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Before the LHC

* [t was expected that if SUSY e 0

was realized in nature, it would B i Lot tom
be discovered soon Moo, mbot, u0
o |f squarks/gluinos were roughly B T
1 TeV, ten thousands of events o |
would be expected per year N
w0 main objectives:
« discover SUSY through G e
EXCESS w| T w2

e extract sparticle masses,
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susy ;
O neary NOL included.
O-lepton, 2-6 jets
arXiv: 1405.7875
O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
arXiv: 1407.0800

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + 0-1 lept. + jets + MET

arXiv: 1407.0603

2SS/3 leptons, 0 - 2 3 b-jets

arXiv: 1404.2500
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However. ..

...N0 excess above SM expectation has been found so far
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e 1./2. generation squark :

and gluino masses below ’Q

1.7 TeV are excluded (for

degenerate squarks/ i AEER
gluinos) A N

e This s somewhat

worrisome if one believes . L Lué
in Supersymmetry in W QI
order to stabilize the EW . -
scale P ’

« However, if higgsinos and sy et
third generation i :
SDarthleS are ||ght’ SUSY natural SUSY decoupled SUSY

IS still natural
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But even the limits for third generation sparticles
becomes pretty strict



But SUSY could be hidden...

o A CO m p re S S e d S p e Ct r u m \‘ Decoupled Gluino (b)) Decoupled Squark (¢) Equal Mass
s difficult to probe |

1(_1(({;{ g=g- g~ LSP)

* RPV can signiticantly
reduce MET tr  dp

 Extended particle g @@Zl dp

content can modify the .
collider Sign ature g P Bmww
* In Split SUSY, many
sparticles are not o
accessible at the LHC

wwwwwwwwwwwwww



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vi=7,8TeV
Model 6T Y Jets ET"" JLdam™) Mass limit Reference
. - ' L LJ L L L L l L v v v LJ v L
MSUGRACMSSM ] 26jpts  Yos 203 &R 17TeV  mip=mi) 1405.7875
MSUGRACMSSM Tep 36 jots Yos 203 any mij) ATLAS-CONF - 2013062
MSUGRNCMSSM 0 710 ets  Yes 203 any mij) 13081841
M. .,,e" 0 26jts  Yes 203 )0 GaV, m(1* gon. =m(2™ gon. 1605.787%
[ g-owz 0 26jpts  Yos 203 il )0 GeV 1405, 7075
R, Bget) =—goW* :J Tep IGjets  Yos 203 (i’ )<200 GoV, mik " je0 SmiE] Jemi)) ATLAS-CONF . 2013062
B, Bsgeilt[lv)ve)iy 2e.p 0.3 jots . 203 Wi )-0GaY ATLAS-CONF . 2013080
GMS8 ({ NLSP) 2ep 24jts  Yes 47 tanyi<15 1208 4688
GMSS (7 NLSP) 1274017 O2)ts  Yes 203 tany >20 1407.0003
GGM (béno NLSP) 2y - Yes 203 na')-soM ATLAS-CONF - 2014001
GOM (wino NLSP) Teapsy . Yes 48 n«.).souw ATLAS-CONF . 2012144
GGM (higgsino-bino NLSP) Y 14 Yos 48 ol 1220 GeV 1210187
GGM (higgsino NLSP) 2ep(l) O3jpts Yos 58 mNLSP)> 200 GeV ATLAS CONF 2012152
Gravitino LSP 0 monoget  Yes 105 o)t oV ATLAS-CONF 2012147
i F—bbi 0 as Yos 201 & (i) <400 GaV 14070600
! jn-ofﬁ& 0 710 jets  Yes 203 |2 mi)) <250 GeV 1308.1841
it Olep 1) Yos 201 ® il )90 GeV 1407.0600
. paiby 01ep 3k Yes 201 |@ 13 TeV mi)<300GaV 1607.0880
byby. By ~bi) 0 24 Yos 201 |& 100-620 GoV i) <90 Gev 13082631
byby, By —oif} 26p(58) 0346 Yes 203 |B, 275.480 GeV i 2 i) 1404.3%00
Tyiy Oight), 7y —bF T 12ep 124 Yos 47 # 11oErae WO )55 GaV 1208806, 1209.2102
Tydy Oight), 7y —Whi'| 2e.p O2pts Yes 203 |7 130210 GeV (1) el ben(W) 50 GeV, mii, )< amii}) 16024853
it (modum), iy st} 2ep 2es Yes 203 |4 215530 GeV mii})e1 GaV 16034853
iyiy (medum), 7, —-ni. 0 26 Yos 201 |7 150-500 GeV M) 200 GaV, (i (i o5 GaV 1308.2601
Tyiy (hearvy), 7y —if} N 1ep 14 Yos 20 |i 210-640 GeV )0 GeV 1407 0683
iuiy (heavy), i~ 0 24 Yes 201 |4 260-640 GeV mGi1)0 GeV 160611022
iy, iy ﬂ;, 0 monojetciagYes 203 |7 0240 GeV i, il <88 CaV 1407 0600
iy (natursl GMSE) 2ep(d) 14 Yes 203 |7, 150-580 GeV i 11150 GeV 16085222
Ly i+ 2 3ep(Z) 14 Ye: 203 |7 200-600 GeV i) <200 GeV 1403.5222
findis, P—tiy 2e.p 0 Yes 203 |7 90325 GeV (i) GV 1602 5294
Kiky X —dnito) 2ep o Yes 203 | ¥} 140-465 GeV W0 GaV, (7. #e0 SImE D)ol 16035204
KB 0] —tviri) 2r - Yes 203 | 100-350 GeV )0 GV, (2, 1050w | ek} 14070350
E £k -.). vl Nm. tidy L) Jep 0 vos 203 |ubae 700 GeV T 7). (5 e, i/, )0 ST | o) 1602.7029
Lg.-.m b 23ep 0 Yos 202 l‘! 420 GeV ] peer S ), (T )0, shepions decoupled | 1403 5284, 1402 7029
i\-.wi 1ep 2% Yos 203 .I‘.d 285 GeV Ot} 2], ma(8 )00, stopions decoupled | ATLAS.CONF 2013 080
i‘!, 33 = ,{ dep 0 Yos 203 II., 620 GoV i Do), i) w0, 7. 1405 o) 1425 5086
Diect £71] prod., longived £, Disapp vk 10t Yos 203 &) 270 GeV gt pen(E7)= 160 Mo, r(¥] )02 ATUAS-CONF 2013 069
Stablo, mwodiﬂhm 0 1Sets Yes 279 |2 832 GeV m(i] =100 GaV, 10 ps<n(#)<1000 & 13106584
GMSS, statie #, M-, fywrie. ) 12p - - 159 10120150 ATLAS-CONF-2013-058
%i. G, long ved £} 2y . Yes 47 0d<rif <2 s 1304 6310
2. Xy g (RPV) Yy depl vee - . 203 1.5 <cr<156 mm, BRu)«1. s(i )= 108 GaV | ATLAS-CONF.2013.092
LFV ppaity 4 X, 0 ve o 2e.p 40 A #0190, 4,5:~0.05 12121272
LFV pp—si, + X0, el + 7 Tepsr . . 46 £5,5#0.10, 4,50,40.05 2022
Bitnear RPV CMSSM 2¢,(558) 03» Yes 202 el ctespe! men 1404.2900
KLE] B —WE B oot 0, ey . Yos 203 w0 2omiET ), 2,y 40 1605.5088
Kok B =W A =i erp, Jepar - Yos 203 G 0 25m(ET ), 2000 1405.5086
£99q 0 67 jots - 203 BAL)-BI0R)-BIU, 0% ATLAS.-CONF . 2013 081
Bolin, By =ds 2e.4(55) o03p Yoz 203 1404.250
Scafar ghuon pair, sghuon s} 0 4 jots - '3 Incl et o 1190.2683 12904026
Scalor ghuon pair, sghwon w1 2e p(SS) u Yos 143 ATLAS-CONF 2013 051
WIMP interaction (DS, Dwac y) Yos 10% m(y )< B0 GaV, it ot <587 GaV for D8 ATLAS-CONF - 2012-147
A A l A A A A A A A
ﬁ. .“ 1o-l
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All imils quoted are observed minus 1 theoretical signal cross section uncertainty

ATLAS/CMS have looked in many final state signatures
and have derived limits on simplitied models



Drawbacks...

owever, many simplified models are unrealistic

Limits would be heavily modified if one changes
the assumptions on the sparticle spectrum and
couplings

E.g., softer jets/leptons, reduced MET, BR <1

How can we constrain all kinds of models (even
non-SUSY) by experimental data”



Recast experimental [Imits |

 SModels (arXiv:1312.4175) decomposes the signal
iInto simplitied topologies and compare their rates
with experimental limits

 FastLim (arXiv:1402.0492) calculates limits based
on simplified models by providing pre-calculated
efficiency tables for each simplified topology

 Both are very fast but the topology must be very
simple



Recast experimental limits |

 Generate MC events with Pythia, Herwig, Sherpa,...

e Simulate the detector response with Delphes/PGS
 Code up the relevant experimental study

e Validate the detector simulation and the analysis
code

* [hisis very time consuming
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- For all signal regions... qresults:
... theoretical signal / experimental upper limit, “
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- State if input model is excluded or allowed. b
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Input e e | Delphes

2 - Simulate track reconstruction.

.s - Determine energy deposits of all particles.

- Apply identification efficiencies for photons and leptons.

- Cluster jets.

- Perform energy/momentum smearings on reconstructed objects.
- Evaluate total missing energy

- Check isolation conditions for photons and leptons.

- Apply b- and tau-tags on jets.

- event files (.hep or .hepmec) = Liiieeiireenrecccnncnees
- cross sections and total SyS. eITorS Jeececssscsssssssnnnanas

0

0‘ Sesssnnes

efficiencies =
0

processed ROOT files

i

o ana1y315

Experimental ... analysis
., Tprocedures

Publications

i Analyses

- Follow experimental analyses as closesly as possible.

- Count how many events fall into various signal regions.

number of *,
expected and®,

observed event&s : oy #events of differept signal regions
" (summed over all input events)

- Perform overlap removals, trigger efficiencies, kinematical cuts, ...

Output

- For all signal regions... results;
... theoretical signal / experimental upper limit,
.. CLs(signal, background, observed.

- Find signal region with largest expected exclusion potential
- Compare expected signal to experimental observation

- State if input model is excluded or allowed.

L) .
M e T S L e e MmO IImOhTmTIIIIIIIII mes®
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each event file

Input

- event files (.hep or .hepmc)
- cross sections and total sys. errors

efficiencies 4+*

o analysis

Experimental )
-n ’........:.... L]
. procedures

Publications

number of ‘-,

*
expected and™, &
observed eventss,:

*
LA R RN R R R RN EREEERNEREREZSE}]

Output

- For all signal regions... results;
... theoretical signal / experimental upper limit, .
... CLs(signal, background, observed. e

- State if input model is excluded or allowed.

.
..................‘

- Analyses

- Perform overlap removals, trigger efficiencies, kinematical cuts, ...

at

*

*

-

Delphes

L L L L L L L L L L R R R R R =-.a,
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-

CheckMATE

- Simulate track reconstruction.

- Determine energy deposits of all particles.

- Apply identification efficiencies for photons and leptons.
- Cluster jets.

- Perform energy/momentum smearings on reconstructed objects.

- Evaluate total missing energy
- Check isolation conditions for photons and leptons.
- Apply b- and tau-tags on jets.

processed ROOT files

i

- Follow experimental analyses as closesly as possible.
- Count how many events fall into various signal regions.

#events of different signal regions
(summed over all input events)

- Find signal region with largest expected exclusion potential
- Compare expected signal to experimental observation

L) .
M e T S L e e MmO IImOhTmTIIIIIIIII mes®



Detector simulation

 We heavily rely on the fast detector simulation Delphes 3
 However, we have modified the default Delphes

 Many studies require multiple “types” of the same final
state

e The need of several isolation criteria for the same
object

* Retune of the detector response for many final state
objects



Retune of Delphes
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Validation plots
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IHpU_t each event file

- event files ((hep or .hepmec)  Joiveiiiiieeinnecnnnnens :

- cross sections and total SyS. eITorS Jeececssscsssssssnnnanas

o analysis

Experimental )
-n ’........:.... L]
. procedures

Publications

number of *,
expected and®™,

»
‘e

observed eventss,:

Output

- For all signal regions... results
... theoretical signal / experimental upper limit,
... CLs(signal, background, observed.

- State if input model is excluded or allowed.

at

*

-
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CheckMATE
Delphes

- Simulate track reconstruction.

- Determine energy deposits of all particles.

- Apply identification efficiencies for photons and leptons.

- Cluster jets.

- Perform energy/momentum smearings on reconstructed objects.
- Evaluate total missing energy

- Check isolation conditions for photons and leptons.

- Apply b- and tau-tags on jets.

- Perform overlap removals, trigger efficiencies, kinematical cuts,...
- Follow experimental analyses as closesly as possible.
- Count how many events fall into various signal regions.

- #events of different signal regions
V v (summed over all input events)

- Find signal region with largest expected exclusion potential
- Compare expected signal to experimental observation

L) .
M e T S L e e MmO IImOhTmTIIIIIIIII mes®



Analyses

#include “exaszple.h"

CheckMATE uses a C++ framework to process E——

setAnalysiaNaze (“exa=ple*);

Delphes’ results Ty
“¢#Exanple Analysis\n*

"=y,

sotLuninosity (10vunits: : INVFB);

ignore(“towers*);

ignore("tracks*);

bookSignalRegions(” jets; jets_plus_e; jets _plus.a®);

All analyses are written in the same structural form bookCu Lovhagions-sisgieieps ejetas);

}

void Exazple::analyze() ¢
olectronsMedium = filterfhaseSpace(electromsMediua, 20, 2.5, 2.5, true

We have |mp|emented klnematlcal fUﬂCtIOﬂS and std: vector<Electroas> iscElecs = filterIselaticn(electronsedius);
methods for object removal S S

atd: :vector<Mucae> iscMuicas = filterlisclatica(suonsCombined);
2isaingET->addMucas (Lackucas) ;

8 = filverPhaseSpace(jets, 50);

A ’[yp|ca| ana|ysis consists of Jota = overlaphesoval(jets, Slectrensiedtum, 0.2);

if (isoElecs.size() + isoMucas.size() =~ 1)
return;

countCutflovEvent ("singlelep*);

« choosing final state objects

countCutflovEvent (“tvojets*);

double E_tot = O;
for(dnt § = 0; 3 < jets.sizel(); jee)

* trigger efficiencies/vetoing events o L b

12 (B_%ot >= 150) (
countSignalEvent (" jeta*);
12 ((dsoflecs.size() =~ L)kk
(faba(iacEleca[0) ->P4() .Deltalii(zsissizgfT->P4())) < 0.3))

. define Signal/control regions countSignalEvent (" jeta_plus e*);

elae Lf ((LfacMucas.aize() == 1)kk
(faka(iscEleca (0] ->P4() .DeltaPhi(=insisgET->P4())) < 0.15))
countSignalEvent(® jets_plus a*);

}

e count number of events in each SR )

void Example::finalize() {
}



Analyses

Name

atlas_1403_4853
atlas_1308_2631
atlas_1404_2500
atlas_1407_0583
atlas_1407_0600
atlas_conf_2012_104
atlas_conf_2012_147
atlas_conf_2013 024
atlas_conf_2013 036
atlas_conf_2013 037
atlas_conf_2013 047
atlas_conf_2013 049
atlas_conf_2013 061
atlas_conf_2013 089
atlas_conf_2014_014

cms_1303_2985

NSR

12

12

59

Description

ATLAS, 2 leptons + etmiss (direct stop)
ATLAS, 0 leptons + 2 b—jets + etmiss
ATLAS, Same sign dilepton or 31

ATLAS, 1 lepton + (b-)jets + etmiss (stop)
ATLAS, 3 b-jets + 0-1 lepton + etmiss
ATLAS, 1 lepton + >= 4 jets + etmiss
ATLAS, Monojet + etmiss

ATLAS, 0 leptons + 6 (2 b-)jets + etmiss
ATLAS: 4 leptons + etmiss

ATLAS, 1 lepton + (b-)jets + etmiss (stop)
ATLAS, 0 leptons + 2-6 jets + etmiss
ATLAS, 2 leptons + etmiss

ATLAS, 0-1 leptons + >= 3 b-jets + etmiss
ATLAS, 2 leptons (razor)

ATLAS, 2 leptons + b-jets (stop)

CMS, alpha_T + b-jets

Lumi

20.3
20.1
20.3
20.3
20.1
5.8

10.0
20.5
20.7
20.7
20.3
20.3
20.1
20.3
20.3

11.7
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Input each event file

-event files ((hep or .hepmc) = Jiveeevereccncnccnnncnes e - Simulate track reconstruction.

- cross sections and total SyS. eITorS Jeececssscsssssssnnnanas fee - Determine energy deposits of all particles.
: - Apply identification efficiencies for photons and leptons.
: - Cluster jets.

- Perform energy/momentum smearings on reconstructed objects.
- Evaluate total missing energy

- Check isolation conditions for photons and leptons.

- Apply b- and tau-tags on jets.

processed ROOT files

o analysis

Experimental ..., 22l i i;>
o, procedures An alys es

Publications

- Follow experimental analyses as closesly as possible.
- Count how many events fall into various signal regions.

number of ‘-,

2)1;2:1%:?1 Zggn.{;..j - #events of differept signal regions
% V (summed over all input events)

*

Output

- Perform overlap removals, trigger efficiencies, kinematical cuts, ...

- For all signal regions... results; - Find signal region with largest expected exclusion potential
... theoretical signal / experimental upper limit, . - Compare expected signal to experimental observation
... CLs(signal, background, observed. e

- State if input model is excluded or allowed.




Setting limits

Directly compare S to 95% upper limit on signal S95
Calculate the ratio r=5/595. If r>1: Excluded!

Choose signal region with strongest expected
exclusion

Use Its observed result to state “excluded” or
“allowed”

Alternatively, calculate CL. If CL < 0.05: Excluded!



Demonstration

Input

## General Options

[Mandatory Parameters)

Name: My_New_Run

Analyses: atlas_conf_2013_047

[Optional Parameters)

## Process Information (Each new process ’'X’ must start with [X])
[gluinogluino]

XSect: 3.53+FB

XSectExr: 1e-5+PB

Events: testfile.hep



Demonstration

Input

## General Options

[Mandatory Parameters)

Name: My_New_Run

Analyses: atlas_conf_2013_047

[Optional Parameters)

## Process Information (Each new process ’'X’ must start with [X])
[gluinogluino]

XSect: 3.53+FB

XSectExrr: 1le-5+PB

Events: testfile.hep

Output

)

SR S dS_stat dS_sys dS_tot S95_obs S985_exp r“c_obs r"c_exp
AL 37.41 0.43 4.10 4.12 1341.20 1135.00 0.02 0.03
AM 5.37 0.15 0.56 0.58 51.30 42.70 0.08 0.10
BM 7.33 0.18 0.76 0.78 14.90 17.00 0.39 0.34
BT 0.84 0.05 0.10 0.11 6.70 5.80 0.09 0.11
CM 18.22 0.30 2.04 2.07 81.20 72.90 0.17 0.19
cT 2.32 0.08 0.27 0.28 2.40 3.30 0.74 0.54
D 12.15 0.24 1.29 1.32 15.50 13.60 0.62 0.70
EL 21.56 0.33 2.38 2.41 92.40 57.30 0.18 0.29
EM 16.08 0.29 1.79 1.81 28.60 21.40 0.44 0.59
ET 8.10 0.20 0.89 0.91 8.30 6.50 0.76 0.97



Demonstration

Input

## General Options

[Mandatory Parameters)

Name: My_New_Run

Analyses: atlas_conf_2013_047

[Optional Parameters)

## Process Information (Each new process ’'X’ must start with [X])
[gluinogluino]

XSect: 3.53+FB

XSectExrr: 1le-5+PB

Events: testfile.hep

Output

)

SR S dS_stat dS_sys dS_tot S95_obs S985_exp r“c_obs r"c_exp
AL 37.41 0.43 4.10 4.12 1341.20 1135.00 0.02 0.03
AM 5.37 0.15 0.56 0.58 51.30 42.70 0.08 0.10
BM 7.33 0.18 0.76 0.78 14.90 17.00 0.39 0.34
BT 0.84 0.05 0.10 0.11 6.70 5.80 0.09 0.11
CM 18.22 0.30 2.04 2.07 81.20 72.90 0.17 0.19
cT 2.32 0.08 0.27 0.28 2.40 3.30 0.74 0.54
D 12.15 0.24 1.29 1.32 15.50 13.60 0.62 0.70
EL 21.56 0.33 2.38 2.41 92.40 57.30 0.18 0.29
EM 16.08 0.29 1.79 1.81 28.60 21.40 0.44 0.59
ET 8.10 0.20 0.89 0.91 8.30 6.50 0.76 0.97

Result

analysis bestSR r_obs"c r_expc CLs_obs dCLs_obs CLs_exp dCLs_exp [...]
atlas_conf_2013_047 ET 0.76 0.97 0.0609 0.0027 0.0077 0.0013 [...]



Squark Gluino Neutralino Model, Mo =0 GeV

Numerical Results
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Conclusion

CheckMATE test any event + cross section
combination against current LHC results

...Is very easy to use (for the lazy physicist)

...Is transparent in its functionality (for the curious
pohysicist)

...it Is simple to extend (for the talented physicist)

http:checkmate.hepforge.org



