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The SHERPA event generator framework JHEP02(2009)007
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AMEGIC++, COMIX
A hard decays module (W, Z, h, t, BSM)

Two Parton Shower (PS) generators g&&\, E
CSSHOWER, DIRE

. . . . . T g
e A multiple interaction simulation st T i,
3 la PYTHIA AMISIC++ =l -

A cluster fragmentation module AHADIC++

.....

A hadron and 7 decay package HADRONS++ 22
A higher order QED generator using f ?K\
YFS-resummation PHOTONS++ At

Sherpa’s traditional strength is the perturbative part of the event
LO, NLO, NNLO, LoPs, NLoPs, NNLOPs, MEPs, MENLOPs, MEPS@NLO
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:

Acronyms and nomenclature
Fixed order calculations
e matrix elements only, implies fixed multiplicities

e no parton shower, no non-perturbative physics, no particle level
= LO, NLO, NNLO

Parton shower matched calculations

e combination of fixed order calculation and parton shower for one
multiplicity

o particle level predictions, no multijet observables
= LOPS, NLOPs, NNLOPS
Multijet merged calculations

e combination of parton shower matched calculations for increasing
final state multiplicities (mostly jets)
e particle level predictions, multijet observables
= MEPs(@LO), MEPS@NLO (special case MENLOPS)
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e no parton shower, no non-perturbative physics, no particle level
= LO, NLO, NNLO
Parton shower matched calculations

e combination of fixed order calculation and parton shower for one
multiplicity
o particle level predictions, no multijet observables
= LOPs, NLoPs, NNLOPsS = S-Mc@NLO
Multijet merged calculations

e combination of parton shower matched calculations for increasing
final state multiplicities (mostly jets)
e particle level predictions, multijet observables
= MEPs(@LO), MEPS@NLO (special case MENLOPS)
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Top quark decays

Hoche, Kuttimalai, Schumann, Siegert arXiv:1412.6478

e in most situations it is sufficient to simulate top-quark prodcution
through a resonance-shape-improved narrow-width approximation
- produce top quarks on-shell
- adjust mass a posteriori according to Breit-Wigner
- add spin-correlated decay
- add QCD parton shower and QED corrections for production and
each decay (radiation off intermediate t and W)

= allows for higher final state multiplicity

o per default all decay channel used
— inclusive production
— mechanism to select individual channels,
cross section optionally adjusted accordingly
e spin-correlated decay chains of arbitrary length
using spin density matrices Richardson JHEP11(2001)029,
Knowles CPC58(1990)271
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Single-top prodcution
Bothmann, Krauss, MS arXiv:1711.02568

t- and s-channels
e available S-MC@NLO
e available in Nf = 4 and Nr = 5 consistent setups

e in N = 5: same signature, gauge invariantly separated by number
of EW t-channel propagators
s-channel: ni., = 0, t-channel: n.c, > 1

e in Nf = 4: t-channel: g — bb-splittings
tW-channels
e available in S-MC@NLO in Nf =5

e at NLO separated from tt through removal of tt doubly resonant
diagrams Frixione et.al. arXiv:0805.3067

e Ny = 4 would need full WWhbb-calculation
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Single-top prodcution

process scales (Ny = 5) scales (N; = 4)

pp — tq/tq (t-channel) -Q% 1E = pg = m§, pg = mi?
pp — tb/tb (s-channel) Q% Q%

pp — tW = /tWT (associated production) mb? —

PDF: = NNPDF30_nlo_as_0118
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Single-top prodcution

SHERPA (Ny = 5) SHERPA (Ny = 4) ATLAS CMS
[7, 10, 8] 16,9, 5]
LR F Qs PDF MR,F Qs PDF tot. tot.
Lt 883 T g 07 583 138 0% xo6 56.7 a3 53.8 +4.7
Q
%“ o321 S % xo5 347 35 0% xo0s5 329 139 27.6  +4.0
=
g Lt 930 Fose 09 x011 935 oS 9 +010 978 057 —
=}
t 500 T T00E +008 572 TOLL 008 +£0.08 577 +045  —
. +0.09  +0.01 +0.09  +0.01
4 gt 331 LG Lo 2006 326 G MGh 2006 o s B4 473
ST 189 *005 H00L 4004 1.87 FOOT FO0L 40.04
; +0.8 402 o
§§-t 123 Zo7 Zon 204 230 *3T 234 454
=t 123 % M3 04 —
e good description of incl. and fiducial xsec with Ny =4 and Nf =5
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Single-top production

pp " tj /1] @ 8TeV

pp "3t/ pp — tW @ 8TeV

12} (o2}
ATLAS ATLAS [Z ATLAS £
5 o
— N, =4 > >
= Ny=4 SHERPA{ 4 5+ SHERPA S
= 1 SHERPA Ny=5 3 = 3
= B ;
3 Ny=5 cMs £ o< OMS 1
= :
ATLAS ATLAS 3 ATLAS |2
-
— Ny=4
= Nyp=4 ! }SHERPA ; SHERPA
e SHERPA Ny=5 .
3 Ny=5 OMS S CMS
=
M prr M PDF I ag M /1pr EPDF Hag
4 6 8 10 12 30 40 50 60 0 10 20 30
ofa [Pb] Tiot [P ot [PD]

e good description of incl. and fiducial xsec with Ny = 4 and Ny =5
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Single-top prodcution

pp' P tj @ 8TeV pp ' tj @ 8TeV

E4 E4

107" — Ny=4 g — Ny =4 :
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e good description of incl. and fiducial xsec with Ny = 4 and Ny =5
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NLO QCD calculations — pp — tt + 3jets
Hoche, Maierhdfer, Moretti, Pozzorini, Siegert arXiv:1607.06934

e First computation of tt+3 jets

zw T
at NLO / MiNLO accuracy z
Al
e Sherpa NLO MC framework using *
Comix Gleisberg,Hiche arXiv:0808.3674 0l
combined with OpenLoops F > 236Gy
Cascioli,Maierhfer,Pozzorini arXiv:1111.5206 [ }(L} } |
i ) 1,6;—_NLO |
e Public results in NTuple format g =10 . ,
£ 4
a la BlackHat collaboration arXiv:1310.7439 = o8 :;;/’””””/"’””;”""""";"3
for easy analysis & recycling E T T ‘ ]
. . , g T4 E e S
available at NERSC (login req'd)  z = ™" . \
. . T 08 AT NN |
e Scale dependence studied using 08 B\ ‘\\\\ } ) ‘ \
H7,m=>_my and MiNLO ) S :
ST ; E
Hamilton,Nason,Zanderighi arXiv:1206.3572 \§ o E E
extended to massive partons £ 1 L L
Niet
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NLO QCD calculations — pp — tt + 3jets

Hoche, Maierhdfer, Moretti, Pozzorini, Siegert arXiv:1607.06934

do/dpy [pb/GeV]

N1 Na22 N3

SHExeA+OPENLOOTS

MINLO S
MILO SN

Lo #4%

18 = T = T
16— NLO
14 E e LO

olonio

i v a7 07

B T T
16 - —— MINLO
14 B s MILO

o/ovmio

A1, A lk)h:h:nt‘:n:' A £ N
N

AN/ (Lo

P GV P GV)

e Inclusive jet-pt spectra

pris [GeV]
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Multijet merging — pp — tt + jets

Total transverse energy

Héche, Krauss, Maierhéfer, Pozzorini, MS, Siegert in PLB748(2015)74-78
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Multi-jet merging at NLO
ATLAS arXiv:1610.09978
pp — tE+0,1jONLO + 2,3,4jGLO

T
o2 e ATLAS -
o S -
S 13 TeV, 32 fb 3 < 1EATLAS
r e add. jetp, 225 GeV - g F 13Tev, 32" — Powheg+Pythia8 3
10tk = S i :’i . 10t E - MG5_aMC@NLO+Herwig++ E
E [ — 3 = E -« Sherpav2.2 3
£ 3 o 107 ~—0—~"%"—0~ _o- 2015 Data E
[ — Powheg+Pythiag 7 S — E
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Sherpa v2.2 3 E 3
£ 2015 Data 1 L -
[ E= stat. b El
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l

< 5 ’
gl g
< 3 2F
go. : 0 e

0.6 E = o8F 3
© %‘2"7 Pownegwythiae(kadHi){ o 1.4; _____ 4Py (RadLo) . g+Pyhi (RMH‘)E
8 4k i & 12F E
Sog g
=08 Q
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Gap fractions
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fgap
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Gap fractions

ATLAS

Vs=13 TeV, 3.2 fb™
veto region: |y| < 2.1
Mo < 300 GeV

0.7 —— Powheg+Pythia8
- - -~ MG5_aMC@NLO+Herwig++]
-.-.-. Sherpav2.2 ]
06 ® 2015 Data

[¥59 Stat. Uncertainty

o5 e Stat.+Syst. Uncertainty
Il Il

MC/Data

Powheg+Pythiab

MC/Data
=

 Powheg+Pythia6 (RadHi)
- Powheg+Pythia6 (RadLo)

0.9

50 M0 180 200 250 300
Q, [GeV]

ATLAS arXiv:1610.09978

part
gap
pe

ATLAS
Vs=13 TeV, 3.2 fb*
veto region: |y| < 2.1
Mgy, > 600 GeV

0.7
—— Powheg+Pythia8 3
06 - --- MG5_aMC@NLO+Herwig++]
: - Sherpa v2.2
® 2015 Data

B9 Stat. Uncertainty
------ Stat.+Syst. Uncertainty
Il Il

MC/Data

MC/Data

Powheg-+Pythia6 (RadHi)
Powheg-+Pythia6 (RadLo)
50100 150 200 250 300
Q, [GeV]

Marek Schénherr

Top production in SHERPA

15/19




Single-top production Top-pair production Rare top-associated processes Conclusions

ttbb production

Cascioli, Maierhéfer, Moretti, Pozzorino, Siegert arXiv:1309.5912

P of 15 bjet (ttbb cuts and iy, > 100 GeV) AR of 1%t and 21 bijets (ttbb cuts and 11y, > 100 GeV)
= R R A N R R R R = T T T T T T T T T T T T
g I E [
2 % E
2 1 § e
5 f 50F
< r L
) L
< 10
107! F - 10
r --- NLO
=== MC@NLO
—— MC@NLOs,
SHERPA+OPENLOOPS SHERPA+OPENLOOPS
25F
2.
s ? K]
3 15 3
S INEES
R B e i <
P O I U TR PR FUT ST P O U U TN PR ST ST
o 50 100 150 200 250 300 350 400 o 0.5 1 15 2 2.5 3 3.5 4
1 [Gev] AR

e S-MC@NLO matched calculation, _
how large is the contribution from secondary g — bb splittings?

e active discussions in LHC HXSWG
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Rare processes — ttW

Transverse momentum of the W boson Transverse momentum of the top-antitop system
£ 1o T o s T R AL S
¢] [¢]
5 5
o o
107t S0t
< on-the-fly explicit < on-the-fly explicit
3 — 22 ey - S — 22 ) -
T 1073 der’ _ < der’ "

— {Zrl}x{h‘,’f‘,u‘ée'} - — {21} x (e

) ety

L
1 10" 102 103

Pt [GeV] P [GeV]

e S-MC@NLO for ttW production
e exemplifies on-the-fly scale variations
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Conclusions

SHERPA offers precise calculation of single-top and top-pair processes
on-the-fly variations of ug, pur, as and PDF for
- LO, NLO
- LOPs, NLOPS (S-Mc®@NLO), NNLOPS through plugin
- MEPS, MENLOPs, MEPS@NLO
NLO QCD MEPS@NLO with approx. NLO EW corrections
— for tt currently validated
multijet merging for loop induced processes further tested, use as:
- MEPS@LOOP?
- reweight MEPS@NLO Higgs production in HEFT with top
mass dependence (approximate in virtual corrections only)
e a new parton shower DIRE
vastly extended support for UFO BSM format
default PDF: NNPDF30_nnlo_as 0118
including corresponding tune of non-perturbative parameters

http://sherpa.hepforge.org
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Thank you for your attention!
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Backup
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Example: Forward-backward asymetry @ Tevatron

Hoche, Huang, Luisoni, MS, Winter Phys.Rev.D88(2013)1,014040

Rapidity dependent forward-backward asymmetry Mass dependent forward-backward asymmetry
B e B B S S S R A R R RN R R
3& [ Parton level ] 5., 0.6 | Parton level B
E o6 | < I —+— CDF data B
< ' —+— CDFdata ] F Phys. Rev. D87 (2013) 092002 4
[ Phys. Rev. D87 (2013) 092002 ] o [ —— DOdata 1
—— D@ data 3 4 arXivi1405.0421 ]
r arXivi1405.0421 - [ ]
r —+— MEPS@NLO Hcore = HQCD | r — b
04— perturbative uncertainty , 02— __Y—I_._
[ —+— MEPS@NLO jicore = Mg ] [ L —,L— |
[ wwee perturbative uncertainty 1] ==t ;—‘ I ]
o3| E ST I
C I —+— MEPS@NLO jicore = JQCD =
02~ = r perturbative uncertainty 1
b 02 T MEPS@NLO freore = iy ]
[ [ e perturbative uncertainty ]
o1 |
E 04— Suerra+(oSam|
o o b b b b e e e
o 0.5 1 15 2 350 400 450 500 55 600 650 700 750
Ay my [GeV]

Chose two different picore — largest impact
Electroweak histories not an issue, but merging works nicely
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Recent NNLO+NNLL results:
Forward-backward asymetry @ Tevatron

AFE
°

MEPS@NLO result very well reproduced by higher order calculation
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