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GoSam

[TheGoSancollaboration

NicolasGreiner, Gudrun Heinrich, Stephan Jahn, Stephen Jones, Glanstai, PierpaolMastrolia,

GiovanniOssola, Tiziano Perardohanne$chlenk Francescdramontancandalso

GavinCullen, Hans van Deurzen, Edoardo Mirab8bachaReichel ThomasReiter, Johann Felix von Sodéraunhofer

91 Code for theautomatic computatiorof 1-loop amplitudes

1 Philosophy and main characteristics

1 Compute amplitudes from algebraic generatiorDaflimensional integrands
viaFeynmardiagrams

1 Reduction at the integrand level viadimensionalOPPmethod Gamura),
via Laurent expansiorl(nja) ortensor integral calculationolern)

Web: https://gosam.hepforge.org/
ReferencesarXiv:1111.2034arXiv:1404.7096

Samurai

[Binoth, CullenGuillet Heinrich, Kleinschmidt,
Pilon Reiter, Rogers]

04/04/2017- Gionata Luisoni [Mastrolia, Mirabella, Peraro] [Peraro]
A [VanDeurzenLuisonj Mastrolia Mirabella OssolaPerard

[Mastrolia Ossola Reiter,Tramontand


https://gosam.hepforge.org/

[NLO calculations j

9 Forafull NLOcalculationother ingredientsare needed

ONLO :/ {l-’TB.._..mﬂL/ (‘J Lo — doNLo) +/ [/ doNro +dJIEI/L0:|
dq’m d‘I d‘I” . {I‘I’-_

P+ 1 m

[MonteCarlo

A Treeamplitude

A Subtractionscheme
A Phase spacmtegral

One Loop Program

A Virtual corrections

[Hoche, Krausdsuttimalai
Schonherr, Schumann, Sieger
Thompson, Winter, Zapp]

POWHEGBOX
[Alioli, Hamilton Jezg Nason,
Oleari, ReZanderigHl
[Bellm Gieseke Grellscheid Alwall, Artoisenet Degrande
Platzer RauchReuschle Frederix Frixione Fuks
RichardsonSchichtel Seymour, Hirschi Maltoni, Mattelaer
Shag StelzerTorrielli Zard

Siédmok Wilcock




GoSant MadGraph5 aMC@NLO

1 InterfaceGoSamo MadGraph5_ aMC@NLO:

9 Possibility to switch between butia loop

generatorMadloopto GoSam

o Flexibility is good for benchmarking, stability, backup

1 GoSamalgebraicexpressions for integrands
1 Madloop purelynumericalintegrands

9 Two codes communicate viginoth LesHouches

Accord (BLHA): [arxiv1203.6803arxiv1308.3462]

#0LE_order written by MadGraphb_aMC@NLO

MatrixElementSquareType CHaveraged

CorrectionType
IRregularisation
AlphasPower
AlphaPower
NJetSymmetrizeFinal
ModelFile
Parameters

# process

21 21 -> 22 22 6 -6
2 -2 ->22226 -6
1-1->22226 -6
-2 2 ->22226 -6
-11->22226 -6

QCDh

CDR

2

2

Yes
./param_card.dat
alpha_s

# vim: syntax=olp

#QOLP GoSam 2.0.0

#@IgnoreUnknown True

#Q@IgnoreCase False

#@SyntaxExtensions

MatrixElementSquareType CHaveraged | OK

CorrectionType QCD | OK

IRregularisation CDR | OK

AlphasPower 2 | OK

AlphaPower 2 | OK

NJetSymmetrizeFinal Yes | OK #Ignored by OLP

ModelFile ./param_card.dat | OK

Parameters alpha_s | OK

21 21 >22226 -6 |12

2 -2 ->22226 -6

1-1->22226 -6

-2 2 -> 22 226 -6
-6

10
13
11
-11->22226 14

- MadGraph5

MadFKS

MadGraph5_aMC@NLO

aMC@NLO

http://amcatnlo.cern.ch



Validation of interface

9 Several processes computed aric at various levels:
9 Single phase space point
9 Inclusive cross sections
9 Differential distributions

Example: NLO calculation tify~y with two MCs and two OLPs:

Ot fmyys Vs =8TeV  MG5H.AMC + MabpLoopr MG5_AMC + GoSaMm SHERPA+GOSAM
LO [pb] 1.0241 +£5.50- 104 1.0246 + 3.51 - 104
NLO [pb] 1.3507 £ 5.85- 10— 3 1.3432 +5.16 - 10— 3 1.3593 £1.80-103

Top quark transverse momentum at NLO: MC comparison Photon pair invariant mass at NLO: MC comparison

NLO Gusdm+I\'IadGrdphS:aMC(gjnNLO — L NLO GoSam-+MadGraph5_aMC@NLO 3
NLO GoSam+Sherpa 1 NLO GoSam+Sherpa 1
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Phenomenological application to spin
polarization effects imtyy  production

Similar analysis carried out before at L@uiKXiv:1403.1790Biswas, FrederiGabriellj Mele]
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[Physical setup }

1 Study toppair production in association with-gphoton pair
9 Can originate from:

00000000
or | ﬁ
00000000
continuum background Higgs signal

9 Include topdecay andeptonic W-decay withMadSpin(keeps spin correlation)

[Artoisenet Frederix Mattelaer, Rietkerk

q Shower events with Pythia 8 [Sjostrand ChristiansenDesai)lten, Mrenna, Prestel Skandb

q Scale and PDFs; = % . ( 3 m,-.) . CTEQ6L1 @ LO and CT10 @ NLO

2 .
final state i

9 Selection cuts:

9 2 isolated photons; pr > 20 GeV, |ny| < 2.5, 123 GeV < m., < 129 GeV
1 FurthermoreFixioneisolation: R, <04  and distance between pho@pns= 0.4

1 2 charged leptons: pri= > 10 GeV, |ge| < 2.7
1 2 bottom-jets (assume 100% tagging efficiencyXr = 0.4, pr; > 20 GeV, |n;| < 4.7

 We used MC truth to reconstructtelp dz NJJ & A G K dedh IKG ¢ S LIz




[Results: fiducial cross sections }

9 Total fiducial cross sections:

V5 =13 TeV pp — ttH, H — vy pp — ttyy
—7 +27% +10% -7 +25% +10%
LO [pb] 8.84(2)-10=7 20 T1lo  1.442(2) 1077 TR0 T oo
' — 3% 11% : — 10% 10%
NLO [pb] 11.77(5) - 107 F9% +11% 2.175(7) . 107 F10% 0%

K-factor 1.33(1) 1.51(1)

1 Very tiny cross sectiorsvery challenging for LHC
1 Simple selection cuts allow to enhance signal over background

1 NB neglected effect of photon bremsstrahlung from charged top decay products

(can be partially reduced by proper kinematical autontribution can however
be sizable)
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Results: transverse momentum Spectra

1 P distributions for top and anttop:

Top quark transverse momentum
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Resultstt - charge asymmetry

1 Rapidity distributions of top and anrtbp:

_ Top quark rapidity Anti-top quark rapidity

-7 = _
1077 10-7 — E
'E 108 ;_ === e S _—: - 'E 10-8 7=__‘:_—____—‘_‘__ _:: ]
= F - = e = A = T ]
o C :_7 :__ ] - ] =_
FOW0Y e = - = _= FW07Y = = -
~ = NLO ttH 1 — ] NLO ttH £/ =
b3 o PDF variation = = F PDF variation . A
2 109k NLO ttyy /2 E Q10710 b NLO ttyy 3 E
o) LHC 13 TeV PDF variation @) g LHC 13 TeV PDF variation - - |
0=t | | E
0.4 = 3
K ) 0.3 -
£ 2 0.2 F . |
2 E Or
z T ) e R
:82 :: o ‘ Relative un‘certainties | | :
. 0.3 [ ]
g 'E 0.2 C ) ]
= 2 0.1 s
: S
s O : £ -0l
= 2 B = -0.2
0.3 u -0.3
N 10 7 10
I ] g8
= 4Lk ] 5 i
g 2 | ] 3 2
0 | I | 1 I 0
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Ye Yi

Visible difference between signal and background




Results: - charge asymmetry

1 Rapidity distributions of top and anrtbp:

~ Top quark rapidity
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q Differencequantifiedby chargeasymmetry: AS = Aly| = [ye] — vl

o (Aly| > 0) + o (Aly| < 0) _
r 1 For or production: (top at leaigetitiescompared to anttop)
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