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S U p e rsym met ry (S U SY) University of Sussex

« SUSY is a symmetry that relates bosons and fermions

- a new set of fields differing in spin by 1/2 w.r.t. the SM partners

Standard particles SUSY particles
&7 A SUSY is not an exact
' @ . symmetry
WD Sparticle masses #
| J‘/i/@ particle masses

1 C / c 1 " c ThE TE R‘parlty = (—1)3(B'|—) + 25
W 3 ﬁAijkLiLjEk + A LinDk T 5)\ U. DJ-Dk + u;L;H, 1 for sparticles

ik 17k
1 for particles

Lepton and baryon number violation allowed — proton decay
If R-parity conserved, the Lightest Supersymmetric Particle (LSP) is stable
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When will we stop searching for SUSY?? University of Sussex

- |ll-posed question:

« Supersymmetry is a symmetry. We can exclude supersymmetric
models, not supersymmetry.

In general, little to no
Indication on
sparticle masses

CMSSM
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When will we stop searching for EW-SUSY? ~ “remeeese

Taken from http://www.quantumdiaries.org/2012/07/01/the-
hierarchy-problem-why-the-higgs-has-a-snowballs-chance-in-hell/

2 __
Am2, = 211

Higgs mass has a quadratic With SUSY only logarithmic

dependency from physics at a quantum corrections
higher scale
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| . US
Fine tuning - a deeper look University of Sussex

* One needs to quantify the fine tuning:

- One possible choice: stability of EW scale w.r.t. model
parameters [Nucl. Phys. B306 (63-76) (1987)]

model parameters

2

m2, — tan? 3 m?
2 2 H, H,
my, = —2u° + 2 max,,
Z H tan? 3 — 1 @i (

a; Om%(a;)

m3  Oa; ) ;A

tolerated fine tuning

- What are the important a;?
- 1 (higgs mass parameter) enters at tree level — light higgsinos
* Ay, Mqs, M3 are relevant — light stops

- gluinos introduce large corrections to the stop masses — light gluinos
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Parameters and masses ey af s

Neutralinos
= 70 70 ¥ L, o\t 0
Y0 = (B, W?, HS,HS) Lneutralino mass = _§(¢ ) Mg.-?,b +c.C.,
Ml —C3Sw myg SgSwmyz
0 Mo cgew mz  —SgCw Mz

—Ccg8wmyz CgCwmgz 0 — 1L
SgSwmz —SgCwmyg — I 0

Stops and sbottoms

_ ( mg, +m; + Ay, v(a{sinﬁ—uytcosﬁ))
v(a¢ sin B — p*y cos B) m%3 +m? + Az,

n,]2
t

m2 — my, + Bj, v(aj cos B — pyy sin B)
b\ v(aycos B — p*ypsin B) m2 +A;
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When will we stop searching for EW SUSY? pniversity of Sussex

Frequently asked question:

Is supersymmetry at the Fermi scale dead?
Speaking for myself, I would like to see:

left plot extended to m; = 1.5+ 1.8 TeV OR right-plot plane fully explored

W*gﬁg*tfx . m(@ >>m(@)
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mg
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Question: Isn't it easier to study the (mj, my)plane via b—b+x
Answer: Yes, but less relevant since by, wants to go to tx~ — tx(l7)

R. Barbieri - ICHEP2012 physics highlights - Melbourne 2012
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What processes are we looking for? Universiy of Sussex

10 T T T T T T T T T ‘ T T T ‘ T T T ‘ T T T E b
. P X1
o, lpbl: pp = SUSY
1 VS =8 TeV ]
| " )
i} ! %
Strong ] x '
production | -0
a p X2
| ‘ | | |
800 1000 1200 1400 1600
maverage [GCV]
i ~ ()
Taken from http://www.thphys.uni-heidelberg.de/~plehn/ p X 3

index.php?show=prospino&visible=tools
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Publications

US

University of Sussex

All results available at https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

L 3 10 Y ) ) N

2012 data (8 TeV)
Non-peinting, delayed photons [LLP, GMSB] NEw 09/2014
0 leptons + mono-jet/c-jets + Etmiss [Stop in charm+LSP] New 07/2014
1 lepton + 4(1 b-)jets + Etmiss [Medium / heavy stop] NEW 07/2014
1-2 taus + 0-1 leptons + jets + Etmiss [GMSB] New 07/2014
0-1 leptons + >=3 b-jets + Etmiss [3rd gen. squarks] NEW 07/2014
2 taus + Etmiss [EW production] NEw 07/2014
Stop constraints from precise ttbar cross-section [Light stop] 06/2014
0 lepton + 6 (2 b-)jets + Etmiss [Heavy stop) 06/2014
0 leptons + 2-6 jets + Etmiss [Incl. squarks & gluinos] 05/2014
4 leptons + Etmiss [EW production, RPV] 052014
2 same-sign / 3 -leptons + 0-3 b-jets + Etmiss [Incl. squarks & gluinos]  04/2014
2 leptons (e,mu) + Etmiss [chargino/neutralino/slepton) 03/2014
Z + b-jet + jets + Etmiss [Stop in GMSB, stop2) 03/2014
2 leptons + (b)jets + Etmiss [stop)] 03/2014
3 leptons (e,mu tau) + Etmiss [chargino/neutralino) 022014
Long-lived stopped gluino or squark R-hadrons [Split-SUSY) 10/2013
Disappearing track + jets + Etmiss [Direct long-lived charginos - AMS8B] 102013
0 leptons + 2 b-jets + Etmiss [Sbottom/stop) 08/2013
0 leptons + >=7-10 jets + Etmiss [Incl. squarks & gluinos) 08/2013
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LHC - performance of the machine University of Sussex

« About 22 fb™' collected at \/s= 8 TeV and 5 fb™' at \/s= 7 TeV
« Most of which with more than 95% of the ATLAS detector operational

« Only 8 TeV results used for this seminar

Delivered Luminosity [fb]

- Large luminosity means large pileup.

35__A'II'LAISOI |' 'L . _t' T T Careful pileup suppression strategies
- nline Luminosity -
303_ 2010 pp \'s =7 TeV B developed.
2011 pp e 7TV - = qgoTTTTT T T
~ 2012 pp \s =8 TeV . 2 - ATLAS Online Luminosity :
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Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Length : ~ 46 m
Radius : ~12 m
Muon Detectors TIN Calorimeter Liquid Argon Calorimeter We|9h1- C o~ 7000 Tons
3-level trigger ~108 electronic channels
reducing the rate . 4@ | 3000 km of cables
from 40 MHz to =
~200 Hz | (NS g e e TS 2 S
bt
//

Inner Detector (|n|<2.5, B=2T):
~ Si Pixels, Si strips, Transition

‘| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:
o/pt ~ 3.8x104 p; (GeV) ® 0.015

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \

e/y trigger, identification and measurement [ HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: 6/E ~ 10%/VE Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+
E-resolution: o/E ~ 50%/VE ® 0.03

S0
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Performance highlights Univesity of Susex

Effect of pileup corrections
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The Standard Model in one slide University of Susses

Standard Model Total Production Cross Section Measurements .. o« Jea
(m)
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Standard Model background estimation vmesoers =

* Doing SUSY searches means primarily understanding the Standard Model
background.

Standard Model

Top Multijets
Vv, V, VW Higgs

LN\

Irreducible backgrounds Reducible backgrounds
~ Dominant sources o Determined from data
Control regions in data used for normalisation.
Transfer to signal regions using MC Analysis dependent
Sub-dominant sources MC

\

Validation regions used for cross-checks

Validation

Signal regions
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UsS
Irreducible background estimate University of Sussex

systematic

>

* Normalisation of irreducible backgrounds done
in dedicated CR

MO statistics
Nip = S8 __(Nhdata _ NLMC w ----------
SR — i, MC CR CR J /., *'Cr ./ |  ==pm7==< .
NG signal
CR J process proce

Contaminatio)n

uncertainty

* If YNmc"MC small, then all systematic Closeness to signal region
uncertainty associatedto T Background (and uncertainty)
determination verified with
- Typical uncertainties considered: the use of the validation
regions
Experimental uncertainties: Theory uncertainties:
-Trigger efficiency -Generator modelling (Ur,pur, ME/PS Calculation done
-Jet energy scale and resolution matching, as scale choice when possible - g . .
-Lepton energy scale and efficiency otherwise compare generators) performlng = colmbmed fit
-Ermiss soft component - PS uncertainties (typically compare Pythia to all CR (signal
-b-tagging and Herwig) contamination accounted for
-Lymmosﬂy | - PDF choice exclusion)
-pileup modelling
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Limits on squark and gluino production e

10 T

B e E
o, [pbl: pp = SUSY

Squark-gluino-neutralino model
] ]

;’2800 1 TN LN B L (kL . Vs=8Tev
©.2600 - S )0 Gl Exp. sk (£1 )
3 w— X, )=0 GeV QObs 'lmtfl"ﬁ”(_”Y A
g 2400 : m{x =395 GeV Exp. limat 10 g 3
x w— (. }=395 GeV Obs. limit S
§ 2200 - = m(F.}=695 GeV Exp. limit al: E
B - ’ — iy =695 Go 5. hmat 8
(1)2000:-_ ) l'"(’(-,vo‘)‘l_ ] o AN N NG NN D
- 7TeV (4.71b") m(x, )=0 GeV Obs. 200 400 600 800 1000 1200 1400 1600
1800 |~ e [GeV]
1600 [~ o :
- BT * Hypotheses:
10 :_ATLA ~ T
1200 [ I S > E « All SUSY particles except
- | Ldt=2031", 15=8 TeV e - st nd :
1000 — il -
" Oaplon, 2-6jes (1> and 2™ generation)
o Q0 T I I e | P I
800 1000 1200 1400 1600 1800 2000 2200 2400 Squarks’ QIUInOS and the
Gluino mass [GeV] neutralino LSP are
decoupled.

« All (1%t and 2™ generation)
squarks assumed to be
degenerate
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Inclusive searches for gluinos and UusS
SOuark DrOdUCtiOn University of Sussex

Strongest limits set by a O-
lepton analysis using Mest as
discriminating quantity

N ) in > 02
W candidates / AW ;) I (W s j) « (W - j5)
'xl. \ 1 30 ri 8 15
ET™ fmea(N)) > / 0.25 03 0.35

n n
Basic idea: mestet) (GoviZ |0 oo oo | _so0_Jzow | w0
| S o Hogson
Requireme
St

1K1 H
max( 3, — ) - | 4 | | 4 | 5 | oeit | e | aie | aies
(g.q) I} <= (high) Pt jet ErAGeV] > 160

/,;, GeV] > 130
v
—— . el $a) [GeV] >
AM e PTJet }.|).,v(l.\A. | 6o
—— Tt prisa) [GeV] > 60
x' x i prijs) [GeV] > 60
R % . - -
x-- Prigs) v >
prije) (GeV] >
i - o0ty 5 13, vt s 2 ).4
ot s ‘IX )min > D

Meyy = EF*™** + Hr
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Inclusive searches for gluinos and

sauark production

Number of events

Data/Blg

10 E T T T

fo
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)
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1] | | |

. fAla 2012
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US

ITniversity of Sussex
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Gluino mediated stop production



Gluino mediated stop production

US

University of Sussex

m., [GeV]

1000

800

600

400

200

600 700 800 900 1000 1100 1200 1300 1400 1500 1600

g production, g—» t_, m(@) >> m(g), s =8 TeV ICHEP 2014
IIIIIIIIIIITTYI
— ATLAS 95% CL limits. o35 not included.
== Expected g a010n, 7 - 2 10 jets
5 - L7210 jets L «203m
Pfehmmafy w— Observed aniv 1308 1841 l - ]
. Expected
0-1 lepton, = 3 bjets L =201f0
- e Obrserved .lrliv‘o‘eniv.’ D600 ‘ l - ]
bserved 2SS/3 0-23b L «203m)
leplons, 0 - 2 -pels « 20,
— Expected 2553 Jeptons e 1L,

—

—

p—

>mlllllllllllllllllllllllllllll

T T T s

m; (GeV]

A very rich topology that
can be targeted from
many points of view
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0/1 lepton - 3 b-jets

US

University of Sussex

- Background estimation
strategy with so-called
“matrix method” approach
IS key

- Reducible background:
mostly ttbar

> |
3 WrATLAS ® Deta 2012
e | ILG-QOHb'u.eToV 577, SM wiak
5 [ oonwolregon [ Reducitie bhg (um) |
g [ viennb ey
& ] dezm vy

10

1

g ! 5 3 L
PR 2. e 2 2 %
S ost .

100 1% 200

Baseline O-lepton selection: lepton veto, p’lf. > 90 GeV, EF™> 150 GeV,
> 4 jets with py > 30 GeV, A¢'=" > 0.5, l-,‘.’l'."”/mf,_’r > 0.2, > 3 b-jets with py > 30 GeV

N jets (pr [GeV]) EP= [GeV] mer [GeV]  ER=/\/HY |V GeV)

SR-0£-4j-A > 4 (50) > 250 my > 1300 -
SR-0£-4j-B > 4 (50) >350  mg > 1100 -
SR-0¢-4j-C* > 4 (30) > 400 me > 1000 > 16
SR-0£-7j-A > 7 (30) > 200 m% > 1000

SR-0¢-7j-B > 7 (30) > 350 %! > 1000 -
SR-0£-7j-C > 7 (30) >250  mi% > 1500 -

Baseline 1-lepton selection: 2 1 signal lepton (e,u), 7 > 90 GeV, EF**> 150 GeV,
> 4 jets with pr > 30 GeV, > 3 b-jets with pr > 30 GeV

N jets (pr [GeV]) ED= [GeV]  my [GeV] mizel (GeV]

SR-1£-6-A > 6 (30) > 175 > 140 > 700
SR-1£-6§-B > 6 (30) > 225 > 140 > 800
SR-1£-6j-C > 6 (30) > 275 > 160 > 900

Table 2. Definition of the signal regions used in the O-lepton and 1-lepton selections. The jet
pr threshold requirements are also applied to b-jets. The notation SR-0£-4j-C* means that the
leading jet is required to fail the b-tagging requirements to target the region close to the kinematic
boundary in the Gbb model.

23
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0/1 lepton - 3 b-jets

US

University of Sussex

Events / 100 GeV

Events / 100 GeV
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Direct stop/sbottom production
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stop/sbottom production and decay University of Sussex

]0 E\ T T TN\ T T T T

T ‘ T T ‘ T T ‘ T T
o,,[pbl: pp = SUSY

VS=8TeV |

- The stops (sbottoms) constrained by '
naturalness to be not heavier than ~ 1 TeV *

* Production cross section lower than for
other squarks (no incoming b or t in proton)

L L ‘ - ‘ L L ‘ L1
200 400 600 800 1000 1200 1400 1600

maverage [GCV]

p P

P

b t
J U f A : :; \ ‘
() /‘::; \.‘: ,// L1
b t
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Direct stop/sbottom production University of Sussex

boosted top
reconstruction

plus transverse
mass variables,

plus all S~<.
techniques for p ’ < :
the bX decay... s ¢
m; [GeV]
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C - 't ag g I n g University of Sussex

- Target: stop -> ¢ neut, Background dominated by
. selection: Z and W production

+ B> 150 GeV Tag efficiency: 20% for ¢, 12% for b,
- leading jet pr > 150 GeV, lepton veto 0.5% for light jets

w 10' . T T T T w 10 T T 1 T ;'. ] ! T
4 - p . . selection

8 L] D:';O‘Q Ams ?‘ An‘s e Data 2012

£ 10" j <os Standasd Model | Lat=203m" 1528 Tev 2 19 [ Lot=203M1", 1528 Tev < Shandaed Model

5 B s 5 B et
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10
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.....
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Fat jet reconstruction University of Sussex

: Low top p High top py
« High stop mass, small LSP mass — ! ~

> high top boost:

- Large R jet reconstruction —
> all top quark decays into a

b
single big jet
1-lepton stop background
O-lepton stop background N pIoN Stop backgroun -
- — — . . . S & | ATLAS - Data
[ RPN ATLAS ® Data2012 s o250 s=8TeV. [Lat=20m" Ol
8 L 3120310, 13-8 ToV 575 SM Tota = L - ' - ,
- : i CR [SRB (- L ] g r Preselection C]Wﬂols ]
P D Seom Too 200} 0 [C]Single top_]
g 1w — F ---m(i,%)=(700,1) GeV (o x 100) @ Diboson
& -+- [ el B Z+jets
150 Wiy
[ ' : CJ1otal SM ]
100+ ]

5 P R i
o 2T o + | .
5 : ,E}- e S ++_+. ++ + -1
S 055 | i

50 100 150 200 250 300

Large-R jet mass [GeV]
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Heavy use of kinematical end-points v
(1) (D
, camto: a
° mT2. an eXtenSIOn Of the [e) () genera”sation
transverse mass variable ~ A of the mp, of
the transverse
mra@f o7 pE = min_ fmax{ w0, mi(o. e 1 ® O mass variable
T+rr=p7
g ¢ T e paee 3 ' aras e
. ® Dam 200 { - Data
- 10° IL"" R << St ‘gw’r 1s=8TeV, [ Lat=20m" O
g (a) same flavour g a0 F Ppreselection I W+jets
o 10 §1o‘>'t» = mit, %)= (550,300,150) GeV (cx100) CJSingle top
w o E [Z) Diboson
10 __{TSA— 107" - mil, %)= (500,200) GeV (0x100) B Z+jets
vee mistop g’ x')e(300.200,0) GV = 104!’ -lfV

DataMmC

ATLAS Preliminary

40 60 80 100 120 140 16 180 200
mT:[GeV]

Total SM =

>
......

(i
150 200 250 300 350 400 450 500
am,, [GeV]

Seminario - Pisa - 11 Novembre 2014

30



UsS
Heavy use of kinematical end-points University of Sussex

\ | ([ET(bl) + Er(b2)]* — [pT(b1) — pT(bz)]2)1/2

120

100

-llll

- Same final state topology:
bb MET

Events / 25 GeV

‘mcT(bb): boost-corrected
contransverse mass

- It has an end-point at (Mprog?-
minvz)/ Mprod

Data / SM

0 50 100 150 200 250 300 350 400 450 500
m,, [GeV])
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ISR tagging (monojet-like S|gnatures) Univerety of Susex

7] plodu:honl otry cz N WO It 1] Status: ICHEP 2014
i

I REEELE RN R

- compressed stop-LSP = no detectable

signal unless boosted stop pair
production = require high pt ISR jet

- monojet-like signal (as in DM
searches)

Selection criteria

Prescloction

Primary vertex

ET™ > 150 GeV

At least one jet with py > 150 GeVand [0 < 2.8
Jet quality requirements

Lepton vetoes

Mesoet-like selection

At most three jets with pr > W0 GeVand || <28
Ao ljet, pv™) > 0.4

Signal regice M1 M2 M3
Misssnam leading jet py (GeV) 250 340 450
Minsmum E$ (GeV) 220 340 450

8 - ATLAS Pmlnmmary L, =20 1" 138 TeV L, =471 187 TeV -
—_ ‘50 -.l 17 oL [1208 1447)
N - -tz_: 1L 1208 2590)
E - 17 2 1209 4108]

3], 3 [re0n &853]

—.:,.Wb,:

-

S —— —
%10‘ Signal Region M1 j
o ‘ o Data2012 -
2 0k e Standard Mode! .
3 W (s ) o Jets E
D B Wi W) o jots 3
=10 B 2(-+ 1) « jots '3
{u'_ B gibosons 3
10 ¢ W 1 (+X) + single top s
> E 1 multijets 3
T LR mii. *) = (200, 195) Gev
; mif. 1) = (200, 125) GeV j

1
3 .9 )
S
o -
= Wess e e o . . l g
o | 3
ast-

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

EY™ (GeV)
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m.. [GeV]

11, production, t, » b% .7+ W %, ATLAS Preliminary, L =20 15=8 TeV, Status: ICHEP 2014

—_—m,=m. e 5GeV 011 [1308 2631), [1407.0583)
B, - mooe 20 GeV 0-10 (1308 2631, [1407.0589)
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Limits dependency on BR(t—1tX1°)

- Signal regions optimised for one specific topology. Combinations
of signal regions make results less dependent on the decay
details

-

i, production, I, 17, /b7, 7 =W sz, m_=2m

: : : : L1, production, 1, = %, or 1, = by’ (M = 2 xm.)
- T ¥ T ' ] - 1 [

- [GeV]

m

X = BR['. .t i'J) ; 500 iew p L L S WL INE [N mmw [NEL ZEEi i wmet owri |EEL rvTl Il rrra -

aso|- ATLAS o -~ 3 [ Amas — B=100% (0bs) 3

L det:ZOlD'.\s:-BTeV —x = 25% 4 = _ 9450 . SR L

—x = 50% £ 4ooF. J LOt=20.1 fo, \s=8 TeV B-75% 20“; =

3004 . m~ar — x = 75% — — exp. -

1-lepton + jots + E, — x = 100% - All-hadronic B-50% (obs.) o

] ] 3501 (exp)

250b— Expected imts == Observed imits All limits at 95% CL - Excluded Limit at 95% CL B=25% (obs.) -

.’ D, »° - - (exp) 3

"""""""""" 00 e Ba0% (0bs.) =

= (exp) 3

200 — - g

. 200 =

150 ] 150 ..:_ —-4:

. 100 . —

100 — - \ -

L Sop= m’r'<|03.5 GoV o

w ., ‘ l E C A l A l l A s l L L L L l ' A A :
300 400 500 600 700 300 400 500 600 700 800

m, [GeV] m. (GeV]
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L|m|tS depeﬂdency on BR('t—}tX_l O) University of Sussex

- What if the stop decays into anything else?

miss

1-lepton + jets + E

] 1 1 L I T T T ]' T 1 | T 1 | 1 L ] T T 1] I
pMSSM models: x=BR(,» 1) ATLAS

° m(t,()=(40050)GeV .08<xs10 [Ldt=20"
PW06<x<08 \1s=8TeV
- m(l‘)’“(SSOSO)GGV .04<X<06

R m(!;()~(550150)GeVD02<X<04 (%

@

~J

TITTJIrrrs
AL L L L L LL

Lo}

YTYT'TTTTIT

0.0<x<0.2
Simplified models: (100 <x
o m(t,%,) = (400,50) GeV

LAl ll'll'

Observed CL, significance

- ~ | -
E o ° m(t,) = (550,50) GeV + ?#) :
3 =
2.—-\ ....................................... & _— . = vy
| o D -
F as ©9 B .
O l 4 a4 d ,[ 1 1 ' l : i l 1 l L ' 1
0 0.2 0.4 06 08

BR(t, — bx’)+BR({, —>tx)
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I_imitS from SM measurements University of Sussex

Spin correlatlons

Hptodu‘honl cu, 1, c[r s WO /1] Status: ICHEP 2014

T T Y y ™ 16C(X)v Dot 3
;. 5()0 T T | T T | 5| o e Umia Ams Pfc’mmry l ) 1
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= F iy e 3 £ 12000 | leiae0) ey 1O 100 ILdr-m.sm‘
I ' ah .| \$= | 0 e Expocted + 184
€ woof- . whi i Ao = 10000; -":”"’"”" - A | - h \$=8TeV
. —::;ncll ‘ur»—‘.».i — 3 m. L1, 190 GoVv *_,W_J ] 2 80 Expocted £ 254 m e i GeV
3s0f- = ool 8 P4 L. = - L
- — Observed limits ++e+ Expected imits - il IR | NLOWNLL prodicton
1 - 8- .o
3008 Ay umes a1 95% CL -1 4000 kg . : ] T 60.
] 2000; { a
_! L e | = .
] 0 e 40p.
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>1 09 eI~ __'-_',
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—
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top like kinematics g Aol
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with searches
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200

< 600

Q

O,

T

£ 500
400
300
100

ATLAS Preliminary 20.31b", 158 TeV
[ — via /¥, 31, arv:1402 7029
| e— X, Via I"i"_ 20/)1, wXiv:1403 5204
L — T via /T, 31, anv:1402.7029
[ — i;i‘; via T/, 221, aXivi1407 0350
i - 4.k, via T/, 22¢, arXv: 14070040
— T Via WZ, 20/j1+3), ariv: 14035294
- 1,05 via Wh,  o/ubb, ATLAS CONF.2013.090
L 2,2 via Wh, 31, arXiv:1402 7029

" — L, Via WW, 20/, wXiv:1403 5204

T ™ LR R
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10 T T AN T T T 1T ‘ T T ‘ T T ‘ T T E

o,pbl: pp = SUSY ]
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-1 | |

0= E

107 = e -
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400 600 800 1000 1200 1400 1600
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average

{

Unlike strong production,

production cross section depends
on SUSY parameters.
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3-lepton search

Several signal regions defined
based on the number of taus

Target several possible scenarios
Including Higgs production in the
final state

Table 3. Summary of the selection requirements for the signal regions. The index of the signal
region corresponds to the number of required r leptons. The SROra bin definitions are shown in
table 4. Energies, momenta and masses are given in units of GeV. The signal models targeted by
the selection requirements are also shown.

Signal region SROra SRorb SRir SR2ra SR2rb
Flavour /xign L I oF o P A A o ol T
b-tagged jet veto veto veto veto veto
Ep'™ binned > 50 > 50 > 50 > 60
Other msros binned  p} >20 P >30 myt>100 Ypr>110
my binned A" <1.0 Set>m T0 < mirr <120
my, <120

Mo £ VIO

Target model £ W Z-mediated  Wh-medinted Wh-mediated i -medinted Wh-medisted

Events / 25 GeV

Data/SM

Events / 20 GeV

Data/SM

US

University of Sussex

L] 9 L] L | L] ] 1

\$= 8 TeV ILGI:?OG'D'

% SR1t

0 20 40 60 80 100 120 140
7 [Gov)

— e 7T T yrTY T T
ATLAS SRO:a Py P
ity Total SM
Peducitie
o w2z
-z
mmiv.z
How
v
....... : sess WZ modated (175,100)

I_..l..l.ld !l!'l.li Ll

R 2 e o /«M&/

0.5
% 50 100 150 200 250 300 350 400 450
my [GeV]
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Events

Data/SM

s
8 - | e p't O n S e a rC h University of Sussex

* One of the few searches showing some excess

* To be rechecked with Run 2 data

I I 1 1 | I I 1 | I | 1 | I I 1 1 I I

&= Data Miv-2Z SROwa ATLAS = 300 T
10* |~ < Total SM Higgs >
Reducblo WV \s= 8 TeV IL dt=203M0" o) ATLAS ——— Owserved imit (£102%")
w2 s WZ mediated (175,100) i ' 1
103 o zz ...i medated (688.63) £ 2501 |Ldt=20310 158 TaV ===ex Expocted e (£10,,) —

v s 0 " B A" D -
L L LWL 2

ATLAS47Ib 18«7 TeVv -
m, =m AN Wmits & 95% CL

10? 200

.ltlli

150

100 -

N S W -

50
0k : g “—‘
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 100 150 200 250 — m350 [Gev?o
L.xX
SRO0za bin
40

Seminario - Pisa - 11 Novembre 2014



Prospects for run 2 and beyond



Prospects for run 2 and beyond

US

University of Sussex

« LHC run 2 due to start next June with /s = 13 TeV.

* Increase in cms energy means increase in
cross section

- a factor ~8 for mstop = 700 GeV

* but the background increases as well...

WIS2013
B |

100 v v v vy . N ——— .
[ ratios of LHC parton luminosities: 13 TeV /8 TeV

-
" d

luminosity ratio

MSTWZ2008NLO

From http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

Production fo' to expected to be
outperform run 1 delivered by
strong ~ 1 b July/August
production 2014
End of summer
i i _ -1
Third generation 51b 5014
weak production ~ 20 fo End of run 2014
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Prospects for run 2 and beyond e ofSuses

of L

(Highly) simplified detector simulation o
g oy |
:r i
£ wf
Assuming cms of 14 TeV ol o &

- S -

Gluino pair production

§-0 peoduction, § — qa i

'>— [ r T ™ - Y™™ ' LA Ty
3 2500~ ATLAS Simulation Preliminary
e~ I Itm-soo.sooom. s« 14 TeV
- O-lepton combined
m g AL 44 =N
D N - 0
L v
1500 | -
1000 |—
500 |
o s
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R & 2500
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3000
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= O-lepton combined
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Squark pair production
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Prospects for run 2 and beyond
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ATLAS SUSY Searches"® - 95% CL Lower Limits
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When will we stop looking for SUSY?  vriveriversuse

- SUSY vyields an incredible number of well motivated possible
topologies

- While looking for SUSY we effectively constraint a bunch of
BSM models

« Examples:
- tt MET and bb MET signatures (stop, sbottom) show up in LQ and DM searches
« 2j and 3j resonant searches for RPV gluino/squark decay

 Displaced vertices searches for long-lived charginos sensitive to production of ANY
heavy long lived charged particle

47
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Fake lepton background estimate University of Sussex

- General approach to fake lepton | A_fakf SpII (SR CEIT
. . arise frrom.
background estimation based on a loose/

tight matrix method - Off-axis HF
semileptonic decays

- Example with 1 lepton (easily extendable to

. . * Photon conversion
multi-lepton signatures):

- Strategy: define a “loose” (pre-selected) and a “tight” (signal) lepton selection.

> 10
Y

« Then, solve the following system of equations S}
81 -
Nloose = Nicee + Njogs

NS = erealN;ges + EpakeNfote

Need to be measured independently

from data Simply count how many of them 10° ‘

tight € f ake loosée hi = ‘
N fake — N real m g
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| UsS
Fake E1T™s pbackground estimate University of Sussex

miss

« Large Ey 7 can be induced by a jet mis-measurement.

- Relevant for processes with high cross section and no “real” E™° (multi-jet, Z—1I)

g amas /-\ e« Derive a “jet response function” from
g . Measured response tad { -
2 . —— Gussint - MC and adapt it to data:
: | ‘/L\ Jet =
§ " "... i * core: pt balance in di-jet events MET =
. e . |
i T 1 ] e tail: three-jet (Mercedes) events
o: 0.5 1 15 2 25 3 10° ' _ATLAS fia
R Probminary

107 =

Events / 50 GeV

 Use response function to smear jets in real data
events with low MET:

« Obtain events with large “fake” Et™iss

» Validate the estimation in a dedicated control region é et
150 ) Pt 4] 300 | a0 450 '-gl:. ['(;8\;]
50
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What we are typically doing University of Sussex
« Heavy sparticles produced in the primary collision
M A o
« They decay into lighter objects, emitting (high) P+ jets max(g.q) =T
and possibly other objects (leptons, photons) and mnlg.q)—TF———
MET (LSP) AM l = Ptjet
. . ’f’ ? - je
- A “typical” SUSY event will have large MET and large Am I . l Jlt
HT v £ (missing) __emo"
Higgs->bb
 Useful variables:
J— . ‘ L™~ 35067
. > - {
. jets Z l © 1400 ATLAS Preliminary® % 2010 e = 7Te)
HT - pT (—I_ pT _I_ ) S -;QUGHAm-:%DOm;-:‘Boz
. f1200 . B "% . Muon Channel {
jets [ . . > & .
miss 1000 é::. omrEed
Megp =B+ Hr oo ¥ e L
000 O L0 LT O Hen |
- But also other variables with well defined kinematical end 600 -'“3'-....5.'-:‘:5'." |
point for the SM background 400 g;;:.:':; . T
* M; (lepton-MET): end point at My if produced in W decay 200" _1‘;.- LR

* My, Mcr: assume pair produced heavy particles with
visible and invisible decays
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. y 3yZm? m? X?
X, = (A, + pcot B)/mg m: = m%cos® 3 + (4t7_) [log (mt> + X2 (1 1—2t

arxXiv:1212.6847

10000 f

:

- The Higgs mass depend on the
average stop mass and Xi

* mh=126 GeV still allows for a
light t1

Avecrage stop mass in GeV

1000 +

Stop mixing parameter

53
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« My own to-do list for the next few months/years:

 Improve limits at high stop mass:

 boosted top reconstruction?

t, (318) Light Stop Decays
b

* Mixed decays (50% X, 2 " (258)
50% t1—’bX1i) still not 8 ‘
considered (and somewhat 23 z, w
favoured, actually) 33 ‘120 (142) = .

29, wr

- Complete the investigation in 25 1 5§ |z
the low mass region (exclude %17 (114) W -
independently of the stop o P ir4
parameters and mass ‘%10 (108) = - .

hierarchy).

Taken from https://indico.cern.ch/contributionDisplay.py?
sessionld=75&contribld=58&confld=181298

- JV
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- From http://arxiv.org/pdf/
1212.4887v2.pdf
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Constantly improving on jet measurement and
pileup suppression technigques

Jet energy scale known up to the ~1% level

Pileup subtraction based on jet area method

;‘ 1 7\ 1T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT T TT rTTT TTTT T TT \7
b 01: T T T L B T T T T T T T ] (0)] B ATLAS Slmulatlon ]
.% 0.095— anti-k, R = 0.4, LCW+JES + in situ correction ~ ATLAS Prellmlnary —f (2, 0. 8j Pythia Dijets 2012 .
E = Data 2012, Vs = 8 TeV ] i C anti-kt LCW R=0.4 i
e 0.08 £ m=00 [ Total uncertainty — % 0.6 N ™ h
- 0.07E = Absolute in situ JES = ~ - . u L
fﬁ TE == Relative in situ JES = %— 'm m o | i
2 0.06F == Flav. composition, inclusive jets - 0.4+ —
© E Flav. response, inclusive jets 3 B ]
& 0.05F Pileup, average 2012 conditions — L ]
B N ==+ Close-by jets, inclusive jets - 0.2j A A A —
© 0.04 = . A A
L - A A A A A v
0.03 — O Y vy Y i ¥ )
- Y ]
0.02 L i
-, -0.2- . —
0.01 - —m— Before any correction .
IIIIII | —a— After pxA subtraction ]
0 ‘"‘“mmu"““"“““"'”“’“s -0.4— — Atter residual correction —
20 30 40 102 2)(102 10 2)(10 71 L1l l L1l l L1l l L1l l L1 11 l L1l l L l L l L1l T
P [GeV] 0 05 115 2 25 3 35 4
T

=
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Missing transverse momentum and b-tagging

* Missing Er (ET™*°) reconstructed from & .« Jiaaas ATLAS Py
the vectorial sum of all final state 2z ~ e SR
: z W Fake MET S0 s
objects: & 3
10’
i i ] ] Real MET a
« each with a dedicated calibration. - -
Q s
§ ‘: .: — 100 150 200 : 250
f S . ) - . ' EP(GeV]

1
@ Data TagCount SL (stat)

1.8/ ATLAS Preliminary

otaleoyet une :
e I Ldt=471" Smuaren .« b-tagging: neural network algorithm
e T eV combining informations about
secondary vertex displacement and
impact parameters of jets

_/ Displaced
| Tracks
.-
Secondary /‘
Vortox

b Tagging Efficiency €,
-

’ 0.8 ..“ e« * o Py
& | 05e .- efficiencies generally well reproduced
Z: M1T0% - wecombined | by MC. Systematic uncertainties of the
o Jdet ) 50 100 150 200 250 300 order Of 10_150/0
Jet p_[GeV])
58
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MSUGRA/CMSSM
MSUGRA/CMSSM: tan(f}) = 30, AQ w-2m,, u >0 Status: ICHEP 2014
S‘ 1m E L3 1 L L l L 1 1 ] I I 1 1 L] ] 1 | | L] ] 1 ] | 1} I ] 1 1 ] N
S -3 ) 95% CL limits. opug, not included. -
-~ -m - - —
~ 000 = ATLAS Pfellmlnary - E-petl: 0-lepton, 2-6 jets .
£ C jLa.zo.t 207", (5«8 TeV :éf" og ORTERAN -
= pected — o.lepton, 7-10 jets -
E w— ODserved 40y 1308,1841 N
— == Expected 0 4 lapton, 3 b-jets -
800 — w— O0arved mhh;g:? 0800 l —
- - = Expocted 2 -
C ~ 1-lepton + jets + MET .
e N \ — S"““:’: Au‘i‘:); cone ":;1 3062 .
- = Expect i

- 1-2taus + 0-1 lept. + jets + MET
700 — \\ —?"“‘“’ arv: 1407 (:403 Pl+jols+ =
C wected 55813 leptons, 0 - 2 3 b-jets _
- o Qoserved Ly 14042500 ' -
600 +— —
: :
500 — T e -1
400 |— —
— =
300 |- - e
— 1 1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 ‘ 'l - 1 a—'

0 1000 2000 3000 4000 5000 6000
m, [GeV]
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