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• We’ll come back to this!
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Photon (and electron) 
reconstruction

Figure 1: Algorithm flow diagram for the electron and photon reconstruction.

The reconstruction of electrons and photons with |⌘ | < 2.5 proceeds as shown in Figure 1. The algorithm first
prepares the tracks and clusters it will use. It selects clusters of energy deposits measured in topologically
connected EM and hadronic calorimeter cells [4], denoted topo-clusters, reconstructed as described in
Section 4.1. These clusters are matched to ID tracks, which are re-fitted accounting for bremsstrahlung. The
algorithm also builds conversion vertices and matches them to the selected topo-clusters. The electron and
photon supercluster-building steps then run separately using the matched clusters as input. After applying
initial position corrections and energy calibrations to the resulting superclusters, the supercluster-building
algorithm matches tracks to the electron superclusters and conversion vertices to the photon superclusters.
The electron and photon objects to be used for analyses are then built, their energies are calibrated, and
discriminating variables used to separate electrons or photons from background are added. The steps are
described in more detail below.

4.1 Topo-cluster reconstruction

The topo-cluster reconstruction algorithm [4, 26] begins by forming proto-clusters in the EM and hadronic
calorimeters using a set of noise thresholds in which the cell initiating the cluster is required to have
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Candidate event: 
 

Photons: green 

Jets: yellow cones 
(blue tagged as  
b-jet)

tt̄H, H → γγ



What about displaced 
photons?



Recent search using displaced photons
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Exploits two key photon characteristics: 
• "Non-pointing", i.e. does not point back to  

primary vertex 
• Delayed due to massive NLSP + longer flight path



Recent search using displaced photons
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Challenges

• Kinematics in ALP case in paper quite 
different, with  1 GeV, produced 
with high significant boost


• Small opening angle between photons


• No significant delay in photon energy 
deposit

mALP ≲
pT ⇒



Challenges

Figure 4: The r–z distribution of the di↵erential number of radiation lengths, �NX0/�r, for the updated geometry
model of a quadrant of the inner detector barrel region of the pixel detector and the SCT. The simulated material is
sampled for each z-position along a straight radial path (perpendicular to the beam line).
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Figure 5: The amount of material associated with nuclear interactions, N�I =
R

ds ��1
I , averaged over �, as a function

of ⌘ in the positive ⌘ range integrated up to r = 250 mm for the updated geometry model. The simulated material is
sampled from z = 0 along a straight path with fixed �. The material within the inner detector is shown separately for
the regions r < 27 mm, 27 mm < r < 45 mm, 45 mm < r < 150 mm and 150 mm < r < 250 mm, corresponding
approximately to the beam pipe, IBL, pixel barrel and pixel service region, respectively. The statistical uncertainty
in each bin is negligible.
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What chance is there that both photons would convert early enough  
in the ID such that the DV of the ALP can be reconstructed?



Challenges

Huge number of high-pT hadrons created in collisions, and they also undergo hadronic interactions in the detector material 
—> displaced vertices where there is material, just like the photons, with variable number of hadrons instead of  

What about ? They would be produced here, and decay primarily to …
e+e−

π0 γγ


