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* Many of these lead to long-lived “There's plenty of room at the bottom!”

particles (LLPs) at the LHC!
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* "Template model” (Mediator+DM):

X
q M A < 1 andfor mx =~ my
Y/
— Y becomes long-lived
~ Y IM (relic abundance typically fixes
q one of the parameters)
X

The mediator sighatures depends on its SM
gquantum numbers and lifetime:

» Electrically charged » HSCPs, displaced A large number of LLP
leptons, disappearing tracks,... — searches can be relevant for

, , , , Dark Matter models!
 Neutral » displaced vertices, displaced jets,...

We need to be able to re-interpret
LLP searches for “new” DM models!
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LLP Recasting

* Typically we want to answer: is search X sensitive to model| Y?

* Yes = what is the sensitivity?

* No = how the event selection could be improved?

* Recasting increases the physics impact of the experimental results.

* New models can be at the border/edge of the search sensitivity:

> jdentify gaps in coverage

* For prompt searches recasting is well-stablished » apply the
analysis selection criteria to “standard” objects (jets, leptons,...) and

observables (Hr, pr, Mes,...).

* But LLP searches typically make use of analysis-specific objects.
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LLP Recasting

* Efficiencies for constructing relevant LLP objects can be
provided in many ways:
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— for a detailed discussion see the Reinterpretation and LLP White Papers
(2003.07868 and 1903.04497)
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Simplified Model Results
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Simplified Model Results

Signature
eﬁciencz’es

j J__LLP _,::_ R0 ~
Object efficiencies
& CMS Simulation 137 fb' (13 TeV)

Production

Simplified Model efficiencies

* Found in almost all analyses

Deca,y ‘

* Avoids simulating the event selection

* Model dependent 100 ! I
2:5 3 3.5 4 4.5
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vm

® |t can be useful if the analysis provides:
* a good coverage of all relevant SMS parameters (e.g. non-zero LSP mass)

* efficiencies for individual production/decay modes

* data in digital format!
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Number of tracks

Object/Signature Efficiencies
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* The usefulnhess of the available information can be measured by how well
the official results can be reproduced outside the collaboration.

* Some examples:

myo = 50 GeV, Combined SRs (NLO) 10°

e ATLAS
2400 4 === Recast

— LO
— NLO
— CMS

2600

102_

2200 A Emerging Jets

(GeV)

cT [mm]

101_

2000 A
S

1800 A

)

* Recasting of LLP searches has improved considerably!
1600 — T . 500 1800 2000

-3 —2
10 10 » Several recasting tools (MadAnalysis, CheckMATE, SModelS) o
now include LLP searches.

10* 4

L1 LI

|

* Recasting often fails at some corners of parameter space.

10°

_ * Some analyses do not provide the necessary information for |
§ e proper recasting.
~

@ - !

Jlthl L\ M | Hlmd

Recast of CMS-EXO-19-0m0 - =
> -
LO -2 -
10! 4 ()] 10 E E
CMS-EXO-19-010 i i
CMS observed 1 0—3 - —
|l | | | | CMS expected = Map results 3
1074 —-—= MadAnalysis5 | [ —— Observed ]
T T T T ; 10—4 " N g il . ——a ]
200 400 600 800 1000 1200 10_1 100 101 102

e}

~

3
—



LLP Recasting Repository

* Recasting repo @ GitHub: github.com/llprecasting/recastingCodes

® contains most of the recasting code for the LLP searches mentioned here

LLP Recasting Repository

This repository holds example codes for recasting long-lived particle (LLP) searches. The code authors and
repository maintainers are not responsible for how the code is used and the user should use discretion when
applying it to new models.

Adding your recasting code

This is an open repository and if you have developed a code for recasting a LLP analysis, we encourage you to
include it here. Please contact llp-recasting@googlegroups.com and we will provide you with the necessary
information for including your code.

Repository Structure

The repository folder structure is organized according to the type of LLP signature and the corresponding
analysis and authors:

» Displaced Vertices
o 13 TeV ATLAS Displaced Jets

o 13 TeV ATLAS Displaced Vertex plus MET by AlLessa

o 13 TeV ATLAS Displaced Vertex plus MET by GCottin Contributors 7
o 8 TeV ATLAS Displaced Vertex plus jets by GCottin

» CalRatio Displaced Jets it . o 4L 4r
o 13 TeV ATLAS Displaced Jets in the calorimeter - s .

Emerging Jets
Heavy Stable Charged Particles
o 13 TeV ATLAS HSCP - 139/fb

o 13 TeV ATLAS HSCP - 31.6/fb
o 8 TeV CMS HSCP
Disappearing Tracks



http://github.com/llprecasting/recastingCodes

Recasting LLP Searches - Physics Impact

(highly biased selection)
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Inert 2HDM (IDM)

*2HDM + Z,-Parity

* Sub-TeV masses can generate the correct relic

density if there is a high mass compression.

* At the LHC;

* The production cross-sections are typically too
small to be tested by prompt searches

* Inthe mass compressed region the charged
Higgs becomes long-lived » HSCP signature
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https://arxiv.org/abs/1808.05229
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Minimal Freeze-in

®* Model:

L=Lsy+ o Fep + ... m
sM + Agaler Qpah? x M2— =012 = A ~ 10710
¢s — Dark Matter 1 meg
> 1m

F' — Mediator CTF X

)\QmF

* At the LHC;

HSCPs

Disappearing tracks
(optmistic)

Displaced leptons
(flavor-dependent)

200 300 400 500 600 700
me (GeV)
C. Bélanger et al (1811.05478 )
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Conversion Freeze-out

®* Model:
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Conversion Freeze-out

®* Model:
L= Lo+ \bXbp + ...

X — Dark Matter
b — Mediator

1072 | Am =10 GeV, ) ~ 1077
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10—10
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1 10 100 100
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M. Garny, J. Heisig, B. Lulf, S. Vogl (1705.09292 )
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Conversion Freeze-out

®* Model:
L= Lo+ \bXbp + ...

X — Dark Matter >
b — Mediator

Qparh? = 0.12
S A~ 1077, Am < 35 GeV

| | | | | A5 Qpuh? =0.12
10-2 Am =10 GeV, \ ~ 1077 1 WIMP Region
. N .
10~
= 10
QL 10"
> Qh2 = 0.12
i 14
10~ 18
: - : - ' 500 1000 1500 2000 2500
1 10 100 100
x my (GeV)
X = T J. Heisig, AL, L. Ramos (240416086 )

M. Garny, J. Heisig, B. Lulf, S. Vogl (1705.09292 )
Within the reach of several LLP searches!



Impact on DM Models

® Conversion Driven FO @ LHC



Impact on DM Models

® Conversion Driven FO @ LHC
X

g ) 4 « ~50% charged R-hadrons

?W/’ e Soft and displaced b-jets
- * Soft MET spectrum



Impact on DM Models

® Conversion Driven FO @ LHC

//////v HSCPs
 ~50% charged R-hadrons
g N
b /4 \

2  Soft and displaced b-jets \T Disappearing Tracks
. Soft MET . Displaced Vertices
7N * SO spectrum

Mono-jet



Impact on DM Models

® Conversion Driven FO @ LHC

A 7 HSCPs
« ~50% charged R-hadrons
g ~ b
b /4 \

’  Soft and displaced b-jets \‘: Disappearing Tracks
> Displaced Vertices

= S e Soft MET spectrum

Mono-jet

40

CMS jets plus Emiss
—— CMS jets plus E¥s (LLP veto)
—— ATLAS DV plus Episs
—— ATLAS HSCP
—— CMS DT (AR cut)

250 500 750 1000 1250 1500 1750 2000
mx (GeV)

J. Heisig, AL, L. Ramos (240416086 )
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* But the soft b-jets fail the DV selection
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® Conversion Driven FO @ LHC

A 7 HSCPs
« ~50% charged R-hadrons
g ~ b
b ,4 \

’  Soft and displaced b-jets \‘: Disappearing Tracks
> Displaced Vertices

= S e Soft MET spectrum

Mono-jet

40

CMS jets plus Emiss
—— CMS jets plus E¥s (LLP veto)

P iyt « Displaced vertex searches are sensitive to ~1cm
decay lengths

—— CMS DT (AR cut)

* But the soft b-jets fail the DV selection

> gap in coverage (soft and displaced objects)
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® Conversion Driven FO @ LHC

A 7 HSCPs
« ~50% charged R-hadrons
g ~ b
b ,4 \

’  Soft and displaced b-jets \‘: Disappearing Tracks
> Displaced Vertices

= S e Soft MET spectrum

Mono-jet

40

CMS jets plus Emiss
—— CMS jets plus E¥s (LLP veto)

P iyt « Displaced vertex searches are sensitive to ~1cm
decay lengths

—— CMS DT (AR cut)

* But the soft b-jets fail the DV selection

> gap in coverage (soft and displaced objects)

If we relax the SR criteria (mpv)...
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Impact on DM Models

® Conversion Driven FO @ LHC
X

g N 4  ~50% charged R—hadrons\

’  Soft and displaced b-jets \‘: Disappearing Tracks
> Displaced Vertices

= S e Soft MET spectrum

Mono-jet

40

—— CMS jets plus EXiss (LLP veto)
—— ATLAS DV plus Eiss

—— OMSDT (AR eut) * Displaced vertex searches are sensitive to ~1cm
ATLAS DV plus EP** (average)
decay lengths

4 WLTLIL L T —== ATLAS DV plus Emis

35 1

(nearest)

30 1

* But the soft b-jets fail the DV selection

25 1

> gap in coverage (soft and displaced objects)

15 4

10 If we relax the SR criteria (mpv)...
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Conclusions

e There has been a lot of progress in the past few years:

* recasting LLP searches has moved from “impossible” to almost
‘common practice”.

ot of effort from the experimental collaborations to provide the
necessary information.

* @experimentalists:

e recasting guides, pseudocode and cut-flows are essential!
 public BDTs, NNs,... are welcome! (see 2312.145775)

* always aim for model independence! (object-level efficiencies)

* Recasting is an essential tool for finding gaps in coverage!

* For feebly coupled models the LHC may be the main tool for
discovery!



Recasting Checklist

* When releasing a new analysis, the following information
needed Is important for recasting:

[0 Parametrized efficiencies (object-level)

(1 Cutflows (for benchmarks at the bulk and edge of the exclusion
curve)

[0 Cards for event generation (benchmark models):

Process card
Parameters (model) card

Pythia card

O Signal Distribution for “recasting observables” (benchmarks)
[0 Pseudocode

[1 Recasting guide



Backup
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"Real Life" Examples: HSCPs

EMET trigger

* HSCPs (plus R-hadrons):
* ATLAS-SUSY-2016-32/31 (13 TeV)
 CMS-EXO-12-026 (8 TeV)

* |nformation provided:

® Trigger efficiency
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® Mass reconstruction
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"Real Life" Examples: HSCPs

* HSCPs (plus R-hadrons):
* ATLAS-SUSY-2016-32/31 (13 TeV)
 CMS-EXO-12-026 (8 TeV)

* |nformation provided:

] ] ] . ] " " . . . "
® Trigger efficiency Object efficiencies: €(n,p) Mass reconstruction
5 L B B B LN AL L L AL SRV L . | = L LA L A B I 1
2 i . ] g TG RL ] “ 3 3000F :
= . ATLAS simulation = 5 = = g e A
o b ESme ‘ ] == ATLAS simulation 18&0.9 % B él‘;ﬂ'\? R 5
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&4 1 1 los 552500: :
i 1 1 0.7 2000}
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i : E 1500f
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i i {04 1000
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n

® All the quantities required for recasting the analysis are provided



"Real Life" Examples: Displaced Vertices

* It works well for large mass differences:

—— ATLAS %
Mgluino = 1.4 TeV === recast N |

Mmisp = 100 GeV

.
7/

ouL (pb)

1.25-
E"l.oo— Y /
0.751 \/ e

® MET distribution?
®* ME/PS matching?
® Extrapolation to low mpy?




"Real Life" Examples: Displaced Vertices

* It works well for large mass differences:

ouL (pb)

—e— ATLAS

mgluino = 1 4 TeV
mise = 100 GeV

1.25
g
;& 1.00

Ul 1——

—— ATLAS
—g= TEcast

® MET distribution?

®* ME/PS matching?
® Extrapolation to low mpy?

T (ns)
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