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Motivation

see also today’s talks by B Clerbaux and F. Conventi

e Dark matter (DM) models often assume just a DM
candidate and a mediator

e This does the job for many useful considerations
related to DM. However, there is ample motivation
for more extensive beyond the Standard Model
(BSM) physics

e “Full” BSM theories, like SUSY & Co, typically have
a rather complicated spectrum, and DM production
at the LHC might primarily come from cascade
decays of other new particles ...

>>

jet, or v+ B

e Need to know how the LHC searches in events with jets and/or leptons + MET
affect DM candidates in full BSM models.
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¢ |t has become standard that ATLAS and CMS
present the results of their BSM searches in
terms of “simplified model” constraints.

¢ Simplified models (SMS) reduce full models
with a plethora of particles and parameters
to subsets with just 2-3 new states and a
simple decay pattern, mostly assuming 100% BR.

e Concept used by SUSY, Exotics, DM searches

e \ery convenient for optimising analyses that
look for a particular final state, as well as for
comparing the reach of different strategies.

¢ Understanding how SMS results constrain
a realistic model with a multitude of parameters,
relevant production channels and decay modes

IS, however, a non-trivial task.
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what do these mean for my model? "
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arXiv:1312.4175 (v1.0)
arXiv:1701.06586 (v1.1)
‘Mp\me http://smodels.hephy.at

SModelS provides an automatic decomposition of the collider signatures of a BSM model
into all its relevant SMS topologies. Topology weights (6xBR) are then compared against
the experimental constraints in a large database.

Branches % 6g®p oot
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Input: mass spectrum with decay table and S 0 1000 120014031600 18002002
cross section information (SLHA format), or m; [GeV]
particle level MC events (LHE file)

Also identifies the most important ‘missing topologies’
for which no experimental result is available.

Working assumption: Z2 symmetry; i.e. new particles are produced in pairs (2-branch structure)
and cascade-decay promptly to the lightest one, which is stable and leads to missing energy.
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Topology description

An SMS topology is entirely defined by the number of vertices in each branch together with
the SM particles originating from each vertex (final states) and a mass array containing the
ordered Z>-odd masses

Branch Branch
v
1 1
Mass3 Mass5 Py I | I |

2N anil

by

Vertex Vertex Vertex

Mass4
Branch Branch

I/r I|T|

[[ Mass1, Mass3,Mass5],[ Mass2, Mass4]]

Mass compression: decays of almost degenerate BSM particles into each other are treated as invisible.
Invisible compression: several inv. final-state particles at the end of the decay chain are combined into one.
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Experimental constraints

need these in

Upper Limit (UL) maps / umerical form \ Efficiency maps (EM)

CMS 19.3 b (8 TeV) CMS simulation 19.3 b (8 TeV)
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Upper Limit maps give the 95% CL upper limit on Efficiency maps correspond to a grid of simulated
cross section x branching ratio for a specific SMS. acceptance x efficiency values for a specific signal
region for a specific simplified model.
The UL values can be based on the best SR (for 9 P P
each point in parameter space), a combination of Together with the observed and expected #events
SRs or more involved limits from other methods. in each SR, this allows to compute a likelihood.
Limit on oxBR Limit on 2exoxBR

NB: the 95%CL exclusion curve is not used, cannot be re-interpreted
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J. Dutta, SK, A. Lessa, W. Waltenberger

arXiv:1803.02204
Impact on pMSSM
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19 free parameters; using ATLAS pMSSM scan from arXiv:1508.06608

Sabine Kraml — SModelS — 7


http://arxiv.org/abs/1803.02204
http://arxiv.org/abs/1508.06608

Procedure applicable to any model with a Z> symmetry

® BSM particles are described only by their masses,
production cross sections and branching ratios.

- Final States
(Z-even)™ [ Vertex
P

A 7 ~~

BSM states Branch

Vertex -

¢ Underlying assumption is that differences in the event
kinematics from, e.g., different production mechanisms
or the spins of the BSM particles, do not significantly
affect the signal selection efficiencies.

Branch

Arkani-Hamed et al., hep-ph/0703088
Alves et al., arXiv:1105.2838

e Tested for and successfully applied to minimal and
non-minimal SUSY (NMSSM, UMSSM, sneutrino LSP), v
as well as non-SUSY models (XQ, UED ...) s e

SK et al, 1312.4175;

Belanger et al, 1308.3735;

Barducci et al., 1510.00246;

Arina et al., 1503.02960;

Edelhauser et al., 1501.03942;
Belanger et al, 1506.00665;

SK et al,1607.02050 and 1707.09036.

Mass4

Information used to
classify topologies
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http://arxiv.org/abs/arXiv:1105.2838

Barducci et al., 1606.03834

Integration in MICFOMEGAS 4. onwaras

iINn main.c
#define SMODELS Automatically writes the input needed by SModelS:
e an SLHA-type input file, containing the mass
spectrum, decay tables and production cross
#ifdef SMODELS sections for the parameter point under
{ investigation;
int result=0;
double Rvalue=0;  the particles.py file defining the particle content of
char analysis[30]={},topology[30]=(}; the model, specifically which particles are even
int LHCrun=LHCS8 | LHC13; and which ones are odd under the Z> symmetry;
#include "../include/SMODELS.inc"
} SModelS specific settings can be chosen in
#endif parameters.ini

BLOCK SModelS Exclusion

00 1 #output status (-1 not tested, 0 not excluded, 1 excluded)
10 T2 #txname, see http://smodels.hephy.at/wiki/SmsDictionary
11 1.514E+01 #r value ... theory prediction / 95% CL exp. upper limit
12 N/A #expected r value

13 0.00 #condition violation

14 CMS-SUS-16-033 #analysis
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Integration In

IN Main.c

#define SMODELS

#ifdef SMODELS
{
int result=0;
double Rvalue=0;
char analysis[30]={},topology[30]={};
int LHCrun=LHC8 | LHC13;
#include "../include/SMODELS.inc"

}
#endif

Barducci et al., 1606.03834

m |CrO M EGAS (v4.3 onwards)

Automatically writes the input needed by SModelS:

e an SLHA-type input file, containing the mass
spectrum, decay tables and production cross
sections for the parameter point under
investigation;

 the particles.py file defining the particle content of
the model, specifically which particles are even
and which ones are odd under the Z> symmetry;

SModelS specific settings can be chosen in
parameters.ini

BLOCK SModelS_Missing_Topos #sqgrts[TeV] weight[fb] description

013 2.635E+02 [[[jet]],[
113 7.355E+01 [[[jet] ,[Jet]],[
213 4.716E+01 [[[jet]],[

Sabine Kraml
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Applicable ‘out of the box’
beyond the MSSM (also non-SUSY)

Example: MSSM + sneutrino DM



MSSM + RH sneutrino

Model: MSSM augmented by a RH sneutrino superfield; L-R sneutrino mixing due to
large A-terms that are not proportional to Yukawa couplings

2 . 1.2 1 4 s
o _ [ Mgt amzcos2B FAsusinf Arkani-Hamed et al., hep-ph/0006312
v % Ay vsin mZ Borzumati, Nomura, hep-ph/0007018

Mostly RH sneutrino LSP can be good dark matter candidate; 12 parameter scan

My, My, M3, myp, mp, my, Mg, My, A, Az, Ay, tan 3, sgnp. Arina, Cabrera, 1311.6549

meo —my)/mp < 0.10
X1
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arXiv:1503.02960

MSSM + RH sneutrino:
LHC constraints on mixed sneutrino dark matter

e The addition of a (mostly RH) sneutrino LSP to the spectrum significantly alters SUSY
signals at the LHC w.r.t. expectations in the MSSM.

- Charginos can decay to |*V1 [lepton-enriched signatures]

- Neutralinos can decay to V1 [invisible]

e Can have several invisible sparticles in a decay chain! N
Excluded points grouped according to analyses and topologies slepton searches constrain
600 ICRIERS DURACN 7o S AR L0 chargino-pair production
w 500_ Seiee s . :. .:.‘ .. ; Ny &, : ) P . ;.;..... . NOt eXCIUded
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s 9 3000 PR in Sg I TSR | ... ATLAS-SUSY-2013-02, j —gg + MET
3 & . - eee CMS-SUS-13-007, j—2t + MET
c = CMS-SUS-13-012
7] 200 * CMS-PAS-SUS-13-015 MET
e «« CMS-SUS-13-006
it AR ', ’ A -ﬁ'»’,-'"‘r‘..'-\ i ATLAS-CONF-2013=66%5-26 + MET
100} -«‘ / .‘ 2 . 3 ; . o ¥ \ x:-. £ a
@ o O A ISP T MU ITPPNOCOUBPTPITIR ©  § o o oy o0 Many point not excluded because of additional
5 | 1 | leptons in the events (lepton veto in the analysis)
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MSSM + RH sneutrino:

arXiv:1503.02960

LHC constraints on mixed sneutrino dark matter

... iIn sneutrino vs. chargino mass plane:

Excluded pomts grouped accordmg to analyses and topologles

400 :
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CMS-SUS-13-007, g —2t + MET
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http://arxiv.org/abs/1503.02960

arXiv:1503.02960

MSSM + RH sneutrino:
LHC constraints on mixed sneutrino dark matter

Missing topologies 600 Missing topologies with highest cross section, s X BR=1 fb
e The most important signature for o
which we do not have any applicable 4o -
SMS result is single lepton + MET g ool
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£ 400 g
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Full models can be decomposed into
simplified model components.

To what extent do the available SMS results
map a full model?

' naive SMS limit

. SModelS (8 TeV)

. SModelS (13 TeV)

o
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Compare with ATLAS pMSSM study (8 TeV)

In 1508.06608, ATLAS interpreted the results from 22 separate ATLAS searches in the
context of the 19-parameter phenomenological MSSM (pMSSM) [vast scan]

ATLAS pMSSM: z‘: LSP ATLAS pPMSSM: zj’ LSP ATLAS pMSSM: z:’ LSP
;‘ L L L L L L 1 8 ;800 I‘II‘III|II—1I T T 1 8 ;800 ""I“‘I"'I"'I"‘ 1 8
3 - 1s=8TeV, 20.3fb™ El 2 \s=8 TeV, 20.3 fb' l g " 1s=8TeV,20.3 b g
<1000 —— § — qq, [1405.7875] 82 — I — 1o 82 o | = b, - by [1308.2631] 08 %
= L = 600 ! L = 600 L
S % S L % € L %
1068 i 68 i 1068
i - 400+ “ 400+ 5
500 045 I ; ~04 5 I 045
i § 200/ ﬁ L‘,_ié 2001 §
0.2 = 0.2 L 0.2
500 1000 1500 2000 ° %200 400 600 800  1000° 200 400 600 800 1000 °
m(g) [GeV] m({) [GeV] m(b) [GeV]
ATLAS pMSSM: B-like LSP1
= _""|""|7;"‘|""|"' 3 ]
§ [ leeTevaab E How well can we reproduce the ATLAS exclusion
253000_ m(x,)=0 GeV [1405.7875] 0.8 3 . . '
E T ; v by using simplified model results?
[ 063 _ :
o - SHLA files from the scan are public on HepData
045 . . .
ook g together with the information whether or not they
02" are excluded, and by which search. So let’s run
A il tinivini A them through SModelS ...
0 500 1000 1500 2000

m(g) [GeV]
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1707.09036

8 TeV results iIn SModelS v1.1.1 database

ATLAS

CMS

Analysis ID SModelS database Analysis ID SModelS database
O-lepton + 2-6 jets + EF=  SUSY-2013-02* 6 UL, 2 EM jets + EFS, ap SUS-12-028 4 UL
O-lepton + 7-10 jets + EX= SUSY-2013-04* 1 UL, 10 EM® 3(1b-)jets + Emis SUS-12-024 2 UL, 3 EM
2 llepton + jets + B SUSY-2013-20* 1 UL from CONF-2013-089 % jet multiplicity + Hp' SUS-13-012 4 UL, 20 EM!
2 7(1/f) + jets + EFS SUSY-2013-10 — = >2jets + EFsS My, SUS-13-019 8 UL
£ SS/3-leptons + jets + E@= SUSY-2013-09 1 UL (+5 UL, CONF-2013-007) % > 1b + E¥* Razor SUS-13-004 5 UL
0/1-lepton + 3b-jets + EF>= SUSY-2013-18* 2 UL, 2 EM _E 1 lepton + > 2b-jets + EF* SUS-13-007 3 UL, 2 EM
Monojet - — (but monojet stop, see below) é‘ 2 OS lept. 4+ >4(2b-)jets + Em= PAS-SUS-13-016 2 UL
~ O-lepton stop SUSY-2013-16* 1 UL, 1 EM 2 SS leptons + b-jets + EF SUS-13-013 4 UL, 2 EM
£ 1-lepton stop SUSY-2013-15* 1 UL, 1 EM bjets + 4 Ws + Emiss SUS-14-010 2 UL
£ 2-leptons stop SUSY-2013-19* 2 UL . 0lepton + > 5(1b-)jets + EF™  PAS-SUS-13-015 2 EM
§° Monojet stop SUSY-2013-21 4 EM §° 0 lepton + > 6(1b-)jets + EF  PAS-SUS-13-023 4 UL
< Stop with Z boson SUSY-2013-08 1 UL = 1lepton + > 4(1b-)jets + EF'  SUS-13-011 4 UL, 2 EM
‘2 2b-jets + Emss SUSY-2013-05* 3 UL, 1 EM* 2 bjets + Efs PAS-SUS-13-018 1 UL
& th+E™S stop SUSY-2014-07 — = soft leptons, few jets + B SUS-14-021 2 UL
R4 SUSY-2013-23* 1 UL _ Z  multi-leptons + B SUS-13-006 6 UL
< 2-leptons SUSY-2013-11 4 UL,4 EM*
5 21 SUSY-2013-14 — incl. ‘home-grown’ EMs produced with Mad Analysis5 or CheckMATE recasting.
£ 3 leptons SUSY-2013-12 5 UL
£ 4leptons SUSY-2013-13 —
Disappearing Track SUSY-2013-01 n.a. in current framework
_g:"': Long-lived particle — n.a. in current framework
S H/A—- 11 — n.a. in current framework

* plus Fastlim EMs for preliminary version (conf note) of the analysis.
t incl. ‘home-grown’ EMs produced with MadAnalysis5 or Check MATE recasting.

Sabine Kraml
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1707.09036

Coverage in gluino vs. neutralino mass plane

Bino-like LSP Higgsino-like LSP
Fraction of Bino LSP ATLAS excluded points excluded by SModelS Fraction of Higgsino LSP ATLAS excluded points excluded by SModelS
< 900f 1 900¢ T 2
O C = 2 1 2 6 1
9 800:_ 800:_ 4 11 1 7 10 1
w700 700
& - -
600 — 600 —
- - : —10.6
- = 86 110 114 10
500:_ 153 131 139 138 88 500:_ 132 134 137 164
= 139 153 120 101 85 78| |0° = 139 133 158 196 — 105
400: 181 162 92 109 84 64 |y, 400: 173 170 203 B 158 154 142 145 139 _ |, ,
- 157 140 88 90 90 63 - 212 188 172 171 164
300:_ 148 115 ezl 9 100 85 85 0.3 300:_ 224 257 287 258, 193 204 205 188 0.3
- 111 102 105 112 106 107 1 103 \134 125 108 107 - 283 285 317 237 237 218
200:_ 98 94 105 114 1@104 64 86 98 0.2 200:_ 296 314 337 265 260 265 0.2
= 57 48 60 53 61 5£ 53 |46 53 65 36 = 306 313 356 323 P89 202 248 251
100: 82 83 95 77 104 104\ 71 |78 67 110 107 0.1 100: 14 7 15 11 8 11 - 3 |5 1 - 4 0.1
0LC il B L L0 T LI < P I A 0 o) ST R VSN ISV ESFUVATIN EEAIN RN FRVI R 0
0 200\ 400 600 800 1000 1200 00 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
m,, [GeV] m,, [GeV]

~ _~O . .
gf% QZ_?E:giI:(S)lon gne number of points in each bin
o 5.7875  (excluded by ATLAS)

e (Coverage drops for intermediate gluino masses, where a larger variety of decay
channels becomes available; more pronounced for bino than for higgsino LSP.

e NB only the part of the cross section that goes into simplified model topologies,
for which SMS results are available, can be constrained by SModelS.
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Most important missing topologies

i.e. topologies for which no SMS results are available

Bino-like LSP

1200 . l | |
Opmanw <1 Tb
e ¢ o Other topologies
1000+ [[[jet]].[[jet].[jet]]]

oo« [[[jet] [jet,jet]][[jet,jet]]]
«oo [[LI[jet,jet]]]

800} ° - I[blLIblLIlet],[b],[b]]]
eee [[LI[jet]]]

I
o
o

T

200

Bracket notation:

v

/ [+ Branch Branch
=[[71[v]]

! [V] | 1\ | | 1‘ |
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VYV

Vertex Vertex

i+l
— [[l_l+]] Vertex
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gluino-squark
_____ assoc.production

assoc. production
with LSP
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COnCI US|OnS e SModelS is an automatised public tool for
testing BSM scenarios with a Z> symmetry

& OUtIOOk against ATLAS and CMS searches in the

context of simplified model spectra results

¢ [nterfaced from micrOMEGAs for fast testing of
e~ DM scenarios against LHC constraints

e Also identifies relevant missing SMS topologies

A

e (Caution: full models can be decomposed into
SMS components, but SMS do not fully map
a complex model — limits are conservative

Combination of signal regions : v1.1.3 to be released soon

Inclusion of lifetimes to be able to treat also LLP results

Extension to general topologies beyond the 2-branch structure

to include also constrains for mono-X searches
— need to revisit SMS assumptions, perhaps include quantum numbers topologies



O
A réfevant

Wl Section \)5\(\9"2..,_',

thanks to:
Federico Ambrogi, Juhi Dutta, Humberto Reyes Gonzalez, Suchita Kulkarni,
Ursula Laa, Andre Lessa, Veronika Magerl, Jory Sonneveld, Michael Traub,
Wolfgang Waltenberger, Matthias Wolf

plus people collaborating on physics projects: Chiara Arina, Genevieve Belanger,
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Dark matter simplified model results

e At the LHC, DM production is searched for in
mono-X signatures, e.g. mono-jet, or in
association with heavy flavour quarks.

® Interpreted in terms of EFT or simplified model
with a DM particle plus a mediator.

® Primary presentation recommended [...] are
plots of the experimental confidence level (CL)
limits on the signal cross sections as a function
of the two mass parameters mpyy,and M., .

LHC DM WG,1603.04156

e |n practice, constraints are presented by ATLAS
and CMS as 95%CL limits on 6/0theory, Which is
highly model dependent.

- Would need to unfold Oineory to use these results,
but reference cross section not provided.
Source of systematic uncertainty.

Sabine Kraml DSU 2018 - Annecy

~ ATLAS Preliminary
L Ys=13TeV, 36.1fb"
| Pseudo-Scalar Mediator
Dirac Fermion DM

gq: 1.0, gX =1.0

200—95% CL limits

100

- When variety of signal topologies exists,

——— Relic Density (MadDM) -

400

600
m, [GeV]

efficiency maps would b useful.
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95% CL upper limit on 0/0theory
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(Re)interpretation methods

Plus Plus
- Fast, suitable for - More general,

scans and model
surveys

- Easy classification
of uncovered

signatures Reproduce exp
% - Use S'Tepsl':'l‘:: Ll analyses in MC event
to';glzg?epse simulation

- Availability of re-
usable results
(useful format)

- Validity of SMS
assumptions

[SModelS, Fastlim, XQCUT]

Fast and precise, but so far model-specific
[SUSY-AI, SCINet]

DSU 2018 - Annecy

Sabine Kraml

more precise
- Can test
prospects of
improving an
analysis

Minus

- Need detailed
information from
experiment
about each
analysis

- Need emulation
of detector
effects

- Very CPU time
consuming

- So far only
cut&count
analyses

[CheckMATE,
MadAnalysis),
Rivet, Gambit]
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Scalar versus fermionic top-partner interpretation of ttbar + MET searches
SK, Laa, Panizzi, Prager, 1607.02050

e Used ATLAS and CMS SUSY searches in ttbar+MET final

state at Run 1 to constrain scenarios with a fermionic top
partner and a dark matter candidate.

e Efficiencies in all-hadronic, 1-lepton and 2-lepton channels
are very similar for scalar and fermionic top partners.

e SMS results for stop—neutralino simplified models can also
be applied to fermionic top-partner models, provided the
narrow width approximation holds in the latter.

e Official eff. maps don’t extend to high enough masses, so we
provide our own: http://lpsc.in2p3.fr/projects-th/recasting/susy-vs-vig/ttbarMET/
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http://lpsc.in2p3.fr/projects-th/recasting/susy-vs-vlq/ttbarMET/

