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L Introduction

L What it is About

o Until the end of 2010 the Large Hadron Collider (LHC)
delivered around 48 pb~! of data from proton-proton collisions

o Around 1fb~! of data are estimated at the end of 2011 —
The LHC is taking data!

o Soon we may see signs of new physics. This new physics
could be some variety of Supersymmetry (SUSY)

— What are the parameters of the underlying theory?!
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L What is on the Market

o There are programs like Fittino? or SFitter? to determine
SUSY parameters

o These methods use mainly kinematical information about the
measurement like masses, widths or edges in mass spectra
(cross sections, branching fractions are also used)

— Our method relies mainly on dynamical instead of kinematical
information of the measurement

?P. Bechtle et. al., Comput. Phys. Commun. 174, 47 (2006),
arXiv:hep-ph /0412012
bR. Lafaye et. al., Eur. Phys. J. C 54, 617 (2008), arXiv:hep-ph/0709.3985
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Observables Parameters

o We look at 85 mostly dynamical observables to differentiate
between different models — Count numbers!

o 12 lepton classes with each 7 observables and the total cross
section
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L Classes

12 classes depending on the number of leptons (electrons,
muons and corresponding antiparticles):

o 0/: Events with no leptons
o 1/~ (1/%): Events with one negative (positive) charged lepton

o 2/~ (2I1): Events with two negative (positive) charged
leptons

o [FiI~ (/,.JFIJ.T#,.): Events with two opposite-sign charged
leptons with same (different) flavor, i.e. for example e el
(e7u™)
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L Observables
L Classes

o Il /j+ (l,.+lj+/j_): Events with three leptons and overall
negative (positive) charge, i.e. there are at least two negative
(positive) charged leptons. There is an opposite-sign charged
lepton pair with same flavor. For example ey~ pu™ (et~ pu™)

O Il s for + TG iiii for )7 Events with three
leptons and overall negative (positive) charge, i.e. there are at
least two negative (positive) charged leptons. There is NO
opposite-sign charged lepton pair with same flavor. For
example e e ut (eTetp™)

o 4/: Events with four or more leptons
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|—Saved Information

For each class 7 observables are looked at:

(n): “Average” number of events within a class, i.e. the
number of class events divided by the total number of events
(n—) ((n+)): Average number of tagged 7= (77) within a
class event

(np): Average number of tagged b-hadrons (b-jets) within a
class event

©

(nj): Average number of (non-b-) jets within a class event

(nf): Average squared number of jets within a class event

©

(HT): Average value of Ht within a class event (Hr is the
sum over the pr values of all “hard” objects)
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LF'rocn‘ of Concept

L LHC Inverse Problem

o 283 degenerate pairs of models which cannot be distinguished
at the LHC using conventional methods?

o SUSY model with 15 free parameters

o 1808 observables are investigated (dynamical as well as
kinematical information)

— Can we distinguish some of these model pairs with our
observables?!

“N. Arkani-Hamed et. al., JHEP 0608, 070 (2006), arXiv:hep-ph/0512190
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LF'roof of Concept

L LHC Inverse Problem

o Simulate the models with Herwig++? for a center of mass
energy /s = 14TeV and an integrated luminosity of 10fb~!

o Furthermore use SOFTSUSY?, SUSY-HIT¢, and FastJet?

@ The events have to pass certain cuts to reduce Standard
Model background

?M. Bihr et. al., Eur. Phys. J. C 58, 639 (2008), arXiv:hep-ph/0803.0883
®B.C. Allanach, Comput. Phys. Commun. 143, 305 (2002),
arXiv:hep-ph /0104145
°A. Djouadi et. al., Acta Phys. Polon. B 38, 635 (2007),
arXiv:hep-ph/0609292
9M. Cacciari, G.P. Salam, Phys. Lett. B 641, 57 (2006),
arXiv:hep-ph /0512210
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L LHC Inverse Problem

o Calculate x? to compare the models:
2 A Byy-l( A _ B
XAB = E (si" —s )Vij (Sj -5 )
ij

s,fq(B) is the signature i of the model A(B)
V=1 is the inverse of the covariance matrix Vj; = cov[s;, 5]

o V~1lis mostly a diagonal matrix with entries

1
a?(sf') + o%(sP)’

because only (n;) and <n12) are correlated. o2(s?) is the
variance of the observable s
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L LHC Inverse Problem

o The smaller X,248 the more similar look the signatures of the
two different models in an experiment

o Look at the p-value of the calculated xf\B:

(e 9]

p:/f(z,nd)dz

2
XaB

f(z, ng) is the x2 probability density function and n, is the
number of degrees of freedom, i.e. the number of summed
signatures

~ The p-value gives the probability that an observed y? is bigger
than XE\B' if both signatures originate from the same model
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LF'rocn‘ of Concept

L LHC Inverse Problem

Compare 70 SAME models with different seeds in Herwig-++:

o Calculate the average p-value of the pairs

o Change the minimal number of class events required for
comparison

o (p) ~ 0.68 can be reached with ppj, ~ 0.04

.Ul.
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LF'rocn‘ of Concept

L LHC Inverse Problem

Compare the degenerated pairs:
o Say model pair can be differentiated if p < 0.01
@ 70 models lead to 42 degenerated pairs

o 8 out of 42 pairs have values p > 0.01 and still would be
degenerated

Different ¥
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LOutlook and Summary

o It seems to be possible to distinguish between most of the
models for the degenerated pairs

o Our mostly dynamical observables seem to be useful for
parameter determination

o Using more observables does not automatically improve the
parameter determination

o Use the observables to determine parameters, e.g. using a
Neural Network
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L The End

Thank you for your attention!
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