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The Standard Model

» Matter is made out of fermions: 24 elementary matter particles and 3 forces
3 generations of quarks and leptons
*Forces are carried by Bosons:
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The origin of masses: the Higgs boson

Electroweak Symmetry Breaking ‘Mechanism’ theorized in 1964
Higgs boson observed at the LHC 50 years later > 125.5 GeV!
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» Enormous resonance of this discovery around the world !!
* Nobel Prize in 2014 to theorists of the EWSB mechanism

» Special Breakthrough prize to ATLAS and CMS spokes for the

achievement (unfortunately not split among collaborators at that time, but special founding
created for students at least in ATLAS)
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The origin of masses: the Higgs boson

Electroweak Symmetry Breaking ‘Mechanism’ theorized in 1964
Higgs boson observed at the LHC 50 years later > 125.5 GeV!
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DOES THE HIGGS DISCOVERY COMPLETE OUR
UNDERSTANDING OF NATURE?

NOPE! The Standard Model is theoretically incomplete
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Supersymmetry

New spin-based symmetry relating — more than doubles the particle
fermions and bosons spectrum w.r.t. the Standard Model.

SUSY Partners
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» Naturally solves the gauge hierarchy problem
» Predicts an elementary Higgs scalar ...
‘intriguing’ SM-like limit ~-
- mass below 135 GeV (in the MSSM)
» Allows grand unification of forces ;

B
» SUSY with R-parity (*) conservation predicts a i=3 -
 Supersymmetry |

suitable Dark Matter candidate . Supersymmetry

(*) relates B, L, S quantum numbers
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What is the Dark Matter?

NGC 6503

10 20
Radius (kpe)

'.~-

y accounts for
20% of the matter of the Universe

( . s

dark matter
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R

In SUSY the lightest supersymmetric.particles
(LSP) can explain the rest of the matter..



The LSP and Dark Matter

Mass of Dark Matter Particle from Supersymmetry (TeV)

» The amount of dark matter relic
density is inversely proportional
to the annihilation cross section:
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. . . HEPAP 2006 LHC/ILC Subpanel
Remarkable “coincidence”:

Qpy ~ 0.1 form~ 100 GeV -1 TeV!

Supersymmetry independently predicts particles with about the
right density to be dark matter !
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SUSY phase space

SUSY widely considered to remain the chief amongst BSM proposals - although
the most simplistic versions tightly constrained by experimental results

SUSY is not just one theory.
It's rather a concept with a
multitude of possible
manifestations!

(T. Rizzo, SLAC Summer Institute, 2012)

» Almost impossible to exclude, but can tightly constrain the large variety
of models and efficiently look for an hint of new physics. But for this, we
need a solid experimental environment and an even more solid strategy...
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The ATLAS experiment at the LHC

Sojfar:
17/8713aTeViprotongprotonlcollisions;
5fb!/exp.2011 @ 7 TeV
25 fb'! /exp 2012 @ 8TeV

~4 fb'! Jexp 2015 @ 13 TeV
mw@d{m

———r—
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outline - strategy and results so far

» Theoretical challenges: which model B A

» Experimental challenges: g
Trigger |
Discriminants and tools
Background strategies §oak mem g

» The Run 1 legacy: highlights = Z°

Strong production
Third generation
EWK production
Long Lived particles

» Towards Run 2:
What we expect
Where we stand

*Submitted to EPJC m; [GeV]

.. Of course, a
personal selection ©
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The ‘theory challenges’: which target?

Usually ‘signal regions’ are defined considering various models

‘Full’ Physics models
« SUSY breaking @ high scale - specific spectrum at EWK scale
 mSUGRA, Gauge Mediated Symmetry Breaking, Anomalous MSB, Minimal SUSY (MSSM)

< 1000 o Simplified models
o - *," Tl 95% CL limits. 03:2: not included. . . . .
% o B ATLAS Preliminary | -- coec  g.epion 2ot Useful to calibrate our e Described by a minimal set of
€ c JLdt=20.1-(.io,7ﬂ)<l'§=BTe‘/ :E,pemd O-lepton, 7-10 jets exclusion and compare .
- oo P L parameters (particle masses
200 [ Tooe otepen b With other results . ’
g | o veeseewer cross section)
C \ == Expected 4 54y 041 lent. + jets + ] . .
0 = o « Most models: fixed BR to final
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my [GeV] / of AM
Generalized models B = LSP

« Parameters @ EWK scale - spectrum at EWK scale
» Set considering also mcﬁrect constraints e —
*  pPMSSM, General Gauge Mediated ... understand loop-holes.

m(A)
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The ‘theory challenges’: which target

» Simplified model definitions must also be inspired by some guiding
principles. In Run1, naturalness has been a very important one

» At least one light (< 135 GeV) neutral Higgs + To avoid large FCNC: squarks,

*m (t~, E, ;() < 1 TeV to compensate top and W sleptons of 1stand 2" generations
contributions to Higgs heavy and degenerate

» LSP often is 7210 , large higgsino component

o~ . degenerate (very
T e ssccesssssssssscsscssssscdiliecccccflicccccccncyons difficult to probe)

b Higgsinos almost
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SUSY search @ LHC

ATLAS search program is designed to provide coverage for a broad class of
SUSY models. Searches are split in terms of (1) targeted production (2)
expected phenomenology

1 t d : .
LPCC SUSY ¢ WG qumos and 1st, 2“ generation squarks:
* high cross section up to ~ 1 TeV mass
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P o l ) )
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“~~__ < overall small cross section, feasible with current dataset
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SUSY search @ LHC

ATLAS search program is designed to provide coverage for a broad class of
SUSY models. Searches are split in terms of (1) targeted production (2)
expected phenomenology

If R-parity is conserved (RPC) P
—> sparticles produced in pairs at colliders

—> Lightest Supersymmetric Particle lead to high
missing transverse momentum (E;™s) final states ”

If R-parity is violated (RPV) e

- LSP not stable, rich and diverse phenomenology ¢ -~<\ e
depending on the involved parameters (A, \,\”’)

- search strategy based on large object multiplicity

Length

Long Lived (LL) particles d.,m%
could be produced in RPV and RPC scenarios. E.g.: e o
in RPV: if lambda couplings are very small Sssppenring
in RPC: If very heavy squarks mediate gluinos decay: “‘y ----- ~10cm
Long-lived gluinos > R-hadrons (eg. Split SUSY) T
- use distinct signature of particles with lifetime 'V O(1-10m)
e.g displaced vertex (DV) v
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the experimental challenges

» Large phase space to cover.

Many production modes and decay
channels.

Multiple final states to explore.

» Cross sections tiny with respect to
the Standard Model processes.

» Searches target on a phase-space
that is experimentally
complicated.

Tails of distributions in multi-object
final states.
Require
efficient trigger selections;
powerful discriminating variables;
complex background determination
techniques.

= Areal experimental challenge!
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The quest for SUSY - step 1: the t

Typical triggers used for searches:

Unprescaled thres. . pr > 25 GeV

‘ pit> 350 GeV
. MET>170 GeV

@ pr > 20 GeV
@ pr > 85 GeV

Combination of requirements can be considered

©:-®
p/t>130 GeV + MET>150 GeV

- Olepton + MET + 22-6jets

- Olepton + MET + 1-3bjets + jets
(incl. direct stop)

- 1-2Taus + MET + jets

- 2leptons + MET + jet veto
- 3leptons + MET
- 4leptons + MET

@o=(p)or
L O | 500

pre>17 GeV + p*>12 GeV

P90 00@

5 jets p>80 GeV + 6 jets p>55 GeV
- Olepton + MET/H; + 6-9jets

@@

2 photons p,>25 GeV

- 2photons + MET

For 13 TeV

Work on the
plateau (>95%
efficient, low
systematics)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
TriggerPublicResults#Public results from signature gr

€ A real challenge to select state with soft MET/jets

€ Must make use of all possible tools
* e.g. muon spectrometer-only triggers for DV, H; trigger, large R-jet triggers
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ISR jets for trigger

» SUSY scenarios where “initial” and “final” sparticles present small
mass difference (compressed spectra) might be difficult to trigger on

» Use handles: Initial State Radiation jets

Events selected have large MET (recoil system) and possibly other soft decay
products (e.g. leptons).Typical examples:

Dark Matter searches in mono-jet topology:
Eur. Phys.].C (2015) 75:299

= — T —— ,
QL 4 ATLAS —e— Data 2012
9 10 , A SM uncertainty
_ P \s=8 TeV, 20.3 fb 1 Z(— vv)+jets
q SE .. o 10° ET°5700 GeV % \é\{<b—> Iv)+jets
> i-boson
nergetlc Jet In w 102 [ (i + single top
... 0 Z(— I+jets
|n|t|a| state D5 M=100GeV, Mx=670GeV
10 ADD n=2, M_=3TeV
_ - = = - GHO/g My=1TeV, M=10"eV
X 1 B i AR
m. 2]
. 7 ! Z E erreoneseesarst s soreesertn
10 /7—
102 4 2|
q X -
S BT e e e e T =
% Y EE— % .......................................... “/7:/— s % S
-3 e TR
200 400 600 800 1000 1200

Leading jet P, [GeV]

Main challenge: getting ISR-modeling in MC simulation for signal and background
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Photons to “trigger” compressed scenarios

» Radiated photons from initial-
state or final-state quarks or
from intermediate squarks 0
might allow to explore very
compressed region in SUSY

» Photon+Missing E; search: f 0dr
Reach as low as AM ~ 1 GeV

10°

Events / 100 GeV

_ e o +Z(—VV
107 - Ldt=2031" \s=8Tev Y+Z(=VV)

—e— Data

Y+W(iv) E|
I W/Z+jettop,diboson I
. v+Z (=) ]
I v-jet iE

///// uncertainty

15E

150 200 250 300 350 400 450 500 550

ET™* [GeV]

ATLAS \s =8TeV, J Ldt=20.3b"
3 505”365""|'1'232' e
S IE == Observed limit (+ 16,,) -
q 92(1) E°1><F 40;— l \‘\ — — Expected limit (+ 1 6,,,) —;
ww 35K ' —
< T
: q~0 25218 92 E
Q< . 20 E
15F =
q 1 {0E 754 49.3 39.6 275 3
sE 510 39.2 31.1 }i NN 243
Phys.Rev.D 91,012008 (2015) B T T —) oo
m; [GeV]
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The hunt for SUSY - Step 2: deal with the SM

Standard Model Production Cross Section Measurements
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. 2
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Status: March 2015
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The hunt for SUSY - Step 2: deal with the SM

» Need to exploit at best the expected features of targeted SUSY
events: e.g. for prompt production and decays, the kinematic phase
space of interest is usually different from SM measurements (tail at

high py)

» Basic tools

Jets, b-jets, leptons (including taus)

E-Miss (in RPC SUSY, from the LSPs)
» Complex tools

Used as discriminating quantities

Meff = E/Mss + 3 of jets (leptons) pr, Hr = 2 pr, Preselection :

- )= (850.300.150) Ge (ox100) LISngle top

transverse mass my, my,, amp,, Mcr o Razor ... e (500.200) G (100 =g:::n
it
BATotal SM

E fs=8Tev, |Ldt=20f"

Events / 10 GeV

gy W
- ]

often developed specifically for T =R, """
SUSY searches R IR

Data/SM
(IR TR

o
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The hunt for SUSY - Step 2: deal with the SM

» Various general approaches for ultimate bkg determination and
estimate of systematics:

Data-driven methods: E.g.

 ‘Jet Smearing’ for multijet or Z+jets background
due to fake E;Miss

* ‘Matrix Method’ for misidentified leptons

* New ideas depending on analysis to reduce
systematics: e.g. multijet template method for RPC
and RPV multijet searches.

SM background with large
cross section and “fakes” ‘

‘Semi’ data-driven methods
»  Normalisation done in dedicated Control Regions

{3 . 9
For “Irreducible” and la—rgg ‘ (CR) enriched in specific bkg. E.g.: top pair
SM backgrounds (real MET) production, W+jets...

>A Systematic

»  Compromise between ‘%
closeness to SR, statistics, %
handling of uncertainties %’ Statistical
—Signal_
contamination
For “Irreducible” and rare o Closeness to
SM backgrounds ‘ Monte Carlo predictions ., ... Signal Region

Validation of Background estimates in dedicated samples
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Events / 100 GeV

Data/MC
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Example: O-lepton inclusive 2-6 jets

» Searches in inclusive jets + E,™sS events
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The hunt for SUSY - Step 2: deal with the SM

» Need to exploit at best the expected features of targeted SUSY
events: e.g. for prompt production and decays, the kinematic phase
space of interest is usually different from SM measurements (tail at

high py)
» Basic tools
Jets, b-jets, leptons (including taus)
EMiss (in RPC SUSY, from the LSPs)
» Complex tools
Used as discriminating quantities
Meff = EMiss + 3 of jets (leptons) pr, Hr = Z pq,
transverse mass my, my,, amy,, Mqr o Razor ...

» Special tools - examples

Long-Lived: exploit the detector at best
Displaced Vertex (DV)
Non-prompt and delayed photons
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arXiV:1504.05162

Long-Lived particles: Displaced vertex —

. . p 1
» Particles with average decay lengths of a few cm could decay q ,40";/{ q
within the tracking detector to give rise to displaced vertices. e.g -7 Xi
» DV: 2 opposite sign leptons (ee, ew, uu) or multi-track q?\ X1 N
: S : q
» Various combinations of DV+X: DV+e/u; DV+jets; DV+MET p q
q (/v
— 300 ATLAS \s=8TeV,20.3fb"
ETL T .- Look for high-mass, high-track multiplicity vertices or
= r . for di-lepton pairs forming a high-mass vertex
> i 7 10°
200_— ]
- 1 e R U UL
100k 1 :g 0.45 ?ELége%mulatlon —a— Re-tracking —;
_E 10? g 04 E{\F{;M N?(;];enlnel -3- No re-tracking _g
‘) 1 8 °®F G-, - uag] E
- 5'; 0.3 3
T ‘.‘ E
-100 g 0.25 o ﬂ‘ —
B ] 10 [ =
i ] 0.2 (™ L] —
B ] 5 [ [ =
200 - 015, o 3
- ) 01 & e, gt s =
_30 1 1 1 I | - i 1111 I | 11 i 1 005 % ”; hﬁﬁﬂ.‘“ ... _E
-800 -200 -100 0 100 200 300 - gy 3
XDV [mm] 00 [ |5|0 1‘|:|“-||:|'L1(J)OL do L 11%01 Lol |21 T S N 1 |W
00 250 300
Veto vertices in dense material Fpy [mm]

regions. Perform re-tracking -
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http://arxiv.org/abs/1504.05162

Results for DV analysis

ATLAS \s=8TeV, 203 fb" ATLAS \s=8TeV, 203"
up channel @ Data | SignalMC D\/I+E$‘ISS - .IDatal ISignaI MC
= Sig'nal E Signal Region
o} reqion < » Very powerful type
E5102_ E 10? Of analySGS 9 LOW
: o {1 ..  background
" » Mostly ‘accidental’
ok = | 10 crossing of low-
A—— N 1| massor low-Ntrack
—— — _ ] _§10 vertex
—_— = - 41 » No events found
— — | oL e
0 1 2 3 4 56 78910 20 30 40 50
Number of leptons in vertex N
2 1055 AtLas | m@ me) Gevi -
5 . Vs=8TeV,20.31" Tom aoo 400
© 10* i ep/pp channels s 1300, 50
7 i RPV Model =w=e 1300, 1000
. . @ L §— qalX;, — e/ puv] 95% CL limit
ReSUltS Constra]nt Var]OUS 5 103 i 600 GeV gluino production

scenarios with non-prompt
gluino/squark decays

............... 1300 GeV gluino production
II 1 IIIIIIII 1 IlIIIIII 1 IIIIIIII

10° 10° 10* 10°
ct [mm]

Sensitivity here recovered with
dE/dx analysis (see back-up)
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non-prompt and delayed photons

» ATLAS: Di-photon + Missing E; final states:
one prompt, one non-prompt photon

Exploit ATLAS capability to make precise
measurements of flight direction and time

Target:

arxiVv:1409.5542 Strong and EWK production in
Gauge Mediated Scenarios (GMSB)
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SUSY at the end of Run 1:
gathering everything together

« Strong production searches
« Third generation searches
« EWK SUSY searches

- Constraints in case of prompt and Long-Lived particles



Highlights on squark/gluino production

» Possibly complex final states, great variety of sighatures - main target of
inclusive searches with several jets, possibly leptons and large EMiss

q q

q

q
» Example: Inclusive jets+E;Mss analyses:

2 10° T T T T T T T T T T T T T T
3 - Data 2012
g ATLAS J.L dt =20.3 fb", ys=8TeV 2 SM Total
4 .
B 10 I Diboson
- TR . £ ] Multijets
Minimum Jet multiplicity (2 to >=6j) E -V jets

Use Effective Mass (M_= EMss o - eets

+Sum py jets)
e Thresholds from 800 GeV to 2.2 TeV
But also: presence of boosted W—>qq’
* Also merged products —> jet mass

(60-100 GeV)

10?

I| IIIIIIII| [T I IIIIIIII|

-
o

it

-

Data/Bkg
0000 ==

onb oo NB oo
|||]|||||||||||||*

2l 2jm 2t 2)W  3j  4jl-  4jl  4jm 4jt 4W 5  6jl 6jm 6jt 6jt+
Signal Region
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ATLAS Summary paper on strong production

» http://arxiv.org/pdf/1507.05525v1.pdf

» Several simplified and phenomenological models considered -
results from 0L, 11, multi-bjets and tau-based analyses
reinterpreted and combined, plus new analyses added

| Short analysis name and corresponding reference | Acronym | Signal region name |
Monojet [21] MONOIJ | M1, M2, M3
0-lepton + 2-6 jets + EI [20] OL | 2il, 2jm, 2jt, 2§W, 3j, 4jW, 4jl-, 4il, 4jm, 4it,
5i, 6il, 6m, 6it, 6jt+
O-lepton + 4-5 jets + E%‘isf (%) OL 4jt+, 5jt
O-lepton + 7-10 jets + ET"* [22] MULTJ | 8j50, 9550, 10j50 (multi-jet+flavour stream),

7380, 8j80, (multi-jet+flavour stream),
8j50, 950, 1050 (multi—jet+M§ stream)

0-lepton Razor (e) OLRaz SRiooses SRyight

1-lepton (soft+hard) + jets + ET™* [23] 1L(S,H) | 3-jet/5-jet/3-jet inclusive (soft lepton),
3-jet/5-jet/6-jet (hard lepton)

1-lepton (hard) + 7 jets + EXS (%) IL(H) | 7-jet

2-leptons (soft) + jets + EX"™ [23] 2L(S) 2-jet (soft dimuon)

2-leptons (hard) + jets + E7"* [23] 2ILRaz < 2-jet/3-jet

2-leptons oft-Z [24] 2L-offZ | SR-2j-bveto, SR-2j-btag,

SR-4j-bveto, SR-4j-btag, SR-loose
Same-sign dileptons or 3-leptons + jets + ErT‘[liSS [25] SS/3L SR3b, SROb, SR1b, SR3LIow, SR3Lhigh
Taus + jets + ET' [26] TAU 17 (Loose, Tight),

27 (Inclusive, GMSB, nGM, bRPV),

7 + [ (GMSB, nGM, bRPV, mSUGRA)
0/1-lepton + 3b-jets + EX™ [27] 0/1L3B | SR-01-4j-A, SR-01-4j-B, SR-01-4j-C,
SR-01-7j-A , SR-01-7j-B, SR-01-7j-C,
SR-11-6j-A, SR-11-6j-B, SR-11-6j-C
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A few results on prompt production...

» Several constraints placed under Frodctonii o a7 ><~

various hypothesis of mass § o T Tl T :
hi 1 : t ¢ the st o of ATAS o ummi | E
1erarc retevant to se e Stage E o fe=BTeVL=20T T Eped 01ROk ]
y’ g 600 :_ STLAtSI L =2‘:5-7_ 1th‘ i:sz Tev ---Expected 0-lep. + 2-6 jets + E:'iss (1 non-degen. a)_:
- -lepton + 2-6 jets + -
for Ru N 2 sea rches 5005_ " - Expected Monojet E
E ---Expected 0-lep. Razor E
400 M e, —
~ o~ 0.0 N Y A e E
§-g - qaaqWW¥ %, x=1/2 Y e T =
;‘1000 1 T T | T T T | T T T | T T T /,’ T T T | T T T | I__ 300: g :
2 = s Observed limit (£105000) ATLAS 3 o004 T =
o:_ 900 [ --- Expected limit (+10,,,) 6\@\\/," OL + 1L combination — AT ‘\ 3
13 = . A - 1002~ h -
TE’ 800 F = 1-lepton alone ((:@L fs=8 Tev, 20 fb 3 {1 3
- P - ! | ! ! L= | ! ! | I e | ! ! T
= === O-lepton alone L = 0200 400 600 800 1000 1200
700 = A limits at 95% CL L = m; [GeV]
600 = = gd production; g— qq ZT
500 :_ _: ; [ T T I T T T I T T T I T T T I T T I T T T I T ]
- - ﬁ 1400 _—ATLAS m— Observed limit (1-16‘5,}:::;) ]
= = e C . ==== Expected limit (+10,,,) .
400 1 - € 1200 _—I Ldt=203fb", [s-8TeV [7] Observed imit (4.7 o™, 7 eV
300 = L ,26jets xpected limit (4.7 fo™!, 7 TeV) -
A = 1000 |~
200 3 C
- E 800 [-
100 P C
§| 1 1 | 1 1 1 | b A I | 1 3 600 _—
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... and extending the life range !

g R-hadron — g/qq %, ; mz° = 100 GeV Status: June 2015
> 2000 : —
> B Displaced vertices arXiv:1504.05162 - 0= = Expected limits
O, | —@— Jets+E{'°  arXiv:1405.7875,ATLAS-CONF-2014-037 .
1o 1800 —-—o— Pixel dE/dx arXiv:1506.05332 . o Ots)usssrveq limits
S [ @ Stablecharged  arXiv:1411.6795 95% CL limits. Cineary 1 included
o - Stopped gluino  arXiv:1310.6584 18.4-20.3 1b , 15=8 .TeV
— 1600 [~ ATLAS Preliminary
£ [
G 1400 °
o Kol
- L : o
1200 [~ o
1000 —
800 [ L
[E: o i3
sl K
600 _D- I | | -~ -y, @
B EIIIIIIII | IIlIlIII: ] Illlllll | lilllllll ;I I:lllllll | lIIIIIIl | lIlIlIII | Ii
102 10 1 10; ; 102 10° 10*
(r for n=0, By=1) Beampipe iInner Detector.Calo MS T [ns]
| l|l||l| 1 1 IIIIII| | lilllllll 11 IIIIIII: 1 Iilllll | 1 Illllll 1 1 lIlllll 1 IIIIII| |
10° 102 10" 1 10 102 10°  10*

cT [m]/20I5



Gluinos and third generation

» One of the most targeted process: gluino in top pair

Natural scenarios: 15t and 2" generation squarks are very heavy,
only gluinos and stop accessible ...

» Consider off-shell decays of top quarks as well!

gg production, g— tt(*)%?; m(t) >> m(g), including up to five-body decays

;‘ T
1200  Alllimits at 95% CL. —]
S i ATLAS i
= _ | = = Expected (+10,,) fa_ B A ]
E3>< | _ Observed (+1 Giﬁ:;) . IS = 8 TeV, L = 20 fb B
1000/ ~~Expected O-lepton + 7-10 jets + E:'SS ]
| —— Observed _ |
| ---Expected SS/3L + jets + EM™® e i
| —— Observed T ' o 8\\@8\0(\ ]
| Expected 1-lepton (soft+hard) + jets + EM*° &N ]
800 | Observed ] T _,960’%\0 |
| ---Expected 0/1-lepton + 3 b-jets + E:'SS B _
| —— Observed s N _
6001 : : -] Constraints up to 1.4
N e e 1 TeV gluino mass...
400— —
B ‘ 1 3 .
S A 1 What if gluinos are
Byl 7]
200{— A — not there?
_I L1 1 | 1111 I 11 1 1 | 1111 I 111 1 I 111 1 I: 111 I l" 111 | l:: Il“ 1 I 1 -El 1 |_

500 600 700 800 900 1000 1100 1200 1300 1400 1500
m; [GeV]
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Direct third generation squark pair production

» Stop and sbottom have an important role in regularizing the higgs mass
» Several complex decay modes possible and final states analyzed!

Top squarks (stop)

Am = m(f)) - m()??)

m(@") [GeV] For decay modes
1A - . involving charginos
P N
NS g 4
76@ = .w/a{
m(t,) < m(X7) / N Q b W
RN QT L c
100 - ] ] ) A\ t
\)'\/ : / % . p %
&x O TN
~e
~ ~+ X1——
. tl — bX3 gh Pt if AM(tl,C)
e > b-jet large
0 o' ’ "x T T ; ~
0 m(W)+m(b )100 m(t) m(7,) [GeV] X{)\— w Pr lepton high if

AM(C,N) large

“Compressed” scenarios:

Exploit 0,1,2 leptons final states

- mono-jet Complex discriminating variables
- Soft-leptons Use boosted objects to reject SM top background
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Top squark summary

arXiv:1506.08616v1*

M(stop) ~ m(top):

»  Constraints from o(tt) measurement

L T T T T
£ 4 amas E
T, production, T~ b f £ %7 /T— c 7, /T Wb 7 /Tt % N Bt :
;' 7 0) L L L L L L L L L L LI T T 1] ?3'52_I|_.("zf,m(i‘j)=1cev E OnShe”
[ 2 3[-E] Expectediimit +16,,, = 3
[ - ATLAS fs=8TeV, 200" S I e 0 &
(D = ~ 0 O] £ 2.5F Obs. -1, m=175.0 GeV 2 1
—_ - — it z(b tOL/t1L combined g = E oo Obs. -1o, m=173.5 GeV ]
S 400[— -5_, 1% toL, SC Eﬁx’ ;*; 1 OffShe”
& - EEToWbEAIY WW Bt E
a0 “HT- Wb tiL, toL i stop
oo t . ]
T EmTobiry tc, tiL 170 180 190 200 210 STTOT T TTNE
s00F- 1 m; [GeV] / 150 160 170 180 190 200 210 iz?ei?/?
— = Observed limits ==== Expected limits All limits at 95% CL = . ’ . .
- , o . »  Constraints from top-antitop spin
- S 2 — : . .
250— g — correlations (exploit that stop is scalar)
: m ey FrT T AR AR AARAR A
- - K= [ — observed ATLAS Preliminary
200 —_ o 100 - f Lt = 20.3f0" |
N _| N [ g Expected = 1 s.d. ) ]
L _ o L (s =8TeV
1 50 - — 2 80? Expected = 2 s.d. m_o=1GeV
— —] = 1
100} —
50 — i
- 0780190 200 210 220" 230
[N BT R N B R R A

m; [GeV]

400 500 600 700 800 ATLAS-CONF-2014-056

mg [GeV]

Also: M(stop) ~ m(top)+m(neutl): Compressed regions indirectly
accessed via stop2 searches: Stop2 > stop| + Z/higgs, Stopl = t + Neutl
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full exploitation of Run 1 results: new analyses

L L B L L L L L B BB
ATLAS e Data

o
™

» Stop/sbottom in compressed scenarios _
Vs = 8TeV, 20 fb 3\”2 ©Jets
Competing BR for ¢, — tx?%,#;, — bxT
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soft final states _*f N
. § ;é_".-‘ """" e B e e e
» WW-like StOp (e.g. target: stop ~ 200 GeV, charg-neut ~10 GeV) 200 20 00 30 400 450 S0 og0 60RO

Inspired by WW cross section ‘excess’
P y covering transition between 3-body and 4-body °

Consider 2lepton Different-Flavor final states decays of light stop

WW normalization from data in CR < 240_F“.""’."“?“s“,"'i.*.“f'*?”;*.Wf”‘? N —
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full exploitation of Run 1 results: new analyses

L L B L L L L L B BB
ATLAS e Data

o
™

» Stop/sbottom in compressed scenarios _
Vs = 8TeV, 20 fb 3\”2 ©Jets
Competing BR for ¢, — tx?%,#;, — bxT

Events / 20 GeV

I Single top
@ Diboson
.tV

...... wm = (110, 400) GeV

51 — b)z(l), 51 — t)Zit

if — t)?‘l)b)”(:f — tb,\"/(l))'z(l) ff’

11+2b+MET

soft final states _*f N
. § ;é_".-‘ """" e B e e e
» WW-like StOp (e.g. target: stop ~ 200 GeV, charg-neut ~10 GeV) 200 20 00 30 400 450 S0 og0 60RO

Inspired by WW cross section ‘excess’
Consider 2lepton Different-Flavor final states
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combinations on stop and sbottom

[GeV]

M_o

Most stringent constraints from combination of various
analyses t
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EWK chargino-neutralino production

Mixture of super-partners of W,Z and Higgs (among them, the LSP) and sleptons (in
particular, super-partners of taus) might be the only accessible SUSY particles:
EWK SUSY searches are fundamental (and very challenging)!

E‘ ? LA L I L L L L LB [T T T rrrT E
% - ls=8TeV -
'..% 10 e i:i: (pure wino) =
é E \ —_- 2:’“1 (pure wino) E
) 1 - AN e ~:~° (higgsino-like) _
n E . E
o - A E
@) - ]
1 0_1 E_ _E
1072 3 E
1078 3 E

1 0—4 _I ||||| I | I - I L1 I" 1 I L1l I L1l I L1 | .I.. L1l I_

1 00 200 300 400 500 600 700 800

spamcle [GGV]
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EWK chargino-neutralino production

ATLAS /s=8 TeV, 20.3 fb™ ATLAS [s=8 TeV, 20.3 fb™
; 600_ LI | T T 17T | LI | LI | LI | T T T T | T I_ ;‘ B L | L | L | T T 17T | L | T 1T T 1 | UL ]
[0} L XXy ——via /5 2I, arXiv:1403.5294 - = = Expected limits _| @ L XX; —— via WW 2, arXiv:1403.5294 - - -+ Expected limits |
g I ——via /¥ SR2i —— Observed limits 9 250+ —— Observed limits —
— 500 ——via /¥, =2v, arXiv:1407.0350 Alllimits at 95% CL 4 o [ %% — via Wz 2u3l, anivi1403.5204 Alllimits at 95% CL i
3><‘_ = 1 X - via Wh  Ibb+lyy+IF+3l, arXiv:1501.07110 -
~ I~ =50 -y My, -, ;=05MmzP+msz) 7| = - ]
£ B e v!a 5_/ v~ SS MVA + 31 soft/ISR + 3l W/ % % . = 200 —
4 O O R via ‘IZL/ v, 2t+3l ] : . . & x Q& _ 2«\,;‘\ :
[ 50" 7] - s ISNEPC R e -
[ fets TR TR et AL T ] - A o AR m
P gl — Ch e Tl DU, il 150 QA QAo —
300— e == —] B NPT LA 7
- - 100~ . —
200 — — - i
\ i
- . 50 -
1 1 —
\‘ ' - -
\ i
1 1 | —
P | 1 | | 11 1 | | I.’ | 1 | S 1 I 111 1 | | ':I | ‘ll | PO()I I ‘I’ I15|()I I I2(|)()I L Izéol : 300 :35(:)I I4.(|)()I - I4-_50
00 200 300 400 500 » 69(9 p 700 m( _)z,_, 7(0 ) [GeV]
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« Constraints on chargino/next-to-lightest neutralinos up to 740 GeV (if decays
are mediated by sleptons); up to ~ 430 GeV for WZ-decays; little or no
constraints for compressed scenarios - a challenge for Run Il

- Great emphasis on decay channels involving the higgs boson
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Grand summary for exclusion of SUSY

40

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
iss _1 P
Model &y Jets EL™ [Lanm™ Mass limit [5=7TeV| +s=8Tev Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 §,% 1.8 TeV m(g)=m(3) 1507.05525
34, 4-q%) 0 26jets  Yes 203 |4 850 GeV m(E1)=0 GeV, m(1* gen. g)=m(2" gen. q) 1405.7875
@ 44 §—q¥) (compressed) mono-et  1-3jets Yes 203 |4 100-440 GeV m(G)-m(¥7)<10GeV 1507.05525
5 aq([fl{fv/vv))(l 2e,p(offt-Z) 2 Jg‘ts Yes 20.3 q 780 GeV m(¥))=0 GeV 1503.03290
5 —qgh1 0 26jets  Yes 203 |Z& 1.33 TeV m(¥))=0 GeV 1405.7875
& —qa¥i —>qu3/\/ 1 O-leu  26jels  Yes 20 |z 1.26 TeV m(¥Y)<300 GeV, m(t*)=0.5(m(¥})+m(z)) 1507.05525
o & g—‘qq(ﬂ/fv/vvm 2eu 0-3 jets - 20 |z 1.32 TeV m(E})=0 GeV 1501.03555
=  GMSB (7 NLSP) 1-27+0-1¢( 0-2jets  Yes 203 |z 1.6TeV  tang>20 1407.0603
@ GGM (bino NLSP) 2y - Yes 203 |& 1.29 TeV r(NLSP)<0.1 mm 1507.05493
E GGM (higgsino-bino NLSP) % 1b Yes 203 |z 1.3 TeV m(¥})<900 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 20.3 g 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, u>0 1507.05493
GGM (higgsino NLSP) 2e,u(2) 2jets Yes 20.3 g 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV m(G)>1.8 x 107 eV, m(z)=m(g)=1.5TeV 1502.01518
[ —»bE)?? 0 3b Yes 20.1 4 1.25 TeV m(¥})<400 GeV 1407.0600
22 3z g_na(a 0 7-10jets  Yes 203 |& 1.1 TeV m(¥}) <350 GeV 1308.1841
< E o gty 0-1 e 3b  Yes 201 |z 1.34 TeV. m(E!)<400GeV 1407.0600
10 oz gobik| 0-1e,p 3b Yes 201 |& 1.3 TeV m(¥})<300 GeV 1407.0600
2§ bbb —bt) 0 2b Yes  20.1 by 100-620 GeV m(¥))<90 GeV 1308.2631
§ BT bk, bio 2e,p(SS) 08h Yes 203 |5 275-440 GeV m(¥E)=2 m(¥?) 14042500
g--?, Ry, i—bYT 1-2ep 12b Yes 4.7/20.3 | & \Y 230-460 GeV m(Er) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
g g 71y, Wb or i) 0-2e,u 0-2jets/1-2b Yes 203 |#  90-191 GeV 210-700 GeV m(t))=1GeV 1506.08616
5 = fif, h—cX) 0 mono-jet/c-tag Yes 20.3 i 90-240 GeV m(7,)-m(¥})<85GeV 1407.0608
28 fii(natural GMSB) 2e,1(2) 1b Yes 203 |& 150-580 GeV m()>150 GeV 1403.5222
OB by, hol +2Z 3e,u(2) 1b Yes 203 |7 290-600 GeV m(¥))<200 GeV 14035222
Z,_ RZ,_ R, I—et) 2e.pu 0 Yes 20.3 7 90-325 GeV m(¥})=0 GeV 1403.5294
)(,)(. ,)(. Tty e 0 Yes 203 | X} 140-465 GeV m(¥})=0 GeV, m(Z, #)=0.5(m(¥})+m(t})) 1403.5294
- X |X| KT =) 27 - Yes 203 |&; 100-350 GeV m(¥})=0 GeV, m( 5(m(E7 )+m(t})) 1407.0350
8 x.x —SLVELLEY), GTLGY) Se.n 0 Yes 203 |HLE 700 GeV m(¥)=m(¥3), m(¥))=0, m(Z, 7)=0.5(m(¥{ ) +m(¥1)) 1402.7029
eSS X]X Wi, zxé 23e,u  0-2jets  Yes 203 | XK 420 GeV m(E})=m(E3), m(¥})=0, sleptons decoupled | 1408.5294,1402.7029
*m—’W"' WYL, h=bb|WW/rt/yy &HY 02b  Yes 203 )E;,i, 250 GeV m(¥})=m(¥3), m(¥})=0, sleptons decoupled 1501.07110
W, X5 —Trl depu 0 Yes 203 |Xp, 620 GeV mEE3)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wmo NLSP) weak prod. Teu+y - Yes 20.3 \4 124-361 GeV cer<imm 1507.05493
Dlrecl)(l)(] prod., long-lived )‘(1 Disapp. trk 1 jet Yes 203 |X 270 GeV m(F)-m(t})~160 MeV, 7(¥})=0.2 ns 1310.3675
S Direct ¥1 X7 prod., long- lived ¥7  dE/dx trk - Yes 184 | X 482 GeV m(E})-m(t))~160 MeV, 7(¥{)<15 ns 1506.05332
Q § Stable, stopped g R-hadron 0 1-5jets  Yes 279 |2% 832 GeV m(¥})=100 GeV, 10 us<7(z)<1000 s 13106584
< O Stable g Rl hadron trk - - 19.1 g 1.27 TeV 1411.6795
25 GMsB, stable 7, M-, Prtep) 12 - - 19.1 x; 537 GeV 10<tanf<50 1411.6795
Sea GMSB, =6, long-lived 1! 2y - Yes  20.3 )25 435 GeV 2<7(¥))<3 ns, SPS8 model 1409.5542
gg’/yl Hee\({epv/mzv displ. ee/ep/pp - - 20.3 XB 1.0 TeV 7 <Lr()?°)< 740 mm, m(g)= 1504.05162
GGM 33, X|—ZG displ. vix + jets - - 203 |} 1.0 TeV 6 <ct(¥})< 480 mm, m(z)= 1504.05162
LFV pp—v: + X, Vi —ep/et/ut CHLETHT - - 203 |7 1.7TeV  4,,=0.11, dix133/23:=0.07 1508.04430
Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 .8 1.35 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
)(1)(1 ,x, —>le ,x. —eel,, eut, 4o - Yes 203 |if 750 GeV m))>0.2xm(F}), 4121 %0 1405.5086
>~ )(,xl B "WXI ,ylﬁm,e, etv; Beu+t - Yes 20.3 Xy 450 GeV m(E})>0.2xm(¥}), 113320 1405.5086
[ 0 6-7 jets - 203 |z 917 GeV BR(1)=BR(b)=BR(c)=0% 1502.05686
< 0 6-7 jets - 203 | & 870 GeV m(¥))=600 GeV 1502.05686
2e,p (SS) 0-3b Yes 20.3 & 850 GeV 1404.250
fify, fi—bs 0 2jets+2b - 20.3 I 100-308 GeV ATLAS-CONF-2015-026
fifi, fi—bl 2e.pu 2b - 203 |#& 0.4-1.0 TeV BR(F, —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—c¥} 0 2¢ Yes  20.3 490 GeV m(¥})<200 GeV 1501.01325
-1
10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Stringent constraints beyond TeV-scale ....
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Exciting hints?

Not unexpectedly, a few of these searches ended up
showing some anomaly, something to check in Run-2

« 2lepton edges
« 2lepton Z-boson regions Look at ATLAS and CMS together

* Multi b-jets + Missing E;
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A note on its own .. 8 10°F1e-8TeV, 2031 5 Backoround model _ S 10°E15-6Tev, 203" 5 Background mode

b , | k b N — 1.5TeV Bulk Ggg, kiMp, =1 T = — 1.5 TeV Bulk Ggg, kM, = 1

. ) 2.0 TeV Bulk G, k/Nip, = 1 Iy
- © 2 0Te ro WM 2 402 2.0 TeV Bulk Grg, K/, = 1
ut wont ta about It E — S!gn!f!cance (stat) § E —— Significance (stat)
I Significance (stat + syst) i 10 F ! B Significance (stat + syst)

WW Selection

ZZ Selection

e

L -

Significance
oLn ® N )
CTTTT 7T IT L1 ILSLALILL LU ALLLALLLLL LMLALALLLLL! AL ALALLLLL O T
]
I+
|
o
Significance




interesting discrepancies: 2 lepton strong

>

>
>

ATLAS searches for strongly produced SUSY particles in final states with 2
leptons consistent with Z boson, jets, MET and HT

Semi-data driven background for all major background

1.7 sigma excess in uu, 3.0 sigma in ee
Not confirmed by CMS although search is different

I I I I I I I I 1 I I I I I 1 I I I

1 I 1
ATLAS
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3 - \s=8 TeV, 20.3 fb Data =
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107 £~ C ) Ziy +jets E
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E M /) Total SM ]
— . Iy . -
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10 W A
— /7
SO ) — st - — — — - T ——
o I L
c 4 e :
,Q 2 :_ ............... :
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21 ATLAS: ee kinematic distributions
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interesting discrepancies: 2-lepton edge

» Search for strongly produced SUSY particles in final states with 2 leptons,
jets and MET

» Data-drive methods (fit and from control regions)
» Excess in low mll (20-70 GeV): 2.6 sigma

Not confirmed by ATLAS in a similar analysis
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interesting discrepancies: 3-lepton + bjets

http://arxiv.orglpdfl 1404.580 1.pdf

. >dleptons  myi-  Ep® | Ny =0,Ny=0 | Ny =LNy=0 | Ny =0,N,>1 | Ny =1N,>1
» Search for SUSY in events ~ #-iew o o bg O By, Ok bg O B
- ’ =001 7 =0.01 e-0.02 . .
1 OSSFO0 —  (50,100)| 0 0007995 | 0  0.01%p) | 0 0.0070% | O 0124007
Wi t h 3 or more le pto ns 82211;0 gff , ((0, 50)) 0 0 oo§§:§§ 0 007704 | 0 00050% | 0 0024002
: 1 -Z (100,00) | 0 0.017) 1 025£011| 0 013£008| 0 012£0.12
an d b 'J ets OSSF1 ~ OnZ (100,00) | 1 010 £006| 0 050£027| 0 0424022| 0 042+019
OSSF1  Off-Z (50,1000 | 0 0.07£006| 1 0294£013| 0 004£004| 0 0234013
OSSFI  OnZ (50,100) | 0 023+£011| 1 0704£031| 0 023+£013| 1 03440.16
4 G OOd ag reemen t betwee n 82211? 8ff-Z ©50 | 0 00275 | 0 027£012| 0 003700 | 0 0314015
LR . 1 nZ (0,50) | 0 020£008| 0 13£05 | 0 006+£004| 1 04940.19
data and SM pred]CtlonS ]n OSSEF2 Off-Z (100, co +0.02 +0.06
- , 00) 0 0.017 07 - — 0 0.017 oy — —
. OSSF2 On-Z (100,00) | 1 015718 | — — 0 034+018| — —
all region except one OSSP OffZ (30,100)| 0 0034002 — — 0 0134009 — -
OSSF2 On-Z (50,100) | 0 0804040 | — — 0 036+019| — -
_ OSSF2  OffZ (0,50 | 1 027£013| — - 0 008£005| — -
4 le pton S ( 1 tau ) , L-veto OSSF2 OnZ (0,50) | 5 74435 | —  — 2 080£040| —  —
>dleptons  myr-  Ep® | Ny =0,Ny=0 | Ny =L Ny=0 | Ny =0,N,>1 | Ny =1 N, >1
and low MET Hr < 200GeV GeV) |Obs.  Exp. |Obs  Exp. |Obs  Exp. |Obs  Exp.
OSSFO  —  (100,00) | 0 011£008] 0 017+£010] 0  00370% [ 0 0.04+0.04
. . OSSF0  — (50,100 | 0  00170% | 2 070£033| 0 0007 | O 028+0.16
O bS ‘ 1 5 events ) Pred ‘ OSSF0  — 0,50) | 0 001fpp; | 1 07£03 | 0 0007005 | 0 0134008
7 5 + / _ 2 O OSSF1 Off-Z (100,00) | 0 006004 | 3 060£024| 0 002705 | 0 032£0.20
. . OSSFI  OnZ (100,c0) | 1 050£018| 2 25405 | 1 038+£020| 0 0214010
. OSSF1  Off-Z (50,1000 | 0 018+006| 4 21405 | 0 016+£008| 1 0454024
OSSFL  On-Z (50,100) | 2 1203 St 2 0424023 0 050+0.16
4 N ot con f] rm ed by AT LAS OSSF1 ~ OffZ (0,50) | 2 046+018|| 15 75+20 | 0 009+£006| 0 0.70+031
: : OSSF1 ~ OnZ (0,50) | 4 3.0+08 1 031£015| 2 1504047
Wh 1C h uses th IS as OSSF2  OffZ (100,c0) | 0  0.04£003 | — — 0 005+004| — -
. . . OSSF2  OnZ (100,00) | 0 034+015| — — 0 046+025| — —
validation region OSSF2  OffZ (50,100)| 2 0184013 —  — 0 002700 | —
OSSF2  On-Z (50,100) | 4  39+25 | — - 0 050£021| — -
OSSF2  OffZ (0,50 | 7  89+24 | — — 1 023£009 | — -
OSSF2 OnZ  (0,50) |*156 160+£34 | — — 4 29408 | — —
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SUSY @ the end of Run 1

» Most simplistic version of SUSY under stress
Partially true also for ‘Natural’ SUSY, although depends e.g. on level of fine-tuning

» Still, lot of open suitable scenarios. A few examples:

Generic SUSY models explaining higgs mass indicate top squarks up the TeV
range - not yet fully covered

If there are such ‘light’ stops, gluinos might be in the 2-3 TeV range - not yet reached
Decays of sparticle in most of SUSY models are complex:

Limitations on our analyses and constraints: often valid only if a sparticle decays
100% in one mode

High scalar masses (O(10 TeV)) foreseen in several models (e.g. Split SUSY)
Focus on EWK sector, where boundaries are less stringent

More on the EWK sector: Low higgsino mass scenarios lead to “compressed”
SUSY spectra (low AM Next-LSP - LSP) - difficult to corner because of low
cross sections + low acceptances

R-parity violation scenarios not fully covered:

Lack of handles such as missing transverse momentum, complex phenomenology,
possibly long-lived particles
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Towards Run 2 ° Challenges
* Projections

13 TeV /8 TeV inclusive pp cross-section ratio

el
Minimum bias 7 1.2 At 1034 cm=2s'1 @ 13 TeV

W(ln) 1.6 pp the LHC produces:
Z(y g7 ~  200HzW —Iv
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WH 92,0
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H (VBF) 2.4
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Run 2 ATLAS performance so far ..

6 1 T T T T
- ATLAS Online Luminosity  /s=13TeV

5 [ LHC Delivered ]
- [] ATLAS Recorded .

» .. Excellent!!

» During the Long ShutDown, the
detector went through a set of
upgrades

Infrastructure (magnet, muon
chamber shielding ...) e
27/05 28/06  30/07 31/08 02/10 04/11

Consolidation Day in 2015
Improved L1 trigger and 3 ses

4~ Total Delivered: 4.34 fo'
[ Total Recorded: 4.00 fb™

3

Total Integrated Luminosity [fb™]

1

new central trigger processor » S panar) O \ptanar

New Insertable B-layer

Sensor area [mm?]: 41.3x19.2 20.5x18.5

4th layer of pixel at 3.3 cm

No. of pixels [z, ]: 160 x 336 80 x 336
from beam
New software, production 100. . over e -
system, analysis model )\ Alsonewbeam %
M l f L l g O\ pipe: r=25 ’{5,/ e a0 T
any people from Liverpool gave NNV 4 M
CRUCIAL contributions!! g e g !
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new and old challenges ahead..

» Trigger strategy:
Exploit more approaches as scouting and delayed/parking

Very difficult to cope with the 100 kHz L1 trigger rate, might
have to make a priori choices

Develop / use more dedicated triggers
displaced vertex, “Fat” jets ...

» Keep working on ‘new’ discriminants or techniques!
Eg.: boosted tools for heavy particles

MC normalised to SM expectation

Boosted W/top ‘tagging’ %:ZZ ATLAS Preliminary s Data 2015
» Background strategies: Tt
Clearly, developing or use more data-driven Zzzﬁ = Vi D tepton |
methods will help 200f-
Still, can’t deny the relevance to use 122 B ;
appropriate and up-to-date Monte Carlo generators so E
0 0 1 2 2.3::

N
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Prospects: Sbottom @ 13 TeV

. p l~) : -0 g 103 T o | % Sltantliartli M;delI - I_§
} 2 b'J etS + MEt -7 X o ATLAS Simulation Preliminary I e 1)+ s E
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b Lﬁ 10 | = e m(, )= (700, ) Gev
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13 TeV Results: 0L, 1l+jets, multijets

» First 50ns data collected by ATLAS

D e e R s =R T T U o e B B B L I L I R
8 F —— Data 2015 (15 = 13 TeV) 8 r —e— Data 2015 (\s = 13 TeV) | 810 E —e— Data2015 (s = 13 TeV) 3
o | ATLAS Preliminary —— SM Total 1  S10°k ATLAS Preliminary — SMTotl - o [ ATLAS Preliminary — SMTowl E
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Summary & conclusions

» Many reasons to be interested in SUSY - increasingly the best (or least
bad?) solution to hierarchy problem, provide good Dark Matter
candidate etc.

» SUSY is a beautiful theoretical framework:

Very diverse phenomenology, experiments must have a wide search strategy
(while keeping an eye on possible indirect constraints)

» LHC Run 1 has set stringent exclusion limits:

Under stress simplest version of SUSY, but with many open points and exciting
opportunities = just hitting the ‘regimes’ indicated by the higgs mass !

» LHC Run2 will offer the possibility to explore
various SUSY scenarios.

we learned a lot along the way - so let’s use that!

» New projects and experiments might also give
extra guidance..

Long time ago, they told us SUSY was just around the corner.
It might still be true. We just need to find the right one ...
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Back-up




RPV searches for stop (2x2 jets)

» Limits from LEP and CDF: < 100 GeV ;
» ATLAS search exploits merging of stop decay p i

. * . . 3 - S
products with a radius AR = mg,,/py (initial stop pT); et
L] L] - ;\\ 8
> Large R jets with m;g ~ Mg, K Ng
b
A= |my — m;|
mp; +mp
t-t production, t — b (A;,;#0)
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jé) O T UL T T \7 & g— . . —g
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07\ R 4@ 0 160 150 260 250 360 3‘50 460 :l v e P v b vy g |l |:|
0 0. 0.6 e [GeV] 100 150 200 250 300 350 400
A

m [GeV]

54 Monica D'Onofrio, HEP Seminar Liverpool 11/11/2015




RPV multijet searches (prompt)

» Search for strongly-produced SUSY particles in final ,,
states with high jet multiplicity and no MET.

» Additional requirement on number of b-jet or M,.

drawings from T. Cohen > 104-_' T i
o - 0] § ) W 3-Jet Template, Data E
Q. 5 o C _ . —e— 4-Jet Sample, Data, SR ]
% Template CBD f 103 3 _“\ - Uncertainties 3
g \[ o] % 25 \ N m(§,z‘1’)=8oo,175eevf
= o o 10°¢ \ N ATLAS E
'g Ny 0 i i \ \\\‘\ \s=8TeV, 203" ]
— "3 102 4iSR, p: > 250 GeV E

o) - .
N
. q, .
o) Dressed sample T \ R R
Q- T T T T T T T T T T T
= 1 «% L
Kernel | = template —
3 o
AL 2
| 5 |
(_vidth = Total Jet Mass [GeV]
m; Exclusion limits up to 1 TeV gluino masses
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full exploitation of Run | data: mixed decays
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m_o

» If we relax the BR = 100% assumption on one mode or the other, sensitivity might
change quite significantly:
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full exploitation of Run 1 results: new models

» Stop in stau ’ (/b
. : : . LFo T G

GMSB inspired, dedicated searches in 2tau+2b+MET !
» Split by tau decay modes to maximize el

sensitivity (had-had, lep-had, lep-lep)

mT and mT2 discriminants used

T, production, BR({, = 7 pv) = 1, BRE — « G) =

; T | T T T T | T T T T | T I T T | T T T T T T T T T ]
> L '. T .I T T T T L ()] — —
8 104 ATLAS Preliminary . Data2012 G, 700 ATLAS Prellmlnary .- ]

s =8TeV, 20.3 b =~ SM Background & - [s=8TeV, 201" -

8 10° SRHM B top fake taus - sy .- -
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” Cawow Ce g N
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Top squark summary: ATLAS (Il)

» Various assumptions of AM(stop-chargino)  —
and AM(chargino-neutralino)

if, production, T, — b, %= W"%’, ATLAS Preliminary, Ly, =20"y5=8TeV, Status: ICHEP 2014 ""_
:I T T [ T T T T l T T T T I T l’l T I T T T T I T I: :l T T T I T T T T | T T T l T T T T I T T T T I T l: Xl gh pT If AM(tI C) Iarge
350 — M. =My +5GeV 011 [1208.2831], [1407.0583) - -—E n. =150 GeV 0-1L[1208.2621), [1407.0533) ] -]et
. E -m“_=m‘.+20 GeV 0-1L[1308.2831], [1407.0583) E E - mk =108 GeV 1-2L [1407.0583), [1403.4853) E . .
300E- ’ - == S0 B ™. =108 GeV 1-20[1203.4305). [12092102] L =47 7|57 TeV PT Iepton hlgh If
n K - \ 1F " N
- ! = 1F LEP . Xl AM(C,N) large
250~ | [ wemm Observed limits ]
~ [ === Expected limits .
200: JE Allmits at05% CL .
: | E Fixed mass stop, function of
sy IS E chargino-neutralino mass
L/ -
- e e -
100:::::::::::::::::::::::: . - ttproductlontﬁbx x—)W(),( m. = 300 GeV Status: ICHEP 2014
E mz.<103.5GeVE ES'300|||[|||||||||||[|||||||||||[|||||||||
SO = - 8 L ATLAS Preliminary Ly ~ 20 fb ' ys=8 TeV -
C 3 ] = C —_ oL, [1308.2631] 7]
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Exploit detector at best: dE/dx

§ S ATLAS
. 51035— ol s=8TeV, 1840 3
» Use pixel detector to search for (meta-)stable LLP IR L -
. o o 25— . ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ %) = 350 GeV 3
» LLP are seen as heavy muon-like particles with p<<1 i O A

—— § grJa, @)=10ns,

m(@) = 1000 GeV, m(z) = 100 GeV 3

High dE/dx measured in pixel detector
» Studied if particles travels at least 45 cm (inr)

I W N

» Select high momentum, isolated tracks Lk TR S RS N
dE/dx [MeV g cm?]
» High ionization: dE/dx > 1.8-0.034|n| + 0. 10177 — 0. 029|n|*> MeV /g cm?
||||||||||||||||||||||||||||||||||||||||
> 103 § T T T T T T T T T T I é S bl
(qDJ ;ATLAS .data ; |IIIII|II|II|II|II|II|II|IIIII|II|II|II|II|IIta|.I?|
o {(02k's=8TeV,18.4fb" — background 4 o - ;
f E Metastable selecton "¢ g—>g/qqx m(g)=1000 GeV 3 = - \s=8TeV, 18.4 fo
) 10 L (X )=100 GeV, 7(g)=10ns ’ z@ | —e— Observed 95% CL exclusion
_:]C: 2 +.... ] e %, X, M(X;)=350 GeV 3 S Observed +15, . exclusion
0 1 ;_ ‘H_ : "":_,.T:(??T)=1 ns _; 10— Expected 95% CL exclusion (+ 1 Gexp) .
E E - g— 9/qa % x , m(x )_100 GeV
107¢ E
el )
g 1 E
§ o B0 000 1800 2000 2500 N
Mass [GeV] 600 800 1000 1200

First life-time dependent mass limits for charged R-hadrons in 1-10 ns range M9 [GeV]
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long-lived particles: summary chargino

AW = X MW ] Status: July 2015
~ 1000
8 - —o— Pixel dE/dx arXiv:1506.05332 - -O- - Expected limits
o 900 Disappearing track arXiv:1310.3675 ®— Observed limits
= - 95% CL limits.
c 800 — e SMP (Full Detector) arXiv:1411.6795 635" not included
— _ 1 e .
= - ATLAS Preliminary ! ! !
S 600 : ! A
(@] - i 1 1 i
— n : : 2 T .
500 ! : © wino-like chargino
- L and neutralino
400 £ o (AMSB inspired)
300
200 - R
[ : : : S
100__I ] Illls | ] | IIIII| | | EI IIIII| EI IEI IIEI(IDI
10! 1 : 10 :
(r forn=0, By=1) i Inner Detector i Calo i MS T [ns]
| | | I L1 1111 | | | L1 1 111 | I | | | I 1 111 I |
107 10 1 10
ct [m]
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RPV results

ATLAS-CONF-2015-018

Prompt RPV

» Rich set of dedicated searches investigating RPV signatures as well
as re-interpretations of RPC searches.

Coverage of ‘generic

>’ searches is sometimes broader than that of dedicated ones.

§ O-S?V\Nak = Mg Mg = 'kmﬂz q q [/V % 1;\7"113 }"313/7:
04F 71Ty L —rov » 08 % —rab 7 —vab
ARy’ 7 vy ] [ 7 —-vab 7 =vap ]
0.3 - 0.6 ]
[ LLE Gluino [ LQD Gluino, LQD Squark
02l ke E 04b iike{2) ]
F b )\'vijk }"3JK ]
01F M p 02 70— Foq 7 - v
Oi/%? — [Ty if d |‘fv\£ 0:—/%? —-vqq' "2? —v qq'\j
0 02 04 06 08 1 004 02 03 04 08
BR(ty) BR(r)
~~ - ~ ~0 ~0 ~
pp— & —qqtaqt, I, -V m@E)/mg) =0.1 %, —Wag  mx)/m(@ =01
E N | T T T | T T T | T T T | T T T | ] § | I 1 I T | T T T | I I T | I 1 1 | _
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3 . g O = : 3
2 F LLE Gluino 3 % [ LQD Gluino 7
- A4 L -1
& L \s=8TeV, 203" 1 & Vs =8TeV, 20.3 fb
2 10E 4 3 10°¢ E
o = 3 O - 3
| - - T — - ]
&) 1 O B ]
1E - 10 =
L BR()=1,BR(;)=05  —— Observed 95%CLImit | | " BR()=0,BR()=1  — Opserved 95% CL limit B
107 g - BR(ty) = 1, BR(7,) = 0 - E TE e BR(1) =0, BR(b) = 0 imi =
N L Expected 95% CL limit (+1c) 3 R L LT Expected 95% CL limit (z10) =
C e BR(ts) = 0, BR(z,) = 0.5 3 C e BR(7) = 0.5, BR(b) = 1 3
- BR(1) =0, BR(t) =0 " NLO prediction (+1c) ] - BR(t) = 0.5, BR(b)=0 """ NLO prediction (+1c) ]
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Projections: strong production @ 13 TeV

» Few analyses checked for sensitivity at a

. . g 102:_‘;(T'L';s';}r'ﬂ;.;;;n'p'r;.irii'n;iy' 'sé,' m_(nc) L;;L;L;;v""'_:
gluino/squark discovery o O ra et TR e
o co & direct, m(@, x1)=(1500, 0) GeV ]

3 sigma evidence for gluino mass ~ 1.5 TeV PR B sngeon 1
with 5/fb if background uncertainties ~ % 10k T .
20-25% i ]
Good at 10/fb already ... [ 1

1 E

i .E“l‘”i.‘.|.‘..|...._

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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o) ) o 10
. . .. . . miss o X
> 1 ATLAS Simulation Preliminary Discovery reach, O-Iepton+]ets+ET > ATLAS Simulation Preliminary Discovery reach, 0-Iepton+jets+E'T"'ss
> 1
3 3
(2] o
a B
a
10’ - . ~ o~ :
K : 10 ~ .
E gg prod~uoct|on~O ~© 9g produoctlon 0
10 " . g—qqx,, mx,)=0 GeV 10 d—qqx., mx.)=0 GeV
oo R L LR L [ 46
-5 0‘ |
10 's= 13 TeV,AB/B=20 % 10° o= 13 ToV, AB/B=40 %
5 1o’ -1
10 . 10° 1fb
e - 00 |——2tt" |  CE 4 56 | —@m 21"
107 p @ 51p" 107 @ 5 !
8TeV,20fb™ (95% CLobs) 4 8 TeV, 20 fb'1 (95% CL_ ) 5fb
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Indirect constraints

4 BS —> LL: constrain MSSM at large tan f What can this tell us about
» BR Enhancement from many BSM models SUSY?

In SM: In BSM: b -
. W+ “+ BSB H* ! t_ L : 4 Bs ___A_U__< > m‘i:’g, %tan “\‘33
t Z _ ' - A f
S = " S : t Ty K
? S
b_<_./\.)v\+/\/~—<—u+ b -*Z‘: * 1 1
J 1, o ol Large tan p with light pseudoscalar
XA L ... - Higgs disfavoured BUT
L ‘ ’ : :
The CMS and the LHCb Collaborations have Natural” (small fine tuning) MSSM
obtained a combined preliminary value of the scenarios barely affected
Bs—pp branching fraction of (2.9+0.7)x10-° * SUSY-BR(Bs=>uu) is ~ to SM-BR or even
smaller in some scenarios
DO 10.4fb ' i .
60 _f‘;-‘.
CDF 10fb ' |- ; i HaRe (:1212.4887
ATLAS 4910 : 4005 yenomenological
L = A, only < 20-30%
LHCb 3fb | sm s arios are excluded
CMS 256 20
CMS+LHCb |
preliminary AN [ R S S SR R AP B A i i St
0 2 4 6 8 10 12 14 16 18 20 22 200 400 600 800 1000
In agreement with SM: B(B!— ') [10°7] M, (GeV)

BR=(3.56+0.30)x10
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Indirect constraints (ll)

» EDM: As other BSM theories, SUSY predict small - yet measurable
electron electric dipole moment (d.,)

(In SM, d, ~ 1044 e cm)

€r

(Hisano @ Moriond EW 2014)

€Rr

(e cm) Simplified model

Bino-higgsino/Selectron Selectron-electron- 3 with maximal CP
higgsino interaction -10 phase
ACME collaboration (arXiV:1310.7534):

d. = -2.1£3.7(stat)+2.5(syst) x 102° e cm

|d.] <8.7x10% e cm
for models where 1- (2-loop) diagrams produce d., s
bound on CP violation at energy scales A ~ 3(1) TeV

Small CP phases <> decoupling: Might indicate

Electron EDM

preference for Split SUSY and/or 1st generation o .

squark/slepton masses at O(10) TeV o : 0 i3
(preserves EWK sector / naturalness) MSUSY (TeV)
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Indirect constraints (ll)

Gu — 2)
au =
» Anomalous magnetic moment: Muon g-2 ( 2

asM = (116591828 £49) x 10~ 1
. Aay, = — a,(SM) = (26.1 £8.0) x 1071
2P = (116592 089 + 63) x 1021 ay = ay(exp) — au(SM) = ( ) X

. . JHEPO1(2014)123
3.3 o discrepancy > New Physics ? SUSY ? LHC and g-2 constraints

Here, chargino-sneutrino contribution dominates g-2

day ~ (anp/4m) X (m? /m3p)

Y N

Coupling constant of new
particles to the muon

Typical scale of new
particle mass

SUSY contributions to g-2: .
neutralino-smuon and chargino- * SUSY explains g-2
sneutrino loop diagrams » LEP searches

B » Excluded by LHC
H_-- e lepton searches
U . Excluded by LHC Jet ™"
searches
X M,,M,=bino,wino masses

u = higgsino mass
e M m_ = slepton (LH component) mass

/

i
700
M: [GeV]

(a) p = My, mg = 3TeV
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