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Introduction

1) Overview of NLO MC setups

f—t -aMC@NLO+Pythia 8
-aMC@NLO+Herwig++
-Powheg+Pythia 6/8

Run: 267638

Event: 193690558 —Powheg+HerWig++

2015-06-13 23:52:26 CEST

-Sherpa
2) PDFs

3) Particle Level Definitions



NLO tt MC @ ATLAS and CMS =T

(more details in subsequent slides)

ME

available and in general available, not in

aMC@NLO Pythia 8 use (multiple flavors) general use

aMC@NLO Herwig++ available and in general  available and in

use (multiple flavors) general use
Powheg Pythia 6 deprecated Nominal
: . available, not in
Powheg Pythia 8 Nominal

general use

available and in general  available and in

Powheg Herwig++ use general use

available and in

Sherpa 2.1 Sherpa not available general use

flavors = LO+multileg+PS(MLM), NLO+PS(MC@NLO matching), NLO+multileg+PS(FxFx)
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aMC@NLO+Pythia 8: CMS focus on the ME = ===4%27
, , CMS Preliminary 19.7f6~1 (8 TeV) New
Configurations —
> 0007 = pu MG5.aMC@NLO+PYTHIAS [FxFx]
— . O, - —e— CMS Data with stat. @ syst.
tt + 0,1,2 jets [NLO/FxFx] | £ |
X 0.005 | | Envelope of all* possible
IS = renormalization and
ﬁ +01213 jetS [LO/M LM] = 0004 = factorization scale variations
) ) ) =
0.003 —
o [ +jlS
CMS Preliminary 19.7 b~ (8 TeV) 0.001 ;— —
g %'_"'" MG5_aMC@NLO+PYTHIAS [FxFx] ol — i
% — —e— CMS Data with stat. @ syst. S 4 = x
§ 1073 |- = S 1.2 ;—
: —= [+jets ¢ gt T
~ g o8
1074 | = —
06 __I | | | | | | | | | | | | | | | | | | | | | | |
0 200 300 400 500
- = “excluding the two dangerous extreme cases phiGeV]
1.4 — . .
N3 | Generally good agreement within
N _% =4 )| ' '
ey = : ‘ the ~10% ME uncertainties
0'6 %‘ | | | ‘ | | | ‘ | | | ‘ | | | | | | ‘ | | |
0 R mP Sce CMS-PAS-TOP-15-011 for details
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aMC@NLO+Pythia 8: ATLAS focus on the PS ~ .
Configuration How universal are our tunes?
N LO + PS tt cross-section vs. jet multiplicity for jets above 25 GeV
(MC@NLO Matching) |5 = New —ay 07"
= ATTBAR-MG5aMCNLO
E — —— A15-MG5aMCNLO

: A15-MG5aMCNLO-TTBAR

L-—--*n——-

|dea: perform a dedicated tune of
aMC@NLO+Pythia 8 sensitive to '
PS, UE, MPI modeling

- - TEE. —Er—

1077 A14: Default ATLAS Run |l

A15-MGaMCNLO: Z+jets, Dijets, tt - UE tune (built on Monash) e
A15-MGaMCNLO-TTBAR tT Only 101_; S Lo b b RN R
S 16 =
o 0150 (DG 14 ;_
‘_3 - ATLAS Preliminary Vs =7 TeV 9 I'i E - et
= 0.14F £ 3= = s S e
*qgj : 0 % A 8, 8.2 -
S 013 [ 5 0.4 E-
o - : ¢ 4 LTJ0-2:_||||||||||||||||||||||||||||||
012  § v 3 4 5 6 7 8
- v Niets (jet pr > 25 GeV)
o - A14 has a slightly e AltearmasamnLo ] . .
0= lower ofSR  § Memsen o Conclusion: generally consistent with A14
E Vv A15-MG5aMCNLO-TTBAR
0.09 ' ' '

ISR FSR MPI
g Og Og

mP Sce ATL-PHYS-PUB-2015-048 for details
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aMC@NLO+Pythia 8: ATLAS focus on the PS - 2=l .

0.95

Configuration ...mostly universal, but there
NLO+PS are a few places where the

(MC@NLO Matching) dedicated tune differs

E, density for the dijet selection in the transverse region

Gap fraction vs. Qsum for veto region: |y| < 2.1 E 3 N
— = - 3 ew
- wls 25 [ : :
u ﬁ_ T SRR IIT
- L 3 SE —Li__ i ;
- ;ﬁﬁ;ﬁ —e— ATLAS data, /5 = 7 TeV ‘ETTT 4
- = A1y4 - I
= ,ﬁ ----- ATTBAR-MG5aMCNLO 15|~ —e— ATLASdata, \/s =7 TeV b
- iii — — — A15-MG5aMCNLO - Al4
— A15-MG5aMCNLO-TTBAR 1— ———- A15-MG5aMCNLO
- ﬂf S A15-MG5aMCNLO-TTBAR
] [t gap fraction °5 = transverse enerqy flow in dijets
- gy J
0 I | L1 1| | L1 | L 11| | L1 1| | L1 1| | L1 | L 11| | L1 1| | [
| | | | 14
S 1.2 b S
cc : .............. :
S —_—
I ; O - T—
O.6:III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
NI AN AN AN AN AN BN 0 0.5 1 1.5 2 2.5 3 3-5 4 4.5
50 100 150 200 250 300 350 400 7]
Qsum [GeV]

mP Sce ATL-PHYS-PUB-2015-048 for details
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Powheg+Pythia 8: CMS
. . CMS Preliminary 19.7 b~ (8 TeV) New
Configuration oo -
% n POWHEG v2+PYTHIAS
N I_ O + P S 8 0.007 E_ —— —e— (CMS Data with stat. @ syst.
. . . = 0.006 —
(Pythia 8 Main31 matching) |% - Envelope of all* possible
TOOE ' renormalization and
_ = 0.004 ;—_*_ factorization scale variations
More symmetric than for 0003 o
aMC@NLO and slightly larger o2 [+jets
CMS Preliminary 19.7fb~1 (8 TeV) 0.001 -
T = POWHEG v2+PYTHIAS8 E
s — —e— CMS Data with stat. @ syst. ofFL 1 I | I [ I N —re—t— | el |
T f = - \
s -3 | —— - I
E 10 ' 8 1.2 =
E — /+jet8 } 1 % ~ ¢ ¢ ¢ + + +
- ot | é 0.8 f—
= —
0.6 __I | | | | | | | | | | | | | | | | | | | | | | |
0 100 200 300 400 500
1075 3 *excluding the two dangerous extreme cases Pfr [GeV]
1.4 — . .
o : : Generally good agreement within
S o1 H +—¢ . .
§oosp AR ‘ ‘ the ~10% ME uncertainties
0.6 —
4c‘)o 6(‘30 8(‘30 10‘00 1200 14‘00 1600

mP Sce CMS-PAS-TOP-15-011 for details
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Powheg+Pythia 8: ATLAS i Sl
Configuration Farly Run Il ATLAS default
NLO+PS is Powheg+Pythia 6
(Pythia 8 Main31 matching)
ATL-PHYS-PUB-2015-002
tt cross-section vs. jet multiplicity for jets above 25 GeV
We observe that Powheg = }
+Pythia 8 has g
too much jet activity s
This is fixed by settin *:,,X;;,;"), ‘
y g Pow::eg+l’:v8: h:,:::;: = My 4+—
pThar d=2 MadGraphs.aMC@NLO+HERWIG++
lllll | 4
Now finalizing radiation

variations (via A14) and will
ikely switch for MC ST \
Samples for 2016 — ' Njess (jet pr > 25 GeV)

Expected /Data



http://home.thep.lu.se/~torbjorn/pythia81html/POWHEGMerging.html

, POW h e 9 + H e I’Wi 9 44 e e ,

The ATLAS top MC teama has dedicated a lot of time and effort
to understand significant data/MC difterences for this setup.

Overview
Problem Solution
This sagalhas. mvolvepl a . momentum
lot of positive interactions L2 reshuffling parameter
between ATLAS and " 010 - NNPDF3 O
. -> :
CM&P as well as withthe y ________________________________________________________________________________________________________
Herwig++ authorse!
njets shower scale
jetp Not yet fixed!

aHerwig++ efforts lead by Dominic Hirschbuehl
5Thank you Markus Seidel and Benedikt Maier
cThank you Peter Richardson




Powheg+Herwig++ ME Kinematics T

In general, ME distributions look (just as) good (as other generators)
One exception Is the top pr, but this has a known solution

Transverse momenta of parton-level top quarks — Sl\,",s, '|D ,r‘?lfﬂrfé’,r,)/ N ,1,9,7| ,ﬂ,)_: ,(?,Te,\,/)
—/ 10 > - i
L ATLAS Data, ® 0.007— CMS Data eW —
v —e— Phys.Rev.Dgo (2014) 072004 ©) - == —o— MADGRAPH+PYTHIA6 [MLM] —
O . L — - —+— MG5_aMC@NLO+PYTHIAS [MLM] -
= Powheg+Pythia6 ~~F0.006] -/~ MG5 aMC@NLO+PYTHIAS [FxFx] ]
éﬂ- 3 Powheg+Pythia8 O E - E&ggg%&%gé&%é " ]
10 TheosHeorwio - N
8 : Powheg+Herwig++ _8 0.005 —— ?INLO pred.il-ction ++ -
= ATL-PHYS = oot :
- - - ™ 0.004 ]
; PUB-2015-011 : CMS-PAS-
10 — - - L _
: osost TOP-15-011 -
I _— 0.002f~ e
105 b1 | L1 caa s b b b g b aay E E
1.4 : 0.001— —
"2 1.2 — b bl |y =t #%
& - p— S a= 9 o ]
~ 1 . © & 9 % %
8 . D. s 2 g, s & —
= o8 - > 8 0 i A Qg A it 0 ity
r (@) O d dh
- D ol AX |
O- 6 1 ‘ | | - 11 l | | . | l | - | . | | l P 11 | - I-E _4 | @

0 1 200 300 400 500 600 70:’ 8oo O 50 100 150 200 250 300 350 400 450 500

Pl [GeV] pl [GeV]
Fixed with momentum re-shuftling: Already used by CMS!

FinalStateReconOption 1 (why js Powheg+Pythia 8 so different?)
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Powheg+Herwig++  Final-state Observables = ===z5:==
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tt cross-section vs. 1% jet py

o ATL-PHYS- |
| PUB-2015-011

——

Problem: hard jets are too soft

do/dpy [pb/GeV)

Unfortunately, most significant plots not public, |
but can see indications from public plots - ATLAsD,

—e— JHEP 01 (2015) 020
...and at 13 TeV!

— Powheg+Pythiab
71 pb~' (13 TeV)

10 7
= Powheg+Pythia8
= Powheg+Herwig++
= Sherpa MEPS@NLO

—-  '0.005- CMS

p—

Expected /Data

> - Preliminary
8 - e, 1 + jets cpmbined .
- 0004 ! data 1 et pr (GeV]
3!? . - POWheg PYthla8 tt cross-section vs. jet multiplicity for jets above 80 GeV
0003 - POWheg HerWig++ | p l _ ATL‘PHYS‘
. —= aMC@NLO s PUB-2015-011
Y I Madgraph 3
0.002 - - :
------- - CMS-PAS- e Eor sy
Powheg+Pythiaé

TOP-15-013 -

Powheg+Herwig++
Sherpa MEPS@NLO

— l)(‘\\.l\cg“_ l)vth‘lds *
- L L

1.8 ¢
g I.(\; *
g 14
~ 1.2
T 1§
D 0f [—
£ 06 ¢
& 04F
—_— e — — l,.z AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
. . yep— : ‘ ' ' 2.5 3 35 4 4.5 5 55
200 400 600 800 1000 1200 Njets (jet pr > 80 GeV)

[GeV]
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Powheg+Herwig++ impact on the cross-section

A
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CMS-TOP-15-003

(1510.05302)

ATLAS-CONF-2015-033

Source Acg (pb)  Aoi/og (%)
Trigger efficiencies 34 4.4
Lepton efficiencies 26 3.4
Lepton energy scale <1 <0.1
Jet energy scale 12 1.5
Jet energy resolution <1 <0.1
Pileup 54 0.7
QCD scales 1.5 0.2
NLO generator of tt signal 15 1.9
Modeling of tt signal 14 1.8
PDF 18 2.4
Single top tW background 13 1.7
VV background 3.5 0.5
Drell-Yan background 4.2 0.5
Nonprompt leptons background 7.9 1.0
Total syste.)mat.ic 55 79
(w/o luminosity)

Integrated luminosity 92 12
Statistical uncertainty 60 7.8
Total 123 16

Uncertainty Deepfeepy AC,/Ch | Aofo
(%) (%) (%)
Data statistics 6.0
NLO modelling 1.9 -0.3 2.2
hadronisation -4.0 0.5 4.5
Initial /final state radiation -1.1 0.1 1.2
Parton distribution lunctions 1.3 - 1.4
Single-top generator® . 0.5
Single-top/ interference” - - 0.1
Single-top W cross-section . - 0.5
Diboson modelling® - - 0.1
Diboson cross-sections - - 0.0
Z+jets extrapolation - . 0.2
Electron energy scale/resolution (.2 0.0 0.2
Electron identification 3.6 0.0 1.0
Electron isolation 1.0 . 1.1
Muon momentum scale/resolution 0.0 0.0 0.1
Muon identification 1.1 0.0 1.2
Muon isolation 1.0 - 1.1
Lepton trigger 1.3 0.0 1.3
Jet energy scale -0.3 0.0 0.3
Jet energy resolution -0.1 0.0 0.1
b-tagging - 0.1 0.3
Misidentified leptons - - 1.3
Analysis systematics 6.4 0.6 7.3
Integrated luminosity . . 10.0
Total uncertainty 6.1 0.6 13.7

(Different analysis strategies, so don't a priori expect uncertainties to be of the same size)



o1 Ay

Sherpa

S | S am \

NATIONAL ACCELERATOR LABORATORY

-13=

How can we use Sherpa to complement our
existing Powheg and aMC@NLO setups?

tt cross-section vs. 1% jet pt

g 10 ATL-PHYS-
= PUB-2015-011
:Sh 10 2 =
3 F
B ATLAS Data,
~  —e— JHEP o1 (2015) 020
1077 = Powheg+Pythiab
- = Powheg+Pythia8
B Powheg+Herwig++ \
" = Sherpa MEPS@NLO
104 |
1 | | I — 1 L 1 l | | | _—
] lgé
— 1.0
- =
€ 1iE
L
g
a.
&

107
1% jet pr [GeV]

1/odo/dpf [GeV~]

MC /Data

10 2

109

1.4

1.2

0.8
0.6

In ATLAS:

Sherpa 2.1
tt+0,1j@NLO+2,3,4@L0

Transverse momentum of parton-level t system

IIIHI[

B ERLLL

T1 IHH[

ATLAS Data,
—e— Phys.Rev.Dgo (2014) 072004
Powheg+Pythia6
Powheg+Pythia8
Powheg+Herwig++

Should we have a
conversation about how to
add Sherpa to this plot?

.WITTII ITI[

200 600

Samples exist in ATLAS but are used only for cross-
checks and not currently for any final analysis results
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Now for a few miscellaneous items.

T ~


http://www.bbc.co.uk/programmes/b00n7sf5

A quick note about PDFs LI

CMS-PAS-TOP-15-011 ATL-PHYS-PUB-2015-011

CMS Preliminary 19. 7 fo™ (8 TeV)

tt

Rapidity of parton-level tt system

>.. -
B 045 ] _
g - . N ew IS ATLAS Data,
5 045 o = = 1 —e— Phys.Rev. Dgo (2014) 072004
— - = - — CT10
0.35— = 2 - e MISTW 2008
. _ _ — —
- ] i - = = HERAPDF1.5
0.3 o - i - == NNPDF2.3
- 7 — NNPDF3.0
0.25— — B
0.2 —] B
- ® CMS Data . T T
0.15— —o— MADGRAPH+PYTHIA6 [MLM] —]
- —5 - MG5_aMC@NLO+PYTHIAS [MLM] use - .
o1 5 powneavasevrras 0| NNPDF 3 I
- —<= - POWHEG v2+HERWIG++ _ =
— aMC@NLO+HERWIG++ . 1.1 —
S S N R N RN F ek 4 % =
= B S —
)| o 2 & . 2 U 1.0 o e -
> 8o & g T & > - :
S o) @ @ 5 05— ] @ meaecececesecececesseecececeea———-
ok 4 - =
< - o b | | |
N N 9
25 -2 -15 -1 -05 0 05 1 15 2 25 0 0.5 1 1.5 2 | 2|5
y Yir

tt

he change from CT10 -> NNPDF significantly
improves the rapidity distribution
(but unfortunately has little impact on the top pr)
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EvtGen 2

in ATLAS. ..

Powheg+Pythia/Herwig and aMC@NLO+Herwig++
all use EvtGen as an after-burner.

This makes the B-decay tables the
same for all generators.
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t-channel aI\/IC@NLO+Pythia 3 ,"

. . 2 4
Powheg+MadSpin+Pythias % 151003752
§ 700 & . ‘\ds;rigie} 28.3'fb" . \?Va:ta
- ' c 600 et -tct)thers
Wt Channel POWheg‘l‘Pythla 8 3 500 'é 4 A ZUncertainty

CMS Preliminary 19.7 fb™ (8 TeV)
| et e UNLELIN DL LB IR LI LB

E 0.55_ ; [P)gt\?VHEG (5FS) + Pythiab
o aMC@NLO (4FS) + Pythia8 3 ,
TN i I R\ o e
03F"  — CMS PAS TOP-14-004 L’ ¢ - BDT Response
- o
- o, . .
0.25— .......... i ........... 0 Q"¢ _E NOmlnal: POWheg+3ytf‘]|a 6
P P h .
l: Tt aMC@NLO+Herwig++ and Powheg
(;...|...|...|...|...|..J.|&).,|,,,|,,,,,,..r.,..,...,..,..,: . .
0 20 40 60 80 '100' 140 160 180ti?)0pT2[2G09\2/']40 +HerW|g++ (alterﬂatlveS)
’
’

" Good: same setup as nom. tt (bt getting there
.* Less good: nominals are not quite the same

&
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tt+ \/ e
I' I
ttW: aMC@NLO+Pythia 8 [FxFx] L’
4
. 4
ttZ: aMC@NLO+Pythia 8 T % 150905276
3 ATLAS ’ \s= 8 TeV, 20.3 fb’
. g 6 4L-SR '¢ —
tty: aMC@NLO+Pythia 8 [FxFx] ¢ ,° com |
T 1z
- Al ’I' 2z |
14 7 195" (8 TeV ’ N —vid
3 faa T G N | e
B AR\ -
S B ireducible | &
t%J [ Non-top-quark | & - \\ N
8 B Misidentified lepton — 6 X 4 1 1 N\ !
- — Backgrounds 1 X 4 \! N & |
L 'Y BG uncertainty 1 OQ' Y 4 0 " 6.10 b H\\\go *156\ \\\\ 1é0
°r B ¢' m,, [GeV]
R <
al- e
I )| > 2 _ .
! L,*° - ttW/Z: MadGraph+Pythia 8 (default)
. 4 .
| P .

82 84 86 88¢90 92 94 96 98 100
s m, [GeV]
’
’

'/' ttW/Z: aMC@NLO+Pythia 8 and Sherpa 2 (alternatives)

tty: MadGraph+Pythia 8



Particle-level definitions T

The definitions for ATLAS and CMS seem to be
converging, but there are still a few differences

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ParticleLevelTopDefinitions

Photons

(for dressing) anti-kt with R=0.1

AR<Q.1*

exclude non-prompt include non-prompt
neutrinos neutrinos

jets

Everything else is (surprisingly) consistent...aside from
R=0.4 versus R=0.5 which is phasing out.

*ability to switch to the clustering algorithm also now implemented!


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ParticleLevelTopDefinitions

A common setup i

.between ATLAS and CMS

Internal checks leading up to this
workshop were really great!

Relied on Rivet routines...need more
of that (also a common LHE file?)

..between experimentalists and theorists

Can we get HepMC events to make sure we have
Implemented the latest and great correctly?

(Markus'’s idea)
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The hagamp Story is a thing of the past and the
momentum re-shuffling will be soon as well.

Transverse momentum of parton-level tf system
CMS Preliminary 19.7 fo (8 TeV)

- rrrrr [ rrr T T T T T 1] : —

: . ] I ATLAS Data,

%J oo1er ] % 107 E —e— Phys.Rev.Dgo (2014) 07200
o) - e CMSData . V) = ys-ReV-1J90 12014) 072004
~.0014 —o— MADGRAPH+PYTHIA6 [MLM] = - Powheg+Pythia6
= = — 53— MG5_aMC@NLO+PYTHIA8 [MLM] - eSS = _

Q - ~-~f5--- MG5_aMC@NLO+PYTHIA8 [FxFx] - o = Powheg+Pythia8

®) o —— POWHEG v2+PYTHIAS ] < _ .

5 0.012F POWHEG V2sHERWIG.s+ S 1073 — Powheg+Herwig++

N aMC @NLO+HERWIG++ E

L 0.01— — ~ L

< . — B e —

- 0.008:— ____________ _ CMS-PAS- _: 1074 ATI—'PHYS‘

PUB-2015-011

0.006;— TOP-15-011 _;
0.0045— _E 1075 —_—
0-002:— e — 1.4

>

=

°p

|1
MC /Data

=
d [TTTT [T TTT

Theory-Data
Opat
A D O DN P+

o S 0.8 —
O O
B ’ ¢ i 0.6 | | | |
-4 L L L L L ] C | | | | | | | |
0 50 100 150 200 250 300 0 200 400 600 800 1000
pZ [GeV] pif [GeV]

As we move to more complicated setups, we must continue to
be vigilant in comparing setups to each other and to the data!



Conclusions 2=V

We have a extensive suite of generator setups and
more In the pipeline for 2015 and beyond

It is crucial that we continue to compare the
various models with the data:

-parton level
-particle level (final-state observables)

-extreme regions of phase space

This continues to be an interesting challenge that will allow
us to probe the unexplored with confidence at 13 TeV!



The unexplored? (600 GeV large R jet with mjet ~180 GeV and MET ~ 500 GeV)

EXPERIMENT

ATLAS |

RN
S S By
?{‘ 2 == L
A nd K
4 |
q

~ Run: 271516

Event: 7786087

2015-07-13 09:38:38 CEST
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