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The Standard Model

The SM explains so far all the experimental
results.

But...
* Gravity is not included
 Many input parameters
* Hierarchy problem

» Lots of unanswered questions: dark matter,
three families, matter/antimatter asymmetry...



What's Supersymmetry?

Extension of the Standard Model

New fundamental symmetry between fermions
and bosons

New partner particles of the SM, differing by %>
INn spin
Broken symmetry

(2|Boson) = |Fermion), (|Fermion}) = |Boson)




Why SUSY?

* Hierarchy problem: natural O‘

explanation of the Higgs mass, o { ) H
less fine tuning. J
* Gauge-coupling  cowiine Coupling
unification R;ﬁ:-"‘“ : ?%
» Dark matter ]
{%_'_WE {?ﬁw . lg, ™ Energy

Standard Model . + SUSY



SUSY models

Wide variety of models, e.g.

« MSSM: most direct extension, more than 100 parameters

« MSUGRA: constrained MSSM model, gravity SUSY-
breaking, 5 parameters

* Varying the parameters can still change the experimental
signatures substantially



Search for the stop at the LHC

Motivation:

* The stop-top loop diagrams are the main
contribution to the Higgs mass

* |f the stop is light — less fine tuning necessary
* Alight stop could be produced at the LHC



Particle Mixing

* Gauginos and higgsinos have the same
quantum numbers — they mix

Name Spin Gauge Eigenstates Mass Eigenstates
Higgs bosons 0 o WOHD R W AY B B
Hp tip :JT,._ ::ITH same
squarks 0 ¢p Cgp 51 5p same
f{_ J'_f{ E'L Ef{ f_1 f_;.g |E-2|'1 E_J'g
EL €r V. same
sleptons 0 AL fr ¥y same
T Tr Vs T, T2 :
: 1 B0 0 g0 5o =0 =0 =0 =0
neutralinos : B w e H‘d i g i
= ~ -.I X xx r 1 + = —,.:l: =
charginos % W* H, Hj Xi 15
gluino ;— g same




Decays

Depend on the sparticle mass spectrum and assumptions
made on the SUSY model.

Try to select the ones with a higher branching ratio.

 Two body decays:
f — )??C

For ™My <m:t and
My, < Mgz +Mp. the only
two body decay available




If

s

Decays

 Three-body decay:
f — )(“W*b

If the chargino is heavier
than the stop and

m(W) + m(b) < m(f) — m(¢}) < m(1)

becomes dominant




What are we looking for?

 |solated leptons with high transverse
momentum in leptonic decay channels

* L arge missing transverse energy
e Jets from b-quarks
I"‘

. q
W v, g’



Search in final states with one isolated
lepton, jets, and missing transverse
momentum (ATLAS-CONF-2013-037)

- Decays considered: f; — ;?f{l]t and t; — {7b
Chargino decays into LSP and W boson (on- or off-shell)
* Event selection:
exactly one muon [n[<2.4 and p_>25 GeV or
one electron [n|<2.47 and p_>25 GeV (isolated)

four or more jets satisfying |n|<2.5 and p_>80,60,40,25 GeV
at least one is a b-jet

e 6 Signal regions sensitive to different stop scenarios

2|

)]

nN=—In [mn (



Signal regions selection requirements

Requirement SRtN1_shape  SRiIN2 SRiN3 SRbC1 SRb(C2 SRbC3
Agp(jet;, pRiss ) > 0.8 - 0.8 0.8 0.8 0.8
&@n(ietl.ﬁ%“i“ ) > 0.8 0.8 0.8 0.8 0.8 0.8
E?i‘-’” [GeV] > 100 200 275 150 160 160
E?i‘-"“/ VHr [GeVY/?2] > 5 3 11 7 8 8
mt [GeV] > 60*) 140 200 120 120 120
Mg [GeV] > - - - - 550 700
amr, [GeV] > - 170 175 - 175 200
mz, [GeV] > - - 80 - - -
mjjj Yes Yes Yes - - -
Nise-tk — - - - Yes Yes Yes
Number of b-jets > | 1 1 1 2 2
pt (leading b-jet) [GeV] > 25 25 25 25 100 120
pr (second b-jet) [GeV] > - - - - 50 90

leg ] 9 9
m3 = 2 pr’ E™SS (1 — cos (AQ)) m} = (Er1+Er2)” — (pr1+pr2)°
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ATLAS Preliminary

1-lepton + jets + E‘;"“

f Ldt=2071f5" ys=8 TeV

I PP, susY)

_______ Obsewed limit [+1 ﬁthew

—— — Expected limit (+1a,,,)

Expected limit (HCP12)
All limits at 95% CL




Search in final states with two leptons
(ATLAS-CONF-2013-048)

« Decays considered:
F, = tFb with the subsequent decay | — %W
f1 —» YJW*b if the chargino is heavier than the stop
 Requirments:

Electrons and muons p_>10 GeV and |n[<2.47 / [n|<2.4 respectively
Exactly two leptons, at least one pT>25 GeV, invariant mass of both >20 GeV

Opposite charge
Jets p_>20 GeV and |n|<2.5

« Background:

Z boson — invariant mass of SF lepton pairs outside 71-111 GeV
ZIy* + jets > m_ > 40 GeV

top-antitop — m__ distribution endpoint at the W boson mass



Signal regions

* 4 signal regions defined:

M9O0: small nz; —mi]

M100: large 7t; s and My — M0
M110 and 120: small/moderate nr; —mxl

no high p_ jets expected

SR MO90 M100 MI110 M120
pt leading lepton > 25 GeV

Ac/)(E"““ closest jet) > 1.0

A(/)(E""“ pTh) <15

Mt >90GeV | > 100GeV | > 110GeV | > 120 GeV
pt leading jet no selection | > 100 GeV | >20GeV | > 20 GeV
pt second jet no selection | > 50 GeV | >20GeV | > 20 GeV
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X

CMS Results

/s = 8 TeV, [Ldt = 19.5 fb"

CMS Preliminary

I l .I-..I
—_ pp—tt*
- 1-lepton channel

SUS-13-011 BDT analysis
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Conclusions

ATLAS Preliminary

'. T 4 i 55 ..'.' '1
Ldt = (4.4- 20.7)fb" V(s=7,8TeV
Model e, u T,y Jets ILdr [fb™ Mass limit j ( ) (s d
] L | Ll I | L] L L L | 1 L] | | | | L 1
1 (light), ‘tj—;hﬁ‘ 12e, 1 1-2b 47 m(?) = 55 GeV _
L4, (light), t,—;y_ﬂ.rbxf' 2e, 0-2 jets 203 ty 220 GeV m{x?) =mit,)- m(W) - 50 GeV, mit,) << m{x*)
Lty (medium), At_,—»hff 2ep 0-2 jets 203 t, 150-440 GeV m(x") = 0 GeV, mit,}-m(x3) = 10 GeV
14, (medium), t,—by> 0 2b 20.1 t, 150-580 GeV m(%?) < 200 GeV, m{x2)}-m(x2) = 5 GeV
14, (heavy), _t_,ﬁtx:E 1e,n 1b 20.7 L 200-610 GeV m(x?) =0 GeV
Lty (heavy), t—ty, 0 2b 20.5 i, 320-660 GeV m(x}) =0 GeV
HLJ {g'atuLal GMSEB) 2e u(d) 1b 20.7 ty 500 GeV m{x?) > 150 GeV
Ly, Lot 42 de, pu(2) 1b 207 |t 520 GeV mit;) = m(3°) + 180 GeV

CMS Preliminary

to tin
t— tiu
t— b(%* = W)
t= b = Wi

|
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Next pp collisions at 14 TeV
scheduled for the beginning of
2015...
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