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Outlines

® MadGraph5 aMC@NLO

® Simulation chain for new physics

- e.g. Mono-photon + missing energy
- 3-min MG5 aMC tutorial

® Summary and outlooks
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MadGraph5 aMC@NLO in a nutshell

MG5 aMC: https://launchpad.net/mg5amcnlo

® s written in python.

® is widely used both by theorists (like me)
and experimentalists (e.g ATLAS and CMS).

® performs automatic computations of tree-
level and NLO differential cross sections.

MADGRAPHS5_AMC@NLO

® matches LO and NLO calculations to

parton shower (PS) via the MC@NLO
CutTools method.

® can compute any SM processes (up to
2—4 for hh and 25 for ee, tree-level
born) at NLO QCD+PS fully automatically.
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MG5_aMC [1405.0301]
Process Syntax Cross section (pb)

Heavy quarks and jets LO 13 TeV NLO 13 TeV

d.l1 pp—ijj PP >3 J 1.162+0.001 - 108 *+24.9% +0.57% 1.580 +0.007 - 108 *+5-47% +0.7%
42 ppjij Pp>jj] 8.040+0.021 -10° RS M 770140037100 FHE X
d.3  pp—bb (4f) PP >Db b~ 3.7434+0.004 - 103 +332% H15% 6438 +£0.028 - 103 F]39% F1-5%
d.4*  pp—sbbj (4f) PP >bb~ j 1.050 +£0.002 - 10 *F31% 6% 1.32740.007 - 10% FS% H15F
d.5* pp—>b§jz' (4f) pPpP>bb~j ] 1.852+0.006 - 102 *S1.8% +2.1% 94714+ 0.012 .10 F32% +2.0%
d.6  pp— bbbb (4f) PP>bb~bb~  5050+£0007 1071 FELEE 42NE 8736+0.034 -107 P00 2%
d.7 pp—ti PP>tT te 4.584+0.003 - 102 +299% +18% 6741 +£0.023 - 102 FIB% +1.8%
d8 pp—tij pPp>tt~j 3.135+0.002 - 102 F351% +22%  4106+0.015 - 102 3% +2.1%
d9 pp—tijj pPpP>tt~jj 1.361+0.001 - 102 *S14% +26% 17954+ 0.006 - 102 937 +24%
d.10 pp—titt PP>ttett~ 4505+£0.005-10-3 *538% +54% 9901+ 0.028 -10-3 F308% +5.5%
d.11  pp—s tibb (4f) PP>tt~bb~ 6119+0004 -10° *+E2I% +29% 14524 0.005 - 101 +3TE% +2.9%
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e.g. jets with heavy quarks (ee)

MG5_aMC [1405.0301]

Process Syntax Cross section (pb)

Heavy quarks and jets LO 1 TeV NLO 1 TeV

il efem—jj e+ e- > j j 6.223£0.005 - 101 *00%  6.380+0.013 -10-1 F0-2%
.2 ete —jjj e+ e- > j jj 3.401£0.002 -10-* *26%  3.166+0.019 -10-1 +92%
i3 etem = jjij e+ e->jjjj 1.047£0.001 - 1071 *22-0% 1000 +0.006 - 10~ 5 0%
4 etem —jjjji et e->jjijj 2.2114+0.006 - 10-2  +314%  2.771+£0.021 -10-2 1%
i.5  ete —tt e+ e- > t t~ 1.662 +0.002 - 10~ +09% 1745+ 0.006 - 10~ +04%
16 efem—ttj e+ e- > T t~ j 4.813+0.005 -10-2 +23%  52764+0.022 -10-2 137
L.7° eTe —itjj] et e- > T t~ j j 8.614+0.009 - 10-3 *124%  1.004+0.005 -10-2 +30%
i.8"  ete” —ttjjj ete->tt~jjj  1.044£0002-10-% F305%  1546+0.010 -10-3 F196%
i.9°  ete  —titt e+ e- >t t~t t~ 64560016 -10°7 %1% 1992140005 -10°% *132%
i.10°  eTe” —tittj et e- >t t~ t t~ j 2.719£0.005-10-% 2997  5338+0.027 -10-% F1%3%
i.1l  ete — bb (4f) e+ e- > b b~ 0.198 £0.004 - 10-2 *00%  0.282+0.031 -10-2 +0-0%
.12 ete” —bbj (4f) e+ e= > b b~ j 5.020 +0.003 - 10-2 *25% 4826 +0.026 -10-2 *0-3%
i.13*  ete” —bbjj (4f) e+ e- > b b~ j j 1.621+0.001 -10-2  *F20-9%  1.8174+0.009 -10-2 +5-0%
i.14* ete— —bbjjj (4f) et e->bb~jjj 2641 +0.000 - 103 tg.}z‘:? 4.936 + 0.038 - 10-3 t«égg
.15 ete” — bbbb (4f) et e~ >bb~ bbv 16440003 -107% 2R 3.601+0.017 -107* 520
i.16* ete~ — bbbbj (4f) e+ e- > b b~ b b~ j 7.660£0.022-10-° F33% 1537+0.011-10-% FIT%
i.17*  ete— — ttbb (4f) e+ e- > t t~ b b~ 1.819+£0.003 - 10-* *+195% 2923 +0.011 -10-% *+22%
i.18*  ete~ —tibbj (4f) e+ e- >t t~ b b~ j 4.045+0.011-10-5 *303%  7049+0.052 -10-5 +137%
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MG5_aMC [1405.0301]
Process Syntax Cross section (pb)
Heavy quarks+vector bosons LO 13 TeV NLO 13 TeV
el  pp—W=bb (4) PP >wpmb b~ 3.074+£0.002 - 102 *+323% +2.0%  8162+0.034 - 102 +298% +1.5%
e2  pp—Zbb (4) PpP>zb b~ 6.993 £0.003 - 102 3357 +1.0%  1.235+0.004 - 103 F129% +1.0%
e3  pp—sybb (4f) Pp>ab b~ 1.731+£0.001 - 10% 3392 F18% 417140015 - 103 F337% +12%
ed*  pp—>WEbbj (4f) Pp>wpmbb~j 1.861£0003-102 +25% +0T%  3.057+0.013 .10 2707 +0.7%

- hoa . : 42.4% +0.9% 21.0% +0.8%
e5"  pp—Zbbj (4f) PpP>2zbb~ j 1.604 £0.001 - 102 +124% +09%  2.805+£0.009 - 102 *F21.9% +0.5%
e.6*  pp—ybbj (4f) PP>ab b~ j 7.812+0.017 - 102 F3L2% +1-0%  1.23340.004 - 108 500 F10%
e7  pp—tiW* PP >t t~ wpm 3.77740.003 - 10~ F239% +21%  5662+0.021 - 10~ 112X ALT
e  pp—ttZ PP>t t~z 5.273+£0.004 -10-1  *F303% +18% 7508 +0.026 - 101 97 H1I%
ed  pp—tiy PpP>tt~a 1.204 £0.001 - 100 +29-6% +16%  1.7444+0.005 -10° *98% +1T%

- Iy . . — 40.9% +1.3% — 11.2% +1.2%
e.10* pp—ttWj PP>tt~uwpnj 2352+0.002 10! tgg 1% j% o 3.404+0.011 - 101 t;‘gg’/‘ jg o

- 7 . -1 +  + : : -1 +7.0% + :
e.ll* pp—ttZj PP>t t~ 2z ] 3.953 +£0.004 - 10-1 F+36:2% +27%  5074+0.016 - 10~ FT0% +2.5%
e.12* pp—ttyj PpP>t t~aj 8.726 £0.010 - 101 4% +23%  1135+0.004 - 10° *T5% +2.2%
el3* pp—ttW-W+* (4f)  pp >t t~ w+u-  6.675+£0.006 1073 *F30-9% +21%  9.904 +£0.026 - 10-3 F19-9% 2%
e.l4* pp—>ttW*Z PP>tt~upmz 240440002 .10-3 *+356% +25%  3595+0.010 -10-3 +10-5% +2.5%
e.15* pp—tt Wiy PP>tt~wpma 27184+0003.10-3 *+233% +23%  39274+0.013 .10-3 *+10-3% +2.0%

- ny — 29.3% +1.7% — 7.9% +1.7%
e.16* pp—ttZZ PP>tt~zz 1.349 £ 0.014 - 10-3  +293% +L7% 1,840 +0.007 - 10-3 7% +1.T%
el7* pp—ttZy pp>tt~za 2.548 £0.003 - 10-3 *F301% +LT%  3656+0.012 -10-3 F97% 187

- I : - 28.4% +1.3% — 7.8% +1.4%
e.18° pp—tiyy PP>tt~aa 3.272+£0.006 - 102 *0 2 Tile  4.4024+0.015 -10-%  FOCR T
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e.g. top quarks with bosons (ee)

MG5_aMC [1405.0301]

Process Syntax Cross section (pb)
Top quarks +bosons LO 1 TeV NLO 1 TeV
il ete  —ttH et e- >t t~ h 2.018 £0.003 - 10-%  *20%  1.011+0.006 - 10-3 027
j2*  ete —=ttHj e+ e- >t t~ h j 2.533 4 0.003 - 1( L .
1.3° ete” = ttHjj et e- > T t~ h j j PARESINIIEEI Process e+ e- > t t~ x0 [QCD]
j4*  ete =ty e+ e- > t t~ a 1.270 4+ 0.002 - 1(JEEg gt L-1 collider (500 + 500 GeV)
i B __— : . Total cross-section: 1.853e-03 +- 3.5e-06 pb
* o+ e 'S - ~J : e 2 -
JS © - _)tt_'"]_. sretrtival 2'335:&0'00% > Ren. and fac. scale uncertainty: +0.5% -0.6%
j.6* ete —ttyjj et e- >t t~ a j j RRUREJVVIEREL \ymher of events generated: 10000
1.7° ete” = ttZ e+ e- > t t~ Z ENEOESINIIGERIl Parton shower to be used: HERWIGH
8 etem —tiZj e+ e- > T t~ Z j EERIIIERL Froction of negative weights: ©.09
o . N . _ . Total running time :
1.9 ete” = tthjj et e- >t t~ 2z j j 6.351 = 0.028 - 10 ~15.0% : - ~6.8%
j.10° ete —tiWjj e+ e- >t t~ wpm j j 2.400+0.004 -10-7 10 3.7234+0.012 -10-7 900
i11* ete  —ttHZ et e- >t t~ h z 3.600 +£0.006 - 10-° *00% 3579 +£0.013 -10-5 017
i12° etem —ttyZ et e- >t t~ az 2.2124+0.003 - 10-* *F20%  2.364 +£0.006 - 10-* 067
i13° etem —tiyH et e->t tvah 0.756 +£0.016 - 105 *F00% 9423 +0.032 -10-° *037%
j14* etem —tiyy e+ e- >t tvaa 3.650 +£0.008 - 10-* *+9-0%  3.833+0.013 -10-* *04%
i15*  ete~ —=ttZZ e+t e- >t t~ Z 2 3.788 +£0.004 -10-° *20% 4007 +£0.013 -10-5 *03%
j.16° ete” —ttHH et e- >t t~hh 1.358 £0.001 -10—5 *00% 1,206 £0.003 - 105 997
AT etem S ttWTW T e+ e- > t t~ wt w-  1.37240.003 -10~* F90% 1540 +0.006 - 10~* FLO%
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Simulation chain for new physics

¥

Feynules

j UFO (Universal FeynRules Output) model file

MadGraph5 aMC@NLO
(Herwg, Pythia)

] - cMS f5«7TeV,La51" {5=8TeV,Lu197M0"
A I A B AN AT
& StdHep event file 3 35 * Data
® Bl zx
= a0 .
Delph : e
c F) eSS I% 25 [ | m=126 Gev
o0

‘ LHCO event file 5 r

MadAnalysis5

80 100 120 140 160 180
m,; (GeV)
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e.g. New physics in mono-photon signals

Photon Events with Missing Energy
in e e~ Collisions at /s = 130 to
209 GeV

DELPHI Collaboration

The production of single- and multi-photon events has been studied in the reac-
tion eTe~ — ~v(7v) + invisible particles. The data collected with the DELPHI
detector during the years 1999 and 2000 at centre-of-mass energies between
191 GeV and 209 GeV was combined with earlier data to search for phenomena
beyond the Standard Model. The measured number of light neutrino families
was consistent with three and the absence of an excess of events beyond that pre-
dicted by the Standard {ecesse was used to set limits on new physics.
Both model-lndependent searches and searches for new processes predicted by
supersymmetric and extra-dimensional models have been made. Limits on new
non-standard model interactions between neutrinos and electrons were also de-
termined.

hep-ex/0406019
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Gravitino mass limits from mono-photon

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014) (URL: http://pdg.Ibl.gov)

LIGHT G (Gravitino) MASS LIMITS FROM COLLIDER EXPERIMENTS

The following are bounds on light ( < 1eV) gravitino indirectly inferred from its
coupling to matter suppressed by the gravitino decay constant.

Unless otherwise stated, all limits assume that other supersymmetric particles besides
the gravitino are too heavy to be produced. The gravitino is assumed to be undetected
and to give rise to a missing energy (/) signature.

VALUE (eV) CL% DOCUMENT ID TECN COMMENT

e o ¢ We do not use the following data for averages, fits, limits, etc. e o o
> 1.09 x 10~ 95 LABDALLAH 058 DLPH ete™ — GG~
> 1.35x 10~ 05 2 ACHARD 04E L3 eTe= = GGv
> 1.3 x 10~ 3 HEISTER 03C ALEP ete™ — GGr
>11.7 x 10~ % o5 4 ACOSTA 02H CDF pp — GGn

> 87 x107% o5 5 ABBIENDI,G 00D OPAL etTe™ — GG~
>10.0 x 10~ % o5 5 ABREU 00z DLPH etTe™ — GGn
>11 x10~©% o5 7T AFFOLDER 00J CDF pp — GG +jet
> 89 x107% o5 8 ACCIARRI 99R L3 ete— = GGv
> 79 x107°% o5 9 ACCIARRI og8v L3 eTe — GGn
> 83 x107% o5 9 BARATE 98) ALEP ete™ — GGn
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FeynRules in a nutshell

Alloul, Christensen, Degrande, Duhr, Fuks [arXiv:1310.1921]
FeynRules: http://feynrules.irmp.ucl.ac.be/

- a Mathematica package that allows to derive Feynman rules from a Lagrangian.

- allows to export the Feynman rules to various matrix element generators,
e.g. CalcHEP, FeynArts, MadGraph, Sherpa, Whizard, ...

m2
Lie=— Y F—‘;/d“e XX oio; - (%/cﬂe XWWe +hec.)
i=L,R ' '

Lsoftm ;= -MelA2/FsusyA2 Theta2Thetabar2Component[Glbar GL Elbar EL] -
MerA2/FsusyAZ2 ThetaZThetabar2Component[GLbar GL ERbar ER];

Lsoftg := -Mnl/(2 Fsusy) ThetaZComponent[nc[GL, SuperfieldStrengthL[ASF, sp4], SuperfieldStrengthL[ASF, sp3]] Ueps[sp3, sp4]] -
Mnl/(2 Fsusy) Thetabar2Component[HC[nc[GL, SuperfieldStrengthL[ASF, sp4], SuperfieldStrengthL[ASF, sp3]] Ueps[sp3, sp4lll;

oid ni
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3-min MadGraphS _aMC@NLO tutorial

, /bln/mgS aMc { = Start the MG5_aMC shell

§ >import model mssm-goldstino < |mport the model
j>generate e- e+ > gld gld a § = Generate the process

| >output JCL3demo § = Write the code (including html)
joteunch 3 <& Generate the LO/NLO events

Kentarou Mawatari (Vrije U. Brussel) 12 Dec I, 3rd JCL @LPSC Grenoble



3-min MadGraph5 aMC@NLO tutorial

Do you want to edit a card (press enter to bypass editing)?
1 / param : param_card.dat
2 / run : run_card.dat
3 / madspin : madspin_card.dat

4 / shower : shower_card.dat
[0, done, 1, param, 2, run, 3, madspin, 4, enter path, ...
>

param_card.dat run_card.dat

1000001 1.120229e+03 # msdl 10000 = nevents | Number of unweighted events requested
1000002 1.117576e+03 # msul ) = iseed | rnd seed (O=assigned automatically=default))
IWB 1'120229%3 # -Sdz #.00....OO0..000...0O0...‘000...0.00.00000.‘0000..00.0.0‘0...‘0.....‘.

# Collider type and energy =
1000004 1.117576e+03 # msuZ # lpp: O=No PDF, l=proton, -l=antiproton, Z=photon from proton, .
1000005 1.056743e+03 # msd3

# 3=photon from electron .
1m 9.756224&’02 7 .SU3 FEPEEEEERRR R RRRRR R RN RERRRERR RN RERRERREERRRRERREReS
1000011 3.582292e+02 # msll

%) = lppl | beam 1 type
0 = lpp2 | beam 2 type
S00 = ebeaml | beam 1 total energy in GeV
500 = ebeamZ2 | beam 2 total energy in GeV

HEESRR NSRS RRRRNRRRRRRNRNRRRNNRRRNRRRRRIRRRRRRRSSSSSSTS

# Beam polarization from -100 (left-handed) to 100 (right-handed) ‘
‘..‘.....‘....‘.‘...."...‘...‘.O‘...‘.....“.‘.‘.“.O...‘....O““..‘
(%) = polbeaml ! beam polarization for beam 1
Q = polbeamZ ! beam polarization for beam 2

1000012 3.490483e+02 # msnl
1000013 3.582292e+02 # msl2
1000014 3.490483e+02 # msn2
1000015 1.738053e+02 # msl3
1000016 3.482844e+02 # msn3
1000021 8.345774e+02 # mgo
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Mono-photon signals from light gravitino production

10 ' SN LI 10" L L L B L B
104 | V’S:lTéV, h]_}<2 104 v's:l'I'eV. E_{>30GeV. |ll}<2
3 2
3 2
.r ;
E e
m,,, [GeV]
(P.-,P.+) mg [GeV]
650
(0,0) 750
850
650
(0.9, —0.6) 750 || 24.3 32.7 64.9
850 3.4
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do/dE [fb/bin]
n

KM, Oexl| [1402.3223]

- I

| bkg

Vs=1TeV

-13
. -" .
My, = 2x10 " GeV

m_= 2TeV _

me, = 650 GeV

-— Y
[T e SO Bl DTN Sy o PR

r__-__l

U 850 _A!
IR EEEN 0 il
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E,[GeV]
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Summary and outlook

® MadGraph5 aMC@NLO is one of the event generators
not only for SM but also for BSM at the tree-level as well as

at the NLO QCD.

® Most of the efforts for the last few years have been devoted
to LHC, especially for NLO QCD automation. However, the
framework is flexible enough to be adapted to e+e- physics.

® Automation of EW corrections is in progress, which is very
important for e+e- physics.

® Automation of NLO corrections for BSM is also on-going.

Kentarou Mawatari (Vrije U. Brussel) |5 Dec I, 3rd JCL @LPSC Grenoble
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Automation for EWV corrections in progress

DONE!

DONE! CutTools

Kentarou Mawatari (Vrije U. Brussel)

slide from Davide Pagani
@ ERC miniworkshop

IN pProgress
(almost DONE)

MC@NLO

In progress

|6

Frixione, Hirschi, Pagani, Shao, Zaro

[1407.0823]

ttH production at the 13 TeV LHC
_Jt—'""-_’~—l__L " ——
- [ Tt LOWNLOQCD —— 1

L LONLO QCD+Weak ——
i T
1 1 1 | 1 L 1 | 1 1 1 ——
E_fatio over LO 3
. \:ﬁ%\_—lj E
3 =
S 1 1 1 1 1 1 1 1 1 1 1 E
— relative contributions QCD —— Weak ——  HBR ——-- -
e R o B o
: ] ] . : :
0 200 400
pr(t) [GeV]

Dec I, 3rd JCL @LPSC Grenoble

MadGraphS_aMCENLO



Vrije {
Universiteit 0.20 - pp—ftiX, atthe LHC13 (shape comparison) 1 ™
Brussel NLO+HERWIG6 0* (SM) =4
0.18 | pr(Xg) > 200 GeV — 0, 1
— 0
0 = : ' 0.16 | - : )
H Iggs Characte rl Satl On I n ttH E(t) = —Y (ch'cuugllu + 1SaKAaceGAace ’75) Yy Xo
0.14 - 07 (SM)  Kuee=1(ca=1) I
0~ Kaee = 1 (CO - 0)
Demartin, Maltoni, KM, Page Zaro [|407 5089] 0.12 = 0* Kreeace =1 (ca = 1/V2) |
,. B Sac Eate) e g s ] 0.10 M ]
' /bln/mg5 aMC CP-mixed
£ >import model HC NLO XO i 0.08 12
$ >generate p p > x0 t t~ [QCD] }§ §
§ >output ——— 12
£ >launch 3 o
TSP 0.04 CP-odd 18
o002} CP-even (SM) <§?
s 000 —————to—
ttX; uncertainties, NLO+PS
3 0+ MR,F  — PDF+us
0.20 2
« 010 :
0.00
-0.10
scenario oo (fb) onLo (fb) K 020 e

ttX; NLO+PS/LO+PS (with total uncertainties)

- - : +32.8 +5
0t | 468.6(4) *328 1459  525.1(7) *3T10a% 112 o NLO+PS (1+PDFsc)  — LOSPS (1sPD

LHC 13 TeV 0~ | 196.8(2) ¥371 +75% 224.3(3) ¥$fs +32% 114 549
0% | 332.4(3) ¥330 +5.4% 374.1(5) 150 +25%  1.13

1.50 [

1.00 |

0.50 [ 1 TR R T T l_ 1 .;-—1 PR oty ]
0 1 2 3 4 5

| An(7) |
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Effective Lagrangian -- spinQ

LS = = Z Vf(cakinssGnss +iSakarsgars 15) Y5 Xo

f=t.h.T

1 T
E}) — { CalksSM [59 nzz 4 7 Z" + Guww W : 144 #]

pv . A ARV
[C(l K H ~y~ rgll’y‘r "'l#l/"'1 Sa f‘u\'&"rg.‘i'y"r ‘Aulli'{u ]

. ALYV _ AUv
Cahvuznguz»y Z;uu Y + SalRaz~GAz~ Zul/A# ]

- a a.jLv . a a. v
Ca'h'ng.f}gllgg GuuG o L(‘lh-lggg»'\gg Cul/C #]

~

[ . v iy - v
Calknzz Z/.H/Z# + SaKazz ZuuZu ]

= =] e

[ . A 7+ YA — M1V . 7+ v
CaRpww W p,l/II 3 + SaRKaww W #yn o ]

lev—kd:xlv—td:alb—kwlb—td‘—lo—s

74 12
- [1Ca hI{l! 141/0 4"1‘1 + f‘ll{(,/ Zl/d ZIJ'

+ (H}Ie_ﬂ\"""’flj_ a/-‘ W N hC)] }XO

parameter description

A [GeV] cutoff scale

Ca (= cosa) mixing between 07 and 0~

Ki dimensionless coupling parameter

Kentarou Mawatari (Vrije U. Brussel) 19

HCI:[1306.6464]

param card.dat
mrommou roa FRBLOCK

¢ frblock

1.000000e+03 #
1.000000e+00 #
1.000000e+20 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
1.000000e+00 #
16 0.000000e+00 #
17 0.000000e+00 #
18 0.000000e+00 #
19 0.000000e+00 #
20 0.000000e+00 #
21 0.000000e+00 #

22 0.000000e+00 #
23 0.000000e+00 #

1
2
3
4
)
6
7
8
9
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Higgs characterisation in VBF and VH

pp—>X0jj (VBF) at the LHC8, NLO+PS
0.06 }m(j4,}p)>500 GeV

0" (SM)
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HC2: Maltoni, KM, Zaro [I311.1829]

[ pp—»XOW+ w* —>e+ve) at the LHCS8, NLO+PS 0t (sM) —— |
I 0*(HD) —— |
J 0° (HDd&) ——

- 0% (SM+HD) -
; 0 (WD) —— ]

0*(HD) — ]
zn
-
aMC@;NLO+HElRWIG6
[ NLO+PS /NLO h
= o _ 1L

50 100 150 200 250 300 350 400

prr (GeV)

Some observables are sensitive to the structure (CP-even/odd and/or
higher dimension (HD)) of the HVV interaction.
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Higgs characterisation in GF -

HC3: Demartin, Maltoni, KM, Page, Zaro [1407.5089]

GF vs VBF
1| / - 1
10 - Pp—Xqjj atthe LHC13 _ 8;((((;3;!-:)’ SM) ]
- NLO+HERWIG6E — 8+ ﬁga: SM
. t t y 77 ;
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------- 0, (VBF, HD)
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o :
e
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= 12
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| = e T gy S i g
| T |2
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0 500 1000 1500

m(js.jo) [GeV]

* Di-jet correlations are still sensitive probes of

the CP mixing of the Higgs boson
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even after PS.
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GF vs VBF (shape comparison)
pp—Xgjj atthe LHC13 0* (GF.SM)
NLO+HERWIGE —— 0.(GF)
i — 02(GF)
m(jq.jp) >500GevV T 0* (VBE, SM
L 0* (VBF, HD) -
——————— 0; (VBF, KD
------- 0* (VBF, HD)
n r___j
e = - 0
B :}.—’7'_ _______ __ 2’
] S
n I 1=
—_— ] | I
T 1 |e
——— | o
- —— | ----- 4 =
[ E— | )
] L g
1
GF uncertainties, NLO+PS
GF NLO+PS/LO+PS (with total uncertainties)
o* NLO+PS (u+PDF+xg) —— LO+PS (u+PDF)
b ‘_,_l i
= - : : . . -
0 2 R

Dec I, 3rd JCL @LPSC Grenoble



