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Reinterpretation of LHC results

Recently, ATLAS/CMS present their results in simplified models.

L}
v—r—T .I;ID;:‘: nnnnnn R - - 450 .................................. .
- ATLAS T > " ATLAS AN lmits a1 95% CL |
e T eorved et s ATLAS — 2 400 e-13TeV. 328 :
L. Okp REaE o . —~— O . — gk o0l P '
' ' -t — O opao Y et . = : v ) :
" i < 350 o - — aly A0 3
- e o TR 2e 28 - aasmade — Ay MDA 1
i L osm 3

E S e 4 e T T e 300;

250;

1505

100 —_— e o o
S0 § 3
Bo™ 550 600 650 700 780 800 850
m; [GeV]

t
t14 X
tlﬁ* Q
t



Reinterpretation of LHC results

Recently, ATLAS/CMS present their results in simplified models.
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\9 Full model

o Full model limit is very different from simplitied model limit.
e \We need tools to re-interpret the results in an arbitrary model.

=) CheckMate, MAS, SModelS, SUSY-Al, XQCAT, RECAST, ...
..., Atom, Fastlim



Atom Fastlim
In nutshell general event analyser fast limit calculator
* test models e test models without MC
= CheckMate, MA5 simulation
Whgt Ca'rt]h e simulate/study detector e study relevant
one itg Wi effects topologies of the model
| * plotting, distributions (0Br), foralli
(/
* design analyses
Method Mote Carlo Database
. Event file, Cross-sections Model file
N
pu hepmc, hep, ... SLHA file, ...
Pros Easy and Fast




Feature of Atom

e Atom is forked from Rivet

- Rivet commands can be used in Atom

- Rivet analyses can run in Atom

e Detector effects are simulated.

* Analyses helper

- can invoke observables: mT2, Razor, al, sphericity, ...

- can deal with weighted events

- plotting

- analyses validation helper

- dumping detector objects (jet, leptons, met, ..) for later use

Atom



Detector simulation

o different from Delphes
®* No calorimeter cells In Atom
e particle-objects —» detector-objects

|

Transfer functions more direct
SRR R RN RN R o Fana T ﬂ€XIb|€
ATLAS % dnsime
* — FastG4sim1 ]

', ----- Fast G4 sim 2
|+ FastG4sim3 -

—h
o
I

# Evts /0.016/0.32 pb™
= 2
IIIIII| T T TTTTTIT T T T

0 s s 0T 0 0 0 03'04

Leading Jet ( P -P; true) /P

T, true

particle-jet _j Atom



Jets

e declaration of a jet in analysis files: inematics
FastJets jets(fsbase, //> Jet algorithm

hadRange & Range(PT > 25.) & Range(abseta < 2.8),/

muDetRange, Fastlets::ANTIKT, 0.4 ); / Smearing
jets.setSmearingParams( getJetSim( "Jet_Smear LCW_JES 8tev_ATLAS" ) );-

jets.setEfficiencyParams( getJetEff( "Jet_Ident_PlaceHolder" ) ); > eff|C|ency

Atom



e declaration of a jet in analysis files:

Jets

FastJets jets(fsbase,

jets.setSmearingParams( getJetSim(] "Jet_Smear LCW_JES 8tev_ ATLAS"
jets.setEfficiencyParams( getJetEff( "Jet_Ident_PlaceHolder" ) );

hadRange & Range(PT > 25.) & Range(abseta < 2.8),/

muDetRange, FastJets::ANTIKT, 0.4 );

Kinematics
jet algorithm

__» Smearing
> efficiency

1

) He

# Evts / 0.016/0.32 pb™

Name1 Jet_Smear_ LCW_JES_8tev_ATLAS I

Pt Pt +/P1
=R I B I |""|;"'|'1"|""5
C ATLAS Full sim -
I — Fast G4 sim 1 ]|
T Fast G4 sim 2 |
- ¢ Fast G4 sim 3 -
= (L LI | 3
04 03 -02 -01 0 01 02 03 04
Leading Jet - /
9 ( pT pT, true) pT, true

Tag: ATLAS

Description: LCW+JES using 8TeV data

Comment: table

Reference: https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNC(
Smearing:

Type: Interpolation
IsEtaSymmetric: True
Interpolation:
Type: SquaredSum
ValidityInterval: Full
EtaBound: 5.0
EtaBinContent:
- BinStart: 0.0 €
BinContent:

S —3 [ [ -0.5, 0.749233 ]

N —> , [ -1, 4.07086 ]
(O —> . [0, 0.0215534 ] ]

- BinStart: 0.8
BinContent:
[ [ -©6.5, ©.640893 ]

Atom



Electron

e declaration of an electron in analyses:

-

double cone_size 0.3; double ptMin
©.16; double fracLimit_trk

0.0; double absLimit_trk

double fracLimit_cal

double absLimit_cal
; right Electron Definition
IsoElectron ele tight( (pT > 20) & (abseta < 2.47) );

ele tight.addIso(TRACK ISO PT, coneSize, fracLimit cal, absLimit cal, CALO ALL, ptMin);
ele tight.addIso(CALO_ISO ET, coneSize, fracLimit trk, absLimit_trk, CALO_ALL, ptMin);
ele_tight.setSmearingParams ( getElectronSim( "Electron_Smear_runl_ATLAS" ) );
ele_tight.setEfficiencyParams( getElectronEff( "Electron_Ident_Tight 2012 ATLAS" ) );
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Electron

®
Q.
M

Entries / 0.5 GeV

—
double
double
double
// Tig
IsoEle
ele ti
ele ti
ele_ti
ele_ti

—
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Analysis Validation

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

lepton efficiency

b-tagging efficiency

MET, momentum
resolution

e Mass: m; = 1300 GeV, myo = 100 GeV.

e The number of events: 5 - 10°.

e Event Generator: Herwig++ 2.5.2.

# | cut name €Exp EAtom %_.i Bl | #/? Rexp Raom ﬁ {Exp-Atom)
0 | Nocut 100.0 100.0
1 | ll-base: > 4 jets (pr > 30) 9.9+ 031 9942+011 1.03 7.65 0 097+00 | 09900 | 1.03 7.65
1l-base: pr(j;) > 90 96.8 £ 031 | 9932+ 012 108K 7.39 1 | 1000 | 1.0+£00 | 10 0.01
3 | ll-base: MET > 150 883+03 (9038 +042 102 4.06 2 1 091+00 | 091£00 | 10 | -042
4 | ll-base: >= 1 signal lepton 409+02  437+£07 107 3.84 3 | 046+00 0481001 1.4 2.51
5 | SR-11-6j: > 6 jets (pr > 30) 373£019 383+069 1.03 14 4 091+00 |088+002 096 6 -2.16
SR-11-6j: > 3 b-jets (pr > 30) 143 £012 1522 £0.51  1.06 1.76 5 038£00 04£001 1M 1.03
7 | SR-11-6j-A: my > 140 113£011 | 116£045 103, 064 6 079+001 076+0.03 096 -091
8 | SR-11-6j-A: MET > 175 109401 | 114£045 1.05 1.08 7 1096 £001)098+004)| 102 0.46
9 | SR-116}-A: MET/y/(Hy(inc) >5 | 108+0.1 (11224045 104| 092 | 8 |099+001 098+004|09 | -016
10 | SR-11-6j-A 108 £0.1 |11.22£045 1.04 0.92 9 1 10+£001 | 10£004 | 1.0 0.0
SR-11-6j-B: my > 140 11.3£011 11.6£045 103 | 064 6 079001 076+003)096 091
12 | SR-11-6j-B: MET > 225 100£01 1048 £043 105, 1.08 11 |088£001| 09£004 | 1.02| 048
13 | SR-116§-B: MET/\/(Hy(inc) > 5 | 10001 (1046043 105 104 | 12 | 1.0+001 | 10£004 | 10 | -0.04
14 | SR-11-6}-B 100£0.1 | 1046 £043 105 | 1.04 13 | 1.0£001 | 1.0£004 | 10 0.0
15 | SR-11-6j-C: my > 160 10.7£01 | 1118 £ 045 1.04 1.05 6 075£001 073£0.03 098 | =045
16 | SR-11-6j-C: MET > 275 8§8+009 | 932£041 106K 123 15 | 0.82 £ 0.01 | 0.83 £ 0.04 | 1.01 0.3
17 | SR-1165-C: MET/\/(Hz(inc)) >5 | 884000 | 0324041 106| 123 | 16 | 104001 | 10£004 | 10 | 00
18 | SR-11-6j-C 8§8+009 | 932£041 106 123 17 | 1.0+ 001 | 1.0£0.04 | 10 0.0

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

e The Atom’s methodology is robust and generic but requires MC
simulation for each model point, which is time-consuming.

e Jesting a single point typically takes tens of minutes, which often
becomes the limiting factor when scanning a large volume of the
parameter space.

each point requires MC
eecccceccccccocsee S|mUIat|0n

Fastlim



A
EQqN1:QgN1(mQ, mN1) *

6QQ * BRogN1:QqN1 * Lint

A
€GqqN1:GqqN1(mG, mN1) °

6G6G * BRGqgN1:GqgN1 * Lint

A
SquleQqu(mQ, mG, mN1) *

6G6Q * BRGggN1:QgN1 * Lint

Fastlim



database

A 3
€QqN1:QqN1(mQ, mN1)|*

6QQ * BRogN1:QqN1 * Lint

database

z

A v
ququ :GqqN1 (mG, mN1)| Sl

6G6G * BRGqgN1:GqgN1 * Lint

Fastlim



database

A 3
€QqN1:QqN1(mQ, mN1)|*

6QQ * BRogN1:QqN1 * Lint

database

z

A v
ququ :GqqN1 (mG, mN1)| Sl

6G6G * BRGqgN1:GqgN1 * Lint

6G6Q * BRGggN1:QgN1 * Lint

", cannot have database for all pieces
— the sum is truncated — Conservative




Application

- Many models can be covered with 3 or 4D efficiency tables.

4 ™
Oimplemented

Coverage =
Ototal

\_

Natural SUSY Split SUSY CMSSM

[ natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1 | [ spread SUSY 8TeV: GC1N1 + CIN2NT | ~ CMSSM 8TeV: QGN1+GCIN1+QCIN1+CIN2N1 |

100 o : < 800 100
80 = 038 - 80
70 0.7 £ 70
60 0.6 —60
50 0.5 50
40 0.4 40
30 0.3 30
20 20
0 0.2 -
0 0.1 o 200N . 0T 0
04 06 08 1 12 14 1.6 01 0.2 0.3 04 05 0.6 0.7 0.8 0.9
My, / Mg M/M, m, [TeV]

Fastlim



Topologies and Analyses

p p
G p K
N1 ———-
G T~~~ M

N1

G _55_/ N1
p P p

Natural SUSY

N1

D i | natural SUSY 8TeV: GN1+Q3N1+GT1N1+GB1N1 |

10 100
E 16 90

GbbN1_GbbN1 GbB1bN1_GbB1bN1 GbbN1_GgN1 T E !80

; GbbN1 GttN1 3 GbB1tN1_GbB1tN1 GgN1_GgN1 T1tN1_T1tN1 ' 00

e 33 e GtT1bN1_GtT1bN1 GeN1_GttN1 1 o

GbtN1_GbtN1 GtT1bN1 GtT1tN1 GeN1_GqgN1 oo 20

GbtN1_GttN1 GtT1tN1 GtT1tN1 oo 20

GbtN1_GqqN1 o4 o

0
GttN1_GttN1

1.4

04 06 08 1 12 14 16

Mry/ Mg
GttN1_GqqgN1
GqqN1_GqgN1
- J
r

b Name Short description Ecnv | Lint

b ATLAS_CONF_2013_.024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5

» ATLAS_CONF_2013_035 3 leptons + MET [EW production] 8 20.7

ATLAS_CONF_2013.037 | 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7

G N1 ATLAS_CONF_2013_047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3

ATLAS_CONF_2013_048 2 leptons (4 jets) + MET [Medium stop] 8 20.3

ATLAS_CONF_2013-049 2 leptons + MET [EW production] 8 20.3

N1 ATLAS_CONF_2013_053 0 leptons + 2 b-jets + MET [Sbottom /stop] 8 20.1

G ATLAS_CONF_2013.054 | O leptons 4+ > 7-10 jets + MET [squarks & gluinos| 8 20.3

P ATLAS_CONF_2013.061 | O0-1 leptons 4+ > 3 b-jets + MET [3rd gen. squarks| 8 20.1

t ATLAS_CONF_2013_062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3

t L ATLAS_CONF_2013.093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3




http://fastlim.web.cern.ch/fastlim . Papucci, KS, Weiller,
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Cross section efficiency tables

Masses mqQ mg O mG IMNp €

300 300 87.94 300 0 0.12
300 350 34.98 300 50 0.09
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Cross section efficiency tables
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http:/fastlim.web.cern.ch/fastlim/ F a s t 1 im P;gﬁﬁgi’1 zgé\gnggﬂ
Cross section efficiency tables
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http://fastlim.web.cern.ch/fastlim . Papucci, KS, Weiller,
| TR F asS t 1 1m Zeune 1402.0492

Cross section efficiency tables

masses llm || mg mn; €
300 300 87.94 300 0 0.12
) 350 34.98 I 0 0.09

topologies
> (0-BR); % &% Ling = N

1

information on SRs: N[(ﬁ?, NS(KZ, ngi

)
—
-
Y
<
a
H
0

No MC sim. required output: N /N CL®


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

Very easy to use!

$ ./fastlim.py model.slha

iImmediately gives

Cross Section
Total Implemented Coverage
8TeV 20.234fb 20.23fb 99.98%

Analysis E/TeV

ATLAS_CONF_2013_024 - SR1: MET > 200: -

ATLAS_CONF_2013_024 . SRZ2: MET > 300: . <== Exclude
ATLAS_CONF_2013_024 X SR3: MET > 350: - - <== Exclude
ATLAS_CONF_2013_035 . SRnoZa:

ATLAS_CONF_2013_035 ) SRnoZb:



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

Appendix




Recasting in MasterCode™ ="
(o Wj/[ Mz:;:gz@f“:g:;;;aysj

FeynWZz

r
Sampling [ Dark Matter ]

[ B-Physics ] Multinest MicrOmega, SSARD
Fl 1 :
SuFla, Superlso Xz _ Z .

LHC SUSY searches Higgs sector and (g-2),
Atom, Scorpion FeynHiggs, Higgssignals, Higgsbounds

Experimentalists: O.Buchmueller, R.Cavanaugh, M.Citron, A.De Roeck, H.Flacher, S.Mallik,
J.Marrouche, D.Martinez-Santos, K.J.de Vries,

Theorists: E.Bagnaschi, M.Dolan, J.Ellis, S.Heinemeyer, G.Isidori, K.Olive, K.Sakurai, G.Weiglein

Global fit of 10 parameter pMSSM [1504.03260]

sampled 10° points 1562/ POt 34 Py vears

Very fast recasting is required
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CL, Exclusion Confidence Level [%]

Universal Mass Limit

mg: My Mg = (1000, 700, 100) GeV

80 - —Combmatlon .
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)Zi N Wif((l) )~(i N Wixl
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‘If many search channels are
combined, the limit becomes
less sensitive to the decay
channels.”

O.Buchmueller, J.Marrouche ‘14

\ 4

In the first approximation, the
exclusion x¢ can be
parameterised by the masses:
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Universal Mass Limit

‘If many search channels are

Works well! combined, the limit becomes
| . . . . less sensitive to the decay
MEAN: 0.03 '
20| RMS: 178 | channels.

3501
O.Buchmueller, J.Marrouche ‘14

\ 4

In the first approximation, the
exclusion x¢ can be
parameterised by the masses:
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A special treatment is required for EWKino productions and
the stop compressed region.

ATLAS Prolminary 2037, s-8TeV Stalus: Fob 2015
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We have constructed ad-hoc functions around the 95% CL
exclusion curves.
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Our procedure
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working quite well!

600

500

100

300

2501

mﬁ) [GeV]

50F

Full simulation

200f

150

100§

T T T T T 7 T
7
’
//
’ i
//
//
z
e o i
8,280 ¢ % e
Q’i{{.")- e o0 :.
® ° % °% ) ° .
oL Fow ot g e
°
‘e l*“ .;... .-..so'-.:. . :
/./‘o.; » e 6. ° 0..0‘: > ‘o % '3",‘3
o op °
R R e
P T AR LR R K &
. o o o
AR
/‘/~.O‘ .:.‘:;... Of...;.é‘. o..’ ° o.. r) '.- i
° L) S ° N
é® o Oo..". "o ° ‘o.‘ ® 0%°, . X 1Y ' ™
o ° o, §
RN 2 LN R A
Vi op Fd o%:.o. e ® 3¢ ...:.. ..'o.....’:.’ ‘. o0
// ° .r .’ ,o .’o‘. .‘." o o.."oo.o:o'; .9' 8 4
0 100 200 300 400 500 600 700
;e - %3, o° QPP $
7o .O"‘o/.‘ ".‘. 0..’
/ Qe s -/ ed0 ¢ 7
ALY
AN sy
AL A SRR R
‘/ .Po.... %o % X //
ATV L AR
I XTSI M 1
° ° .: ....’/
,:"3 00.0.}30/ ‘. %%
/0 ° LAY
P A ,
4 .n.o.o . "0/‘: ./
/ ooy 0 0 3900 o ]
/e ® Coq ® e
7 oo .{~:/l.“‘: . ..//
/“o.f..'?. ) . o
o ®o '“" e 3 °, i
// //
/ /
/ . /
’ ’
’ ’ i
7 7
/ / 2
/ /
, X2 (LHCS i) <2.0

o o
x* (Atom and Scorpion)

|
H

|
w

N

300

Comparison

250

200

150

100

50

250

200

150

100

50

XQ

015

MEAN: 0.62
RMS: 2.31

X (LHC8gwk) —x (Atom)

MEAN: 0.57
RMS: 3.15

10
(LHC8pwi) +X* (LHCSStop)_X2 (Atom and Scorpion)

-5 0 5 10




Atom Fastlim
In nutshell general event analyser fast limit calculator
* test models ® test models without MC
= CheckMate, MA5 simulation
tht Caf;h * simulate/study detector e study relevant
one itg W effects topologies of the model
| e plotting, distributions (6Br); foralli
1
® design analyses
Method Mote Carlo Database
nout Event file, Cross-sections Model file
N
bt hepmc, hep, ... SLHA file, ...
Pros Very Generic Easy and Fast

Thank you
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Approximation

Can the efticiency parameterised by the masses of on-shell

particles appearing the decay chain?
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Approximation

Can the efticiency parameterised by the masses of on-shell
particles appearing the decay chain?
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pPMSSM-10

Parameter Range
M, ((1,1) TeV
M, (0,4) TeV
M, (-4, 4) TeV
Mg (0,4) TeV
Mg, (0,4) TeV
m; (0,2) TeV
M (0,4) TeV
A (-5,5) TeV

u (-5,5) TeV
tan (1, 60)




1500F

Particle Masses [GeV]
S
3

Best

Fit

[T
E Parameter Best-fit r
I E M, 170 GeV
— M, 170GeV 107«
E M, 2600 GeV
R m 2880 GeV \
. 4360 GeV
my 440 GeV
- M, 2070 GeV
A 790 GeV
E 7 550 GeV
| | | | | | | tanlB 376

| | |

0 0 + 5
me m 4 m 1 sz N L

X X

“prediction”

lu| < 1TeV

M1 ~ M2 < 500 GeV
m; < 1 TeV

10:

20 My < 500GeV
m; < 1 TeV

PMSSM10 looks healthy

M Higgs
M Dark Matter

™M (9-2)
M LHC SUSY limit




