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Coding in Atom

ATLAS_CONF_2013_093.cc

void initLocal() {

ATLAS-CONF-2013-093

+ JET DEFINITION
+ TIGHT ELECTRON DEFINITION
+ LOOSE ELECTRON DEFINITION

3 Simulated event samples } o

/
: bool analyzelocal( Event& event, double weight) {

( jets.size() >= 4 ){
_effh.PassEvent("Njet >= 4");
8 Results and interpretation } { vetOEvent; }

9 Conclusions

Contents
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( jets[@].momentum().pT() > 100 ){
_effh.PassEvent("pT(j1l) > 100");
} { vetoEvent; }

1 Introduction

Supersymmetry (SUSY) [1-9] provides an extension

that solves the hierarchy problem [10-13] by introd }



+ JET DEFINITION

RangeSelector jetrange =
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTUM, 20., 8000.) &

RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -4.5, 4.5);
// radius

JetFinalState jets_Base = jetBase(base, muDetRange, FastJets::ANTIKT, 0.4, hadRange, jetrange);
jets_Base.setFSSmearing ( dp.jetSim( "Smear_TopoJet_ATLAS" ) );
jets_Base.setFSEfficiency( dp.jetEff( "Jet_ATLAS" ) );

void initLocal() {

+ JET DEFINITION
+ TIGHT ELECTRON DEFINITION
+ LOOSE ELECTRON DEFINITION

} [ ]
/// Perform the per-event analysis
bool analyzelLocal( Event& event, double weight) {

( jets.size() >= 4 ){
_effh.PassEvent("Njet >= 4");
¥ { vetoEvent; }

( jets[0].momentum().pT() > 100 ){
_effh.PassEvent("pT(j1l) > 100");
} { vetoEvent; }



+ JET DEFINITION pr > 20GeV, ‘77‘ < 4.9 anti-k'T, AR=0.4 (by Fastjet)

RangeSelector jetrange = \\hu
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTU 20., 8000.)

RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -4.5, 4.5);
radius

//
JetFinalState jets_Base = jetBase(base, muDetRange, FastJets::ANTIKT, 0.4, hadRange, jetrange);

jets_Base.setFSSmearing ( dp.jetSim( "Smear_Topolet_ATLAS" ) );
jets_Base.setFSEfficiency( dp.jetEff( "Jet_ATLAS" ) );

void initLocal() {

+ JET DEFINITION
+ TIGHT ELECTRON DEFINITION
+ LOOSE ELECTRON DEFINITION

} [ J
/// Perform the per-event analysis
bool analyzelLocal( Event& event, double weight) {

( jets.size() >= 4 ){
_effh.PassEvent("Njet >= 4");
¥ { vetoEvent; }

( jets[0].momentum().pT() > 100 ){
_effh.PassEvent("pT(j1l) > 100");
} { vetoEvent; }



+ JET DEFINITION pr > 20GeV, |n| <4.5 anti-kT, AR=0.4 (by Fastjet)

RangeSelector jetrange =
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTUM\ 20., 8000.)
RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -4.5, 4.5);

JetFinalState jets_Base = jetBase(base, muDetRange, Fastlets::ANTIKT, 0.4, hadRange, jetrange);

jets_Base.setFSSmearing ( dp.jetSim( "Smear TopoJet ATLAS" ) );
jets_Base.setFSEfficiency( dp.jetEff( "Jet_ATLAS" ) );

Smear_TopojJet_ATLAS.yaml

1 Smear_TopoJet_ATLAS
2 ATLAS
ATLAS-CONF-2013-004 3 topojet
4 table
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+ TIGHT ELECTRONS pr > 25GeV, || < 2.47

// prepare for tight electrons

RangeSelector ele_range =
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTUM, 25.,/8000.) &
RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -2.47, 2.47);

IsoElectron ele_smear(ele_range);

ele_smear.setIso(TRACK_ISO PT, 0.3, 0.01, 0.16, 0.0, CALO_ALL);

ele_smear.setIso(CALO_ISO ET, 0.3, 0.01, 0.18, 0.0, CALO_ALL);

ele_smear.setVariableThreshold(0.0);

ele_smear.setFSSmearing ( dp.electronSim( "Smear_Electron_ATLAS" ) );

ele_smear.setFSEfficiency( dp.electronEff( "Electron_Tight_ATLAS" ) );



+ TIGHT ELECTRONS e 25GeV, [n] < 247
// prepare for tight electrons g’
RangeSelector ele_range =
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTUM, 25.,y8000.) &
RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -2.47, 2.47);

ele_smear.setIso(TRACK_ISO PT, 0.3, 0.01, 0.16, 0.0, CALO_ALL); tr |(
ele_smear.setIso(CALO_ISO ET, 0.3, .01, 0.18, 0.0, CALO_ALL); dc
ele_smear.setVariableThreshold(0.0); calorimeter
ele_smear.setFSSmearing ( dp.electronSim( "Smear_Electron_ATLAS" ) ); : :
ele_smear.setFSEfficiency( dp.electronEff( "Electron_Tight_ATLAS" ) ); ISOlatlon ;




+ TIGHT ELECTRONS pr > 25GeV, |n| < 2.47

RangeSelector ele_range =
RangeSelector(RangeSelector: : TRANSVERSE_MOMENTUM, 25.,y3000.) &
RangeSelector(RangeSelector: :PSEUDO_RAPIDITY, -2.47, 2.47);

ele_smear.setIso(TRACK _ISO PT, 0.3, 0.01, 0.16, 0.0, CALO_ALL); t k
ele_smear.setIso(CALO_ISO ET, 0.3, 0.01, 0.18, 0.0, CALO_ALL); rac
ele_smear.setVariablgThreshold(@.@); | calorimeter
ele_smear.setFSSmearing ( dp.electronSim( "Smear_Electron_ATLAS" ) ); : :
ele_smear.setFSEfficiency( dp.electronEff(|"Electron_Tight_ATLAS" |) ); Isolation
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* The objects defined and projected in initLocal can be retrieved
and used in analyzel.ocal.

bool analyzelocal( Event& event, double weight) ({
Particles| pjets = applyProjection<NearIsoParticle>(event, "Jets").particlesByPt();
Particles base_eles = applyProjection<NearIsoParticle>(event, "Base_Electrons").particlesByPt();
Particles base_mus = applyProjection<NearIsoParticle>(event, "Base_Muons").particlesByPt();
Particles eles = applyProjection<NearIsoParticle>(event, "Electrons").particlesByPt();
Particles mus = applyProjection<NearIsoParticle>(event, "Muons").particlesByPt();
MissingMomentum pmet = applyProjection<MissingMomentum>(event, "MissingEt");
FourMomentum met = pmet.missingEt(); // met is four-momentum but pz and E is set zero
Particles pbjets = applyProjection<RandomletTagger>(event, "Blets").getTaggedlets();

= ic cef

int njet30 = 0;
int njet50 = 0;
double meff_inc = met.pT();
(int 1 = 0; i < pjets.size(); i++) {
double ptj = pjets[i].momentum().pT();
(nti > 2_) {
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Some info on Validation

e \\Ve use cut-flow tables whenever they are available.

e Otherwise we use exclusion plots or some distribution plots for
validation.
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Automated Validation

® OO0 1. sakurai@Kazukis-MacBook-Pro: ~/atom/Atom-validation/Analyses/ATLAS_2013_CONF_2013_047 (zsh)
ATLAS_2013_CONF_2013_047: GQdirect_1612-37

base: @ lepton

base: MET > 160

base: pTjl > 130

base: pTj2 > 60

pTi3 > 60

B base: dphi_min_23 > 0.4
BM: MET/meff_3j > 0.3

BM: meff_inc > 1800

0.8
0.87
1.26

13.51

8.8
17.73
23.25

ONOOUVAHEWNRES
OCONNNDODOLOS®
o000 e

0.1 ¢g direct (1612, 37): (ATLAS_CONF_2013_047)

Process: pp — qg — (qx?)(qqx?)~

o ATOM automatically gengcrates cut-
flow tables and checks the efficiencies
between ATOM and experimental
collaborations.

Mass: mgz = 1612 GeV, mgz = 1548 GeV, mgo = 37 GeV.
The number of events: 5 - 103.

Event Generator: MadGraph 5 and Pythia 6. The MLM merging is used with the
shower-kr scheme implemented in MadGraph 5 and Pythia 6, where we take xqcut =
qcut = Msysy /4 with MSUSY being the mass of the heavier SUSY particles in the
production.

e [i significant deviation is found, it

(Exp—Atom)

cut name

€Exp

€Atom

#/?

RExp

RAtom

Error

o I B S N N =l b S

No cut

base: 0 lepton

base: MET > 160

base: pr(j1) > 130

base: pr(j2) > 60

pr(js) > 60

B base: A¢(j;, MET) > 0.4

BM: meg(inc) > 1800

100.0
98.8 £ 1.41
95.9 £ 1.38
95.8 £ 1.38
95.2 £ 1.38
75.7 £ 1.23
66.2 £ 1.15

22.8 £ 0.68

100.0
99.96 + 0.03
97.02 £ 0.24
97.02 £ 0.24
96.96 + 0.24
93.02 £ 0.36
77.58 £ 0.59

45.48 £ 0.7

1.99

0
1
2
3
4
)
6
7

0.99 £ 0.01
0.97 £ 0.01
1.0 £ 0.01
0.99 £ 0.01
0.8 £ 0.01

0.48 + 0.01
0.72 £ 0.02

1.0 £ 0.0
0.97 £ 0.0
1.0 £ 0.0
1.0 £ 0.0
0.96 £ 0.0

0.65 £ 0.01
0.9 £0.01

0.83
-0.0
0.07
0.39
12.21

Table 1: The cut-flow table for B tight signal region: Gg direct (1612, 37).

provides warnings.

anomaly can be
easily caught




lepton efficiency

ISR
jet, MET smearing

lepton, MET
smearing

3 ATLAS 2013 CONF 2013 037
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cut name

e Mass: m; = 500 GeV, mgo = 200 GeV.

e The number of events: 10%.

e Event Generator: Herwig++ 2.5.2.

[00] No cut

02] Lepton (= 1 signal)
03] 4jets (80,60,40,25)
04l

9

3
[04] >=1 b in 4 leading jets
5]
6

I
I
i
I
I
[

o

| MET > 100

06] MET/\/(Hy) > 5

[07] A¢(j2, MET) > 0.8
SRtN2] MET > 200

SRtN2] MET/+/(Hr) > 13
ISRIN2| my > 140

[SRtN3) MET > 275
[SRtN3] MET/\/(Hy) > 11
ISREN3| my > 200
[SRbC1-3] MET > 150
[SRbC1-3] MET//(Hy) > 7
[SRbC1-3] my > 120
[SRbC1-3] MET > 160
[SRbC1-3] MET/+/(Hy) > 8
[SRbC1-3] meg > 550
[SRbC1-3] meg > 700

SRbC1
SRbC2
' SRbC3

Table 9:

€Exp
100.0
22.81 £ 0.15
12,34 £ 0.11
10.53 £+ 0.1
8.65 £ 0.09
8.45 £ 0.09
7.63 £ 0.09
431 £ 0.07
233 £0.05
1.91 £ 0.04
1.87 £ 0.04
1.82 £ 0.04
1.05 £ 0.03
6.03 = 0.08
2.92 £ 0.08
4.58 £ 0.07
4.39 £ 0.07
4.26 £ 0.07
4.01 £ 0.06
2.66 £ 0.05
0.84 £+ 0.03
0.38 £ 0.02
3.11 £ 0.06
0.6 + 0.02

0.16 = 0.01

€Atoen

100.0
22.54 + 0.42
11.13 £ 0.31
9.38 £ 0.29

7.6 £ 027
7.38 £+ 0.26
7.2+ 026
412 + 0.2
2.27T £ 0.15
1.96 + 0.14
1.69 + 0.13
1.65 £ 0.13
1.05 £ 0.1
9.29 £ 0.22
2.14 £ 0.22
3.9£019
3.79 £ 0.19
3.69 £ 0.19
3.47 £ 0.18
2.23 £0.15
0.76 £ 0.09
0.41 £ 0.06
2.75 £ 0.16
0.33 = 0.07

| 0.19 £ 0.04

Atom

Exp

0.99
0.9
0.89
0.88
0.87
0.94
0.96
0.97
1.03
0.9
0.91
1.0
0.88
0.87
0.85
0.86
0.87
0.86
0.84
0.9
1.07
0.88
0.89
1.19

(Exp~—Atoen)

Error

-0.61
-3.61
-3.73
-3.72
-3.85
-1.39
-0.9
-0.39
0.33
-1.32
-1.27
-0.03
-3.12
-3.32
-3.31
-2.97
—-2.86
-2.81
-2.7
—-0.87
0.42
-2.08
-0.86
0.67

6
6

t1(500) — tx9(200) (ATLAS_CONF _2013_037)
Process: t,t; — (tx))(£x?).

Ry,

023 £0.0
054 £0.0
0.85 £ 0.01
0.82 £+ 0.01
0.98 £+ 0.01
0.9 = 0.01
0.56 £ 0.01
0.54 £+ 0.01
0.82 £ 0.02
0.24 £+ 0.01
0.97 £+ 0.02
0.58 + 0.02
0.79 = 0.01
0.98 £ 0.01
0.77 £ 0.01
0.96 £ 0.01
0.97 + 0.01
0.94 £+ 0.01
0.66 £ 0.01
0.44 + 0.02
0.36 £+ 0.02
0.41 £+ 0.01
0.08 £ 0.0

0.02 £ 0.0

R.-'\‘.- un

0.23 £ 00
0.49 £ 0.01
0.84 £ 0.03
0.81 £+ 0.03
0.97 £ 0.03
0.98 £ 0.04
0.57 = 0.03
0.55 £ 0.04
0.86 % 0.06
0.23 £ 0.02
0.98 £+ 0.08
0.64 = 0.06
0.73 £ 0.03
0.97 £ 0.04
0.76 £ 0.04
0.97 £ 0.05
0.97 £ 0.05
0.9 £ 0.05
0.64 £ 0.04
0.39 £ 0.04
0.39 £ 0.06
0.38 £ 0.02
0.07 = 0.01

0.03 + 0.01 |

The cut-flow table for the £, (500) — ¢x9(200) model.

Atom

Exp

0.99
0.91
0.99
0.99
0.99
1.08
1.01
1.02
1.05
0.96
1.0
1.1
0.93
0.99
0.98
1.01
1.0
1.0
0.97
0.88
1.08
0.94
0.94

1.26 |

Exp~Atom)
Error

-0.61
-3.18
-0.41
-0.35
-0.17
1.97
0.27
0.27
0.68
-0.54
0.03
0.9
-1.69
-0.21
~0.38
0.25
0.06
-0.04
~0.46
-1.1
0.44
-1.07
-0.42
0.87




lepton efficiency

b-tag efficiency

lepton, MET
smearing

7.3 1-lepton 6-jet channel, Gtt model (ATLAS CONF 2013 061)
e Process: gg — (ttx})(ttx3).

W 00 =~ O Ut B W N = O T

.- - .- boo- .- — .- —
-] O <o NN (L) S I o

[e—
00

e Mass: mg = 1300 GeV, myo = 100 GeV.

e The number of events: 5 - 103,

e Event Generator: Herwig++ 2.5.2.

cut name

No cut

1l-base: > 4 jets (pr > 30)
1l-base: pr(5;) > 90

1l-base: MET > 150

1l-base: >= 1 signal lepton
SR-11-6j: > 6 jets (pr > 30)
SR-11-6j: > 3 b-jets (pr > 30)

SR-11-6j-A:
SR-11-6j-A:
SR-11-6j-A:
SR-11-6j-A
SR-11-6j-B:
SR-11-6j-B:
SR-11-6j-B:
SR-11-6j-B
SR-11-6j-C:
SR-11-6j-C:
SR-11-6j-C:
SR-11-6j-C

my > 140
MET > 175
MET//(Hz(inc)) > 5

my > 140
MET > 225
MET/\/(Hr(inc)) > 5

my > 160
MET > 275
MET/+/(Hy(inc)) > 5

€Exp

100.0
96.9 + 0.31
96.8 + 0.31
88.3 + 0.3
409 £ 0.2
37.3 £ 0.19
14.3 £ 0.12
11.3 £ 0.11
109 £ 0.1
10.8 £ 0.1
108 £ 0.1
11.3 = 0.11
10.0 £ 0.1
10.0 £ 0.1
10.0 £ 0.1
10.7 £ 0.1
8.8 = 0.09
8.8 + 0.09
8.8 = 0.09

€Atom
100.0
99.42 £ 0.11
99.32 £ 0.12
90.38 + 0.42
43.7 £ 0.7
38.3 + 0.69
15.22 + 0.51
11.6 £ 0.45
114 £+ 045
11.22 + 0.45
11.22 £+ 0.45
11.6 £ 045
10.48 + 0.43
10.46 + 0.43
10.46 + 0.43
11.18 £ 0.45
9.32 £ 041
9.32 £ 041
9.32 £ 041

Atom

_Exp |

1.03
1.03
1.02
1.07
1.03
1.06
1.03
1.05
1.04
1.04
1.03
1.05
1.05
1.05
1.04
1.06
1.06
1.06

| (Exp—Atom) ||

a3

Error

7.65
7.59
4.06
3.84

1.4
1.76
0.64
1.08
0.92
0.92
0.64
1.08
1.04
1.04
1.05
1.23
1.23
1.23

— W N - O

o WO 00 g O C©

—
..

R!.'.\p

0.97 £ 0.0
1.0 £0.0
0.91 £ 0.0
0.46 + 0.0
0.91 £ 0.0
0.38 £ 0.0
0.79 £ 0.01
0.96 + 0.01
0.99 £ 0.01
1.0 £+ 0.01
0.79 £ 0.01
0.88 £ 0.01
1.0 + 0.01
1.0 + 0.01
0.75 £ 0.01
0.82 + 0.01
1.0 £+ 0.01
1.0 + 0.01

R:\lut::

099 £ 0.0
1.0+ 0.0
091 £ 0.0
0.48 £ 0.01
0.88 + 0.02
0.4 + 0.01
0.76 £ 0.03
0.98 + 0.04
0.98 + 0.04
1.0 £+ 0.04
0.76 + 0.03
0.9 + 0.04
1.0 £ 0.04
1.0 £ 0.04
0.73 + 0.03
0.83 = 0.04
1.0 £ 0.04
1.0 £ 0.04

| Atom
. Exp

1.03
1.0
1.0

1.04

0.96

1.04

0.96

1.02

0.99
1.0

0.96

1.02
1.0
1.0

0.98

1.01
1.0
1.0

(Exp—Atom)

Error

7.65
0.01
—-0.42
2.51
—-2.16
1.03
-0.91
0.46
-0.16
0.0
-0.91
0.48
-0.04
0.0
-0.45
0.3
0.0
0.0

Table 36: The cut-flow table for the 1-lepton 6-jet channel in Gtt model.




Fastlim



Motivation

* For many occasions, we want a quick model testing method.

e [he standard approach (CheckMATE, MA5, ATOM) requiring
event generation and detector simulation is too time
consuming for some cases.

e How can we speed up?



Factorisation

* Factorise the problem In parts and parametrise them by the
dominant dependency with some approximation.



Factorisation

e Factorise the problem in parts and parametrise them by the
dominant dependency with some approximation.

Example: fast detector simulation

Full simulation —»  ObjectID X Smearing X-



Factorisation

e Factorise the problem in parts and parametrise them by the
dominant dependency with some approximation.

Example: fast detector simulation

Full simulation —»  ObjectID X Smearing X Cuts

H/_/

Efficiency

Electron |D

e shower shape
e track quality

i < 2.47

» HCAL/ECAL ratio S
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Event factorisation

dominantly depends on BSM particle masses

£\

7 (a)
Nc(gq)Nl .QqN1 — €QqN1:QqN1 (mq, mn1) -0qQq - BR- L
-+
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Approximation

topologies topology =
Npan = E N, on-shell production
- and decay

e Neglecting interference: = Good for weakly coupled BSM



Approximation

topologies topology =
Npan = E N, on-shell production
- and decay

e Neglecting interference: = Good for weakly coupled BSM

€; = Ez’({mBSM})
e Neglecting
- width: = Good for weakly coupled BSM

- production mechanism

- coupling (chirality) structure



CMS ar analysis

(CMS-SUS-12-028)

mg = 10° GeV (decoupled)

Ae(T?2)

Ae(Grgr)—Ae(T2) (%]

—13+3
bin 3
1143 -3+£1
bin 3 bin 3
| —4£1  2£0
bin 3 bin 4
[ —5+1 -2+0
bin 4 bin 6
| —2£0 -1%£0

—-13+3
bin 3
3+t1
bin 3
10£1
bin 4
2+0
bin 6
5+1
bin 6
440

—-16+3
bin 3
8+t1
bin 3
17+1
bin 4
3+0
bin 6
7T+2
bin 7
—240
bin 8
6t1

—26 £ 2

bin 3

—20£2 13+£1

bin 3 bin 3

11+1 6+1
bin 3 bin 5

441 17+1
bin 5 bin 6

11+1 1+0
bin 6 bin 8

—1+0 941
bin 8 bin 8

6+1 10+ 1
bin 8 bin 8

10+1 14+ 1
bin 8 bin 8

8+1 12+1

—18+3

bin 3
16 £1
bin 3
==
bin 5
21 +1
bin 6
0£+0
bin 8
7T+t1
bin 8
14+1
bin 8
15+1
bin 8
14+1
bin 8
13+1

—24+2
bin 3
18+1
bin 3
10£1
bin 5
21 +1
bin 6
2+0
bin 8
12+1
bin 8
15+1
bin 8
18 +1
bin 8
19+1
bin 8
19+1
bin 8
21 +1

—25+2
bin 3
—-7+1
bin 4
12+1
bin 5
104+ 2
bin 7
4+1
bin 8
13+1
bin 8
16 £1
bin 8
18+1
bin 8
18 +1
bin 8
19+1
bin 8
20+ 1
bin 8
18+1

_Iplllll% | | ]PHPQ Ll ]Piql?l I]PiIP§I I}Phll§ Ll p11|1§ Ll ]Pllll§ | | }Piqlgl |}Pilll§| |

—37+3

bin 4
21 +1
bin 3
9+1
bin 5
9+1
bin 7
5+1
bin 8
14+1
bin 8
19+1
bin 8
18 +1
bin 8
21 +1
bin 8
20+ 1
bin 8
22+ 1
bin 8
21 +1
bin 8
22+ 1

P §
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900 1000

1100

1200
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Taken from a talk by J.Sonneveld at SUSY2014




e \What is the impact of the
stop chirality in BSM
search?

Selection

No selection

Trigger

Primary Vertex

Event cleaning

Muon veto

Electron veto

ERSss > 130 GeV

Jet multiplicity and pr
EFHK 5 30 GeV

A¢ (Emiss ERisieky < /3
A¢(jet, ET®) > m /5

Tau veto

> 2 b-tagged jets
mr(b-jet, E&5%) > 175 GeV
80 GeV< m);; < 270 GeV
80 GeV< m} ij <270 GeV
ET™* > 150 GeV

ET"™ > 200 GeV

E™SS > 250 GeV

ET"™ > 300 GeV

EMSss > 350 GeV

IRIR

507.3
468.0
467.8
459.0
381.2
284.4
263.1
97.7
96.3

90.3
77.1
67.4
29.5
20.2
17.8
10.9
10.8
10.3
9.2
7.8
6.1

ATLAS-CONF-2013-024 (stop — t, neutl)

i

507.3
467.8
467 .4
459.6
382.5
292.3
270.1
92.2

90.5

84.3
72.0
61.9
31.5
23.6
20.4
11.9
11.8
11.2
10.0
8.3
6.6




e \What is the impact of the
stop chirality in BSM
search?

e Polarised stop vs. pure kinematic decay: t — bx; — béuj{?

Polarisead
pure kinematic K.Wang, L.Wang, T.Xu, L.Zhang, 2013

Polarized 52% 46% 40%
1.3 TeV
Kinematic 64% 59% 54%

S - -
100 150 200 250 300
lepton

Polarized 54% 48% 44%
1.5 TeV
Kinematic 65% 61% 57%




e \What is the impact of the
stop chirality in BSM
search?

e [he effect can be factorable by the R and L contributions.

weight (analytical)

l l

e(fcrr) = €z, cosberr +€;, -sinfesy

I I

efficiency maps for R and L



Other limitation

(a) 3 (= 1M~) - B
g_,qqxl g_)qqxl( gam)z(l)) °agg(m9’mQ) (BRgﬁqq)Z?) +

) | 2
€G—q39:G-a% (M3, mi?) 053(Mmg, mg) (BR"I'—W???) T

() o~ 17~
g_>qqxl q_>qx(l) (mg’ m‘l’ ) UQQ(mQ’ mQ) BR@—)qqxl fB}zq—)qx1

e difficult to cover all the topologies

e for the topology with long decay chain, the efficiency depends
on 3 or more BSM masses => difficult to generate the

efficiency maps

e However, the limit Is always conservative.



Coverage for Natural SUSY

O.lmphmented

coverage —
Otot

500 1000 1500 2000
300 400 500 600 700 800 900 my [GeV]
My, [GeV]

1500

M= Mgy, [GeV]

600 800 1000 1200
My, [GeV]

400 600 800 1000 1200 1400 1600 1800 400
my [GeV]




Split SUSY.

spread SUSY 8TeV: GC1N1 + C1N2N1
™

With some 3- or 4-D efficiency maps
popular models can have good
coverage.

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
M/M,

with some 4D
efficiency maps

02040608 1 12 14 16 1.8
m, [TeV]

200 M
02 04 06 08 1 12 1.4 16 1.8 2

m, [TeV]




Topologies vs Simplified Models

[Gluino-Squark-Neutralino model]

1 >
L=Lrin+g C]TAQ + qqx; + FQ QTAC]X1 ‘|_mggg e mqqq =+ mxX(l)X(l)

Squark-gluino-neutralino model

= 2800

©.2600
o
T 2400

. A\
0-lepton combined -

< 2200
2000
1800
1600
1400
1200
1000

800
800 1000 1200 1400

: ATLAS Preliminar)

JLdt=20.3 o', 1s=8 Tey( |

= 0 GeV Observed limit (+1 otigf:;
= 0 GeV Expected limit (£10,,,)
395 GeV Observed limit

395 GeV Expected limit

S GeV Expected limit
m(x ) 0 GeV Observed

1600 1800 2000 2200 2400 2600 2800
gluino mass [GeV]

production decay

D — 44 ]
pp — G |®| § — 90X\
pp — 94 q — qg
q — qx}

= mixture of various topologies

The rate of topologies is easily
violated with (e.g.)

qg — ttxl
and the limit.cannot be used.



. . . Papucci, KS, Weller,
//tastlim.web.cern.ch/fastlim m Zeaune 1402 0492

cross section tables efficiency tables

mgQo mg O mG N1 &€

300 300 87.94 300 0 0.12
300 350 34.98 300 S50 0.09

info on SRs: [ N[(JC}J), NS(K/}a N(gg ]

O



http://fastlim.web.cern.ch/fastlim/

Papucci, KS, Weiler,

/[fastlim.web.cern.ch/fastlim Zeune 1402 0492

cross section tables efficiency tables

( : MasSesS mQ mg O mG IMnNp €

00 300 87.94 300 0 0.12
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info on SRs: [ N[(JC}J), NS(K/}, N ]

obs
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Papucci, KS, Weiler,

/[fastlim.web.cern.ch/fastlim Zeune 1402 0492

cross section tables efficiency tables

MassSes mG IMnNp €

00 300 87.94 300 0 0.12
50 0.09

(7
Q
—i
-
U
<
-
—
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5 i = Ny

info on SRs: [ N[(JC}J), NS(K/}a ngg ]
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Papucci, KS, Weiler,

/[fastlim.web.cern.ch/fastlim Zeune 1402 0492

cross section tables efficiency tables

MassSes mcG Imnip €

00 300 87.94 300 0 0.12

(7
Q
—i
-
U
<
-
—
N

No MC sim. required output:, N, /N SO L@



http://fastlim.web.cern.ch/fastlim/

Definition of topology

* |f R-parity is (approximately) conserved, the SUSY events can be identified by
tracing the two decay chains:

sparticle A1 = sparticle A2 — ...

sparticle B1 — sparticle B2 — ...




Definition of topology

* |f R-parity is (approximately) conserved, the SUSY events can be identified by
tracing the two decay chains:

sparticle A1 = sparticle A2 — ...

sparticle B1 — sparticle B2 — ...

e |t is convenient to introduce the particle names that manifestly distinguishes
R-odd and R-even states.

R even

gam, z, w, h

e, m, ta

R odd

N1,...,N4, C1,C2

B8 e 2

B1, B2

E, M, TAU

NU, NUT



Definition of topology

e |t is convenient to introduce the particle names that manifestly distinguishes
R-odd and R-even states.

R even

gam, z, w, h

e, m, ta

R odd

N1,...,N4, C1,C2

B8 e 2

B1, B2

E, M, TAU

NU, NUT



Definition of topology

alphabetic order

GbtC1wN1

e |t is convenient to introduce the particle names that manifestly distinguishes
R-odd and R-even states.

R even

gam, z, w, h

e, m, ta

R odd

N1,...,N4, C1,C2

B8 e 2

B1, B2

E, M, TAU

NU, NUT



Definition of topology

alphabetic order

AR -- topology nhame --
GbtC1wN1 PoIosY

GbtC1wN1_GqgN1
"

alphabetic order

e |t is convenient to introduce the particle names that manifestly distinguishes
R-odd and R-even states.

R even| g gam, z, w, h q t o e, m, ta N

Rodd| G |[N1,...N4,C1,C2| Q | T1,T2 | B1,B2 | E, M, TAU {NU, NUT



Definition of topology

alphabetic order

AR -- topology nhame --
GbtC1wN1 PoIosY

GbtC1wN1_GqgN1
"

alphabetic order

From the minimality requirement

* We do not specify the decay of SM particles. SM decays are fixed and model
iIndependent.

 We do not specity the charge (or particle <-> anti-particle). The event ratio

between a process and its CP conjugated process is model independent as long
as CP is conserved.



Truncation of soft decays

 |f there are two BSM particles with simitar masses, the decays involving these
particles produce very low pT SM particles, which do not have impact on-the SR
efficiency. In this case, such decays can be truncated and the topology can be
redefined as a shorter topology.

soft
V
G-btC1i—ggN1 mpr GbtN-
o note: this introduces topologies as it EM charge is
degenerate not conserved.

e This technique is particularly useful for the wino or higgsino LSP cases.



Fastliim 1.0

topologies in Fastlim 1.0
A | GbB1bN1

a ‘_“K N1

GbB1bN1 GbB1bN1 GbbN1_GbbN1 GbbN1_GgN1 T1bN1_T1bN1
GbB1bN1 GbB1tN1 GbbN1_GbtN1 GbtN1_GgN1i T1bN1_T1tN1
GbB1tN1 GbB1tN1 GbbN1_GttN1 GgN1_GgN1 T1tN1_T1tN1
GtT1bN1 GtT1bN1 GbbN1_GqgN1 GgN1_GttN1 (B1bN1_B1bN1)
GtT1bN1_GtT1tN1 GbtN1_GbtN1 GgN1_GqqN1 (B1bN1_B1tN1)
GtT1tN1 _GtT1tN1 CbtN1_GttN1 (B1tN1_B1tN1)
GbB2bN1_GbB2bN1) GbtN1_GqgN1 (B2bN1_B2bN1)
GbB2bN1_GbB2tN1) GttN1_GttN1 (B2bN1 B2tN1)
GbB2tN1_GbB2tN1) GttN1_GqgN1 (B2tN1 B2tN1)
(
(
(

T2bN1.T2bN1) not all topologies are

T2bN1_T2tN1)

T2tN1_T2tN1) implemented

GtT2bN1_GtT2bN1) GqqN1_GqgN1
GtT2bN1_GtT2tN1)

GbB1bN1_GbB2DbN1 ]
GbB1bN1_GbB2tN1

GbB1tN1_GbB2bN1
GbB1tN1_GbB2tN1

|
|
|
GtT1bN1_GtT2bN1] the result may be
o et underestimated but at
| least conservative

GtT1tN1_GtT2tN1

(
(
(
(
(
(GtT2tN1_GtT2tN1)
[
[
[
[
[
[
[
[




Fastliim 1.0

avallable analyses

Short description

ATLAS_CONF_2013_024 0 lepton + (2 b-)jets + MET [Heavy stop]
ATLAS_CONF_2013_035 3 leptons + MET [EW production]
ATLAS_CONF_2013_037 | 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop]
ATLAS_CONF_2013.047 0 leptons + 2-6 jets + MET [squarks & gluinos]
ATLAS_CONF_2013_048 2 leptons (+ jets) + MET [Medium stop|

ATLAS_CONF_2013_049 2 leptons + MET [EW production]
ATLAS_CONF_2013_053 0 leptons + 2 b-jets + MET [Sbottom/stop]
ATLAS_CONF_2013_054 | 0O leptons + > 7-10 jets + MET [squarks & gluinos]
ATLAS_CONF_2013_061 | 0-1 leptons + > 3 b-jets + MET [3rd gen. squarks]
ATLAS_CONF_2013_062 1-2 leptons + 3-6 jets + MET [squarks & gluinos]
ATLAS_CONF_2013_093 1 lepton 4+ bb(H) 4+ Etmiss [EW production]

0 OO OO GO GO GO OO OO0 OO0 ©o

 Most 2013 ATLAS analyses are implemented (CMS analyses will be implemented soon).

Event generation was done using MadGraph 5. The sample include up to extra 1 parton
emission at ME level, matched to parton shower using MLM scheme.

 ATOM is used for efficiency estimation.



Efficiency Tables

e efficiency tables are standard text file.

* should be given tor each signal region and each topology

e any 3rd party’s efficiency tables can be easily. incorporated.

global coordinating effort to
generate efficiency maps and
share

fastlim-devel

analyses_info

https://indico.cern.ch/event/272303/ AtomReader

diagrams

efficiency_tables

CbB1lbN1_CbB1bN1
CbB1lbN1_CbB1tB1
CbB1lbN1_CbBItN1
CbB1tN1_CbBI1tN1
CbbN1_CbbN1
CbbN1_CbtN1
8TeV
ATLAS_2012_CONF_2012_105
ATLAS_2013_CONF_2013_007
ATLAS_2013_CONF_2013_024

IATLAS_2013_CONF_2013_024
mG' mN1”efficiency

114
57
1
164
82
1
224
149
74
1
294
196
98
1
374
280
186
92

.0
.000412881915772
.000934725035052
.000394331484904
.00175910335989
.00211810983912
.000648757749051
.00205605189083
.00413283771887
. 00459346597887
.000765696784074
.00510688836105
.00833134399618
.00902741483347
. 000838926174497
.00488321739531
.012501161818
012756401352

ana

error

0.0
0.00010:
0.00015:
9.85634:

0.000210¢

0.000230¢
0.00012«

0.0002241

0.000317-

0.000335]
0.00013:

0.000347:

0.000444]

0.000461¢
0.00013’

0.000334:

0.000535"

0.000539¢


https://indico.cern.ch/event/272303/

=i

» efficiency tables are standa

e should be given for each si

e any 3rd party’s efficiency te
global coordinating effort to

generate efficiency maps and
share

https://indico.cern.ch/event/2/72303

can include efficiency maps
on HepData very easily.

Please provide more maps!

The Durham HepData Project

DataBase * DATA Reviews * PDF PLoTTER

REACTION

Reaction Database Full Record Display

View short record or as: input, plain text, AIDA, PyROOT, YODA, ROOT, mpl, ScaVis or Marc XML

AAD 2012 — Search for squarks and gluinos with the ATLAS detector in final states with
jets and missing transverse momentum using 4.7 fbA-1 of sqrt(s) =7 TeV proton-proton
collision data

Experiment: CERN-LHC-ATLAS (ATLAS)
Preprinted as CERN-PH-EP-2012-195
Archived as: ARXIV:1208.0949

Record in: INSPIRE

Rivet Analysis: ATLAS_2012_11125961

CERN-LHC. Data from proton-proton interactions at a centre-of-mass energy of 7 TeV with a final state consisting of
jets and missing transverse momentum and no high-pT electron or muons are interpreted in a number of SUSY model,
listed in the table below.

The table below provides links to the following information for each of the SUSY models
X Number of Monte Carlo events generated
Ne $€C The Total SUSY production cross section
Signal Acceptance (truth level)
AccEffUnc: Efficiency (reconstruction level)
Uncertainty on signal efficiencies due to detector effects and ISR

CLs Observed and expected 95% CLs of signal models
SLHA SLHA files from the analyses
xsUL Combined and inidividual signal level upper limits on the effective cross sections

Exclusion The exclusion plot contours as presented in the figures

| Model [Nevt/Xsed] CLs |[SLHA|[xsUL |[Exclusion
ICMSSM/MSUGRA, tan beta=10, A_0=0, mu0 | select [select|[select]| | select
kcompressed SUSY (baseline) | select || select |lselect|[select|| |[ select
kcompressed SUSY, (heavy EW gauginos) | select || select ||select||select]| || select
compSUSY_HSQ | select |[ select ||select||select|| | select
IMSSM squark-gluino-neutralino model, mLSP=0 || select || select ||select|select||select|| select
IMSSM squark-gluino-neutralino model, mLSP=195 GeV | select || select ||select|[select||select|| select
IMSSM squark-gluino-neutralino model, mLSP=395 GeV || select || select ||select||select|[select]| select
kluino-gluino simplified model, direct decays | select |[ select |[select|[select|select| select
lsquark-antisquark simplified model, direct decays | select || select |lselect||select||select|| select
kluino-gluino simplified model, intermediate chargino, vs mLSP | select || select |[lselect||select||select|| select
kluino-gluino simplified model, intermediate chargino, vs mChargino | select || select |lselect||select||select| select
lsquark-antisquark simplified model, intermediate chargino, vs mLSP || select || select ||select|[select||select|| select
lsquark-antisquark simplified model, intermediate chargino, vs mChargino|| select || select |[select|[select||select]| select



https://indico.cern.ch/event/272303/
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S I\/l Od e ‘ S Sabine Kraml, et.al, 2013

 SModelS is a tool to automatically check the simplified model constraints on
a given BSM model.

SLHA or i [ Experimental

LHE input Analyses

Decompose

C
SMQIS Topologies w(i)tri:]pare

Upper Limits




ATOM: Implemented analyses



Some info on Analysis

e Currently we have ~50 A

LAS and ~40 CMS analyses.

o All Rivet analyses can run on Atom: ~200 available analyses.

o ATLAS 2013 SUSY analyses have been systematically
implemented for Fastlim project.

e Some of the ATLAS and CMS 2014 analyses have been
implemented for different projects.



atom>show Analyses

ATLAS_2010_S8755477
ATLAS_2010_S8814007
ATLAS_2010_S8914249
ATLAS_2011 CONF_2011 036
ATLAS_2011 CONF_2011_039
ATLAS_ 2011 _CONF_2011 086
ATLAS_2011_CONF_2011 090
ATLAS 2011 CONF_2011 096
ATLAS 2011 CONF_2011 098
ATLAS 2011 CONF_2011 123
ATLAS_ 2011 CONF_2011 126
ATLAS_2011_CONF_2011_130
ATLAS_2011_CONF_2011_144
ATLAS_2011 1928289
ATLAS_2011_S8970084
ATLAS_2011_S8983313
ATLAS_2011_S8996709
ATLAS 2011 S9011218
ATLAS_2011_S9019553
ATLAS_2011_S9019561
ATLAS 2011 S9108483
ATLAS 2011 S9120726

ATLAS_2011_S9203559
ATLAS_2011_S9225137
ATLAS_2012_CONF_2012_ 033
ATLAS_ 2012 CONF_2012_ 084
ATLAS_ 2012 CONF_2012 088
ATLAS_2012_CONF_2012_ 109
ATLAS_ 2012 CONF_2012_ 147
ATLAS_ 2012 CONF_2012 148
ATLAS 2012 11189659
ATLAS 2012 11204447
ATLAS 2012 1946427
ATLAS_2013_CONF_2013_007
ATLAS_2013_CONF_2013_024
ATLAS_2013_CONF_2013_035
ATLAS_2013_CONF_2013_037
ATLAS_2013_CONF_2013_047
ATLAS_2013_CONF_2013 048
ATLAS_2013_CONF_2013 049
ATLAS_2013_CONF_2013_053
ATLAS_2013_CONF_2013 061
ATLAS_2013_CONF_2013_062
ATLAS_2013_CONF_2013_068

ATLAS_2013_CONF_2013_093
ATLAS_2014_CONF_2014_033
ATLAS_2014_11282905
ATLAS_2014_11286444
ATLAS_2014_11286761
CMS_2010_1881087
CMS_2010_58820767
CMS_2011_1919742
CMS_2011_58932190
CMS_2011_58990433
CMS_2011_58991847
CMS_2011_5S9036504
CMS_2012_11090423
CMS_2012_I11119567
CMS_2012_11189823
CMS_2013_I1215599
CMS_2013_11220378
CMS_2014_11298508
CMS_PAS_EX0_11_036
CMS_PAS_EX0_11_050
CMS_PAS_EX0_11_051
CMS_PAS_EX0_11_059

CMS_PAS_EX0_12_048
CMS_PAS_EX0_12_059
CMS_PAS_SUS_10_005
CMS_PAS_SUS_10_009
CMS_PAS_SUS_10_011
CMS_PAS_SUS_11_003
CMS_PAS_SUS_11_004
CMS_PAS_SUS_11_005
CMS_PAS_SUS_11_006
CMS_PAS_SUS_11_010
CMS_PAS_SUS_11 011
CMS_PAS_SUS_11_015
CMS_PAS_SUS_11_017
CMS_PAS_SUS_11_022
CMS_PAS_SUS_11_028
CMS_PAS_SUS_12_ 011
CMS_PAS_SUS_12_ 019
CMS_PAS_SUS_12_028
CMS_PAS_SUS_13_012
CMS_PAS_TOP_11_005
CMS_PAS_TOP_12_ 007



ATLAS_2010_S8755477
ATLAS_2010_S8814007
ATLAS_2010_S8914249

ATLAS_2011 CONF_2011 036
ATLAS_ 2011 CONF_2011 039
ATLAS_ 2011 _CONF_2011 086
ATLAS_2011_CONF_2011 090
ATLAS 2011 CONF_2011 096
ATLAS 2011 CONF_2011 098
ATLAS 2011 CONF_2011 123
ATLAS_2011 CONF_2011 126
ATLAS_2011_CONF_2011 130
ATLAS_2011_CONF_2011_144
ATLAS_2011 1928289

ATLAS_2011_S8970084

ATLAS_2011_S8983313
ATLAS_2011_S8996709
ATLAS 2011 S9011218
ATLAS_2011_S9019553
ATLAS_2011_S9019561
ATLAS 2011 S9108483
ATLAS 2011 S9120726

atom>show Analyses

ATLAS_2011_S9203559
ATLAS_ 2011 59225137
ATLAS 2012 CONF_2012_033
ATLAS 2012 CONF_2012 084
ATLAS 2012 CONF_2012 088
ATLAS 2012 CONF_2012_109
ATLAS 2012 CONF_2012_ 147
ATLAS 2012 CONF_2012_ 148
ATLAS 2012 11189659
ATLAS 2012 11204447

ATLA Y 9464
ATLAS_2013_CONF_2013_007
ATLAS_2013_CONF_2013_024
ATLAS_2013_CONF_2013_035
ATLAS_ 2013 _CONF_2013 037
ATLAS 2013 CONF_2013 047
ATLAS 2013 _CONF_2013 048
ATLAS 2013 _CONF_2013_049
ATLAS 2013 CONF_2013 053
ATLAS 2013 CONF_2013 061
ATLAS 2013 _CONF_2013 062
ATLAS 2013 CONF_2013 068

Recent ATLAS and CMS
analyses are implemented

ATLAS_2013_CONF_2013_093
ATLAS_2014_CONF_2014_033
ATLAS_2014_11282905
ATLAS_2014_11286444
ATLAS 2014 11286761
CMS_2010_1881087
CMS_2010_58820767
CMS_2011_1919742
CMS_2011_58932190
CMS_2011_58990433
CMS_2011_58991847
CMS_2011_5S9036504
CMS_2012_11090423
CMS_2012_I11119567
CMS 2012 11189823
CMS_2013_I1215599
CMS_2013_11220378
CMS_2014_11298508
CMS_PAS_EX0_11_036
CMS_PAS_EX0_11_050
CMS_PAS_EX0_11_051
CMS_PAS_EX0_11_059

CMS_PAS_EX0_12_048
CMS PAS EX0 12 059
CMS_PAS_SUS_10_005
CMS_PAS_SUS_10_009
CMS_PAS_SUS_10_011
CMS_PAS_SUS_11_003
CMS_PAS_SUS_11_004
CMS_PAS_SUS_11_005
CMS_PAS_SUS_11_006
CMS_PAS_SUS_11_010
CMS_PAS_SUS_11 011
CMS_PAS_SUS_11_015
CMS_PAS_SUS_11_017
CMS_PAS_SUS_11_022
CMS PAS SUS 11 028
CMS_PAS_SUS_12_011
CMS_PAS_SUS_12_ 019
CMS_PAS_SUS_12_028
CMS_PAS_SUS_13_012
CMS_PAS_TOP_11_005
CMS_PAS_TOP_12_ 007



We follow the Rivet
convention for the name
of analyses code

atom>show Analyses

ATLAS_2010_58755477
ATLAS_2010_58814007
ATLAS_2010_58914249
ATLAS_2011_CONF_2011_036
ATLAS_2011_CONF_2011_039
ATLAS_2011_CONF_2011_086
ATLAS_2011_CONF_2011_090
ATLAS_2011_CONF_2011_096

ATLAS_2011_5S9203559

ATLAS_2011_59225137

ATLAS_2012_CONF_2012_033
ATLAS_2012_CONF_2012_084
ATLAS_2012_CONF_2012_088
ATLAS_2012_CONF_2012_109
ATLAS_2012_CONF_2012_147
ATLAS_2012_CONF_2012_148

ATLAS_2013_CONF_2013_093
ATLAS_2014_CONF_2014_033
ATLAS_2014_11282905
ATLAS_2014_11286444
ATLAS_2014_11286761
CMS_2010_1881087
CMS_2010_58820767
CMS_2011_1919742
CMS_2011_58932190

CMS_PAS_EX0_12_048
CMS_PAS_EX0_12_059
CMS_PAS_SUS_10_005
CMS_PAS_SUS_10_009
CMS_PAS_SUS_10_011
CMS_PAS_SUS_11_003
CMS_PAS_SUS_11_004
CMS_PAS_SUS_11_005
CMS_PAS_SUS_11_006

€« C fi _ inspirehep.net/recorq/10904237In)e CMS_2011_S8990433 CMS_PAS_SUS_11_010
= Apps ™ Gmail . ¥ Maps | .| HEP [ Yahoo! | ] Social [.| Phy CMS_2011_S8991847 CMS_PAS_SUS_11_011

007 2011_59036504

) ) L 024  (CMS_20»2_11090423
H N \ | 035  (CMS_2012_11119567

037 CMS_2012_11189823

CMS_PAS_SUS_11_015
CMS_PAS_SUS_11_017
CMS_PAS_SUS_11_022
CMS_PAS_SUS_11_028

{1 PETTOWIRe 047  CMS_2013_11215599 CMS_PAS_SUS_12_011
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atom>show Analysis ATLAS_2013 CONF_2013 061

Analysis: ATLAS_2013_CONF_2013_061

Description: 0-1 leptons + >=3 b-jets + Etmiss [3rd gen. squarks] at 8TeV with $20.1fb"{-1}$

Abstract: The results of a search for strong production of supersymmetric particles in multi-b-j

ets final states in 20.1 fb-1 of pp collisions at sqrt{s}=8 TeV using the ATLAS detector at the LHC
are reported. This search is performed in events with zero or at least one lepton (electron or muo
n), large missing transverse momentum, at least four, six or seven jets and at least three jets tag

ged as originating from b-quarks. No excess 1s observed in data with respect to the Standard Model
predictions. Results are interpreted in the context of several supersymmetric models involving gluil
nos and top and bottom squarks, and in the context of a mSUGRA/CMSSM model. Gluino masses up to abo
ut 1.3 TeV are excluded, depending on the model, which significantly extends the previous ATLAS res
ults.

Collider: LHC

Run: pp SUSY interactions at 8000 GeV.

Experiment: ATLAS

Year: 2013

Identifiers: TheATLAScollaboration:2013tha

Status: VALIDATED
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