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Vector-boson pair +jets LO 13 TeV NLO 13 TeV
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("« MadWidth: Computation of the width A
 MadSpin: Decay with full-spin correlation
 MadAnalysis5: Plotting interface

» SysCalc: Computation of uncertainty
 MadWeight: Matrix-Element Method

\ " EEw /
 Mattelaeroliviee ~ Loopinguptobemas m




Some New Function W Durharn
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Some New Function
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Some New Function W Durham
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Plan W Durham

 What is MadGraph5_aMC@NLO
e Loop-Induced processes




Plan W Durham

("« What is MadGraph5_aMC@NLO
-
* Loop-Induced processes




(" Why? A

e Main production
mechanism for Higgs &
Higgs associated
processes

e Contribution for NNLO
computation

e Correction to shape
of observables

Loop Induced

A
W Durham
University

(" Difficulties?

 The phase-space
integration is based
on the born diagram

* Loop evaluation are
extremely slow

* Need Leading Color
information for
writing Events
associated to the
loop

~




Loop Induced W Durham

(" Difficulties? Y ( Solution A
* Use Effective Field
* The phase-space Theory (=> Tree)
integration is based . And n
on the born diagram nd correct the mass
effect
* Loop evaluation are Moew|?
extremely slow Whew = M,14|2 * Woud
* Need Leading Color S /
information for ("« Difficult control on
writing Events numerical uncertainty
associated to the .
l00p * Wrong Leading Color
information/helicity
_ )L Not generic Y




Exact Integration

(" Difficulties?

* The phase-space
integration is based
on the born diagram

[ _oop evaluation are
extremely slow

*Need Leading Color
information for
writing Events
associated to the
loop

o

~

A |
W Durham
University

4 Solution )

/

eContract the loop to
have tree-level
diagrams which drive
the integration multi-
channel

e Use Monte-Carlo over
helicity

eIncrease parallelization

Compute the loop with
the color flow algebra

J




Exact Integration

(" Difficulties?

* The phase-space
integration is based
on the born diagram

[ _oop evaluation are
extremely slow

*Need Leading Color
information for
writing Events
associated to the
loop

o

~

/

] |
W Durham
University

4 Solution )

eContract the loop to
have tree-level
diagrams which drive
the integration r ¢S

O\
channel Rt

*Use M3 ?“(s\“‘a‘\‘?‘e over

~ompute the loop with
the color flow algebra

- /




First Example: gg>h o

(User Input )
egenerate g g > h [QCD]

*output
L elaunch )
("Loop Induced %%% %% )
Oloop — 1574(2)pb > ------ Lreas 3 > ...... s
\_ o~ o y
("HEFT ™
o — 7.63 2)pb
| Oheft (2)pb




~@- First Example: gg>h ¥

(User Input ™
egenerate g g > h [QCD]

eoutput
elaunch
\_
4 Loop Induced %%% |
Gloop = 15.74(2)pb > ______ -
\_ M 2
(HEFT  ° 7\ (No bottom loop

\O-topl()()p — 1765(2)pb D




Validation WDurham

 Comparison for gg>hg
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Validation W Durham

 Comparison for gg>hg
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Matched/Merged W putham

*Higgs Production up to two loop
= not considering the VBS production

DJR1

Sumofcontributions
T L O-jet sample
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Other Processes W Durham

/Triple Higgs @100TeV ) /Charge Pair Production )
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e Status W Dyrham
4 I

e 2 to 2 processes: OK on a laptop
e 2 to 3 processes: OK on a small size cluster

_ e 2 to 4 processes: Specific case y

Process Syntax Cross section (pb) Process Syntax Cross section (pb)
Single boson + jets 13 TeV Triple bosons 13 TeV
_ 0% 0%

_ 131.3% +0.7% ¢l pp—HHH Pp>hhh [noborn=QCD] 0.0 % ox
al pp—H p p > h [noborn=QCD] 17.77 4 0.060 —i?}.lg) —1.0% c2 99— HHZ g g > h h z [noborn=QCD] 0.0 8% ggg
a.2 pp—Hj pp>h j [noborn=QCD] 14.82 + 0.010 1_22:?1‘%2 1—88%2 ¢3 g9g—HZZ g g > h z z [noborn=QCD] 0.0 8;‘; 8;;

.. . - % 0%
a.3 pp— Hjj pp>hjj [noborn=QCD] 8.807 + 0.010 TohB T08% cd g9 HZy g g > h z a [noborn=qCD] 0.0 0% oof
. - c.b  pp— Hryy pp >h aa [noborn=QCD] 0.0 8% 8;‘;
a.4 —Z z [noborn=QCD] 51.80 £ 0.050 1_46'3% 1—0'7% c6 pp—HWtW~ g g >h wt w- [noborn=QCcD] 0.0 9% 0%
g9 g g g g % o5 20.4% —1.1% 0% 0%
— 0% 0
a.b gg9— Zgy g g >z g g [noborn=QCD] 0.0 ¥ ;o 7 99— 227 > z z z [noborn=QCD] 0.0 0% 0%
% 0% g8 9% 0%
0% 0% c8 99— ZZy g g > z z a [noborn=QCD] 0.0 8(?9 8<7°
> = X 0 0
a6 g9—79 g8 a g [noborn=QCD] 0.0 8? 8? c.9  gg— Zyy g g > z a a [noborn=QCD] 0.0 8% 8;‘;
— (g 0
a7 g9—799 g g > ag g [noborn=QCD] 0.0 o ;o cl0 gg—ZW*W~ g g >z wt w- [noborn=QCD] 0.0 5 3%
cll gg—yyy g g > a a a [noborn=QCD] 0.0 8;‘: 8?;
S - C o (55) cl2 gg—yWTW~ g g > a w+ w- [noborn=QCD] 0.0 852 8;‘3
rocess yntax ross section (p
Double bosons + jet 13 TeV
b.1 —~HH > h h [noborn=QCD] 1.547 £0.002 - 1072 F295% +2.5%
bp . PP , A 0% 0% —2.4% —1.3% Process Syntax Cross section (pb)
b.2  pp— HHj pp >hh j [noborn=QCD] 0.0 g% 0% Selected 2 — 4 13 TeV
b3  pp— Hnj pp>haj [noborn=QCD] 0.0 8;‘3 8% clected = — °
b4 g9 HZ g g > h z [noborn=QCD] 6.180 £0.010 - 102 2870 1% d.1 pp— Hjjj pp>hjjj [noborn=Gcpl 0.0 0% 0%
b5  gg—HZg g g >h z g [noborn=QCD] 0.0 gg; 852 d.2 pp—HHjj pp>hhjj [noborn=qcD] 0.0 85; 8;2
d.3 —eteputu > e+ e- mu+ mu- [noborn=qcp] 0.0 9% 0%
b6 g9—2ZZ g g > z z [noborn=QCD] 1.182 +0.003 ﬁg:ggﬁ t?:ggﬁ da gg—>HZ M K &8 N i ° mu[ mE zocg]rn 0.0 0% 8%
b7  g9—ZZg g g >z z g [noborn=QCD] 0.0 0% 0% ’ bp w 4 g8 2 2 & [nobora=q ' 8? 8;’
b8 N S [noborn=CD] 1 2110&’ 8%06 129.9% 40.8% d.5 gg—WFTW-"WHW~ g g > wt w- wt w- [noborn=GCD] 0.0 0% 0%
. g9 ol g g > z a [noborn=Q . . 1017% 1% — -
b9  gg9—Zvg g g >z ag [noborn=QCD] 0.0 8;2 852 e’e processes § =500 GeV
b.10  gg— Y g g > aa [noborn=GCD] 5.119 £0.007 - 1072  F68:8% +1.1% el efe” —yggg et e- > g g g [noborn=QED] 0.0 §§§ %ﬁ
b1l  gg— g g g>aag [noborn=QCD] 0.0 8? 8? e2 ete-—HH e+ e- > h h [noborn=QED] 0.0 4% o
— e.3 ete"—>HH et e->hh [noborn=QED] 0.0 0% 0%
b.12 W > wt u- [noborn=QCD]  3.698+ 0.010 +26.0% +0.7% : % £E 0% 0%
. qg — g g > wt w- [noborn=Q . . 2194% _1.0%
b.13 gg—WTW~g g g > wt w- g [noborn=QCcD] 0.0 $% 0%




Conclusion Pt

("« MadGraph5_aMC@NLO A
= Framework for LO and NLO computation
= Fixed order or matched to the shower
= Merging possible

e Loop-Induced
= Code Ready

= Full Validation in progress (and fine
tuning)

. = Will be released soon D




