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CMS High Granularity Calorimeter
• Motivation


• Upgrade for radiation 
tolerance and pile-up  


• Tracker, calorimeter 
and timing integrated 
in one detector


• Will provide much 
more information 
than any previous 
calorimeters
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LLP motivation @ HGCAL
• Own triggers


• Tracker with silicon cell 0.5~1 
cm2 for EM and most HA calos


• Angular resolution of  5x10-3 

rad stand-alone from high 
granularity (improvement by 
combining with ID trackers)


• Timing resolution ~ 25 ps from 
silicon sensor


• A forward detector for LLP 
  e.g. Collinear enhancement 
  Pt PS suppression
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What is the HGCAL sensitivity for LLP?



A benchmark model
• Higgs portal LLP: a very small mixing 

4

ℒ ⊃ λX2H†H, h → XX

• LLP decay

X → b̄b

• LLP production from Higgs decay


• Gluon fusion (displaced track trigger)


• Vector boson fusion (VBF trigger)

• Trigger: displaced track trigger with/without large HT 
requirement, and traditional VBF trigger
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The search strategy
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• Choose the leading 5 tracks (Pythia, pT>1 GeV, arriving HGCAL ) 
and calculate the 4D trajectories (including angular resolution effect)
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The signature of the signal

• Multiple tracks with large impact parameters from the 
same displaced origin
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The QCD backgrounds
• QCD backgrounds


• Most of them are prompt
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• Large impact parameter dominantly from KS (cτ ~ 2.7 cm)


• B (cτ ~ 0.045 m) and D meson (cτ ~ 0.03 m) too small
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The fake track backgrounds
• Fake track backgrounds: wrong connection of the hitting 

points in the tracker system 
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• Very distinct features comparing with QCD backgrounds


• Easy to have large impact parameter


• Poorly fit to the same origin 
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Vertexing fit
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• Perform a 2D track bundle vertex finder by minimizing the 
quantity 

• Ri is the curvature of the ith track, {xcen, ycen} are the center of the track


• We obtain the fitted DV {x, y}, and define


• The goodness of fit ΔDmin

rDV = x2 + y2



Kinematic variables for vertexing cuts
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• Perform a 2D track bundle vertex finder by minimizing the 
quantity 

• Ri is the curvature of the ith track, {xcen, ycen} are the center of the track


• We obtain the fitted DV {x, y}, and define


• The goodness of fit ΔDmin

rDV = x2 + y2



Kinematic variables for vertexing cuts
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• With the angular velocity of the track, we can determine the 
presumed DV for each track {xi, yi, zi, ti}

• A time delay quantity can be defined Δti = ti − x2
i + y2

i + z2
i

• The mean value            reveals the 4D location of DV{t̄, z̄}



Kinematic variables for vertexing cuts
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• With the angular velocity of the track, we can determine the 
presumed DV for each track {xi, yi, zi, ti}

• A time delay quantity can be defined Δti = ti − x2
i + y2

i + z2
i

• The standard deviation                reveals the goodness of DV fit{σt, σz}



Vertexing cuts
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• Fake-track bkg is highly suppressed because of its 
random origin

• A problem for fake-track: correlations between different cuts



Correlation among vertexing cuts
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• For fake-track bkg, vertexing cuts are approximate independent.

•  ~1 independent,  >1 conservativeρ ρ

• In summary,   is conservative for bkg estimationρ ≳ 1



Impact parameter d0

• Transverse impact parameters
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• QCD bkg has a good Gaussian shape because vertexing cut excludes 
long-lived hadrons


• Gaussian width comes from angular resolution 
3 m x 5x10-3 rad = 0.015 m



d0 cuts suppress QCD bkg

• A problem for QCD bkg: correlations between different d0 cuts



Correlation among d0 cuts
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• QCD bkg: impact parameters for different track are independent.


• The nice Gaussian shape of d0 already hints the independence, 
because d0 comes from angular resolution smearing.



The benchmark model results for HL-LHC
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• ggF result: with/without large HT trigger requirement


• VBF result: standard VBF trigger



Further improvements

• Only charged track information at HGCAL is used. If 
combined with calorimeter energy deposit information, it 
can further suppress fake-track bkg.


• The track is required to have 5 stubs in the outer part of 
tracker system. The angular resolution can be improved if 
combining the track information from HGCAL and the 
tracker.


• Displaced track trigger only requires two tracks at L1. 
Since there are five tracks, the trigger rate can be lowered 
thus the HT requirement can be lower.
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Summary
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• LLP signal in CMS HGCAL has been studied


• Signal signature: multiple tracks with large impact parameter from a 
common displaced vertex


• QCD background: suppressed by requirement of multiple large impact 
parameter


• Fake track background: suppressed by common displaced vertex 
fitting


• Trigger has large impact on sensitivity, low HT and pT cuts preferred


• ggF can reach BR~O(10-4), while VBF BR~O(10-2) for lifetime of km


• Many other new LLPs models can be done at HGCAL.

Thank you!



Backup slides
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Distributions without angular resolution effect
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QCD bkg d0 correlations without vertexing cut
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Correlation table for fake-track bkg with a 
weaker vertexing cut
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d0 distribution for VBF signal
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Central detector v.s. Forward detector
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