO 230.4 0.9
Sherpa Z + 1 jet 171.5 0.3
Sherpa Z + 2 jets 172.6 0.4

Table 1. The total cross sections for the Z production in data, SHERPA and HERWIG + + Monte

Carlo generators.
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Figure 13. Comparison plots for Z production at: LO (ME correction off), LO (ME correction on)

and NLO.

5. LHC ANALYSES CUTS
XXXX TRY TO RUN MY ANALYSIS WITH BASIC KINEMATICS FOR LHC EN-
ERGY/CUTS XXXX

6. CONCLUSIONS
We studied the effects of adding a next to leading order term in the Monte Carlo simulation
for Drell-Yan production in hadron colliders. In addition, the influence of adding a matrix
element correction in the leading order calculations for improving the showering in the
parton shower formalism, and the influence of some theoretical parameters that enter as
input in the Monte Carlo programs.
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Cinemática em LO e NLO

Total σZ [pb] Uncertainty [pb]
CDF data 256.0 2.1

HERWIG + + LO ME on 185.1 0.7
HERWIG + + LO ME off 185.2 0.7

HERWIG + + NLO 230.4 0.9
Sherpa Z + 1 jet 171.5 0.3
Sherpa Z + 2 jets 172.6 0.4

Table 1. The total cross sections for the Z production in data, SHERPA and HERWIG + + Monte

Carlo generators.

D0 data
Herwig++ Z NLO
Herwig++ Z LO ME on
Herwig++ Z LO ME off

10−6

10−5

10−4

10−3

10−2

pT of 1st jet (constrained electrons)

1/
σ

d
σ

/
d

p
1s

t
je

t
⊥

50 100 150 200 250 300

0.6

0.8

1

1.2

1.4

p
1st jet
⊥ [GeV]

M
C

/
d

at
a

D0 data
Herwig++ Z NLO
Herwig++ Z LO ME on
Herwig++ Z LO ME off

10−7

10−6

10−5

10−4

10−3

pT of 2nd jet (constrained electrons)

1/
σ

d
σ

/
d

p
2n

d
je

t
⊥

20 40 60 80 100 120 140 160 180 200

0.6

0.8

1

1.2

1.4

p
2nd jet
⊥ [GeV]

M
C

/
d

at
a

D0 data
Herwig++ Z NLO
Herwig++ Z LO ME on
Herwig++ Z LO ME off

10−5

10−4

pT of 3rd jet (constrained electrons)

1/
σ

d
σ

/
d

p
3r

d
je

t
⊥

20 25 30 35 40 45 50 55 60

0.6

0.8

1

1.2

1.4

p
3rd jet
⊥ [GeV]

M
C

/
d

at
a

D0 data
Herwig++ Z NLO
Herwig++ Z LO ME on
Herwig++ Z LO ME off

10−7

10−6

10−5

10−4

10−3

10−2

10−1

Z boson pT

1/
σ

d
σ

/
d

p
⊥
(Z

)

0 50 100 150 200 250

0.6

0.8

1

1.2

1.4

p⊥(Z) [GeV]

M
C

/
d

at
a

Figure 13. Comparison plots for Z production at: LO (ME correction off), LO (ME correction on)

and NLO.
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6. CONCLUSIONS
We studied the effects of adding a next to leading order term in the Monte Carlo simulation
for Drell-Yan production in hadron colliders. In addition, the influence of adding a matrix
element correction in the leading order calculations for improving the showering in the
parton shower formalism, and the influence of some theoretical parameters that enter as
input in the Monte Carlo programs.
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Cinemática em LO e NLO
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Figure 14. Comparison plots for Z production at: LO (ME correction off), LO (ME correction on)

and NLO.

We could see that the use of the NLO term, studied here in the POWHEG formalism
as implemented in HERWIG + + generator, improves the prediction of the cross sections of
the processes, as well as the behaviour of the physics observables, specially in the region
of higher transverse momentum. The implementation of the matrix element correction
in the parton shower formalism improves the description of the data in the region of
high transverse momentum, compared to the calculations in leading order without the
correction.

It was also seen that both SHERPA ans HERWIG + + (LO and NLO) generators show a
systematic behaviour lower than the Tevatron data in the region of mid-range transverse
momentum of the Z boson. The D0 analysis performed in the muon channel has a better
Monte Carlo description than the one performed in the electron channel, and doesn’t use
any kind of correction based in theory.

The underlying event analysis showed that is possible to choose a good tune for the
parameters in the multiple parton interactions model (Amisic) for the SHERPA generator,
using the PDF that best describes the Z p⊥ data (cteq6l1). However, for the HERWIG + +
generator, there was no parameter selection that could describe well the underlying event
data, and the setup use was the standard one, based in the best description of other physics
observables by the authors.

In the analysis of the balance of the Z p⊥ against the leading jet p⊥ and the sum of
p⊥ of all jets in the event was possible to see the effects that the MPI model make in the
region of low transverse momentum.
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Conclusões
• LO PS + ME melhora a descrição em alto pT.

• NLO - melhora na previsão de seções de choque e 
regiões de maior pT.

• Influência de parâmetros da simulação.

• Comportamento sistemático no pT do Z.

• UE Amisic 2.5 no Sherpa - nenhuma boa escolha pra 
Herwig++. 

• Z pT vs jet pT - importância do modelo MPI 
escolhido.
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Figure 14. Comparison plots for Z production at: LO (ME correction off), LO (ME correction on)

and NLO.

We could see that the use of the NLO term, studied here in the POWHEG formalism
as implemented in HERWIG + + generator, improves the prediction of the cross sections of
the processes, as well as the behaviour of the physics observables, specially in the region
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parameters in the multiple parton interactions model (Amisic) for the SHERPA generator,
using the PDF that best describes the Z p⊥ data (cteq6l1). However, for the HERWIG + +
generator, there was no parameter selection that could describe well the underlying event
data, and the setup use was the standard one, based in the best description of other physics
observables by the authors.

In the analysis of the balance of the Z p⊥ against the leading jet p⊥ and the sum of
p⊥ of all jets in the event was possible to see the effects that the MPI model make in the
region of low transverse momentum.
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