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Why Simplified Models?
Simplified Models
What are they good for? Are they good for things?? Let’s find out!
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FIG. 11. Exclusion contour at the 95% C.L. for mSUGRA with tan � = 3. The result from the DØ dilepton and LEP I
analyses are also shown.
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Simplified Model:

• What does this search actually constrain? Needs a translator!
• What if I don’t care about mSUGRA?
• What if my sleptons are above LEP limit?
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Simplified Model:
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(b) Direct �̃±1 �̃
0
2 production

Figure 7: Observed and expected exclusion limits on the �̃0
2, �̃±1 and �̃0

1 masses in the context of SUSY scenarios
with simplified mass spectra for direct �̃+1 �̃

�
1 pair production using the two-lepton signal regions (a) and direct

�̃±1 �̃
0
2 production using the three-lepton signal regions (b). The contours of the band around the expected limit are

the ±1� results, including all uncertainties except theoretical uncertainties on the signal cross-section. The dotted
lines around the observed limit illustrate the change in the observed limit as the nominal signal cross-section is
scaled up and down by the theoretical uncertainty. All limits are computed at 95% CL. The observed limits obtained
from ATLAS during LHC Run I are also shown [19–21].

10 Conclusion

A search for the electroweak production of supersymmetric particles in events with exactly two- and
three-leptons and Emiss

T is presented. The analysis is performed with proton-proton collision data at�
s = 13 TeV collected with the ATLAS detector at the Large Hadron Collider corresponding to an

integrated luminosity of 13.3 fb�1. With no significant excess over the Standard Model expectation
observed, results are interpreted in the framework of simplified models featuring chargino and neutralino
production. The limits set by this search extend the previous ones set during the LHC Run I by 140 GeV
for the �̃+1 �̃

�
1 production and by 300 GeV for the case of �̃±1 �̃

0
2 production.

19

• What does this search actually constrain? Needs a translator!
• What if I don’t care about mSUGRA?
• What if my sleptons are above LEP limit?

Evans (UIUC) LLP Simplified Models April 24, 2017 2 / 14



3

Why Simplified Models?



4

Why Simplified Models?
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Figure 1: Artistic view of the DM theory space. See text for detailed explanations.

exchanges. This comes with the price that they typically involve not just one, but a handful
of parameters that characterize the dark sector and its coupling to the visible sector.

(III) While simplified models capture some set of signals accurately at LHC energies (and beyond),
they are likely to miss important correlations between observables. Complete DM models
close this gap by adding more particles to the SM, most of which are not suitable DM
candidates. The classical example is the Minimal Supersymmetric SM (MSSM), in which
each SM particle gets its own superpartner and the DM candidate, the neutralino, is a weakly
interacting massive particle. Reasonable phenomenological models in this class have of order
20 parameters, leading to varied visions of DM. At the same time, they build-in correlations
from symmetry-enforcing relations among couplings, that would look like random accidents
in a simplified model description. Complete DM models can in principle answer any question
satisfactorily, but one might worry that their structure is so rich that it is impossible to
determine unambiguously the underlying new dynamics from a finite amount of data (“inverse
problem”) [24].

Given our ignorance of the portal(s) between the dark sector and the SM, it is important that
we explore all possibilities that the DM theory space has to o↵er. While the three frameworks
discussed above have their own pros and cons, they are all well-motivated, interesting, and each
could, on its own, very well lead to breakthroughs in our understanding of DM. Ignoring whole
“continents” of the DM theory landscape at Run II, say EFTs, would be shortsighted, and might
well make it impossible to exploit the full LHC potential as a DM discovery machine.

In recent years, a lot of progress has been made in exploring and understanding both DM-EFTs
and a variety of complete models. The same cannot (yet) be said about simplified models that
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Simplified Models for LLPs

Advantages of Simplified Models for LLPs: 

• Results largely independent of production mode/
spin/details of decays

• Looser selections for object ID in LLP searches, both 
because of limited detector information (depending 
on decay position) & lower backgrounds

• More compact and efficient than designing separate, 
and potentially redundant, searches for each UV 
model
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Simplified Models for LLPs

8

so where do we start?

24 April 2017Heather Russell, McGill University

• Because particles are long-lived, production & decay modes 
can factorize*!

*except if it hadronizes

Simplified model for production

Simplified model for decay
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Simplified Models for LLPs
• We can factorize production and decay. For example:

Simplified Models 
LLP Production Modes
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Resonant Production Hadronic Decay

Simplified Models 
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j

j

pp ! Y ! XX,X ! jj

(decay length is free parameter)

• Want to figure out quite generally what are the building blocks 
that we need!
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Simplified Models for LLPs
• Build on past work on simplified models in more specific cases

• Example: Simplified Models for dark-sector LLPs

X

X

�2

�1

X

X

�2

�1

(a) (b)

Figure 1. Collider signatures of displaced DM. (a) A pair of displaced vertices is observed with a single state

X produced at each vertex. (b) A pair of displaced vertices is observed with a collection of states X produced

at each vertex. In both cases the DM will typically carry away missing transverse energy, which is a smoking

gun for displaced DM production.

searches. In this approach, the simplified models for long-lived neutral particles will share the same
strengths and shortcomings as when applied to dark matter production.

On this latter point, although the simplified model approach has proven to be very useful to
perform a systematic and characterisation of DM searches at colliders, there are well-known limitations
to this framework that will also apply to the displaced vertices framework studied here. In particular,
comparing simplified models with more UV-complete models, if there are any signatures present in the
complete model as a result of the richer spectrum of states, such as cascade decays in SUSY scenarios,
then the simplified models strategy may miss signatures that turn out to be the most constraining. As
a result we would advocate the simplified models approach as complementary to the study of complete
models, but not as a comprehensive substitute.

2.2 Displaced Decay Models

While the DM simplified models economically describe the production of the long-lived state �2, we
must also describe its decays. To this end we must add at least one new degree of freedom, although
it may be desirable to add more. As noted, the usual DM candidate in simplified models, �, is now
identified as an excited dark sector state, �2. Therefore, we must add to the model the true stable
DM state �1. We will now describe how the decays of �2 may be modeled through explicit simplified
decay models or through an EFT framework, starting with the latter.

2.2.1 Decay EFT

By construction, any e↵ective theory includes the degrees of freedom considered relevant below some
cuto↵ scale, ⇤, and allows for all local operators consistent with the symmetries of the theory. Often
a single class of operators is considered in a specific process for economy. This e↵ective theory will
break down at scattering energies E & ⇤, which manifests itself through unitarity violation in scat-
tering amplitudes or, equivalently, by arbitrary operators of a larger dimension giving a comparable
contribution at this energy scale.

Let us consider the scenario where �1 is the only additional degree of freedom which is added to
the DM simplified model. We must introduce an additional coupling, g12, to �2 and SM states to
allow the decay �2 ! �1X. Here, X is a SM object, which could either be individual or multiple

– 4 –
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O
S

� 1
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⇤2 tt�2�1

1
⇤�2�1tt

Table 2. List of example e↵ective operators for the decay �2 ! �1X for fermionic (middle column) and scalar

(right column) DM particles. Each of these operators corresponds to di↵erent final state X (left column). Note

that this is not an exhaustive list. For example, one could also have diboson final states.

�2

�1

�D

X

X

Figure 2. Topology for the decay of �2 into �1 and SM particles (X) through a light mediator �
D

.

To construct models of decay mediators one may again take inspiration from the DM simplified
models. For EFT models of decays we could take the DM EFT vertices and make the replacement
�2 ! �1�2. Similarly, for decay simplified models, we may take the DM simplified models coupling
DM pairs to a mediator � and make the replacement �2 ! �1�2 and � ! �

D

, including the mediator
interactions with the SM fields.

final state O
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+ O
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Table 3. A small sample list of example vector, axial-vector, scalar, and pseudo-scalar decay mediator

couplings for fermionic DM particles. Similar models may also be constructed for bosons.

Following the models discussed in Ref. [37, 38], we present a list of possible decay mediator models
in Table 3. Note that these decay mediator models have no limit that captures the mono-boson decays
of the first three EFT operators in Table 2, and the EFT operators, by construction, have no limit
that captures the phenomenology of light decay mediators. Thus, together both classes of models
encompass a complementary set of phenomenological possibilities.

– 6 –

O. Buchmueller et al., arXiv:1704.06515

See also: Khoze, Plascencia, Sakurai, arXiv:1702.00750, …

LLP simplified models for B/L-violation: Y. Cui and BS, arXiv:1409.6729 

HSCP Simplified Models: Heisig, Kersten, arXiv:1203.1581; Heisig et al., arXiv:1509.00473
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Outline

• “Umbrella” UV models to motivate simplified models

• Production & Decay Modes

• Simplified Model Proposal

• A Simplified Model Library
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Umbrella UV Models

• Wish to identify a set of overarching UV models that can 
motivate specific simplified models

1. Supersymmetry-like theories
2. Higgs-portal theories
3. Vector-portal/Z’ theories
4. Dark Matter theories
5. Right-handed neutrino theories
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Umbrella UV Models

1. Supersymmetry-like theories:
• Contain many new gauge-charged particles

• Also indirectly includes composite models (top partners, etc), …
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Umbrella UV Models
2. Higgs-portal theories:

L � � |H|2|X|2

• Importance of associated production modes:

• Motivated by hidden valleys,  
neutral naturalness,…
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Umbrella UV Models
3. Gauge-Portal (Z’) Theories:

4. Dark Matter Theories:

• Common in GUT models, hidden sectors: “dark” photon/Z
• Similar to Higgs portal, but without VBF, VH

A0

 

� A0

Qfe "f

f̄

• Dark matter models have MET-rich signatures
• Many UV models similar to Higgs or Z’, but can require 

dedicated searches (high multiplicities, compressed spectra, etc)

(also non-Abelian, see M. Ramsey-Musolf’s talk)
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Umbrella UV Models
5. Right-Handed Neutrino Theories:

• New gauge singlet field(s) mix with SM neutrino and generate 
neutrino mass

• Decay (semi-)leptonically via weak 
interaction (LLP)

• Also, left-right symmetric models have 
new W’, Z’

N ναsin θα

• In all cases, UV models motivate specific production modes for 
LLP, decay modes for LLP, and associated prompt objects

• Span wide range of signatures beyond particular models

NI
✓↵I ⌫↵
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Outline

• “Umbrella” UV models to motivate simplified models

• Production & Decay Modes

• Simplified Model Proposal

• A Simplified Model Library
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LLP Production Modes
(A) Direct Pair Production (DPP)

Simplified Models 
LLP Production Modes
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 LLP production modes
 lovely image by DC• No resonance, peaked at kinematic 

threshold (σ is free parameter)
• SM gauge production or heavy off-

shell field (EFT)
Examples: SUSY sneutrinos or electroweak-inos

(B) Heavy Parent Production (HP)

p

p

Y

Y

X

X

• Kinematics depends on mass splitting 
between parent and LLP

• May be prompt objects from Y decay
• σ is free parameter
Examples: SUSY gluino or squark decays to neutralino LLP
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LLP Production Modes
(C) Higgs Production

• Characterized by VBF/VH modes & 
associated objects

• Typically low-mass, soft LLP
• Higgs can also be off-shell!

(D) Resonance Production

• Similar to heavy parent, but with only 
one parent

• Kinematics depend on ratio of masses

Examples: Hidden valley coupled via Z’; 2-component dark sector

Example: Glue-balls in hidden sector/twin Higgs

Simplified Models 
LLP Production Modes
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LLP Production Modes
(E)  Charged-Current Production

• Associated charged, prompt SM 
objects (especially leptons!)

• Typically single production of LLP

Example: Right-handed neutrino in minimal or LR-symmetric model

Simplified Models 
LLP Production Modes
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W±/W 0±

SM±

• Manageable total set of production modes
• Each one has its own “typical” set of decay modes, but for now 

agnostic about decays
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LLP Decay Modes
• In principle, an enormous number of possible decay modes!

Simplified Models 
LLP decay modes

ee
μμ
!! 
jj 
ɣɣ

e+inv
μ+inv
!+inv
j+inv 
ɣ+inv

ej
μj
!j

μe
μ!
!e

eɣ
μɣ
!ɣ
jɣ

 Also, xy + inv with or without xy resonance
J. Evans, Simplified Models WG Talk, CERN workshop

• Also, 3-body decays (jjj, jj+lepton, jj+invisible, ll+invisible, etc)
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LLP Decay Modes
• When do we NOT need to consider so many exclusive decay 

modes?
• When particle ID in searches loose or not possible (e.g., 

decays in HCAL)
• When searches highly inclusive (e.g., agnostic about other 

objects coming from decay vertex)

• Most LLP searches require at most two identifying objects at the 
vertex & are otherwise inclusive

• Two leptons (whether reconstructing a vertex or not)
• One lepton + hadrons
• Hadrons

Examples: 1504.05162 (ATLAS), MS-PAS-EXO-16-022, 
CMS-PAS-EXO-16-003 

Examples: 1504.03634 (ATLAS), ATLAS-CONF-2016-103
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LLP Decay Modes
• When DO we need to consider so many exclusive decay modes?

• 2-body vs. 3-body kinematics can be different
• Reinterpreting results to better than a factor of ~few

• Our goal: try to control multiplicity of possible decays while 
including enough to cover signature space needed for discovery 

• “Loose” definitions of decay modes meant to cover several 
signatures

• Can be expanded as needed
• E.g., 2j+invisible and 3j don’t need to be considered 

separately for discovery, but could be useful for recasting
• Try to keep searches as inclusive as possible!
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LLP Decay Modes
Type Examples Models

Diphoton Stealth SUSY: singlino decay 
to two photons + MET

Single Photon Bino decay in gauge-
mediated SUSY

Fully Hadronic Twin Higgs: glueball 
decay via Higgs mixing

Semileptonic Right-handed neutrino 
decaying via W*

Leptonic SUSY: wino decaying to 
leptonic Z + neutralino

Flavored Leptonic RPV SUSY: neutralino 
decaying to 2ℓ + neutrino

X ! ��

X ! �� + /ET

X ! � + /ET

X ! jj
X ! j + /ET
X ! jj + /ET

X ! `±↵ + j

X ! `±↵ + jj

X ! `+`�

X ! `+`� + /ET
X ! `± + /ET

X ! `+↵ `
�
� (+/ET)

X ! `±↵ + /ET
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LLP Decay Modes
• In all cases, LLP mass and proper lifetime are free parameters

• Stable particles automatically included with c⌧ ! 1

• What about LLP decays to W, Z, top, Higgs, etc?
• Should already be included in “inclusive” hadronic/

leptonic/semileptonic categories!

• Some models have “preferred” branching ratios…
• Higgs production modes tend to have mass-hierarchical 

decays
• Gauge production modes tend to have universal decays
• Can be used for prioritization, but ultimately want to do 

searches for each separately for maximal coverage!
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LLP Decay Modes

• Invisible particles in LLP decays could be SM neutrinos, or 
beyond-SM particles of any mass

• Kinematics of signal depends on invisible particle mass!

• Recommendations for 2-3 benchmark cases
• Nearly degenerate or squeezed limit, 
• Massless limit
• Intermediate case,

Decay modes with invisible particles:

MLLP ⇡ Minv

MLLP ⇡ Minv/2
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Outline

• “Umbrella” UV models to motivate simplified models

• Production & Decay Modes

• Simplified Model Proposal

• A Simplified Model Library
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LLP Channel Proposals

• Bring all the ideas together into LLP channels of production x 
decay mode

• We consider three separate cases:

• Neutral LLP
• Electrically charged LLP, |Q| = 1
• QCD-charged LLP

IMPORTANT: Each channel does NOT need its own search! This 
is meant to span the range of theoretically driven signatures.
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LLP Channels: Neutral

simplified models for long-lived particle searches at the large hadron collider 15

cuss this further in Section 1.6. Similarly, we consider e, µ, and t

to be included in the header of “leptons”, with the proviso that
searches should be designed where possible with sensitivity to
each.

When multiple production modes are specified in one row of
the table, this means that multiple especially well-motivated pro-
duction channels give rise to similar signatures. Typically only one
of these production modes will actually need to be included when
developing a search, but we sometimes include multiple different
production modes as individuals may variously prefer one over the
other.

In each entry of the table, we indicate which umbrella category
of well-motivated models (Section 1.2) can predict a particular
(production) ⇥ (decay) mode. An asterisk (*) on the umbrella
model indicates that /ET is required in the decay.

Production
Decay

gg(+inv.) g + inv. jj(+inv.) jj` `+`�(+inv.) `+a `
�
b 6=a(+inv.)

DPP: sneutrino pair SUSY SUSY SUSY SUSY SUSY
HP: squark pair, q̃ ! jX SUSY SUSY SUSY SUSY SUSY
or gluino pair g̃ ! jjX

HP: slepton pair, ˜̀ ! `X SUSY SUSY SUSY SUSY SUSY
or chargino pair, c̃ ! WX

HIG: h ! XX Higgs, DM* Higgs, DM* Higgs, DM*
or ! XX + inv.

HIG: h ! X + inv. DM* DM* DM*
ZP: Z(Z0) ! XX Z0, DM* Z0, DM* Z0, DM*
or ! XX + inv.

ZP: Z(Z0) ! X + inv. DM DM DM
CC: W(W 0) ! `X RHn* RHn RHn* RHn*

Table 1.1: Simplified model channels for neutral LLPs. The LLP is indicated by X.
Each row shows a separate production mode and each column shows a separate
possible decay mode, and therefore every cell in the table corresponds to a different
simplified model channel of (production)⇥(decay). We have cross-referenced the
UV models from Section 1.2 with cells in the table to show how the most common
signatures of complete models populate the simplified model space. When two
production modes are provided (with an “or”), either simplified model can be used
to cover the same experimental signatures. Parentheses in the decay mode indicate
the presence of additional /ET in some models. The asterisk (*) shows that the model
definitively predicts missing momentum in the LLP decay.

We remind the reader that the production modes listed in Ta-
ble 1.1 encompass also the associated production of characteristic
prompt objects. For example, the Higgs production modes not only
proceed through gluon fusion, but also through vector boson fusion
and VH production, both of which result in associated prompt ob-
jects such as forward tagging jets, leptons, or missing momentum.
All of the production modes listed in Table 1.1 could be accompa-
nied by ISR jets that aid in triggering or identifying signal events.
It is therefore important that searches are designed to exploit such
associated prompt objects whenever they can improve signal sensi-

* indicates required presence of MET

• Table entry indicates mapping of UV umbrella models into 
simplified model channel, but “unfilled” could still be interesting!
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LLP Decay Modes

• Scalar glueball in neutral naturalness covered by Higgs 
production, X -> j j

• Bino-like neutralino in Higgs -> XX, X -> j j j covered by same 
channel!

• A’ model with X -> A’A’, A’ -> j j covered by same channel! 
• Higgs -> X2 X2, X2 -> X1 j j covered by same channel but 

features presence of additional features (MET)
• Higgs -> A’A’, A’ -> l+l- requires different channel

Examples:
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LLP Channels: EM Charge

* indicates required presence of MET

• Heavy stable charged particles automatically included in the 
above when lifetime is taken to be very long

simplified models for long-lived particle searches at the large hadron collider 17

Production
Decay

`+ inv. jj(+inv.) jj` `g

DPP: chargino pair SUSY SUSY SUSY
or slepton pair

HP: q̃ ! jX SUSY SUSY SUSY
ZP: Z0 ! XX Z’, DM* Z’, DM* Z’

CC: W 0 ! X + inv. DM* DM*

Table 1.2: Simplified model channels for electrically charged LLPs, |Q| = 1.
The LLP is indicated by X. Each row shows a separate production mode and each
column shows a separate possible decay mode, and therefore every cell in the table
corresponds to a different simplified model channel of (production)⇥(decay). We
have cross-referenced the “well-motivated” UV models from Section 1.2 with cells
in the table to show how the most common signatures complete models can be
linked to the simplified model space. When two production modes are provided
(with an “or”), both production simplified models can be used to cover the same
experimental signatures. Parentheses in the decay mode indicate the presence of
additional /ET in some models. The asterisk (*) shows that the model definitively
predicts missing momentum in the LLP decay.

1.4.3 LLPs with Color Charge

LLPs with charges under the strong interactions are more con-
strained than even electrically charged LLPs. Because of the non-
Abelian nature of the strong interactions, the gauge pair production
cross section of the LLP is specified by the LLP mass and its repre-
sentation under the color group, SU(3)C.

Production
Decay

j + inv. jj(+inv.) j` jg

DPP: squark pair SUSY SUSY SUSY
or gluino pair

Table 1.3: Simplified model channels for LLPs with color charge. The LLP is indi-
cated by X. Each row shows a separate production mode and each column shows
a separate possible decay mode, and therefore every cell in the table corresponds
to a different simplified model channel of (production)⇥(decay). We have cross-
referenced the “well-motivated” UV models from Section 1.2 with cells in the table
to show how the most common signatures complete models can be linked to the
simplified models. When two production modes are provided (with an “or”), both
production simplified models can be used to cover the same experimental signa-
tures. Parentheses in the decay mode indicate the presence of additional /ET in some
models.

A complication of the QCD-charged LLP is that the LLP hadronizes
prior to its decay. We comment on a few aspects of hadronization
for LLPs that are charged under the standard model SU(3)C gauge
group. First, the modeling of hadronization is directly related to
many properties of the long-lived parton, such as electric charge,
flavor, spin, etc. Many LLP searches at the LHC are particularly
sensitive to the electric charge of the long-lived BSM hadrons (re-
ferred to henceforth as R-hadrons in keeping with the standard
SUSY nomenclature). For instance, only the charged R-hadrons can
be found in heavy stable charged particle search, and for some ver-
tex reconstruction based searches the LLP is either required to be
neutral or has a higher efficiency in the absence of a prompt track
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LLP Channels: QCD Charge

* indicates required presence of MET

• Need to model traversal of “R-hadron” through detector

simplified models for long-lived particle searches at the large hadron collider 17

Production
Decay

`+ inv. jj(+inv.) jj` `g

DPP: chargino pair SUSY SUSY SUSY
or slepton pair

HP: q̃ ! jX SUSY SUSY SUSY
ZP: Z0 ! XX Z’, DM* Z’, DM* Z’

CC: W 0 ! X + inv. DM* DM*

Table 1.2: Simplified model channels for electrically charged LLPs, |Q| = 1.
The LLP is indicated by X. Each row shows a separate production mode and each
column shows a separate possible decay mode, and therefore every cell in the table
corresponds to a different simplified model channel of (production)⇥(decay). We
have cross-referenced the “well-motivated” UV models from Section 1.2 with cells
in the table to show how the most common signatures complete models can be
linked to the simplified model space. When two production modes are provided
(with an “or”), both production simplified models can be used to cover the same
experimental signatures. Parentheses in the decay mode indicate the presence of
additional /ET in some models. The asterisk (*) shows that the model definitively
predicts missing momentum in the LLP decay.

1.4.3 LLPs with Color Charge

LLPs with charges under the strong interactions are more con-
strained than even electrically charged LLPs. Because of the non-
Abelian nature of the strong interactions, the gauge pair production
cross section of the LLP is specified by the LLP mass and its repre-
sentation under the color group, SU(3)C.

Production
Decay

j + inv. jj(+inv.) j` jg

DPP: squark pair SUSY SUSY SUSY
or gluino pair

Table 1.3: Simplified model channels for LLPs with color charge. The LLP is indi-
cated by X. Each row shows a separate production mode and each column shows
a separate possible decay mode, and therefore every cell in the table corresponds
to a different simplified model channel of (production)⇥(decay). We have cross-
referenced the “well-motivated” UV models from Section 1.2 with cells in the table
to show how the most common signatures complete models can be linked to the
simplified models. When two production modes are provided (with an “or”), both
production simplified models can be used to cover the same experimental signa-
tures. Parentheses in the decay mode indicate the presence of additional /ET in some
models.

A complication of the QCD-charged LLP is that the LLP hadronizes
prior to its decay. We comment on a few aspects of hadronization
for LLPs that are charged under the standard model SU(3)C gauge
group. First, the modeling of hadronization is directly related to
many properties of the long-lived parton, such as electric charge,
flavor, spin, etc. Many LLP searches at the LHC are particularly
sensitive to the electric charge of the long-lived BSM hadrons (re-
ferred to henceforth as R-hadrons in keeping with the standard
SUSY nomenclature). For instance, only the charged R-hadrons can
be found in heavy stable charged particle search, and for some ver-
tex reconstruction based searches the LLP is either required to be
neutral or has a higher efficiency in the absence of a prompt track

• Complications arise because LLP hadronizes before decay

• Much existing work in literature & MC programs to model this; 
see discussion in whitepaper
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Outline

• “Umbrella” UV models to motivate simplified models

• Production & Decay Modes

• Simplified Model Proposal

• A Simplified Model Library
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LLP Model Library

• To be practically useful, we need a concrete simulation 
framework for the simplified model channels

• Provide UFO model files, along with cards that allow 
generation of parton-level events in MadGraph 5

• Use existing UFO models (and their variants):
• MSSM + variants (RPV, GMSB, etc)
• Hidden Abelian Higgs Model (dark photon + Higgs)
• Left-Right Symmetric Model
• Dark Matter Simplified Model (with decays implemented)
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LLP Model Library
• Plan is to provide descriptions, cards & instructions of how to 

simulate each channel

Model & Descriptions contributed by T. David, A. Davoli, A. 
De Simone

26 lhc llp community

Decay Mode Simplified Model Library Process

X ! gg (N)MSSM. LLP is a pseudoscalar or singlino (a) produced via pp ! h, h ! c̃0
2c̃0

2,
c̃0

2 ! c̃0
1a. Finally, a ! gg.

X ! gg+inv. MSSM. LLP is the second neutralino (c̃0
2) produced via pp ! h, h ! ññ⇤,

ñ ! c̃0
2n. Then, c̃0

2 ! c̃0
1gg via an off-shell SM Higgs.

X ! jj MSSM+RPV. LLP is a sneutrino (ñ) produced via pp ! h, h ! c̃0
1c̃0

1, c̃0
1 ! ñn̄.

Then, ñ ! jj via the RPV operator LQdc.
X ! jj+inv. MSSM. LLP is the second neutralino (c̃0

2) that is produced via pp ! h,
h ! ññ⇤, ñ ! nc̃0

2. Then, c̃0
2 ! jjc̃0

1 via an off-shell squark.
X ! `+a `

�
a MSSM+RPV. LLP is a sneutrino (ñb) produced via pp ! h, h ! c̃0

1c̃0
1, c̃0

1 ! ñbn̄b.
Then, ñb ! `+a `

�
a via the RPV operator LaLbEc

a.
X ! `+a `

�
a +inv. MSSM. LLP is the second neutralino (c̃0

2) that is produced via pp ! h,
h ! ññ⇤, ñ ! nc̃0

2. Then, c̃0
2 ! `+a `

�
a c̃0

1 via an off-shell slepton.

Table A.5: Simplified model library process proposals for Higgs (HIG) production
mode where the Higgs decays to two LLPs plus invisible. These modes are partic-
ularly important because they can come in association with forward jets (VBF) or
leptons and /ET (VH). Note that, in cases of MX > Mh/2, the same production modes
could still occur if the Higgs is taken to be off-shell.

Decay Mode Simplified Model Library Process

X ! gg+inv. MSSM. LLP is the second neutralino (c̃0
2) produced via pp ! h, h ! c̃0

2c̃0
1. Then,

c̃0
2 ! c̃0

1gg via an off-shell SM Higgs.
X ! jj+inv. MSSM. LLP is the second neutralino (c̃0

2) that is produced via pp ! h,
h ! c̃0

2c̃0
1. Then, c̃0

2 ! jjc̃0
1 via an off-shell squark.

X ! `+a `
�
a +inv. MSSM. LLP is the second neutralino (c̃0

2) that is produced via pp ! h,
h ! c̃0

2c̃0
1. Then, c̃0

2 ! `+a `
�
a c̃0

1 via an off-shell slepton.

Table A.6: Simplified model library process proposals for Higgs (HIG) production
mode where the Higgs decays to single LLP plus invisible. These modes are partic-
ularly important because they can come in association with forward jets (VBF) or
leptons and /ET (VH). Note that, in cases of MX > Mh/2, the same production modes
could still occur if the Higgs is taken to be off-shell.

Decay Mode Simplified Model Library Process

X ! gg LLP is scalar s2, produced via pp ! Z0 ! s2s2, then s2 ! gg.
X ! gg+inv. LLP is fermion x2, produced via pp ! Z0 ! x2x2, then x2 ! ggx1.

X ! jj LLP is scalar s2, produced via pp ! Z0 ! s2s2, then s2 ! qq̄.
s2 ! `+a `

�
a couplings are proportional to SM Yukawa couplings.

X ! jj+inv. LLP is fermion x2, produced via pp ! Z0 ! x2x2, then x2 ! qq̄x1.
X ! `+a `

�
a LLP is scalar s2, produced via pp ! Z0 ! s2s2, then s2 ! `+a `

�
a .

s2 ! `+a `
�
a couplings are proportional to SM Yukawa couplings.

X ! `+a `
�
a +inv. LLP is fermion x2, produced via pp ! Z0 ! x2x2, then x2 ! `+a `

�
a x1.

Table A.7: Simplified model library process proposals for Z0 (ZP) production mode
where the Z0 decays to two LLPs. For this section, we use a DM simplified model,
where fermion x2 is the LLP for X ! SM+ inv modes and scalar s2 is the LLP
for X ! SM modes. The same models can also be used for off-shell Z0 where
MX > MZ0 /2. The model file includes all processes in the table; the undesired
couplings can be set to zero and energy scales to be very large.
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What’s Missing/What’s Next?
• So far, have lumped a lot into “jets”; may want to separately 

consider b, c, and light flavor

• Higher multiplicities = dark showers

• See Jakub’s talk & Friday working group!

• May provide additional trigger/reconstruction possibilities 
and challenges

• Also, can separate out electron, muon, tau

• Other, “challenging” signatures like quirks?
• See Marco’s and Simon’s talks!

• There will always be particular UV models that don’t fit easily 
and should just be looked for directly 
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Summary

• We welcome your comments, critiques, suggestions, as well as 
any volunteers to help with the library!

• Goals for and proposal of simplified models for LLP searches now 
in draft form

• Aiming to have a publicly available, stand-alone version of the 
chapter very soon

• Opportunity to sign on to document as participant
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Backup Slides
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Goals for LLP Simplified Models

1. Minimal set of models to cover a wide range of best-motivated 
LLP theories 

2. Allow construction of simple map between signatures & models  

3. Can be expanded to incorporate new theories & signatures  

4. Provide a concrete Monte Carlo simulation framework 

5. Facilitate re-interpretation of experimental results (“recasting”)

Note: Some of these points in tension with one another!


