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Searching for non-conventional final-states
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ATLAS: Metastable heavy charged particles – 13 TeV
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Stopped 𝑔% R-hadrons
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Lepton-jets
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𝑚k = 125	
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𝛾8 𝑚ef = 0.4	
  𝐺𝑒𝑉:

• 𝐻 → 2𝛾8 +𝑋 𝛾8
14mm ≤ 𝑐𝜏 ≤ 140𝑚𝑚

• 𝐻 → 4𝛾8 +𝑋 𝛾8
15mm ≤ 𝑐𝜏 ≤ 260𝑚𝑚

• 𝐻 → 4𝛾8 +𝑋 𝛾8
52mm ≤ 𝑐𝜏 ≤ 85𝑚𝑚
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Figure 2. Schematic picture of the LJ classification according to the �d decay final states: left
TYPE0 LJ (only muons), centre TYPE1 LJ (muons and jets), right TYPE2 LJ (only jets). LJs
containing only one �d contribute only to TYPE0 and TYPE2.

SA) has to be used. The search is limited to the pseudorapidity interval �2.5 to 2.5 corre-
sponding to the ID coverage.
An anti-kt calorimetric jet search algorithm [44, 45] with the radius parameter R = 0.4, is
used to select �d decaying into an electron or pion pair. Jets must satisfy the standard AT-
LAS quality selection criteria [46] with the cut pT � 20 GeV. The jet energy scale correction
as defined in ref. [47] is applied. In the simulated LJ gun MC samples, LJs produced by
one or two dark photons decaying to electron/pion pairs, are mostly reconstructed by the
anti-kt algorithm as a single jet.
LJs are reconstructed using a simple clustering algorithm that combines all the muons and
jets lying within a cone of fixed size in (⌘, �) space. The algorithm is seeded by the highest-
pT muon. If at least two muons and no jets are found in the cone, the LJ is classified as
TYPE0. Otherwise, if there are at least two muons and only one jet in the cone, the LJ
found is of TYPE1. The search is then repeated with any unassociated muon until no muon
seed is left. The remaining jets with electromagnetic (EM) fraction less than 0.4 and no
muons in the cone are defined as TYPE2 LJ.5 The LJ line of flight is obtained from the
vector sum over all muon and jet momenta in the LJ. Figure 2 schematically shows the LJ
classification according to the final state.
The size of the search cone for the various LJ types is optimized using the LJ gun MC
samples. The cone size �R =

p
(�⌘)2 + (��)2 around the LJ line of flight is chosen as

the �R that contains almost all the decay products (muons and jets) of the dark photons.
Figure 3 shows the opening angle

p
(⌘1 � ⌘2)2 + (�1 � �2)2 between the two muons for �d

! µµ, with both muons reconstructed in the MS, for the three �d masses. Figure 4 shows
the maximum opening

p
(⌘i � ⌘k)2 + (�i � �k)2 between the reconstructed objects in the

TYPE0 and TYPE1 LJs, produced by the decay of two �d ! µµ or one �d ! µµ and one
�d ! ee/⇡⇡, for various masses of the hidden scalar and of the dark photon. All these
distributions show that a �R = 0.5 is adequate to contain almost all the decay products.
In summary the LJs are classified as:

5EM fraction is defined as the ratio of the energy deposited in the EMCAL to the total jet energy. From
the LJ gun MC results, �d decaying inside the HCAL has EM fraction always below 0.4.
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CMS: Heavy Stable Charged LLPs – 13 TeV
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Back-up… 15



Metastable & Stable Long-lived particles
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CMS: Heavy Stable Charged LLPs – 13 TeV
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Multi-charge particles
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