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Simulation Tools and Matrix Elements

Herwig 7 https://herwig.hepforge.org

General purpose event generator

Parton showers, hadronization, MPI modeling

NLO Merging

HJets++ https://hjets.hepforge.org

Add-on module to Herwig 7

Full calculation for electroweak Higgs boson plus jets production

VBFNLO https://www.itp.kit.edu/vbfnlo

Interfaced to Herwig 7

VBF approximation
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Example Herwig 7 Input File
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Example Herwig 7 Input File
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Input Parameters and Event Selection Cuts

CMS Energy of Collider and Beam Type: pp LHC (13 TeV).

PDF set (LHAPDF): PDF4LHC15 nnlo 100 pdfas.

Factorization and renormalization scales set to HT(jets),
µ2R = µ2F = (

∑
i p

i
T )2

Anti-kT Jet clustering (R=0.4) using FastJet, at least two jets with
pT ,jets > 25 GeV.

Matched results use a MC@NLO type matching. No hadronization or
MPI have been included in the simulations.

The tight selection cuts is defined as

mj1j2 > 600 GeV, ∆yj1j2 > 4.5, yj1 · yj2 < 0. (1)
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Merged NLO H2j, NLO H3j, LO H4j Results1

P
re

lim
in

ar
yHerwig 7.2.0

HJETS/ColorFull

10−1

1

10 1

10 2

10 3

d
σ

/
d

∆
y j

1
j 2

(f
b)

0
0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(2*,3,4)

0
0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(2,3,4)

0
0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(2*,3)

0
0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(2,3)

0
0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(3*) ⊕ PS

0 1 2 3 4 5 6 7 8 9
0

0.2
0.4
0.6
0.8

1
1.2 h(2*,3*,4) h(2*) ⊕ PS

∆yj1 j2

Herwig 7.2.0
HJETS/ColorFull

10−1

1

10 1

10 2

10 3

d
σ

/
d

∆
y j

1
j 2

(f
b)

0
0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3,4)

0
0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3,4)

0
0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3)

0
0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3)

0
0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(3*) ⊕ PS

0 1 2 3 4 5 6 7 8 9
0

0.2
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*) ⊕ PS

∆yj1 j2

1In collaboration with Terrance Figy and Simon Platzer
Tinghua Chen (Wichita State University) NLO Merging using HJets July 12, 2021 7 / 27



Herwig 7.2.0
HJETS/ColorFull

1

10 1
d

σ
/

d
m

j 1
j 2

(f
b/

G
eV

)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3,4)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3,4)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(3*) ⊕ PS

0 200 400 600 800 1000
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*) ⊕ PS

mj1 j2 (GeV)

Herwig 7.2.0
HJETS/ColorFull1

10 1

d
σ

/
d

m
j 1

j 2
(f

b/
G

eV
)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3,4)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3,4)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*,3)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2,3)

0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(3*) ⊕ PS

0 200 400 600 800 1000
0.4
0.6
0.8

1
1.2
1.4 h(2*,3*,4) h(2*) ⊕ PS

mj1 j2 (GeV)

P
re

lim
in

ar
y

Tinghua Chen (Wichita State University) NLO Merging using HJets July 12, 2021 8 / 27



Herwig 7.2.0
HJETS/ColorFull

10−1

1

10 1

10 2

10 3
σ

fid
,N

je
ts

(f
b)

0
0.5

1
1.5

h(2*,3*,4) h(2*,3,4)

0
0.5

1
1.5

h(2*,3*,4) h(2,3,4)

0
0.5

1
1.5

h(2*,3*,4) h(2*,3)

0
0.5

1
1.5

h(2*,3*,4) h(2,3)

0
0.5

1
1.5

h(2*,3*,4) h(3*) ⊕ PS

0 1 2 3 4 5 6 7 8
0

0.5
1

1.5
h(2*,3*,4) h(2*) ⊕ PS

Njets

Herwig 7.2.0
HJETS/ColorFull

10−1

1

10 1

10 2

10 3

σ
fid

,N
je

ts
(f

b)

0
0.5

1
1.5

h(2*,3*,4) h(2*,3,4)

0
0.5

1
1.5

h(2*,3*,4) h(2,3,4)

0
0.5

1
1.5

h(2*,3*,4) h(2*,3)

0
0.5

1
1.5

h(2*,3*,4) h(2,3)

0
0.5

1
1.5

h(2*,3*,4) h(3*) ⊕ PS

0 1 2 3 4 5 6 7 8
0

0.5
1

1.5
h(2*,3*,4) h(2*) ⊕ PS

Njets

P
re

lim
in

ar
y

Tinghua Chen (Wichita State University) NLO Merging using HJets July 12, 2021 9 / 27



The Zeppenfeld variable is defined as

z∗j3 =
yj3 −

yj1+yj2
2

|∆yj1j2 |
. (2)

The minimum rapidity difference of the third jet with respect to the
two leading jets is defined as

x∗j3 = min{|yj1 − yj3 |, |yj2 − yj3 |}. (3)
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HJets vs.VBFNLO Preliminary Results2
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Summary

We have shown merged NLO H2j, NLO H3j, LO H4j results using
Herwig 7.

There is difference between VBF calculation and full calculation.
After applying tight selection cuts, two results has agreement.
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Thank You!
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Back up slides

σmatched
NLO =

∫

n

(
dσLO + dσvirt

)
(4)

=

∫

n

∫

1

(
dσPS − dσsub

)
(5)

=

∫

n+1

(
dσR − dσPS

)
(6)

More details see: https://arxiv.org/pdf/1605.07851.pdf
https://arxiv.org/pdf/1912.06509.pdf
https://arxiv.org/pdf/1109.6256.pdf

Tinghua Chen (Wichita State University) NLO Merging using HJets July 12, 2021 24 / 27

https://arxiv.org/pdf/1605.07851.pdf
https://arxiv.org/pdf/1912.06509.pdf
https://arxiv.org/pdf/1109.6256.pdf


Back up slides

Herwig 7.1
MadGraph/OpenLoops/ColorFull

Z(0)
Z(0,1,2)
Z(0,1,2), ρ ∈ [5,20] GeV
Z(0*,1*,2)
Z(0*,1*,2,3) ρ = 15 GeV

10−4

10−3

10−2

10−1

1

10 1

Z p⊥

d
σ

/
d

pZ ⊥
[p

b/
G

eV
]

1 10 1 10 2

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

pZ
⊥ [GeV]

R
at

io

Herwig 7.1
MadGraph/OpenLoops/ColorFull

Z(0)
Z(0,1,2)
Z(0,1,2), ρ ∈ [5,20] GeV
Z(0*,1*,2)
Z(0*,1*,2,3) ρ = 15 GeV1

10 1

10 2

Z rapidity

d
σ

/
d

y Z
[p

b]

-4 -3 -2 -1 0 1 2 3 4

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

yZ

R
at

io

see https://arxiv.org/pdf/1705.06700.pdf
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