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•  One of the two general 
detectors at the LHC!

•  Main difference from ATLAS 
being its uniform magnetic 4 
T magnetic field!

•  Main Studies:!

– Supersymmetry!

– Probing TeV scale physics!

– Discovery of Higgs Boson!

– Extra Dimensions!



•  In an attempt to solve the hierarchy 
problem (the large difference 
between the strength of the weak 
force and that of gravity) we 
introduce an extra dimension hence 
RS-1!

•  There are two (3+1)D branes 
separated by a (4+1)D “warped bulk”!

•  Gravitons exist mainly in one brane 
while “we” the standard model exist 
in the other!

•  The curvature of the bulk causes 
distance and mass to rescale 
exponentially causing gravity to 
appear weak  !
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RS-1 5 dimensional metric - note exponential warp factor 
described by k (the coupling of study in this search). rc is the 
compactification radius of the extra dimension, η is the usual 
minkowski-space time metric, and y is the coordinate in the 

extra dimension 0 < y < π#

Two branes separated by “warped bulk”#

Ning Zhou (Columbia U.) . 
FERMILAB-THESIS-2010-14, 
Mar 2010. 138pp. #
Ph.D.Thesis (Advisor: John 
Parsons)#



•  We search for high mass 
resonances that would not have 
been seen at Tevatron at the 
level of ~1 TeV !

•  Gravitons appear as a tower of 
excitations and we search for 
the first excitation!

•  The spacing and width of 
excitations is given by the 
coupling factor k/Mpl 
constraining the search for 
resonances!
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Graviton production and decay to diphotons 
(dielectrons also a common study)#

We look for the first (M1) Kaluza Klein excitation#
H. Davoudiasl, J.L. Hewett, T.G. Rizzo#

Phys.Rev.D63:075004,2001#



•  Selection is restricted to the barrel (endcaps provide little power)!
•  Regular photon identification recommendations using hollow 

isolation cones with corrections for pileup !
•  Slightly looser cuts as the high mass region is SM background 

limited !
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•  Signal sample are generated in Pythia and 
reconstructed in CMSSW_4_2_X!

•  We determine mass windows based on the 
signal peak’s effective sigma (+/- 5 σeff)!

•  The effective sigma is the smallest window 
containing 68% of the signal!
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γγ#

j+γ#
j+j#
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•  K factors (NLO) are applied generated 
from a ratio of Diphox to Pythia cross 
sections!

•  Acceptance times efficiency determined 
across mass range (coupling independent)!

•  Through linear interpolation expected 
events are determined by mass and k-
factor !
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•  Data is found in strong 
agreement with expectation (in 
the absence of signal) 

•  Where we expect more than 
one event we see the integer 
number of events 

•  Where we expect less than 
one event we see none  

•  Apply CLs method for upper 
limits on the cross section !



•  Accordingly CLs is computed 
and an upper limit on the cross 
section derived at 95% conf.!

•  From this we exclude the 
graviton when it is less than the 
theoretical cross section. The 
ratio is referred to as r95!

•  Errors on the expectation are 
derived from errors on 
luminosity, background 
estimation, energy resolution, 
etc..)!
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