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Why physics beyond Standard Model?

*Gravity is not yet incorporated in the model

*Hierarchy/naturalness problem

Standard Model valid only up to scale A<M,
Example: m, =115 GeV A<10° GeV

Therefore Higgs mass becomes instable
to quantum corrections from fermion
loops:
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*Lack of unification of couplings in SM
*Dark Matter problem: SM particles only
account for a small fraction of the
matter observed in the universe
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Naturalness problem and SUSY solution

Correction to higgs mass from fermion loop:
)\2
f

I Am?3; ~ A2+ m2) +
_____ Q ~ Where A high energy cutoff
7 For A~Mg,_,,~1018 GeV correcti?ns explode

— | 2 |
Correction from scalar f A-m-fq ~ —ﬁg(f\z + '?T?.-ng) T

Corrections have opposite sign. Cancellations if for each fermion degree
of freedom one has scalars such that: \2 — \2 i =Ny
/ 7 4y f

Achieved in theory invariant under transformation Q:

()|boson) = |fermion)  Q|fermion) = |boson) Supersymmetry

Very general class of theories, specialize to minimal model: MSSM



Minimal Supersymmetric Standard Model (MSSM)

Standard particles SUSY particles

Minimal particle content: y
*A superpartner for each SM particle « - &
*Two higgs doublets and

superpartners: “
5 Higgs bosons: h, H, A, H+ H- uaris [ Lortors R Focs

Carriers

SQuarks ) Sleptons () SUSY Fgrce
Carriers
gaugino/higgsino mixing

*In unbroken SUSY particles and superpartners have the same mass

*No superpartner found to date: SUSY is broken

*Explicitly break SUSY: insert in Lagrangian all soft breaking terms

*105 parameters. Reduced to ~20 using low energy constraints such as FCNC

— Diffcult theory to study and constrain

Additional ingredient: R-parity conservation: R=(-1)3(B-L)+2S
*Sparticles are produced in pairs
*The Lightest SUSY particle (LSP) is stable, neutral weakly interacting
* Excellent dark matter candidate
* It will escape collider detectors providing nice experimental signature



SUSY breaking models

Spontaneous breaking not possible in MSSM, need to postulate hidden sector

Supersymmetry Flavor-blind MSSM
breaking origin M \ Visible sector]
(Hidden sector) Interactions

Phenomenology of the model and free parameters determined by the nature
of the messenger field mediating the breaking. Examples:
e Gravity: mSUGRA. Parameters: myg, mys, Ao, tan (3, sgnpu

LSP is 0,: E,Miss + jets signatures
e Gauge interactions: GMSB. Parameters: A = F,,/M,,,, M,,,, Ns
tan 3, sgn(u), Cgrav
LSP is light gravitino G. Signatures: y+E Miss from )('5l eyG~if )(6l NLSP
leptons+E,Miss or long-lived leptons if slepton NLSP
e Anomalies: AMSB. Parameters: mq, ms/y, tan /3, sign(u)

Can have sparticle degeneracy with metastable decays



= pp Vs = 14 TeV L
Vs = 7 TeV L
Note: Vs is x7 Tevatron, L

® Heavy ions

= 1034 cm=2 sl (after 2012)
< few x 1033 cm=2 st (before 2012)
is x30 Tevatron
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Muon Detectors Electromagnetic Calorimeters l \ I LI \S

Forward Calorimeters

End Cap Toroid

Length : ~ 46 m

Radius : ~ 12 m

Weight : ~ 7000 tons
~108 electronic channels
~ 3000 km of cables

J i
Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

* Inner Detector (|n|<2.5, B=2T):
-- Si pixels and strips
-- Transition Radiation Detector (e/m separation) And ~2800 physicists from

169 Institutions, 37 countries,
5 continents

* Calorimetry (|n|<5) :
-- EM : Pb-LAr
-- HAD: Fe/scintillator (central), Cu/W-LAr (fwd)

* Muon Spectrometer (|n|<2.7) :
air-core toroids with muon chambers 7
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e, _ Length : ~22 m
: Radius : ~7m
Weight : ~ 12500 tons

Total wekjht : 12,500t

E":%E}L%ﬁgﬁm’ %i'TEE =wwe] | ¢ Tracking (|n|<2.5, B=4T) : Si pixels and strips
* Calorimetry (|n|<5) :
-- EM : PbWO, crystals

-- HAD: brass/scintillator (central+ end-cap),

And .... > 2500 physicists from Fe/Quartz (fwd)

180 Institutions from 38 countries

from 5 continents * Muon Spectrometer (|n|<2.5) : return yoke of

solenoid instrumented with muon chambers




Detector performance

% of good quality
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2010 collected luminosity

Both experiment have collected data with efficiency
well in excess of 90%.
~45 pb-1 recorded, ~35-40 pb-1 available for analysis
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ATLAS and CMS physics program

. Plans for 2010

_Understand and continue to scrutinise the Standard Model of Particle
Physics in a new energy regime

_ Search for new Physics beyond the Standard Model by:
. Discovering new particles
. Making precise measurements of properties of known particles

. Results:

_Excellent agreement with SM in key measurements by
summer confidence that we understand detectors

_ Wit the full data sample start vigorous program of searches
for new physics targeted at 2011 winter conferences
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Lepton-lepton mass spectra
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New physics searches

2010 Integrated luminosity at LHC ~ factor 100
lower than what cumulated at Tevatron

Gain of a factor 3.5 in energy makes LHC
competitive for high mass states

Exploring physics beyond Tevatron important
milestone for LHC

Concentrate on signals where sensitivity
dominated by statistics and not by systematics
related to detector understanding

SUSY very promising in this respect



SUSY at the LHC

Prosping2. 1
10 '

*Production dominated by strongly

o, Pbl pp — SUSY

interacting squarks and gluinos
*Squark and gluino cross-section
only function of their mass, . \\
approximately model independent \
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SUSY search strategy

Develop model-independent analysis: focus on robust generic signatures

Common to most models and with high rejection of Standard Model
A,

1 *Etmiss from LSP escaping detection
VSN *High PT jets from squark/gluino decay
“a gi_,e—"’-.-_iﬁ______q I *Leptons from chargino/neutralino
f‘ e decays
3 = < *b-jets and t-jets from decays of third
'x \ L generation sparticles

: «y from decays of x9, into gravitino in
models with light gravitino

In addition:

*RPV Models: can observe resonant peaks from sparticle decays
*Long-lived particles, both coloured (R-hadrons) and muon-like predicted
*in many model variations: GMSB, AMSB, Split-SUSY



E.miss (MET) : the mainllle)gpgrlimeuntlallIlhandle
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E,miss (MET): vector sum of transverse momenta of all observed objects in detector

Very sensitive to any malfunctioning/miscalibration of detector
Remarkable understanding from very beginning of data-taking



The key Issue: backgrounds

e Main sources of Etmiss:

— Instrumental:
 Mismeasurement of QCD jets in detector
 Bad or noisy channels
* Miscalibrated detector

Estimate with data-driven methods
— Physical

* Processes with neutrinos in final state from decays of
W and Z

Excellent progress in MonteCarlo, use a mix of
simulation and data-driven methods

— Non-Collision backgrounds
 Cosmics, beam halo, beam-gas

Estimate from data



2010 SUSY analyses

Signature

Rich harvest of
public analyses, with
common result:

No deviation from
lepton + jets + Standard Model

PRL 106, 131802  SUS10006 (plots onl
MET (P Y) found

multileptons +
jets + I'51ET ATLAS-CONF-2011-039 SUS10008 (plots only)

For this seminar, concentrate
lepton+photon '
+MET SUSTI000Z (plets enly) 5y MET analyses, and try

s ewtosssse  RPVE lodiveareasonadly complete

description of zero-lepton
highest reach and require the
slow . JHEP03(2011)024 ) q
carticle  @Xiv:1103.1884 12T ) R-hadron best detector control




O-lepton signatures

Ein
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Figure by M. D'onofrio

For two-jets exploit topology of two heavy particles decaying
into jets plus invisibles through ad-hoc variables: M,,, a, R



ATLAS signal regions

Select events with jets, missing E+ and no lepton (e/p veto)

Signal regions definition on the basis of jet multiplicity
(n 22 jets or n=3 jets), jet p; and E;Miss thresholds, and:
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CMS signal regions

jets jets

Variables: Hr = Z T MHT = | | ap — VPr2/pr1
’ i

V2(1 — cos Ag)

If >2 jets build super-jets g CMS 2 et
Based on emispheres 5 Ldt=35pb"\/5=7 TeV o analvsis
Atleast 2 jets with: & 104 _ g}%ﬁdﬁmﬁlj‘gdel T y
pr > 100 GeV/c |n| < 2.5 - — Wz Jets Exploit angular
Include additional jets with: 10° N N variable with
pr > 50 GeV/e  |n| <3 e 0<0.5 for QCD
Signal region defined by: 10E events
Hr > 350 GeV a7 > 0.55 i
e — b ... No explicit use of MET
8 10 iy LN '
< e L =36 pb’ + Dam
P 1 ot - Selection (baseline):
- " At least 3 jets with:
B Et el j
atherEWK pT } 5D GEV/C .
. In| < 2.5 MHT analysis
Signal region defined by:
Hy > 350 GeV
MHT > 150 GeV




CMS signal regions(2)

'‘Razor' analysis 7:
Arranging all reconstructed objects into two emispheres R=_"1
with 3-momenta p and g. Define the variables R and M: Mg
MET— _9 ﬁlq_—. 'ﬂPr-] For heavy particle decays:
— (P — —|q)? MR peaked at a value depending
On particle mass
R \/|M| (17 + |al) ~ ¥ - (7 + 9
r= 2
e PG AN A
Selection: For QCD: ;
At least 2 jets with: Mg: exponentially 10°
pr > 30 GeV/c decaying shape S A
3 with slope depending © [t
Inl < | S 0P
. _ from R cut: canuse |
Signal region defined by: low-M,, normalisation =
R>05 to predict background ~ F Jy
Mg > 500 GeV at high Mg -
e

].DG 150 200 250 300 350 ='1-DE}
M, [GeV]



Entries / 100 GeV

DATA/SM

QCD background estlmates

QCD-multijet background due to mis-
reconstructed jets and neutrinos fron

heavy flavour leptonic decays
E.Mss aligned to one of the jets

ATLAS: partially data-driven estimate

B " e Data 2010 Ns=7 TeV) .
— L df 35 Pb — Total SM

S [J QCD multijet

— 4

P 10 = 2 jets + E 0 W-jets

£ JF EF®/m>0. 3 B Z+jets

= 10 |:|t1

0 400 GeV<m_,<500 GeV

= SM + SUSY ref. point
Control
102 i

ATLAS

—
Q

Control region Ag(jet, E;Miss) < 0.4 10-2ﬁ ISy s
QCD dominated Z odl s ++- ----- < --+—--+-+---+-++- ----------- ;;;+ ----- Jf
107 'f T T T e Data 2010 N =7 TeV) | O min (Jet Emlss)
. L dt ~ 35 pb — SM Total .
'CF S o jets 1 T 08 20D muter Rescale MC samples in control region
10° Ad(jet, E;”‘Ss)min<o.4 W Z:jes .
10 Control Gy 5028 P i Cross-checked with:
10° : . . .
- ATLAS Fully qlata-dnven techniques (Jet
10 smearing) (also used by CMS MHT
: ot 41 analysis)
107 | .0 . ‘Alternate control region based on
e zzzzzzif ******* reversing key seletion cut:
Tt ] ETMiss/meff for ATLAS

meff [G eV]
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W/Z+ jets and top backgrounds

Dominated by: T
. o1 B —e— Data 2010 (smeare dr)
.W-’Tv ) W -(mlssed) e“l Z- VV g 103% JLdtNBS pb_1 ———Data201oisimulatedi) —é
*Top pair production (top=1) g, 10_ >2jets + BT Eg::;qaw ]
Two approaches: °F ATLAS 3
* MC central value and cross-check with data i3 E
Small statisical error but sytematics from MC 107 E
Replacement methods: el I o
. . @] ‘ +smearedq;..v..v..v..v..v......f,_
- For T decays, replac_e lepton in tt or W/Z with © § e e
- For W/_Z take leptonic decays and replace i =
leptons with MET
With 2010 data large v
statistical error Roi
v+jet (currently used in
CMS) large statistics, - |

but low ET background
And theo systematics




Entries / 100 GeV
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Results: CMS

My [GeV]

11 |r|-|||
100 200 300

Predict: 5.5 £ 1.4 events
Observe: T event

MHT
analysis

Method Baseline High-Ht High-Hr
(Hr = 250 GeV/c) | (Hr = 500 GeV/e)
Z — v from y+jets 263 48| 7.1 +22 | 84 +2.3
tt/W — e, p+X lost-lepton method | 33.0 =851 | 48 +1.9 | 109 +3.4
fi/W — 7,5 +X method 23 46| 67 +21| 85 425
(QCD Rebalance+Smear method 297 +152 | 0.16 +0.10 | 160 +7.9
QCD factorization method 252 +134| 04 +0.3 | 173 +9.4
Total data-driven background 111.3, +185 [ 188 +35 |/ 438 19.2
Observed in 36 ph‘1 of data 111 15 40
95% CL limit on signal events 404 9% 196
I“I_”_I”” - L .
CMSPreliminary ~ HADBOX ] o analysis
10° ~DATA
----- Total SM 3 _
> —QCD . Predict: 9.47*8 (stat) £ 1.0 (syst) events
(B — Wijets 7 . )
g 10 E=Zies 3 Observe: 13 events
~ = Top+X .
E ..... LMO i
g T3 Razor analysis



CMSSM/mSUGRA interpretation

MSUGRA plane: masses at SUSY breaking scale Fix A=0, tanf=3(10) , u>0
my=common scalar mass CMS

tang=10, psl, A =0
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= = LA ' B =Pz T .
; = T T I T T T I T T T I T T T I T T T | T LI E I~ . B _l'*. N
r ; — B T B i LEPZ ]
8 400 _ATLAS L™ = 35 pb”,Ns=7 TeV Observed 95% CL limit  __| 350 — -_—‘x\\‘ T2 e —v —
= =" 0 lepton corﬁ'ﬁineqnexclusion - --~- Median expected limit — - N, Abias u:ln - —
E‘\‘ R Expected limit +1c B N A . M HT
= ~ —— CMS o, 35pb™* — 300 — ]
350 = r — - .
= Bl e - - -
- -Eerex’ | s o 250 = =
300 [— %, ] DoRSX, — 4 .
C N DO §, §, n<0, 2.1 fb! ] - =
N —— ] . 200 E
- « " [ cDF &34 tanp=5, <0, 2" | N T
250 |- — i
L me oo §(800) ] 150
200 . _ B, B —
7 O 200 400 600 800 1000
] m, (GeV)
150 ..g (400) ] imi 1\s
SR CMS Preliminary JLdt=35pb~,Ns=7 TeV
] S 500 71— R B e
L I 1 = 95% C.L Limits: - CDF E, 7. tanges, u<d 7|
200 400 600 800 1000 3 -8 e L St e T
CEL T lan Expec im E. =3, well |
[MSUGRA/GMSSM: tanB = 3. A = 0, 1=0. | m, [GeV] - o] " pected Li o) D0 2.7 tarea.s
« [Hwes
= 400 &, . ]

In this model, ATLAS reach is for
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Topological Interpretation

e . CMS
ATLAS: simplified MSSM model containing

_ ot nd = T000FEMS protiminary~s = 7 To¥ Le36 pl’ =)
only gluinos, squarks of 1* and 2 8 gppfF G~ sets « LsPs ©
i - % aoof S, E
generation and massless chiOl £ —gaIfsomim, 10z
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1
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Privilege signatures from gluino/squark cascade

1-lepton search

decays with intermediate steps

Isolated lepton suppresses QCD multijet backgrount

and facilitates triggering

Entries / 10 GeV

Data/SM

m, = /2 0pl. [EX™ [l - cos(Ag(l, EX™)))

--------------------------------------
® Data 2010 N's =
ATLAS — Standard Model
O multijets
q ) W+jets
Ldt~ 35pb -Z_+jets

i
@@ single top
8 Dibosons

1 lepton: e, 1

....................................

--MSUGRA m,=360 m, ,=280,

7 TeV)

||||III.I.II IIIII.I.lI.| IIIII.I.I.I] IIIIII.I.II IIIIII.I.II IIIII.I.I.I.| LIl

Signal region ATLAS:

Exactly 1 lepton (e or y, pT>20 GeV)
+ >3 jets [pT> 60,30,30 GeV]

MT>100 GeV : suppress W+jets and top
MET/meff > 0.25 : suppress QCD
meff>500 GeV : enhance SUSY sensitivity

..........

O 50 100 150 200 250 300 350 400 450 500

my [GeV]

Signal region CMS:

Exactly 1 lepton (e or u, pT>20 GeV)
+ 24 jets [pT> 30 GeV]

MET>250 : suppress QCD
HT>500 GeV : enhance SUSY sensitivity




SM background estimation (ATLAS)
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SM background estimation (CMS)

LU B I BN IS EULLE L o L B I B L
, af CMS preliminary 3 g CMS preliminary E
Exploit the fact that for o 36.1 pb™, Vs =7 TeV I 36.1 pb™, Vs =7 TeV E
W decays the charged ?g 1, = 4 jets . 1e,=4jets E
lepton and neutrino pr : :
6 64 T
spectra are on average 1] —f oveenes ) —f— opeerves
approximately the same 45_ | Background prediction ] . — Background pregiction ]
3- 3 -
Use Iepton pT spectra R a3l :
to predict MET ; ; H{ J( JH( :
F, PPN I 1Y PR e | M

S

C 1 P I Y P D R Y Y 1 3 i e S e Eo e | 3
a0 100 130 200 230 300 350 100 150 200 250 300 350
E, (GeV) E, (GeV)

Take muon pt spectrum (cleaner than electron)

Correct for acceptance, efficiency and polarisation effects

MET resolution worse than for e/ = measure in data and smear
Powerful technique based on fundamental physics



m, ., [GeV]

1 lepton results and interpretation

ATLAS
1 event/channel (data),

1.81+0.75 (2.25+0.94) SM in e (p)

95% C.L. upper limits on N events from new

physics: 2.2 (ele), 2.5 (muon)

Effective x-sect limit: 0.065 pb and 0.073 pb

700 GeV on m(gluino) in CMSSM

MSUGRA/CMSSM: tanf = 3, A0= 0, u>0

400 T T I TTTT | LI | TTTT | LI | T T | T 1T I T 1T I TTTT
- ATLAS L™ =35 pb™, \'s=7 TeV = Observed limit 95% CLA
C 1 lepton, 23 jets - --- Median expected limit _]
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] 1 i i
100 200 300 400 500 600 700 800 900
m, [GeV]

CMS
Sample F=np f=¢
Predicted SM 1 ¢ 1.7£14 12+£1.0

Predicted SM dilepton 00748 00708
Predicted single T 029+0.22 032703
Predicted QCD background 0.09 +0.09  0.0';"°

Total predicted SM (2 1 dil 5 (f 5 :}:\}

Observed signal region
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cMSSM/MSUGRA the state of the art

ATLAS: combination of O-lepton and
1-lepton channels
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2-lepton analysis (ATLAS)

Search for dilepton (e,u) pairs from
neutralino/chargino decays

LB
w00

Two search strategies, requiring opposite-sign
(OS) and same-sign (SS) dileptons events

- Opposite-Sign Same-Sign

Event selection PP 9

. exaCtIy tWO Ieptons % 10* .[Ldt 3spb’ ATLAS —zt;ndza(:;oM:del7TV)E: % “ ILdt~35 P5" ATLAS Lg?::di(:;oM(\OZ:I7TeV)?

. M(”) > 5 GeV E Opposite Sign EZ-/yﬂ'ets,WW,WZ,ZZ 3 E Same Sign Eé/y:jets,WW,WZ,ZZ ]
% 10° Dg}j;s E % 10 CIoiers 3

. ) . @ w+jets S 3 w =a;]bets

Signal regions 1o°E B 1 ]

- OS: ETMiss > 150 GeV 1ok 14

-SS: ETMiss > 100 GeV 1 F 10" LT, =

Main SM Background o O 2 4 ,;;;;f; '

- OS: top pair (estimate & Zeeuumith § gy o i =

|n CR) 0 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400

7°° [GeV] miss [GeV]

- SS: misidentified
leptons (fakes) data- o _ S
driven basd on loose-tight CMS: similar analysis for OS, but requiring jets and HT
lepton id More complex analysis with several signal regions for SS



Results and mSUGRA interpretation

ATLAS

Agreement between data and SM
expectations within uncertainties:

Use sum of ee,uu,eun channel for SS,
combination of the three channels for OS

95% C.L. upper limits on effective cross

section ¢ * A+*BR from new physics:
SS: 6<0.07 pb

ee: 0.09 pb, uu: 0.21 pb, eu: 0.22 pb

MSUGRA/CMSSM: tanf = 3, A = 0, p>0
0 T T T T T T

L B B B B B
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2-lepton: a different approach

Search for excess of identical flavour __
opposite-sign lepton pairs: -

Sensitive to SUSY particle cascade no excess
expected in SM (aside for Z/ysources)

Subtraction SF - OF allows “cancellation” of

Same flavor from lepton

systematic uncertainties: flavor conservation
If discovery: measure SUSY particle masses
. 5 0E o [ra oo« s before
Event selection o T E T comeenfaer 3 EFTMiSS
- exactly two leptons (ee,ppy,ep) > f Wzies w22z ] cut
-M(ll) > 5 GeV £ woe Eioe E
- ETMiss > 100 GeV sk Joiets + Same
5 | | flavours
Main SM Background 2
" top pair, Wt-channel single top " _‘
— self-cancelling 4 Different
-residual Z/y*+jets flavours
-~ use low ETMiss CR 1
O F
g 2' - 1
X ,
%o 100 150 200 250 300
m, [GeV]
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Same-flavor results
From N(ee), N(ep) and N(uu), same flavour excess: S=NxXEffxAcc.

Observed  |Syps. = 1.98 4 0.15(3) & 0.02(7¢) =% 0+06(T#)

Expected _
If no Signa| Sb_: 2_06 :|:079(Sta?f_) :|:_078(8y8)

300 MSUGRA/CMSSM: tanB = 3, A = 0, u>0 L™ = 35 pb™, Ns=7 TeV
e egs 3 300 E_ATLAS F’rel|m||nary | L (I)bserved nmln 95% 0|_ 4
COmpathlllty between S b and Sb o - 2-lepton flavour subtraction analysis ~ *"*"" Median expected limit
o obs . . £ 280 e [ NIPIs =

Used to put limit on S, possible signal 260 - 7 “‘“°°"L%;§;39;0 =
. . . 20— T T T e —
contribution, through Monte Carlo experiments - Eggg;;;n;jsf‘;mé

S, <8.8at95% CL 160

- -




2-lep MSSM interpretation (ATLAS)

Consider more general MSSM 24-parameter framework,
where sleptons are in the gluino and squark decays chains :

m,=1000 GeV, p=1.5in(mgl,mq) , tanf=4, At=p/tanfp, Ab=Al=utanf

m(lz)=m(l), m(&%):m(ci) , 3rd generation at high mass

“compressed spectrum” (CS): m&%) =M - 50 GeV, m(x?,)=M - 150 GeV, m(l,)=M - 100 GeV,
with M=min(mgl,mq ) — soft final state kinematics

11 F = 99 u
light neutralino” (LN): m(x%)=100 GeV , m(x%,) =M-100 GeV, m(|)=M/2 GeV hard
Kinematics
= BOORISSM Phenorc2 o BOOLMSEMPRISCIE
o s = . 2-lepton OS 3 Observed limit 95% CL (Comp. spectrum) 3
(O] ¢ 750 — - Median expected limit (Comp. spectrum) —
I_,'c- l_zlc' :\ Observed limit 95% CL (Light neutralino) 3
£ £ 700 = \ ----- Median expected limit (Light neutralino) ™
650 \ ATLAS "=35pb",Ns=7TeV I
600F /\ “““““ 3
550F | 2 =
E ‘v" ’\ E
5005 S e Ny 3
, asopmy N ——
Observed limit 95% CL (Comp. spectrum)g ::::::‘4 S
= Median expected limit (Comp. spectrum) 3§ 400 i:::::% ~ -
24 Observed limit 95% CL (Light neutralino) & 30:0:0:: e =
oaleselele%e . 3505 R RS —
0 0502020565026 %626 %6.% % %6 %% ] 97
AN aVa VeV 94 Vs VY, SO s 9 i 0 QO 30 o 0a % s <9
:900 350 400 450 500 550 600 650 700 750 800

my [GeV] my [GeV]

Limits on squark mass for OS: m(a)>550 GeV (LN), >450 GeV (CS)

m(g)=m(q)+10 GeV SS: m(§)>690 GeV (LN), >590 GeV (CS)
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b-jets + Etmiss

Third generation squarks might be lighter than 1st, 2nd generation, possibly high cross
sections: Final state enriched in b-jets
—search in events with jets (21 b-jet) +ETMiss ( + 0/ = 1) leptons

ATLAS: two analyes: 0 lepton + 3 jets, 1-lepton+ 2 jets, selections similar
To corresponding Etmiss analyses, but requiring at least one of the jets to
be b-tagged

CMS: extension of the o analysis
ATLAS results

MSUGRA/CMSSM : tanf = 40, AO= 0,n>0.

(-lepton 1-lepton 1-lepton S L e O ]

Monte Carlo  data-driven &, 320 | ATHAS Jrai=ssm'xe=rrey T e oo eon T

fandsingle top 122250 123240 147237 £ oo [R - Dletchamel o e

W and Z 6.0+2.0 0.8+04 - 280 | T exp- - C°mb‘”e°'§ (m)_;

QCD 14410 04404 0155 260 | Em@<mil) "~ 3

- — — _ ——— a0 F- -LEP2I; =

Total SM 196+69 135441 14.7 £ 3.7 - [JLEP2R;

Data 15 0 0] 220 ;— g(som_;

200 —

Interpretation in high tanf3 (=40) 180 £ N

. . 160 |2 —

region where 3" generation has o o
lower masses 200 a0 eco o goo 1000 .

m, [GeV]



Interpretation in pheno MSSM

'

'

mk;1 [GeV]

e !
+
g—1t 1oty
1 1 1
~ ~ ~ ~ ad +¥1-Y1 production, g —>¥1+t ,L - b+§{f
O . T T T T T
g E b 1l:) b l E bxl 0 b-jet channel, 1-lepton, 2 jets — NLO Prospino
102 60 GoV M = 2 e = obs. limit 95% C.L.
8 - Mix,) =60GeV, mx,)~2mix,) -4 exp. limit 95% C.L. ]
TR e = - m(q ) >>m(g) i
700 g-gl ’ |b1-t|:)1 plrocljucltlo:’]! gl ﬁ| b]rb|’ b: ﬁ| b-'l‘x:)l T T T T I T T T T I T T T T g : 112 ------- 4 :
- ATLAS det:BS pbNs =7 TeV = obs. liMit95% C.L. g’) i '- 1
600 L b-jet channel, O-lepton, 3jets "t exp. limit 95% CG.L. - _] 8
n . . - S 10— —
T () =60GeV , m(d, ) >> m@) ] @) - 3
500 — ‘66_6»(}‘ . ]
1 Oty Y 7
- | corbp 265 o Y ]
- W : ] 10° E
N . 1 ) : - - ]
400 — . DObp, 5210 Hc},ﬁ N — i ]
C D CDF §g,§ — b+b 2.5 o Reference point 2 ] i :
300 — ) - a .
200 - —
B = 10 =
C1 1 1 | I I T | | I N T | | | I N | | | I R | | | - : :
100 200 300 400 500 600 700 S S S
m. [GeV] 400 450 500 550 600
g
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Gluino masses below 590 GeV
excluded for sbottom masses
below 500 GeV

Gluino masses below 520 GeV
excluded for stop masses below
300 GeV



Photons+Etmiss (CMS)

Number of Events

104— :?GM?,' . Data: vy (With Jet Requirement) % ReqLHre
B g 7777 Total { shape from g 1
e A AR Two photons with pT>30 GeV
102; GGM: yy (With Jet Requirement) _%_J‘ W|th|n |h|<18
ye g At least 1 jet ET>30 GeV
10 #@tﬁ_
; __ ' /‘tﬁlf_’//'ﬂ o e o . . .
: wmmmmny Dominant BG QCD estimated from Etmiss
107E ’’"'' 5 -
s | e Shape in Z sample
D 20 40 60 80 100 120 140
E_II’I]ISS (G V
;2000' T — T 1 ‘---I T T T]
. (Gj) ! —— f\-'l[';{'l"]=5[f’ GeV
Observe 1 event with MET>50 GeV = e M()) = 150 GeV ]
Consistent with 1.2+0.8 background = 1600 ~r M- SooGeV
400 # 7 ﬁﬁfﬁcffsfgreev 1
Consider gauge-mediated model with 1200) I
squark and gluino decaying to jets and 1000] I
neutralino with neutralino decaying to 800 I
photon+gravitino S S — s
400 , , . X X . . P

400 600 800 1000 1200 1400 1600 1800 2000
M@ (GeV)



350

300

Total Integrated Luminosity [pb |

N
(]

150[

100F

Outlook

~ ATLAS Online Luminosity

[ LHC Delivered

- [_] ATLAS Recorded
2501

Total Delivered: 282.0 pb’

- Total Recorded: 267.8 pb”
2001

\s=7TeV

ok
02/03

04/05

Day in 2011

Peak luminosity reached:
0.8x1032s1cm-2

Cumulated 6x 2010
luminosity

Expect 1033 by next week
(increase to 900 bunches
from 700)

>20 pb-1 for best day to now
1 fb-1 target well within reach
We will probably get more!

Increase of SUSY sensitivity: cross-section goes like m(SUSY)8
Acessible masses go approximately as lumi to the 1/8.

2010 reach: ~700 GeV. Expect to explore up to TeV in 2011

and well beyond in 2012



Conclusions

2010 great year for LHC and experiments

Thanks to excellent performance of accelerator
and detectors main Standard Model analyses
performed very quickly

On this basis, detailed searches for SUSY
performed

— No signal obeserved in any of the analyses

— Mass scales up to ~700 GeV tested, very
exciting, but also very disappointing result:
SUSY was not around the corner

2011-2012 decisive years for SUSY, mass scales
well in excess of TeV will be tested
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