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Disclaimer

This talk will focus on the physics capabilities of SHERPA-2.2.6.

There are many more advanced developments in the pipeline for
SHERPA-3.0.0, but | will only marginally touch upon them in this talk
today.
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The

SHERPA event generator framework JHEP02(2009)007

Two multi-purpose Matrix Element (ME) generators
AMEGIC++ JHEP02(2002)044, EPJC53(2008)501
COMI  JHEP12(2008)039, PRL109(2012)042001

Two Parton Shower (PS) generators N
CSSHOWER JHEP03(2008)038 k‘;&&\' g, 2

DIRE EPJC75(2015)461

A multiple interaction simulation oo
N -0
a la PYTHIA AMISICH+ hep-ph/0601012 =

A cluster fragmentation module
AHADIC++ EPJC36(2004)381

A hadron and 7 decay package HADRONS-++ ‘:%;

A higher order QED generator using A

YFS-resummation PHOTONS++ JHEP12(2008)018
Sherpa’s traditional strength is the perturbative part of the event
LO, NLO, NNLO, LoPs, NLoPs, NNLOPs, MEPS, MENLOPs, MEPS@NLO

g3
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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
= MEPsS(@LO), MEPS@NLO (special case MENLOPS)
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SHERPA-2.2.6

o SHERPA-2.2.6 released Jan '19

e contains bugfixes for all known bugs of SHERPA-2.2.5

e UFO support for BSM physics

e two parton showers: CSSHOWER (default), DIRE

e on-the-fly scale and PDF variations for ME part in
- LO, NLO

- LoPs, NLOPS (S-Mc@NLo)
- MEPs, MENLOPS, MEPS@NLO

also for incorporation of assoc. approx. EW corrs. and sub-LO
— use named weights in HEPMC (av. since HEPMC-2.06)

o full scale & PDF variations including correlated with parton shower
and for NNLO/NNLOPS in SHERPA-3.0.0

e allow to force HEPMC event record into pure tree structure,
lost information available through disconnected vertices

e default PDF: NNPDF30_nnlo_as_ 0118

I I
Marek Schénherr High-precision Standard Model physics with SHERPA 7/32




Overview V + jets Top processes Multibosons Higgs processes Conclusions

V' + jets processes

@ Precision in V + jets processes
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Conclusions

SHERPA for p% and p%

Fixed order:
e NNLO QCD and NLO EW for inclusive W and Z production
« NLO QCD and NLO EW for p¥/?#

Matched to parton shower:
e NNLOPS for inclusive W and Z production
o NLOPS (S-Mc@NLO) for pl¥/?

Multijet merged:

e MEPS@NLO
— inclusive and for low pr(< Q) same as incl. NLOPS
— for high-prbenefit from NLO accuracy for multijet processes
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NNLOPS for p%'/ and p%

Hoche, Li, Prestel arXiv:1405.3607

NNLOPS matching in
UN2LOPS scheme

scheme constructed to
minimise uncontroled higher
order terms

no reweighting, generated
directly

NLOPS accuracy as

pW/Z 0

QED corrections through
YFS soft-photon res.

Multibosons Higgs processes
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Large p and p%

Lindert, Kallweit, Maierhofer, Pozzorini, MS arXiv:1511.08692
MEPSONLO QCD+EW,;,¢

e incorporate approximate NLO

EW corrections

~ EW Sudakov approx.

— but also includes many
non-logarithmic terms
that render the result
closer to NLO EW

— recover large EW corr.

PP = (77 +0,1,2j @13 TeV.
e T i

Quut = 20GeV

do/dpry [pb/GeV]
SHERPA+OPENLOOPS

MEPS@LO
&= MEPS@NLO QCD

MEPS@NLO QCD+EW,ir¢
—— MEPS@NLO QCD+EW, i1t weo. LO mix

at large pr %
e also include large subleading 5
orders
e QED FSR through YFS T
pry [GeV]

soft-photon resummation
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NLO EW corrections

LH'15 arXiv:1605.04692

ATLAS arXiv:1609.0745

= T T T T T T NS
i i = Vs=8TeV,2037b" ATLAS Preliminary
005 Z /1y ratio for events with 11j,s > 1 . = . ba Leacing et p, » 500 GV
»{ :\ L L L L L B L BRI BB \: é % — ALPGEN+PYTHIAG Wjets 3
z E 13 =1 — PYTHIAB W+j & jj+weak shower E
5 004 —Hz B —— SHERPA+OpenLoops W+j & W+jj El
L 16 © ~——~W+21jetN_NNLO =
<~ 19 et E
£ b4 E
Yook EE ]
E [ 15 E
© o002 [ —+— CMS data 3 =
E JHEP10(2015)128 1 E
g —+— NLO QCD 1 E
o1 |- —4— NLO QCD+EW - 3
R R RS el A R RS RN RN ¥ E
E El | o
1.2 — -
E El g
<]
s 11 =
= E g
8 1o . 3
g AT T I
09 3
08 - = ]
R IR I P R WU BT 8
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pr " [Gev] B
- - . o
important to describt Z/ ratio
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= preview to SHERPA-3.0.0 AR(y, closest jet)
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Soft-photon resummation

Krauss, Lindert, Linten, MS arXiv:1809.10650

pp — Z — (T at 13 TeV: my, pp—Z—(lat13TeVip,
— A e e e AREmmm = e e L B T
E | eoa ] E | e |
ERl | e E
g f i 3 ]
< r 1 5
S [ ] S0 4
= J < £ 3
1072 o 4 k] F ]
< “Zi- L0 E s L -+-10 ]
" —+— Soft-collinear ] L —+— Soft-collinear
—+— NLO QED ] 1073 [ —+— NLO QED
| —+ NNLP QED&?NLO EY‘J % ‘_'_NNLOQEDG)NLOEW 3

PR
S DL B B B

i

£ AN 3 s PR e e e e
. NLOQED ] 3
005 | ~—— NLOE | 3
? dr —_ NN'LOQED@N'LO W 1 %mm
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2.2.6: YFS formalism, matched to NLO QED for W — v and Z — ¢¢
3.0.0: YFS formalism, matched to NNLO QED + NLO EW
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Top processes

© Precision in top processes
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tt + jets production

Héche, Krauss, Maierhdfer, Pozzorini, MS, Siegert arXiv:1401.7971

Total transverse energy

MEPS@NLO s===
1.65 x MEPS@LO ===
Ca@l

do/dH! [pb/GeV]

Ratio to
MEPS@NLO

Ratio to
MEPS@NLO

1200
HIt [GeV]

o tF+0,1,2jONLO QCD

do/dpr [pb/GeV]
5

3

Ratio to
MEPS@NLO

Ratio to
MEPS@NLO

Transverse momentum of reconstructed top quark
L LA e e e
TS MEPS@NLO st
- 1.65 x MEPS@LO ===
Cal

R0 :‘::’o‘o"

XXX =
R
S

-
—— titojetsexcl. -~ H+1jet excl
----- 1+ 2 jets incl.

pr (top) [GeV]

e shapes very similar, normalisation and uncertainty improvements

200 300 400 500 600
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pp — tt + 3jets @ NLO QCD (no parton shower)

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

B |
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e exist as public NTUPLE to be studied
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tt + jets production incl. approx. electroweak corrections

Giitschow, Lindert, MS arXiv:1803.00950

PP t1+0,1(,2,3,4) jets at 13 TeV PP — 1+0,1(,2,3,4) jets at 13 TeV

- C - T ! g
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3 s E
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= tF+0,1 (NLO QCD+EW, i +LOp) + 2,3,4 (LO)
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tt +0,1jONLO QCD+EW,;: + 2,3,4j0LO
reproduces well the corrections seen at fixed-order
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tt + jets production incl. approx. electroweak corrections

Gutschow, Lindert, MS arXiv:1803.00950

i e tt+0,1jONLO QCD+EW,irt
3 F —— ATLAS data EE +2.3 4J@|_O
= r PRD 93 (2016) 3, 032009 ,g ’
- ++ir+ MEPS@NLO QCD o . .
_g E —— MEPS@NLO QCD+EW,i éé e include approx. virtual
P 1 corrections
e additional LO multiplicities
ol ¥ = inherit electroweak
147““““7 corrections through
. T E MENLOPS differential
§ J%%"JLH ' ] K-factor
= = - Héche, Krauss, MS, Siegert
o6 ] arXiv:1009.1127
S P U N TR PP P P
300 400

0 e topeiet comdidate pr T e improved description of data
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Single-top production
Bothmann, Krauss, MS arXiv:1711.02568

op " 15 /Tj @ 8 TeV pp St/ pp — tW @ 8TeV

2 U2
ATLAS ATLAS |E ATLAS g
s J
— > = >
& Ny=4 SHERPA{Nf =1 '5 + SHERPA "O'
= o SHERPA Ny=5 ] = =
= - :
e Ny=5 cMS e 3 CMS &
g * S
ATLAS ATLAS = ATLAS |2
~ Ny=4 T
e Ny=4 4 }SHERPA 2| suerea
= SHERPA Ny=5 =
g Ny=5 OMS 3 CMS
g
M y4rr M PDF I as M /1r,r MPDF Has
4 6 8 10 12 30 40 50 60 0 10 20 30
fia [P Tiot [PD] Tiot [PD]

e S-MCONLO t- and s-channel production in Nf =4 and Nf =5
e S-MC@NLO tW-channel in Ny =5 with DR to separate from tt
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Single-top production

Bothmann, Krauss, MS arXiv:1711.02568

pp " tj @ 8Tev pp " tj @ 8TeV

E4 E4
107" 4 — Ny=4 — Ny=14 g
L — Ny=5 |3 ol [ Ny=5 &
3 + ArLAs [§ 2 + ATLAS 5
Q ., & = 31 3
21072 4 2 = Z

S~
& 5 5 5
= <] < 21 S
~ ) i
2 - -
1077 4 14
2 1.2 2 1.2
. Z.
- 1 - +
£ 104 £ 104 77 i :
Q Q
= =
g 081 g 081 4
0 100 200 300 0 1 2 3 4

Prt [GQV] |yj1 I

e good description of incl. and fiducial xsec with Ny =4 and Nf =5

e parton shower uncertainty studies will be possible in SHERPA-2.2.7
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Multibosons

@ Precision in multi-boson processes
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Diphoton

ATLAS arXiv:1704.03839

-4-Data + slatl unc. ATL,‘AS
¢ Total exp. uncertainty s _ g TeV, 20.2 fb!

T 3
ATLAS Vs=8TeV,20.2fb"
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V+photon
Siegert, Krause arXiv:1708.06283
e Zv+0,1jNLO QCD

e overlap of Z + jets + vFSR
——— and Zv + jets

total prediction —+—

V7 + jets component
V + jets component ===
V +jets —+—
Vo +jets ——

e photons from decay of Z
better described with YFS
resummation matched to
higher order QED corrections
(FSR)

else better described through
NLO QCD for Zv

e overlap removal at particle
level
— custom cuts available

.

E7 [Gev]
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Top processes

Multibosons

Higgs processes

Conclusions

V+photon

Nt >0

s >

= S e T
§ g ATLAS PRD87(2013)112003 —4— 3
2 E ! MEPS@NLO --- 7
= L ] MEPS@LO ]
e 10 5
] L'j‘ﬁ NNPDF variation 3
B £ [ ppx 0520 W
s L = X 05..2.0

1072

£
£
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g
B
o
2
% 3
8 o8 E
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S 1
4 T e|
E MEPS@NLO Bl
9 12f E
2 JPUNES <N S I -
g 5 T =1 T El
8 osfE E
o0 L Ll 3

10*

103
E7 [GeV]

Siegert, Krause arXiv:1708.06283

Z~v +0,1jNLO QCD
overlap of Z + jets + vFSR
and Zv + jets

photons from decay of Z
better described with YFS
resummation matched to

higher order QED corrections

(FSR)

else better described through

NLO QCD for Zv

overlap removal at particle
level
— custom cuts available

well reproduces data
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Diboson

Cascioli, Hoche, Krauss, Maierhofer, Pozzorini, Siegert arXiv:1309.0500

Transverse momentum of leading jet

Incorporate both NLO merging for }%;
qq channels and LO merging for 3
loop-induced gg channels

10 —— MEPS@NLO 4( +0,1f
o MEPS@NLO —— MEPS@LOOP? 4f +0,1j
4/ +0,1jGNLO QCD " ;S”;]R;m;‘}mww; -+
» MEPs@LoOP? gour 1
40+ 0,1j0LO M
5 oo L = -
ml o pr[Gev]

consistent incorporation of loop-induced processes
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Triboson
MS arXiv:1806.00307
pp = GG, @ 13TV
5 Fo T ER|
Q1o a8
o off-shell WTW+ W~ R -
production o i
e includes 0, 1, 2 SFOS ]
processes (WWW and WZZ ]
structures) ‘ ‘ ‘ ‘
107 [+ oo ]
e EW correction (incl. e e
~-induced) important ot E E
o cancellations of EW corr. in ; e
qq and gv/§y channels N maan S —————a
highly observable dependent B z— E
. . zs ob =3
e NLO EW available in S ok <
SHERPA-3.0.0 B
m(30) [c:.e\z;ioD
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Higgs processes

@ Precision in Higgs processes
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Higgs production in gluon fusion

Buschmann,Goncalves,Kuttimalai,MS,Krauss,Plehn JHEP02(2015)038
Kuttimalai,Krauss,Maierhéfer, MS LH'15 arXiv:1605.04692

pp — H + jets production (ggF) Kuttimalai,Krauss,Maierhofer,MS for YR4
. . — 100
e correction factor/weight 3 o osM - ojHET
( ) 5 _E 107! ——— 1jetSM - -~ 1jetHEFT
n = — 2jetSM - == 2jet HEFT
tgﬂ) — |M (mt)| :—:8: 10-2 —_ SJje:SM - S;etHEFT
|IM)(m; — 00)|? 5.
e loops from OPENLOOPS Ul
Sherpa+OpenLoops
MEPS@NLO
e construct MEPS@NLO from 10°°
reweighted S-MCONLO 106 L
. 1.0 e e o ______|]
e factorised approach for EO-S ey
unknown top mass Zos ’
dependence in V,,, otherwise & 02 o oY
exact NLO mass dependence 0 200 0 €00 800 1000

P GeV]

do, = do, ri" [Bn + Vot / do, Dn] PS, +d®p " VR, — ("D,

I
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Higgs production in gluon fusion

Kuttimalai, Krauss, Maierhéfer, MS LH'15, LHC HXSWG YR4

pp — H + jets production (ggF)
e no reweighted MEPS@NLO for
mp-dep components as
B

V=e—"V
BHEFT HEFT

not a good approximation
e LOPS leeds to huge variation
when varying starting scale as
argued in the literature
Bagnaschi et.al. JHEP01(2016)090

0.6 - - - HEFT
— SMym=0
— SMbg=m,
04 L —— SM,ups=9GeV

do/dpl! [pb/GeV]
=]
o«

SM, i = 31GeV

Sherpa+OpenLoops
y3-contributions: MC@NLO
Viyp-contributions: LO+PS
pp— H+X

V5 =13TeV

Pl [GeV]
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Higgs production in gluon fusion

Kuttimalai, Krauss, Maierhéfer, MS LH'15, LHC HXSWG YR4
pp — H + jets production (ggF)

e no reweighted MEPS@NLO for

— 07
mp-dep components as z I
B < 06  SMum=0
o, b
V _ VHEFT ::E 05 —— SM, Qb € [1/V2my, V2my)
Bherr T s Ji-contributiones MCONED
. . s yiyy-contributions: CKKW
not a good approximation 03 pp— H+ X
Vs = 13TeV
e LOPS leeds to huge variation 02
when varying starting scale as 01
argued in the literature 00
Bagnaschi et.al. JHEP01(2016)090 k112
T 1.04
e MEPS allows to leave starting £ o9
scale, resummation scale at = 088
. H 10°
high value when setting the P (GeV]

Qcut ~ mp = small variation
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Higgs bosons in associated production

Goncalves,Krauss,Kuttimalai,Maierhéfer PRD92(2015)7,073006
pp — Z H + jets production

e MEPS@NLO for qG
MEPS@LOOP? for gg 10

=3 MEPS@NLO [scale variations]
e care for qg — ZHgq: z i sizaton? el
5:7._ N \k ME:@LD«':: [kl.\(mx;\anuhﬂml
9 TOVVO 7 =z, ////// 4,,,;‘- \ — - MEPS@Loop? Ojet exclusive
v 2 //////5//5/// //////”/' S
e,
£ 2, ,/,7,/////,// s
g RRsonp=r%/, ///
e 4 : .
g 103 Sherpa+OpenLoops - -
=g T tin,
e @
q 3 q Fost
f 06 F
£ 04
— part of NLO ZHj g2 o
% in |oop_induced as gauge UUG.OU 0.05 0.10 015 0.20 025 030 ‘mew,},”/‘,ﬂ
inv. subset of NNLO ZHj
e loops from OPENLOOPS pp — Z[=LL]H[—=inv] + jets
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BSM physics

Héche,Kuttimalai,Schumann,Siegert EPJC75(2015)3,135

e full support for UFO model Degrande et.al. CPC183(2012)1201
e Lorentz and colour structures automatically built for COMIX

e automatic identification of all 1—»2 and 1—3 decay channels of
every unstable particle in the model
— calculation of all decay widths (LO)

e 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

= see Davide’s talk
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SHERPA-2.2.6

e a new parton shower DIRE
e vastly extended support for UFO BSM format
e multijet merging for loop induced processes further tested, use as:
- MEPs@LoopP?
- reweight MEPS@NLO Higgs production in HEFT with top
mass dependence (approximate in virtual corrections only)
o on-the-fly variations of ug, e, as and PDF for
- LO, NLO
- LOPs, NLOPS (S-Mc@NLO)
- MEPs, MENLOPS, MEPS@NLO
e incorporation of approx. NLO EW corrs in existing NLO QCD
MEPS@NLO
o default PDF: NNPDF30_nnlo_as_0118
including tune of non-perturbative parameters
e SHERPA-2.2.7 will be out soon (PS var for single-top, HEPMC 3)
e coming in SHERPA-3.0.0: full NLO EW, NLO for loop-induced
processes, DIREGNLO, ...
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Thank you for your attention!
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