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p Is the low-energy SUSY
still alive?

» What is the current
situation with SUSY
searches?

» Is there a time/energy
limit for such a game?
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(S Why do we love SUSY?

V' Unifying various spins SUSY opens the road
toward unification with gravity
Local SUSY = Theory of (super)gravity

Unification Theories

Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand

Unification and Superstring theories A\
. . o >
attempt to describe this unified We
force and make predictions
which can be tested with
the Tevatron.
Flectromagnetic

cpena, 6 nioHA 12 .



(S Why do we love SUSY?

v' Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v' Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)
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(. Why do we love SUSY? '»i;;

N\
V' Unifying various spins SUSY opens the road /'\!
toward unification with gravity | A
Local SUSY = Theory of (super)gravity

v' Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)

. . boson . fermion
Cancellation of Q
quadratic terms

(divergences)

gauge
2 2 2 ~~ boson // gaugino
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(I Why do we love SUSY?

V' Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v' Unifyes the gauge couplings of the SM
towards Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)
v’ Provides the Dark Matter particle (WIMP)

Hot DM
/ (not favoured by
Dark Matter in the Universe: galaxy formation)

N, coapm — EBD

(rotation curves
of Galaxies)
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(l Why do we love SUSY?

v' Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v' Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

V' Stabilizes the GUT theory (hierarchy problem)
v’ Provides the dark Matter particle (WIMP)

v’ Provides the first integrable 4-dim quantum
theory (N=4 SYM)

N=4 maximally Supersymmetric Yang-Mills theory
shows all the features and seems to provide the first
integrable model in 4 space-time dimensions
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(I Why do we love SUSY?

V' Unifying various spins SUSY opens the road
toward unification with gravity

Local SUSY = Theory of (super)gravity

v' Unifyes the gauge couplings of the SM towards
Grand Unified Theory (GUT)

v Stabilizes the GUT theory (hierarchy problem)
v’ Provides the dark Matter particle (WIMP)

v’ Provides the first integrable 4-dim quantum
theory (N=4 SYM)

v Stabilizes the string as an origin of a unified
superstring theory 5  No tachions
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Accelerators
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Where is SUSY?

Telescopes

Underground
facilities
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(I Exp Data & Th Frame

Exp data - |
v LEPII & Tevatron limits on SUSY particle

masses
v Direct SUSY search at LHC @ 5/fb
v Higgs boson(s) searches

s/ Rare decays (BS — sy, Bs > utu, By — TV)

v Relic abundancy of Dark Matter in the Universe
v’ Direct search for the DM
v g-2 of the muon

Theory Framework
MSSM with SUGRA SUSY breaking

Min parameter set: [ mo, mys2, Ao, tanp J

|10
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SUSY Production at the LHC
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SUSY x-sections at the LHC @ 7 TeV
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(S SUSY Signatures at the LHC

Search for superpartners within the MSSM
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Typical SUSY signature: Missing Energy and Transverse Momentum
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(SBackgr'ound Processes of the SM for
creation of Superpartners
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C

First SUSY results @ LHC

SUSY in O-lepton channel
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Simplified model with two q generations, | B

A= A0=0, p>0 Equal mass case:
Equal mass case: mg=mqg>1.075 TeV mg=mg > 980 GeV
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(& Progress on SUSY Searches

CMS Preliminary  \s = ?Te‘u" JLdt- 1 ﬂ::.1

Results of the first three [
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Within the constrained SSM models we are crossing the border of excluding
gluinos and squarks up to 1TeV and beyond. The air is getting thin for
constrained SUSY. More conclusive results after summer.

G. Toneilli, CERNANFN/UNIPI HEP _2011_GRENOBLE July 25 2011 :
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Search for supersymmetry in events involving

third generation squarks and sleptons with LHC Serminar
ATLAS February 14, 2012
Ximo Poveda (University of Wisconsin-Madison)
Summary on behalf of the ATLAS Collaboration

® Variety of searches for SUSY events with third generation squarks and sleptons

® Exploring signatures with heavy quarks or tau leptons using 2 fb~! of data:
1 or 2 7 leptons: gluino or squark mediated 7; production
2 b-jets + lepton veto: direct EllN)i‘ production

O lepton + b-jets: gluino mediated Bl production
1 lepton + b-jets: direct t;t; and gluino mediated t; production
O 2SS leptons: gluino mediated t; production

® No significant excess observed over SM expectations — Limits on the masses
of the sparticles in a various SUSY scenarios

O O O O

b, b} (MSSM) b, — bxl m;, = 390 GeV (mﬁ) = 0) 2 b-jets

b, b} (MSSM) b, — bx my, = 350 GeV (m o =120 GeV) | 2 brjets
1

gg, b,b; (MSSM) | g — blb, b, — bX? | mz = 920 GeV (m; <800 GeV) | Of+ brjets

gg (simpl. model) | & — bx? mg = 900 GeV (m o < 300 GeV) | O£ + b-jets
1

gg, 1T (MSSM) | g — #t, f — tX) mg = 620 GeV (m; < 440 GeV) | 1€ + bjets

gg, t,tr (MSSM) | g — |t § — tx} mg = 650 GeV (m; < 450 GeV) | 2(SS

gg (simpl. model) | & — ttx? mg = 700 GeV (m_ 20 < 100 GeV) | 14 + b-jets

g8 (simpl. model) g — tfig mgz = 650 GeV (m_ 20 < 215 GeV) | 24SS

gg (simpl. model) | & — tb + X° mg = 710 GeV (m o < 100 GeV) | 1/ + b-jets
X1
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C LHC Reach at 7 and 14 TeV

500 1000 1500 2000 2500 3000
m, [GeV]

3000

100
1 )
=
0.01 o
o
0.0001 &
e
o))
1e-06 T
Q.
Q.
1e-08 ©
1e-10

2500

2000 A2

........
. o
"""""""

1500 BN;[e
searches

1000

500

-
| PSS-S R S Y 1 M 1 i 1 " 1

500 1000 1500 2000 2500 3000

Energy is more important than luminosity
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Rare Decays: Br[B, —» pu]
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(. Rare Decays: Br(B. —p'r"] Constraint
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Negative interference is possible
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Anomalous magnetic
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g-2 Constraint on Parameter
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Fixes the sign of /’L

space

OI
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The only requirement that limits the
SUSY masses from above

Almost excluded by rare decay

Br|Bs — pt ]
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Heavy Higgs Production at the LHC

1000 T T T T T o >
- I I R | | I L L | I T T T I"'I LI L ] L L I I L L] ] | A U PR | l L L
4100 C 50 [ cDF+D0 N s’ o
1 (] (S
— ‘ 1 4

o[pb]

100 |

mé max
0.1 | p-5200 GeV
: ) 10 . -
0.01 I |- I Ll 11 I 1 1 1 1 l 11 41 1 1 11 1 1 I L1 1 1 l L1 11 l | - -
_—— 100 200 300 400 500 600 700 800
° m, [GeV]

2T
5(E2x1:c2 — m%h-ggs)

Higgs

S e )

i = ek (s SRR

M = e (S + )
23

cpena, 6 nioHA 12 .



(. Relic Abundace of the Dark Matter
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(Relic Abundace of the DM Constraint

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
mg [GeV] m, [GeV]
The value of tan The value of my

tan 8 ~ 50 almost everywhere except m 4 may be as low as 500 GeV
for the coannihilation regions except for the coannihilation
regions
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(I SUSY Limits without Direct DM
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This includes:
S INEHEE . the Higgs searches

* the relic abundancy
* and collider limits
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Direct DM Searches
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SUSY Limits from Direct DM
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 LHC constraints are rather insensitive to large values of myg

e They can be supplemented by direct DM searches
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(¢ susy Limits from Combined Fit
to all Data with 5/fb
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Larger scale for mq /o
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C Constraints from the lightest

Hiqggs
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of 125 GeV
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(I Conclusions

e LHC 1s on the way of covering the parameter
space of the MSSM

* Modern combined limit on 1724 /2 1s about 500
GeV for mg < 1000 GeV

e This implies the lower limit on the WIMP mass of 210
GeV and gluino of 1190 GeV

* For larger values of mgo the values of 71721 /o drop below
350 GeV which gives LSP mass of 130 GeV and gluino

mass of 970 GeV

e Today’s lower limit on squark masses (except ¢ )
1s 1400 GeV and gluino mass 1s 900 GeV

~N

r

Let 2012 be the year of Higgs discovery and SUSY evidence!

\
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