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@ LHC's high sensitivity to SUSY — squark & gluino factory

o Final-state of many SUSY models e.g. R-parity conserving:
E_Ir'giss
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http://cdsweb.cern.ch/record/1278474?ln=en

Strategy - in a nutshell

e Signal Regions (SRs)
defined to maximise
sensitivity to diff. models

larger Eiss lower Emmiss
lower jet multiplicity higher jet multiplicity

I I

2-4 jet searches 6-8 jet searches
@ Discriminating variables sy kS
to maximise significance {meff =& 7o/ Hr

Hr Hy = pr
X .jets
° Sea]rch for non—_SM excess in megs and ET/\/H) tails — BG
estimation crucial ‘ susy
e data-driven methods where possible 3
o otherwise from MC

o If no excess, set model-indep.
limits

Osusy X € X A
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Inclusive 2-4 jet searches
@ 1.04 fb !
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2-4 jet search details :: SR Event Selection

o 5 different SRs from > n-jets and meg cut

o After selecting good data-quality events with no leptons:

aq Q48 g8
1 | i
[ i \ ( \
I Signal Region [ > 2-jet I > 3-jet ] > 4-jet High mass
Trigger { Eiss >130 | >130 | >130 > 130
requirements Leading jet pr | > 130 | > 130 | > 130 > 130
Second jet pr >40 | >40 > 40 > 80
ge'};rl‘t:‘ﬂ Third jet pr N T > 40 > 80
Fourth jet pr - - > 40 > 80
QCD Ag(iet, P min | >0.4 | >04 | >04 > 0.4
rejection { EZ5S [ meg >03 [>025| >025 >0.2
Enhance o | men > 1000 | > 1000 | > 500/1000| > 1100
signal A¢ t t \ . J \_'_,
eading jot ™o = P> pr i =

3rd leading jet
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http://arxiv.org/abs/1109.6572

2-4 jet search details :: Background Estimation

Main backgrounds: @ Z/W + jets Q@ TOP Q@ QCD
Z — v, W — lv tt/t — jets multijets,
[ . b— vy

true & fake EP'** from v's & mismeasured jets

Method:
@ > 1 Control Region (CR) per background per SR, such that:

. Transfer Factor
( ) TF = N(SR,raw,proc)
SR ~ N(CR,raw,proc)

CR m
i o I

v Data-driven v from MC and/or data

v As close as possible to SR v ratio reduces uncert'’s
to minimize extrapolation with reasonable stats.

v High purity (> 50%) w.r.t calibration process

@ Final result obtained from a combined likelihood fit to all CRs
- handles mutual CR contamination & correlated uncert's
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2-4 jet search details :: Z,, + jets Background

310°F ' ' T |
° 2 Contl’0| Regions_ gw\f— ILu«:|.04vb‘ IﬁDalaZOHt\EJTeV) g
- " Three Jet Channel y+ets
for pr > Mz, p7(v) < p7(Z) £UF arias 3
arXiv:1107.2803(3] ; 1
CR Y+ijets Z(ee, up) 3 ytiets
(high-purity) +jets 3 3 %
Data-driven v v £ I + - %
Large stats v X g- g
sma” theory X V g 500 1000 1500 2000 2500 3 U:
uncert’s N ‘ e et L
°  Data2011 (fs =7 TeV)
Definition | 117 | - 2iso. leptons I
. pT(,y) N E_I,T_IISS . pT(Z) — E|7T_]|Ss é 10 Three Jet Channel Eé';l:sm‘emp E
. looser Mefe Cuts 1k ;;Ls‘::su(seo.zoom) -
TF from MC & data from MC Z(Il) + jets
main - acceptance - stats '
uncert's - theory Z /v - theory extrapol. v o]
- JES/JER g
£ ey | :
So0—Tom TS 200250

o Example Transfer Function: photon purity

. m,, [GeV]
theory ratio '

——

(1 — fokg) “Rz,,(pT) - Br(Z — 1/1/)]

vHets THpr) = [AW(pT) e (pr)

photon eff. and acceptance
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2011-07/

2-4 jet search details :: W and Top Backgrounds

T T
® Data 2011 (s =7 TeV)
4 —SMTotal
IL dt=1.041" e mutiet
Wt

Four Jet Channel =z47::
m,;>1000 GeV i and single top

+eev: SM + 8U(660,240,0,10)

ATLAS

@ data-driven CR
- 1 iso. lepton (e, p), treated as jet
- 30 < mt < 100 GeV

Entries / 100 GeV
3

53
BLL e L e e

Lo @Y vl vl ol 0
el

- b-tag veto ° yv+jEt5
- looser mef cuts ! ;
107
@ TF from MC 2sF ‘
1
g

DATA/MC

- main uncert’s: stats, theory extrapol, H .
JES/J ER’ b'tagging 500 1000 1500 2000 250'(3‘9" [GBEO\/]
SUSY-2011-07

T T T
o Data 2011 (/5 =7 TeV)
1 —SMTotal
J"L dt=1041" 560 mutijet
Wajet
Four Jet Channel =ZJ§:
m,>1000 GeV [t and single top
«eer SM + 5U(660.240,0,10)

Top

@ data-driven CR
- as in W + jets except 1
b-tag veto — b-tag required

@ TF from MC 1

- main uncert’s: as in W + jets

Entries / 100 GeV

ATLAS

Top CR

DATA/MC

*.
05E- 11 .
500 1000 1500 2000 2500 30
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2-4 jet search details :: QCD background, Overall results

> 10 g Ty
QCD 3 s; ® Data 2011 (s =7 TeV)
E 4 —SMTotal 4
d d . CR ,8_ 10 E _I.L dt=1.04fb []oco?vi\ma E
@ data-driven 3 10°F  Three et Channe! gmyome 3
- . i £ L [t and single 4
- reversing A¢(jet, EF'S) iy cut g o - M+ SUEB02400,10) 3
10 ATLAS 3
@ TF from Data 12k QCD CR ]
- pseudo-events with large EJ'® 3 4
obtained by jet-smearing low-ET" 1k ] 3
events with 'jet response function’ 10k 5
Qo 2 & il
- main uncert’'s: jet response modelling 2 3 ++,H, |
g *ota 11T
2 o5 e +
500 1000 1500 2000 2500 300!

SUSY-2011-07 ™V

Overall Background results

v Validated: data-driven methods agree with the MC

expectation

v For each SR, estimate taken from a combined fit (to

the 5 CRs, TFs and uncert’s)
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2-4 jet search details :: Results

@ No significant excess in SRs with respect to SM expectation:

> T T ™
K 10 ® Data2011 (E=7Tev) arXiv:1109.6572[2] Signal Region

= J.L di=10at" ST Process >4t >4t

2 _ B Weiets > 2t >3t o o gh mass

2 Four Jet High Mass g7 jc1s ! ! Meg > 500 GeV | meg > 1000 GeV e

§ Channel [ti and single top -

& e SM+ SU(660.240.0.10) Zjysjets | 323+ 26+ 69 | 255+ 26+ 49 | 209+ 9+ 38 | 162+ 22+ 37| 33z 10+ 13

ATLAS

Weets 264+ 40+ 67 | 226+ 35+ 56 | 349£30£122 | 130+ 22+ 47| 21+ 08+ L1

SR tt+singletop | 34+ 16+ 16 | 59+ 20+ 22 | 425+39+ 84 | 40+ 13+ 20| 57+ 18+ 19

QCD multi-jet | 022+006+0.24 | 092+0.12+046 | 34+ 2+ 29 | 073£0.14£050 | 210£037+0.82

Total 624+ 44+ 93| 549+ 39+ 71| 1015+41+144 | 339+ 29+ 62 | 131+ 19+ 25
L 1 H =

= = Data 58 59 1118 40 18
T ~
£ Y =
e i —————

500 1000 1500 2000 2500 3000

m,; [GeV]
o Exclusion limits prescription:
v CLs (95% CL) on osysy X A x & (model-indep)
v statistic: Profile likelihood Ratio
v/ SR with best expected limit chosen for each point
v/ 2 different interpretations
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http://arxiv.org/abs/1109.6572

jet search details

N
8
3

1. Simplified Model

@ Pheno. MSSM
- LSP (misp = 0)
- & and § (1%t and 2"¢ gen.)
m = 100 GeV - 2 TeV
- other sparticles m =5 TeV

@ up to 1 TeV exclusion if mz = my

0 lepton 2011 combined

= CL observed 9% C.L. imit
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arXiv:1109.6572/[2]

DO Runll

@ Limit stable up to mysp ~ 200 GeV
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gluino mass [GeV]
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S [ATLAS Seton 2071 comBed
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@ Ay=0,u>0,tanfB =10 ek N,
q T 500 1
larger jet multiplicities SRs — larger 3 2 ]
| @(1200y
mo reach 3 s
400 b
@ up to 980 GeV exclusion if mz = mg r T ]
300~ ]
@ my; < 450 GeV excluded at low mg 3 ]
b
200~ % o

1000 1500 2000 2500 3000 3500
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http://arxiv.org/abs/1109.6572

Inclusive 6-8 jet searches
(“multijet” analysis)

@ 1.34 fb !
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6-8 jet search details :: SR Event Selection

o Extension of 2-4 jet analysis to T sensitivity to larger multiplicities
with moderate ET'**

@ New challenge: multi-jet events poorly modelled in MC
— want variable invariant under jet multiplicity to | MC dependence

2-4 jet search 6-8 jet search

AG(EPs, jet) EDs/ /AT (7 - 3 pr
E7mlss/m6ff jet pr > 40 GeV,JT:]\ <2.38)

Meff .
since ET"* resolution ~ v/ Ht

o Event Selection: for these events

| Signal region || 755 [ 8js5 | 6jso | 780 |

. Jet pr >55GeV | >80Gev
rigger
requirements Jet Inl <28
ARj; > 0.6 for any pair of jets
SR definition { Number of jets | >7 | >8 | >6 | >7 | arXiv:1110.2299v1[4]
BG reduction{ ET™/ vHr > 3.5 GeV'/?

and cotrol
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http://arxiv.org/abs/1110.2299v1

6-8 jet search details :: Background Estimation

Main backgrounds:
© multijet QCD + fully hadronic tt (¢t — qq)

requires data-driven methods as MC not good enough

T T T T
* Daa2011(\s=7TeV)

E T T T
105 fLm~134|n"
Transfer Factor . 10k o S et
E qq (Template)
CR (TF) -~ §104; ATLAS Preliminary :’::P‘S Sf“(”' N
~ | lpgen W (e,
> SR 2oF S TE=B/A vz w
\em—— §1° E wvvsnes SUSY Paint (1220,180)
T “éwz ré "-3 Multi-Jet Control Region
i 2 * 5jets p_> 80 GeV
. . N(CR;|ET'ss Hr>3.5 2 ok 4wl T
data-driven, using smaller TF = (CRyIET™//Hr ) E o e

jet mult. than in SRs

T N(CR;|ERiss /\/HT <1.5)

10"

data-driven 5j CR with 4j ¥
o QCD template :

from 5j/6j events

[vl1r662z 0TI T:M1X1E

0 2 4 6

10 ie T 14 16
ET*/\ H, (GeV'™)

@ Semi- and fully leptonic tt (tt — qgl,/l) @ Z/W+jets (Z — vv, W — [v)

data-driven CR: 1 p (treated as jet), 1 b-jet data-driven CR (as in (2) but
TF defined as above but from MC with b-jet veto),
TF from MC
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http://arxiv.org/abs/1110.2299v1

6-8 jet search details :: Results

@ No significant excess in SRs with respect to SM expectation:

9 T T T T T T T . . . . » -
G J‘L a-1oars! |« CHaa (T | signal region 7j55 8j55 680 7580 |
Q[ ATLAS Proiminary =5 000 eroie Multi-jets 26+52 | 23207 | 19:4 | 13204
o I Alpgen W (e i — qf, &6 10.8 + 6.7 043 6.0 4.6 0013
4] Alpgen Z— vv
510 SR SUSY Paint (1220.160) W+ jets 0.95+045 | 000 | 034024 | 001
102 Signal Region Z + jets 15718 0+075 0075 0+075
20 27jets p, > 55 GeV | Total Standard Model || 39.3:87 | 25734 | 25861 | 13709 |
2, Data 45 4 26 3|
§: N 26.0 112 16.3 6.0
10 e oS el 194 84 122 45
i, ‘
g LI S Psm 030 036 0.49 0.16
H e ”‘Jr‘ 1 MSUGRA/CMSSM 0,A =0,u>0 L’ 34 fb
8 i :tanP = 10, A = 0, p> M=134f0"
54 6 8 101214 16 arXiv:1110.2299v1[4] = “anﬁ‘“ 'a‘
E?‘“/\7H>T (GeV'?) @ 550 [ ATLAS Preliminary s CLs o5 CLumt
% Mutiiets plus EY'** Combined
E'SOO
- - - - - - - 450 £
o Limit prescription as in 2-4j analysis w0 R
. . 91909 "1 B heoretally exciuded
o Exclusion less than predicted due to 350 |
upward fluctuations in two channels %00 7
250
o mz > 520 GeV
200

500 1000 1500 2000 2500 3000 3500
m, [GeV]
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http://arxiv.org/abs/1110.2299v1

Summary & Outlook
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T T T T T T T 2010: 2-4j search @35 pb

arXiv:1102.5290([5]

mass —— AT e e e - - - —

Preliminar
i=gmass v s
" Cad

MSUGRAICMSSM : 0-lep +'s + E;

MSUGRA/ICMSSM : 1-lep +{s + £, o0

-
MSUGRAICMSSM : mutts + E; Gmass (for m(3) = 2n(3) jm:mnaa-134)m" - e

-

Simpl. mod. (ight ) Oep +]s + E; m’ - 4§='TT9V’ . -
-

Simpl. mod. (IGht1): 04ep + 5+ E; m

Simpl. mod. (Igh7): 040p +/5+ €5 m - T gF
- Ko} r o=
Simpl o (ght ) : 014ep + bt + 5+ 7 mss (for miE) < 600 GeV) = [ ATLAS Online Lummosn)ﬁl \s=7TeV
Simpl mod. G-t7): 140 + b +]5 4y s orm) <80 Gl % 5 [ LHC Delivered :
PR SS g1 ): 24695, inass 2 T [Daas Recorses b sviL 6.8i
Pheno-MSSM [Iighli‘:) 21op0S_+Ep Gmass £ L 1 f 71-]
‘ oo Lo o 5 4 ToolDehveedasss' , 134 b
Simpl. mod. (§-> GG ) : 1-4ep +] + Ey 7 mass (for m(g) < 600 GeV, (m(f) -m(7 )}/ (m(@)-m(j, ) > 112) | r q
) - r Clotal Recorded: 43016 1 q
GMSB (GGM) + Simpl. model vy +E Gmass (for m{bino) > 50 GeV) o) [ 1 i
9 - .
GNSB: sable © s 3 EPS'11 2-4 B =
o | 1.04 f] f
Stable massive particles : R-hadrons Gmass [} o 1
2 L . ]
Stable massive partcles : Rehadrons £ obPLHC1L 2-4j 4
- [ 1 ]
Stable massive particles : R-hadrons % [ 165 pb ]
Hyporcolourscala gons -4 fts = m, sqluon mass (exc m < 100 GeV, m= 1403 GeV) F | ]
RPV (2, =0.10, A,,,=0.05): highvmass e 7, mess L ’ ]
Blinear RPY (g1, < 15 ) 1ep + s + ;o degnass [ ‘ | i
- A N N
| | |
— ””1‘04 = ””'1 = '”10 —= 28/02 25/04 20/06 15108 1010

Mass scale [TeV] Day in2011
pton Searches Oct 19, 2011 16

Tanya Sandoval (Cambridge)



http://arxiv.org/abs/1102.5290

Next update planned for Moriond’12 with further improvements:

@ More data (recorded lumi > 4 fb~11)

@ Extended megs-based reach with minimal changes:

e re-optimise cuts for higher lumi e.g. harder mes
e include 5j and 6j channels
o optimise A@(EP'S, mesr)

@ Use of signal-shape info

e | dependence on cut optimisation
e constrain better backgrounds and uncert'’s

@ Refined background estimation
e treatment of low background rates
o decrease MC dependence e.g. in TFs
o decrease uncertainties (stat. + syst.)
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ATLAS searches for E?‘iss + jets + 0-leptons have been updated to
~1fb?

@ 2-4 jet channels v

=

@ 6-8 jet channels ‘q
Data agrees with SM prediction in all SRs r2 fj )

&

\_

No indication of SUSY yet
@ in R-parity conserving models and CMSSM &

Exclusion limits have been set for above models

@ Now approaching ~ 1 TeV

R&D is ongoing for next analysis round
@ Aimed to extend reach
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Object Definitions

JET PRESELECTION: LEPTON VETO:
- Anti-kt - AR =0.4 - Electrons Identified using
-Pr>20GeV, |n|<2.8 shower shape and track

matching criteria; Pt > 20
Missing Er (MET): GeV, |n| <2.47

- Reconstructed from the vectorial| |- Muons identified with a
sum of all jets and leptons. track matching between the
Clusters not belonging to any jets ID and muon spectrometer;
are added to the MET Pr>20GeV, |n| <2.4

I.Vivarelli - EPS-HEP, Grenable July 21°-27" 2011



Statistical Methods

* Simultaneous likelihood fit to Signal Region
+ 5 Control Regions in each channel

— Six Poisson-distributed variables and PDF to
constrain systematic uncertainties

L(n1u,b,0) = Py x Py x Py x Py, X P % P xC

syst

* Correlations between Control Regions taken
into account

— eg jet energy scale and b-tagging efficiency



Highest mes event in EPS'11 dataset

Figure: This event possesses five jets with pr > 40 GeV (pr = 528, 418, 233,
171 and 42 GeV respectively), E?iss = 460 GeV and mes = 1810 GeV (calculated
using the leading four jets).
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