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What is MG5 aMC(C?
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What is MG5 aM(C?
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What is MG5 aMC(C?

® Diagram generator in python.

® returns code to compute matrix-element based on
the Helicity Amplitude formalism
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What is MG5 aM(C?

® Diagram generator in python.

® returns code to compute matrix-element based on
the Helicity Amplitude formalism

® Various output format

= MadEvent: Leading-order cross-section and event
generation

= aMC@NLO: NLO cross-section and event generation
(matched to the shower)

= Pythia8: export the matrix element inside the pythia8
framework

= Tools: MadSpin, MadWeight, MadDM, ...
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Core news

O Lots of speedups and tmprovements, tncluding

O Huge speedup of gridpacks

\r1 Hixpne L

Completely automated simulations at next-
> to-leading order in QCD, matched to shower,

O vasts or Long de s with multinaricle decays
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-/ now public (aMC@NLO in v. 2.0.0)!
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OV\,—the—ﬁg boolcd decay width calculations (“Auto width”)
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BSM

UFO = Universal Feynrules Output

O New Model Format
O qosam/ Herwig++/ MG5

O Fully generic color/Lorentz/ ...
[Degrande et al, arXiv:1 108.2040 ]

O Automatic Creation of HELAS
routine for ANY BSM theory

O Fortrawn / C+ +/P5thow

[OM et al, arXiv:1108.204 1]
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AnY BSM should be
posstble tn a {uLLg
automatie and

effictent wa Yy!

Some restriction applies:

° Only local theory

° Theory should respect CPT and lorentz invariance (all indices should be contracted)

° Color supported up to dimension 8 (including sextet and epsilon structure)

° Spin supported up to spin 2 (including spin3/2)

° No four fermion interaction with fermion-flow violation / majorana in the same model
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Tools uttlity Progress

MadAnalysiss|Plotting distributions Released
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[E.Conte, B. FukRs: CPC 184 (R013) 222-256]
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&

Tools utelity Progress

MadAnalysiss|Plotting distributions M Released

Madwidth Automatic width computation Released
2-body decay N-body decay

Feynrules O New diagram generator

O apriori estimation of each
chanwnel of tntegration

verg FAST

[-Alwall, c.pulr, B.Fuks, OM, B.Ozturk, CH Shen arXiv:1402.11 78]
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Tools utelity Progress

MadAnalysiss|Plotting distributions M Released
Madwidth Automatie width oompu’catiow released
MadsSpin becay htu ,( ) spin Released

correlation

[P. Artolsenet, =R. Frederix, OM, R. Rietkerk: 1212.2460]
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Tools utelity Progress

MadAnalysiss|Plotting distributions M Released
Madwidth Automatic width computation Released

, ’t LL L——o L -
Madspin Pecay with fu ,( ) spin Released

correlation
ctL ct tau-

Taw Decay Effe ve Theory for exact tau decay |, lonced

with full spun-corvelation

3 3 5 B
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1 ta- -~ 1 - d W 4 1 ta-
\ \
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1

[Hagiwara, L, Mawatart, NaRamura EP)CF4 2489]
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Tools uttlity Progress

MadAnalysiss|Plotting distributions M Released
Madwidth Automatic width computation Released
’ 1 L—» 1 -
MadSpin Decay with fuLL’( O) spin meleaceo
correlation
Taw Decay Eﬁ:eatu’/e Theory for exact ta’u-deaag eeleaced
with full spin-corvelation
’ t _ ’ ’ ’
Rewelgh Re WEL@’CV!LV\,@’ Module for multiple meleaced™
Module theoretical hypotheses
2 2
Wnew — ‘Mnew| /‘Moldl X Wold
[OM]
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Tools

Mtititg

&

Progress

MadAnalysiss|Plotting distributions W Released
Madwidth Automatic width computation Released
’ 1 L—» 1 -
MadSpin Decay with -fuLL’( O) spin meleaceo
correlation
Taw Decay Effectu,/e Theory for exact ta,u-oleaag celeaced
with full spun-corvelation
Rewelght Rﬁ—weugtmwg, Module for multiple meleaced™
Module theoretical hypotheses
MaoDM / Relic density/ Matrix Element
Madweioth/ ... Method/ ...
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aMC@NLO: A Joint Venture

MadGraph FKS

aMC@NLO

Cutlools MC@NLO
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aMC@NLO

® Why automation!?

= Time: Less tools, means more time for physics
= Robust: Easier to test, to trust

= Easy: One framework/tool to learn
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aMC@NLO

® Why automation!?

= Time: Less tools, means more time for physics
= Robust: Easier to test, to trust

= Easy: One framework/tool to learn

e Why NLO?
= Reliable prediction of the total rate

= Reduction of the theoretical uncertainty
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aMC@NLO

® Why automation!?

= Time: Less tools, means more time for physics
= Robust: Easier to test, to trust

= Easy: One framework/tool to learn

e Why NLO?
= Reliable prediction of the total rate

= Reduction of the theoretical uncertainty

® Why matched to the PS?

= Parton are not an detector observables

= Matching cure some fix-order ill behaved observables
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NLO Basics

Virtual Real Born

o /d(d)a +/ d Vol +/ d Yo
m m-+1 m

Need to deal with singularities

oNLO — / AV (" + / dgp,C) + / dD (o —C) + / d e
m 1 m-+1 m

MadlLoop MadFKS MadGraph
Currently only for the SM and NLO in QCD
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Pair Higgs Production

4
10
HH production at pp colliders at NLO in QCD
53 [ My=125 GeV, MSTW2008 NLO pdf (68%cl)
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[Frederix, Frixione, Hirschi, Maltoni, Mattelaer, Torrielli,Vryonidou, Zaro (2014)]
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Single Higgs Results: Double Higgs

o IPE’CGSS . Syntax Cr;sigeclg(’; S’b) Process Syntax Cross section (pb)
ingle Higgs production e . . .
e e Higgs pair production NLO 13 TeV
g1 pp— H (HEFT) pp>h
g2 pp— Hj (HEFT) PpP>hj h.1 pp— HH (HEFT) pp>hh
g3 pp— Hjj (HEFT) PP>hjj h.2 pp— HHjj (VBF) pp>hhijj
g4  pp— Hjj (VBF) pp>hjj$$wtu-z 1.900 + 0.006 - 10° jg:gé;f:gg{y h.3 pp— HHW=* PP >hh wpm 5.002 &= 0.014 - 10~4 J_r}:g;o) J_rig;o)
A _ 10-1 +2.0% +1.5% —4 1.6% +2.0%
g.5 pp— Hjjj (VBF) pp>hjjj$$wtw-z 3.085+0.010 - 10 T30 1% hd4 pp—HHZ pp>hhz 3.130 £ 0.008 - 10 J_rmé J‘r”é
iy — 1.4 2.2
6  pp— HW* pp>h wpnm 1.419 £0.005 - 100 F2:1% +1.9% h.5  pp— Hddtt pp>hhtt~y  7.301£0024-107% F 00 F220
g7  pp— HW*j pp>h wpn j 484240017 - 1071 F2O% +12% tj pPp>hhtt]
0.8 pp— HWE jj pp>huwpmjj 1.574 40.014 - 1071 T2-0% +0.9%
el2 pp—HZ pp>hz 7.674 £ 0.027 - 107! fg;gg fi-_?g
. X 1 +35% +1.1%
813 pp—HZj pp>hzj 2.667 £0.010 - 10~1  3-5% +11% -
gl4*  pp—HZjj pp>hzjj 8.753 £0.037 - 1072 TA5% 07
g15* pp— HWTW~—(dflav) p p > h wt w- 1.065 £ 0.003 - 1072 T2.5% +2.0%
g.16*  pp— HW=Ey pp>hvwpa 3.309+0.011 - 1073 FZ T LT
gl7*  pp— HZW= pp>hzupnm 5.202 +0.015 - 1073 F39% TL8% O u e a u e
g 18 pp— HZZ pp>hzz 2.538 +0.007 - :
g.19 pp — Htt PP>ht t~ 4.608 £ 0. -
020 pp— Htj pp>htt ] Process Syntax Cross section (pb)
g.21  pp— Hbb PP >hbb~ Vector-boson pair +jets NLO 13 TeV
822 pp— Hilj PP>htty ] 3244 0.025 W LR 0T bl pp—WTW= (4)  pop > wt w- 1.028+0.003 - 102 +49% +1.9%
2.23*  pp— Hbbj pp>hbb~ j 1 +31% +1.8%
b.2 pp—ZZ PpP>zz 1.415+0.005 - 10 _3752 _1'452
1 +4.4% +1.7
b3  pp— ZWE pp >z wpn 4.487+0.013 - 10 _4.49;;?_1.3?;;7
1 +17.6 +2.0
. b.4 pp — VY Pp>aa 6.093 £0.021 - 10 ;égﬁ-/%ﬁlgg%
1 . .
Pair of heavy Quark
+ 1 +97% +15
b.6 pp — W PP > awpn 7.124+£0.026 - 100 Tooo Tio
_ . 1 +4.9% +1.1%
b.7 pp—WHTW=j (4f) pp > wt w- j 3.730£0.013 - 10° T, 05 e
Process Syntax Cross section (pb) b.8 pp—2ZZj PP>2z22zj 4.83040.016 - 10° fig;ﬂ f(l)é;z
ingle- NLO 13 TeV +, : 10l +4.9% 4+0.9%
Single-top e b.9 pp— ZW=j pp >z wpn j 2.086 £ 0.007 - 10 _4'8%7_0'7%07
. . 4% 4% - . 17.2 1.0
£1 pp— tj (t-channel) pPp>ttj s w u- 1.563 + 0.005 - 102 Eég ;‘ééf‘% b.10  pp—vj PP>aaj 2.29240.010 - 10 T4 00
£2  pp—tvyj (t-channel) pp > tt a j $$ wr u- 1.017 % 0.003 - 10° ‘ﬁ%fig%&* b.11*  pp—~Zj pPp>aczj 1.220 +£0.005 - 101 7% +0-9%
£3 tZj (t-channel >tt z j $% wh w- 6.993 +0.021 - 10—1 T1.6% +0.9% . . 1 +7.2% +0.9%
pp—tZ ( ) @ . 1% —1.0% b.12*  pp— W) pp>awpn j 3.71340.015 - 101 727 +0.9%
£4*  pp—tjj (t-channel)  pp > tt j j $$ wt w- POLES DO NOT CANCEL oot — L 1105% +2.2%
£5*  pp—tyjj (t-channel) pp > tt a j j $$ wr u- POLES DO NOT CANCEL b3 pp— W) pp>wrwrjj  221£0011-10 105 e
£6*  pp—tZjj (t-channel) pop > tt z j j $$ wh w- POLES DO NOT CANCEL b.l4  pp—-W W73 pp>w-w-jj  1.003+0.003 107" f1g4% J_F}ng%‘j
+ . s s . 1 +5.0% +0.7%
£7  pp—tbj (t-channel)  p p > tt bb j $ we - 1319 40.003 - 102 +38% +0.4% b15  pp—WW7jj (4f) pp >w+w-jj  1.396+0.005 10 687 067
f£.8* pp— tbjy (t-channel) p p > tt bb j a $$ w+ w- 8.612 4 0.025 - 1071 tg:z;’; tg:ggﬁ b.16 pp—ZZjj Pp>zzj] 1.706 £ 0.011 - 10° J_r7:2<y§ J_FOZWZ
£9*  pp—tbjZ (t-channel) p p > tt bb j z $$ wt w- 5.657 +0.014 - 10~1  TTT% T0-5% b.17  pp— ZWHjj PP >z wpm j j 9.13940.031 - 10° fé;}Z‘; fg:g;ﬂ
. - 8.8% +0.6%
£10  pp—tb (s-channel) PP >uwt>tb~, pp>u->teb 1.001 # 0.004 - 10" ‘fg:gé f}:gg&: b.18  pp—vij pp>aaij]j 7.501 £ 0.032 - 10° flo.l‘% fl.o%
£.11*  pp— tby (s-channel) pp>wt>tb~va, pp>u->t~ba 1.95240.007 ~10*z ;g:gg E:%‘: b.19* pp—~Zjj prPr>azj]j 4.242 +0.016 - 10° tggé tg:gé
£.12*  pp—tbZ (s-channel) PP>wt>tbvz, pp>w->t~bz 1.5394£0005-107° Tyoo T b.20* pp_,,ywijj PP >avwpmj j 1.448 4+ 0.005 - 10t tgi;ﬁ 1‘8?;2

But No Loop Induce
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Top-quark pair production at LC

&
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top-pair production at LC

® ete->tt~[QCD]
= 6.23e-01pb (250GeV+250GeV)

= |ess than 60s computation

® e+ e->W+ bW- b~ [QCD]
= require complex mass scheme
= 5.44998365e-01 pb

= couple of hours

first time
computed
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Offshell effect at NLO

® Diagrams with unstable particles present in general an
imaginary part in the Dyson-ressumed propagator:

P(p) = [p* — mg + Pi(p*)]
® Mixing of different perturbative orders breaks gauge

invariance. Fine cancellations spoiled, leading to
enhanced violation of unitarity

® No pole cancelation at NLO for fix-width scheme

® Solution: Complex Mass-Scheme: v — /M2 — iMT,

2 _ M2 + iMy Ty
W ME 4 iM Ty
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Gauge dependence at LO

|A|]* - |[Feynman-unitary| /unitary

ete” — undd

ut — uudd

ut — bbeTvep” v, (real Yuk)

" (complex Yuk)

complex mass fixed width

® Complex Mass Scheme restore gauge invariance

* yukawa coupling must be promoted to complex

parameter as well

O. Mattelaer, Top Physics at Linear Collider

MadGraph




Offshell effect at NLO

e+ e- > w+ w- b b~ et e->tt~

Mt NLO
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Conclusion
e MG5 aMCis

= public

= automatic
= flexible
= for LHC and LC

® For LO and NLO Generation
= Full BSM at LO
= New Physics coming at NLO

® | ot of tools
= Automatic computation of the width

= Decay with Full-Spin correlation

® This is only the beginning of this Tool!
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