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What Are We Looking For?

ne»r-=»

e Inclusive production of Squarks and Gluinos
A Strong production = High cross section

e Inclusive searches have been the work hor—
ses since the beginning

A The TeV scale was probed already with

early searches
A But these limits are not universal

» Higher masses?
» Non degenerate 15¢/2"4 gen. masses?
> Compressed SpeCtra? 200 400 600 800 1000 1200 1400 1600

m rﬂge[GeV]
— Much more to be explored

O, [pbl: pp — SUSY ]

Status fromlast years SUSY 2012 update

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: SUSY 2012)
o o 1 40 - T T T TTTT] T T 1

s MSUGRA/ICMSSM :Qlep +js +E, ... uul fh”, 8 TaV [ATLAS-CONF-2012-1 1.50 TeV q g mass

2 MSUGRA/CMSSM : 1lep +js + £, .. [L=581b" 8 TeV [ATLAS-CONF-2012-104] 1.24 TeV q g mass J.Ld! =(1.00-58) fo"'
5 Phenomodel : Olep +js +E, ., L=5.81b". 8 TeV [ATLAS-CONF-2012-108) 148TeV §mass (m@ <2TeV,ight 1) ' :

2 Pheno model Olep+js+E,;, L=5.8 th", 8 TeV [ATLAS-CONF-2012-108] 138Tev q mass (m(@) <2 TeV, Ight i [s=7,8TeV
2 Gluino med. ¥ (G—qfy ): 1lep +j's +E e |ERAT 67,7 TeV [ATLAS-CONF-2012-041) g00Gav! g mass (m(i ) <200 GeV, m(f’) = ?mu‘; mia))

4 GMSB : 2 lep (OS) +j's +E ..... L=4.7 1b”. 7 TeV {Preliminary) 124Tev g Mass. (tang < 15) ATLAS
g GMSB:1-2t+0-1lep +j's *'E ;. |L=a7 w7 Tev (ATLAS CONE-2012-112) 120%e¥| g mass (tans >20) Preliminary
) GGM:yy +E L=4.8 1", 7 TeV [ATLAS-CONF-2012.072] Hl6ETeV! § mass (m(;’)> 50 Gev)
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What Are We Looking For?

e Inclusive production of Squarks and Gluinos
A Strong production = High cross section

e Inclusive searches have been the work hor—
ses since the beginning

A The TeV scale was probed already with
early searches

A But these limits are not universal
» Higher masses?

» Non degenerate 15¢/2"4 gen. masses?

» Compressed spectra?
— Much more to be explored

nre»r-»
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What Are We Looking For? @

e Final states determined by decays chains of Squarks/Gluinos
A Decays chains may contain charginos/neutralinos/sleptons/sneutrinos...

nre»r-»

Squark production

e Also consider long decay chains with many particles in the final state

e Final state consists of
A Kleptons + n jets + missing transverse energy £, (k=0-2,n >2to >10)
A Dedicated selections involving third generation particles (eg b—jets)
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What Are We Looking For? @

e Final states determined by decays chains of Squarks/Gluinos
A Decays chains may contain charginos/neutralinos/sleptons/sneutrinos...

nre»r-»

Gluino production

e Also consider long decay chains with many particles in the final state

e Final state consists of
A Kleptons + n jets + missing transverse energy £, (k=0-2,n >2to >10)
A Dedicated selections involving third generation particles (eg b—jets)
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What Are We Looking For?

Physics model, eg MSUGRA/CMSSM

BR g >y N\
100% L
(udcs) -
d C 4 T L

(u,d,c,

0%

e Physics inspired
e Depends on many parameters/masses

e Many decay chains, different final states

SUSY 2013 Trieste
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What Are We Looking For?

Physics model, eg MSUGRA/CMSSM

BR g >y N\
100% L
(udcs) -
d C 4 T L

(u,d,c,

0%

e Physics inspired
e Depends on many parameters/masses

e Many decay chains, different final states
A Mostly only a few are relevant
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What Are We Looking For?

Physics model, eg MSUGRA/CMSSM

0%

e Physics inspired

e Depends on many parameters/masses

e Many decay chains, different final states
A Mostly only a few are relevant

Marc Hohlfeld SUSY 2013

$

Phenomenological Model

(u,d,c,s),

e Study specific decay chain

A All other sparticles decoupled
e Only a few parameters/masses
e Easier to study mass dependence
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How Are We Doing This?

REGION

Main irreducible Backgrounds: @& .
dedicated Control Regions x
- EXtI’apolate tO S|gnal Regions QCD CONTROL

— Normalize MC prediction in A
using MC

SM Backgrounds:

top pairs, single top, Minor irreducible Backgrounds:
V+jets, dibosons, — Pure MC based prediction

multijets,...

Reducible (fake) Backgrounds:

— Fully data driven method
— Matrix method
— Jet smearing
— Templates

Validation Region: Signal Region:

— Cross check back- — Look for excess
ground predictions )

— Closer to SR :

:

Combined global fit:
Consider experimental and theoretical uncertainties

sonannes GUTENBERG

Marc Hohlfeld SUSY 2013 Trieste UNIVERSITAT MmNz




How Are We Doing This?

nre»r-»

Main irreducible Backgrounds: @& A
dedicated Control Regions r

— Normalize MC prediction in %"%
é&
— Extrapolate to Signal Regions otb CONTROL
using MC e

SM Backgrounds:

top pairs, single top, Minor irreducible Backgrounds:
V+jets, dibosons, — Pure MC based prediction

multijets,...

Reducible (fake) Backgrounds:

— Fully data driven method

— Matrix method
— Jet smearing
— Templates

Ffﬁ Background with uncertainty
—— Signal

Validation Region: Signal Region:
)
Discriminating Variable = g{gﬁﬁ;gﬁgg (t:)t?grll(s_ — Look for excess
Meft= B+ ]ethT+ %pIOT _ Closer to SR ;

:

Combined global fit:
Consider experimental and theoretical uncertainties
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O Lepton Channel (2—6 Jets)

nre»r-»

e O lepton channel with veto on any electrons or muons
A Pro: Large BR in chains without sleptons, additional jets from W/Z decays
A Con: Possibly large backgrounds from Z— vv+jets, W— rtv+jets, muItijegs

e Define 10 signal regions based on three requirements p
A Number of jets: Njes > 210 >6
A Effective mass: M.g > 1000 to > 2200 GeV
A L./ Mg ratio: >0.15t0 >0.4 P

e Constrain main backgrounds in dedicated control regions

A 4 CRs per signal region E 104??TRLY‘%S-T!?““’.{:i;i‘;'?é;;)
CR SM Process CR Process CR Selection % 3 o _J E
CRY Z — vv+ jets ~ + jets |solated photon : 102? :ng E
CRW W —/flv+gjets W —Llv+ jets trans. mass, b-veto 10¢
CRT tt and single top  tt and single top trans. mass, b-tag
CRQ  multijets multijets Reverse anti QCD cuts ¢ ..

o 500 1000 1500 2000 2500 3000 3500 4000
mg(incl.) [GeV]

e Dominant at low Nje¢s

Marc Hohlfeld SUSY 2013 Trieste



O Lepton Channel (2—6 Jets)

nre»r-»

e O lepton channel with veto on any electrons or muons
A Pro: Large BR in chains without sleptons, additional jets from W/Z decays
A Con: Possibly large backgrounds from Z— vv+jets, W— rtv+jets, muItijegs

e Define 10 signal regions based on three requirements p
A Number of jets: Njes > 210 >6
A Effective mass: M.g > 1000 to > 2200 GeV
A L./ Mg ratio: >0.15t0 >0.4 P

e Constrain main backgrounds in dedicated control regions

A 4 CRs per signal region g o i i . {;f;ii'fﬁ;;w
CR SM Process CR Process CR Selection g b =i
Z — vv + jets v + jets Isolated photon o ltzij:;glewp ]

tt and single top ¢t and single top trans. mass, b-tag 1

CRQ  multijets multijets Reverse anti QCD cuts ¢ ..

e Dominant at low Nje¢s

mg(incl.) [GeV]
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O Lepton Channel (2—6 Jets)

nre»r-»

e O lepton channel with veto on any electrons or muons
A Pro: Large BR in chains without sleptons, additional jets from W/Z decays
A Con: Possibly large backgrounds from Z— vv+jets, W— rtv+jets, muItijegs

e Define 10 signal regions based on three requirements p
A Number of jets: Njes > 210 >6
A Effective mass: M.g > 1000 to > 2200 GeV
A L./ Mg ratio: >0.15t0 >0.4 P

e Constrain main backgrounds in dedicated control regions

A 4 CRs per signal region R v
§ 10 3 r.‘ o Data 2012 (IS =8TeV)§

CR SM Process CR Process CR Selection 2 R
? 10° E f & single top E
CRY Z — vv + jets v+ jets |solated photon - =J ;
CRW W — flv+jets W — fv+ jets trans. mass, b-veto oF " E
CRT  ttandsingletop tt and single top trans. mass, b-tag 1 ‘ ﬂﬁ* f .
CRQ  multijets multijets Reverse anti QCD cuts T— A
R i

e Importance increases with increasing Njets

mg(incl.) [GeV]
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O Lepton (2—6 Jets) Selected Results

Mg distributions in SR

nre»r-»
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g L _“_'%guﬂ?j(e?ﬂoo’m(xl):sso ] Squark-gluino-neutralino model
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O Lepton (2—6 Jets) Selected Results

Mg distributions in SR
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Multijets Channel (7 to > 10 Jets)

e Increase jet multiplicity = Longer decay chains

A Interpretation in various models, in particular those with
many neutralinos/charginos in decay chain
A Also divide channels by b—jet multiplicity (0-2)

e Main discriminating variable I£,./ «/Ht = Almost independent of Nt

A Use shape in data from lower jet multiplicities to model multijets background
A Use same number of b—jets in CR and SR to get the template for every SR
A Only need to adjust out of cone energy for every N;qs bIn

Control Region (7 jets)

Signal Region (> 10 jets)

g T T T I I T I T I L I T I I T T Q T I l UL l T I T T ] T LI I I
>108 ® Dat >, 5 e Dat
() 10 ATLAS 4 T:taal background 10 ATLAS 4 T;:I background
(3107 IL dt=20.3 fb [ Multi-jets (3 IL dt=20.3fb 3 Multi-jets
=8 TeV C—Jtisqll 4 =8 TeV C—Jtisqlll
?g 10° \Nso bﬁetg ] tSfir:/g\]fl‘; top 510 \s=8Te _— tSfir:/g\;;lq; top
§1 5k l:lV\T—ﬁlvH?—jet; §103 l:IV\T—;IvH?—jets_;
w10 ] %V—_; v':/z i “J;q jhettjsets L ] %V 5 v'i i “f jhettjsGts
ok 0. 000 (6711900, 150] (GeV] 1026 . e [6:%,1:1900,150] [GeV]
3 7 jets p_ > 50 GeV > 10 jets p_> 50 GeV
10 T - T

10"
K. 102
E S 2: T
g B1.5E
E E 12A':0-'Q'. |
: 055 T :
°% 2 4 6 8 10 12 14 16 °% 2 4 6 8 10 12 14 16
ET™*/\ H; [GeV"?] ET™/\ H; [GeV'?]
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Multijets Channel (7 to > 10 Jets)

e Increase jet multiplicity = Longer decays chains

A Interpretation in various models, in particular those with
many neutralinos/charginos in decay chain

A Also divide channels by b—jet multiplicity (0-2)

e Main discriminating variable I£,./ «/Ht = Almost independent of Nt

e Other main backgrounds (¢t and W — fv+jets) normalized in 1/2 lepton CRs
A Apply Mt and . (1¢) or my, (2€) requirements

A In 1/ CRs count leptons as jets (add to Hr)

A In 2/ CRs treat leptons as neutrinos (add to F)

1¢ CR (0 b-tags)

ATLAS
JLdt=20.3 fo"

\s=8TeV
1 lepton CR
No b-jets

® Data
—— Total background
CJtt—>qll
CO W Iv +b-jets
B W - Iv + light jets
HlZ- v, +jets
@ Single top
B Wz
....... [6%,11900,150] [GeV]

vl ool vl vod vowd v ol vl viod ol vod il o

1 ——e—_o —0—¢— |

2 3 4 5 6 7 8 9 10 11 12 13

Marc Hohlfeld

Number of jets pT>50 GeV

1¢ CR (1 b-tag)

1 b-jet

T T T T T T T T T T

ATLAS
JLdt=20.3f5"

\s=8TeV
1 lepton CR

® Data
—— Total background
CJtt—-qll
CO W v+ b-jets
B W — Iv + light jets
Rz, +jets
@ Single top
B .z
....... [9,11900,150] [GeV]

vond o cod ol vl vod vod o cod ol ol ol

——  —e—

Data/Prediction
o
14

SUSY 2013

2 3 4 5 6 7 8 9 10 11 12 13

Number of jets pT>50 GeV

Events

Data/Prediction

1¢ CR (> 2 b-tags)

ATLAS
JLdt=20.3f5"

\s=8TeV
1 lepton CR
> 2 b-jets

® Data
—— Total background
CJtt-qll
CO W Iv + b-jets
3 W — v + light jets
Bzl +jets
@ Single top
B .z
....... [9,11900,150] [GeV]

ol ool oo od od od od od vl

2,

1? —o— _'_+_'_+—o—

0.5 E
05345 6 7 8 9 10 i1 12 13

Trieste 10

Number of jets pT>50 GeV
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Multijets Channel Results

nre»r-»

Decays via W boson A ui no pair production Decays via Wand Z bosons
90099 g—>qux m( )[m(91+m(~ )]/2

= R
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C _ 1 1 = __ _]
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% 08 = 200 [ B

g 07 = - | .

[ E 100 ;_ -
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03 maE)m@) i _
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0.1F ; /"5 E :
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0 11 11 [ ! &
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1 Lepton Channel

nre»r-»

e Require exactly one lepton + > 3-6 jets + I,

A Soft lepton selection extends reach to compressed
scenarios

e Main cuts for background suppression
A I, and Mg (p5 > 25 GeV) and K. and K. / Mg (p4 €[6/10,25] GeV)

8 pLATAS Preimnay | paaory

o Il Z+jets

S . Ldt=20.1fb™, {s=8TeV EW«HEIS

2 10 soft 1-lepton + 5-jet H B o H H

B et =l Simplified 1 Step Gluino Gluino Model
w [ Dibosons

[ Other contribution ~~
10 gluino (625,545,465) GeV . . gg - qqquwgpgp x=1/2
Soft Lepton Signal Region sy T
- 3 - ATLAS Preliminary PRD 86 (2012) 092002 o =
TTTT[TTTT T T T T T T T T TT T T ITTTITTTT] — - miss R 1 =
3 [ { ‘ o ‘ ‘ Da[aLm) ‘ i B 900 [ 1-lepton + jets + E &L, ——— Observed limit (hard lepton) o £
o 30 ATLAS  Preliminary misd.lepton | - /o= i R Expected limit (hard lepton) =
S e 1 800 | | Ldt=203 b, Vs=8 Tev 6\ /o " 2 ——— Observed limit (soft lepton) — §
= 2 Ay J’Ldt: 20.1fb", Vs=8 Tev p ] E === Observed limit (+1ofh‘;§fy) i o o Expecteotizhmlt (softlepton) 3 3
L . — 75 i : — G
g g4 W B singe Top ] 700 £ ] 051 061 0z 32
o 0 O “ o 1 Il zijets i [ —-~ Expected limit (+lcexp) Snt L 034 0.10 943
500" 550" 306 56" 400 450" 00 550 3 20 Dibosons 600 e 003 o g
CO ntrol RegIOﬁS[GeV] Other contribution | Al limits at 95% CL g = 53 e TN ."“‘s X 0.02 E 3
e gluino (625,545,465) GeV 500 - 4 7 * 003 002 _ %
> H . 1 - -
8 10° ATLAS Prehmmary —o—Data(ZOlg) soft 1-lepton + 5-jet | - 0.02 ] ?u<
o I Z+ets H signal region - 0.02 0
& F [ra=20am™, is=gTev -Wﬂe!s : R 400 — 0.02 - ©
g0 P e S 10 - S
S 904 -Si‘ngIeTop - 300 — 0.02 0.01_— o
w [ Dib: - 0.02 -1 =2
10° I:Iolthzf(?:r;tribu\ion b I~ 0.02 - 2
...... gluino (625,545,465) GeV 0 AR 1a
sy Lo 200 ¥ : oo —
10? b2 061 001 - E
Q 100 077" 52 ! A X X P ool o] 2
10 200 250 300 350 400 450 500 550 600 7 e 021 o0 007t o or R -
Y I ! 07 ) X X i X =
1B K “t @ ET [Ge\/] =0 A0 a0 | 9%%,013 ke 4 .- v owosy 1oy 3 B Sy ok
Fi . i 400 600 800 1000 1200 1400
Al i
Eloa.}x I 0 O e e m[GeV]
) %
i o - Exclude Gl below 700 GeV for all A 25 GeV
D ittt e Exclude Gluinos below eV for all Am(g, x9) > e
0 200 250 300 350 400 450 500

EN™* [GeV]
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e Search for dileptonic final states without Z bosons >q o

In the final state using the razor variables

e Razor variables ’ W
A Build two mega-jets j1, j» from visible decay products \
A Longitudinal: My = /(J1.E + Jo.E)? — (J1.p, + Jop.)? AR
> — R — T
ra— 3 ra— ; M7
: : T - : )
A Transverse: MFE = \/lEﬂ(ljl’pTHm’pTDz Br Giog ey )

Signal Region definition

Region Flavor Z-veto  Njets R My, (GeV)
SR1 ee/ yes <3 > 0.5 > 400
SR1 eu no <3 > 0.5 > 400
SR2 ee/ yes >2 >035 > 800
SR2 eu no > 2 > 0.35 > 800

sonannes GUTENBERG
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e Search for dileptonic final states without Z bosons
In the final state using the razor variables

e Razor variables
A Build two mega-

A Longitudinal:
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A Longitudinal:

e Search for dileptonic final states without Z bosons
In the final state using the razor variables

e Razor variables
A Build two mega-

ts 71, 7o from visible decay products
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e Search for dileptonic final states without Z bosons
In the final state using the razor variables

e Razor variables
A Build two mega-jets j1, jo from visible decay products

A Longitudinal: My = /(1.5 + j2.8)> — (J1.ps, + J2.p1 )2

s ] BT T2 op D= Yop - G 2,0 )2
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e Extend limits towards smaller mass differences
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e Extend limits towards smaller mass differences
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2 Lepton Channel (Same Sign)

e Same sign requirement has only tiny irreducible backgrounds
A Dominated by ¢t+V and diboson (WZ/ZZ+jets) background
e Other sources are charge misidentification (Z+jets) and fake

lepton (tt and W+jets) backgrounds

A Charge misidentification (only e): Measure charge mis—
identification probability and apply to opposite sign events

A Fake leptons: Use matrix method

e Discriminate background using I, Mg and b-multiplicity

A ui no (Squark) pair

producti on,

decay via Sl eptons

nre»r-»

decay via W bosons

~ o~ . ~ o~ ~0 ~0 .
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For more details see talk from M. Barisonzi (Th. 14:30)
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MSUGRA/CMSSM Scenario

e MSUGRA/CMSSM scenario still a viable model to compare different analyses
A Grid designed to meet the Higgs mass constraint
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e Exclude Gluino masses below 1.35 TeV for all Squark masses
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MSUGRA/CMSSM Scenario

ne»r-=»

e MSUGRA/CMSSM scenario still a viable model to compare different analyses
A Grid designed to meet the Higgs mass constraint

MSUGRA/CMSSM: tan(i) = 30, Au =-2mg u =0 Status: SUSY 2013
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e Also dedicated inclusive search with 7-leptons = See talk from M. Tripiana (Tu. 14:30)
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any More Results From Inclusive Searches
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Conclusion and Outlook

ne»r-=»

e ATLAS has extensively mined the data in search for supersymmetry

e The scope of the inclusive analyses has been broadened to cover more
challenging scenarios

e Mass limits are pushed further into the TeV range
A Limits up to 1.7 TeV for specific scenarios

" . . o g
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Conclusion and Outlook |

e ATLAS has extensively mined the data in search for supersymmetry

ne»r-=»

e The scope of the inclusive analyses has been broadened to cover more
challenging scenarios

e Mass limits are pushed further into the TeV range

A Limits up to 1.7 TeV for specific scenarios

e The air is getting thinner for SUSY
A Need to test even higher masses
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Conclusion and Outlook @

e ATLAS has extensively mined the data in search for supersymmetry

ne»r-=»

e The scope of the inclusive analyses has been broadened to cover more
challenging scenarios

e Mass limits are pushed further into the TeV range

A Limits up to 1.7 TeV for specific scenarios

e The air is getting thinner for SUSY

A Need to test even higher masses
A Or to even more challenging scenarios
» Compressed spectra, low pr objects,...

e Be prepared for 2015 data!
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You would like to know more?
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Going Beyond the Standard Model

e The Standard Model is very successful...
A ...but it cannot answer all questions and has some caveats

= Many ways and attempts to extend the Standard Model

e Supersymmetry

A Extension of the Poincare group
» Supersymmetric partner for every SM particle
» Squarks, Gluinos, Charginos, Neutralinos,...

e Why Supersymmetry?

A Cancellation of radiative corrections for the

Higgs mass

A Unification of the couplings
A Provides a dark matter candidate

V01 5;=25.35

M, =1.25 10°GeV
PRI R S S

10 15
log,(E/M,)
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Proton—proton collisions at Vs =8TeV
Total luminosity used for analyses: [ Ldt=20.3 fb~"

=

ATLAS Online Luminosity Vs=8Tev
[ LHC Delivered
|:| ATLAS Recorded

Total Delivered: 23.3 &'
Total Recorded: 21.7 5!

0 .
26/03 31/05 06/08 11/10 17/12
Day in 2012
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ATLAS Detector

ne»r-=»

e Emphasis on

A Very good particle identification
A Very good jet, I resolution sk
A Large coverage and hermiticity

25m \

Tile calorimeters

t LAr hadronic end-cap and
) forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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ATLAS Detector

e Emphasis on

A Very good particle identification
A Very good jet, I resolution
A Large coverage and hermiticity
[ :
= 35: L S
8 - e Data 2012 default ATLAS Preliminary 7
= 305 0 MC default -
-2 - = Data 2012 Pile-up suppression .
% 255 o MC Pile-up suppression _:
4] - o ]
wD: 20— QQGO —]
£ 5 - .
U|:u_ 15 .
£ - .
- ® ]
- 1O: \s=8TeV ]
5f ILdt:ZO R
00— "200 400 600 800 1000 1200

2 E; (event) before pile-up suppression [GeV]

Tile calorimeters

' LAr hadronic end-cap and
. forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

net | Transition radiation tracker

conductor fracker
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SUSY Model |

e The reference model for SUSY searches is mMSUGRA
A Characterized by five parameters=- “easy”

» Common scalar mass at GUT scale: mg

» Common Gaugino mass at GUT scale: m, /;
» Common trilinear coupling at GUT scale: Ag
» Ratio of VEV of the neutral Higgs fields: tan 3
» Sign of Higgs mass parameter: sign(u)

Mass [GeV]

A R-—parity conservation = stable LSP (Neutralino) ~ ° * ° ‘la,ancen © ° 7
e Attempt to be less model specific ooty Gt e Thoty dadecsy | [T e Gy
= Simplified models el g llme——5 | 3
A Pick specific production and decay chain +g +q7 _%y:
A Vary masses of the particles involved in |msl L o]|mel L om0l T30
the Chaln 1-51:e-p:ascade decay (=14} | [I-step cascade decay (=12} | [1-step cascade decay (=3/4)
A Can easier be interpreted in different = [ e = [ —_—
scenarios mﬂ__'—qr'f ! mén_*w}’ ? ::Zi:&fi
A Quote limits on cross section times Y e o e o
efficiency -l | |me | |t

J. Wacker et al., hep-ph 1102.5338
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http://arxiv.org/abs/1102.5338

Background Strategy

W, Z, tt background

miss

e Semi—data driven approach
e Select events in control regions (CR)
A Normalise MC to data
e Extrapolate to signal region using MC
A Assume shape is described correctly

T

Et T (GeV)
L

QCD background

e Fully—data driven approach
e Measure real and fake efficiencies in CRs
e Apply Matrix Method to get contribution in SR

Loose Tight
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