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LC module in CM
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[Parameters]

Name: VectorDM
Analyses: ILD
Collider: ILC

Sqrts: 500 GeV
Luminosity: 500 fb-1 | 200 fb-1 | 200 fb-1 | 50 fb-1 | 50 fb-1
Polarisation: 0:0 | 0.8:-0.3 | -0.8:0.3 | 0.8:0.3 | -0.8:-0.3

InvisiblePIDs: 9000006, -9000006
SLHAFile: [...]/spectrum.slha

[DM]
WhizardSinFile: [...]/whizard.sin
MaxEvents: 10000

FIG. 6. Example input file for the CheckMATE runs used for
this study.

model = EffDMVector_UFO0 (ufo ("[...]/whizard-2.6.0/build/models"))
mVmed = 1900.0

mChi = 200.0

process chichigamma_noisr = "e-", "e+" => "Chi", "Chi™", "a"
compile

cuts = any Pt >= 1.5 GeV [a] and any abs (cos(Theta)) <= 0.998 [a]
[...]

FIG. 7. Whizard .sin file used for the e*e™ — ¢hiyy Monte
Carlo event generation in CheckMATE, see Fig. [0]

arXiv:1801.08037



13 TeV analyses

#Name

atlas_1604 01306
atlas_1605_09318
atlas_1609 01599
atlas_conf_2015 082
atlas_conf 2016 013
atlas_1606_09150
atlas_conf_2016_050
atlas_conf_2016_054
atlas_conf_2016_076
atlas_conf_2016_096
atlas_conf_2016_066
atlas_conf_2017_022
atlas_conf_2017_019
atlas_conf_2017_060
atlas_conf_2017_039
atlas_conf_2017_040
atlas_1704 03848
atlas_1710_11412
atlas_1712_08119
atlas_1712_02332
atlas_1709 04183
atlas_1802_03158
atlas_1708 07875
atlas_1706_03731
atlas_1804 03602

NSR Description

photon + MET search at 13 TeV

>= 3 b-jets + 0-1 lepton + Etmiss

ttV cross section measurement at 13 TeV

leptonic Z + jets + Etmiss

4 top quark (1 lepton + jets, vector like quark search)
diphotons and met

1-lepton + jets + etmiss (stop)

1-lepton + jets + etmiss (squarks and gluino)

2 leptons + jets + etmiss

2-3 leptons + etmiss (electroweakino)

search for photons, jets and met

squarks and gluinos, 0 lepton, 2-6 jets

search for stops with Higgs or Z

monojet search

ATLAS, 2-3 leptons + etmiss, 13 TeV, 37 invfb

Etmiss + Z, 13 TeV

monophoton dark matter search

Search for dark matter produced in association with b or top quarks
electroweakinos search with soft leptons

squarks and gluinos, 0 lepton, 2-6 jets

stop pair production, 0 leptons

search for GMSB with photons

electroweakino search with taus and MET
same-sign or 3 leptons RPC and RPV SUSY

search for supersymmetry in events with four or more leptons

Lumi
3.2
3.3
3.2
3.2
3.2
3.2
13.3
14.8
13.3
13.3
13.3
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1
36.1




13 TeV analyses

e we have a small selection of implemented CMS 13 TeV

analyses
#Name NSR Description Lumi
cms_sus_15 011 47 CMS, 13 TeV, 2 leptons + jets + MET 2.2
cms_sus_16_046 4 one photon and missing transverse momentum 35.9
cms_sus_16_039 158 electrowekinos in multilepton final state 35.9
cms_sus_16_025 14 electroweakino and stop compressed spectra 12.9

o for the first time, we have started to consider a search
based on jet substructure techniques and a LLP search

#Name
atlas_1801 08769

atlas 1712 02118

NSR

2

Description Lumi
Search for light resonances decaying to boosted quark 36.1
pairs and produced in association with a photon or a jet

Search for long-lived charginos based on a 36.1

disappearing-track signature




jet substructure analysis

e 1801.08769 targets low mass resonances in association
with ISR jet or photon

e |t requires implementation of large R=1 jet as well as a
narrow R=0.4 jet (hew CM feature)

e to reduce effects of pile-up and soft radiation, the large-R
jets are trimmed
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one of the commonly used jet substructure variable is 121
= ratio of N-subjettiness 12 and 11

21 Is a useful discriminant for differentiating between a
two-particle jet of a boosted resonance and a single-
particle jet

implementation is straightforward

missing informations in order to implement a subjet
variable was very quickly provided by ATLAS



LLP search implementation

e 1712.0211 searches for long-lived charginos based on a
disappearing-track

e electroweak and strong production of winos decaying into
almost mass degenerate neutralino LSP and soft pions

(AMSB)




e ATLAS provides on its webpage comprehensive material
which allows for a quick and easy implementation

e CM implementation is based on truth level efficiency
maps of the long lived chargino (more tomorrow)
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Future Analysis
Implementations

we want to implement the stop 1 lepton search

so far, we have mostly implemented SUSY searches
we plan to implement VLQ searches

we will assist in implementing LQ searches

we have started to implement simplified DM searches

the informations provided by the experimentalists have
greatly simplified recasting (talks from lacopo and Wolfgang)



Search for dark matter produced in
association with bottom or top quarks

e 1710.11412 focuses on simplified dark matter model with
spin 0 mediator

e two signal regions target final states with DM and bottom
quarks and three signal regions are optimized for final
states with top quarks

b X

t \\/
*<X <X o b
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g X

g b g t
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 ATLAS provides useful informations on HEPData
e all figures and tables are available in digitized form

e analysis code is provided

@ H EPData Q @ About € Submission Help #3 Sign in

Q Browseall & Aaboud Last updated on 2017-11-20 17 [l Accessed 414 times 99Cite

< Hide Publication Information N
== Download All v Table 1 10.17182/hepdata.so0son1jts http://www.hepdata.netfrecc (7] &~ JSON

Search for dark matter produced in association

with bottom or top quarksin y/s =13 TeV pp 'V Filter 63 data tables
. L T R e Overview of HEPData Record --------
collisions with the ATLAS detector verviewo atarecor
Table 1 >
Systematic uncertainties: table
The ATLAS collaboration 10.17182/hepdata.80080.v1/t1

"""" Overview ofHEPData Record--------... Fit results: SRb] and SRb2 SRt1. SRt2 and SRt3

Aaboud, Morad , Aad, Georges , Abbott, Brad , Abdinov, Ovsat , Abeloos,

Baptiste , Abidi, Syed Haider , AbouZeid, Ossama , Abraham, Nicola ,

Upper limits: table

Abramowicz, Halina , Abreu, Henso

No Journal Information, 2017 10.171 0.1/t SR distributions:

e SRb1: B

‘ Resources

Abstract (data abstract) B ~
A search for weakly-interacting-massive-particle (WIMP) dark matter produced in

association with bottom or top quarks is presented. Final states containing third
generation quarks and missing transverse momentum are considered. The
analysis uses 36.1 fb-1 of proton-proton collisions data recorded by the ATLAS
experiment at sqrt(s)=13 TeV in 2015 and 2016. No significant deviation from the
background prediction is observed. The results are interpreted in the framework

of simplified models of spin-0 dark matter mediators. For colour-neutral spin-0
mediators decaying into a pair of dark matter particles, signals with scalar Nata f T Exclusion limits:
mediator masses below 50 GeV in top quark final states are excluded, assuming a -

dark matter mass of 1 GeV and unitary coupling. For bottom quark final states 300

SRt1, SRt2 and SRt3 f tegrat ® Scalar SRb2 expected observed
f36.1fb".7 kg ® Scalar SRt1/SRt2 expected observed
et ! ® Scalar SRt3 expected observed
® Pseudo-scalar SRb2 expected observed
® Pseudo-scalar SRt1/SRt2 expected observed

times the value of the production cross section for signals with scalar and
pseudoscalar mediator masses between 10 and 50 GeV are excluded, assuming a
dark matter mass of 1 GeV and unitary coupling. Constraints on colour-charged

T ® Pseudo-scalar SRt3 expected observed
® Scalar, SRt1/SRt2 vs DM mass expected observed
® Scalar, SRt3 vs DM mass expected observed
eAo t fBSM ts (S ® Pseudo-scalar, SRt1/SRt2 vs DM mass expected observed
® Pseudo-scalar, SRt3 vs DM mass expected observed
¢ Colour-charged scalar mediators (b—FDM) expected observed

Direct detection plot: table

17182/hepdata.80080.v1/t Accentances:



e the truth level analysis code for all signal regions is very
useful for the implementation

e quick responses to email inquiries which greatly simplifies
Implementation

Additional Publication Resources




pinclude "SimpleAnalysis/AnalysisClass.h"
#include "TMath.h"

DefineAnalysis(DMttZeroLepton2016)

void DMttZerolLepton2016::Init()

addRegions({"SRHigh","SRLow"});

}

void DMttZerolLepton2016::ProcessEvent(AnalysisEvent *event)

{

auto candlets

auto electrons =

/ /Muons
auto muons

// not doin
candJets
electrons
candJets
muons

g

event->getJets(20., 2.8); //jets
event->getElectrons(7, 2.47, EVerylLooselH);

event->getMuons(6, 2.5, MulLoose);

overlap removal between electrons and muons with identical track
overlapRemoval(candJets,electrons,0.2,NOT(BTag85MvV2c10));
overlapRemoval(electrons,candlets,0.4);

overlapRemoval(candJets, muons, 0.4, LessThan3Tracks);

= overlapRemoval(muons, candJlets, 0.4);

if (countObjects(candlets, 20, 2.8, NOT(LooseBadlet))!=0) return;

candJets = filterObjects(candJets, 20, 2.8, JVT50Jet);

auto signalElectrons

auto signalMuons

auto signallLeptons

auto metVec
double met

filterObjects(electrons, 25, 2.47, ETightLH|EDOSigma5|EZO5mm|EIsoGradientLoose);
filterObjects(muons, 25, 2.5, MuMedium|MuDO@Sigma3|MuZO5mm|MulsoGradientLoose);
= signalElectrons + signalMuons;

event->getMET();

= metVec.Et();

auto signallets
auto signalBjets

filterObjects(candlets, 20);
= filterObjects(signallets, 20., 2.5, BTag77Mv2c10);



Conference Notes

only little material is provided for conference notes

It is hard for us to validate searches since no cutflows are
published in some cases, e.g. ATLAS-CONF-2017-081

we wanted to implement ATLAS-CONF-2016-070 which
searches for light resonances in association with ISR

we could not reproduce the cutflow due to problems with
MC event generation, however, we did not receive any useful
informations from ATLAS

here, MC run cards would have been very useful



Wish List

SLHA files

input files for MC event generations, e.g. MG run cards
code snippets

efficiency maps

cutflows for all signal regions

more informations for conference notes



INn the near future

currently, we use subversion control but we plan to
migrate to github

docker image of CheckMATE -> talk from Lukas

CKKW-L matching within CM

in CM, we mainly implement ATLAS searches and the
ATLAS detector tune is optimized, however, we did not
optimize the CMS one... but slowly improving on the CMS
detector tune, e.qg. tau tagging and b tagging



Summary

our collaboration is very large now

we have a few members concentrating on analysis
Implementations only

we have started with LLP searches and jet substructure
searches

we will have a LC module in CM
CKKW-L matching within CM in the near future

we want to migrate to github



