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o The WHIZARD Event Generator

P——

* Universal event generator for lepton and hadron colliders

* Modular package: - Phase space parameterization (resonances, collinear emission, Coulomb etc.)

- O’Mega optimized matrix element generator (tree level, NLO external)

- VAMP: adaptive multi-channel Monte Carlo integrator

- CIRCEI/2: generator/simulation tool for lepton collider beam spectra

- Modules for beam structure, parton shower, matching/merging, event formats,
analysis, cascade decays, polarized initial/final states, [NLO subtractions] etc.

- Interfaces to external packages for Feynman rules, hadronization, tau decays,
event formats, analysis, jet clustering etc.

- SINDARIN: free-format steering language for all inputs (!)
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o The WHIZARD Event Generator
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* Universal event generator for lepton and hadron colliders

* Modular package: - Phase space parameterization (resonances, collinear emission, Coulomb etc.)

- O’Mega optimized matrix element generator (tree level, NLO external)

- VAMP: adaptive multi-channel Monte Carlo integrator

- CIRCEI/2: generator/simulation tool for lepton collider beam spectra

- Modules for beam structure, parton shower, matching/merging, event formats,
analysis, cascade decays, polarized initial/final states, [NLO subtractions] etc.

- Interfaces to external packages for Feynman rules, hadronization, tau decays,
event formats, analysis, jet clustering etc.

- SINDARIN: free-format steering language for all inputs (!)

vl.0  Project start ca. 1999 (parts early 90’s): TESLA studies = WV, Z, Higgs (+ resp. decays)
vl.20 02/2002: optimized matrix elements (O’Mega)

vl.25 06/2003: first ever multi-leg implementation of the MSSM

vl.50 02/2006: QCD color flow formalism

v1.95/97 02/2010: NMSSM, UED, parton shower (alpha), development stop vl

v2.0.0 04/2010: OO overhaul (38 months), modern v2 version, faster matrix elements
v2.1.0 06/2012: FSR/ISR shower, SINDARIN, unit tests etc., cascade processes

v2.2.0 04/2014: 2nd OO overhaul (18 months)

v2.2.5 02/2015: production version, LCIO, NLO alpha, POWHEG alpha, top threshold
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(/L WHIZARD: Some (technical) facts

P—

WHIZARD v2.2.5 (27.02.2015) http://whizard.hepforge.org

<whizard@desy.de>

WHIZARD Team: Wolfgang Kilian, Thorsten Ohl, JRR
Bijan Chokoufé/Marco Sekulla/Christian Weiss + 2 Master + 2 PhD (soon)
(some losses: C. Speckner [software engineering], F. Bach [ESA Space Defense], S. Schmidt [Philosophy])

Publication: EPJ C71 (2011) 1742 (and others for O’Mega, Interfaces, color flow formalism)
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P———

WHIZARD v2.2.5 (27.02.2015) http://whizard.hepforge.org

<whizard@desy.de>

WHIZARD Team: Wolfgang Kilian, Thorsten Ohl, JRR
Bijan Chokoufé/Marco Sekulla/Christian Weiss + 2 Master + 2 PhD (soon)
(some losses: C. Speckner [software engineering], F. Bach [ESA Space Defense], S. Schmidt [Philosophy])
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e
- Elements of Reusab/e

Object-Orienteq/ So
Erich Gammg are

support junior developers
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WHIZARD: Some (technical) facts

Programming Languanges: Fortran2003/2008 (gfortran 24.7.4), OCaml (23.12.0)
Standard conformance to autotools: libtool/autoconf/automake

Standard installation: configure <FLAGS>, make, [make check], make install
Modern OO programming: abstract modules, polymorphism, inheritance etc. etc.

Version control system (subversion @ Hepforge), internal ticket system

Large self test suite, unit tests [module tests], regression testing

Continous integration system (jenkins @ Siegen)

NEW: ticketing system (JIRA @ DESY) for user support issues (questions, bug reports)
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WHIZARD: Some (technical) facts

Programming Languanges: Fortran2003/2008 (gfortran 24.7.4), 0Caml (23.12.0)
Standard conformance to autotools: libtool/autoconf/automake

Standard installation: configure <FLAGS>, make, [make check], make install
Modern OO programming: abstract modules, polymorphism, inheritance etc. etc.

Version control system (subversion @ Hepforge), internal ticket system

Large self test suite, unit tests [module tests], regression testing

Continous integration system (jenkins @ Siegen)

NEW: ticketing system (JIRA @ DESY) for user support issues (questions, bug reports)

% @ &0 whizard.hepforge.org/manual/ c ([»3- Google Q) ¥y i w B =
(] Meistbesucht ~ ktuelle Nachri... ~ WHIZARD | INSPIRE =] arXiv.org e-Print ... 3% Timeline - WHIZA... 3 YouTube - Broad... Eﬂ Schlagzeilen - SPI...
« WHIZARD

« HOME

o Main Page
« MANUAL, WIKI, NEWS
o Manual « Contents
o Wiki Page « Chapter 1 Introduction
o News o 1.1 Disclaimer
o Changelog ° 1.2 :verwevT )
o 1.3 Historical remarks
« REPOSITORY, BUG TRACKER = WH IZ RD M I H f
o Subversion Repository o 1.4 About examples in this manual M\ anua e P (@] I"ge

o SVN Browser « Chapter 2 Installation

o 2.1 Package Structure
o 2.2 Prerequisites

o 2.3 Installation

o Bug Tracker
+« DOWNLOADS

o Download Page
CONTACT o 2.4 Working With WHIZARD
o Contact us o 2.5 Troubleshooting
« INTERNAL WHIZARD PAGE + Chapter 3 Getting Started
o You Shall Not Pass! o 3.1 Hello World

o 3.2 A Simple Calculation
« Chapter 4 Steering WHIZARD: SINDARIN Overview
o 4.1 The command language for WHIZARD
o 4.2 SINDARIN scripts
o 4.3 Errors
o 4.4 Statements
o 4.5 Control Structures
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</L WHIZARD: Some (technical) facts

o Programming Languanges: Fortran2003/2008 (gfortran 24.7.4), OCaml (23.12.0)
o Standard conformance to autotools: libtool/autoconf/automake

o Standard installation: configure <FLAGS>, make, [make check], make install

e Modern OO programming: abstract modules, polymorphism, inheritance etc. etc.

» Version control system (subversion @ Hepforge), internal ticket system

o Large self test suite, unit tests [module tests], regression testing

» Continous integration system (jenkins @ Siegen)

o NEW: ticketing system (JIRA @ DESY) for user support issues (questions, bug reports)

% @ &0 whizard.hepforge.org/manual/ c ([»3- Google Q) ¥y i w B =
(] Meistbesucht ~ ktuelle Nachri... ~ WHIZARD | INSPIRE =] arXiv.org e-Print ... 3% Timeline - WHIZA... 3 YouTube - Broad... Eﬂ Schlagzeilen - SPI...
« WHIZARD

Talk concentrates

« HOME

o Main Page
+« MANUAL, WIKI, NEWS
on NEW features
o Wiki Page « Chapter 1 Introduction
o News o 1.1 Disclaimer
o Changelog ° 12 :ﬂvirv.ievr ) a n d
« REPOSITORY, BUG TRACKER e 1.9 Historical remarks WH IZ A RD M I H f
o Subversion Repository o 1.4 About examples in this manual a_n u a e P O rge
o SVN Browser « Chapter 2 Installation
o Bug Tracker o 2.1 Package Structure C u rre nt eve O P m e nts
« DOWNLOADS o 2.2 Prerequisites
o Download Page 0 2.3 Installation
o 2.4 Working With WHIZARD f t I
L34 s (near) future plans
« INTERNAL WHIZARD PAGE + Chapter 3 Gﬁﬂing ﬁtaned
o You Shall Not Pass! o 3.1 Hello World

o 3.2 A Simple Calculation
« Chapter 4 Steering WHIZARD: SINDARIN Overview
o 4.1 The command language for WHIZARD
o 4.2 SINDARIN scripts
o 4.3 Errors
o 4.4 Statements
o 4.5 Control Structures
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o General structure of SINDARIN input

model = SM
alias LL = “e-“:"e+”:"mu+”:"mu-"“
alias nu = nNn1:N1:n2:N2:n3:N3

alias jet = u:U:d:D:s:S:g

process tth = el, E1 => t, tbar, h
process tthfull =

el, E1 => Lll, nu, ll, nu, b, bbar, jet, jet
process inclusive =

el, E1 => (Z, h) + (Z, Z) + (Wp, Wm)
process t dec = t => E1, nubar, b

500 GeV
el, E1l => circel => ISR

sgqrts =
beams =

cuts = all M > 10 GeV [jet, jet]

integrate (tthfull)
{ iterations = 15:500000, 5:1000000 }

n_events = 10000
unstable t (t_dec)

sample format = lhef, stdhep, hepmc
sample = “mydata”
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model = S

alias L1
alias nu
alias jet

process tth

M

General structure of SINDARIN input

LCWS ’14, Belgrade, Simulation summary talk:
WHIZARD Task to implement LCIO format

(13 2 2 kb 113

“e-“:"e+” :"mu+” : "mu-
N1:N1:n2:N2:n3:N3
u:U:d:D:s:S:g

= el, E1 => t, tbar, h

process tthfull =

el, E1 => Lll, nu, ll, nu, b, bbar, jet, jet
process inclusive =

el, E1 => (Z, h) + (Z, Z) + (Wp, Wm)
process t dec = t => E1, nubar, b

sgrts
beams

500 GeV
el,

E1 => circel => ISR

cuts = all M > 10 GeV [jet, jet]

integrate (tthfull)
{ iterations = 15:500000, 5:1000000 }

n_events

10000

unstable t (t_dec)

sample format = lhef, stdhep, hepmc
“mydata”

sample =

Status Report on WHIZARD
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model = S

alias L1
alias nu
alias jet

process tth
process tthfull =

M

General structure of SINDARIN input

LCWS ’14, Belgrade, Simulation summary talk:
WHIZARD Task to implement LCIO format

(13 2 2 kb 113

“e-“:"e+” :"mu+” : "mu-
N1:N1:n2:N2:n3:N3
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= el, E1 => t, tbar, h
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process inclusive =

el, E1 => (Z, h) + (Z, Z) + (Wp, Wm)
process t dec = t => E1, nubar, b

sgrts
beams

500 GeV
el,

E1 => circel => ISR

cuts = all M > 10 GeV [jet, jet]

integrate (tthfull)
{ iterations = 15:500000, 5:1000000 }

n_events

10000

unstable t (t_dec)

sample format = lhef, stdhep, hepmc
“mydata”

sample =

Status Report on WHIZARD

WHIZARD v2.2.4,02/2015:

sample_format = lcio

simulate (<process>)
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General structure of SINDARIN input

kb [13

. mu-

"‘
model = SM
alias Ll = “e-“:"e+”:"mu+”:
alias nu = nl: N1 n2:N2:n3%:N3
alias jet = u:U:d:D:s:S:g
process tth = el, E1 => t, tbar, h

process tthfull

el, E1 => 11, nu, 11,
process inclusive =
el,
process t_dec = t => E1,
- Event : 1
- run: 42
- timestamp 1429387300000000000
- weight 1
date: 18.04.2015 20:03:10.000000000

detector : unknown
event parameters:
parameter ProcessID [int]: 2

nu, b, bbar,

nubar, b

|gen| [simstat || vertex x,

OOe&OB.
00e+99,
00e+09,
20e+99,

Il e.
Il e.
Il e.
Il e.
Il e.
|| 0.08e+00,
J-3.
11-3.

collection name : MCParticle
parameters:
--------------- print out of MCParticle collection ————————emeeeue
flag: ox@
simulator status bits: [sbvtcls] s: created in simulation b: backscatter v: vertex is not
[ id ]index| PDG | px, PY, pz | energy
(00000004) 2| 2212| 9.00e0+00, 0.00c+00, 7.00e+03| 7.00e+83] 3 |[s
(00000005) 1| 2212| 9.00e+00, 0.00e+00,-7.00e+03| 7.00e+83] 3 |(s
(00000006) 2| 1| 7.50e-81,-1.57e+08, 3.22e+01| 3.22e+01| 3 |[s
(00000007) 3] -2|-3.05e+00,-1.90e+01,-5.46e+081| 5.79%e+01| 3 |(s
(00000009) 4] -24| 1.52e+00,-2.07e+01,-2.06e+01| B.50e+01| 3 |[s
(00000008) 5] 22|-3.81e+08, 1.13e-01,-1.83e+08| 4.23e+00| 1 |(s
(00000018) 6| 1|-2.44e+00, 2.8Be+81, 6.8Be+00| 2.96e+01| 1 |[s
(00000011) 7] -2| 3.96e+00,-4.95e+81,-2.67e+01| 5.64e+01| 1 |(s
e®.
DESY

J.R.Reuter

E1 => (Z, h) + (Z, Z) + (Wp, Wm)

endpoint of parent t: decayed in tracker c: decayed in calorimeter 1: has left detector s: stopped o: overlay

Y

, 0.00e+08,
9.00e+00,
9.00e+08,
9.00e+00,
9.00e+08,
9.00e+00,
5.00e-92,
5.00e-02,

jet,

jet

z | endpoint x,

0.00e+08| 0.00e+00,
0.00e+00| 0.00e+00,
0.00e+08| 0.00e+00,
0.00e+00| 0.00e+00,
0.00e+08|-3.00e-01,
0.00e+00| 0.00e+00,
4.00e-03| 0.00e+00,
4.00e-83| 0.00e+00,

a.
a.

LCWS ’14, Belgrade, Simulation summary talk:
WHIZARD Task to implement LCIO format

sample_format

WHIZARD v2.2.4,02/2015:

lcio

simulate (<process>)

Y

29e+08,
00e+00,

. 00e+08,
. 00e+00,
. 00e-02,
. 00e+00,
. 00e+00,
. 00e+08,

z | mass |
0.00e+00| 0.00e+00|
0.00c+00| 0.00e+00|
0.00e+00| 6.25e-02|
0.00e+08| 3.3Be-01]|
4.00e-03| B.0Be+d1|
0.00e+00| B.16e-902|
9.00e+00|-9,95e-082|
0.00e+00| -1, Tde-01|

Status Report on WHIZARD

charge |

9.00e+08|
9.00e+008|
9.00e+008|
9.00e+008|
9.00e+008|
9.00e+008|
0.00e+00|
9.00e+08|

9.900e+09,
9.00e+00,
9.900e+09,
9.00e+00,
9.900e+08,
6.00e-01,
9.00e+08,
9.00e+00,

spin

9.00e+08,
9.00e+00,
9.00e+08,
9.00e+00,
9.00e+08,
1.00e+08,
9.00e+00,
9.00e+00,

| colorflow

9.00e+08|
9.00e+008|
9.00e+008|
9.00e+008|
9.00e+008|
5.00e-01|
0.00e+00|
9.00e+08|

(2, 8
(8, 2)
(501, @)
(8, 501)
(2, @
(8, 2)
(8, a)
(8, 2)

I

[parents] - [daughters

(- 12,3]
(1 -12,3]

| (8,1] - [4,5]
| (8,1] - [4,5]
(2,3] - (6,7]

(2,3] - (]
(4] - (]
(4] - (]

ALCW 2015,KEK,21.4.2015



t/L Lepton Collider Beam Simulation

P————

Tesla, /s = 500GeV

* Another demand: adapt GuineaPig beam spectra for WHIZARD v2

* For WHIZARD v1.95 simulations done by Lumilinker [T.Barklow] 2 ol

* TESLA/SLC spectra were rather simple % U=

* Fits with 6 or 7 parameters possible [CIRCE1] 0002 #

e Beams not factorizable: Dp, B,(z1,22) # Dp,(z1) - Dp,(x2) e

* No simple power law:  Dg p_(z1,%2) # 25 (1 — z1)P 252 (1 — 29)"? 001 oA
1— 2,4
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t/L Lepton Collider Beam Simulation

Tesla, /s = 500GeV

* Another demand: adapt GuineaPig beam spectra for WHIZARD v2

* For WHIZARD v1.95 simulations done by Lumilinker [T.Barklow] 2 ol

* TESLA/SLC spectra were rather simple % U=

* Fits with 6 or 7 parameters possible [CIRCE1] 0002 #

e Beams not factorizable: Dp, B,(z1,22) # Dp,(z1) - Dp,(x2) e

* No simple power law:  Dg p_(z1,%2) # 25 (1 — z1)P 252 (1 — 29)"? 001 oA

S

g<103°

total spectrum

e’e and e'e’ collision

NPT NP N S e e N PR T ey e
0 500 1000 1500 2000 2500 3000 0~ 2380 300 3020
Ecm [GeV] Ecm [GeV]
Dalena/Esbjerg/Schulte [LCWVS 201 1]

Tails @ CLIC much more complicated (wakefields)
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</L Lepton Collider Beam Simulation

* Another demand: adapt GuineaPig beam spectra for WHIZARD v2 pi(z1)

» For WHIZARD v1.95 simulations done by Lumilinker [T.Barklow] — P2

* TESLA/SLC spectra were rather simple pa(22)
* Fits with 6 or 7 parameters possible [CIRCE1] z2

* Beams not factorizable: Dg,B,(z1,%2) # Dp,(21) - DB, (z2)

* No simple power law:  Dg, 5_(z1,72) # 2% (1 — 1)1 257 (1 — z5)P2 D12

x10%

total spectrum

e'e and e'e’ collision

P N TS FEW T Paees e N EIRT T BT | PP 1 |
0 500 1000 1500 2000 2500 3000 02980 300 3020
Em [GeV] Ecm [GeV]

Dalena/Esbjerg/Schulte [LCWVS 201 1]

Tails @ CLIC much more complicated (wakefields)

Dia T1 D24

CIRCE2 algorithm (WHIZARD 2.2.5,02/15)

o Adapt 2D factorized variable width
histogram to steep part of distribution

o Smooth correlated fluctuations with
moderate Gaussian filter [suppresses
artifacts from limited GuineaPig statistics

e Smooth continuum/boundary bins
separately [avoid artificial beam energy
spread]
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o Workflow GuineaPig/CIRCE2/WHIZARD

r‘

1. Run Guinea-Pig++ with
do_lumi=7;num_lumi=100000000; num_lumi_eg=100000000; num_lumi_gg=100000000;

to produce 1umi. [eg] [eg] .out with (Eq, E5) pairs.
[Large event numbers, as Guinea-Pig++ will produce only a small fraction!]

2. Run circe2_tool.opt with steering file

{ file="ilc500/beams.circe" # to be loaded by WHIZARD

{ design="ILC" roots=500 bins=100 scale=250 # E in [0,1]

{ pid/l=electron pid/2=positron pol=0 # unpolarized e-/e+

events="i1c500/1lumi.ee.out" columns=2 # <= Guinea-Pig

lumi = 1564.763360 # <= Guinea-Pig

iterations = 10 # adapting bins

smooth = 5 [0,1) [0,1) # Gaussian filter 5 bins
]

smooth ; 5 (1] [0,1) smooth =5 [0,1) [1] } } }
to produce correlated beam description

3. Run WHIZARD with SINDARIN input:

beams = el, E1 => circe2
Scirce2 file = "ilc500.circe"
Scirce2_design = "ILC"
?circe_polarized = false
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o Workflow GuineaPig/CIRCE2/WHIZARD

r‘

1. Run Guinea-Pig++ with
do_lumi=7;num_lumi=100000000; num_lumi_eg=100000000; num_lumi_gg=100000000;

to produce 1umi. [eg] [eg] .out with (Eq, E5) pairs.
[Large event numbers, as Guinea-Pig++ will produce only a small fraction!]

2. Run circe2_tool.opt with steering file

{ file="ilc500/beams.circe" # to be loaded by WHIZARD

{ design="ILC" roots=500 bins=100 scale=250 # E in [0,1]

{ pid/l=electron pid/2=positron pol=0 # unpolarized e-/e+

events="i1c500/1lumi.ee.out" columns=2 # <= Guinea-Pig

lumi = 1564.763360 # <= Guinea-Pig

iterations = 10 # adapting bins

smooth = 5 [0,1) [0,1) # Gaussian filter 5 bins
]

smooth ; 5 (1] [0,1) smooth =5 [0,1) [1] } } }
to produce correlated beam description

3. Run WHIZARD with SINDARIN input:

beams = el, E1 => circe2

Scirce2 file = "ilc500.circe" polarized spectra on demand
Scirce2_design = "ILC"

?circe_polarized = false
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Iterations of Beam Spectrum

0.0002 100

0.0001 0.0001

0.0000

0

(171,306 GuineaPig events in 10,000 bins)
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t/L’ Iterations of Beam Spectrum

» iterations = 0 and smooth =0, 3, 5:

0.004 0003

0003
0.002
0.001

0 000
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o NLO Development in WHIZARD

o Need for precision predictions that match (sub-) percent experimental accuracy
o Scary challenge for the theory community [ok, we have some time still ...]
o Mostly electroweak corrections, but also QCD and pure QED

Binoth Les Houches Interface (BLHA): Workflow

|. Process definition in SINDARIN (contract to One-Loop Program [OLP])
2. OLP generates code (Born/NLO interference), WHIZARD reads contract
3. NLO matrix element loaded into WHIZARD
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o NLO Development in WHIZARD

PP——
o Need for precision predictions that match (sub-) percent experimental accuracy
o Scary challenge for the theory community [ok, we have some time still ...]
o Mostly electroweak corrections, but also QCD and pure QED

Binoth Les Houches Interface (BLHA): Workflow

|. Process definition in SINDARIN (contract to One-Loop Program [OLP])
2. OLP generates code (Born/NLO interference), WHIZARD reads contract
3. NLO matrix element loaded into WHIZARD

Working NLO interfaces to: N Ee [G. Cullen et al.]

(first focus on QCD corrections) * Openloops  [J.Lindert et al]
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o NLO Development in WHIZARD

o Need for precision predictions that match (sub-) percent experimental accuracy
o Scary challenge for the theory community [ok, we have some time still ...]
o Mostly electroweak corrections, but also QCD and pure QED

Binoth Les Houches Interface (BLHA): Workflow

|. Process definition in SINDARIN (contract to One-Loop Program [OLP])
2. OLP generates code (Born/NLO interference), WHIZARD reads contract
3. NLO matrix element loaded into WHIZARD

Working NLO interfaces to: N Ee [G. Cullen et al.]

(first focus on QCD corrections) * Openloops  [J.Lindert et al]

WHIZARD v2.2.5 contains alpha version

QCD corrections (massless and massive emitters)

alpha power = 2
alphas _power = @

process eett = el,E1 => t, tbar
{ nlo_calculation = “full” }
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o NLO Development in WHIZARD

PP——
o Need for precision predictions that match (sub-) percent experimental accuracy
o Scary challenge for the theory community [ok, we have some time still ...]
o Mostly electroweak corrections, but also QCD and pure QED
Binoth Les Houches Interface (BLHA): Workflow
|. Process definition in SINDARIN (contract to One-Loop Program [OLP])
2. OLP generates code (Born/NLO interference), WHIZARD reads contract
3. NLO matrix element loaded into WHIZARD
Working NLO interfaces to: s SAT (G GUllehic
(first focus on QCD corrections) * Openloops  [J.Lindert et al]
ete” — tt at NLO with WHIZARD
: . 0.8 .
WHIZARD v2.2.5 contains alpha version , LO
p *, NLO, GoSam
0.7 - * NLO, OpenLoops
QCD corrections (massless and massive emitters) 06l
T o)/
alpha_power = 2 ° |
alphas _power = @ 0.4
process eett = el,E1 => t, tbar 0.3 |
{ nlo_calculation = “full” } 0

350 400 450 500 550 600 650 700 750 800
Vs(GeV]
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?/I¥ FKS Subtraction (Frixione/Kunszt/Signer)

P———

Subtraction formalism to make real and virtual contributions separately finite

doNLO = / (daR — das) —I—/ do® + / doV
n+1 n—+1 n

A\ - 7 \ - 7
™~ BN/

finite finite
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t/IY FKS Subtraction (Frixione/Kunszt/Signer)

Subtraction formalism to make real and virtual contributions separately finite

doNLO = / (daR — das) —I—/ do® + / doV
n+1 n—+1 n

A\ - 7 \ - 7
™~ BN/

finite finite

Automated Subtraction algorithm:

* Find all singular pairs

' I = {(175)7(176)7(275)7(276)7(576)}
5 * Partition phase space according to singular regions
=5 (@)
acl

* Generate subtraction terms for singular regions
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%I‘ FKS Subtraction (Frixione/Kunszt/Signer)

Subtraction formalism to make real and virtual contributions separately finite

doNLO = / (daR — dO’S) —I—/ do® + / doV
n+1 n—+1 n

A\ - 7 \ - 7
™~ BN/

finite finite

Automated Subtraction algorithm:

* Find all singular pairs

' I = {(175)7(176)7(275)7(276)7(576)}
5 * Partition phase space according to singular regions
=5 (@)
acl

* Generate subtraction terms for singular regions

Soft subtraction involves Collinear subtraction involves
color-correlated matrix elements: spin-correlated matrix elements:
B~ — Y AMQ(T;) O(T;) A™*, (ko
(.'ul.or B ~ e cm rad A(n)A(n)*
.+._ —
“Pi [kcmkrad] (UZ"
spin

@
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JP———T—

Simplest benchmark process:

€

Plot for total cross section for fixed
strong coupling constant

List of validated QCD NLO processes

o cien — qq

e eTe — qqgg

® ete =0l qq
o eTe  — lTqq
e cte —tt

S @iter =AU

e cte = WTWbb

te” — q7 with (JNLO = ULO) /ULO = /T

Status Report on WHIZARD

Examples and Validation

o(s)/pb

5000 "/ L

2000
1000

500 (NLO-LO)/LO*10000

200 LO
100

50

20 T T
60 70 80 90 100 110
Vs/GeV

Caveat: no fixed-order NLO event generation due
to missing counter-event infrastructure

* Cross-checks with Madgraph5_aMC@NLO (except
for ee =& WbVVDb)

ALCW 2015,KEK,21.4.2015



t/L Examples and Validation

P—————

o(s)/pb
Simplest benchmark process: L
2000 </
ete” —qq with (O‘NLO — O'LO) o=t
2000
Plot for total cross section for fixed 1000
strong coupling constant 500~ (NLO-LO)/T.O™100%0 -
200 / LO
/ NLO
. A 100
List of validated QCD NLO processes .
Bikere1 _ 20 T
o E 5 C — qq 60 70 80 90 100 110

e eTe — qqgg

° e = €+€—qq
o ete = {Tygq
SR (T

o ete” =tW™b

e cte = WTWbb

V8/GeV

Caveat: no fixed-order NLO event generation due
to missing counter-event infrastructure

* Cross-checks with Madgraph5_aMC@NLO (except
for ee =& WbVVDb)

}1' + First working infrastructure for QCD NLO in pp {

+ First attempts on electroweak corrections, 1
interfacing the RECOLA code [Denner etal] §
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o POWHEG Matching in WHIZARD

JP———T—

o Soft gluon emission before hard emission generate large logs
; 1 foress
» Perturbative Os: |[Maon|” ~ 5 = log 1
T i
o Matrix element + parton shower has to take this into account > > > >

e POWHEG method: hardest emission first [Nason et al.] 0(1) O(1) O(as)

e+ J.RReuter Status Report on WHIZARD ALCW 2015,KEK,21.4.2015
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* Complete NLO events B(®,)=B(®,) +V(®,) + /d(bradR(CDnH)

Soft gluon emission before hard emission generate large logs
Perturbative Os: |Mgoz|” ~ — — log
Matrix element + parton shower has to take this into account . . . .

POWHEG method: hardest emission first [Nason et al.] 0(1) O(1) O(as)

POWHEG Matching in WHIZARD

1 e

kmin

2
kT JEs

* POWHEG generate events according to the formula:

il = By [A%Lo(kqfein) + AR (kr)

R((I)m—l)
B(®y)

dd rad]

e Uses the modified Sudakov form factor:

AgLo(kT) — eXPp [_/dq)rad

R(q)n+1)

B(®y)

Ok (1) — kT)]

Status Report on WHIZARD
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o POWHEG Matching in WHIZARD

Soft gluon emission before hard emission generate large logs
) 1 kmax
Perturbative O&s: |Mgoz|® ~ 7 — log kz;in
T JEs
Matrix element + parton shower has to take this into account . . . .

POWHEG method: hardest emission first [Nason et al.] 0(1) O(1) O(as)

* Complete NLO events B(®,)=B(®,) +V(®,) + /d(bradR(CDnH)

* POWHEG generate events according to the formula:

do = B(®,,) [A%Lo(kqfein) + AR (kr)

R((I)m—l)
B(®y)

dd rad]

e Uses the modified Sudakov form factor:

AgLo(kT) — eXPp [_/dq)rad

R((I)?H—l)
B(®y)

Ok (1) — kT)]

max

Hardest emission: k7*" ; shower with imposing a veto:
B < 0 if virtual and real terms larger than Born: shouldn’t happen in perturbative regions

Reweighting such that B > 0 for all events
POWHEG: Positive Weight Hardest Emission Generator now implemented in WHIZARD
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10!

107!

102 L

1073

10~

—_—
— B

Ratio

o e
o o

10!

Ratio

J.R.Reuter

POWHEG Matching in et+e- to dijets

——— LO+PyTHIAB

POWHEG+PYTHIAS

T T T rriim LI LA

rrrre

WHIZARD+OMEGA/GOSAM

POWHEG+PYTHIAS

- WHIZARD+OMEGA/GOSAM ”~-L
;l‘llll 11 111 L1 l‘ll ll 1 ll ll'l 11 1
;H_ + ::¢:¢¢:%%}%%%LI|| [ .g
:llll || | | || llll II | ll llll 1 |
0 005 01 015 02 025 03 035 04 045
1-T
—— LO+PYTHIAB

Ratio

=

0.1 0.2 0.3

0.7
Major

Status Report on WHIZARD

10!

1071

1072

1073

101

0.8
0.6

——— LO+PyTHIAB

e POWHEG+PYTHIAS

|
g WHIZARD+OMEGA /GOSAM %'1 H
IE_l L1 1 l 11 11 l 11 1 1 l 11 11
= Mﬂ—ﬂ.mlml comuk b | | Ii‘ | |
: = e T[] l ‘m’
"_l L1 1 L1 L1 I L1 1 1 1 ll . L1
0 0.1 0.2 0.3 0.4 0.5 0.6
Minor
—— LO+PYTHIAB
g POWHEG+PYTHIAB
E
:_ WHIZARD+OMEGA /GOSAM
El Ll_l Ll Ll I Ll 1l 1l I Ll Ll
? ...... 3 L) l l | I |
:-Ha_ —— } 1 I | I
I-_I L1 1 L1 L1 I L1 1 1 I L1 fﬂ
0 0.1 0.2 0.3 0.4 0.5 0.6
Oblateness
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o Top Threshold at lepton colliders

ILC top threshold scan best-known method to measure top quark mass, AM ~ 100 MeV

Heavy quark production at lepton colliders

e q

Threshold region (quantitatively)

Large [ Small ',

ete” > tt / \] ete”— bb

Vs Vs
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</1§ TOP Threshold in WHIZARD with F Bach/A. Hoang/M. Stahlhofen

r“_

o Implement resummed threshold effects as effective tab vertex [form factor] in WHIZARD
o G"%(0,ps, E +1il't,v) from TOPPIK code [Jezabek/Teubner], included in WHIZARD

o0 [ wnizarp 1L .

" WHIZARD NLL

0.08

s/p-wave resummation
< 0.06

=
0.04

0.02

0.00
340 342 344 346 348 350

\/ s [GeV] WHIZARD v2.2.3
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%IT TOP Threshold in WHIZARD with F Bach/A. Hoang/M. Stahlhofen

P—

o Implement resummed threshold effects as effective tab vertex [form factor] in WHIZARD
o G"%(0,ps, E +1il't,v) from TOPPIK code [Jezabek/Teubner], included in WHIZARD

010 [ wHizarp 1L v

" WHIZARD NLL

0.08

s/p-wave resummation
< 0.06
<

0.04

0.02

— 0.00
W 340 342 344 346 348 350

C\l/‘a (v) G"? (0, pt, E+il's, V) Vs [GeV]

WHIZARD v2.2.3

R'Z(s) = FU(s)R°(s) + F*(s)R%(s)

s-wave: LL4+NLL  p-wave~v2:NNLL

BUT: differentially p-wave at NLL !

o Default parameters:

M!S =172GeV, I'; = 1.54GeV,
as(Mz) = 0.118

Threshold/Continuum Matching: WIP
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§/1¥ TOP Threshold in WHIZARD with F Bach/A. Hoang/M. Stahlhofen

JP———T—

o Implement resummed threshold effects as effective tab vertex [form factor] in WHIZARD
o G"%(0,ps, E +1il't,v) from TOPPIK code [Jezabek/Teubner], included in WHIZARD

o0 [ wnizarp 1L o

" WHIZARD NLL

0.08

s/p-wave resummation

< 0.06
<
0.04
0.02
\A/__ 0.00
ay . 340 342 344 346 348 350
CX ) (V) GV-2 (0, pt, E+ilt, V) s [GeV] WHIZARD v2.2.3
RVZ(s) = FY(s)R'(s) + F*(s)R%(s) 12 | e <
—_— — - —— g -
s-wave: LL4+NLL  p-wave~v2:NNLL 1.0 I : ]
con [ ]
BUT: differentially p-wave at NLL ! = : ¢ —
SR : L
o Default parameters: 04 . l 5
ol irelativistic resummation ]
M8 =172GeV, I, = 1.54GeV, 02 ieffects effects i ]
! important important 1
as(Mz) = 0.118 = — ]

340 360 380 400 420 440
\fs [GeV]

K«
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</1§ TOP Threshold in WHIZARD with F Bach/A. Hoang/M. Stahlhofen

r‘

o Implement resummed threshold effects as effective tab vertex [form factor] in WHIZARD
o G"%(0,ps, E +1il't,v) from TOPPIK code [Jezabek/Teubner], included in WHIZARD

oo, [ whizaro 1L .

" WHIZARD NLL

0.08

s/p-wave resummation

< 0.06
<

0.04

0.02

0.00

v,a . W— 340 342 344 346 348 350
“1 (Z/> Gv,a (0’ Pt; E+Irt, V) Vs [GeV] WHIZARD v2.2.3
2| !
R (SR (s) + F%(s)R%(s) -] A |
S—W&VG:IL—I—NLL p-Waver:JQ;NNLL 1'0: e '
_ 08
BUT: differentially p-wave at NLL ! 2 |
: 0.6
o Default parameters: [
o4 Error estimate preliminary: DON'T
ISR Sl . . .
M8 — 172GeV, I; = 1.54CeV, o OUOTE ! ]
as(Mz) = 0.118 “ ;
0.0°
Threshold/Continuum Matching: WIP 340 360 380 400 420 440

Vs [GeV]
K«
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Spin Correlation and Polarization in Cascades

Cascade decay, factorize production and decay

simulate (fullproc)

simulate (casc)
#evt/bin | #evt/bin

800 s ?/L 800 — L ?/L

600 — o

400 —

600 —

400 —

200 H
0

|

200 ﬁ
0
\ \ \
0 200 . 400 600 0 200 ! 400 600
Minv (]K) Minv (]K)

- ?diagonal _decay = true .
#evt/bin - #evt/bin

SIS = ?/L 1000 — t/L

800 — .
600 — .

?isotropic_decay = true

600 — —
400 —

400 —

200 —
0 0

0 200 400 600 0 200 ' 400 600
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P——

Cascade decay,

#evt/bin

800 — e —

600 — ] o

400 —

simulate (fullproc)

factorize production and decay

#evt/bin

?/15 800 —

600 —

400 —

200 ﬁ
0

200 H
0

Spin Correlation and Polarization in Cascades

simulate (casc)

HIh <A

|

Minv (]6)

#evt/bin
800 —

600 —

400 —

\
0 200 400 600 0

?diagonal _decay = true

#evt/bin

?/L 1000 —

800 —
600 —

400 —

1 200
0

\ \
200 400 600

Minv (]6)

?isotropic_decay = true

| <A,

200 ﬁ
0
[
0 200 '
Minv (]f)

400 600 0

NEW: possibility to select specific helicity in decays!

200 ' 400 600

unstable “W+” { decay helicity = 0 }

Status Report on WHIZARD
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</L Projects, Plans, Performance and all that

r‘

® O’MegaVirtual Machine (OVM): ME via bytecode interpreter than compiled code v
® Parton shower: LO merging (MLM v) , NLO matching

® QED shower (FSR)

® QED shower (ISR); exclusive part of ISR spectrum

® pTl spectrum of ISR radiation

® automated massless/massive QCD NLO corrections: FS v / Initial state in preparation
— WHIZARD 3.0

® QED/electroweak NLO automation: longer time scale

® complete NLL NRQCD top threshold/NLO continuum matching; extension to ttH

® POWHEG matching implemented v ; maybe also MC@NLO or Nagy-Soper matching
® Monte Carlo over helicities and colors

® Modified algorithm for multi-leg (tree) matrix elements: includes high-color flow amplitudes,
QCD/EW coupling orders, general Lorentz structures

® Automatic generation of decays (and calculation of decay widths)
® New syntax for nested decay chains

process = el, E1 => (t => (Wp => E2, nu2), b), tbar
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</L Conclusions & Outlook

r‘

¢ WHIZARD 2.2 excellent tool for Linear Collider Physics
¢ [ WHIZARD 2.2 excellent tool for LHC Physics]
¢ Great effort on the demands for mass production for LCs

¢ Beamspectra, LCIO, LC top threshold

¢ Main focus in physics: NLO automation — WHIZARD 3.0
¢ Performance: many developments to come

¢ Tell us what is missing, insufficient, annoying, desirable
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(/L Conclusions & Outlook

P—

¢ WHIZARD 2.2 excellent tool for Linear Collider Physics
¢ [ WHIZARD 2.2 excellent tool for LHC Physics]
¢ Great effort on the demands for mass production for LCs

¢ Beamspectra, LCIO, LC top threshold

¢ Main focus in physics: NLO automation — WHIZARD 3.0

Performance: many developments to come

Tell us what is missing, insufficient, annoying, desirable

even if it is in a LCWS summary talk = Challenge accepted !
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t/L Conclusions & Outlook

J

¢ WHIZARD 2.2 excellent tool for Linear Collider Physics

/

¢ [ WHIZARD 2.2 excellent tool for LHC Physics]

¢ Great effort on the demands for mass production for LCs

¢ Beamspectra, LCIO, LC top threshold

¢ Main focus in physics: NLO automation — WHIZARD 3.0
¢ Performance: many developments to come

¢ Tell us what is missing, insufficient, annoying, desirable

even if it is in a LCWS summary talk =—> Challenge accepted !

e . (uantum
More power. e, Qe oo

More productivity.

More profits.
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(Personal) Memory to LCWS 2013: E£&EI5F

i s T

AT TR

J-R.Reuter Status Report on WHIZARD ALCW 2015, KEK, 21.4.2015



Status Report on WHIZARD ALCW 2015,KEK, 21.4.2015



Status Report on WHIZARD ALCW 2015,KEK, 21.4.2015



