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MNobel Dreams

Great Idea: A New Physics Model
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In the presence of (several) positive results, global “frequentist” fits
would actually run into conceptual problems.

(E.g. how do we fit 100+ free parameters? How do we choose between an n-
dimensional SUSY model and an m-dimensional alternative model? How do we decide
if our model is acceptable, with 100+ free parameters? How do we verify we found the
global maximum? How do we decide if we need to make changes to our model? )
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Alternative (in addition to global fits, not instead of them):

Incremental, bottom-up approach, starting from data, using
simplified models as an “abstraction layer”:
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The Idea behind SModelS =

SModelS Is a tool to confront BSM models with
LHC results.

Contrary to MadAnalysis or CheckMATE,
SModelS does not recast analyses;

rather it makes systematic use of the simplified
models results

— both upper limits and efficiency maps —

given by the experimentalists.



The ldea behind SModelS = MelS

SModelS confronts a BSM theory with LHC
results by decomposing full models into their
simplified models topologies, and comparing

the cross section predictions of these individual
topologies with a database of SMS results.
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Simplified Models results

CMS-SUS-16-025: upper limits
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Simplified Models results

CMS-SUS-16-025: upper limits
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Simplified Models results *
CMS-SUS-16-025: upper limits
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Simplified Models results *
CMS-SUS-16-025: upper limits
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Simplified Models results *
CMS-SUS-16-025: upper limits
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Simplified Models Results S

ATLAS-SUSY-2016-01: efficiency maps
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We use the signal efficiencies to compute upper limits on production cross sections.
Additional ingredients are: the number of observed events,

number of expected (background) events, and the error on the number of expected
events!

Signal efficiencies, parametrized in the mass space of a simplified model



Formal language to describe the
applicability of an SMS result



formal language

A formalism is needed to describe which part of a
fundamental theory is constrained by what model under what conditions.
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A formal language

A formalism is needed to describe which part of a
fundamental theory is constrained by what model under what conditions.
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A formal language

A formalism is needed to describe which part of a
fundamental theory is constrained by what model under what conditions.
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We ignore the nature of
the BSM patrticles

And describe the [T
“constraint” in our
formal language:

constraint: [ [[e*]].[[e’]] + [[p]].[[1]] ]



A formal language

A formalism is needed to describe which part of a
fundamental theory is constrained by what model under what conditions.
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And describe the ZJI

“constraint” in our
formal language:

constraint: [ [[e]],[[e’]] + [[pw]LI[w]] ]

In this case, the experiments make the implicit
assumption that:

o( [ [le"1.[leTT1 1)=a( [ [WILIkT ])

We take this into account by demanding from
the theory that:

condition: [[u*]L.[v7]] = [[e"]L.Ie7]] - &



Building up a database



Construction of the
SModelS database

I Topologies Type £ [ﬂ: 1 W
sl |:"'|."'\: L-uu2 | s T Tlbkbb, Tleett |alf] ul 2.2 14
CUS-PAR-SUS-13015 | 1 T2t ul LI b
CUS-PAR-SUS-13015 | 1 T2t efl LI b
CRIS-PAS-SUS-13-016 | 1 Tleetk|df| ul 1.7 = T e e _
CMS-PAS 'l':-i-lﬂ-l]ll:i L: Tltttt|od]| off 19,7 B e e T T‘f’f“ = [4’2 ] i
CHS-PAS-SUS-15-018 | 1. T2kE ul 14,4 = T BB AT e ,
ATLAS-CONTF-2013-024 | 1. T2t ul 0.5 B
CHS-PAS 'l"4 123023 | & T2ekb[of |, TOhEWW|of| ul 5.0 B | ATLAS-CONT-2013-024 | 24 T1, Tlkbbh, T1khkt, Tikhgg, Tlkhtt... =ff 204 &
CMS-PAS-SUS-14-011 | 3 Tlkbbb, Tlttttfof], T26t[of]... ul [0 8 | ATLAS-CONF-2013-024 | 24: T1, Tlbbbh, T1kbbt, Tlkbgq, T1bbtt... off L0 |
S-S5 12024 2. TlIkkbbk, Tltttt|afl) ul 1.4 o] ATLAS-CONT-2013-024 | 24: T1, Tlhbkh, T1kbkt, Tlkbgg, T1kbtt... aff 1.0 B
CMS-SUS- 1909 3. Tibbbhb, T1tt]of] i 1.4 o | ATLAS-CONT-2013-035 | 24: T1, Tibbbh, T1bbbt, Tlbbyg, T1bhtt... eff 0.7 2
CMS-5US- 12.078 & T1. T1LERE, T1 — | e o | ATLAS-CONT-2013-036 | 1: TChiChiSlepSlep ul 20.7 &
. O bah, Littts, La Labh... u - ' | ATLAS-CONF-2013-037 | 24: T1, Tikbbh, T1bbbt, Tlbhgg, Tlbhtt... =ff 20,7 El
CRIS-5U5- 134002 I: Tlekki ul 195 B | ATLAS-CONT-2013-047 | 24 T1, Tlkbbh, T1khkt, Tlkhgg, Tlkhtt... =ff 20.3 El
S-S5 13-004 3 Tlkbhb, Tltttt[ofl], T2tt[af]... ul 193 B | ATLAS-CONT-2013-048 | 24; T1, TIhbbh, T1kbbt, Tlhbgg, Tlbhtt... eff 20.3 &
CRS-51U5- 13406 H TChChipm&lepl, TCRChipmSlepSta. .. ul 195 # -J';:--J‘:':":':EE'?:::;'”“; ::1 i: $::”>: 11:::?:::"- $:H'tlﬁl- _I-l:::?:“--- »‘g jg:’ ;
e . I . 0. Q ATLAB-CONT-2013-053 | 24; . kb, shkst, shigey, shkk... = -
- ”:H Ht :jg;’ _II: FI hit “r T . * 'Ir :‘:; o | ATLAS-CONT-2013-033 | 24: T1, Tihbbh, T1bbht, Tlbhag, Tlbbit... off 1.0 8
T ' 2: Tltbbjod|, TSbbbt{od| u 9. ' | ATLAS-CONT-2013-054 | 24: T1, Tibbbh, Tbbbt, Tlbhaq, Tlbbtt... | o | 203 | &
CHS-5US- 134007 L: Tlebkt|edl| el 19.3 B | ATLAS-CONT-2003-061 | 24: T1, Tlhbkh, T1khbt, Tlkbgg, Tlkhtt... =ff an. | 2
CMS-5US-13-011 2 T2et[afl]. THREWW o) ul 195 8 | ATLAS-CONTF-2013-062 | 1. TEWW]af) ul 20.3 &
CMS-5U5-13-011 l: T2t[ol] il (05 g | ATLAS-CONT-2013-062 | 24; T1, TIhbbh, T1kbbt, Tlhbgg, Tlbhtt... eff 20.3 &
ATLAS-CONT-20]3-080 | 2 THWW T T .
CME-SUS- 1301 2 3 T1, Tlttee|of], T2 ul 105 B[ AT e | & TV W lefl). TOW W] T
. a. ' [ o = \ Al Lfva- LB ERCIL) RS LK 1l u .
‘."'"‘. LS 101 2: T1tktt|odf|, ThLWW |off] ul 185 ® | ATLAS-CONT-2013-003 | 24: T1, Tlhbbb, T1bbbt, Tlbbgy, Tlbbtt... | «f 204 | &
CMS-51U5- 13013 Lo Tkttt |edl| edl 1435 B[ ATrassusvoanizos | & TL T2 TOWW[eT], Thete, TOWW[al]... | ul 0.3 |
CHIS-5175-13-0149 G: T1, Tikkblk, Tliett|aff]|, T2, T2kh... ul 1.5 b ATLAS-SUSY-2013-02 @ T1, T2 =l 0.3 )
CHS-5175- 14-010 L: Tlebti|cdl| ul 1.5 B ATLAS-SUSY-2013-04 I: Tlttee o _ ul 20.3 A
CMS-SUS- 14021 L: T2ZLEWW ]| ul 0.7 B[ ATLASSUSV-2IZOL |3 T Ilu.T-fr'llj':1"-.:}5.!:'3|Irlr-r|-rdﬂlu”Im ol | w38
CHS-5115-14-021 I: T2EEWW || efl 14,7 B o hama e et P SEE " " : )
ATLAS-SUSY-2013-05 | 1: T2hb eff 20.1 8
Tuble 1: 5Models databoss [CHIS) ATLA S-S5 Y =20 304 1. TREFiLL ul 904 a
ATLAS-SUSY-2013-00 | 1: Tlite ul 20.3 8
) ATLAS-SUSY-2013-00 | 1: Tlite eff 20.3 8
We collect the results of the exper|menta| ATLAS-SUSY-20153-11 | 4 TChiWW, TChiW, TChipChimSlepSnu... | ul 034 | 8
) ) ATLAS-SUSY-2013-11 | 1: TSlepSlep eff 20.3 8
C0||ab0rat|ons’ and augment them with recast ATLAS-SUSY-2013-12 | 4 TChiChipmSlepl, TChiChipmStaul. . ul 20,4 &
. ATLAB-5USY-2013-14 2 TChiChipmStaul, TChipChimStaoSn. . ul 0.4 )
ana|yses (MadAna|yS|35’ CheCkMATE)1 ATLASSUSY-13-15 | 3 TIRRWW, T2ik, THHLWW ul 20,3 8
] o~ ATLAS-SUSY-2013-15 | 1: T eff 20.3 8
ATLAS-SUSY-2013-16 | 1: T ul 20.1 8
Creatlng our own eﬁ:ICIenCy maps. ATLAS-SUSY-2013-16 | 2 Tt TEEWW|off| off 0.1 |
i i _ ATLAS-SUSY-2013-18 | 2 Tlhbbb, Tlitt ul 20.1 8
SMOdeIS vli.l.1 ShIpS Wlth 70 analyses, ATLAS-SUSY-2013-18 | % T1bbbb, Tlttt off 0.1 |
ATLAS-SUSY-2013-19 | 3 TIHEWW, T2k, TOhEWW]|of| ul 20.3 8
and Close to 200 reSU|tS- ATLAS-SUSY-2013-21 | 3 Tahb, TILEW W |off], T2 off 90,3 |
. ‘il ATLAS-SUSY-2013-23 | 1. TOhiWH ul 20.3 8
http://smodels.hephy.at/wiki/ListOfAnalysesv1l1l ATLAS SaYIaI | J Tekiwl “o|oma e
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Construction of the
SModelS database

We validate by defining the full model := simplified model, and check if we
can reproduce the exclusion curves

ATLAS-SUSY-2015-01 (upperLimit)
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official plot:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-01/fig_04.png



Putting It all together
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Putting It all together:
upper limits

For upper limit results, we cannot combine results given for different
topologies. We can only apply them one-by-one. Therefore the final upper
limits are very conservative. (On the positive side: it is fairly straightforward
for us to add an official SMS result to our database)
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Putting 1t all together:
efficiency maps

In the case of efficiency maps results we can combine efficiency maps
for all topologies that an analysis has. (If e.g. an analysis vetoes jets,
then the efficiencies for topologies involving jets would ~ 0).

As a conseguence, the final upper limits tend to be less conservative.
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Applications

We envisage SModelS to be used for the following goals:

* To quickly eliminate uninteresting points in model scans

 To identify the most constraining analyses, and thus guide
recasting efforts

* To identify “missing” topologies and “uncovered” mass ranges
and thus guide the design of new analyses and changes in
existing analyses

* A quick and cheap method to reinterpret LHC analyses in context
of models other than the pMSSM (UEDs, NMSSM, ...)

* A quick and cheap way to produce conservative likelihoods that
may be combined with other data.



Fast but conservative

PMSSM scan performed by ATLAS [1]. We wanted to know how much more conservative

we are [2] G100 o[- RIS GIEE ST = o LI En T R e i Higgsino-like LSP
E . [mm ATLAS ] B s B i
(%] Emm SModelS, incl. Fastlim EM 4 L : ; = :-Il\—ﬂl;AdSeIS incl. Fastlim EM ]
-E' 2500 Emm SModelS, w/ homegrown EM H 2 I - SModeISZ w/ homegrown EM ]
= . | === sModels, official UL+EM .g 2000F-— -~ o |mmm sModels, official UL+EM
=1 h : SModelS, UL results only o SModelS, UL results only
i 2000} . L R B i ]
'g L : i : H| 'g 1500__ A L [ ....................... g
2 1500[ = = ! ’
v w 1000 SRS
y— o 5 g
; 1000L . 3 SRR
< E 500[ -/ EEE T e
§ 500 - i N - = | | | ‘ 5 u
of. TS P e bl . 055061000 1500 2000 7500 3000 3500 4000 4500
0 500 1000 1500 2000 2500 3000 3500 4000 4500 my [GeV]
my [GeV]
Bino LSP Higgsino LSP
# points tested 38,575 45,594
# points excluded by SModelS (UL) 16,957 (44%) 25,024 (55%)
# points excluded by SModelS (UL+EM) 21,151 (55%) 28,669 (63%)

[1] arXiv:1508.06608 [2] arXiv:1707.09036
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= LHC constraints on 2ZHDM



Future

We intend to extend the functionality of SModelS in several ways:

Extend to non-Z, / non-MET topologies

Extend to long-lived particles (HCSP scenarios) and other “exotic” signatures

Combine signal regions with covariances (think e.g. CMS-SUS-16-050), and
analyses with little to no overlap (e.g. CMS 13 TeV with ATLAS 8 TeV)

Support for positive results

Create mockup analyses that extrapolate to e.g. HL-LHC (is quite easy for us)



http://smodels.hephy.at
http://github.com/SModelS/smodels

pip install smodels

arxiv:1701.06586


http://smodels.hephy.at/
http://github.com/SModelS/smodels
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