
TeV scale gravity

hegoi garitaonandia
BND 2009

Black Hole EventBlack Hole Event

!"#$%&'#())&)%'*+(,!"#$%&'#())&)%'*+(,

-./%0%,*1)&2(#&-./%0%,*1)&2(#&3%43%4 567567

4%#8&'#(9:%:&%0%,*)4%#8&'#(9:%:&%0%,*)

6+$;&%,%#$8&<"#*+'=%)6+$;&%,%#$8&<"#*+'=%)

> * 2 * ; = *> * 2 * ; = *>()*&(2&%0%,*)&;"0%&=%<*(,)>()*&(2&%0%,*)&;"0%&=%<*(,)

?")8&*(&*#+$$%#?")8&*(&*#+$$%#

@3!@A&?0%,*&:+)<="8B&A+CD="*+(,&(2&5="'E&6(=%&%0%,*

FG1A%<1FHHI >JK",%:" L

?22+'+%,'8&2(#&M%*&*#+$$%#

1Saturday, September 19, 2009



high invariant mass object search with Atlas 
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extra dimensions search at the TeV scale with Atlas 
detector

high invariant mass object search with Atlas 

3Saturday, September 19, 2009



extra dimensions search at the TeV scale with Atlas 
detector

high invariant mass object search with Atlas 

direct search of large extra dimensions with the 
Atlas detector
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extra dimensions search at the TeV scale with Atlas 
detector

high invariant mass object search with Atlas 

direct search of large extra dimensions with the 
Atlas detector

direct search of large extra dimensions with A 
Thoroidal Lhc AparatuS detector at the Large 
Hadron Collider
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why all these theories?
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extra dimensions
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boom, Atlas, booooom

hegoi garitaonandia
BND 2009
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black hole formation and decay!
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programming language inventor or serial killer?
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programming language inventor or serial killer?
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programming language inventor or serial killer?

Bertrand Meyer

initial designer of Eiffel 
language

0 known kills
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programming language inventor or serial killer?
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programming language inventor or serial killer?

Anatoly Onoprienko

“the terminator” wiped 
out entire families across 
Ukraine with a 12 mm

54 confessed kills
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programming language inventor or serial killer?
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programming language inventor or serial killer?

Torbjorn Sjostrand

(one of) Pythia creator(s)

lecturer BND 2008 on 
MC generators

0 known kills
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decay and analysis strategy
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(true) black hole event properties
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the Atlas TDR analysis
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overlap removal 
sum pT > 2.5Tev 
lepton pT > 50Gev

a) CHARYBDIS: n = 2,m > 5 TeV
Trigger L1 L2 EF
j100 1 1 1
j400 0.997 0.997 0.997
3j100 0.998 0.998 0.998
3j250 0.972 0.971 0.971
4j100 0.985 0.985 0.985
4j250 0.865 0.862 0.862

b) CHARYBDIS: n = 4,m > 5 TeV
Trigger L1 L2 EF
j100 1 1 1
j400 0.997 0.997 0.996

3j100 0.952 0.952 0.952
3j250 0.886 0.885 0.885
4j100 0.807 0.806 0.806
4j250 0.612 0.607 0.607

c) CHARYBDIS: n = 7,m > 5 TeV
Trigger L1 L2 EF
j100 1 1 1
j400 0.990 0.987 0.985
3j100 0.807 0.806 0.805
3j250 0.710 0.704 0.704
4j100 0.525 0.522 0.522
4j250 0.343 0.341 0.341

Table 4: Simulated jet trigger efficiencies for black hole events as functions of the jet-pT threshold for
different simulation samples.

from that used by the master trigger. A muon trigger which is based solely on signals in the muon
detector should be well suited for such studies.

6 Signal Selection and Background Rejection

6.1 Event Selection

Since all types of Standard Model particles are produced from black hole decay, we make full use of
particle identification information (PID) from our detectors. First we select muons, electrons, photons
and jets, which are called objects in this section. Table 5 shows the details of their selection criteria.

The identification of objects is sometimes ambiguous: e.g., an electron could be simultaneously
reconstructed as a jet. To resolve this, we apply PID to each object, selecting muons, electrons, photons
and jets in that order of priority. Once an object passes the PID criteria in a given category, any remaining
ambiguous assignments are removed if they match the chosen object within a ∆R of less than 0.1.

Next we select black hole events using these objects as described below. Then we reconstruct a
black hole from all the identified objects for the selected event. The mass of the black hole in an event
is calculated from the four-momenta of the reconstructed final state objects and missing ET , which is
included in the calculation to improve the reconstructed mass resolution:

pBH = ∑
i=objects

pi +(/ET , /ET x, /ET y,0) , (2)

mBH =
√

p2
BH . (3)

We present two methods to select black hole events. One is based on the scalar summation of pT
and the other on the multiplicity of high-pT objects. Both make use of the characteristic of a black hole
having large mass. After that, we require a high-pT lepton to reject backgrounds further.

14

DISCOVERY REACH FOR BLACK HOLE PRODUCTION
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the Atlas TDR analysis
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links to ttbar
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the trigger problem

• processing time per event is constrained by luminosity / DAQ throughput 
requirements

• black holes are fat events: therefore slow and big (memory limits)

• will they timeout and go to the debug stream on first data taking?
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trigger offline system
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