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Part I: Introduction to Sherpa

¥ Status of development

» Physics modules

® Selected results

Part II:

Installation guide

Examples: ® Z+jets production @ Tevafron

® Diboson production

® Decay chains
®
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Scope of the project:
Provide a , capable of simulating
® SM backgrounds as well as

® new physics scenarios (e.g- MSSM, ADD)
at ee, vy and hadron colliders (others to come)

Special emphasis:
Account for through tree level MEs

Combine ME and PS using prescription
to obtain inclusive event samples

Where to find us:;

http://www.sherpa-mc.de

for downloads, manual, bug reports ...

T. Gleisberg, SH, F. Krauss, A. Schalicke, S. Schumann
and J. Winter JHEP 0402:056,2004
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Key features

Automatic ME generation
via AMEGIC++
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Key features

Automatic ME generation

via AMEGIC++
Generation of QCD/QED

radiation via APACIC++
(PYHTIA-like parton shower)

Merging of ME and PS
according fo CKKW
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Key features

Automatic ME generation e N o
via AMEGIC++ b 4 y
Generation of QCD/QED { e
radiation via APACIC++ 3 <
(PYHTIA-like parton shower) _ g R
Merging of ME and PS ; ~ )
according to CKKW - A2
Simulation of Multiple Interactions  /°

acc. to T. Sjostrand and M. van Zijl, Phys. Rev. D36 (1987)

® Cluster fragmentation in preparation
J. Winter, FKrauss, G. Soff Eur.Phys.J.C36:381-395,2004

Currently string fragmentation via PY THIA
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Key features

g
Automatic ME generation \“\’ / AN t.a
via AMEGIC++ ., d
Generation of QCD/QED 2 [ A
Y \

radiation via APACIC++
(PYHTIA-like parton shower)
Merging of ME and PS % )
according fo CKKW % |/ \/xx >\\
Simulation of Multiple Interactions ' /°

acc. to T. Sjostrand and M. van Zijl, Phys. Rev. D36 (1987)

® Cluster fragmentation in preparation
J. Winter, FKrauss, G. Soff Eur.Phys.J.C36:381-395,2004

Currently string fragmentation via PY THIA
® Own hadron decay framework and T decay library

—4) 9
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R.Kuhn, FKrauss, G.Soff, JHEP 0202:044,2002
Sherpas built in ME Generator provides

Fully automated calculation of
In the S, and

Performance comparable to that of dedicated codes

Study of signal and backgrounds in one framework

Expandability (new physics models)

Extensively fested e.g. in diftences el
ete — 6f vs. HELAC/PHEGAS

Recent comparison of arbitrary
2—>2 SUSY processes Vs.
WHIZARD/O'Mega & SMadGraph

K.Hagiwara, W. Kilian, F.Krauss, T.Ohl, T.Plehn,
D.Rainwater, J.Reuter, S.Schumann hep-ph/0512260
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AMEGIC++ IS a generator-generator:
® Given initial and final state, AMEGIC++ constructs diagrams
Translates diagrams into

Generates for each diagram
( to be used in multi-channel integration )

N ® ®

/g\ | X Diso(za 3) 0 Di80(47 5)

1 =50

representing all the above stored to disk ...
New features:

® MSSM spectra can be read from SLHA input files

® Specific decay modes of particles can be enforced
eqg. t — WT — blty, or ég — 6_92(1)
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R.Kuhn, F.Krauss, G.Ivanyi, G.Soff, CPC 134 (2001) 223
F.Krauss, A. Schaelicke, G.Soff, hep-ph/0503087

Features of Sherpas partfon shower:

parfton cascade,
colour coherence imposed by

Final and intial state radiation in
(no DIS-like situations so far)

®» Extensively tested (see next slides)

» Algorithm similar fo old PY THIA shower

. implementation in Sherpa
( 1st is AMEGIC++ )
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¥ Event shapes in e'e” annihilation at E.ps= 91 GeV (LEP)

-t
o

~— DELPHI 91 GeV
— APACIC++ 2.0

~— DELPHI 91 GeV
— APACIC++ 2.0

1/0 do/dT
1/0 do/dM

1-Thrust

Stefan Hoche, YETI, Durham 28.3.2006



O
sisnaINe™

TECHNISCHE
@ UNIVERSITAT
DRESDEN

—— JADE & OPAL 91 Ge —— JADE & OPAL 91 GeV
— APACIC++ 2.0 — APACIC++ 2.0

© o ©
g O N

1/0 do/dlog, (Y ,.)
o
=S
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NEVAl

dopi1 =dopn ®

In running coupling «

Include all quantum Resum (next-to)
interferences

Calculable only for low Interference effects e.g.
FS multiplicity ( n<6-8 ) through angular ordering

=) Desirable to combine both approaches to have

® Good description of hard/wide-angle emissions (ME)

® Correct intrajet evolution (PS)
== Must prevent double counting through CKKW

Stefan Hoche, YETI, Durham 28.3.2006
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Define jet resolution parameter Q_ ; (Q-jet measure)
=) divide phase space into regions of

jet production (n-jet ME) & jet evolution (PS)
Select jet multiplicity and Kinemaftics /

according to g ‘above’ Q .yt Angcﬁ“;’f“ oo
¥ K cluster backwards (construct PS tree) 2«ufiy/%,
and identify core process ZENG 7 (SR
® Reweight ME to get exclusive Aql
samples at resolution scale Q ¢yt ME Domain '\

Start PS at scale y, 4. reject all emissions above Q_;

=) This yields the correct jet rates !
e.g. 2-jet rate in 2-jet event at scale g

R>(q?%) = <A(cht7 Mhard) )2
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W+ jets production at Tevatron Run II
Stability ftests of the procedure

F. Krauss, A.Schalicke, S. Schumann,
Phys.Rev.D70(2004)114009, Phys.ReV.D72(2005)054017

=) Variation of phase space separation cut Q.

— W+X — W+X — W+X
— W + Ojet 3 — W + Ojet 3 — W + Ojet
— W+ 1jet L — W+ 1jet 3 — W+ 1jet
— W + 2jet . — W + 2jet y, 3 — W+ 2jet
— W + 3jet — W + 3jet LTI — W + 3jet
---- reference Ty ---- reference ---- reference

0 20 40 60 80 100 120 140 160 180200 0 20 40 60 80 100 120 140 160 180200 0 20 40 60 80 100 120 140 160 180 200
Pw/ GeV Pw/ GeV Pw/ GeV

Global K-factor
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W+ jets production at Tevatron Run II
Stability tests of the procedure

F. Krauss, A.Schalicke, S. Schumann,
Phys.Rev.D70(2004)114009, Phys.ReV.D72(2005)054017

— W+X L — W+X LT — W+X
— W + Ojet 1 — W + Ojet 1 — W + Ojet
— W +1jet — W +1jet — W+ 1jet
reference h — W+ 2jet — W+ 2jet
reference — W + 3jet
reference

20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
p LW/ GeV p LW/ GeV p LW/ GeV

Global K-factor
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® Jef prin W- and Z+ljet events
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Sherpa vs. MCFM

Wj @ Tevatron

PDF: cteq6l

Cuts: ppe>20 GeV, InlAepl<1
ppe> 15 GeV, <2
pouis> 20 GeV

AR.>0.7
J]

— MCFM NLO
— Sherpa
-- LO

60 80 100 120
pp (et) [GeV]

Global K-factor

/o do/dp,. [1/GeV]

Zj @ Tevatron

PDF: cteq6l N

Cuts: ppe>20 GeV, I Plc1
ppe> 15 GeV, <2
m;> 15 GeV

AR.>0.7
1]

— MCFM NLO

— Sherpa
-- LO

60 80 100 120 140
py (et) [GeV]
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® Jef prin W- and Z+2jet events
Sherpa vs. MCFM

Wjj @ Tevatron Zjj @ Tevatron

— MCFM NLO — MCFM NLO — MCFM NLO
—— Sherpa

-— LO

/o dol/dp, [1/GeV]
l/o do/dp, [1/GeV]

60 80
Pr (second jet) [GeV]

60 80
Pr (second jet) [GeV]

PDF: cteq6l PDF: cteq6l

Cuts: py> 20 GeV, Iy Pi<1 3L | Cuts: ppa>20 GeV, In'Pi<1
poie> 15 GeV, 1<2 prie> 15 GeV, <2
ponis> 20 GeV m, > 15 GeV

AR.>0.7 AR.>0.7
ii ii

l/o do/dp,. [1/GeV]
l/o do/dp,, [1/GeV]

60 80 100 120 140 160 ) 80 100 120
Pr (first jet) [GeV] Pr (first jet) [GeV]

®» Global K-factor
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A.Schalicke, F. Krauss JHEP 0507:018,2005

® p;, measured at CDF
( Phys. Lett. B513 (2001) 292 )

Global K-factor
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A.Schalicke, F. Krauss JHEP 0507:018,2005

® Inclusive jet cross sections,
CDF ( hep-ex/0405067 )

CDF Run Il Preliminary

W —-ev+=njets
—e— CDF Data
— SHERPA

5
jet multiplicity (= n jets)

Global K-factor

Stefan Hoche, YETI, Durham 28.3.2006



TECHNISCHE
@ UNIVERSITAT
DRESDEN

A.Schalicke, F. Krauss JHEP 0507:018,2005

® jet-p;, measured at CDF
( hep-ex/0405067 )

CDF Run Il Preliminary
W—-ev+=njets

— Sherpa
=+ CDF data

R=0.4 (E, > 15 GeV & Ii<2.4)

200 250
jet E; / GeV

Global K-factor
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The D@ Collaboration, D@ Note 5066-CONF

® Z-p;, measured at D@
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The D@ Collaboration, D® Note 5066-CONF

® jet multiplicity, measured at D@

data w/stat error

DO Runll Preliminary - git:r;vafsrt:rt‘;essy&error

[ Sherpa range stat & sys

Nr. of Events
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©
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Jet Multiplicity
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The D@ Collaboration, D® Note 5066-CONF

® p; i1, Measured at DO

data w/stat error
= data w/stat & sys error

7] Sherpa range stat
[ ] Sherpa range stat & sys

Nr. of Events
2,

300 350
p 1%jet [GeV]
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250 350
P, 1! jet [GeV]
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The D@ Collaboration, D® Note 5066-CONF

® p; .t 2, Measured at DO

data w/stat error
B data w/stat & sys error

[ Sherpa range stat
[ ] Sherparange stat & sys

Nr. of Events
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The D@ Collaboration, D@ Note 5066-CONF
® p; .t 3, Mmeasured at D@

data w/stat error
B data w/stat & sys error

[ Sherpa range stat
[ ] Sherpa range stat & sys

Nr. of Events
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The D@ Collaboration, D® Note 5066-CONF

® Aopi», measured at DO

data w/stat error
B data w/stat & sys error

[ Sherpa range stat
[ Sherpa range stat & sys

Nr. of Events

A ¢ (jet,jet)
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2.5 3
A ¢ (jet,jet)
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® Azimuthal dijet
decorrelation in p; ..., bins

e+ PT* > 180 GeV (x8000)
ro+ 130 < pﬂa" < 180 GeV (x400)
e+ 100 < po™

<130 GeV (x20)

mhx <100 GeV
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® Jet rate ratio R

—— DO Data E;>40
—— SHERPA
—— SHERPA with Mi

400 500 600
H, [GeV]
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® Jet rate ratio R

———— DO Data E;>30 GeV, In <3

——  SHERPA
——  SHERPA with MI

Stefan Hoche, YETI, Durham 28.3.2006
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® Jet rate ratio R

—— DO Data E;>20 GeV, b_I<2
———  SHERPA
———  SHERPA with MI
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Features of Sherpas mulfiple interaction module

%

Built according to PY THIA model

T. Sjostrand & M. van Zijl,
Phys. Rev. D36 (1987) SV

3¢

to the secondary interactions

Hard processes with FS multiplicity different from 2
require unique definition of starting scale for evolution tipry

Sherpa algorithm (works for arbirary n-jet ME):
® employ to
. of partons from this process

Stefan Hoche, YETI, Durham 28.3.2006
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. Ncharged VS. PT, jetl In CTC

Min Bias Run |
Jet20 Run |
Sherpa w/ MI
-- Sherpa w/o Mi
PYTHIA w/ MI

N
(Sl

IE
Q
>
Q
o
-
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k]
[
o
s
£
O
<

20 25 30 35 40 45 50
P [ GeV ]

T, jetd
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® Ncharged VS- P, jet1 in CTC
in different regions w.r.1. leading jet

NCharged in 1 GeV bin

~2~ Min Bias Run | Lo ~A- Min Bias Run | -=[i™" &~ Min Bias Run|
—a— Jet20 Run | = A~ —a— Jet20 Run | et T —a— Jet20 Run |
—— Sherpa w/ M| L* —— Sherpa w/ MI e —— Sherpa w/ MI
---- Sherpa w/o MI = ---- Sherpa w/o MI ---- Sherpa w/o MI
— PYTHIAw/MI = R — PYTHIA w/ MI T — PYTHIAw/ MI

Mt
+0.25 =+0.25 gs
0 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

P, . [GeV] P, .. [GeV] Pr e[ GeV ]

T, jett Charged Jet #1 T, jett Charged Jet #1
Dvirection

Charged Jet #1

A
.\‘4‘

Stefan Hoche, YETI, Durham 28.3.2006




TECHNISCHE
@ UNIVERSITAT
DRESDEN

® Ncharged VS. A(Pjeﬂ iIn CTC
for different p; of leading jet

o Py jen> 2 GeV Jet20 Run | a1 Pr o> 5 GeV Jet20 Run | 4t P > 30 GeV Jet20 Run |

— P> 2 GeV Sherpa w/ Ml — P> 5 GeV Sherpa w/ Ml — P> 30 GeV Sherpa w/ Mi

~-- Pr'ion> 2 GeV Sherpa wio MI ~--- P> 5 GeV Sherpa wio MI : T PMI'2 30 GeV Sherpa wio MI
T, jetl T, jet1 T, jet1

— Prjn>2 GeV PYTHIA w/ MI — Prien>5GeV PYTHIA w/ MI — Prion>30 GeV PYTHIA w/ MI

« "Toward" — « "Transverse" — « "Away" > « "Toward" —» « "Transverse" — « "Away" >

fficiency: 0.92

0.2 Track FindingrErffirciencyr: 092
"0 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
AD e L AD_ e L AD e L

DT jet1 > 2GeV DT, jet1 =~ 5GeV DT jet1 > 30GeV
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Features of Sherpas new hadron decay module

Full flexibility, read
( branching ratios, decay channels, form factors, integrators )

with specific decay models

Decay kinematics chosen according to

or
( some rare decays to 5/6 h according to PS )

So far only few hadron decays

Decays according to phase space for
w1, 0, p, K, K*, ¢, w(782), a2(1320), f2(1270), f,(1525)
Currently extended to handle B / D decays

Stefan Hoche, YETI, Durham 28.3.2006
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® Invariant mass spectrum in
T — K_7T+7T_V7- (CLEO-CONF-94-23)

Ksn'no-mode
Kihn-Santamaria model
® CLEO

[¢)]

Kiihn-Santamaria model Kuhn—Santamarla model
with only K resonance

i 1(1400)
with only K, (1270, TESONANce

SN

w

%
&)
S
°
=
=
S
o

5> 4
020005020 %%
202020203020 0% %4
1 PSRRI
HN\RBssesssstin
e N AR IR R AR XRRRK KR
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Revised SUSY sector, including SLHA interface
T and first hadron decays

Decay chain freatment

Finalise alternative underlying event model
Include & tune cluster fragmentation model

Extend hadron decay package, special emphasis on Bs

Stefan Hoche, YETI, Durham 28.3.2006
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Get your Sherpa tarball

Download Sherpa &-1.0.7 from our website
http://www.sherpa-mc.de

Unpack the distribution using
tar —-xzvf Sherpa-1.0.7.tar.gz

Compile the code
PLEASE:

Its easy: TOOLS/makeinstall -t

To display more options of the script
( e.g. incorporation of ROOT/CLHEP in the code )
run TOOLS/makeinstall -h

Stefan Hoche, YETI, Durham 28.3.2006
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A Sherpa setup consists of several parameter fi

® Analysis.dat ® Integration.dat ®
® Beam.dat #® Lund.dat ®
® Fragmentation.dat ® ME.dat ®
® Hadron.dat ® Mil.dat 9
® ISR.dat ® Model.dat ®

How to run such a setup ..

¥ Case 1: Run locally in the setup directory.
( Convenient to add the binary path

es (plain ASCII)
Particle.dat
Processes.dat
Run.dat
Selector.dat
Shower.dat

to your PATH )

Change to your setup: cd setup dir/

Execute Sherpa: Sherpa

Process-specific code is generated, run stops ...

Compile the process specific code: ./makelibs

Execute Sherpa again: Sherpa

Stefan Hoche, YETI, Durham 28.3.2006
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How to run a sefup ..
Case 2: Run from outside the setup directory.
( e.g. from the Sherpa binary path, using ./Sherpa )

Execute Sherpa with path information:
/Sherpa PATH=setup_dir/
Process-specific code is generated, run sfops ...

Go to the setup directory and compile code:
cd setup dir/ && ./makelibs

Return and execufe Sherpa again
Advanced usage

For time-consuming processes,
you might want fo reuse integration results:

® Create corresponding directory: mkdir res_dir/
® Use it: ./Sherpa PATH=setup dir/ RESULTS DIRECTORY=res dir/

Stefan Hoche, YETI, Durham 28.3.2006
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In this case, remove the code ... rm -rf setup_dir/Process/
and the integration results ... rm -rf res_dir/*
and start afresh ...

In any case, you dont know what to do, drop us an email

iInfo@sherpa-mc.de

Stefan Hoche, YETI, Durham 28.3.2006



