MADGRAPH

Tilman Plehn

MPI Minchen & University of Edinburgh

— Madgraph vs. Madevent

— few LHC studies (skipped here)

— structure of Madgraph + examples

— basics of Madevent + examples

— summary: speaker not a main author!

in name of:
F. Maltoni, J. Alwall, S. DeVisscher R. Frederix, M. Herquet,..., K. Hagiwara, D. Rainwater, T. Stelzer
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MADGRAPH VS. MADEVENT

Old problem in collider phenomenology (steizer & Long]
— problem: (differential) tree—level cross sections for ILC, LHC
— usually more complex than good old 2 — 2 [off-shell effects, jet radiation,...]
— available for helicity amplitudes numerics: HELAS  [Hagiwara, Murayama, watanabe]

= Madgraph: complicated process (a,b — c,d,e,f,...) — |M|? [Fortran]

Included in Madgraph
— user—defined: particles & interactions [standard Model, MSSM defaut]
— user—defined: couplings in Fortran [standard Model, MSSM default]
— Iincluded: Feynman diagram calculator [including postscript file]

— included: Fortran function |M|? finked to HELAS library]

— only in Madevent: phase space integrator/generator

— only in Madevent: plotting routine, fast detector simulation...
= Madgraph for people who want to get hands dirty
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MADGRAPH VS. MADEVENT

Advanced web tool: Madevent [Maltoni, Stelzer, Alwall,...]
— there is such a thing as a good phase space generator

— writing a histogram routine is a waste of time

Pythia/PGS interfaces are standardized
extended version of old Madgraph
hlghly complex pUbliC computer code [great if someone else maintains it]

¢ 4

web—-based out of Louvain-la-Neuve

Beyond the (MS)SM  [susY release paper: hep-ph/0601063; similar for 2HDM, Higgs—ET, UED, etc.]
— Madgraph: BSM processes only new particles, interactions files
— Madevent: originally complicated information transfer
= now everything by Perl script
= BSM-Madevent the future

Reference processes on the web  [smadgraph + sherpa + Whizard]

Comparison of Automated Tools for Phenomenological Investigations of SuSy
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2HDM IN MADEVENT

—Higgs Basis (more info)
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—Generic Basis (more info)
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—Yukawa parameters

Higgs basis (more info)
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Generic Basis (more info)
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Yukawa couplings to the second Higgs doublet of the down type quarks (norm and phase)
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[TwoHiggsCalc: Herquet, DeVisscher, Ovyn]
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1 — SQUARKS AND GLUINOS WITH JETS

q u
q
Inclusive and exclusive squark—gluino signatures é / :
— decays to jets, missing energy, possibly leptons S 50 T
: : : e ~ ~ 9 ? H
— inclusive: jet multiplicity 1 for @, 2 for § G %
— exclusive: SUSY masses from thresholds & edges
= effects of additional hard jets on analyses?
Comparison Pythia — Smadevent [re rainwater, Skands]
— matrix element gg+2j and G.g+2] [pr; > 100 Gev] S0 | Toog 85 0.5
— normalized pr; distributions 70 130 483 565
’ o1 0.73 2.89 2.74
— Pythia shower tuned at Tevatron &) 026 109 085
= SUSY easier than tops [QcD: the heavier the better]
> i pr; (PP -0, T) 1 P (pp -G, Ty ji) P (PP - GG i)
Q -3 p; 250 GeV p; 2100 GeV p; 2100 GeV
"élo 3 |r1Tj|'J<5,ARh>o.4 Ed o Eq T -
& Koytnia=1.25 T
§10 _4? e Srg‘ulg/m—?\;l‘adGraph 3 E
Pythia: p2 (power) ~r
Lo Rl g
1070 T Gl R
0 100 | 200 | 300 400 ‘0 | 100 | 200 300 | 400 0 | 100 200 300 | .‘4‘OOG‘eV
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1 — SQUARKS AND GLUINOS WITH JETS

q u
q
Inclusive and exclusive squark—gluino signatures ﬁ / :
decays to jets, missing energy, possibly leptons S 50 T
: L o _ _ q S
inclusive: jet multiplicity 1 for g, 2 for § g %
exclusive: SUSY masses from thresholds & edges
effects of additional hard jets on analyses?
Comparison Pythia — Smadevent [re rainwater, Skands]
matrix element §gg+2j and G, g+2j [pr; > 100 Gev] o0 | s 56 05
normalized pr ; distributions 70 130 483 565
’ o1 0.73 2.89 2.74
Pythia shower tuned at Tevatron o3 026 1.09 085
SUSY easier than tops [QcD: the heavier the better]
3 Py, (PP ) P (pp - ) P (pp - )
Q Py 250 GeV p250GeV | P 250 GeV |
"é 1k Inj<5, AR >0.4 T ’ .
& r X Kpythia=1-8 1
§ 10 _1? e Susy—Ma(;(\.‘v\r‘ap:\‘.a ; : . ™~ 2 T 3
i 358’%2\ ™~ ~ N
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1 — SQUARKS AND GLUINOS WITH JETS ‘

q u
q
Inclusive and exclusive squark—gluino signatures é / :
— decays to jets, missing energy, possibly leptons S 50 T
: : : e ~ ~ 9 ? H
— inclusive: jet multiplicity 1 for @, 2 for § G %
— exclusive: SUSY masses from thresholds & edges
= effects of additional hard jets on analyses?
Comparison Pythia — Smadevent [re rainwater, Skands]
— matrix element gg+2j and G.g+2] [pr; > 100 Gev] S0 | Toog 85 0.5
— normalized pr; distributions 70 1.30 483 565
’ o1 0.73 2.89 2.74
— Pythia shower tuned at Tevatron &) 026 109 085
= SUSY easier than tops [QcD: the heavier the better]
2 pr; (PP -GG PIe (pp - GG P (pp - GG
% pr250GeV T pr2100 GeV T pr2100 GeV
g 2 In,|<5, AR;>0.4
=10 -~ Koa™L75 E3
% LHC: spsla \-;:\; ---- 7
© -3 Susy-MadGraph RNy
10 Pythia: pi (power) R +
i - Py, (Wimpy) T
P Q? (power)
Lo Q% (wimpy)
/N PP Q2 (tune A)
10 ‘ S
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2 — SUSY IN WEAK BOSON FUSION

Weakly interacting particles in weak boson fusion [cho, Hagiwara, Kanzaki, TP, Rainwater, Steizer]
— works great for Higgs (Standard Model or MSSM)

— W, Z background the problem for DY-type pp — %%, ¢

— trigger difficult for (neutral) stable sleptons

= giveitatry: qq° — q'gff* [cancellations deadly]

SPS 1a SPS8

process || DY | WBF | DY | WBF
sT& | 225 | 0.036 | 2.49 | 0.004
sfer || 200 | 0020 | 143 | 0.014
77 || 344 | 0033 | 160 | 0.015
#t7 || 183 | 0.032 | 240 | 0.004
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2 — SUSY IN WEAK BOSON FUSION

Weakly interacting particles in weak boson fusion [cho, Hagiwara, Kanzaki, TP, Rainwater, Steizer]
— works great for Higgs (Standard Model or MSSM)

— W, Z background the problem for DY-type pp — %%, ¢

— trigger difficult for (neutral) stable sleptons

= WABF great, but really only for Higgs

Theoretical side remark

unitarity in WW — ¥ [s and t channel, like WW — ff]
e.g. parameter my in s-channel propagator and yx<® Yukawa coupling

[test of SUSY-protected coupling: Kilian, TP, Richardson, Schmidt]

mismatch in renormalization fixed by ripping scheme

similar for mixing scalars, mass matrix and ff® coupling  [unitarity fine, F and D terms]
general problem: widths and couplings for Higgs and SUSY  [sdecay: Minlieitner et at]
all fixed for Smadevent users
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3 — GLUINO SPIN DETERMINATION ‘

b
.. b K
Show it is SUSY—QCD [many ideas: Smillie & Webber] f / H
— straw-man ‘bosonic SUSY’: universal extra dimensions i ﬂQ
b 2 v

— compare entire cascade [use e.g. my, instead of angles] g %8
— onIy normalized distributions [masses from endpoints]

= if fermionic gluino, then Majorana [ike-sign dileptons]

Cascade decays — Smadevent + UED—Madgraph (awes, eboii, Tr]
— gluino decay chain as for mass measurement
— compare with first KK g, q, Z, and /¢

— decay asymmetry b vS. b [instead of near/far b]
A= [o(tT) —obl™)]/[o(blT) + o(bl™)]
— complication: 7, or 7. tied in with spin
— pure jet observables which work: ¢y
= gluino spin sits in decay kinematics
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ShOW |t iS SUSY—QCD [many ideas: Smillie & Webber]

3 — GLUINO SPIN DETERMINATION

straw-man ‘bosonic SUSY’; universal extra dimensions

. 0 50 100 150 200 250 300 350
— compare entire cascade [use e.g. myy, instead of angles] My [GeV]
— onIy normalized distributions [masses from endpoints] g
= If fermionic gluino, then Majorana [iike-sign dileptons] <
0 50 100 150 200 250 3:](;i [GeI\SIS]O
I S |
Cascade decays — Smadevent + UED-Madgraph iaves, eboi, 115 | vy
F Tl i i G At s Wi o Sl SR EE R SR S
— gluino decay chain as for mass measurement S e

.05 L con b b b b by I
100 125 150 175 200 225 250 275 300

compare with first KK g, g, Z, and £

———— SUSY(eH1+T)
UED(ED+u 41y

decay asymmetry b vS. b [instead of near/far b]
A= [o(0lT) — o(bt7)]/[o(beT) + o(bl7)]

complication: ¢ g or 7 tied in with spin

(a(blM)-a(bl"))/sum

05 Lo e b b 1
100 125 150 175 200 225 250 275 300

At

pure jet observables which work: ¢y g 08 o
gluino spin sits in decay kinematics % oL
5 [ =200 Magss)leactrum

my* [GeV]
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3 — GLUINO SPIN DETERMINATION

ShOW |t iS SUSY—QCD [many ideas: Smillie & Webber]

=

Cascade decays — Smadevent + UED—Madgraph

straw-man ‘bosonic SUSY’; universal extra dimensions

compare entire cascade [use e.g. my, instead of angles]
onIy normalized distributions [masses from endpoints]

If fermionic gluino, then Majorana [ike-sign dileptons]

gluino decay chain as for mass measurement

compare with first KK g, g, Z, and ¢ 0 e
decay asymmetry b vs. b [instead of nearitar b] %
A= [o®T) — o )]/[obrt) +obt)]  §

complication: ¢ g or 7 tied in with spin

gluino spin sits in decay kinematics o Lww

[Alves, Eboli, TP]

180 |
160 |
140 -

120 £

100 ="

pure jet observables which work: ¢y o |

— SUSY

------ UED: a® = 0, w2
............ UED: (X(D =14

T PP (I
SPSla R .-

Mass Spectrum
L =100fb™ ]
Lo [ A N ST RAFRR R
20 40 60 80 100 120 140 160 180

Ay, [deg]
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4 — OFF-SHELL SQUARKS AND GLUINOS AT LHC

Example 1: pp — gg — 661b6ik [Berdine, Rainwater,...]

naive expectations: corrections ~ /Mg
rate up 16% [o,0e=108 fb; og=125 fb]

compare to NLO uncertainty ~ 15%
detailed discussion in papetr...

gu+51BGL

100F-

L B e
— All Diagrams, Off Shell |
- — Resonant Diagrams, Off Shell

80 f

N B R
0O 200 400 600 800 1000
Py (GeV)
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Example 1: pp — gg — 661b6ik [Berdine, Rainwater,...]
— naive expectations: corrections ~ I'g/mg

— compare to NLO uncertainty ~ 15%

=

4 — OFF-SHELL SQUARKS AND GLUINOS AT LHC

rate up 16% [o,0e=108 fb; og=125 fb]

detailed discussion in papetr...

Example 2: pp — §%2 — bbi?

rate up 50%!

distributions spread...

no interference, but new pole
separable by jet/lepton edges?
just a start as well...

gu+51BGL

T T T T T T T T T T
100 |— All Diagrams, Off Shell |
- — Resonant Diagrams, Off Shell

80 f

0 200 400 600 800 1000

uu—>b,bx,

T T T T T T T T T T
— All Diagrams, Off Shell| |
0.1~ — Resonant, Off Shell B
All Diagrams, On Shell | |
-— Resonant, On Shell
0.08- -
I
!
=0.06-] | -
sk I !
0.047| 8
|
0.0215 -
Ok . =% —p— ;
0O 200 400 600 800 1000

Py (GeV)
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MADEVENT AND JET MATCHING

Automatic matching of hard jets with parton shower
— combination of hard and collinear jets with hard process
— Madevent with new pr—ordered Pythia shower jask johan Awall for details]
— Madevent process definition pp > Wj, pp > Wjj, pp > Wjjj, ...

— ete™ — Z+jets testing ground

| 4-jet differential rate in e+e->Z > jets |

Sum of contributions
E ------- 2-jet (e+e->Z>qqbar)
} .
L .
s | pFe e 0 Y 3-jet
2
) 4-jet
(7]
e
[=
o
>
w 2
10° .
10 P L
f_ 1L _l LT _l I _L N_n_J_ _L AN _ L.:\_ E_l_l_l_‘_l_l_iL_ .l_ e l_ e L_ |

02 04 06 038 1 12 14 16 138 2
log(Q4)

o
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OUTLOOK

Madgraph/Madevent progress all over the place [mostly Louvain-la-Neuve]

— SUSY available ftested and used many times]

— 2HDM available

— higher—dimension Higgs couplings available
— UED on the way [only used for cascade decays and spins]

— PGS included
— jet matching next task

— watch: http://madgraph.phys.ucl.ac.be
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