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Why Re-Interpretation?

* Most searches use benchmark models to present their results
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* Benchmarks are usually incomplete models
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* Benchmarks are usually incomplete models

* Used mostly to parametrize signal properties and compare sensitivies
between searches
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Why Re-Interpretation?

* Most searches use benchmark models to present their results
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* Benchmarks are usually incomplete models

* Used mostly to parametrize signal properties and compare sensitivies
between searches

* They should not be the “final product” of a search!
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Why Re-Interpretation?

* Indeed, for fitting neutrino masses, at least two HNLs are needed.
TN, UIO&) 1 Z 2
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* Indeed, for fitting neutrino masses, at least two HNLs are needed.
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* Limits can be one order of magnitude weaker!

* Re-interpretation motivated new benchmark scenarios for searches
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* Re-Interpretaion increases the physics impact of the experimental results

* New models can be at the border/edge of the search sensitivity:
> gaps in coverage

* |t can identify new models/signatures for future searches
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Why Re-Interpretation?

* Re-Interpretaion increases the physics impact of the experimental results

* New models can be at the border/edge of the search sensitivity:
> gaps in coverage

* |t can identify new models/signatures for future searches

* however...

* Re-Interpretation is only possible if enough information has been
provided by the experimental collaborations.

* For prompt searches recasting is well-stablished -» use “standard”
objects (jets, leptons,...) and observables (H+, pr, Mes,...).

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



Re-Interpretation Material

What has been provided?
(How) can it be used?



LLP Re-Interpreation

* Auxiliary material for re-interpretation has been provided at various
levels of complexity.*

*for a detailed discussion see the Reinterpretation and LLP White Papers
(2003.07868 and 1903.04497)
Andre Lessa | UFABC
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LLP Re-Interpreation

* Auxiliary material for re-interpretation has been provided at various
levels of complexity.*

* Almost every search presents Simplified Model (SMS) limits
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*for a detailed discussion see the Reinterpretation and LLP White Papers

(2003.07868 and 1903.04497)
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SMS Upper Limits

* Can only be applied if the BSM model topology matches the simplified model one
(rescaling)
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SMS Upper Limits

* Can only be applied if the BSM model topology matches the simplified model one
(rescaling)
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* covers all relevant parameter space
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* avoids model assumptions as much as possible!
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SMS Upper Limits
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SMS Upper Limits

* Can only be applied if the BSM model topology matches the simplified model one
(rescaling)
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* covers all relevant parameter space

* is provided process by process
* avoids model assumptions as much as possible!
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SMS Efficienciles

* Some of these issues can be ameliorated by providing
simplified model efficiencies:
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SMS Efficienciles

* Some of these issues can be ameliorated by providing
simplified model efficiencies:
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SMS Efficienciles

* Some of these issues can be ameliorated by providing
simplified model efficiencies:
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SMS Efficienciles

* Some of these issues can be ameliorated by providing
simplified model efficiencies:
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* Allows for combining signhal topologies
e Still requires the BSM to match the SMS
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Sighature Efficiencies

* Model dependence can be greatly reduced with efficiencies for
reconstructing/tagging/selecting LLPs:

Signature
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Sighature Efficiencies

* Model dependence can be greatly reduced with efficiencies for
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Sighature Efficiencies

* Model dependence can be greatly reduced with efficiencies for
reconstructing/tagging/selecting LLPs:
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* Limited to a specific LLP decay
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* Efficiencies depend on a small set of LLP |
properties (decay length, pr, ...) HLP; Bin Index
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Object Efficiencies

* Finally, model independence can be (almost) achieved with
object-level efficiencies:
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Object Efficienc

les

* Finally, model independence can be (almost) achieved with

object-level efficiencies:
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Object Efficienc

les

* Finally, model independence can be (almost) achieved with

object-level efficiencies:
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* Can only be used if given for

“pheno-level” variables

* Not always easy to parametrize

> surrogate models?
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Validation Material

* Auxiliary material for validation is essential!
* Cutflows
* Signal event generation (cards, cross-sections,...)
* Pseudocode

* Recasting note




Validation Material

95% CL limit on g x B [pb]

* Auxiliary material for validation is essential!

* Cutflows

Pseudocode

Recasting note

Signal event generation (cards, cross-sections,...)

* Some “successful” recasting examples:

Dlsplaced Jets (CaIRatlo)
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Re-Interpretation “Failures”
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Re-Interpretation “Failures”

* Example: CMS-EXO-20-003 (Displaced Jets+Z7)

* Some variables are too hard to reproduce! (IP?P)
* No public information for 64 at large d.,
* No signature/object level efficiencies

* do/cq is NonN-trivial to implement!
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Re-Interpretation “Failures”

* Example: CMS-EXO-20-003 (Displaced Jets+Z7)

* Some variables are too hard to reproduce! (IP?P) e -

* No public information for 64 at large d.,
* No signature/object level efficiencies

* do/cq is NonN-trivial to implement!
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lﬂ_l': . .
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10-2 4 * Required information was not kept
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| |
].G_3_. | | .
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MR [ smear d0 (HP) re-interpretation material!

smear d0 (R)
I R * CMS
-1 0 1 2 3
(log (duy/0a))

J. Carrasco, J. Zurita
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
* No HepData entry
* Model dependent UL (wino/higgsino)
* Results can not even be applied to the MSSM!
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
* No HepData entry
* Model dependent UL (wino/higgsino)
* Results can not even be applied to the MSSM!

* "Hidden" recast note and efficiencies!
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
* No HepData entry

* Model dependent UL (wino/higgsino)

* Results can not even be applied to the MSSM!

* "Hidden" recast note and efficiencies!

* Impact on the (ATLAS) EW-ino scan:
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ATLAS pMSSM results
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points using internal
re-intepretation
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
* No HepData entry

Model dependent UL (wino/higgsino)

* Results can not even be applied to the MSSM!

Thanks to L. Constantin and

"Hidden" recast note and efficiencies!

* Impact on the (ATLAS) EW-ino scan:
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
* No HepData entry

* Model dependent UL (wino/higgsino)

* Results can not even be applied to the MSSM!

* "Hidden" recast note and efficiencies!

* Impact on the (ATLAS) EW-ino scan:
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Physics Impact

What has already been achieved
with the material provided?



Physics Impact: Examples

* Allowing for re-interpretation can:
* Increase the search impact when re-interpreting well-motivated scenarios
* |dentify new signatures/gaps in coverage
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Physics Impact: Examples

* Allowing for re-interpretation can:
* Increase the search impact when re-interpreting well-motivated scenarios
* |dentify new signatures/gaps in coverage

* Example: HNLs
X Displaced taus can be dominant!

(new signature)

Normal hierarchy 0.0
I Allowed by NuFIT (10)
mm Allowed by NUFIT (20)

Allowed by NuUFIT (30)
Benchmark points 1-7

Inverted hierarchy
1.0 mm Allowed by NUFIT (10)
m Allowed by NuFIT (20)
Allowed by NuFIT (30)

+ Benchmark points 8-14

Combination of lepton flavors
(new benchmarks)

U3IUG,
J.-L. Tasteta, O. Ruchayskiy, I. Timiryasov, 2107.12980

Andre Lessa | UFABC
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Physics Impact: Examples

* Allowing for re-interpretation can:
* Increase the search impact when re-interpreting well-motivated scenarios
* |dentify new signatures/gaps in coverage

* Example: HNLs
X Displaced taus can be dominant!

(new signature)

Normal hierarchy 0.0
I Allowed by NuFIT (10)
mm Allowed by NUFIT (20)

Allowed by NuFIT (30)
Benchmark points 1-7

Inverted hierarchy
10 B Allowed by NuFIT (10)
m Allowed by NuFIT (20)
Allowed by NuFIT (30)

+ Benchmark points 8-14

Combination of lepton flavors
(new benchmarks)

=T 3
= E
= E
. = 10k E
= 3 :
. 0/ b S _85 ATLAS — Observed 95% CL limit 3
' N : — 10 ? Vs =13 TeV, 140 fo!  --- Expected 95% CL limit ?g
0.0 0.2 0.4 0.6 0.8 1.0 C Majorana, 2QDH (NH) [ Expected + 1 ]
w2, UP(0.06,0.48,0.46) Epected:: s 3
J.-L. Tasteta, O. Ruchayskiy, I. Timiryasov, 210712980 100 vy
0 5 10 15
m,, [GeV]
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Physics Impact: Examples

* Example: Heavy Stable Charged Particles:

> 1 06 T T T T I T T T T | T T T T I T T T T I T T T T
& 10°F ATLAS (§=13 Tev, 139 fo"
o 4 SR-Inclusive_High ptTrk >120 GeV, | < 1.8
s 10 m(@) = 2.2 TeV, m(%.) = 100 GeV, 1() = 10 ns
T 1Bk -7 mE&)=13TeV,<(x,)=10ns $ Observed
; - m(7) = 400 GeV, 1(7) = 10 ns
- 9 1 02 — Expected .
— o
2 10 5
L 1 e}
1 0_1 H I= 1
L R - —
10_3 J: : :_I 1 1 | | 1 1 EJ j 1 1 I.-I---I---[ [ S S L | LJE L L
_c' 10 L T T T T I T 1 1 TA | | ' T T l T T T T I T T T T _
© + * T
g qiathyl T ]
- % TT e %
E1o—1h| AAAI |'| I B | |V| 1 1 W | V1 1% | V1 1% il
CDU 0 1000 2000 3000 4000 5000

m [GeV]
ATLAS: excess is not consistent
with slow moving Q=1 tracks


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/

Physics Impact: Examples

* Example: Heavy Stable Charged Particles: 02 F f —
my = 800 GeV
1 Mp = 5000 GeV

> 106 T T T T I T T T T | T T T T I T T T T I T T T T > 101 ? P e
8 105 ATLAS {s=13TeV, 139 b 8 ;
= 4, F SRenclusive_High pr* > 120 GeV, In| < 1.8 = 100 L
o 10 m(§) = 2.2 TeV, mx’) = 100 GeV, ©(g) = 10 ns — :
: 10° -7 -m(t;) =13 TeV, <(%,) = 10 ns +Obse“’ed > | [ +
$ 1 02 ---- m(7) = 400 GeV, 1(%) = 10 ns Bl ectsa ; g 10~ f I__I_ N
2 10 5 - 10-2 | [
Ll 1 = I——|

107§t/ H ; 10_3", o \ N

1072 """ - 0 1000 2000 3000 4000

10_3 J::_I [ B J J: 1 |I"|-"|-"[ O le 1 ’”(!E/([.Y IGeVI
-8' 10F T '*‘ *“I S GC. Giudice, M. McCullough and D. Teresi, 2205.04473
a4 : . :
~ @ _ Signhal consistent
S 10—1h| A A Al |'| I I | |V| 1 1 W | [\ ANEENA /| | [\ AN /I ] .
570 1000 2000 3000 4000 5000 with boosted (Q > 1)

m [GeV] HSCPs

ATLAS: excess is not consistent
with slow moving Q=1 tracks
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Physics Impact: Examples

* Example: Heavy Stable Charged Particles:

> 1 06 T T T T [ T T T T | T T T T | T T T T I T T T T
8 105 ATLAS fs=13TeV, 1391t
o 4 SR-Inclusive_High p‘Trk >120 GeV, | < 1.8
o 10 m(@) = 2.2 TeV, m(%’) = 100 GeV, (§) = 10 ns
T 0Pk -FmE)=13TeV, x(T) = 10ns f Observes
B --=-m(%) = 400 GeV, 1(%) = 10 ns
% 102 — Expected .
£ 10 E
L e}
1
107
1028 07 7 e e
10_3 J: : ;-I 1 1 I | .-I-- 1 iJ J: 1 1 I--l---l---[ SN S I 1S L N LJE [l
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& 1 E TT I 0* ) E
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CDU 0 1000 2000 3000 4000 5000
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ATLAS: excess is not consistent
with slow moving Q=1 tracks

|||||||||||||||||||||||

2
107 my = 800 GeV
oLl Mp = 5000 GeV
> m
(‘15 :
= 100 Jﬁl +
9 £
@ - | -
.%3 10 W |
= 1072 [
|__1
acd T | D
0 1000 2000 3000 4000

101 fb' (13 TeV)

Ll IIIIIl|

Best fit from [JHEP 08 (2022) 12]

1200 1400
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S
%

Observed limit on cross section [pb]

o
i

1>

de/d)C [G@V]

GC. Giudice, M. McCullough and D. Teresi, 2205.04473

Signhal consistent
with boosted (Q > 1)
HSCPs

Proposed signal
tested by CMS
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out

q
vy <
X(x1) 4 ,
\\\ X(x) )‘b ~ 10 , TNy Z mx = QDMh = 0.12
. Y (b) {

b
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out

. b
q ~
Y(b,)/"<X<x9> ) ,
% Ap ~ 107 , mysz=>QDMh = 0.12
YB\\ X(x?)
. () {b

CDFO Region

1073
500 1000 1500 2000 2500

myx (GeV)
J. Heisig, AL, L. Ramos, 2404.16086
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out
7 b

Vo <
e X1 _
N X(XO) )\b ~ 10 47 my Z, mx = QDMh2 — 0.12
~ 0 < 1
Y (b
: D
Re-Interpretation
10° 40
E —— ATLAS HSCP
=10 30 (ot )
Tz |/
- S
S S 201
L1in-2 ~ £4UTF L
10 A7 Y
-
00 noo0 1508 TE00. 2500 103 00 PEssAL...... S
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myx (GeV) 500 1000 1500 2000
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J. Heisig, AL, L. Ramos, 2404.16086
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out
. b
q ~
Y (b) {
X(x1)

% Ap ™~ 10_4, my z mx = QDM]’L2 = 0.12
> X (x7)

. Yb) =T

b
Re-Interpretation

109 40

—— ATLAS HSCP
—— CMS DT (AR cut)

=101 304 ST
3 ”é“‘ %
CDFO Region f M )
l*- N—
| 102 s 20
=10 A e

=
LY
0
0
.......
L
.
.
"

10_3 .......................

200 1000 1500 2000 2500 I
myx (GeV) 500 1000 1500 2000
-~ mx (GeV)

J. Heisig, AL, L. Ramos, 2404.16086
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out

. b
q -
Y(b,)/"<X<x9> » ,
= 0 Ap ~ 10 , mysz:>QDMh = 0.12
SN X(x7)
. Y (b) *{
b
Re-Interpretation
10° 40
—— ATLAS DV plus EITIliss
—— ATLAS HSCP
......... —— CMS DT (AR cut)
=101 ~30q4 A& e
§ ”é“‘ %
CDFO Region . e @
l*- N
-1072 § 200

10_3 ---------------

cT = 30 cm

200 1000 1500 2000 2500 I
myx (GeV) 500 1000 1500 2000
-~ mx (GeV)

J. Heisig, AL, L. Ramos, 2404.16086
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out

- b
q ~
v (5) »*’<X "
PR X1 _
vy e~ 10 Y,omy Zmx = Qpuh® =0.12
~ N 1
Y(b) -~
q <
Re-Interpretation
10V 40
—— OMS jets plus % (LLP veto)
—— ATLAS DV plus Emiss
-------- —— ATLAS HSCP
=101 - §30— CMS DT (AR cut)
i = O -
CDFO Region ¢ Nt &
N b~ bt
L 10-2 S 20
=10 A
10
10—3 ............... er = 30 em
000 1000 1500 2000 2500

|
myx (GeV) 500 1000 1500 2000

mx (GGV)
J. Heisig, AL, L. Ramos, 2404.16086
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out
. b
q ~
Y (b) {
X(x1)

< A~ 107% my > mx = Qpuh® =0.12
. X (x?)

. Yb) =T

b
Re-Interpretation

10V 40 .
—— CMS jets plus E*™ (LLP veto)
—— ATLAS DV plus Eiss
—— ATLAS HSCP
—— CMS DT (AR cut)
L1012 30~ —— ATLAS DV plus E2* (low mDV)
) g
: D)
CDFO Regio' N — U
N l*- N—
= 10—2 S 20 -
z <

10_3 ---------------
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200 1000 1500 2000 2500 I
myx (GeV) 500 1000 1500 2000
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Physics Impact: Examples

* Example: Minimal Conversion-Driven Freeze-out

. b
q ~
Y(b,)«"'{xu?) ) ,
% Ap ~ 107 , mymeiﬁth = 0.12
i X(x?)
. () <\b

Re-Interpretation

10V 40 .
—— CMS jets plus E*™ (LLP veto)
—— ATLAS DV plus Eiss
—— ATLAS HSCP
—— CMS DT (AR cut)
L1012 30~ —— ATLAS DV plus E2* (low mDV)
) g
_ F b}
CDFO Region ’ s @)
N l*- N—
= 10—2 S 20 -
z <

103

500 1000 1500 2000 2500 ' I
myx (GeV) 500 1000 1500 2000
-~ mx (GeV)

J. Heisig, AL, L. Ramos, 2404.16086

* New Signal » soft and mildly displaced objects

* New strategies have the potential to greatly enhace the sensitivity
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LLP Recasting Repository

* Recasting repo @ GitHub: github.com/Illprecasting/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

13 TeV ATLAS Displaced Vertex plus MET by AlLessa
13 TeV ATLAS Displaced Vertex plus MET by GCottin
8 TeV ATLAS Displaced Vertex plus jets by GCottin

Displaced Jets (CalRatio) amn J : 1 P
o 13 TeV ATLAS Displaced Jets in the calorimeter % . Q .

o 13 TeV ATLAS Displaced Jets plus X in the calorimeter

o

=]

Contributors 7

o

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

15
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Conclusions
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Conclusions

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

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

 |ots of effort from the experimental collaborations to provide the
necessary information.
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* @experimentalists:

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

* always aim for model independence!
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Conclusions

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

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

 |ots of effort from the experimental collaborations to provide the
necessary information.

* @experimentalists:

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

* always aim for model independence!

* Re-interpretation is essential for:
* identifying gaps in coverage!
* increasing the physics impact of searches
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Relnterpretation Checklist

1. If only simplified model efficiencies or upper limits are provided:

o Aim for model independece!
o Provide results for individual processes
o Parametrize results in terms of basic parameters (masses, lifetime)

o Try and cover a relevant part of this parameter space

2. Otherwise...

o Parametrized efficiencies (signature or object-level)

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

o Cards for event generation (benchmark models):

Process card. Parameters (model) card, Pythia card, ...

o Signal Distribution for “recasting observables” (benchmarks)
o Pseudocode

o Recasting guide

17
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)

* No HepData entry
* Model dependent UL (wino/higgsino)

* "Hidden" recast note and efficiencies!
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)

* No HepData entry * SimpleAnalysis code
* Model dependent UL (wino/higgsino) * Code error » empty cutflows
* “Hidden" recast note and efficiencies! ° Signature-level efficiencies with NaNs
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)

* No HepData entry * SimpleAnalysis code
* Model dependent UL (wino/higgsino) * Code error » empty cutflows

 “Hidden" recast note and efficiencies! * Signhature-level efficiencies with NaNs

i Sk S ] : ‘ . T . ; ;
Combined xi" ;" and xji xj production (wino) - Reference Combined xi x; and xi& 9 production (wino) - Generated
: -
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7.30e-04  2.40e-03  3.90e-03  590e-03  7.30e-03  7.90e-03  9.50e-03  1.00e-02  110e-02  1.10e-02 7.93e-04  247e03 41903 57703  6.88e-03  7.95e-03  8.91e-03  09.86e-03  1.0de02  1.13e-02 1074
9.20e-04  3.10e-03  4.80e-03  690e-03  830e-03  9.00e03  110e-02 1.10e-02 1.20e-02  1.20e-02 1.13e-03  3.03e-03  5.08e-03  6.55e-03  7.86e-03  09.05e-03  9.98e-03  1.08e-02  LlGe02  1.16e-02
100 4
M 10-%
1.20e-03 3.60e-03 5.30e-03 6.80e-03  8.00e-03 9.30e-03 1.10e-02 1.10e-02 1.10e-02 R e- | N te r p reta t 1I0ON = 556e-03  6.87e-03  8.26e-03 8.93e-03  9.94e-03 1.03e-02 1.10e-02 1.11e-02
130e-03  360e03  490e03 610003  6.90e-03  7.90e-03  B.60e-03  8.40e-03  890e03  8F0e03 1.37e-03 h’e-oz 510e-03  6.70e-03  7.40e-03  7.71e-03  847e03  8.40e-03  8.48e-03  8.64e-03
z 0 F
— c
1.30e-03 3.00e-03 3.80e-03 4.60e-03 4.80e-03 5.40e-03 5.60e-03 5.20e-03 5.50e-03 5.10e-03 — 1.49e-03 3.14e-03 4.258-03 4.85e-03 5.46e-03 5.62e-03 5.35e-03 5.63e-03 5.45e-03 5.52e-03 w
+H
o, E
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Thanks to L. Ramos!
Andre Lessa | UFABC 11



) [ns]

i o

X

il

Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)

* No HepData entry * SimpleAnalysis code
* Model dependent UL (wino/higgsino) * Code error » empty cutflows

 “Hidden" recast note and efficiencies! * Signhature-level efficiencies with NaNs
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Re-Interpretation “Failures”

* Example: ATLAS-SUSY-2018-19 (Disappearing Track)
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