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® Motivation

® NLO cross sections

® MadGolem

® Squark-neutralino productions at the LHC
® Summary and outlook

® (5-min tutorial)
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Figure 2: 95% C.L. exclusion limits in the (my, my) plane together with exist-
ing limits [4]. Comparison with existing limits 1s illustrative only as some are
derived in the context of MSUGRA/CMSSM or may not assume men = 0.

ing the exact LO ME for up to 2 — 5 partons. The normalisa-
tion of these samples was fixed by a scaling designed to achieve
a match to data in control regions obtained by reversing the A¢
requirements. After this scaling, both sets of simulations were
in agreement within the experimental uncertainties, and there-
fore only PYTHIA QCD simulations are used further in this anal-
ysis. The resulting QCD simulation was found to be consistent
with a data-driven QCD estimate in which high EF™ events
were generated from data by smearing low ET events on a
jet-by-jet basis with measured jet energy resolution functions.
This latter technique has no MC dependencies; it provides a
completely independent determination of the QCD background
using only quantities measured from the data. Additional con-
trol regions having reversed E?i“/meu requirements were used
as further checks on the normalisation.

Supersymmetric events were generated with HERWIG++ [19]
v2.4.2. These samples were normalised using NLO cross sec-
tions determined by PROSPINO [20] v2.1.
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Accurate NLO prediction is required.
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PROSPINO

e PROSPINO [Beenakker, Hopker, Kramer, Plehn, Spira, Zerwas]
= PROduction of Supersymmetric Particles in Next-to-leading Order

® the only public code to compute the SUSY NLO cross sections

® e.g.squark-gluino productions [hep-ph/9610490]
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Beyond PROSPINO

® hand-coded, process dependent, user-unfriendly, ...

Terminal less 75%x27
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NLO cross sectlons
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NLO cross sectlons
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NLO cross sectlons

/ /
2 C1 Co €1 AN /
CO S CO — CO CO

2
¢ IR CIR IR CIR
No IR divergence
— consistency check of the code
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MadGolem

oV 1O :/ do” +/ do" +/d0A] +/ [do?t — do?]
m m 1 m-+1
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MadGolem

MadGraph

/

oV 1O :/ daB+/ [dav+/daA]+/ EO'R—dO'A]
m m 1 m-+1

8 Kentarou Mawatari (Vrije U. Brussel)

Saturday 10 September 2011



MadGolem

MadGraph

/

oV 1O :/ daB+/ [dgv+/daA]+/ EO'R—dO'A]
m m \ 1 m-+1

Qgraf+Golem

Feynman-diagram-based method with spinor helicity formalism

e Qgraf: generates loop diagrams

¢ GOLEM (General One-Loop Evaluator for Matrix elements)
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MadGolem

Extended MadDipole
Mad/G I"Eph Catani-Seymour dipole subtraction method

oV 1O :/ daB+/ [dgv+/daA]+/ EO'R—dO'A]
m m \ 1 m-+1

Qgraf+Golem

Feynman-diagram-based method with spinor helicity formalism

e Qgraf: generates loop diagrams
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® the first application of the fully automized
MadGolem package

- The one-loop QCD corrections for this process
did not yet appear in the literature.

- potential source of monojet+missE signatures

X
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squark-neutralinol productions

VS [TeV] o9 [b][a™ 7 [b]| K o9 [fb][e™ [b]| K ||mg, [GeV]|mg, [GeV]
. . 20.62| 4217|1421 . . 0.83 1.26(1.52 ,
|| BRXY | 17636|  245.74|130/ TEXT| 503 7.52|1.49] %% 561
7 = . 3.61 5311471 - . 1.21 1.77|1.46 i ,
14]| drXY 24.89 35.50(1.43 LXi| g7 12.37|1.43 45 963
7. . 1.12 1811611 . . 0.03 0.06(2.00
|l X1 | 1360l 20691s1]| EXT| 038 0.66/1.70| °%° 561
7. . 0.57 0.78/1.381 . . 0.19 0.29(1.56
14|| 3rXT 5.86 g45144]| SLXI| 900 9.08(1.40| 5% 568
T~ ~o| 234.92 50.07|1.43|[— -~ ol 2.26 3.38(1.50
14|[2=9RXT| 99080 310.38]1.41[[ 29 X1| 16,08 23.53(1.46

Table I: Individual production rates o(pp — §x1) and corresponding K factors for the modified SPSlajoo0 scenario. The
first and second generation squark masses happen to be degenerate. The scales are set to their central values puf = pp =
(mg + mi?) /2. In the last line we show the sum of all contributions.

VS [TeV]||a"® [b][a™"C [b]| K || K[iL] | K[ir] |K[dL]| K[dg] ma mz | ma |mgo
5 5 iwr * 5 o
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& & r ~ . -
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5 >4 . [ . ol
SPS? | voa|  vedise| 1as | 14 | 14 | a5 | e 155a)des 150 T2 123
5 5 5 5 ~ r .
ses3 | s020|  avsolvas| 1ao | 136 | 150 | 143 | apesse | dpesa| |
[ - ~ -
sest | sasr]  reaolus| s | 1w | s | war || e oras | dasraa |7 |10
5 5 ~ . T .
Sess l| sss| wmaoliasl| 50 | ag | 1as | 14z | amsesr | do e | 72|10
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Real and virtual corrections

® NLO corrections are
insensitive to the
squark masses.
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Structure of the NLO corrections
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Scale dependences

® One of the main reasons to base LHC analyses on higher-
order rate predictions is the stabilization of the dependence
on the unphysical renormalization and the factorization scales.

® MadGolem is based on the MG/ME framework, so it is easy to
change the scale choices in run_card.dat.
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NLO cross section predictions
including the scale uncertainty

IITIII IIIIIITITIII1IIIIT[II|
SPSla,,,
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p/2<p“_<2p E

o Ao/og ~ 70%
@ LO

e AC/O ~ 20%
@ NLO

® The theory
uncertainty is
largely reduced.
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Summary and outlook

® MadGolem completely automates the calculation of NLO
QCD corrections for generic BSM 2-to-2 processes within the
MadGraph/Golem framework.

® The squark-neutralino production is the first application, and all
SUSY-pair production processes will be publicly available soon.

® TJo-do-list
- Alternative BSM models: leptoquark, sgluon, ...

- MENLOPS matching

= MadGolem in the MG5 framework
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