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Motivations

✤ Long lived (> ns) charged particles (X) exist in many models 

✤ Can be electrically charged (CHAMPs) or color charged (SIMPs)

✤ If new long lived particles exist, what should we do after discovery?

✤ SM interactions sometimes stop X within the detector
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Arvanitaki, Dimopoulos, Pierce, Rajendran, Wacker 2005. 

Dimopoulos, Dine, Raby, Thomas, 1996. Arkani-Hamed, Dimopolous, 2004... 
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X Decays

✤ Decay of long lived particle can give access to VERY high energy 
(proton, muon)

✤ X often decays to invisible particle

✤ Can measure mass, coupling, and possibly spin of dark matter 
candidate

3
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Color Octet (Gluino) Example

✤ Take 8 under color, neutral under E&M as example
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Color Octet (Gluino) Example

✤ Take 8 under color, neutral under E&M as example
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Decays in ECAL

✤ ECAL does not contain 
hadronic radiation

✤ Can measure angles better 
because multiple detector 
components are used

✤ Estimate resolution in ECAL

✤ Allows you to count jets

5
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Friday, August 19, 2011
Figure 2: A schematic view of the event geometry we are considering. This is a cross sectional
x − y view of a detector taken from [80]. The inner circle is the tracking chamber, the next
(green) circle is the electromagnetic calorimeter, followed by the (orange) hadronic calorimeter.
The outermost layers are the muon chambers. A CHAMP that had stopped in the ECAL decays
into two jets and an invisible Y which escapes the detector without interacting. The ECAL cell
where the decay took place shows energy deposition. One of the jets exits the ECAL and deposits
its energy into the HCAL. The second jet exits the ECAL in another direction, leaving tracks
which do not point back to the interaction region, and then depositing energy in a different region
of both the ECAL and HCAL. This is a schematic representation, the φ resolution of the actual
detector is much finer in both the ECAL and HCAL, so that the cells that lit up in the calorimeter
should give enough information to approximately determine θ12, the angle between the jets.
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∆θ ∼ 30◦
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Distinguishing Models

6

Measurements: Counting jets and muons



October 20, 2011 Brookhaven ForumDaniel Stolarski

Distinguishing Models

6

Mode Ej(GeV) ∆Θ 1j 2j 3j ≥4j 1µ 2µ

A: g̃ → qq�χ0,±
i

20 30 0 21 12 67 13 2

50 30 1 28 27 44 13 2

50 60 2 30 31 38 12 2

B: g̃ → gχ0
i 50 30 36 28 34 3 3 3

C: t̃1 → ãt 50 30 32 38 26 0 10 0

D: τ̃1 → ãτ 50 30 79 0 0 0 0 0

E: RPV LLE ..

F: RPV QDL ..

Table 2: The branching fractions to final state topologies for several CHAMP/SIMP models.

Isolated final state (before parton showering) colored particles are identified as jets, and a cut of

E > 20 GeV was placed for muons and E > Ej as shown for jets. Jets from partons separated by

∆θ/2 were considered distinct, and likewise muons were considered to be isolated when separated

by greater than ∆θ/2 from a colored parton. Model A: Split SUSY three-body gluino decays

g̃ → qq�χ0,±
i summed over branching to all neutralinos, charginos, and SM states (see Fig. 4) for

a Bino-like LSP with low-energy mass parameters µ = 200 GeV, M1 = 130 GeV, M2 = 260 GeV,

and mg̃ = 1 TeV. Model B: Split SUSY two-body gluino decay g̃ → gχ0
i , same low energy

parameters as for three-body decay. Model C: Stop NLSP two-body decay to axino / gravitino

LSP, t̃1 → ãt, for mt̃ = 600 GeV and mã = 10 GeV. Model D: Stau NSLP two-body decay to

axino / gravitino LSP, τ̃1 → ãτ , for mτ̃ = 150 GeV and mã = 10 GeV. For (C) and (D) the small

O(1%) branching fractions to primary 3-body decays [98] are ignored. Numerical calculations

performed using MadGraph 5 [94], BRIDGE [95], and SUSYHIT [96].
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14

Measurements: Counting jets and muons
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Can distinguish models with O(100) events

Reach of 1 - 1.5 TeV for gluino

Measurements: Counting jets and muons



October 20, 2011 Brookhaven ForumDaniel Stolarski

Three Body Decay Operators

7
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Three body decays contain more information!
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Oss
V Λ−2(f̄ 2

Lγ
µf 1
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Split SUSY operator

Three body decays contain more information!
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Kinematic Distribution
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Discriminating Operators

9

N

O
ff
S1O

ff
V 1O

ff
T1O

ff
T2 O

ss
S Oss

V Ovs
S Ovs

V Osv
S Osv

V Osv
T Ovv

S O
vv
T Ovv

V 1O
vv
V 2

0

50

100

150

200

250

300

350

400

450

500

Figure 8: Average number of observed decays necessary to distinguish decay operators at

95% confidence level from the reference operator O
ff
S2, from Eq. (2) using the distributions for

mX0/mX8 = 10. For each operator, from left to right the angular resolution is σ = 10
◦, 30◦, 60◦.
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Conclusions

✤ Measurement of decays of long lived charged particles can give 
insight into very high scale physics and into new sectors

✤ Measurements are complementary to analyses of X production

✤ The LHC’s detectors can crudely measure angles between jets and 
muons for decays originating in the ECAL

✤ Counting jets and muons allows the LHC discriminate different 
CHAMP and SIMP models with O(100) events

✤ If there is a three body decay, Lorentz structure and spin can be 
partially determined with a similar number of events giving insight 
into UV completion
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