Recent Developments in Sherpa

Frank Siegert

Albert-Ludwigs-Universitit Freiburg

FREIBURG

2
=

LFor the Sherpa collaboration: J. Archibald, S. Héche, H. Hoeth, E. Krauss, M. Schénherr, S. Schumann,
FS, J. Winter, K. Zapp



Table of Contents

Introduction

NLO accuracy in the Monte-Carlo: POWHEG
Basic ingredients
Results

NLO meets ME+PS: MENLOPS
What is MENLOPS?
Results

Non-perturbative updates
MPI tuning to LHC data
Hadronisation update

Conclusions

)



Introduction

Introduction

Sherpa features

>
>
>
>
>
>
>

v

Automated tree-level ME generators

Parton shower based on Catani-Seymour dipole terms
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POWHEG matching for NLO + parton shower

MENLOPS for POWHEG + CKKW

Cluster hadronisation model

Hadron and 7 decays

QED radiation from hard leptons and hadron decays in the YFS approach

Multiple parton interactions
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Introduction

Current versions

Sherpa 1.2.3

» Released Dec 2010
» First POWHEG implementation in Sherpa
» First public MENLOPS code

Sherpa 1.3.0

» To be released this(?) week
> More processes in POWHEG and MENLOPS approach
» Minor updates of hadronisation model + new tune

Sherpa 2.0

» New model for soft inclusive QCD
= Minimum Bias
= Underlying Event

> Inclusive hard decays
» No definite time scale yet, O(months)



NLO accuracy in the Monte-Carlo: POWHEG
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Basic ingredients

Catani-Seymour dipole subtraction for NLO calculations

> Real emission and virtual MEs separately divergent
» Divergences cancel = Subtraction using Catani-Seymour dipoles

» Automated implementation of real and integrated subtraction terms in Sherpa
Gleisberg, Krauss (2007)

1 1

ME level NLO calculations NLO matched with parton
shower

> Only interface to the virtual matrix

element is necessary (e.g. via Binoth » Automated POWHEG
Les Houches accord) implementation
» Born, real emission, real/integrated (again: “only” virtual ME needed)
subtraction, phase space done by 1B S, C i [ )
Sherpa » MENLOPS on top of POWHEG:
— Daniel’s talk about state-of-the-art IRfire, s, St 19 G0
application in “Blackhat+Sherpa” Tree-level ME accuracy for final state

multiplicities beyond NLO
(instead of shower approximation)



NLO accuracy in the Monte-Carlo: POWHEG
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POWHEG: Features

Hoche, Krauss, Schonherr, FS (2010)

Cross section at NLO accuracy in o,

» Each event weighted with B = B+ V + 1+ [(R — S) instead of B

> Integration of real emission phase space done by Monte-Carlo sampling
= Currently only weighted events

Radjiation pattern of first emission according to real ME

> Same principle as matrix element corrections in parton showers

> Simplified summary:
> Weight with which to correct first emission generated by POWHEG generator
(with splitting kernels based on the CS dipole terms)

( R) ( 81 aIC )
w=(=]/

B 2pip;

> Replace splitting kernels in POWHEG generator K — max(w)K
> Accept POWHEG emission with probability 5=~

> Z/H splitting implemented for the case B — 0



NLO accuracy in the Monte-Carlo: POWHEG
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Validation of total cross sections

ete~™ — hadrons etp s et+j+Xx
E =300 GeV
E, =91.2 GeV gms
ems € Q2 > 150 GeV?

w=pugr =pp | Facor | POWHEG | NLO POWHEG | NLO
1/2 30179(18) | 30195(20) 3906(9) 3908(10)
/02
Q 1 29411(17) | 29416(18) 4047(10) 4050(11)
2 28680(16) | 28697(18) 4180(10) 4188(11)
pp— WT+X pp > Z + X pp — h + X
Foms = 18 TeV Feoms = 1.96 TeV Eoms = 14TeV
my, > 10GeV 66 < myp < 116GeV 115 < mys < 125GeV
w=pp =pp | Facor | POWHEG | NLO POWHEG | NLO POWHEG | NLO
1/2 1235.4(5) 1235.1(1.0) 243.96(14) 243.84(16) 2.3153(13) 2.3130(13)
myy, /Mg
1 1215.0(5) 1214.9(9) 239.70(13) 239.59(16) 2.4487(12) 2.4474(13)
2 1201.4(5) 1202.0(9) 236.72(13) 236.77(15) 2.5811(13) 2.5786(13)
1/2 1231.0(5) 1230.3(1.0) 243.00(14) 243.06(16) 2.2873(13) 2.2869(14)
m™L 1 1211.8(5) 1211.7(9) 239.01(13) 238.96(15) 2.4255(12) 2.4231(19)
2 1198.8(5) 1199.3(9) 236.23(13) 236.13(14) 2.5623(13) 2.5620(14)

Cross sections in pb for various processes as calculated in the POWHEG framework
and in a conventional fixed order NLO calculation (both in Sherpa).



NLO accuracy in the Monte-Carlo: PO
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POWHEG Drell-Yan lepton pair production

Zboson pT Inclusive Z boson rapidity Zboson p.
g T T T T T T s 3
8 o —— Dodia 3 8
= Sherpa POWHEG A E
S f ——— Sherpa LOPS 4z
Sk I g E
5 Ll —— DOdata S0 k|
Siosf | 4 —— Sherpa POWHEG Sherpa POWHEG
L [I— ~~~ Sherpa LOPS 1076 L Herwigh+ POWHEG
S| ] =
| 0k b
07 e ' -4
ot | w0 |
| | | |- El | | | | | 1076 |
Paaans T T T E| = T T T T T = T
5 o2f E RS b
- I T - e FORI; (1B I
g = L I g hd T o £
g osf ER- IS o8|
) I I | ! ! 1.3 o, ! | ! | ! oo E !
o 50 100 150 200 250 300 o 05 1 15 25 1 10° 10?
PLD GV] 1¥l@) % [Gev]

Azimuthal distibution for p? > 45 GeV

Tl oga T > [Sherpa > 1.2.3]

§ L e rowie "4 » Virtual ME built-in, or from BlackHat, or from

Sof E MCFM

Seg M 37 » Good description of inclusive observables,
e LT agreement with Herwig++

5 e Y s For anything beyond NLO (e.g. A¢(Z, j) — 0) only

e shower approximation = differences between both
Sl programs

25 5
AYZ,jet) [rad]



NLO accuracy in the Monte-Carlo: PO
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POWHEG W boson production

W boson pT ‘Transverse momentum of leading jet

—— DO data
T MF=HR =M
Lu...2pin ME

do/dp! [pb/GeV]
do/dp (jet 1) [pb/GeV]

- ME+PS (1-jet) x 1.2
- LO+PS x 1.2 "

ulllll‘“ X #

3 2
g &
Z o8 I LlJ ‘ |
R O H O B e e e e PR M| . M. TR
o 50 100 150 200 107
P! [Gev] (et 1) [GeV]
Separation between W boson and leading jet

> [Sherpa > 1.2.3]

» Virtual ME built-in, or from BlackHat, or from
MCFM

» Comparison of POWHEG to ME+PS with up to
1jet and LO+PS, all in Sherpa:
agreement between POWHEG and ME+PS
except for K = 1.2 global factor

POWHEG
- ME+PS (1et) x 1.2
——- LO+PS x 12

> Scale variations in ME only are negligible
compared to global scale variations

4 5

7
AR(W, 1t jet)



NLO accuracy in the Monte-Carlo: PO
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POWHEG Z pair production

Z boson p,

Angle between the boson decay planes
T
—— POWHEG
== ME4PS (14et) x 1.2
— - LO+PS x 12

do/dp? [pb/GeV]

—— POWHEG
-~ ME4PS (1et) x 1.2

°

10 o5
p? [GeV] c0s(Fee )

> [Sherpa > 1.2.3]
» Virtual ME from MCFM

» Comparison of POWHEG to ME+PS with up to
1jet and LO+PS, all in Sherpa

> K-factor K ~ 1.2
> Otherwise agreement between POWHEG and
ME+PS(1) in inclusive observables, but

differences when sensitive to higher-order
contributions, like Hp

POWHEG
- ME+PS (1-jet) x 12
——~ LO#PS x 12
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0O000@000000

POWHEG W+ W ~ production

Azimuthal angle difference between oppositely charged leptons Separation between ¢* and leading jet
T TIN5 T T T T T T T
< —— POWHEG =
3 Fooo-- - ME+PS (e x 117
3 —— LOWPS x 134 q
5 ] £ ]

- — POWHEG -1 Ee
ME+PS (1et) x 117~
LO+PS x 1.34

do/dAR(e*, 15t
g
i

PR IR AR AR b o SRR Pl ST PR L o Bl

o 05 1 15 2 2.5 3 o 1 2 3 4 5 6 7
Ay AR(e", 1t jet)

‘Transverse momentum of leading jet
T T

> [Sherpa > 1.2.3]
» Virtual ME from MCFM

» global K-factor K ~ 1.34 for pure shower run,
K =~ 1.17 for ME+PS(1)

do/dp  (jet 1) [pb/GeV]

ME+PS (1-jet) x 1.17
—~ LO+PS x 1.34 .

103
(et 1) [GeV]

11/39
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POWHEG g9 — H — 77

Higgs boson p. Pseudorapidity of leading jet Transverse momentum of leading jet

do/dp) [pb/Gev]
do/dy(jet 1) [pb]

—— POWHEG L

[ — rowHEG
MEPS (1-jet) x 2.1 i

- ME4PS (1et) x 21 )

wi b ] - L
1075 = | Il
= T T i
3 3 3 E
3 = £ F 2 )
osE ERLIN I T E
3 ) ER ) ) ) I E
1 10" 107

4 o
et ) pljet 1) [GeV]

Separation between leading and second leading jet

T > [Sherpa>1.23]
T » Comparison to ME+PS(1) and LO in Sherpa
L ettt e Virtual ME built-in, or from MCFM

12/39



NLO accuracy in the Monte-Carlo: POWHEG
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Other Higgs processes

Gluon-gluon fusion

> g9 — H — 77 [Sherpa > 1.2.3]

> g9 — H — ~v [Sherpa > 1.3.0]
> g9 - H - WW — £lvv [Sherpa > 1.3.0]
> g9 - H — ZZ — 2004 [Sherpa > 1.3.0]

Associated VH production

> W[— lv|H[— WW — Llvv] [Sherpa > 1.3.0]
> Z[— L H[— WW — £lvv] [Sherpa > 1.3.0]



1/ da/dln(yz)

1/ do/dT

—~— ALEPHdata
—— POWHEG =
=~ ME+PS (37et)
— - LO+PS

10
~In(yzs)

Deep-inelastic lepton-nucleon scattering

MC/data

MC/Data-1

o0, /dEdn’ [pb/GeV]

H

|

Q@ [GeV?]

T T T T T T T ™
180 < @* < 5000 GeV* =+ H1 Data

— POWHEG
- ME4PS (1-jot)
LO+PS

a5<E <tzaev iz

12<E, <1700V x5)

17<E <3300V
L L 1 Il

L Il L
02 04 06 08 1 12 14 16
w=12m,m,)
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Sneak preview: Z + ljet

Jet multiplicity Differential cross section in Z/7+ p,. Azimuthal distribution for p% > 25 GeV
FeE T oraw | 3% - T o H e 43
T — SheparownEc | g - —soparownsc £ [ — shprow - 1
s B ~
3 —_— 37 B ok b
—_— = B —
10% - 107 -
—t] +
Il Il Il Il Il Il Il Il Il Il Il Il
. : ,: : T T T : ) : : : L T T T ) : : : T T T T T T \:
g b EREIN- S e I 2 —
o0E | | | 3 oOE | | | o0F | | | | | 13
; : : . = = R T
Nt L2 1G] 292, jet) [rad]
Rapidity difference for p? > 25 GeV. Rapidity average for p? > 25 GeV
% T T T T T T T T % T T T T .
s Tlimowme § 3 e, g » Virtual ME from
g e ——
¥ E =+ BlackHat
§ v —
s » Comparison to
3 E ] measurements from
s CDEand DO
- I =
E 3 e » PRELIMINARY, work
S EREY= T in progress!
OBl A oS E L L L L P g )

[¥oostZ+jet)]
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Sneak preview:

Inclusive jet multiplicity (muon channel) P of 15t jet (muon channel)
z ET T T T T = A B A e e
= . — —e— ATLAS data 5] C —e— ATLAS data ]
2 L —— Sherpa POWHEG % ¢ —— Sherpa POWHEG
Es ER == 1
A E T w0l —+=
+ F 3 E
ES L E ] F —_—
T L ]
e #
10" E 3
| | | | | C P T T A
1 1 1 1 i E L B e L I B
14
g 12 k]
T <
g s [ —— g [
s o8 —_— s
— =
06
E L L L 1 P I I B
o 1 2 3 4 60 100 120
Niet P (st jet) [GeV]

T T
—e— ATLAS data
—— Sherpa POWHEG

[pb/GeV]
3

-
% 17 ¥+*

ﬁ: i » Virtual ME from BlackHat
» Comparison to ATLAS W+jets measurements
~+++ » PRELIMINARY, work in progress!

100 120
pi(andjet) [GeV]



NLO accuracy in the Monte-Carlo: PO
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Sneak preview: gg — H + ljet

do/dAR(h, 1stjet) [pb]

Higgs boson p.

Higgs boson rapidity

Transverse momentum of leading jet

Separation between Higgs boson and leading jet

A
-+ T
. B

L ]

- 1
3

| | | | | |

T T T T T T =
Bl 1 1 1 1 |

6 7
AR(h, 15tjet)

» Virtual ME from MCFM
3 » PRELIMINARY, work in progress!

T T 7 LARARE RAARE RARAR N 5 10 T 3
) B T EETs T 43 T
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R b TeF
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r w0
- 107 i + 109
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z ! I
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NLO meets ME+PS: MENLOPS
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What is MENLOPS?

Hamilton, Nason (2010), Héche, Krauss, Schonherr, FS (2010)

otivation

» POWHEG:
> NLO accuracy for inclusive observables
> LO accuracy for “+1 jet”
> shower approximation for “+2, 3, ... jets”

> Can one do better especially for the high multiplicities?

> We already know how to get LO accuracy for “+1, 2, 3, 4, 5 jets”:
CKKW-like ME+PS merging

» Combination of ME+PS and POWHEG: MENLOPS

> NLO accuracy for inclusive observables
> LO accuracy for observables sensitive to the first n jets (with n up to ~ 5, depending on

the process)

Availability

» First public availability in Sherpa 1.2.3
> Possible for all processes which are available in Sherpa’s POWHEG




NLO meet
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MENLOPS: Comparison to LEP results for ete™ —

1/c do/dIn(yss)

MC/data

Durham jet resolution 5 — 4 (Ecys = 91.2 GeV)

s ME+PS: MENLOPS

hadror

Kérner-Schierholz-Willrodt angle (parton level)

—e— ALEPH data
—— MENLOPS (54et)
—— MESPS (5-jet)
—— POWHEG

1/0do/d cos(¢ksw)

12 —*— OPAL data
—— MENLOPS (5-jet)
—— ME+PS (5-et)
—— POWHEG

08

0.6

0.4

0.2

4 5 6 7 8 9 10

Jet resolution where 5 jets are clustered

into 4 jets
Eur. Phys. J. C35 (2004), 457-486

-1 -0.5 o 05

COS(‘PKSW)
KSW Angle built from momenta of four
most energetic jets
arXiv:hep-ex/0101044



NLO meets ME+PS:
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MENLOPS: Comparison to HERA results for Deep-Inelastic lepton-nucleon Scattering

5
2
k] 4 H1 Data
hed — MENLOPS (3-jet)
5., ~ ME+PS (3-jet)
F10°F POWHE E
) 1.0<n, <05 1 05<n,, <15 1 15<n, <28 @2 0 E(4E;,> 17 GeV OWHEG
= o
[«

E,+E,,>40 GeV

e H1 Data

— MENLOPS (3-jet
[ ME+PS (3ijet)
107 POWHEG

- N

MC / Data

°
IS

o

S

1 10 107 1 10 102 1

o, 1’?‘
EY,B/Q

[
IS

Inclusive jet cross section as function of 10 pre e e
transverse energy in Breit frame @*[Gev?]

arXiv:hep-ex/0206029 .. . .
Dijet cross section as function of Q2

arXiv:hep-ex/0010054

20/39



NLO meets ME+PS: MENLOPS
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MENLOPS: Comparison to Tevatron results for pp — ¢

7(Z+ > Nt jets) /o(Z inclusive)

MC/data

Inclusive jet multiplicity

—e— DO data
—— MENLOPS (3-et)
—— ME+PS (3-et) x 1.2
—— POWHEG

1/07 % dozyja/dp [1/1ad]

Azimuthal distribution for p7 > 25 GeV

—e— DO data
1071 —— MENLOPS (3-jet)

—— ME+PS (3-et) x 1.2
—— POWHEG

T

e ]073? -
N E 3
T + ]
£ 104 = -
£ . B T
| | | | ‘ P R B
\ \ \ \ \ g ME E
g 12fF -
ER- 3
0.8 =
ol i B b
| I | = o 05 1 15 2 2.5 3
o 1 2 3 N AP(Z, jet) [rad]
et

Inclusive jet multiplicity
arXiv:hep-ex /0608052

Azimuthal separation of lepton pair and

leading jet
arXiv:0907.4286



NLO meets ME+PS: MENLOPS
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MENLOPS: Predictions for W+ W~ production at LHC

HT Azimuthal decorrelation of leading and second leading jet
5 : o e b N A A
Rt T b —— MENLOPS (3et) 1
= E 3 & [ —— ME+PS (3et) x 1.04 7
z F q o —— POWHEG
Tt — &
LI 1 3
i iz
e —— MENLOPS (3-jet) R
E —— ME+PS (3-jet) x 1.04 B
0o —— POWHEG L —
g7k -+ I T S e oo e e e
s 14 — s 14 —
R~ E B -4 E 3J
12 i 12 =
) S ol E E | h@muf
ot oniti | B ot
ot ‘ e Bl N S IR R W rneoe 1
102 103 o 05 1 15 2 25 3
Hr [GeV] A(p(]et: jet 2)
Scalar sum of missing E and transverse =~ Azimuthal decorrelation between leading
momenta of jets and leptons and second leading jet



Non-perturbative updates
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MPI tuning to LHC data

Sherpa 1.2.3 default MPI tune

» MPI tuned using cteq66 PDF

Main input: Particle level distributions from Atlas measurements

v

Tevatron UE measurements also included, but with smaller weight
Rivet used for all analyses
Generator response interpolated and minimised using Professor

Main Sherpa contact for tuning: Hendrik Hoeth
(thanks to Hendrik also for most of the plots in the following)

Tuned parameters
Secondary QCD 2 — 2 scattering cutoff p™i" and its energy dependence exponent

>

> Scale factor for non-diffractive cross section

» Proton matter distribution: Gaussian parameters (mean and width)
>

Intrinsic k| (mean and width)

N



Non-perturbative updates
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Results for LHC @ 7 TeV (arXiv:1012.5104)

Charged multiplicity > 2 at 7TeV, track p; > 100MeV Charged particle 1 at 7 TeV, track p, > 100 MeV, for Ney > 2
AR R RN R R e R o S T e o B AR e e
z E Ll =
3 —e— ATLAS 13 F
3 E RV
5 o —— Sherpa 1.23 1 2 esh
5 ERE)
= 32 o
1073 b 55 IH
£ E 5
1074 _ 45 —— ATLAS
E 3 E —— Sherpa1.2.3
F 3 =
1077 = = 356
AN IS AP AP APRTITIN UV NIV IO IO O | B b by v by e e ey A
1 R 3 e e
5 120 = 5 12F
£ E 1 £ E
T aE Y-
J = ERNS) 5
5"-5ﬁ u 4 3 o8f
Rl P PO I PN B B B I e Rl o R E R RN SR =
20 40 60 80 100 120 140 160 180 200 2 4 o 1 2
Nan 17

» MinBias events
» Sherpa simulation not inclusive enough
» Diffraction and soft QCD missing
= Can it describe MB at all? Reasonable agreement in some distributions



Non-perturbative updates
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Results for LHC @ 7 TeV (arXiv:1012.5104)

Charged particle p. at 7TV, track p, > 100MeV, for Noy > 2 Charged (p.) vs. Now at 7TV, track p. > 100 MeV, for Ny > 2
4 o oA e s e B B e i A nann
2, —e— ATLAS <) r 1
z —— Sherpa 123 Y
5 w0 s r El
% s ]
S 06 - E
g F ]
3 £ |
Z 05 B
—e— ATLAS ]
04 [ —— Sherpa 1.23 E
03 —
Wb 1 il = o2 bbb
5 12 3 =
< E ﬂ 3 ]
T oar =S
g E 4 O £
S o8E = = osfE
i S el Sl A I U D P U B
10 1 100 20 40 60 80 100 120 140 160

» MinBias events
» Sherpa simulation not inclusive enough
» Diffraction and soft QCD missing
= Can it describe MB at all? Reasonable agreement in some distributions
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Results for LHC @ 7 TeV (arXiv:1012.0791)

Transverse Nepg density vs. pift, /5 = 7 TeV Transverse L p, density vs. pi¥, \/5 = 7 TeV/
& FTTTTTTTITTITI T I IIT S g EET T T
3 7 MF ]
= L 1 0 n ]
. 4= LF B
S s 4 :
=z [ 1 5 L ]
T s J43 F E
b 14 ]
[ 18 sk E
0.6 — - = r ]
r 1 06 —
04’ 7 C —e— ATLAS |
- —— Sherpa123 ] oa b —— Sherpa 123 1
0.2 ; C ]
1 o2 E
- o B
I A AN AR AR R R Ran= IS s o L L RN RN RN AR RARNRRRE
= 3 5 12F
£ ER- I E
g — ;S 1k —— =]
= - = o8
ol i R P N U BT I R PO B Sl B P N WU B I DY B
> 4 6 8 10 12 14 16 18 20 > 4 6 8 10 12 14 16 18 20
p. (eading track) [GeV] p.. (eading track) [GeV]

» Underlying Event measurement
> Sherpa’s pP(7000) = 3.5 GeV
= Turn-on effect in most plots up to p'¢2d ~ 6 GeV

26 /39



Non-perturbative updates
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Results for LHC @ 7 TeV (arXiv:1012.0791)

Transverse (p ) vs. p'i*, \/5 = 7 TeV Transverse (p) vs. Nepg, /5 = 7 TeV

3 PTTTTTTTTI T ITI T ITT pT

12 1< ;

i 4+t 13 b i

b E [ ]

[ ] 08 3

0.8 — 4

06 - —e— ATLAS ] 06 — —e— ATLAS =

L —— Sherpa 123 1 r —— Sherpa1.23 ]

04— . 0.4 — _
o2 b e
14 - 14
£ 12F - £ 12
< E B o E
T sE ——— 3 1f
Z o8F - = o8f

Sl il B S N U BN I D PO B fd A R BN I R B

2 4 6 8 10 12 14 16 18 20 5 10 15 20 25 30

p. (leading track) [Gev] Nerg

» Underlying Event measurement
> Sherpa’s pP(7000) = 3.5 GeV
= Turn-on effect in most plots up to p'¢2d ~ 6 GeV
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Non-perturbative updates
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Results for LHC @ 7 TeV (arXiv:1012.0791)

Toward (p,) vs. Nepg, V5 = 7 TV Away (p 1) vs. Nepg, V5 =7 TeV
-%l_sj‘u‘uu‘HH‘HH‘HH“HT% B N LA 2 o
E 138 12[ ]
S L, —e— ATLAS 13 r
= —— Sherpa 123 15 f R
N 18 T ,
T o1gH e —
2 + N r 1
[+ ] 08 gt -
1 - X ]
08 - 4 06 |- —e— ATLAS -
£ ] r —— Sherpa 1.23 ]
06 3 [ ]
L ] 04— -
04— - L ]
I L e B e o I T Il B B B B R S RN M
14 - 14
g 120 q s 12
5 B ERE-
~ 1= = ~ 1
g .k 29 f
S o8F = 3 o8
06 - = 06— =
5 10 15 20 25 50 s 10 15 20 25 30
Neng Neng

» Underlying Event measurement
> Sherpa’s pP(7000) = 3.5 GeV
= Turn-on effect in most plots up to p'¢2d ~ 6 GeV

28/39



Results for LHC @ 7 TeV (arXiv:1012.0791)

(dNopg /dipdep)

MC/data

Transverse Neng density vs. p'tt, \/s = 7 TeV, p, > 100 MeV/

Non-perturbative updates
O00000@®0000000

Transverse L p, density vs. p{¥!, \/5 =7 TeV, p| > 100 MeV

—e— ATLAS
—— Sherpa123

(2 p, /dydg) [GeV]

—— Sherpa 123

|

MC/data

|

> 4 6 8 10 12 14 16

18
p. (leading track) [GeV]

» Underlying Event measurement
> Sherpa’s pP(7000) = 3.5 GeV

S

2 4 6 8 10 12 14 16 18 20
p. (leading track) [GeV]

= Turn-on effect in most plots up to p'¢2d ~ 6 GeV

29
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Results for LHC @ 7 TeV (arXiv:1012.0791)

ransverse Ny density vs. p™t, \/5 = 7 Te ransverse ¥ p, density vs. p*, /5 = 7 Tel
T Nipg density vs. pret 7 TeV T L p. density vs. piikt 7 TeV

Ps T AL ma o e e P T e e e e

P S A A R R AR AR AR Ty PO T ]

3 [ 1 e L 100 MeV 1

g [ pL > 100MeV 13 E P> e -
; ot 13 f
= L J 3 [
A = o omr
L 4 o L
L 1w L
[ 1% -

1.5 — — C |

5T ~ factor of 2 i - -
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» Underlying Event measurement
> Sherpa’s pP(7000) = 3.5 GeV
= Turn-on effect in most plots up to p'¢2d ~ 6 GeV
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Results for LHC @ 7 TeV (arXiv:1009.59

Inclusive jet pr spectrum for [y| < 0.3. anti-KT, R = 0.4. Inclusive jet pr spectrum for 2.1 < |y| < 2.8. anti-KT, R = 0.4.
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> Inclusive jet cross sections

> Nice agreement even in total cross section!
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Results for LHC @ 7 TeV (arXiv:1009.5908)

Dijet mass spectrum for |ymax| < 0.3. anti-KT, R = 0.4. Dijet mass spectrum for 1.2 < [ymax| < 2.1. anti-KT, R = 0.4.
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> Dijet mass
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Results for LHC @ 7 TeV (arXiv:1102.2696)

1/6 do/dA¢ [ratio to SHERPA]

Non-perturbative updates
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> Azimuthal decorrelations (figure from arXiv:1102.2696)

> Sensitive to multi-jet events
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Results for LHC @ 7 TeV (ATLAS-CONF-2010-049)

z in anti-k; jets, R = 0.6, p| € [10..15] GeV, |5 < 0.57, /s = 7TeV
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» Fragmentation in anti-kt jets

Ztrack
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Results for LHC @ 7 TeV (arXiv:1102.0068)

Central Transv. Thrust, 125GeV < p'* < 200GeV, /5 = 7TeV.
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Event shapes measured by CMS
> Large disagreement in comparison to ME+PS by MadGraph and Alpgen
» First look with Sherpa looks reasonable
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Results for LHC @ 7 TeV (arXiv:1102.0068)

Central Transv. Minor, 125GeV < p'* < 200GeV, V5 = 7TeV
B R T e e R T
£ o4f = g
& E :F E vibAeu+pApise
o 035 = ) )
3 E 1
z ok :F E
5 o3f .+. E
z E = 2
~ [ =
0z + 3 WSaGLsbp+bAISe
E —e— CMS E , , .
o1 E == — Shepaizs El
o1 |- -
E —— *=3 2
0.05 — 5
e 3 ; Hewid++
[ R R RS SRRk By
i T T T T IRRRE oe E|
o 12: = 0'8| —;
£ E | 2 1 E|
- —+= IR B B 3
g E FTE T B
= o8 E| e bNpIsg
Rl = IR AN RN IFTATINN BRI i oot ' ' ' ' i
-6 -5 -4 -3 -2 -1
In(T,0)

OMstsa

bMpIse

» Event shapes measured by CMS
> Large disagreement in comparison to ME+PS by MadGraph and Alpgen
» First look with Sherpa looks reasonable

36/39



Non-perturbative updates
{ Je]

Hadronisation update

Recent changes for Sherpa 1.3.0

» Bugfixes in hadronisation for z distribution in gluon splitting during cluster
formation

Zboson pT.

» Shower parameter changed:
Pre-factor for «s scale from NLL arguments
and comparison to Tevatron data for Z p, (e.g.
arXiv:1006.0618)

= New hadronisation tune necessary

MC/data
H %‘
¥

30 00
p.@) [Gev]

Hadronisation tune using LEP data

» Shower infrared cut-off pi .

> Parameters of cluster fragmentation
> PT"2.0, PT_MAX

DECAY_OFFSET, DECAY_EXPONENT

STRANGE_FRACTION, BARYON_FRACTION

p_{as}/p_{aa}

vvyy
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Preliminary results for Sherpa to-be-1.3.0
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> Selected observables from Z.Phys.C73:11-60,1996
» Similar level of agreement as in Sherpa 1.2.3




Conclusions

> Sherpa developments in perturbative physics:
> Automated POWHEG implementation
> Multitude of processes with simple colour structure
> Preliminary results for more complicated processes: W/Z / H+1jet
> Implementation of MENLOPS on top of POWHEG restores LO accuracy for higher jet
multiplicities
» Tuning of non-perturbative aspects of event generation:

> Sherpa 1.2.3 was first version to come with a default tune to LHC data
> Used mainly corrected data from Atlas, and also Tevatron measurements
> New hadronisation tune after bug fixes and model changes

» POWHEG will be available for more processes especially in the Higgs sector in
imminent Sherpa 1.3.0 release

» Finalise validation of POWHEG for W/Z/H+1jet
> Version 2.0 will bring new physics modules, e.g. for soft inclusive QCD
> Long term goal: CKKW merging for different jet multiplicities at NLO
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