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e b effect only important at low pt

 at large pt, this is just a re-scaling
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BSM Example: 2ZHDM  ¥ouae

ﬁBSI\/I technicalities \
e Our code is fully ready for (all) BSM

 We (only) need NLO-UFO model
= Except if you provide the loop

_ matrix-element. )
/Benchmark Point N\
tan (3 a/m | mp  Mpo Mgo Myt m2,

Bl | 1.7 -0.1872 | 125 300 441 442 38300
B2 | 1.20 -0.1760 | 125 200 500 500 -60000
B3 | 1.70 -0.1757 | 125 350 250 350 12000

\J ~/
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/Exact Phase-Space integration

~

gg—)Zh0 gg—)ZH0 gg—>ZA0
+28.9% +1.0% +29.6% +1.2% +32.5% +1.9%
B1 | 113.6 —21.272 —1.2‘72 682.4 —21.5‘72 —1.2‘72 0.6203 —23.0% —1.9%
+29.9% +1.4% +30.1% +1.3% +33.0% +2.0%
B2 | 85.59 —21.4‘%(: —1.1‘72 1545 —21.8‘72 —1.3‘72 0.8614 —23.3% —2.0%
+28.1% +1.4% +31.2% +1.5% +28.4% +1.0%
B3 | 169.9 —19.9‘73 —0.5%2 0.8968 —22.3% —1.6% 1317

—20.8% —1.0% /

\3

o

/"Reweighting (1503.01656)

~

99 — Zh° | g9 = ZH° | g9 — ZA"
+30% +30% +327%
Bl | 113 59% | 686 T30 | 0.622 327
+30.1% +30% +34%
B2 | 85.8 13007 | 1544 T30 | 0.869 T5¢
131% +33% +28%

B3 | 167 T31% | 0.891 T35% | 1325 128% /




~@>  Z+Scalar Processes W Durham

/Exact Phase-Space integration \
g gg — ZHY gg — Z AY

+29.6% +1.2% +32.5% +1.9%
Bl | 113.6 682.4 “o15% 199 0.6203 1 930% —1.9%
+30.1% +1.3% +33.0% +2.0%
B2 | 85.59 1545 “o1'ge, “1395 | 0.8614 537300 1500
+31.2% +1.5% +28.4% +1.0%

B3 | 169.9 0.8968 “55300 “16% | 1917 T5078% 10% 5y

\
ﬁ:{eweighting (1503.01656) \

gg — ZhY | g9 — ZH® | g9 — ZAY
Bl | 113 ™39% | ggg T30% | g goo +327%

—21% —22% —23%
+30.1% +30% +34%
B2 | 85.8 13007 | 1544 T30 | 0.869 T5¢
+31% +33% +28%
\ B3 167 197 0.891 _91% 1325 —21% /
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/ Exact Phase-Space integration

g9 — HYH- qq — HTH~
Bl | 0.2334 t340% +22% | 7669 +39% +11%
B2 | 0.7011 +346% +24% | ( 4406 +6.5% +14%
B3 | 0.618 +328% +19% | 9 79 J_ri:ggz fgzgé

\ —23.2% —1.9%

~
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production of a pair of charged Higgs at 14 TeV LHC

production of a pair of charged Higgs at 14 TeV LHC
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(= 2 )
tan [ a/m | mpo Mygo Mo My mis
Bl 1.75 -0.1872 | 125 300 441 442 38300
B2 1.20 -0.1760 | 125 200 500 500 -60000
\BB 1.70 -0.1757 | 125 350 250

350 12000 /
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~&~ Type of generation v

Tree Tree NEO  NLO NLO  NLO Loop Loop

| (QCD) (QCD) | (EW) | (EW) Induced Induced
| -~ (SM) _(BSM) (SM) (BSM)% (SM) (BSM) (SM) (BSM)

Fix Order

Shower

e 2 to 2 processes: OK on a laptop A
e 2 to 3 processes: OK on a small size cluster
_ e 2 1o 4 processes: Specific case




SM Tables W Durham

Process Syntax Cross section (pb) Ay Appr \

Single boson + jets 13 TeV

_ +31.3% +0.7%

ol pp— H p p>h [noborn=qCD] 17.79 4 0.060 T2 10

a.2 pp— Hj pp >h j [noborn=QCD] 12.86 + 0.030 977 L0909

a.3 pp— Hjj pp>hj j QED=1 [noborn=QCD] 6.175 % 0.020 TOLE% +0.0%

_ 143.7% 4+0.7%

a.d gg—Zg g g >z g [noborn=QCD] 43.05 £ 0.060 ;%ié% ;%'85‘)

a.b  gg— Zgg g g>zg g [noborn=QCD] 20.85 £+ 0.030 a6 5% 199

> a g [noborn=QCD] 75.61 + 0.200 a8 T0.8%

_ +76.2% +0.8%
g g [noborn=QCD] 14.50 £ 0.030 —40.7% —1.1%

\4
o))

a6 gg—g g8

\aﬂ 99 =799 g8 /
P

/ Process Syntax Cross section (pb) Ay, App F\

Double bosons + jet 13 TeV
_ —2  +30.2% +1.3%
bl pp—HH pp>hh [noborn=QCD] 1.641 +0.002 - 10 o1 7% 1ag
b2 pp— HHj pp>hh j [noborn=QCD] 1.758 + 0.003 - 102 j;;éégg j(});jgzg
. . _ -3 +38.67% +0.5%
b.3 pp— Hvyj pp>haj [noborn=QCD] 4.225 £ 0.006 - 10 o 0% 0 8%
b4 gg—HZ g g > h z [noborn=QCD] 6.537 £ 0.030 - 1072 F29-4% +2.2%
b5  gg— HZg g g >hzg [noborn=QCD]  5.465=+£0.020 - 1072 3000 +1.5%
— +27.1% +0.8%
b6 gg—2Z7 g g > z z [noborn=QCD] 1.313 £0.004 ﬁ%‘i@ 1{%’
b7  g9—ZZg g g >z z g [noborn=QCD] 0.6361 £ 0.002 J_rggggz 1(1):3;';
b.8 gg—Zvy g g > z a [noborn=QCD] 1.265 £ 0.0007 99 9% —1.1%
b.9  gg— Zvyg g g >z ag [noborn=QCD] 0.4604 4+ 0.001 “_L‘;:;:ZZ; f?:ggg
b.10  gg— vy g g > a a [noborn=QCD] 5.182 4 0.010 - 10+2 tg:i;ﬁ f}?)g;
b.11  gg—vvg g g >aag [noborn=QCD] 19.22 + 0.030 fgg;gﬁ f?:ggﬁ
b.12 gg—WHWw+ g g > wt w- [noborn=QCD]  4.099 & 0.010 F20.5% +0.1%

QJS gg—WTW g g g > w+t w- g [noborn=QCD] 1.837 £ 0.004 f;‘g:ﬁ;ﬁ J_FHZE /




A |
SM Tables W Djihom
/ Process Syntax Cross section (pb) A, Appr \

Triple bosons 13 TeV
_ -5  +31.8% +1.7%
cl pp—HHH pp>hhh [noborn=QCD] 3.968 +0.010 - 10 1926% —1.7%
c2 gg—HHZ g g>hh z [noborn=QCD] 5.260 & 0.009 - 1077 jé;;gg; f};gg
_ —4  +31.1% +1.6%
c3 g9—HZZ g g > h z z [noborn=QCD] 1.144 £0.004 - 107* T8 120
cd gg—HZy g g >h z a [noborn=QCD] 6.190 + 0.020 - 10~° fg?g%‘; f%%‘;
_ — +30.3% +1.3%
c.b  pp— Hryy pp>haa [noborn=QCD] 6.058 £+ 0.004 - 10 j ;%{85‘) ;%%@
c.6 pp—HWTW~- g g >h w+ w- [noborn=QCD] 2.670 £ 0.007 - 107 5500 Tien
7  g9—7ZZZ g g >z z z [noborn=QCD] 6.964 + 0.009 - 1075 fgé;ig f?gg
_ —6 +28.7% +1.0%
c.8 g9—ZZy g g >z z a [noborn=QCD] 3.454 £ 0.010 - 10 ) ;%8'85" ;é.ég)
c.9 gg—Zvyy g g >z a a [noborn=QCD] 3.079 £0.005 - 107% TS5 g0 1 9%
¢10 gg—ZW*W~ gg >z w+ w- [noborn=QCD]  8.595£0.020 - 1073 +20.9% +0.7%
_ _ — +28.7% 40.9%
c.12 gg—YWTW g g > a w+t w- [noborn=QCD] 1.822 4+ 0.005 - 10~2 250.9% —11%

/
~

N

Process Syntax Decay width (GeV)
Bosonic decays
gl H—jj h > j j [noborn=QCD] 1.646 4 0.003 - 104
g2 H—jjj5 h > j j j [noborn=QCD] 4.630 £ 0.030 - 107°
g3 H-—jjjj h >3 j j j QED=1 [noborn=QCD] 2.549 £ 0.020 - 10~°
gd H—~yy h > a a [noborn=QED] 9.743 +£0.004 - 107°
g5 Z-—gqg z > g g g [noborn=QCD] 3.921 £0.010 - 10~7

- /




SM Tables Wt

/ Process Syntax Cross section (pb) A, App F\

Selected 2 — 4 13 TeV
d.1 pp—Hjjj pp>hjjj QED=1 [noborn=QCD] 2.519 + 0.005 0% 0%
d.2 pp— HHjj Pp>hhj j QED=1 [noborn=QCD] 1.085 £ 0.002 - 1072 5217 +1.5%
d3  pp—>HHHj  pp>hhhj [noborn=qcp) 1,981 £0.008 - 10-5 +i6.5% +L5%
d3  pp—~HHHH  pp>hhhh [noborn=qCD] 1.080 £ 0.003 - 10~7 F33.3% +2.2%
d.4 gg—eTe ptuT  gg > e+ e- mut mu- [noborn=QCD] 2.022 + 0.003 - 1073 ﬁgj;j j};g‘gg
d.5 pp— HZyj gg>hzag [noborn=CD] 4.950 £0.008 - 1076 +25:8% +1.5%
eTe™ processes 5§ = 500 GeV
e.l ete™ —ggg et e- > g g g [noborn=QED] 2.526 + 0.004 - 1076 Jjgégé
e2 ete” - HH e+ e- > h h [noborn=QED] 1.567 £ 0.003 - 1075 F00%
e3 efe” —HHgg et e- >h h g g [noborn=QED]  6.629 & 0.010 - 10~ +19-2%
Miscellaneous 13 TeV
£.1 pp —>tt PP >tt [noborn=QED] 4.045 +0.007 - 10715 +0-2% +1.0%

\ —0.8% —1.1% /




Conclusion Pt

4 ™
 MadGraph5_aMC@NLO

= Framework for LO and NLO computation

= Fixed order or matched to the shower
= Merging possible
= SM and BSM on the same level
e Loop-Induced
= Code in public beta
= Fine tuning In progress

= Officially release in ~ weeks
- /




