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An#experimentalist’s#wishlist#for#models#
with#long5lived#par7cles##

1.#A#minimal#set#of#generic#models#
###can’t#simulate#everything:#
#
#
#!#don’t#want#to#leave#gaping#holes#in#the#set#of#possibili7es!#
2.#A#set#of#parameters#that#are#necessary#to#take#full#advantage#of#
results#from#simplified#models#
need#to#an7cipate#the#scope#of#future#models#with#long5lived#par7cles#

#
#
#
!#don’t#want#to#end#up#with#simplified#models#that#can’t#be#used#for#
their#intended#purpose!#

Heather#Russell#
University#of#Washington#
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A Theorist’s Wishlist for Long-Lived Analyses

FIG. 1: Example of a Twin Higgs collider event. The SM-like Higgs decays through a loop of

the twin tops into a pair of twin gluons, which subsequently hadronize to produce various twin

glueballs. While some glueballs are stable at the collider scale, G0+ decay to Standard Model

particles is su�ciently fast to give LHC-observable e↵ects, including possible displaced vertices.

The hĝĝ coupling, indicated by a black dot, is generated by small mixing of the Higgs and the twin

Higgs.

the gluino. With large color charge and spin, the gluino is phenomenologically striking over

much of motivated parameter space, almost independent of its decay modes [12–14]. In Twin

Higgs models, the analogous two-loop role is played by twin gluons, which can again give rise

to striking signatures over a large part of parameter space, not because of large cross-sections

but because they, along with any light twin matter, are confined into bound states: twin

hadrons. Together with the Higgs portal connecting the SM and twin sectors, the presence

of metastable hadrons sets up classic “confining Hidden Valley” phenomenology [15–21],

now in a plot directly linked to naturalness.

A prototypical new physics event is illustrated in Fig. 1. The scalar line represents the

recently discovered 125 GeV Higgs scalar. This particle is primarily the SM Higgs with

a small admixture of twin Higgs; it is readily produced by gluon fusion. But because of

its twin Higgs content, it has at least one exotic decay mode into twin gluons, induced

by twin top loops, with a branching fraction of order 0.1%. The twin gluons ultimately

hadronize into twin glueballs, which have mass in the ⇠ 1 � 100 GeV range within the

minimal model. While most twin glueballs have very long lifetimes and escape the detector

as missing energy, the lightest 0++ twin glueball has the right quantum numbers to mix with
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Higgs decays are soft! 

• Lower thresholds using higher multiplicity or 
associated prompt objects
• Use OR of many triggers/analysis pathways?
• Exploit signal characteristics of well-motivated 

models in addition to inclusive analyses (2 DV, 
particular kinematics, etc)

Theorists are good at inventing models = need a good way 
of checking broad coverage of long-lived searches

• Need efficiency maps for the most relevant 
parametric dependence
• Doesn’t need to be perfect: should be close 

enough to establish whether a class of models is 
totally unconstrained/totally ruled out/in between

Figure 3: The e�ciency as a function of rDV and zDV for vertices in the MH signal-MC sample. The blank
areas represent regions of dense material that are not considered when looking for DVs. It is evident that
some areas of this map su↵er from limited MC statistics, leading to large bin-to-bin fluctuations. This
is accounted for by recalculating this map many times, varying each bin content within its statistical
uncertainty.

Figure 4: The left plot shows the e�ciency for single vertex reconstruction as a function of c⌧ for the
three signal MC samples. The right plot shows the e�ciency for reconstructing at least one DV in the
event under the assumption that there are two signal neutralinos in the event. The dashed lines represent
the envelopes corresponding to statistical and systematic uncertainties on the e�ciency.
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Helpful to have lots of info for each analysis: signal & control 
regions, detector performance, how selection criteria chosen
• Helps us establish what is possible & how searches 

could be improved to target certain scenarios

Brian Shuve
PI
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