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What is in this lesson

Yesterday you have learned what Supersimmetry is — the motivations,
how to build the Lagrangian, the particle content etc.

The theory predicts the existence of at least 35 new particles which (4
other Higgs bosons, 12 scalar leptons, 12 scalar quarks, 6 neutralinos e

charginos, the gluino)

Today | will tell you about the searches of these particles at LHC

Production of SUSY particles in
pp collisions

Decays of SUSY particles
What the detector measure

How to separate signal from
backgrounds

Something different: long-lived
(s)particles, R-parity violation

Prospects for LHC run 2

Names Spin | Pr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1 | HY HY Hf H; R0 HO A0 g+
Ur, Ug dr, dg (same)
squarks 0 -1 5L, SR CL CR (same)
ir ir br, bR i1 1o by by

€1, €r U, (same)

sleptons 0 | -1 Br PR U, (same)

TL TR Vr TI T2 Vr
neutralinos 1/2 | -1 BY wo ﬁg ﬁg N; N, ]Vg, Ny
charginos 1/2 | -1 W+ Hf ﬁd_ CEt Cf

gluino 1/2 | -1 g (same)
goldstino /2 | _4 G (same)

(gravitino)

(3/2)




Production of SUSY particles

We start from gluons and quarks

The strong interaction is, well, strong... reactions which occur
trough the strong interaction will be more frequent than those
which proceed trough the electromagentic or weak
couplings

Because of the symmetry, SUSY diagrams are obtained from

SM ones adding tilde on two of the particles
o Two for R-parity conserving processes

8 8
1 9
Z 3
8
+1 for SM particles = Guarantees proton is stable

R-parity = (-1)*C-*2 = t5r SUSY particles | = Provides DM candidate
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Scalar quark and gluon interactions

SUSY and SM interactions are the same: you can take a SM
diagram and add filde on two partficles (two because of R-parity)

= Here we take a gluon as the colliding constituent of each proton
= The merge into a third virtual gluon (this is called an s-channel

process) to produce a pair of gluinos (left) or a pair of squarks (right)
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Scalar quark and gluino production
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quark-antiquark=—> gluino pair
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squark
antisquark

quark-quark — squark pair

There are few bottom and no top quarks in the proton, because of their mass.
Thus, third generation scalar quarks are only produced by boxed diagrams



Neutralino and chargino diagrams

= Remember these particles are in general mixtures of Winos, Binos, Higgsinos
Their diagrams can also be obtained from the SM ones adding two filde
= Examples:

A oN H'
w W ¢ - Ct =Me W
2
Z d N,
+ Cf \~4)
H=> WW :> %4 /
5,

W=>qqw ©—p"° . 7

Tommaso Latri 6



‘ Electroweak production

. e
i ! /! Pairs of charginos

: cf u . % f Chargino
dr ur neutralino

>m<
N, q ] N; q . N; . .
< QLR QL / Pairs of neutralinos
a N, 7 ! N, 7 P4 N,
M
M

i 7
g 4 i g , v u - i Sleptop pairs
Snevutrino pairs
I G a v d Vi Snevtrino-slepton

These production processes are suppressed compared to those of slide 5
= Only quarks in the initial state
= At least two vertices involving the electromagnetic or weak coupling...




Cross sections

Squark cross section is the sum over

ur, ur dr, dr
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SI, SR CL, CR
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stop cross section is only one state.
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For the same mass, cross section is much larger for particles produced

trough strong interaction (squark and gluinos)

It's also larger for first generation squarks (more production diagrams)



o(pb) in 2012 @ LHC

Other cross sections

N{evt) produced
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Even the SUSY processes with “high”
cross are a tiny fraction of the total
collisions.

Out of 1 bilion collisions per second,
less than one will produce SUSY
parficles.

Disk and CPU constraints imply only
one collision in 100,00 can be
registered — the first selection of signal
candidates is done by the data
acquisition software (trigger)



Squark and gluino decays

If m(q) >m(g), g = gq via strong interaction
Otherwise, § = 4%’ and4X” via EW interaction

q q 7%
p> 4 '\ e :‘J\Z
q 0 q - 0 0
”’4 Xl // Xi‘: X2 X].
\\\\ \\ ~:F '*O ~
q X4 i 1 2 b%
p i p
¢ A
q 1%

The gluino only interacts via strong interaction, so the decay is
to squark-quark. If m(g)<m(g), then the squark will be virtual
and you'll have a 3-body decay:
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'Observable final state: jets

= The top decays to bW before forming hadrons

= All other quarks will be observed as a jet of colimated
hadronic particles

ATLAS Atlantis Event: susyevent

A proton proton collision An other type of jet
with three jets

Tommaso Latri
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'Possible SUSY events

q
p
7 ~0
q” X1
PR ~0
q X1
p
q
=2 Two hadronic jets (from the quarks) = Six jets, three leptons, and missing

and missing momentum (from the two momentum
weakly interacting particles)
» R-parity conservation and squark and gluinos lighter than about 1 TeV means

events with jets and missing momentum
» The number of jets, and wether leptons or photons are also produced, depends

on the (unknown) details of mass spectrum and decay chains.

Tommaso Latri



A signal event ?

CMS Experiment at LHC, CERN
Data recorded: Mon Dec 3 07:19:18 2012 CEST
Run/Event: 208429 / 387533924

MET =94 GeV

electr\&:ij
pa= 22 GeVy

b-tagged jet
b-tagged jet / _aiiz GJ:V
p,=78 GeV G

b-tagged jet

P = 47 GeV

Maybe... but while pretty rare, an handful of events like this is expected
from SM processes.
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Search strategies

In R-parity conserving scenarios
SUSY particles are produced in pairs
The lightest one one is stable and weakly interacting.

Since there are two unmeasured particle in the final state it is not
possible To measure all decay products of a SUSY particle and
reconstruct invariant mass.

The simplest SUSY search proceed as follows:

Count the number of collisions satisfying a given selection (say “six jets with
pr > 60 GeV and missing transverse momentum larger than 150 GeV”)

Compute the number of background events expected to pass the selection

Compare the observed number of events with the expected background
rate. An excess of the former indicates the presence of a signal.

The key difficulties are:

How we determine the selection criteria, since we do not know the masses
and decays of SUSY particles ¢

How do we compute the expected background rate in such a reliable way
that we <2:on atftribute an higher observed rate to a non-Standard Model
Process ¢



Choice of selection criteria

Typically, we choose the signal to be targeted. Each choice defines
an analysis and the set of all analysis is supposed to target all possible
signal processes.

Say we target squark or gluinos decaying to the LSP plus jets:

We still do not know masses and decay chains

o Gluinos give more jets and squark production

o Long decay chains give more jets than decays directly to the LSP

o If the mass difference AM between the produced particle and the LSP is small, the
jet momenta and missing momentum will be smaller

The selection criteria need to accommodate all scenarios

o One can define a set of criteria for each scenario: 2,3,4,5,6,...9 jet selections, for
each number of jets have a set of cuts for large AM and one for low AM, etc.

o In alternative, we can use the shape of 2-3 key distributions (say, number of jets and
missing fransverse momentum) and compare the data with the expected
background in all bins.



Discriminating variables

g10°E " ATLAS 2 ET arlas | Zve Mheets (en)
© 1053_ i ’Z?g 10° Ldt=4.6fb" ~&~+ Data 2011 ((s = 7 TeV
N0t anti-k, jets, R = 0.4 : ALPGEN
10°k ] 5 3 P >30GeV, Iy <44 % I\Sﬂ'gg‘,\'ffo
i * ] T 10 “¥— BLACKHAT + SHERPA
10°F , E =g
£ R=0.4, '[ L dt=2.4 pb” 3 S 10 ——
102 ;_—o— Data (\s=7 TeV)+syst. N \D’ 10 =l
I v — 1pb =
10F — — ALPGEN+PYTHIA MC09' x1.22 E 1 o =
o 1.5: --:- SHERPA1.06 | ] 10" iy
g N 102 Z(||)+jei'S T '
) TS g — — — 1] \ &
= 0.5 | | | I _“_”I_“_ B 10 1 I | | | | + |
2 3 4 =0 =1 =2 =3 =4 =5 =6 =7
InleIJtsrlIvFe) Jgt gllglt I|C|t Number of jets with pT > 30 GeV N,
T
Most common process. mulfi-jet » Once we getrid of multi-jets, we
production are left with Z+jets, W+jets, top
Many jets, but no missing momentum, pairs . .
unless a jet momentum is mismeasured > Z{vv)+jefsis anireducible
or a particle in the jet decays producing background (if looks like the
neutrinos (B 2D | v) signal) but the cross section

decreases rapidly with the

BUt then missi tum is aligned with
U N missing momentum is aligned wi number (and momentum) of jets

a jet, which is not the case for signal



Selections, one example

“effective mass”, scalar sum of
transverse momenta of jets and
missing transverse momentum.

It peaks at a value correlated
with the mass of produced
particles (hence the name)

A& 2 ar

A

Channel . .

Requirement A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets) A"ernqhve SeIeCilons'

L M [ M ] 1 M| T - LM | from 2 to 6 jets
ET[GeV] > 160 1 One jef with p; > 160 GeV,
pr(j) [GeVl> 130 Missing momentum
pr(j2) [GeV] > 60 > 130 GeV*
pr(j3) [GeV] > - 60 60 60 60
pr(ja) [GeV] > - - 60 60 60 =
pr(js) [GeV] > - - - 60 60 Further jets
pr(je) [GeV] > - - - - 60
Ad(iet, EM) i > || 0.4 (i = {1,2, 3 ifpr(j3) > 40 GeV)}) 0.4 (i = {1,2,3}), 0.2 (pr > 40 GeV jets) . .
Es Ima(N)> || 02 | = | 03 04 nLQ 'i:imLJff;lL (‘1\15?;}-“1\-1;!;29&&; w DIQPLWL s - These kills most of the multi-jets
meg(incl.) [GeV] > 1000 | 1600 | 1800 2200 || 1200 | 2200 || 160U || 10U | 1200 | 1500

Loose/medium/tight cuts. Overall,
10 alternative selections

e = B85 +H~1.8(Mcpay2-M; <p2)/ Mooy [hep-ph/0006276]



'S/ B separation, an other example

) CMS Preliminary {s=8TeV, (Ldt=9.7 fo
For search channels with one lepton: _ . . . . I .
X 15 »
MT (Z,V) = \/2pT (l)pT(V)[l - COS(¢1 - ¢v)] % 1—eo——o—+o *— +—.——¢¢—0—
: , % 0.5 e =
o In Background the invariant mass a o
Of .I-he |ep1-on Gnd mISS!ng . > L | L | L | L | L | L
momentum (the neutrino) is the @ 10*Egmss_ 150 gey ~ —e— Data E
W mass, and the fransverse mass 9 3 1itop ]
iIs lower than that. ® T 3 i v i
2 Signal has two extra invisible P E e il
particles and some signal events 2 17BN | = SM +T > 6° 450/50) 3
will have MT > MW LICJ -------- SM +T - by* (450/50/0.75) ]
In fact, fop antitop both decaying
to blv is the main background at 102
large M.
10

0 50 100 150 200 250 300
M. [GeV]
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Step 2: estimate of backgrounds

Background rates can be estimated using MonteCarlo simulation, but is
the physics and detector description in the simulation reliable ¢

Remember: any excess in data compared to expectation must be

confidently attributed to non-Standard Model processes, we need to be super-
confident about our background estimate |

Control selection Extrapolate using > Validation selection

for background (CR) |MC or some scaling law

Measure the rate in data here \
Signal selection (SR)

Typically, we measure the rate in a set of control selections

= One control selection for each major background

= CS (and VS) are designed so that the target signal is negligible there

= All selections which are difficult to model are common for the CR and the SR
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Example

o Use ytjets as a control process for Z(vv)+jets

The kinematics of the two processes is similar for large boson
momenta (>>m,)

The cross section of y+jets is larger than Z+jets (good statfistics in the
control sample)

Asking a photon and veto large missing transverse momentum ensure
negligible conftribution of the targeted signals in the control sample

o Procedure:

Ask a photon, and add the photon transverse momentum to measured missing
transverse momentum (=> pretend the observed photon was an invisible
decaying Z)

Apply the full signal selection (using the new missing momentum)

The Z(vv) background estimate is the observed rate, corrected for the
difference in y+jets and Z+jets cross sections, photon identification efficiency,
and any difference between y+jets and Z+jets

The last piece comes from theory/MonteCarlo but it is a relatively well known
and small correction
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‘ Control plots

vtjets CR

Wtjets CR_

> T T > r T ]
® ATLAS i @ ATLAS . . . .
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> 10°E R R R R LR TN L e L B B B B IR
) E ATLAS ERC ATLAS E
& F . -2031" 76 ' Ldt=203f" ]
8 s cAT-amt .{::20?2 (a\lfgb =8TeV): 8 cra-aim ® Data 2012 (s = 8 TeVE;
T 100 — M Total = Z —SM Total E
%’ E Wvsiots E g Multi-jets -
q>) I N ! X ] g B Wiets E
w 102 ti(+X) & single top o i1} {i(+X) & single top ;
E Wzets 3 W z-iets El
E Hpiboson E [l Diboson E
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CR SR background CR process CR selection
CRy Z(— vv)+jets Y+jets Isolated photon
CRQ Multi-jets Multi-jets SR with reversed requirements on (i) A¢(jet, E%‘iss)min
and (ii) B2 /meg (N;) or Eiss /\/Hr
CRW  W(— lv)+jets W (— lv)+jets 30 GeV < mr (¢, EXiss) < 100 GeV, b-veto
CRT ¢t and single-t tt — bbqq'tv 30 GeV < mr (¢, EXsS) < 100 GeV, b-tag
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‘ Opening the box

» The decision of the selections, the estimation of the background, and all the
cross-checks are done with the signal candidates “blinded”, without having

access to them in data
» Once one has the final estimate of expected background and uncertainty,

the signal candidates are “unblinded”

> So far, the rate in data has always been in agreement with the Standard
Model expectation

2.9 -y MC prediction of background
1.2

Actual background prediction
(using CR observations)

o = Observed event counts

Signal Region 4jl- 4jl 4jm 4jt
MC expected events
Diboson 175 70 7.2 0.34
Z/~y" +jets 885 333 30
W+jets 832 284 16 .
tt(+EW) + single top 764 167 4.0 0.62
Fitted background events
Diboson 180 £+ 90 70 £ 34 == 0.34 +£0.17
Z/v* +jets 660 £ 60 238 + 28 16 + 4 0.657( 72
W +jets 560 4+ 80 151 + 28 10+ 4 0.9+04
tt(+EW) + single top 730 £+ 50 167 + 18 3.8+ 1.9 0.6 £ 0.6
Multi-jets 1739 0731027 - -
Total bkg 2120 + 110 630 £ 50 37+6 25+ 1.0
Observed 2169 608 24
(ea)Dp. [fb] 13 4.5 0.52 0.15
()22 [fb] (asymptotic) 13 4.3 0.45 0.12
S5 273 91 10 3.1 IZ>
S (mvmto B DR N
505 . 787 738 6 e
oxp (asymptotic) 2427 ¢ 9775 157, 4.0777
po (Z) 0.35 (0.4) 0.50 (0.0) 0.50 (0.0)

Limit on signal rates: for average signal
rate larger than this, the probability of
having as few (or fewer) events as
observed is < 5%

0.50 (0.0) Ly Compatibility with Standard Model
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Limits on SUSY models

Given a negative result, the theory parameter space incompatible with the
observation is derived.
Problem: SUSY has O(100) free parameters (at least) but we can made only 2D

plots and simulate pp-collisions for a few thousands of different signal hypothesis

at best.

Solution: for each production process and decay chain produce a 2D limit plof.
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branching ratio of the decay
in the diagram is 100%
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Status of squark and gluino limits
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T
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C ATLAS
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Depending on the mass of the lightest SUSY particle and on the
decay chain, lower limits of 400-200 GeV (600-1400 GeV) are placed
on the masses of squarks of the first two generations (gluinos).

A single squark eigenstate (say c,) might be lighter

[GeV]

me

X4

dq production; g— q %T
T I T T 1T I T 1T I T T 1T LB | T p

700 —ATLAS q
600 :_j Ldt=20.3", 1s=8 TeV Z -
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100 =

0 11 L1 1 1 L1 1 1 [ 181 1 1- L1 [ I 11 ; 1 I 11 1 1
200 300 400 500 600 700 800 900 1000 1100
m; [GeV]

But is this a problem for the Supersymmetric theory ?



Why should SUSY partwles be
light ?

= The "right” amount of Dark Matter is
obtained for a weakly interacting partficle
with (roughly) 100-1000 GeV of mass

= A good convergence of the coupling
constants is obtained inserting SUSY

particles at the (roughly) 100-1000 GeV i

energy scale o T
= The Higgs mass is natural only if SUSY oo 2 S

partficles have a mass of the same order 0

of magnitude of the Higgs mass 1o§_SU;;

2 th é Il_og1l?Q/G162V) 14 16 18

The latter argument is more powerful, S ]
because it also tells us which SUSY particles d HA@)\
should be light (if we want to have a natural — #_ s o 7 '

125 GeV nggs) scalar loop fermion loop
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The Higgs mass in SUSY

= The free level Higgs (and Higgsinos) mass
should be O(100 GeV) in a natural

ﬂ=—|u|2 +...+0m;, fheory.
2 = The stop mass terms dominates the 1-
> 3y' [, > > A loop corrections, because it's the stop
omy| = TR2 (sz +my, +[A| )ln(ﬁ) which cancels the top quark loop, the
52 A biggest SM contribution to the Higgs
omi|  =-Z (ﬁ) M, 2ln2(—) mass
ghano——— = \ 7T TeV = There is a gluino correction at 2-loop (M,
is the gluino mass term)
M ... ™ Thescalartop, the lightest
| “Distant neutralino, and the lightest chargino
R o 5 ; Cousins” should be well below 1 TeV mass.
The o'}"t‘ﬁfﬂ}g':gim"y = Ofther particles might be light or
heavy.
500 GeV_| zi
Mt no ()
Kt At — R
B ()7
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Searches for natural SUSY

Given the natural mass
spectrum, priority searches
are

Gluino pairs decaying

into third generation |
squarks ‘
0,7.,0

g0 — it — 1t }'tt x

Direct production of
scalar fop and bottom
quarks

Direct production of
neutralinos and charginos

‘ T T ‘ T T T ‘ T T T
o,.[pbl: pp > SUSY ]

VS=8TeV _|

400

600

800

1000 1200 1400 1600
M, erage [GeV]



Gluino to top stop

Gluino-mediated P
stop production

Four W boson and four b-jets !

Gluino excluded up to 1000-1400 GeV
depending on the neutralino mass

§§ production, §— tix, m(@) >> m(g), /s =8 TeV

ICHEP 2014
TTT T[T [TTTr]
1000 — ATLAS 95% CL limits. otsh‘;g‘; not included.
- - Expected o-le B ; _ -1
- L pton, 7 - = 10 jets [L =20.3fb7]
- Preliminary = Observed arXiv: 1308.1841 "
- -~ Expected ! 1
0-1 lepton, = 3 b-jets L =20.1fb
L —— Observed arxiv: 1207.0600 e !
Observed ) »
800 |- capecied 2583/spigss 0- =3 L, =203
600 —
: ]
\
400 \‘ _
\ —
1
1
\ 1 i
i :
1 \ -
| 1
' 1
200 [— ‘. , _
' i
L ! | ]
! 1
— I 1 —]
! \
" 1
NEEREREEEE RRENE RRRNE EREEL REEE | R TR SN Nl FEEEE SRR

600 700 800 900 1000 1100 1200 1300 1400 1500 1600

ms [GeV]

Here each curve is a different search (final state),
everything on the left of *any* curve is excluded
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Stop quark palr productlon

................ BRREE R RS Decays if charginos are heavier than the stop
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At low mass the cross section is relatively large — but it's more difficult to tell the
signal from the background

Decays depend on the masses of other SUSY particles. They often give one b-jet,
one W boson, and an invisible particle in the final state, the same detectable
partficles as in the top quark decay:

t =ty = Wby'

{ — Wby (direct 3-body)

i —by*—bWy"

Escluso da LEP

e




‘ Scalar top limits

Status: ICHEP 2014

T, production,t,— b f f i? IT—>c ;”(? f—Wb i? 1Tt 5(’?

;‘ 500 :I [ [ [ | [ [ | | | | | | | | | | | | | | | | | | | | | | | |
8 - ATLAS Preliminary L, =20fb"{s=8TeV
—. 450[— -fj—ﬂ%o oL [1406.11
2L =miety
S a00F- EHEI— 17 ,
L B L—> W}g 7(1 1L 407.0583], 2L [1403.4853]
- BE=t-c % of [1407.0608]
350 :_ Embify 0L [1407.0608], 1L [1407.0583]
Forbidden: yserved limits - Expected limits

mi(t,) < m(x?) htos% cL
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e
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-
-
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Illlllli“:l

600 700
m; [GeV]

» The plot refer to the case of
the stop decaying directly to
the lightest neutralino.

7What's happening here ¢

-7
-
-
-
e
-

= The stop decays to top NI.
= mstop-mtop-mN1 is =0,
hence top and N1 are at rest
in the stop reference frame

= The final state is ttbar plus
two very low-pt invisible
particle, so it's basically like
SM ttbar production (with 10
times less cross section)




Direct pair production of gauginos

The production cross section is quite small, as it doesn’t occur via

sfrong inferaction

Similar Standard Model processes: WW, WZ, 77, WH, ZH production
(only the first three have been observed so far)

If the charginos and neutralinos decay hadronically, the (strong
interaction produced) background is just too large

If there are leptons in the decay, the dominant backgrounds are
vector boson production and this can be handled.

Let’s focus on just the example of N,C, production
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N,C, final states

v/t = Thisis the same coupling of W,Z to fermions
Yv w |Ifit can, the gauginos will decay to sfermion fermion. In
X practice only sleptons can be lighter than gauginos

., because of squark direct production limits.
' = Thisis the easy case — three leptons in 100% of the events
¢ Signature : three leptons, missing energy, no jets

> If sleptons are heavy, things get more difficult.

> Only 3.3% of the events have three leptons because BR(Z =
) =3 x3.3% BR(W =>I*v) =1/3

Signature : three leptons, missing energy, no jets

= |[f m(N,)-m(N,) > m(h), and depending on the neutralino
mixing, the Higgs decay might be dominant.

¢ = Similar to (still unobserved) WH production, with comparable

cross section at best, and with two extra undetected particles
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Direct gaugino limits

ATLAS Preliminary

20.3 fb”!, 1s=8 TeV

Status: ICHEP 2014

— 600 . .
P - —— 770 via /9, 3l, arXiv:1402.7029 - --- Expected limits | ®* Charginos cannot be lighter
Col_ | —— 14X, via 'NL//V: 26/;, arXiv:1403.5204 —— Observed limits | Than 100 GeV, they would have
1 [ — X;X via T,/ v, , arXiv:1402.7029 o
€ 500 —— )Zfig via T /¥, 221, arXiv:1407.0350 All limits at 95% CL been seen af LEP
L — XX, via T/, 221, arXiv:1407.0350 . )
I — ifig via WZ, 2e/u+3l, arXiv:1403.5294 " Red curve: m’rermedm’re
400 [ —— %% via Wh,  e/ubb, ATLAS-CONF-2013-093 sleptons
: ifig v?a Wh, Bl anvi4027020 = = Green curve: decqys to WZ
B via WW, 2e/p, arXivi14035294 o~ O\ . . OrOﬂge deCOys TO WH
300 — L
- No limits if sleptons heavy and
i AM(C1,NT) < 30 GeV.
200 —
B 1
1
100 :
" “ :
' \
0 ) l I | Il L1
100 200 300 400 500 600 700

%i (=m %Z) [GeV]
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R-parity violating SUSY

No Dark Matter candidate
The LSP is not stable : less missing momentum, higher particle
multiplicity in the final state

Several possible R-parity violating terms in the Lagrangian,
giving many different experimental signatures:

A KV s " resontnces
Lepton Violating Baryon iolating = MO ny jefs but
with little ETMiss
High lepton multiplicity, | | = Additional leptons and
from LSP decays like: jets from LSP decay
= Single production of
P sleptons?
1 r
% q
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'Size of R-parity violating couplings

“usual” SUSY pair production
+ decay chain
+ LSP RPV decay
: : ct>I0m ' ¢cTt>10°m _ ,
« : : : ' single production
LSP . : : : :
dark + “Normal SUSY”: : :
matter! ' signal. E displaced y
: Or, - :
. charged LSP : indirect ¢
: ' ; >
10-20 10-12 108 @ 103 @ 102 @ AN N
Displaced vertices, Prompt LSP decays, || Resonance from,
i.e. reconstruction of multi-lepton, multi- single production
LSP decays within the | | Jefs, inv. mass peaks
detector
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'Outlook

= LHC Run 1 analysis are being completed
= LHC is set to resume operations in april 2015 at 13 TeV collision energy
= Luminosity will also be increased, with ~300 flo-! foreseen by 2021

= Proposal to further increase luminosity and collect 3000 fb! afterwards

Cross section ratios: 14 (13) TeV / 8 TeV
Minimum bias

1
WH
H (ggF)
H (VBF)
tt
ttH
stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
Z' SSM (3 TeV)
Q" (4 Tev) ‘?7
QBH (6 TeV) [y 12000
1 10 100 1000 10000 100000

(for 13 TeV / 8 TeV: 8.4)
16 (for 13 Tev / 8 TeV: 12)
J 72 (for13TeV / 8 TeV: 46)
1 I

J 5700 (13 / 8: 2700)

» Strong production of heavy particles

benefit of the largest cross section

increases : might produce 100 fimes

more gluinos in 2015 than in 2012

» Of course backgrounds increase too,
but less than that

Total Zf ZZ cross section vs mass

= 102

2 F
E E I's = 14TeV
g 10§— —— s =T7TeV
10";—
102:5 \\
10.3;_ ) \
: P00 & 550 GeV
L T T TR '7c|)o: ' 'sploo] -
X, and ¥, [GeV]
10,000 events in 10,000 events in

20fb ' at 7 TeV

300 fb! at 14 TeV

Electroweak production benefits from
increased luminosity (and energy)
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Outlook: strong production

~ ~ . ~ ~0
g-g production, g — 49 X,

;‘ B T I T T T T I T T T T I T T T T I T T T T I ‘|‘ .‘,‘I T T I T |
) 5

G 2500 — ATLAS Simulation Prellmlnary L O =10%
a7 N _[ L dt = 300, 3000 fb™", Vs = 14 TeV i
- 0O-lepton combined -
2000 __ ATLAS 20.3 fb". (s =8 TeV, 95% CL __
|  smmmss 95% CL limit, 3000 fb", (u) =140 -
e L LLLE) 95% CL limit, 300 fb", (ny =60 —

- s 55 disC., 3000 fb™, (1) = 140 .

1500 |— 50 disc., 300 fb", (u) = 60 —

1000 - 4 .

L N _

500 |— - —

500 1000 1500 20 0 00 3000
m; [GeV]

Current limits 5o (discovery) sensitivity

for 300/3000 fbo!

Gluino pair production
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Outlook: electroweak production
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ATLAS Simulation Preliminary

........ _[L dt = 3000 fb'1, n=140, 95% CL exclusion
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— J.L dt = 3000 fb , p=140, 5¢ discovery
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8 TeV, J-L dt =20.3 fb'w, 95% CL exclusion
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Possibility to discover heavy EWK-inos decaying in the lightest one up to 6-800

GeV

Uncovered: mass difference between EWK-inos smaller than 30 GeV (u small, M,
and M, > 800 GeV), or only the LSP (M, small, w and M, > 800 GeV)
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Conclusions

| hope | gave you the feeling that searches for new particles at
colliders are interesting...

Supersymmetry has been considered for some decades one of
the most promising extensions of the Standard Model (which
we know must be extended)

The negative results from the first three years of LHC data put
new strong constraints on the supersimmetric particle masses

Obviously what we would like is to find some signal... looking
forward for the 14 TeV collision data and hoping for the best



