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The Sherpa Framework

» Hard interaction [Gleisberg et al.] arXiv:0811.4622

LO, NLO QCD/EW !, NNLO QCD 2
ME generators Amegic & Comix
» Radiative corrections
Catani-Seymour based PS,
Dire, YFS QED resummation
» Multiple interactions
Sjéstrand-Zijl model
» Hadronization
Cluster hadronization model
» Hadron Decays

Phase space or EFTs,
YFS QED corrections

Development focused on perturbative aspects h

lvia interfaces to loop generators
2pp — Z/WE /R WEWF



http://inspirebeta.net/search?action_search=Search&p=0811.4622

The Sherpa Framework
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Current version: Sherpa 2.2.4

>

>

>

Fixes for all known bugs in previous versions
Full UFO support for BSM models

QCD one-loop matrix elements through interfaces to:
BlackHat, OpenLoops, GoSam, Recola, ...

On-the-fly scale, PDF and «; variations
LO & NLO QCD, MEPS@LO & MEPS@NLO

» Improved numerical stability in NLO merging & PSs

New Dire parton shower at LO & NLO
Not (yet) default, in particular not in NLO-merging

On-the-fly parton-shower uncertainties



The Sherpa Framework
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Upcoming version: Sherpa 2.3.0 (early spring 2018)

>

>

vV v.vyYy

Catani-Seymour subtraction for NLO QED corrections

Automated NLO EW corrections for SM processes
Sherpa+OpenLoops & Sherpa+Recola/Collier

Loop-induced processes at NLO (e.g. gg — hh)
On-the-fly scale variations NNLO & NNLO+PS
On-the-fly merging scale variations MEPS@(N)LO
Matching & Merging with Dire shower



Hands on: Download and Installation
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» Go to http://sherpa.hepforge.org/

P e M\

» Click ‘Current version: 2.2.4'" — either download, or (better) use svn:
svn co http://sherpa.hepforge.org/svn/branches/rel-2-2-4

[ SherpaDownloads/Sherpa-2.2.4 - Sherpa - Hepforge - Chromium

/' sherpaDownloads, x \|

T

x

€ -~ C [ & secure | httpsy/sherpahepforge.orgtrac/wiki/sherpaDownloads/sherpa-2.2.4

)i

SHERPA s hosted by Hepforge, IPPP Durham

« Sherpa home

- Browse source code
If you spot any problem, please send us an email.If you would like to be informed about patches and newer

+ Intemal releases, please subscribe to our => announcement malling list.
« Contact
* Buildbot Download

The Sherpa package can be downloaded here:
« ©SHERPA-MC-2.24.1ar.g2

In can also be accessed via svn through
+ svn co hipiisherpa hepforge.org/svnbranchesiel-2-2-4

AManual is included in the Manual directory of the tarball. It is available in the HTML and INFO format and
provides extensive documentation of all parameters. It can also be found online.

References

The maln reerence descring he physics of Sherpa s - JHEPD (2009) 007, Please cie s pubicaton ifyou
have used Sherpa for your studies. Aditionally, each run will produce a file called Shery s.tex
\Which conains fomation about th modules ised n s fun and the corresponding pubIcations which
should be referred. If in doubt, please seek the advice of the Sherpa authors.

Search )
+ Downioads Sherpa
+ Curent Version: 224 Login | HelpGuide | AboutTrac | Prefercnces
o Older Versions View Tickets Search
© BEsnmErE tm SherpaDowioats / Sherpa-2.2.4 Up | StrtPage | Index | History
 Manualfor Sherpa 22.4
o Older Ve
+ Docker nstructions Sherpa 2.2.4 (Cho Oyu)
= Bug tracker Version 2.2.4is a bugfix release and we encourage all users to update to this version.



http://sherpa.hepforge.org/
https://sherpa.hepforge.org/trac/wiki/SherpaDownloads/Sherpa-2.2.4

Hands on: Download and Installation
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Installation steps
» autoreconf -fi
» ./configure --enable-ufo --enable-mpi \
--enable-hepmc2=<what> --enable-rivet=<what>
» make install -j<nofcores>
For quick testing & tutorial, can use CTEQ school VM
» Go to http://www.slac.stanford.edu/~shoeche/cteql7/
» Follow instructions on website

) CTEQ17 - Chromium -+ x
< CTEQ17 x

€ C | ® wwwslacstanford.edu/-shosche/cteq17, #

Tutorial on MC event generators

Held by the MCnet collaboration at CTEQ 2017.

Prerequisites

This tutorial uses a virtual machine. Please install Oracle Virtual Box on your personal
computer prior to the tutorial. Due to time constraints we cannot assist you with setting up
software during the tutorial itself. If you have questions regarding installation, please ask
them beforehand.

Download

The virtual machine disk can be downloaded from here. Unarchive the disk using 7-Zip. If 7-
Zip is missing on your Linux system, install the package p7zip. On Windows, downioad the
executable from here. On MacOS, use the unarchiver.

T N
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Short-distance cross sections
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» Efficient tree-level generators for Born and real-emission corrections
Amegic [Krauss,Kuhn,Soff] hep-ph/0109036, COMIiX [Gleisberg,SH] arXiv:0808.3674

» MPI-parallelized integration — good performance at high multiplicity
Process W-+0] W-+1] W-+2) W-+43] W-+4] W 45 W-+6]
RAM <1MB <1MB 1 MB 2 MB 23 MB 81 MB 435 MB
Time3 8s 2m 4s 22m 8s  2h 3m 1d 5h 6d 23h  32d 19h
MC error  0.18% 0.14% 0.25% 0.44% 0.66% 0.78% 1.29%

» Direct interfaces to a variety of loop-amplitude providers,
BLHA interface [Binoth et al] arXiv:1001.1307, [Alioli et al.] arXiv:1308.3462

» Multi-channel phase-space integrators

» Catani-Seymour dipole subtraction for QCD (& QED, starting from 2.3.0)
Amegic [Gleisberg,Krauss| arXiv:0709.2881, [Schonherr] TBP, Comix [SH] TBP

» g subtraction for NNLO QCD singlet production [Li,Prestel,SH] arXiv:1405.3607

3Timing cumulative for all MPI ranks on dual 18-core Intel® Xeon® E5-2699 v3 2.30GHz
Divide by desired number of cores to obtain user (wallclock) time


http://inspirebeta.net/search?action_search=Search&p=hep-ph/0109036
http://inspirebeta.net/search?action_search=Search&p=0808.3674
http://inspirebeta.net/search?action_search=Search&p=1001.1307
http://inspirebeta.net/search?action_search=Search&p=1308.3462
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http://inspirebeta.net/search?action_search=Search&p=1405.3607

Example: tt+3jets at NLO/MINLO QCD
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> |nteresting phenomenology’ [Maierhofer, Moretti,Pozzorini,Siegert, SH| arXiv:1607.06934
e.g. behavior of Berends ratio e \ \ \ 3
2 g pmmmmmnmnnn MINLO —
. E MILO - - B
» Challenging number of loop graphs % .., & o -4
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Example: Drell-Yan at NNLO QCD
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[Li,Prestel, SH] arXiv:1405.3607

g 200F E 3
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» Fully differential NNLO simulation using BlackHat
[Berger et al.] arXiv:0803.4180, arXiv:0907.1984 for real-virtual corrections

» g7 cutoff method [Catani,Grazzini] hep-ph/0703012, [Gao,Li,Zhu] arXiv:1210.2808
uSsing [Becher,Neubert] arXiv:1007.4005, [Gehrmann,Liibbert,Yang] arXiv:1209.0682, arXiv:1403.6451
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Example: Drell-Yan plus 1 jet at NLO QCD & EW
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do/dprz [fb/GeV]

do/do
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[Kallweit, Lindert,Maierhéfer,Pozzorini,Schonherr] arXiv:1412.5157, arXiv:1511.08692, arXiv:1505.05704

Pp—Z+1j @8TeV

[LesHouches SM WG Report] arXiv:1605.04692

b+ 1] @ §TeV Z/7 ratio for events with e, > 1
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» Automated implementation with independent cross checks:

» Openloops virtuals against private generator
» Sherpa MEs and phase space against Munich+OpenLoops

» Can combine QCD and EW corrections additive or multiplicative

10


http://inspirebeta.net/search?action_search=Search&p=1412.5157
http://inspirebeta.net/search?action_search=Search&p=1511.08692
http://inspirebeta.net/search?action_search=Search&p=1505.05704
http://inspirebeta.net/search?action_search=Search&p=1605.04692

Example: pp—4 leptons at NLO QCD & EW

do/dmy [fb/GeV]

Ratio

|
B

e.
T,

[Biedermann,Bréuer,Denner,Pellen,Schumann,Thompson] arXiv:1704.05783
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Recola for QCD/EW virtual corrections
[Actis,Denner,Hofer,Lang,Scharf,Uccirati] arXiv:1605.01090 [Denner,Dittmaier,Hofer] arXiv:1604.06792

Cross-checked against dedicated private code
[Biedermann,Denner,Dittmaier,Hofer,Jager] arXiv:1611.05338

11


http://inspirebeta.net/search?action_search=Search&p=1704.05783
http://inspirebeta.net/search?action_search=Search&p=1605.01090
http://inspirebeta.net/search?action_search=Search&p=1604.06792
http://inspirebeta.net/search?action_search=Search&p=1611.05338

BSM simulations
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[Kuttimalai,Schumann,Siegert,SH]| arXiv:1412.6478

» Model information from Feynrules [Christensen,Duhr] arXiv:0806.4194
[Alloul et al ] arXiv:1310.1921 vVia UFQ [Degrande at al.] arXiv:1108.2040

» Automatic construction of Lorentz & color calculators

» Limited by external wave functions in Comix (Spin 0,1/2,1)
but extendable easily to other spins if needed (any volunteers?)

» Tested on a large set of processes, including
[Hagiwara et al.] hep-ph/0512260, [Christensen et al.] arXiv:0906.2474

Model number of max. rel. deviation
processes tested Comix <> MadGraph5
Standard Model 60 2.3-10710
Higgs Effective Field Theory 13 4.3.10713
MSSM 401 1.0-10710
Minimal Universal Extra Dimensions 51 2.8-10712
Anomalous Quartic Gauge Couplings 16 5.9-10712

12
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BSM simulations
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[Kuttimalai,Schumann,Siegert,SH] arXiv:1412.6478
Automatic construction & LO calculation of all 1 — 2 and 1 — 3 decays
Inclusive decays or dedicated channels, branching ratios can be manipulated
Spin correlation algorithm for decay chains [Richardson] hep-ph/0110108
Examples: pp — tt — betv.bu~ v, in SM,
pp — au* — dx pt v, uet e xY in MSSM

4
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Hands on: BSM simulations
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Dedicated tutorial tomorrow



Uncertainty estimates in Sherpa
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Explicit variations
» Can be done for any scale or PDF dependence
» Functional form can be changed
» Separate runs with changed input
On-the-fly variations
» Can be done for ur,/r and PDF dependence of matrix elements
» Functional form of scale can currently not be changed
» Full syntax cf. Manual, simplified syntax:
SCALE_VARIATIONS 0.25,0.25 4.,4.;
PDF_VARIATIONS NNPDF30_nnlo_as_0118[all];

Stored in HepMC::WeightContainer
using LH naming convention [LesHouches SM WG] arXiv:1405.1067

v

15
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Uncertainty estimates — NLO
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[Bothmann,Schonherr,Schumann] arXiv:1606.08753
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Hands on: Fixed-order calculation of pp — ete™

e An

>

vy

vy

P e M\

Open file ‘Run.dat’, add
(run){
BEAM_1 2212 6500; BEAM_2 2212 6500
SCALES VAR{sqr(91.2)}
} (run)
(processes){
Process 93 93 -> 11 -11
End process
}(processes)
(selector){
Mass 11 -11 66 116
}(selector)
Run Sherpa using ‘Sherpa -e0’ (no events for now)
Draw Feynman graphs by adding ‘Print_Graphs graphs’
to (processes) section and running ‘plot_graphs.sh graphs’
Perform calculation at NLO by adding 'NLO_QCD_Mode Fixed Order’
Speed up calculation by running ‘mpirun -n <nofcores> Sherpa

17



Hands on: Fixed-order calculation of pp — ete™
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» Run ‘Sherpa -wW -elOk EVENT_QUTPUT=HepMC_Short [events]’
to produce 10k weighted events & store them in events.hepmc
» Have a look with ‘zless events.hepmc'
» Add an analysis section to ‘Run.dat’
(analysis){
BEGIN_RIVET
-a MC_ZJETS
USE_HEPMC_SHORT 1
END_RIVET
}(analysis)
» Run Sherpa using ‘Sherpa -aRivet -wW -e100k'’
to produce 100k weighted events & analyze directly
» Run ‘rivet-mkhtml Analysis.yoda' to plot
‘firefox rivet-plots/index.html’ to view results
» Add ‘SCALE_VARIATIONS 0.25,0.25 4.,4." to (run) section
and repeat analysis to learn about variations

18



Parton showers
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» Probabilistic emission generation based on dipole-like factorization
> Partial fractioned & coll. matched eikonal [Catani Seymour] hep-ph/9605323

PiPk 5 1 PiPk 1 DiPk
(pipj)(pjpe)  pipj (i +PK)P;  PrP; (Pi + Pr)Dj
koo i koo ; koo i

s 4

» Two implementations:
» CSS [Schumann, Krauss] arXiv:0709.1027
Collinear-kr ordered, pure Catani-Seymour dipoles
» Dire [Prestel SH] arXiv:1506.05057
Dipole-kr ordered, modified Catani-Seymour dipoles

¢ DGLAP kernels where 1 — — 50y

» Dire also implemented in Pythia, allowing various cross-checks
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New: NLO DGLAP evolution in Dire
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[Prestel, SH] arXiv:1705.00742, [Krauss,Prestel,SH] arXiv:1705.00982

New topologies at NLO
from real-emission corrections

Generic 1 — 3 process in parton shower
2 — 4 process in dipole(-like) shower

First time implementation in PS
since analytic result in '80s
[Curci,Furmanski,Petronzio] NPB175(1980)27

Calculation can be performed in 4D using modified subtraction
+ ‘MCG@NLO in exponent’ of all-orders Sudakov factor

Py (2) = (1 + ép - I) ROR: /dq>+1(R —8)gq (2, D11)

Components: R — triple-collinear kernel, S/Z — subtraction term
P — pole term, I — T — renormalization scheme dependent term

20
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Example: Jet rates and event shapes at LEP |

[Krauss,Prestel,SH] arXiv:1705.00982

Differential 3-jet rate with Durham algorithm (91.2 GeV)

Differential 2-jet rate with Durham algorithm (91.2 GeV)
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Uncertainty estimates — NLO+PS
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[Bothmann,Schénherr,Schumann] arXiv:1606.08753
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Hands on: PS & MCGQONLO simulations

e An

P e M\

» Use previous runcard & remove ‘NLO_QCD_Mode Fixed_Order’

» Run ‘Sherpa -aRivet -elOk -MNone' to analyze
10k unweighted LO events (and skip the MPI simulation)
Plot and view as before

» For MCONLO, modify runcard like this

(processes){
Process 93 93 -> 11 -11
NLO_QCD_Mode MC@NLO
ME_Generator Amegic
RS_ME_Generator Comix
End process
}(processes)
» Run ‘Sherpa’ to produce ME code and compile using
‘./makelibs -j<nofcores>'
» Run ‘Sherpa -aRivet -elOk -MNone' to integrate and
analyze 10k unweighted NLO events (skip the MPI simulation)
Plot and view as before



Hands on: PS, MC@GNLO & POWHEG simulation
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» Great resource for PS & matching: “Hackathons” at CTEQ schools
http://www.slac.stanford.edu/~shoeche/cteql7/ws/

Tutorial on MC event generators

Held by the MCnet collaboration at CTEQ 2017.

Instructions Tutorial on Parton Showers and Matching

g CTEQ School 2017
PS coding tutorial

MC running tutorial

1 Introduction

f on-the-fly
uncertai i tion: ext-t0-] rder. At the

i yor will be sble to fus vous o ad compare
its predictions to results from the event. generator Sherpa (using a simplificd sctup). 1l also have
TASI Lectures constructed your first MCGNLO and POWHEG generator
2 Getting started
arXiv:1411.4085 On the CTEQ 2017 VM change to the tutorial directory

cd ~/tutorials/ps/

You can also use your own PC (In this case you should have PyPy and Rivet installed)

svn co svn://svn.slac.stanford.edu/mc/ps &% cd ps/


http://www.slac.stanford.edu/~shoeche/cteq17/ws/

Multi-jet merging

Exact ———

«—— Approximate
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ner jet Structure




Multi-jet merging at LO and NLO
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» S-MC@NLO matching to PS g 4 Dalssatue. | ATLAS E
[Krauss,Siegert,Schonherr,SH] = [* Z°’t‘alhigp';;iztai"(y Vs=8TeV, 20.2fb"
arXiv:1111.1220, arXiv:1201.5882 S [ L oitreanes MEPSANLO)

» Full-color PS in matching step 9;1047 i

> S-events restricted to Amegic 3 e et +# E

. B r i “++ ]

» MEPS®(N)LO merging o I s #.ﬁ .

[Krauss,Siegert,Schumann,SH] arXiv:0903.1219 .+.

[Krauss,Siegert,Schonherr,SH] arXiv:1207.5030 10%E ++#=+=+
» Non-unitarized, truncated PS ;
» See TASI lecture arxiv:1411.4085
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» Works for non-trivial processes & 157 E
Example: pp — yy+jets P -
[ATLAS] arXiv:1704.03839 3 osf | | E
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http://inspirebeta.net/search?action_search=Search&p=1207.5030
http://inspirebeta.net/search?action_search=Search&p=1411.4085
http://inspirebeta.net/search?action_search=Search&p=1704.03839

Electroweak merging
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[Kallweit, Lindert,Maierhéfer,Pozzorini,Schnherr] arXiv:1511.08692

pp = (T 7+0,1,2) @13 TeV pp = {77 +1,2j @ 13TeV

do/dpry [pb/GeV]
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» QCD merging extended to 3
QCD+4-EW matrix elements
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Uncertainty estimates — ME+PS
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[Bothmann,Schonherr,Schumann] arXiv:1606.08753

Wp, uncertalnty bands scale uncertainty
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http://inspirebeta.net/search?action_search=Search&p=1606.08753

Hands on: MEPS merging at (N)LO
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T N

» Use previous runcard, remove ‘SCALES’ definition
» Change process declaration as

(processes){
Process 93 93 -> 11 -11 93{1} # up to 1 light jet added
NLO_QCD_Mode MCONLO {2} # only 2-particle final state
ME_Generator Amegic {2} # same here
RS_ME_Generator Comix {2} # and here
Order (*,2) # QCD corrections only
CKKW sqr(30/E_CMS) # merging scale
End process
}(processes)

» Run ‘Sherpa -aRivet -elOk -MNone' to integrate
and analyze 10k unweighted (N)LO events
Plot and view as before
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Summary
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» Current capabilities of Sherpa

>

vvyvVVvyy

Fixed-order calculations at LO & NLO

NLO via interfaces to loop providers

NNLO for standard candles at the LHC

LO & NLO (DGLAP) parton shower

MC@NLO matching and MEPS@(N)LO merging
BSM models via UFO interface (,”* tomorrow)
On-the-fly evaluation of QCD uncertainties

» Future additions

>

>

>

Automation of NLO QCD-+EW corrections & matching
Loop-induced processes at NLO
(N)NLO Matching & merging with NLO PS
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