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Outline

— Some words on the Standard Model
— The LHC
— Supersymmetry searches at the LHC

Apologies for the ATLAS bias in this lecture
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Everyday life (and particle physics) are described by the Standard Model
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Everyday life (and particle physics) are described by the Standard Model
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The Standard Model

The Standard Model consists of 24 elementary matter particles and 3 forces

Fermions Matter particles Organised in 3 families

6 Leptons 6 Quarks

a (u) (<) (t)
) \s) o)

Force quanta Distinguishing 3 forces

3 weak bosons

Electro- @ @ @

magnetic force Weak force Strong force

Breaks electroweak symmetry
Higgs boson @ Generates fermion and boson masses

Makes weak interaction short ranged
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The Standard Model

The Standard Model consists of 24 elementary matter particles and 3 forces

Interactions

Electro- N Weak
magnetic
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The Standard Model

The SM describes all observed phenomena in particle physics by 19 parameters (?)

6 quark masses

3 lepton masses

4 K ’ “ \1

1 EM coupling 1’ 1 weak coupling 1 strong coupling

(massless Photon) .’ 2 masses : Z, W (massless Gluons)
Y W=+ Z° 8xg
1 Higgs mass ) » [HO
gg ‘ X H/
4 quark mixing parameters X = 20 parameters ? N
- 1 by virtue of electroweak unification
1 CPV QCD parameter ~ 0 >, + at least 9 parameters for massive neutrinos

Zakopane School, May 20, 2012



The Standard Model

Elementary particle physics is successfully described by local gauge theories

Gauge symmetry is the invariance of equations of motion with respect to a local
transformation belonging to a symmetry group

Example: translation group — uniform movement of particle

movement under
Global Local influence of a
symmetry: / symmetry: potential
¥ X+ 3 X1 X +8(X,t)

A new trajectory is possible, if forces act on the particle: a potential that restores the
symmetry of the dynamic under this particular gauge transformation

The dynamic found is not just any dynamic, but one of the 4 forces of nature: gravitation
Requiring the same local gauge invariance for a wave function gives us: QED

Zakopane School, May 20, 2012



The Standard Model

Elementary particle physics is successfully described by local gauge theories

Gauge symmetry is the invariance of equations of motion with respect to a local
transformation belonging to a symmetry group

Example: translation group — uniform movement of particle

Local & movement under

& A, influence of a
/ symmetry: & A potential

X X+a X X +a(x,t)

Global
symmetry:

We can do so for all fundamental forces of the Standard Model, which have thus a

Geometric origin !

Zakopane School, May 20, 2012

10



The Standard Model

Brout-Englert-Higgs mechanism

A problem: local gauge symmetry requires massless spin-1 “gauge” (=force) boson
This has been well verified for QED, with a massless photon (= infinite range)

However, the W, Z bosons are massive (= finite range ~10-'> cm)

Only way to break gauge symmetry consistently is to
spontaneously break the symmetry of the vacuum: —

MZ 7 0 <= <O | ¢ | O> =v=0 [ non-zero vacuum expectation value ]

¢ is a complex doublet field: 3 d.o.fs become Z, W* masses, remaining d.o.f is
massive scalar Higgs boson

This is called the Brout-Englert-Higgs Mechanism

I

Zakopane School, May 20, 2012
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The Standard Model

Brout-Englert-Higgs mechanism

Let’s imagine all particles have
Zero mass —> gauge symmetry is
respected

A Higgs field displaces ground
state breaking gauge symmetry

It fills all space time (but w/o
orientation as spin=0)

Particles interact with the Higgs
field and reduce their velocity.
They acquire a mass proportional
to interaction strength

- Action of the Higgs field
creates a vacuum viscosity

HisgsnpoatriumHagaid éarby akemgphase

Gravity ~\"\ "\ "\ "\ '\ NN
Photon ~\N\ N\ N\ "\

Weak boson %

: i —
Neutrinos — v, A~ v

Top quark R

H. Murayama
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The Higgs boson is the last elusive elementary particle of the SM

P.W. Higgs, Phys. Lett. 12 (1964) 132

The Higgs boson -
last of the particles ?

What is known about the Higgs Boson ?

13



The Higgs boson should not be too light, and not too heavy...

Perturbativity and (meta)stability bounds versus the SM cut-off scale A
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- - B Zero-T metastability bound - ©
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250 |— —"
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200 — —
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150 ™ ] A~ ~
— LEP exclusion = | |
— at >95% CL — ‘
100 LT o T e MM AT DTS, w
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Iogw(A/ GeV)

The SM Higgs must steer a narrow course between two disastrous
situations if the SM is to survive up to the Planck scale M, ~ 2x10'8 GeV

Zakopane School, May 20, 2012



Constraints from global electroweak fit

Global fit of all EW precision measurements to SM prediction constrains M

N 10 | T T 1 | T7T1T 1 | T T 1 | T 4 1 | T T 1 T T_]
x " - :
< [ | M, = 80.385 = 0.015 GeV £/ Etera) 5 5
8 — M,, = 80.399 = 0.023 GeV s
New M,, average (WA): ! e i
arXiv:1204.0042 - F
7 o 'l'
WA dominated by PN
recent CDF 6 Y
measurement: e ] i Y
80.387 + 0.019 GeV S - ' e SR f
[ PRL 108, 151803 (2012) ] 4 . J "
\ 1
3 . Z/W Z/w
2 _ +25
p M, =947 GeV

—h

10

< 151 GeV (95% CL)
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http://dfitter.desy.de
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Constraints from global electroweak fit

In the Standard Model the Higgs must be light.
BUT: Beyond the Standard Model the Higgs can be heavy !
= MUST NOT stop searching for heavy Higgs boson !

(3] 22 .-Ik"

Zakopane School, May 20, 2012 Andreas Hoecker - SUSY and dark matter searches at the LHC
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Once the Higgs boson is discovered
The Standard Model is complete
But does lt hold tlght ?
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The Standard Model

During the last 35 years the Standard Model has been tested to great precision

,'; —\.l

» Excited fundamental bosons or fermions have been excluded up to the TeV scale
* Electroweak unification has been verified at, below and above the Z-boson scale
« Universality of weak interaction has been verified at the per-mil level

« The tininess of electric dipole moments has been verified at 10727 ecm

« Conservation of the charged lepton number verified at 10-12 level

« Asymptotic freedom of strong interaction has been verified at the percent level

» All observations of matter-antimatter symmetry violations are described by
single complex parameter in the quark mixing matrix

 The electron and muon magnetic moments have been verified at ppm level...

« Examples only, there are many more successful tests ...

Zakopane School, May 20, 2012 18



The Standard Model

During the last 35 years the Standard Model has been tested to great precision

But not everything perfectly
agrees with expectation:

» Top pairs produced in hadron
collisions (at Tevatron) may
have large angular asymmetry

* Di-muon events (at Tevatron)
may exhibit unexpected
charge asymmetry

* The muon anomalous
magnetic moment may be
stronger than expected

Muon magnetic moment: comparison between

measurement (blue band) and predictions (dots)
Status: summer 2011 (published results shown only)
T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T
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Problems and Unexplained Observations

The success of the SM should not make us forget that it is an incomplete theory

The Higgs is not yet discovered !

«  The Higgs is the only fundamental scalar

Huge mass hierarchy between matter particles

« Dark matter (particle) and accelerated expansion of universe

«  Causally connected observable universe
 Matter-antimatter asymmetry in universe

 Grand unification of the forces (related to baryon decay)

« Gauge hierarchy / stability of the scalar SM sector (see later)
Why no matter-antimatter symmetry violation in strong interaction?
Neutrino masses

«  Gravitation

Zakopane School, May 20, 2012
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Producing the Higgs Boson and Searching for New
Physics at the TeV Scale Requires a Huge Machine

Particles accelerators:
accelerate particles to the highest energies to

> Look deeper into matter (size ~ 1/E)
(“powerful microscopes”)

~> Discover new heavier particles (E = mc?)

- Probe conditions of the early universe (E = kT)

F. Gianotti

de Broglie

Einstein

7Y% | Boltzmann

Zakopane School, May 20, 2012
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Particles
are
detected
through
their
interaction
with the
active
detector
materials
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ATLAS: emphasis on excellent CMS: emphasis on excellent

jet and missing-E; resolution, electron/photon and tracking
particle identification, and (muon) resolution
standalone muon measurement

Both: excellent hermeticity - very few “cracks”

Zakopane School, May 20, 2012 Andreas Hoecker - SUSY and dark matter searches at the LHC 26



Proton—Proton Collisions

» For proton—proton collisions, cross section is convolution of Parton Density
Functions (PDF) with parton scattering Matrix Element

Parton distribution functions
Representing structure of proton

NEW AND KNowN ParTicLEs® @ €+e— collider Hadron coIIidel‘\P_\rf" 7& A\ C S E _
® b ' X 5 \\-\\Q\ ;" g ‘ =
Y A . ‘\Y '»( "\ J/ . y ~ e
- N /" 4 FIREBALL (ENERGY)

€% 50y 77" (MINIBIG-BANG)

SN
ELECTRON Iy, Y l SR POSITRON
(MATTER) 4 ‘1 Ve (ANTIMATTER)
~ S S A
Y ™ A\
E:m.c? 0 [j ¢ b
. \
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Proton—Proton Collisions

» For proton—proton collisions, cross section is convolution of Parton Density
Functions (PDF) with parton scattering Matrix Element

Parton distribution functions Hard scatter parton cross section
Representing structure of proton < Higher order pQCD correction;
accompanying radiation, jets, ...

Underlying event

« CM energy of parton collision: s = M)Z( =X, X, " Sc

» The parton density functions rise dramatically towards low x:

- Higher cross section at higher proton-proton collision energy
- More luminosity also achieves higher effective energy

- Low-x (eg, Higgs) dominated by gluon-gluon collisions: “gluon collider”

Zakopane School, May 20, 2012

X = jets, W, Z, top, Higgs, SUSY, ...
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Several hundred articles and conference notes published since LHC start
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Recorded Luminosity in 2011
Luminosity is key quantity: rate = cross section x efficiency x luminosity

ATLAS integrated
luminosity in 2011

(in 2010: 0.04 fb~" collected)

Zakopane School, May 20, 2012

Total Integrated Luminosity [fb ]

ATLAS Recorded

Total Delivered: 5.61 fb'
Total Recorded: 5.25 B’
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Recorded Luminosity in 2011

Luminosity is key quantity: rate = cross section x efficiency x luminosity

At L = 3x1033 s 'cm2,
produce 225 (129) SM
Higgs bosons of 115
(150) GeV mass in
ATLAS and CMS per hour

Tevatron @ 115 GeV: 2/h at max luminosity

Zakopane School, May 20, 2012

Total Integrated Luminosity [fb ]

ATLAS Recorded

Total Delivered: 5.61 fb'
Total Recorded: 5.25 B’
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Recorded Luminosity in 2011

Measured with forward detectors, calibrated with beam separation scans

High luminosity comes at a
price: probability of parasitic
collisions in one bunch
crossing (= pileup) increases

Peak of up to 22 collisions
per crossing reached (almost
doubled in 2012)

Another price to pay: higher
trigger thresholds - low-pT
physics suffers

Z — uu event in ATLAS with 20 reconstructed vertices §

AN

1 EXPERIMENT

Run Number: 189280, Event Number: 1705325
Date: 2011-09-14 02:47:14 CEST




Recorded Luminosity in 2011
Measured with forward detectors, calibrated with beam separation scans

Zakopane School, May 20, 2012



A beautiful dijet event from ATLAS: m(jet-jet) = 1.9 TeV, pr: 0.9 TeV, 0.8 TeV

150eT(Gev) - Run Number: 160958, Event Number: 23181152
Date: 2010-08-08 13:57:31 CEST




ATLAS and CMS have Measured Inclusive and Exclusive
Jet Cross Sections at never Explored Energies

Differential jet cross section versus jet p;

T T T T T T 17T | T T T T LI l —]
C_ anti-k, jets, R=0.4 ® [y]<03(x10" . =
il ) O 03<ly|<0.8(x10%
= 1 =
[ | Ldt=37pb", Vs=7 TeV B 08<ly<12(x10%
= O 12<ly|<21(x10°%) T
il — - A 21<ly[<28(x10% J
e = _— A 28<|y|<3.6(x107) —
= —e— - Y 36<|y<44(x10%)
E _e_—e— o= —
| o -@- 1
[ == —O0— ® e .
I —o- 3
il - e = .- i
[=5=, e - C ] .
== = o= o=
| = == —
il -t B © 3
T —— - o
= —— —— =
- —— —B- - =e= ]
. —— -E-'E' =l= —
[ e —— —- == 7
:_ i—1 —— -g'.g. !.!E.a _:
— —A— -l-_._ —O- —
o ] —tr =
= == —e= = @@ —
il Systematic == Er= =S =
C | uncertainties — = ! -
= NLOJET++ === —
F (CT10, u=prT“aX) X —
- Non-pert. corr. A TLAS -
1 1 Lol 1 1 Ll T
2 2 3

20 30 10° 2x10 10

p, [GeV]

10%
10%
10%
10%

d’oldm, dy* [pb/TeV]

10
10"
10'?
10°
10°
10°

Differential jet cross section versus di-jet mass

FTT T T T T T T 17T T T T T 4
! + 40sy*<44 (x10'%) T
il Systematic V 35sy"<4.0 (x10") T
il uncertainties m 30sy*<35 (x1013) 3
C A 25=y*<3.0 (x108)_‘
C V¥V 20=sy*<25 (x 106) i
C NLOJET++ O 15=y*<20 (x10°) _]
il (CT10, u=p_ exp(0.3 y*)) x A 10sy"<15 (x107)
C N " T 0 05sy'<1.0 (x107) ]
i on-pert. corr. ) y* <05 (>< 10 ) __
=~ ATLAS = =
i = S -
- =3 A —
— - *ﬁ¥ E =
= =
— *** S 2 —
il *'l'-- ==
—e— =P * - =
- —— e ==
= .- -E-.E.E_ (=] =
—— * -
= anti-k, jets, R=0.4 ’...".. —
— p —— —
- \E=7Tev,det=37pb o= —
__\ | ‘ 1 1 1 1 | | | 1 1 1 1 I__
107 2x10™ 1 2 3 4567
m,, [TeV]

Agreement over many orders of magnitude gives confidence for new physics searches
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High-energy jets probe new particles and interactions

Measure di-jet invariant mass and angular distributions

2 — 2 parton scattering to
two jets described by QCD

Tends to scatter at smaller
angles than if there were
new particles produced

Recall atomic substructure
discovery in Rutherford
scattering: deflection at
large angles !

New, high-scale interaction ?
New bound state (FarEincLe) ?
Are quarks c‘omposi&es ?

Zakopane School, May 20, 2012



High-energy jets probe new particles and interactions
Measure di-jet invariant mass and angular distributions

Observed and fitted m(jet-jet) distributions

»w ET T T T T 11 L T =
T 10°E s=7TeV, [Ldr =4.8 "
o e Data ]
10 — Fit E
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High-energy jets probe new particles and interactions
Measure di-jet invariant mass and angular distributions

No deviations from SM seen - set limits on new phenomena:

Benchmark model Observed limit
at 95% CL
Resonant Excited quarks m(qg*) > 3.4TeV
Non-resonant 4-quark contact interactions A > 7.8TeV <1.8x 10" cm

10- 14cm

10-"3 cm
10°-10-8 cm
10°-10-" cm quark
e A
A X 3

\ ' v 7 g
1\ = = o
Zakopane School, May 20, 2012 39




Leptons are pure SM and new physics probes with

much reduced strong-interactions background

' /S W ?
e/v

Unification of forces ?
Left-right symmetric models ?
Compact extra dimensions ?
Technicolour ?

Higqs extensions ?

Zakopane School, May 20, 2012



Searches for Z’ and W’resonances in decays to e/ u
Use dilepton / transverse mass to search for excess over SM

10’
10°
10°
10*
10°
10°

10

Events

107
1072
103

Zakopane School, May 20, 2012

Observed and predicted dielectron mass, search bumps

imi e Data 2011
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2000
Mg [GeV]

95% CL lower limit: m(Z’g,) > 2.2 TeV

--'nf.'_»"i};%o !} .':. i

A

Observed and predicted e-n transverse mass
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Em5 CMS\s=7TeV mmu-- 3
o10° f Ldt=5.0fb" ==u-. ]
Al == pibosons ]
~ ]
210’k W —ev - E
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Lﬁ-' O B v +dets ?E
10 —— W' (m, =2.3TeV) E;
1 -
-1 I g
10 E
102
I
500 1000 1500 2000 2500
M; [GeV]

95% CL lower limit: m(W’g,) > 2.6 TeV®™)

*)Constructive interference model
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QCD and electroweak measurements
With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

o)
210° = ATLAS Prellmlnary
% —  35pb’
s [ det-0035 471"
10" Ns=7 TeV
B Theo;y
10° & m Datai2010
- o Datai2011
N o :
10° = 1.0 fb’!
E o)
B 4.7 b 3
| -1
10 1.0 1o 5
— 4.7 !
W ; —ww | wz |z

Zakopane School, May 20, 2012
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QCD and electroweak measurements
With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

LHC is top factory: ATLAS Prellmlnary
at7 TeV CM 5 det—0035 4.7 "
energy: ~25 )
times larger ; .\3 \Fs 7 TeV
cross section as ‘T\ :
than at Tevatron B o | Theo;y
LLLE W = Datai2010
o Datai2011
L = : :
10° 10" i B
— : o)
— 0.7 fo'!
B 4.7 o' 3
1 O g_ 1.0fb 5
- 4.7 fo’
w Z a T —ww T wz |z
Pk i
\ 2 v

Zakopane School, May 20, 2012
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QCD and electroweak measurements

With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

% 500__1 AL LA LANLANLANL NN N  B B B ‘ﬁ ATLAS Prellmlnary
g [ ATLASPreliminary 2y 7T 2000 : :
- 070 fb-1 Y+‘?eps ' T
' 4001 — P ; ; f L dt 0.035:4.7 fb”
b= i B single top ]
g, | " e \5=7Tev
300__ 7777 Uncertainty 1 : : :
Clean top Theo;ry
200~ reconstruction m Datai2010
L (here: hadronic o Data2011
7 top mass)
100 4
0/el-Le - ; o
100 150 200 250 300 350 400 : L
L 10ft 5
 First precision measurements of top .
cross section and mass at LHC . A7
» Searches for new physics in top i i i i
production and decay tt t ww Wz zz

TT——— | ,‘ = é/ ) y
\ ' v 7 g
'\ - s ™

Zakopane School, May 20, 2012



QCD and electroweak measurements
With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

Z - ATLAS Preliminary 070" @ 7 TeV ATLAS Pre“m'nary
C|>.) - 2 jets 1 tag - ATLAS data 1w
T, — ok -
(1)) 1 OOO_ = single-.tog s-channel 7 (_3 fL dt 0 035 4 7 fb
8 [ — &Eﬁgg,-ets 1= \FS 7 TeV u d
o | Wilight jets | -;
cC Dit?oson i CIN) W*
3 — Theo;ry w*
15 m Data2010 t
] % o Data 22011 b b
: t-channel
0.8 1 dominates
NN output single-top
- ; 3 production
10 ot . Expected cross
- L 47 sections for
B t, Wt, s chans.:
: : : | : : 65, 16, 4.6 pb
w Z it t WW wz zZZ
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QCD and electroweak measurements
With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

o) : : : s
S10° e ATLAS Prellmlnary
g — 35pb’ i
o} B " Ldt_0035 4.7 o
35pb’!
10* | ' \Fs 7 TeV
B : ; ; ; ; TheOgry
10° . m Datai2010
S 5 5 5 5 . 0 Data 2011
10° =
10

Zakopane School, May 20, 2012



QCD and electroweak measurements
With more luminosity we are sensitive to every smaller cross sections

Summary of weak boson and top cross section measurements vs. theory

f9) The lon
210° = ATLAS Prellmlnary g
s E 35pb road to
OQ B " det—0035 4.7 o measuring
35 pb electroweak
10' \Fs 7 TeV
= : symmetry
B 3 o ATLAS Preliminary v om Theo;y breaking
10° 820 frazer’  C@smen - = Datai2010
E % :zi Ns=7Te Estimated Background: O Data 201 1
— I.E 1 4; 077 (stat) (syst) é :
B 120 =
10°E 10 E
= 5 3 o
- i3 E 4.7 fo
10 2 E o
— 100 200 300 400 500 600 700 H (1 30 GeV) -
[ Four-lepton mass [GeV]
W Z Tt WW H(130 GeV) — 77
N <& J
\ ] £ 74 -
= S e

Zakopane School, May 20, 2012
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http://atlas.ch

primary Z mass : 89.18 GeV
pr(H1) = 61.60 GeV
pr(H2) = 25.68 GeV

secondary Z mass : 88.03 GeV
pr(Hs) = 42.69 GeV
pr(Hs) = 38.60 GeV

A beautiful 4-muon event seen in ATLAS

M

un Number: 183602, Event Number: 282919
Date: 2011-06-18, 06:36:40 CE




Hunting for t

Y. ! <0 T )

Zakopane School, May 20, 2012

he Higgs B

oson

Y P. Higgs at CMS
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Higgs boson

Higgs production and decay probabilities predicted vs. Higgs mass by SM

At the LHC, the Higgs boson is produced dominantly via gluon fusion
Oh total ~ 19 Pb at 125 GeV (40—50 times larger rate than at Tevatron)

Because of the coupling to the W,Z,q,t,g,y
mass of the decay particles:

... the Higgs will decay with

preference to the heaviest H
particles allowed Ty S

... the Higgs does not couple
directly to photons and

gluons, but only via “loops W}z,;q}i.}s;y
involving heavy particles
(e.g., top, W)

Zakopane School, May 20, 2012



Higgs searches at the LHC

Dependence of the branching fractions on M, drives search strategy

c T T T T L T T T T T T

6 1k :

- :__\ —

S Ebb E

£E B

g 107 Tyl E

O - H <. : / -

: — . . :~~~ H -

©® e B ! —

S : : : :

o 2N -
10'2 , AAAAAAAAAAAAAAAAAAAAA » .................. '. .................................................................... _E
10° e N
10° = - 3

1 1 | 1 1 | 1 l“I 1 1 I 1 1 1 1 1 ’ I..I---I--'l'-l:
100 120 140 160 180 200 220 240

Zakopane School, May 20, 2012

Higgs mass (GeV)

’ ==y

NS

For medium to heavy Higgs:
« Lepton final states via WW®™) 77()

For light Higgs:
» Lepton final states via WW*, ZZ*
» Di-photon final state
« Di-tau final state

The dominant H — bb mode is only
exploitable in association with W/Z or
tt, also with strong Higgs boost

Associated leptons provide trigger signal as they help
to reduce huge QCD background, s(bb) ~ O(100 pb)
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Combining all channels
At high mass also WW — llgqq and ZZ — [lvv channels contribute

Individual
channel
expected
sensitivities
in one plot

95% CL limit on o/og,,

T T L — T T LI B B S I R S R S R B S R E—
= b H—yy Exp. (4.9fb")  eea-- H— WW — lvqq Exp. (4.7 fb™
= b Hott Exp. 4.7fb") -e---- H— ZZ— Illl Exp. (4.8 fb™) —
R H— bb Exp. (4.6-4.7fb") e H— ZZ— liqq Exp. (4.7fb") |
B CLL T H— WW— Ivlv Exp. (4.7 fb™) H— ZZ— Ilvv Exp.(4.7 fb™) B
— s 1 =seeaa Combination Exp. (4.6-4.9 fb™) —

1
o f L dt ~ 4.6-4.9 fs", s=7 TeV ]
10 =
— \‘ \‘ ", ]
: ‘\ “ . ‘¢" ¢~f) :
L T . . IR A
— . “\ “\ " “\ ............. ‘~“~ »"':" :“.‘;'(J —]
""" U A A h '"“""‘_‘._“"-'"-.,-._ .--::":'-— ¢"
RIS . “‘ " \‘ “—‘ ":," """"" PRLS "¢
i ?*"' L e ST - '_'\-"'—""'""""""""""'"""""n',',"'_:",;ff"' """"""""""" ;';' """ —
1 E \‘\‘ ~‘~__" “\’«:_': _____ S bt sl ) Lo’ E
— \‘s‘ REPPEL LA Vemaa, . PR e - —
: s~:~: . "'l,¢ __________ :
| ~§“"O' —
107 ATLAS 2011 Preliminary CLslimits  —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 PRI N T S ST R B
100 200 300 400 500 600

3B

m, [GeV]
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Combining all channels
At high mass also WW — llqq and ZZ — [lvv channels contribute

S B ST s T :
h . ATLAS-CONF-2011-135, CMS-PAS-HIG-11-022

All results [yy, ZZ, WW, tt, bb] combined. Left: ATLAS — low mass region, right: CMS — all masses

=
& [ ATLAS Preliminary 2011 Data | 10f CMS,\s=7TeV. —=— Observed E
E 10 Obs. L 5 L=4.6-4.8fb" =8 Expected (68%) E
o) - - Exp. Ldt=4.6-4.9fb 7 - Expected (95%) _
= - E=z1o ] s
£ B — ] 3.10 local p-value
3 [ O=20 ls=7TeV i (1.50 global)
(_JI 2.50 local p-value
5 B (2.90 expected 7]
3 - if 124 GeV Higgs !) 1
O = KN N e —
- Excluded: .
my = 110~122.5, 129539 (120555 exp.) GeV 107 Excluded m,_, = 127 600 (118 543 exp ) GeV _
'1 111 I | I | I | I - I | I | I | I | I | I | I | I | I | I - I | I | | L1l L ‘ 1 1 1 ‘ 1 1 1 \7
1077990 115 120 125 130 135 140 145 150 10 118 120 125 130 135 140 145

my, [GeV] Higgs boson mass (GeV)

Both experiments see a >2c combined excess at 123~127 GeV ...

Zakopane School, May 20, 2012 Andreas Hoecker - SUSY and dark matter searches at the LHC 53



Combim’ng all channels (status: Lepton-Photon 2011)
Compare with constraints from perturbativity and (meta)stability

& -
. ——— d
P Wi B S ™ ————— -

—_—

< 850 3
(<] S
O, g
= 30 E
250 =
200
150
Excluded by LHC
Still — barely — a Excluded by LEP and LHC
stable solution up 100, 6 8 10 12 14 16 18
to M, possible ... log (A/GeV)
m, -173.1 GeV M.,)-0.1193
M, >128.6 GeV + 2.6 GeV-/ L \—2.2 GeV'/as( 2) \:1GeV
| 13Gev ) |~ oo028 )

Ellis et al, arXiv:0906.0954
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Constraints from global electroweak fit

Global fit of all EW precision measurements to SM prediction constrains M

Plotting also the
results from direct
searches at LEP and
Tevatron ...

%
%

%2

R X2
«Qg KX

&
&

140 160 180 200 220 240
M, [GeV]

http://dfitter.desy.de

Andreas Hoecker - SUSY and dark matter searches at the LHC

Zakopane School, May 20, 2012



Unfortunately, thérre is a problem with the Higgs!
L7,

(‘"

Ww
) A
Y P. Higgs at CMS

Zakopane School, May 20, 2012 56



The “Gauge Hierarchy Problem”

If a Higgs boson with mass < 1 TeV is discovered, the Standard Model is complete !

However, when computing radiative corrections to the bare Higgs mass a problem occurs:

H @ H
______________ Higgs
- _I:I ________ I__I — . radiative

corrections

2 2 2 i 2 4
Il my, = m; +6mH where: 5mH s fd k + ...
0

(k2 + m,,z)2

S
Integral quadratically divergent

The cut-off sets the scale where new particles and physical laws must come in
Above the EW scale we only know of two scales: GUT (~10'¢ GeV) and Planck (~10"° GeV)

Such a cut-off would require an incredible amount of finetuning to keep m, light

[N

2
mH cut-off

(120 GeV)” = m2 +C - A2




The “Gauge Hierarchy Problem”

Missing protection of scalar Higgs mass is related to absence of a symmetry principle.
Setting m,, = 0 in SM Lagrangian, does not restore any symmetry in the model.

New physics models should address this. M, should become a deviation from some exact
symmetry, and is thus intrinsically small !

2 _ 2 2
(120 GeV)" =mg +C- AL, o

[N

2
my



» The crisis of the Standard Model calls for new physics at the TeV scale

* Many models addressing the hierarchy and the dark matter problem have
similar experimental signatures

» Searching for them is another central pillar of the LHC physics programme

m with the Higgs!

Unfortunately, th
—— » T

re is a proble
\.-\.a.?‘%. d"‘ 2 .

W
) .
Y P. Higgs at CMS
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Could a symmetry between fermions and bosons
regularise the Higgs radiative corrections ?

e

P. Higgs at CMS

Zakopane School, May 20, 2012 60



Fermion loop

Zakopane School, May 20, 2012

P. Higgs at CMS

61



Fermion loop S

_I{ H S 2

Boson loop

(TeV-scale) Supersymmetry (SUSY)

Fermion and boson loops contribute with different signs to the Higgs radiative
corrections: if there existed a symmetry relating these two, this could protect
the masses of the scalar Higgs

Supersymmetry realises this by transforming bosons <> fermions

SUSY transforms, e.g., a scalar boson into a spin-%2 fermion, whose mass is protected
Hence, the scalar mass is also protected (precisely through SUSY)
This solves the naturalness and the hierarchy problems of the SM (at least technically)

Local gauge invariance of SUSY requires existence of spin-3/2 and spin-2 particles, which
naturally introduces the spin-2 graviton, assumed to mediate the gravitational force
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The
scalar
precipice

Mrs. SUSY

EW scale —

GUT scale
Planck scale

Scalar mass
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SUSY has: Ny (bosons) = Ny (fermions) [cf. SM: N, (bosons) <« N, (fermions)]

» To create supermultiplets, we need to add one superpartner to each SM particle
» Superpartners have opposite spin statistics but otherwise equal quantum numbers

Supersymmetry (SUSY)

Spin 0 Spin 1/2 Spin 1 Spin 3/2 Spin 2

sLeptons Leptons Gravitino Graviton
sQuarks Quarks
Higgs Higgsino
Photino Photon

Zino Z
Wino w
Gluino Gluon

Zakopane School, May 20, 2012



» Need to introduce an additional Higgs doublet to the non-SUSY side - 5 Higgs bosons

Supersymmetry (SUSY)

Spin 0 Spin 1/2 Spin 1
SM 0 31, ?2 £ Squark/slepton mixing
susy & L proportional to SM
% g 4, q partner masses
S| hO, HO, A HE 7, Xo» Xas Xa - largest for 37 gen.
§ ~e o~ 3 N — can become lightest
@n Xis Xz v £°, W* squarks / sleptons
'S ga ga

The gauge-mixed physical states that propagate

in space and time and that can be observed.
Neutralinos: mass eigenstates of photinos, zinos, neutral higgsinos
Charginos : mass eigenstates of winos and charged higgsinos

Zakopane School, May 20, 2012 65



« SUSY breaking introduces lots (> 100) of new parameters (masses, mixing angles, phases)

Supersymmetry (SUSY)

SUSY breaking (SSB) assume some hidden RG evolution of unified mSUGRA mass parameters
sector transmitting through flavour-blind S
interactions SSB to the observables

SSB origin Flavour-blind

(hidden sector)

MSSM

interaction (V|S|b|e Sector)

Mass [GeV]

Very predictive gravity / gauge / anomaly
mediated SSB mechanisms invented

Can be tested (& falsified) experimentally! O
Log,(Q/1 GeV)

Zakopane School, May 20, 2012 66



SUSY has: N4 (bosons) = Ny (fermions) [cf. SM: N (bosons) < Ny (fermions)]

» To create supermultiplets, we need to add one superpartner to each SM particle

» Superpartners have opposite spin statistics but otherwise equal quantum numbers

* Need to introduce an additional Higgs doublet to the non-SUSY side - 5 Higgs bosons
» SUSY breaking introduces lots (> 100) of new parameters (masses and mixing angles)

Supersymmetry (SUSY)

True SUSY spectrum (if exists) unknown, A MI’HTQ[ Spectru%
but some gUidance prinCipleS: General “bottom-up” viewpoint
Mo & b |
» At least one light (< 135 GeV) neutral Higgs “Distant
s | TevV | -~ Cousins”
» Naturalness requires: m (t, b, x) <1 TeV to The “Nuclear Family” J
compensate top and W contributions to Higgs of the Lliges
» LSPis )210 or é 500 GeV_| kt; ‘
- To avoid large FCNC: squarks, sleptons of ol e t (—) !
1st& 2nd generations heavy and degenerate (N (=)s

«<— Closeness to Higgs

Zakopane School, May 20, 2012 67



Grand Unification of the Gauge Couplings (GUT)

Recall: GUT motivated by quantisation of electric charge in multiples of 1/3

1/ oui)

-----------------------------------------------------------------------------------------------------------

__________________________________________________________________________________________________________________

Supersymmetry

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

0 i i i i i i i i _
102 106 1010 1014 1018

Energy [ GeV ]



Grand Unification of the Gauge Couplings (GUT)

Recall: GUT motivated by quantisation of electric charge in multiples of 1/3

>

102 106 1010 1014 e
Energy [ GeV ]



Characteristic SUSY Decay Cascades

« To avoid proton decay, a hew conserved quantum number (R) is introduced,
which forces a SUSY particle to decay in at least one other SUSY particle

« The lightest SUSY particle is thus stable (LSP), and must be neutral and
colourless 2 WIMP (dark matter candidate)

« Typical LSP is spin-2 neutralino. It could also be a gravitino

« With R parity: SUSY production in pairs only - requires energy 2 x SUSY mass !

2 LSPs escapes detection
—> missing E;, no mass peak !

“Typical” SUSY decay chain Tt -- <
at the LHC, driven by mass /
hierarchy of SUSY particles q q
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SUSY searches at the LHC

Many different search channels along expected SUSY event topologies

Signatures of the SUSY “cascades” are driven by masses of the SUSY particles

To good generality we can expect: Simulated
SUSY event

— High-p; jets from squark & gluino decays
— Leptons from gaugino & slepton decays

— Missing transverse energy from LSPs

This lays out an inclusive search strategy

» Most of the hard analysis work
consists of understanding and

modelling backgrounds from SM
processes !




SUSY searches at the LHC

Many different search channels along expected SUSY event topologies

W boson discovery at UA1 (CERN)

Missing transverse energy " , {ll

— Missing transverse energy from LSPs

& i

el ecfron
\ —-—_-___-—--_'__—-__________-—4

UA1 @ CERN, 1982

i
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Once mass spectrum fixed, all cross sections predicted

Spin structure of SUSY spectrum: lower o than other BSM models, harder to find !

Direct squark pair SUSY cross section versus sparticle mass Gluino & squark
pl’OdUCt]Oﬂ example 10 E\ L B B I B B LA I B \E prOdUCtlon (examples)
i o,.pb]: pp = SUSY VS=7TeV | gw g
>m . ? é . :
. . R N N e 5 | g .7q
Direct gaung/ -1/1000 events prouced in &= qa .7
slepton pair 10 E = N
production (example) - ] q g
ct 2[100%vents produced in 2001 = N T | S a
10 ’ TT* 88— ) ~::
- 171 n 9<>
o - D
§ 1 a__ ¥ _____ g
3| | | | | Lo | |
10 I L1 11 I T | I I [ \ L1 11 I
100 200 300 400 500 600 700 800 900
average [GCV]
=7 37 i~
i 7 /j/ '}/ %
J“\ /} - A
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SUSY searches at the LHC

Huge backgrounds from SM processes

> - e - - - -
|Ii il iv-«'_:--- SSSNPSR
- W

Process Cross section | Production
1983/1984: SpS (CERN) (ph)at1atey | rates (FHz)
W, Z discovery .,_
- Inelastic 108 10°
1995: Tevatron (FNAL) ™SI bb 5x105 5x106
Top di y . M
Op d scove o™ g AW — Iy 15 150
~~~~~~~~~~~~~~~ A Z s 2 20
‘‘‘‘‘ . 1 10
®» Most of the hard analysis work Z' (1 TeV) 0.05 0.5
consists of understanding and §g (1 TeV) 0.05 0.5
modelling backgrounds from SM
S s H (120 GeV) 0.04 0.4
processes !
H (180 GeV) 0.02 0.2

-
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SUSY searches at the LHC

Analysis and background determination strategy

SUSY search analyses look for tails in distributions of
observables sensitive to high produced event mass: m

'f\ trigger threshold
‘ Can only exploit tails if detector
M (ba«t‘:wgroumd) response and SM backgrounds in

signal region are understood

1 "sighal region” Main background sources:

« tt— W(—=Il(7)v) b+ W(—=qq) b
« W(—=lv) + jets
« Z(—=wv) + jets

= il »  QCD multijets (“fake” £;m)
My = 2iPr )
Jets Leptons « WW, WZ, ZZ, tt+W/Z (+ ]etS)

Zakopane School, May 20, 2012



SUSY searches at the LHC

Analysis and background determination strategy

Normalisation of dominant backgrounds obtained from
“control regions” (CR) with small expected signal contamination

- ALS S
ET

f\

SUSY

sigvmt region

Zakopane School, May 20, 2012

CR - SR transfer factors taken from
MC simulation (many systematic
effects cancel)

Also: exploit close-by SM processes,
e.g., Z(vv) + jets from y + jets

Fake backgrounds estimated from
data using samples with known
composition (Z, dijet) or from data-
driven smearing techniques

Small backgrounds taken from MC




SUSY searches at the LHC

Example: ATLAS inclusive jets + E;/™ss SUSY search

Entries / 100 GeV

DATA/SM

Entries / 100 GeV

DATA/SM

L e e o e e L B ISSLA e s
T T T T T T

3l ]
10 E Ldt=47"fb" El
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1500

Normalisations obtained in all CR
and signal regions simultaneously by
combined maximum likelihood fit
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Entries / 100 GeV

DATA/ SM

SUSY searches at the LHC

Example: ATLAS inclusive jets + E;/™ss SUSY search

T T T T 10+ T LB B e L o e e AN o o
rgL dt=47f' 13 F t[L dt=4.7f" i3 E rgL dt=47f' E
104 = e Data2011 Ns=7TeV) -3 O] r e Data 2011 {s =7 TeV) 17 O F e Data 2011 (s =7 TeV)
E — SM Total j S 5 — SM Total S — SM Total
Ctf and single top = 10°g Ctf and single top - . COtt qnd single top
o I Z+jets ~ E I 7 +jets ~ 10°g I Z+jets
10° l:IW+Jets = 3 [ W+jets 3 E [ W+jets
E Diboson = Diboson = Diboson
F i:lmuh et E 402k - ) multijet < i:lmuh et
[ - SM+ SU(SOO 570,0,10) i E J— SM+ SU(500 570,0,10) [} y - SM+ SU(SOO 570,0,10)
10 E e SM+8U(2500,270,0,10) 3 E ... - SM+SU(2500,270,0,10) e e SM+SU(2500,270,0,10)
E T3 ATLAS Preliminary 3 r g ATLAS Preliminary 10 ;] ATLAS Preliminary
1oL 10= L, SRB £ il SAD
1k 1e !
Eed oo oy MUy ] B L |- 1]
2.5 = 25 S 25
13 2 12 4+ 2 13 44
. 7 < 15 t < 1.5F
1 - E e meteece, 44t + ---------------------------- =1
05 Tee L THY < osp - + < osb
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Define several signal regions, sensitive to different
SUSY mass spectra and cascade patterns

Squarks and gluino production would lead to excess
over expected SM events at high tail of m distribution

No such excess seen in current ATLAS or CMS data

Translate into limit on SUSY cross section
- limit on SUSY particle masses
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ATLAS inclusive jets + E;/Mss SUSY search

Limits expressed in MSUGRA (left) and phenomenological model (right)

MSUGRA/CMSSM: tanf = 10, A0= 0, u>0
||||~{\|||[\‘||||||‘\|||||\\

N \ 'ATLAS Preliminary
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ATLAS inclusive jets + E;/Mss SUSY search

Limits expressed in MSUGRA (left) and phenomenological model (right)

: s ATLAS-CONF-2012-033

Under moderate assumptions on the SUSY Squark-gluino-neutralino model, m(x,) = 0 GeV

R . . '_'200 I} IEII ‘I IEIII mr T LI LI L
mass hierarchy, ATLAS (similarly CMS) > SO anaspeiminay
eXClUdeS . (-2- : : : \-\ Combined ]
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Perhaps such an inclusive analysis is not

sensitive enough ? 800

- Looked also in events with many jets (up

| i 600
to 9) and with at least 1 lepton 600 800 1000 1200 1400 1600 1800 2000

gluino mass [GeV]
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ATLAS multi-jets / 1-lepton + E;Mss SUSY search

No excess seen either
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ATLAS multi-jets / 1-lepton + jets + E;Mss SUSY search

Limits expressed in MSUGRA (left) and simplified model (right)

© ATLAS-CONF-2012-037, ATLAS-CONF-2012-041
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E, ™S ig produced in the
SUSY events?




ATLAS 1-lepton + jets + E;™ss SUSY search

Limits expressed in and simplified model (left and right)

T ATLAS-CONF-2012-041
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Use dedicated “soft” sg m(squarks & gluinos) so

fot enough E;/™ss is produced in the

// s to select SUSY events?
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- But again, no sign of SUSY




Does SUSY hide from our analyses?

What mechanisms could camouflage strong SUSY production?

Recall: we need to cancel the Higgs virtual
corrections. Most important is top loop

b/t

Contrary to the SM, 34 generation squarks
can be lighter than 15t and 2" generations

A\
V4
Watch out for tops
. g | o
and b’s in final state ! Direct b/t pair production
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Does SUSY hide from our analyses?

What mechanisms could camouflage strong SUSY production?

Gluino-mediated stop production (4 tops!) produces Direct stop production is very similar to

events with same-sign leptons, and also many jets top (but smaller cross section), direct
—> very low SM backgrounds sbottom production has 2 b-jets + E;™iss
- kinematic reconstruction
> T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ] > IIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIII
[0} L ) ® Data 2011 - o 50 ]
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0 50 100 150 200 250 >250 0 100 200 300 400
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Does SUSY hide from our analyses?

Limits on gluino-mediated stop (left) and direct sbottom production (right)

200

§-g production, g— tf;”(? L™ =4.7fb"
|~y F ‘ T T T T T T T T ‘ T T T T T T T I T T T T
% 600 [~ s 0bs. CL, 95% C.L. limit o.£4j-
S [ exp. CL_ 95% C.L. limit 1 -
chxF - exp. limit =10 0.19 0.13 |
500 [ 7 SS Dilepton, 2.0 fo" 022 0.12 0.08
- 1-lepton plus bjet, 2.0 fb™ a1 10
- Multi-jets plus E?iss combined B 0-19 0.08 0.06_"
400 [—ATLAS Preliminary 0.23 0.12 0.08 0.05 0.04 -
B 0.21 0.12 0.07 0.05 0.04 0.03| |
300 — 0.03 0.03
B 1 —10?
B 0.02] 2

100 [6.55

0.16 0.1 0.07

4, 0.03

0?4

[0.26 0.14 0.09 0.06 0.03 /0.3 0.02 0.02
1 1 1 1 | | | | | { 1 1 1 1 | | | | |
500 600 700 800 900 1000

mg[GeV]

Strongest limit from ATLAS multijet analysis
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Does SUSY hide from our analyses?

What mechanisms could camouflage strong SUSY production?

L N R A N [T T T[T T T[T T T[T T To 7T
-e-Data 2011 .WZ - 7TV det:z.os o
%2 Total SM Oz
[JReducbkgd  [llawz" ] ATLAS
= = SM+SUSY 1

The limits on direct stop/sbottom production are
still too weak to exclude them up to TeV
(“naturalness”) scale

Events / 20 GeV

ref. point

Perhaps, all strong production sparticles are yet
too heavy to be produced with sufficient statistics
and only gauginos are produced ?
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Does SUSY hide from our analyses?

What mechanisms could camouflage strong SUSY production?

ATLAS-CONF-2012-034

> 1 T T T
Some scenarios (AMSB) have a large degeneracy 2 [ ATLAS Preliminary
. . + . S, [ Signal events (LLO1,1()’(T) =1ns)
among gaugino masses, rendering the y,* long-lived 210 B Charginos in signal events
o) S — Hadron track background
- . o § o] --------- Bad track backgfoSnd
- Search for heavy particles decaying in inner o F i

detector, giving a “disappearing track” in ATLAS TRT 10%

10" j
2
. . —
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Does SUSY hide from our analyses?

What mechanisms could camouflage strong SUSY production?

_ . > 3 T T I T 1T 7T I LI I T 1T 7T I LI I LI I LI I LI I LI I T 1T 7T I T II_
R parity could also be broken (RPV). Erotqn decay 8 10°E s=7Tev fL do206f"  —e Data 201
requires lepton and baryon-number violating o - o <= Total SM ]

. . . N - ATLAS Preliminary I+ -
couplings. If either one of them vanishes, the % 102k v .
proton is stable, but neutralinos may decay: & - %?’zﬂ m .

w o onoo oot e BT 3 zZ — other N

10 [ Z+jets -

T = 0000000000 SM +RPVBC1 3

C * === SM + RPV ’

B m,,, =740 GeV, ]

NS i . I T P tanp = 22 =

et N s B D T TEPETT ——— . S

FT o< T i M

1 A\ + + 1 0-1 E I ;222??/%%% =

~0 \A € (/'I/ ) E. W] . WA AL e M |E
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- Search for events with many leptons with or w/o E;™ss

No significant excess found
in any channel combination
(neither does CMS)

- If RPV coupling is small, search also for displaced vertices
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Should we forget about SUSY ?

Maybe the electroweak scale is finetuned. But what about dark matter ?

b T T ‘ T T | L ‘ 1T | T T ‘ L | 1T T T E
Should we give up on natural SUSY and % CMS Preliminary  [57w E
directly search for WIMP (dark matter) D L5 | I woi _
L .. 10 Ldt=4.7fo at Vs=7 TeV )
production in proton—proton collisions ? & M e
Ny . [ Jacp .
How can we detect (and trigger) them ? £ 10 1 Efft""
g 1 03 . T DM-AVd m=1GeV _;,
— L T ADD M,283 =
q Energetic gluon/photon - L ]
radiation in the initial sate 10? LR E
= 100 My e Tk -
X = W B Ty B, -
12 E
: N I T R | | I_;. ; ! : ; j__

q X 200 400 600 800 1000
E?'SS [GeV]

—> Search for mono-jets or mono-photon events!
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Should we forget about SUSY ?

Maybe the electroweak scale is finetuned. But what about dark matter ?

. CMS-EXO-11059

Limit on WIMP pair production cross section
can be transformed into limit on effective
WIMP-hadronic contact interaction:

L L L FLEL L BRI N B
CMS Preliminary [z
J-L dt=4.7f5"at Vs=7 Tev =3
[ g
[ Jacp
[z
—@- Data
----- DM-AVd m=1GeV
..... ADD M253

10°

10*

Events / 25 GeV

Vector (SI): (v ,x)(@y"q) - A” oo ]
Axial-v. (SD): (xy v x)(@y"y°q)- A”*

T IIIII|T|l-E T

q: :DM } DM: DM o ik
q DM q q

| IIIIIII| | IIIIIII| | IIIII|_|_| | IIIIIII| | IIIIIII| 1 L1111

WIMP-nucleon scattering cross section:

2 ) 200 400 600 800 1000
M (300GeV\" [1.4-107 cm’ [S] E™SS [GeV]
1Gevil A ) 19.2-10 em? [SD]

u, = reduced mass of WIMP-nucleon system

_A\\ I
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elerator
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- = .- . WIMP produc

Original idea of overlay: David Berge (CERN)
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x-Nucleon Cross Section (cm
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Wrapping up: SUSY searches at the LHC

Overall search strategy

Production 1. Strong Decay
production

10 E\ T T ‘ T 1T ‘ T T T TN T T T 1T (ETm]SS + jets’
§ leptons ~ ~
" o_[pb]: pp — SUSY ; ’
i Gtot[p ] pp b'JetS, g, q : : A M

L L photons) : |

- . : : AM
- 7 ~+ ~2 I WV
: \% : XX ——

0 b 4d = i : I Am
449 E 5(0 \ 4 4 v
- ] T (LSP missing)

107 11" £

11

3 | 4. High AM/M explored. Focus also on
oL BTy K low AM/M (compressed spectra)
100 200 300 400 500 600 700 800 900
m...... [GeV] 5. Almost degenerate case (low Am):
M ( eV) LLP, displaced vertex, kinked track
3. Direct gauginos 6. RPV signatures: lower MET (no LSP),

resonances, multijets, multileptons
2. Direct stop / sbottom
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The LHC is performing marvelously
What are the next steps?

Where are we heading to

b 1 O ) BN
\x - wl ST
R e A
A = N

V'l

I f
p €4
I

,\ .
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Next Steps at the LHC
One more year 8 TeV, then shutdown in 2013/2014 > ~14 TeV

2.5

Total Integrated Luminosity [fb ]
o

2012: LHC runs at 8 TeV until October 2012 - ~15 fb!

AR T T T T T T ]
— ATLAS Online Luminosity Vs=8TeV -]

T [ LHC Delivered
" [_] ATLAS Recorded

L Total Delivered: 1.99 ft'
[ Total Recorded: 1.87 ft5'

 First Higgs & SUSY results expected at ICHEP 12 (4t of July)
« 2013/2014: repair and upgrade LHC to 13~14 TeV
* Then long run until ~2018, before further upgrade

of
30/03 06/04 13/04 20/04 27/04 04/05 11/05 18/05

Day in 2012
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LHC on schedule. Current 2012 records:
« 2.0 fb™" integrated lumi delivered

« peak Lumi: 6.0x 10733 cm2s1

» #bunches: 1377

* max. of 0.83 fb™' / week

* max peak interactions / crossing: 44

* max ave. interactions / crossing: 30

Mr. Higgs
G Y y
A\ ) 7 i
1\ Lo e il
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