£15CCNH

CENTRO DE CIENCIAS
NATURAIS E HUMANAS

Universidade Federal do ABC

Constraints on aTwo Mediator André Lessa
Dark Matter Model (jrapc - ss0 Paulo)

from Simplified Models

RiF Workshop
February 25th, 2025

In collaboration with M. Altakach, S. Kraml! ' S. Narasimha, T. Pascal,
C. Ramos, Y. Villamizar and W. Waltenberger



André Lessa | UFABC

Why Simplified Models?

* Most BSM searches are now interpreted using simplified models (SMS)
* They provide a nice framework for less model independent results
* Can be used to compare constraints from distinct searches

* But they can also be used for re-interpretation!

Simplified w
Models Full Model
Space”

ATLAS, * Pros:

* Many SMS results have been
produced by the experimental
collaborations

“Data”

* No need for recasting or event
simulation

* Sometimes the only
alternative for complex
searches

expensive

* Very fast!
(recasting-» analysis code +

event simulation) 5



SModelS v3

e SModelS 3 a tool for the “last mile”
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* |t has been applied to study many BSM models

* Until recently contained mostly R-Parity preserving SUSY-inspired SMS

* Version 3 can now handle arbitrary simplified models (» talk on Thursday)
* including “non-SUSY” results from the DM/Exotica groups

Simplified
Models

Data

“Full Model
Space”

Can we use these results to test
UV complete DM models?
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Two Mediator DM (2ZMDM)

* A minimal (almost UV complete) DM model: SM + U (1)’

« New gauge boson
 New scalar (breaks U(1)) —=——> Z//JJ, ¢, X

* New Majorana fermion (DM)

* UV Lagrangian:
1

L =g, Zz@qquZ’“ — ZF/WF’/“” )" breaking:
q
mz:r, Ty
Lo = (D"9)' (Du0) — i3lof ~ Nalol! ~ Nslo? I, <'
! e ! * ¢ — H mixin
Ly = §><5’>< — 592" XY X = SUxX (P + Pré™) x &
(sin a)
* Free parameters: {mz, mg, my, gy, 9q, Sina}
~ 1 TeV | o S q 4 X G < TrEer t q, X
~ 0.5 TeV | ———— Z u> _____
S
INTITT
~ 100 GeV — T q {jaX (?,X
g9, 4qq, --.
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Two Mediator DM (2ZMDM)

* Production cross-sections: * New Scalar-Higgs mixing:
LHC@13 TeV 2MDM model SModelS v3.0.0 2MDM model
103 ; 0.6 TR T — 0.4
? — w7 S ?fg 2 .
102 4 —=- p—S 0.5 AP iy ey~
: 2l 0.3
0.4 1 ' § B
.\é/ 0.3 - X lim-t E"o 1ggs signal strengt.h 0.2 g‘
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i sina = 0.3/ S~ o N
: >~ bl s Ly
1073 : : : . — - 0.0 = @Cale - 2D
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mS/Z/ (GGV) mg (GGV)

Loop suppressed limit from
monojet searches

* The new scalar has a neglible impact on the LHC signal!

I y — Z/ — qq diiet
* We consider only the Z'signal: ¥ 99 (dijet resonances)

pp — 7 — XX (monojet)
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Making Use of SMS Results

* Signal efficiency mostly depends on: mgz/, m, (I'z)

* What can be directly used:
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Making Use of SMS Results

* What is often found within the reinterpretation material:

1)

| —«— Observed 95% CL
00— SRR Expected 95% CL

E Expected 16
E Expected 2 ¢

95% CL limiton o, /o4, (9

Pseudoscalar, tta, a — xx

10— /~~~ Theory unc. on o5,(9=1.0)
S JHEP04(2021)174, 1L (exp)

9=9,=9,= 1.0, m(y) = 1 GeV

ATLAS
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Limits on signalx
strength

* Plots in digital format are not always available!
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* Limits on couplings or other model parameters are more model dependent

* The signal/model assumptions are not always clear » can be avoided with a
more model-independent presentation



Making Use of SMS Results

e The Z' can be a broad resonance;

2MDM model

‘ 2000
m 7 (GBV)

* The limits strongly depend on the width
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* Many resonance searches do not give width-dependent [imits!
(for these we assume validity only for width/mass < 1%)



Two Mediator DM (2ZMDM)

* Simplified model results considered:
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ID Signature Luminosity SMS Topology Type
Run 2 - 13 TeV
ATLAS-EXOT-2019-03 [12] Dijet resonance 139 fb~1 pp— Z' — j4,bb UL
ATLAS-EXOT-2018-48 [13] tt resonance 139 fb~! pp—Z =t UL
CMS-EX0O-19-012 [14] Dijet resonance 137 fb~! pp— Z' — jj,bb UL
CMS-EXO0-20-008 [15] b-jet resonance 138 fb~1 pp — Z' — bb UL Cffici M
CMS-EXO-20-004 [16] N 1378 o2z, S-xw  (EMD—> 'C'enc{j aps
ATLAS-EXOT-2018-06 [17] Monojet 139 fb1 o0 Z' — xx UL __w computea
ATLAS-SUSY-2018-22 [18]  Multi-jet plus ER's 139 fb1 pp— Z' = xx using recasting
Run 1 -8 TeV
CMS-EXO-16-057 [20] b-jet resonance 19.7 fb~1 pp — Z' — bb UL
CMS-EX0-12-059 [21] Dijet resonance 19.7 th! pp— Z' — jj UL
ATLAS-EXOT-2013-11 [22] Dijet resonance 20.3 b~ pp—= Z' — jj UL

* We assume CMS monojet and ATLAS multijet to be uncorrelated

> statistical combination of analyses

* 2MDM scan:

Jq gy my (GeV) | mz (GeV) | Npoints
0.1,0.15 | 0.01 65 (200, 3000) 6k
0.15,0.25 | 1.0,/2 | (65, mz/2) | (200, 3000) | 6k

0.1 0.6 (65, mz/2) | (200, 3000) 6k
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Two Mediator DM (2ZMDM)

* Limits from jet(s) plus MET:

SModelS v3.0.0 2MDM model
1000 —
B ATLAS-SUSY-2018-22 /
BN ATLAS-EXOT-2018-06 /,’
BN CMS-EXO0-20-004 . .
800 - ATLAS SUSY-2018.22 |17~ Observed limits are weaker than
W CnsEXO-20-004 7 4 -
= T = | — —  expected (over-fluctuations)
S 600 - CEEZIN Y, — T
O ] T
<
= 400- >CMS monojet is expected to be
V1 stronger than ATLAS multijet,
200 4 ¢ but the opposite is observed
o0 10001500 2000 25“ The observed limit is driven by
(A (GGV)

the ATLAS multijet search

10
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Two Mediator DM (2ZMDM)

* Monojet versus Resonance searches:

5 SModelS v3.0.0 2MDM model 1556 SModelS v3.0.0 2MDM model

Not Excluded
ATLAS-SUSY-2018-22

12504 ® + CMS-EXO0-20-004 g q < g X
o ATLAS-EXOT-2019-03
ATLAS-EXOT-2013-11

S\ 1000 1 CMS-EX0-19-012
8 o CMS-EXO-16-057
750 -
> 99 = 0.1
s gy = 0.6
500 -
250 -
1000 2000 3000 2500 3000
mygr (GGV)
MET searches
SModelS v3.0.0 2MDM model
1500
U p gq > @ Gap from 13 TeV searches
ow |+ g 91~ Do P
CMS-EXO-19-012
% 1000 A go = 025
= /2 23'GORN
S 750, % V2 | |
_ |
S : .
500 oy v SIS T~ Large width
S i ® O CatN ‘y-
250 . ,1 : -

—» Only width-dependent limits

1500 2000 2500 3000 available
mg (GGV) 11

500 1000



Conclusions

* Simplified model results can be highly useful for reinterpretation

* Producing SMS results in a systematic way can greatly benefit the reinterpretation
community:
] Limits on 6xBR (for UL maps) and not on signal strengths!

] Coverage over the relevant simplified model parameters (masses, ...) and not over
underlying model parameters!

[0 For resonance searches include the width dependence
0 Whenever possible, provide efficiency maps (Ag)

[ Statistical information (e.g. pyhf likelihoods)

 Applying the current results to the 2MDM revealed several issues:

* lack of width-dependent SMS results

* no (13 TeV) coverage for small masses

* [imits on “secondary” model parameters (couplings, tanp, ...)
» few efficiency map results,...

Thanks!

More on SModelS: https://smodels.github.io/
12


https://smodels.github.io/

Backup
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mpwm (GeV)

Making Use of SMS Results

e Other issues with SMS results

137 fb~1, 2016-2018 (13 TeV)
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Two Mediator DM (2ZMDM)

* Limits from jet(s) plus MET:
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Two Mediator DM (2ZMDM)

* Analyses combination: Leot(u) =[] Li(w)

SMODELS v3.0.0

2MDM model
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Two Mediator DM (2ZMDM)

* Resonance searches:

g SModelS v3.0.0 2MDM model SModelS v3.0.0 2MDM model
e ATLAS-EXOT-2019-03 Z' - jj 7' — bt ATLAS-EXOT-2018-48
ATLAS-EXOT-2013-11 — CMS-EX0-20-008
CMS-EX0-19-012 —— CMS-EX0-16-057
3 | = CMS-EXO-12-059 3 1 : CMS-EXO-16-057
CMS-EX0-19-012 (94 = 0.15)
(g4 = 0.15)
e | B |
£ <2 |
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] | = o e \ ————— 14
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