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ATLAS

_f’. EXPERIMENT

Run Number: 180309, Event Number: 36060682

e Short term plans

Date: 2011-04-27 02:33:15 CEST

Monojet event, 1jet p=602 GeV, MET=523 GeV,
no further jet with p> 30 GeV
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Analysis and Signatures

Or

How we design ATLAS Etmiss based analysis
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/ Designing an analysis ?

Till now, ATLAS early searches were based on simple « cut & count »
analysis

1. Find best trigger

2. Cut sufficiently hard to reduce largely unknown background
processes (fake MET, fake-leptons from QCD)

3. Apply discriminating cuts to enhance signal/background ratio

4. Predict remaining backgrounds with fully- or semi- data-driven
techniques

5. Combine all information in a single likelihood, validate your model
and perform tests
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1st principle: we can analyze only data on tape !

mms)  Trigger is often driving the main analysis cuts

What are the main trigger objects:

Unprescaled thres.

g SRS But also:

0SS > 150 GeV ‘ ‘

pr > 25 GeV

pr > 20 GeV These thresholds can be lowered
' by combining objects

pr > 85 GeV
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| / Main trigger chains

- ® @

p{¢ > 130 GeV + p™Miss > 130 GeV e 1-lepton + MET + 3,4 jets

* O-lepton + MET + 2,3,4 jets e 1-lepton + MET + b-jet + 4 jets
* O-lepton + MET+ b-jet + 3 jets o ttbar->lvqq + MET

* O-lepton + MET + 2 b-jets » 2-leptons + MET

e monojet + MET e 3-leptons + MET

etau + X + MET Multileptons triggers in future
0000® Q0
4jets > 80 GeV OR 5 jets > 55 GeV 2-photons p; > 25 GeV

« O-lepton + multijets + MET/VH; « 2-photons + MET

v'All these triggers will get harsher with increasing luminosity
v Trigger is a limitation to what we can do: soft MET + soft jets...
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¥V Example: 1-lepton + MET + jets channel
1- Reduce semileptonic ttbar and W backgrounds

2- Enhance signal by cutting on m
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Dealing with remaining backgrounds

Fully data-driven

Pros:

* Do not rely on potential
failures in simulation

» Suited for large c
processes

Cons:

* Rely strongly on
simplifying assumptions

Targets: fake-MET, fake-
leptons backgrounds

Data vs MC methods

1

1

Semi data-driven

Transfer factors:
» Control region — Signal region
° NSRest. — NSRMC/NSRMC % (NCRobs_NCRbkg)

Pros:

* Main syst. Uncertainties partially
cancel in ratio

Cons:

* Requires a full study of possible
syst. sources (theory)

Targets: the main irreducible
backgrounds (top, VB+jets)

Pure MC

Targets: well
suited for small

backgrounds (VV)

v There are no general rules in term of bkg treatment
v  Dealing with a background process is analysis dependent
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« Fully » data-driven estimate:

OCD in O-lepton (+bjet) + MET + jets channels - Jet smearing method

= 10° A DAL SR B P P L
& ATLAS  Preliminary 0-leplon.3 jels _
g 10° [Lm=0.83fb '\s=7TeV ==.1 bjglam 2011 S
g . ‘ = SM Total
2 10 [ top production
i} 3 W production -
i i i B vt 3
1. Determine the jet response function R of = E
from dijet balance and 3-jets mercedes 10 -
events | §
107!
2. Take a control sample of multijets S 25
events with small MET. 5/ pﬂﬂ.‘u“ﬁﬁ
0 200 400 600 800 1000 1200 1400
. . m,; [GeV]
3. Smear each jet by its response R e e
& ATLAS  Preliminary 0-leplon.3 jels
E 10 J.Lm=0.831‘b 'Ns=7TeV sziwnn
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Top CR: 1llep+bjet+MET+3jets
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/. Statistical tests

Fill all useful information into a global likelihood

L=P

Signa

%P

Top

xR, x PQCD x TP,

yst

» One poisson for signal region and per control region
= Simultaneous fit of all regions

» Systematic uncertainties treated by nuisance parameters
— Correlations treated properly

Perform tests via:

- A LLR test statistics

- Toys MC to determine LLR p.d.f

- p-value p, for bkg only hypothesis

- (one-sided) CL.=p..,,/(1-p,,) for exclusion limits
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/ Validating the background estimates

v' Since aiming for discovery, must provide robust estimates

v Compare predictions to observation in « validation » regions:
o closein phase space to final signal region (but wo too much signal !)
o dedicated to each specific background process

—_ ATLAS Preliminary
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/ SUSY signatures summary

O-lepton + MET + 22,3 ,4jets

O-lepton + MET/AH; + 6,7,8

jets

1-lepton + MET + 23,4 jets

O-lepton + MET +
>1 b-jet + 23 jets

1-lepton + MET +
>1 b-jet + 24 jets

2-leptons OS
2-leptons SS
2-leptons OS SF

multileptons

vy + MET

30/08/2011

Heavy coloured particles decaying semi-
invisibly with large mass splitting

Long decay chains

» Smaller mass splitting than O-lepton
* Intermediate decays to charginos

Gluino and 3" gen. squarks decaying to
heavy flavors

* Weak gauginos and sleptons
intermediate decays
* Direct gaugino production

Direct gaugino production, GMSB, RPV
gaugino decays

GMSB with neutralino NLSP

ATLAS Overview of MET signatures

1 fbt (preliminary)
1 fb-t (preliminary)
Paper soon

1 fb-t (preliminary)

0.8 fb!

1 fb?

1 fb-! (preliminary)
Paper soon

35 pb1

1 fb! (preliminary)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-086/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-090/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-098/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-130/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-039/
http://arxiv.org/abs/1107.0561

Exotics signatures summary

Search goals Current status

il
monojet + MET Large Extra Dimensions (ADD) 1fb
1 i
vy + MET UED 1 fb? (preliminary)
1 .
Top pairs + MET Fourth generation quark 1 b~ (preliminary)

Paper soon
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-096/
http://arxiv.org/abs/1107.0561

Results and interpretations

1. Top-down approachs: SUSY breaking models

2. Bottom-up approachs: SUSY simplified models

3. Exotics models

30/08/2011 ATLAS Overview of MET signhatures




' mMSUGRA/CMSSM

Ll v MSUGRA/CSSM (A,=0, tan(B)=10, p>0 )

MSUGRACMSSM: tanp = 10, AD: 0, p=0

S [ATLAS Preiminary Siepn BT S v  Best limits obtained in O-lepton
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v Equal squark-gluino masses excluded below 980 GeV
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' bRPV mMSUGRA/CMSSM
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v bilinear parameters determined
from neutrino mixing data

v neutralino decays into neutrinos +
possibly muon or tau (electron
decay is highly suppressed)

v Look at prompt decays (ct <15
mm ) in 1-muon + MET + jets
channel
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L Search performed in yy + MET channel

v neutralino NLSP (mainly bino-like)
v prompt decays ct < 0.1 mm

Minimal GMSB scenario General Gauge Mediation (GGM)
Snowmass point slopes * No hierarchy between masses
SPS8: M___=2A, N=1, tanf=15, Cry sp<0.1mm » Other masses set to 1.5 TeV
T SRERJ LR BRI UL BLNLELE BLLELE BURLLE
% ————— Expected CLs limit i = 1200 GGM.: b:nc.k Iik:e PEL,ma:”n.ﬂ: .[an,ﬁ = E.: CTH"FP C.H Imrln ——
— ??Sewe“j Cls limit ] @ E e ATLAS Expected CLs Limit -
: t 20 E € 1100 - — aT(AS Observed CLs Limi E
—— SPS8 NLO cross-section - E 4000 = EJ&S Obsarvod CL g Limit (36 pb™) =
- L ] E e CMS Obsarved Limit (35 pb) 3
1 Ldt=1.07fb", \=7TeV 900 £ =
10 ) = - " ]
800 _ -
______ |Ldt=1.07 5" 3
-------------- 700 T— =
10° £ 600 £~ =
C - - i E
- ATLAS Preliminary 500 ATLAS Preliminary gNLSP =
M ST TETAT S SR NSNS E SR N -
80 100 120 140 160 180 200 220 00 = T T 00 Bo0 BO0 . 1000 1200
A [TeV] m. [GeV]
v 5 <0.03-0.08 pb v 6<0.02-0.04 pb (m(3°) =150GeV )
v Excluding A < 145 TeV v Excluding gluino mass < 776 GeV
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TTTTTT ATLAS Preliminary

|
} ! I 0lepton 2011 combined
: s CL, cbserved B5% C.L. limit

H
1
(. | mmms Cl. median expected limit
E !
.\ 3 Lo——— Expected imit +1a
1] i “—— 2010 data PCL 85% C.L. limit

* [Ldt= 1.04 57, =7 Tev

Teyey = 0.01 ph

DO, Run I

200 750 1000 1250 1300 1750 2000

gluino mass [GeV]

Assumptions:

v All masses set to 5 TeV except
O neutralinol,
o gluino,
o degenerated 1st & 29 generation
squarks

v Large mass splitting limit:
0 LSP mass set to 0.
o results roughtly unchanged for
m(LSP) up to 200 GeV.

v Equal squark-gluino masses excluded below 1075 GeV
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Simplified models — Decays with intermediate charginos

v Following models proposed in D. Alves et al. arXiv1105.2838

1-step cascade decay (W)

v Assume all squark masses are heavy except

o gluino XOR squark (1st or 2¢ gen.only) mass | -
0 LSP neutralinol Mg + g
o Intermediate chargino 1a’
g +qq n
i"”\‘_'__ ¥ X
+WE
¥ 2 possible decay chains: my| 4 \ 0
o §—qay; —qaWy,, |

X = (M) —m(;)) [(m(@)-m(xy))
0G0 —>qWy,
x=(m(x;)-m(x;))/(m(@)-m(x;))
v Predictions are

o compared to data in 1-lepton + MET + 23,4 jets channels
o interpreted in (m(gluino),m(LSP)) plane for different values of x
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1-lepton + MET + >3.,4 jets

800
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. Simplified models — gluino and 3@ generation squarks

v Assumptions:
v All masses set to 5 TeV except
O-lepton + MET + >1 b-jet + >3 jets o gluino,
53 = bb, production, by b+ }Ld:=:l.83r't§1,\,l'§=?Te'uf o 3 generation SquarkS,

1[]':":'|||II|||||||||||||||||||I||||Llclb‘sllerl-u-le'dlli:-n!rllll
ATLAS F'reliminar'f ------- CL:EIP-EL‘:‘.E'I:I limit

---------- - [E:BL% and QQEEI_C.!E
_ . expactad limi
0 lepton, 3 jets ATLAS (35 pb™)

b-jet analyses

oLSP _ N
o Br(g — b,b) =100% or Br(g — t;t) =100%
v Large mass splitting:

mD: [GeV]

800 é—
I e S - 0 LSP mass set to 60 GeV

g Dcnquaam‘ (0] BI’(t1 —)bif)ZlOO%,m(if)sz(if)
600 [
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- QQ{}
500 = |:| COF . »bp25m” @@:&5"
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-4':“:' :_ p‘g:‘f:hl:q' . S BUD EI LI | LU I LU I LU I T T 1T I T T 1T T T IC:ILSI l:Ibl-:lsler:\re!dl||Irﬂll‘tl I T T T IE
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350 £ TS ; =
" F P g -
* m(gluino) < 720 GeV if 250 E
m(sbottom) < 600 GeV - - -6 i
. . - s+ Reference pgint o —_]
* m(gluino) < 500 GeV if - P : -
150 : ' 5 =
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A v Model inspired from arXiv1105.2838

model B.000
O-lepton + MET + >1 b-jet + >3 jets
-9 production, g—> 2I:|+y m[q] m(ﬁ] JLdt:D.BBﬂi'.\E.:?TeV ‘/A” Squark masses are heaVy
F T I rrrrTrTrT T T T o _ H
§ 800 |- Observed 95% CL_ limit ) 0 O~ff Sheﬂ_ygolumcldeca;yyso
Ex{ ‘moi— ______ Expected CL_limit o E O g - bel or g - ttXl
C 3 ] o
WU ATLAS Preliminary o 2 Jw g v Results are interpreted in
500 - b ﬁﬁ"ﬂ‘?@@ = 3 » (m(gluino),m(LSP)) plane
:_ J-jel analyses '1'10 a1 _: =] E . .
: S =2 0 1-lepton + MET + >1 b-jet + >4 jets
- 3 = = . E §4 production, § — 2t=%,, m(@ >> m(@) J Lt =1.03 i =7 Tev
200;_ _; H]E% 450EHH'I;CLEobsewedhmmIIHI”H'HHIHH- E
oo . O wop Execia CL, it 1o %
BB R T A B 30 ATLAS Preliminary :
200 300 400 500 600 700 800 300 f_ 1-lepton, 4 jets g
[GeV] E == 1IJ b—tag,JmEﬂ=ﬁl]l] GeV E
250 — s E
Excluded: = 3
20 0000 -
* g—b-decays: m(LSP) < 200- 250 GeV when =
150 —
m(gluino) < 660 GeV if AM(Q -7,) >100 GeV -
« g—t-decays: m(LSP) < 40 (80) GeV when E
m(gluino) < 570 (540) GeV 0
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Assumptions
v’ strong pair production (squarks) S R S

q

v' Decaying to neutralino LSP via gauginos j

v’ Mass hierarchy:
m(@) > m(x;, x,) > m(x;)

v Results are interpreted in (m(squark),m(chargino)) plane for different values of
m(LSP)

v'Set limits on oxBr using data from 2-lepton SS channel with 35 pb-1

Mo = 59 GeV qq—:- qy qx - qu z}, , =100 GeV 44— cnr qy - qu Zy / M. =200 GeV  qd— o7 7 — qaW*Z5 5%
450" - ; 450 . T ;i 450_’" — Ty —
" ATLAS Prehmmafy B/ @ 400k ATLAS Pr e"""‘”*"y 0/ I o - ATLAS Preliminary
0 o S, L=235pb’ 1opb/l O,
1 é 350" * :
] *
200~ ]
1 il I A5 ' 1596 S 25080 T VIR
5?60 250 300 350 400 450 500 0 250 300 350 400 450 500 0 350 400 450 500
m, [GeV] ma [GeV] mEl [GeV]
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' Non-SUSY models: extra dimensions

Universal Extra Dimensions (UED) Large Extra Dimensions (ADD)
 LKP decay: y*—>G+y  Monojet + MET channel
* vy + MET channel
UED: N =6, MD=5TEV,.'\FI=2(] 5 SE I T =
E‘ '1 :l T I LI I LI I T T I T T 1T I T 1T 1T 1 I T I: ﬁ 4.5: _1 ) ) 3
S Expected CL_ Limit : = - J. Ldt=11fb ATLAS Preliminary 7
oeC r — Observed CL Limit - % 4E \s <7 TeV —— ATLAS 2011 E
ES - 15 | 2 3-5;_ ----- COF run Il _;
= 2 3 w LEP combined —
10_1__ _— UED LO cross section _ ED ) 55_ _E
§ lLdt 107" V§=7TeV 1 S e E
: i 1.5 ET —i
102 — 0.5F 3
E ] ok | ! ! | | 3
C ATLAS Preliminary . 2 ° 4 > °
B 7] Number of Extra Dimensions
-3 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 11 1 . .
1074000 1100 1200 1300 14{1]% ED%] v Fiducial o < 0.045 - 2.02 pb
/ e

v Excluding My < 2.0 - 3.2 TeV
v 6 <0.015-0.027 pb
v  Excluding 1/R < 1224 GeV
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/ Non-SUSY models: fourth generation up quark

v' Pair produced exotic top partner T decaying to neutral particle A,

TT — tt+A,+A,
— lvwgbb

v Model interpreted in 1-lepton + MET + jets channel

%‘ ]<0§' KQQ | |
g : —
Exclude 2 . ATLAS
< reliminary
v T masses up to 420 GeV > -
v' A, masses up to 140 GeV IL dt=1.04 fb
\s=7 TeV
WAL Exp. Limit
v 0 <1.1pb m(T)=420 GeV, /e Exp. Limit ()
m(A,)=10 GeV . %% Obs. Limit (Theory Unc.))
N CDF Exclusion
Excl.o x BRTTSHA A,)

T Mass [GeV]
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 None of the channel studied observes a significant excess
= Set upper limits on fiducial cross-section oxAxeg
— Can be used to set first order limits for your own model

= Lot of extra information on published distributions can be found on
HepData

« Model independent limits on identical flavor excess in OS
dileptonic channels

S— N(e*e™) | N(e*u™) N BN (™) 1
Bl —(1-1)7) H=C=m)(l =7, |(1-(1-14)°)
SF DF SF
Signal Region | FS-SR1 [ FS-SR2 | FS-SR3 | & > Sobs (%) | Limit S (95% C.L.)
ET™= [GeV] 80 80 250 FS-SR1 46 88
Number jets > 2 - - FS-SR2 7 156
my veto [GeV] - R0-100 - FS-SR3 77 4.9
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Overview of ATLAS SUSY results

ATLAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

MSUGRA/CMSSM : 0-lep + E ATLAS

T miss P
Preliminary

§=gmass

Simplified model (light ;E‘:] :0-lep + E

T miss

§=gmass _[Ld! =(0.034 - 1.04) b
Vs =7TeV

Simplified model (light f‘:] 10-lep + Ep e g mass

g mass

T miss

Simplified model (light i‘:] :0-lep+ E

. LoD . -
Simpl. mod. (light x'] : 0-lep + b-jets + E g mass (for m(b) < 600 GeV)

T miss

Simpl. mod. (ﬁeﬁi‘:] :1-lep + b-jets + E g mass (for m(f?) < 80 GeV)

T miss

Pheno-MSSM (light ;E‘:] 12-lep S8 + E; i, G mass

SUSY

Pheno-MSSM (light ;E‘:] : 2-lep OSSF +Ep e G mass

GMSB (GGM} + Simpl. model : vy + Erlmi“ §mass

GMSE : stable T
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons

Stable massive particles : R-hadrons

RPV (4., =0.01, 4,,.,=0.01) : high-mass ep

an - ]

1 L1 111 | 1 L1 1 11 | 1 L 1111 |
10" 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown

ATLAS SUSY searches typically probe masses ~ 500 — 1000 GeV
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Short-term plans

How can we go on ?
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A few facts

v" No excess found till now
v’ Expect new results with ~ x10 more statistics by end of year

= Little gain in term of mass reach for channels we already cover

= But lot of room for
— New interpretations with existing channels
— Try new signatures
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Existing signatures

Many analysis start to be mature =>improve methods to extract
results

 Using shape information
— bins in My, Njgs
— Combining different channels J. Alwall et al. JHEP 0902:017,2009

 Tackling the main systematic uncertainties
— Theory uncertainties on backgrounds

« Improve ISR treatment for SUSY processes

— Crucial for compressed spectrums
— Move to Madgraph for simplified models

raa T [ matched
—— matched gg (comp.)

— pythia default ()

cross-section (nom.)
2 =
IT1_I_|'|TI1TI'I

Extend interpretations of existing signatures e Gew)
 O-lepton + MET + jets channels

— Simplified models: gluino and squark production with direct or 1-step
cascade decay

— UED or simplified models with heavy quarks and gluons partners
« Monojet +MET
— Squark-neutralino direct production ?
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http://arxiv.org/abs/0810.5350

/ New signatures — example 3" generation squarks searches

Expect 39 generation squark to be lighter due to mixing

m?(ty2) = i [m?(tr) +m? l\/ [m? —m? iLﬂz 4'”1-m2
: : [1] mSugra (u>0.8m1/2)
Currently public with 1 fb-? !
« O-lepton + MET + >1 b-jet + > 3jets XEXY b M(; ) / m(y,
* 1-lepton + MET + 21 b-jet + = 3jets 600 300 it

Extend searches to 400 2008

 2Db-jets + 2 OS leptons channel ——, ", _ _ ) _
= direct stop production [2] mSugra (Higgsino) or AMSB

. ¥ : ~ o~ ~+ ~0

2 b-jets exclusive channel X=X m(Xl)/,{m(Xl)

= direct sbottom production,

— direct stop production with very
small AM(7; - %;)

Tob )X —bi)Y°

300 300

200 200 4

100 100 . . .
200 300 400 500

Stop mass (GeV)
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Other new signatures of interest

1 New types of signatures being studied now

 (hadronic) tau channels + MET
— 1-tau + MET + jets

;800':"I"“I‘I'"I""I'_""I"_.'.____.'.--' o)
— 1-tau + 1-lepton + MET 8 ok ;;q:fm‘:i%z ATLAS Prenmlnéry__,_.__ 5 z
= E Combination 59
— 2-taus + MET - 500;— L™ = 1.04 b7 Ns=7 TeV ] E
= GMSB stau NLSP 500:— — Observed 85% CL ] E
C  --- Expected 10 %
400 :_ o Expected tio g ﬁ
z 1
o Soft-leptons + jets + MET SO 7 RS |, @
— compressed spectrums > BT S
100F
s ; 10"
1 I 1300' - I4DOI o 600 700 800
 Multileptons + MET o (GoV]

= RPV models
— GMSB co-NLSP
= Direct gaugino / sleptons productions

 Signatures motivated by general gauge mediation
= Z+MET
= y+lepton+MET
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\/ Conclusion

e ~10 ATLAS analysis based on MET and with ~ 1 fb-! data have
published new results since winter conferences

 No significant excess found yet

« => Set limits on a variety of models

— Provide upper limits on expected number of events in each channel
studied

— Moving progressively toward simplified models interpretations
attached to a specific signature

— Is that useful ??

 New signatures will appear as
— our understanding of detector improves

— we are chasing SUSY/Exotics models at 7 TeV more and more in non-
obvious channels
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