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Figure 1: Mult ipole expansion of calorimeter energy dist ribut ions. The mult ipole coe! cients are
shown for thebound state radiat ion from Figure3 (solid) and a ßat dist ribut ion of photons (dashed).
The normalizat ion of the y axis is arbit rary.

may be a power handle to ident ify new physics events and eliminate backgrounds. The DSP signal
can also serve as a smoking gun signal for the for quirky hidden valley dynamics which we will
describe present ly. The geometry, and orientat ion and total energy of the DSP can further give us
valuable informat ion about new part icle, such as their spin.

1.2 M ot ivat ion: t he H ierarchy and U ncolored Par t ners

Di" use soft photons arise in well mot ivated models that address the (lit t le) hierarchy problem.
Model building for natural solut ions of the hierarchy problem in the last several decades has focused
on the int roduct ion of a new symmetry beyond those of the standard model that protects the
elect roweak scale. Supersymmetry is by far the most studied example of this and considered the
leading candidate for BSM physics at the LHC [5]. Even if, the ÒbigÓhierarchy is solved by strong
dynamics, precision elect roweak tests at LEP have mot ivated the int roduct ion of a symmetry bellow
the few TeV scale. For example, this is thecase in Lit t le Higgs models [6], RS models of a composite
Higgs [7], and left -right twin Higgs models [8].

The int roduct ion of the new symmetry relates the top quark, and other SM matter to new
states which cancel the quadrat ic divergences of the standard modelÕs electroweak scale by new
correct ions to the Higgs mass. In all of the examples ment ioned above, the symmetry is realized
such that the new top partners are colored under the standard model QCD. These scenaria thus
generically predict the existence of a new colored state within the reach of the LHC.
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Annihilation occurs near the ground state: 
Expect a peak in the WZ invariant mass           .

Background from SM continuum WZ events.  
Cuts on angular distributions? (to be studied)

Additional antenna photons may be           
useful to reduce backgrounds.
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Photon Shower:                    ,

Many soft tracks and hits   
w/o Ecal towers.

WhatÕs the observable? 
Perhaps occupancy of hits in 
the eta-phi plane.

What information is kept?

Can we ßag this event?

Soft photons initiate mini-EM showers

Material budget:
About 10% of photons convert in the tracking system.

About 50% of energy reaches Ecal.

! ! 5 " 10 GeV ! ! 0.1 " 1 GeV
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Photon Shower: Ecal
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Figure 3: Calorimeter energy deposit ion in the toy detector simulat ion. The dist ribut ion is shown
for (a) bound state radiat ion and (b) a ßat dist ribut ion of photons.

While this toy detector does not , by any means, replicate the full architecture of the ATLAS
detector, it does capture the most important points. First , the energy loss through pair product ion
of primary photons and subsequent radiat ion and absorpt ion of the secondary part icles is correct ly
reproduced. The energy deposit ion in the calorimeter for a sample of [???], with a uniform angular
dist ribut ion is plot ted in Figure ??. The average energy loss per photon is in good agreement with
Equat ion ?? as well as with an equivalent run of the full ATLAS detector simulat ion. Second, the
EM showers produced by the photons as they propagate through the detector are fully simulated
by GEANT4, producing a realist ic angular smearing of the energy deposit ion.

A cross sect ion of the toy detector is shown in Figure ?? [I HAVENÕT MANAGED TO GET A
POSTSCRIPT IMAGE OF THE DETECTOR]. As an example we also show the propagat ion of
a single 500MeV photon through the inner detector to the calorimeter. The mult iple scat tering of
the part icles, as well as the bending of charged part icle t rajectories are evident .
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ATLAS: soft photons 
contribute to 

`TopoclusterÕ energy.
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Figure 4: Mult ipole expansion of calorimeter energy dist ribut ions. The mult ipole coe! cients are
shown for thebound state radiat ion from Figure3 (solid) and a ßat dist ribut ion of photons (dashed).
The normalizat ion of the y axis is arbit rary.

3.4 Spher ical harmonic decomposit ion

We have seen that a signiÞcant fract ion of the energy released in soft photons does indeed reach the
calorimeter. However, In order to ident ify an event as a bound state decay the angular dist ribut ion
of the photons must be measured. This provides a unique data analysis challenge since most
t riggering and clustering algorithms are geared toward the ident iÞcat ion of hard objects. In Figure
?? we show the angular dist ribut ion of the calorimeter energy deposit ion for a sample event in our
toy detector. As expected, the image is characterized by two back-to-back donuts. A comparison
with Figure ?? indicates that the dist ribut ion is not degraded too much by the passage of the
photons. through the detector.

We Þnd that a mult ipole expansion of the energy deposit ion provides a good method for
di" erent iat ing bound state radiat ion from background and noise. Given a funct ion f (! , " ) The
l th mult ipole coe! cient is

Cl =
1

2l + 1

!

m

|alm |2

where

alm =
"

d# f (! , " )Y m
l (! , " )! .

The coe! cient Cl receives its main contribut ion from ßuctuat ions on angular scales of #/ l . Thus
for the radiat ion pat tern of Figure ?? we expect the l = 2 coe! cient to dominate. This is exact ly
the e" ect that is visible in Figure ?? a), with higher mult ipole moments providing sub-dominant
contribut ions to the expansion. In Figure 4 b) we show the same analysis for a ßat dist ribut ion of
500MeV photons. [TALK MORE ABOUT BACKGROUNDS?]
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Angular distribution 
may be different than 

a min-bias event.

(noise based algor ithm)
CMS?

ÒPBSÓ: GEANT4 based `Toy DetectorÕ:
(RH, Wizansky)

Soft photons from 
other models?



ATLAS Topocluster

Status of Clustering ! CaloTopoClusterMaker

! thresholds 4/2/0 are used for
TopoCluster

! 6/3/3 for EMTopoCluster
! units are in noise ! Ðthe

quadratic sum of electronics
noise RMS and pile-up RMS by
default

! individual samplings can be
excluded from forming seeds Ð
useful for muonic clusters

! by default all samplings are
allowed to provide seeds
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! plots show elec. noise for zero
lumi (top right) and elec. noise
(bottom right) and pile-up noise
(left) for L = 1034 cm! 2s! 2
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Figure 4: Mult ipole expansion of calorimeter energy dist ribut ions. The mult ipole coe! cients are
shown for thebound state radiat ion from Figure3 (solid) and a ßat dist ribut ion of photons (dashed).
The normalizat ion of the y axis is arbit rary.
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