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SUSY at LHC

» SUSY particle production channels at LHC:

- Strongly produced squarks and quinosl,n_which
decays into final states with jets and E; "
(+leptons/fotons)

- Electroweak production of neutralinos, charginos
and sleptons which decr%}gs into final states with
multiple leptons and E;

» Natural SUSY predicts light stops and
gauginos to cancel divergences in higgs mass
» Charginos, neutralinos and possible sleptons

might be light and their production rate
sizable at the LHC
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2-lepton signal regions

» Look for final states containing exactly 2 leptons and relative missing energy

» Four different signal regions are used
- Cover both opposite-sign (OS) and same-sign (SS) final states

SR: m+, SR: OSJVeto,SSJVeto SR: 2]ets

ETm'SS’re' > 40 GeV ETm'SS’re' > 100 GeV ETm'SS’re' > 50 GeV
Jet Veto Jet Veto > 2 Jets
Z-\Veto Z-Veto in OSJVeto Z-\eto

m,, > 90 GeV Bjet and Top Veto

miy(uy) = min  [max{mZ(py, P%; un), m=(PF, Pr; pn)}]
pL+pE=p,
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2-lepton results

» The results shown below are for 4.7 fb=! collisions taken at \/_ = [TeV

e The plOt shows the relative miSSing AllChannels [SS] N,, =0

energy distribution in the SR:SSJVeto 3 1L atas T om0 neey

channel prEJrglgsoreEhe 288IéeqU|rement § 104;@:4%-* %E%;Fggdimﬁm E

2 = :

| >100GevV I e E

* The main backgrounds are Z+Jets shown : oo acev, m s0Cev 3

in ’ dibosons ( )’ and top 102__ - mf-m =112.5GeV, rﬁwk‘ 125cae\/?;

quark pairs (red) (all MC estimations) ' .

Charge flipping and fake leptons (white) OE ... E

(data driven) e 4 e % -

e The data/SM agreement is very good o'k :'f,f 5 % ]

E % & LT . ?

% 1.2' .

* Two signal points are illustrated g 0_51 ]
e The hatched band indicates the experimental 2 0’5‘0 50 200 asy Ca00 380

uncertainties on the background expectation

* The bottom panel shows the distributions of
data over SM background ratio.

St L e L oo s5Vet

32.8+3.2+6.3 161.7+6.7+30.8 11.0+1.5£3.9 65.5+4.0+31.8
24 139 9 78
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2-lepton exclusion plots
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» A1 X1 production m(;al 5|0mpI|f|ed model (right) §450§_ ATLAS 22 Obsarvad imi (4103257) —
© Free parameters Zl ,Zz ’Zl y I é 4003_ J‘Ldt:4.7fb'1 \s=7TeV  ~'~ Expected im“ (F106yp) _E

> All other sparticles decoupled S S o A Y /// E

» Chargino masses between 110 and 340 GeV 300} =
are excluded for a 10 GeV neutralino 250[- =
2002— —i

T 150 E

0 The dashed and solid lines show the 95% CLs - -
expected and observed limits, respectively 109~ E
50 —

oE ' e

III|III|III|IIIIIIIIIIIIII\IIIIIIIIIIlIII 100 150 200 250 300 350 400 450 500

~ .
i 120_— ATLAS —— Observed limit (41 cﬁ‘if;) _ X, mass [GeV]
a = p - Expected limit (+16,,,) B
g | [ra-armsrrey LEia;excm;J | o f pair production in the m- — m mass plane
W0l TI-TEIE , i for direct slepton productlon L (left)
i // ] * Free parameters: 7/, |
ol / ] * All other sparticles decoupled
- o~ /. - _
— & 1« Mg =Mz and excluded between 85 and 195
sol xgj"/ N GeV for a 20 GeV neutralino
I / 1
- / ]
40} / -
i / : . :\: 1 e ThelLEPlimitis a conservative limit on slepton pair
AT A production: if right-handed slepton masses are excluded,
2% 20 40 60 80 100 120 140 160 180 200 220 left-handed sleptons of equivalent masses are automatically

Tmass [GeV] excluded.

AN \\\\]\\%\h

Phenomenology-13 6




Scenario with taus

» Look for events with at least two hadronically

decaying taus and missing transverse momentum
- At least one of the selected tau pairs have opposite sign
- Events with additional light leptons are vetoed

- Z-Veto (invariant mass of at least one of the OS tau pairs
within 10 GeV of Z-mass)

» Two signal regions are used ) )
=(r) %
SR: my; SR: m,-nobjet - - -
Jet Veto b-Jet Veto
Er™ >40GeV Er™ >40GeV o
. v —
M4, > 90 GeV My, > 100 GeV () \ X1
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Tau results

» The results shown below are for 20.7 fb-! collisions taken at \@ 8 TeV

ATLAS F’rellmlnary - g$§§g2 (1s -8 TeV]

|:| Multi-jet, W+jets

e The right plot shows the my, distribution

Events /10 GeV
3

[ Diboson
for the SR:m+, channel. | =
. 10°F Dgﬂgl‘? tF?gf Point 1
* The main backgrounds are fake taus 10° - SUSY Ref. Point 2
from W-jets and multi-jets shown in 102 [La-z07 "

white followed by diboson events shown 10
in 1
e The data/SM agreement is very good

os mg,

|
M=
S 1
mT2 Used for nominal Used for alternative Used for validation % 50 100 150 "300 250 : GE‘e(i?]
[G eV] ABCD method ABCD method and systematics . . Mrz
* The left figure shows the overview of the
ﬂ data driven method used to estimate the
| main backgrounds
QCD+W W
CRA CR-A S L e The parameters chosen are weakly correlated
90/100 e Ratio of the number of events in Control
W W Region (CR) A and B equals that of SR D to
VR-E ’ VR-F CRC
40 e Number of SR events can therefore be
QCD+W w QCD+W calculated from number of CR A events
CR-B CR-B CR-C ; )
normalized to the C and B ratio
0 2 loose 1 loose 1 medium .
(tightveto) 1 medium 1 tight tau-id

‘ (tight veto)
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Tau exclusions

;‘ 400 _l LI | LI | T TT | LI I UL | T I,'I"l T T 1T I T T T I_
& - ATLAS Preliminary ]
i H H 0>+ l_cf;— 350 __f"oﬂ’év(ﬁ)? T(VV)HW%D W(W);'ZD SR combined E
* The right plot shows the limits from x5 2 ¢ b P [PPSR
production in a simplified model e el S Obsonvad i (£165257)
e Chargino masses up to 330 (300) GeV are 250 - 7an Bededimi o,
excluded for neutralino masses below 50 200 - R E
(100) GeV O -
150 ’ =
00F it :
50 E —E
; 300 L7 T T rrrTgr T T T T T 0 :I o v b Py |\\:| E| Ll 1 [ |:
8 - ATLAS Preliminary ’ . 100 150 200 250 300 350 400 450 500
e - o E o 0 SR combined ] m.... [GeV]
g 250 —x1x1—>2xw(vr)e2xwx1 — 12
T o ILdt:2o.7fb“, s=8TeV ]
[Ty =05 == Observed limit (H1opye) | .. ~F ~+
oo f o The left plot shows the limits from X, ¥
- T production in a simplified model
150 — — .
- . Chargino masses up to 350 GeV are
100 2 E excluded for a massless neutralino
soF L el e -
: 1 1 1 1 I 1 ’——-‘ ll I 1 1 “:“"I E 1 1 1 :
100 150 200 250 300 350 400
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3-lepton signal regions

75 % production leading to 3 leptons and E{™

» Selected events must contain exactly 3 signal leptons

and at least one same-flavour opposite-sign lepton
(SFOS) pair

> Any SFOS pair must have an invariant mass > 12 GeV
» No B-jets with Py > 20 GeV

» Six signal regions were used:

o Three “Z-depleted” regions with no SFOS pair with and
invariant mass within 10 GeV of the Z mass

> Three “Z-enriched” regions with at least one SFOS pairs
invariant mass within 10 GEV of the Z mass

v

Mgos 60-81.2 <81.2 or 81.2- 81.2- 81.2-

>101.2 101.2 101.2 101.2
E+ miss >50 >75 >75 75-120 75-120 >120
M+ — = >110 <110 >110 >110
Pr3rd | >10 >10 >30 >10 >10 >10
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3-lepton results

» The results shown below are for 20.7 fb-! collisions taken at JE 8 TeV

e The right plot shows the E"distribution & ,,F araspreliminary ~ soms
for events in the SRnoZa channel : 103; ocatev [La-z07 ~ Rl
e The main backgrounds are irreducible ’ 102; SRnoZa =§”Z°T.)::ep1925157
WZ/gamma events and reducible ttbar 10; ............
events :
* The data/SM agreement is very good E
* As seen in the table ?2 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" f'f"f"f"f”f”f'f”f”f”
S 08 A
% :: ATLAS Preliminar?l :ii'sﬂ? oE o e —
R Jra-are R « The background predictions have been
1 et 028 R tested in validation regions outside but
° O e close to the signal regions
iy $ 2 00 g | o The left plot shows the m; distribution
=, ‘ for the VRnoZa channel
BisEy 4 ) YA e Dominated by WZ
e ] W N
% 50 100 150 200 96 = 19 29+6 44+1.8  249+35  22+5 6.3+1.5

101 32 5 273 23
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3-lepton exclusion plots

» The interpretation of the results have been made in a simplified model
» The plots show limits from %? 7, production with (left) and without (right) sleptons.

S‘ 600 L I 1T 1T 7T 1 L I T T T 71 I T T 1 I T 1T 7T ;‘ 300 T 1 17T I LI B B I 4 ¥ ] T 1T 171 l T 1 1 7T I T 1T 1 7T
(0] i ] o) B o e oo ]
o, - ATLAS Preliminary === Observed limit (+1c25") ] 0} - ATLAS Preliminary === Observed limit (+165%5") ]
E?“ﬁ 500 |— I Ldt=20.715", s=8 TeV ===~ Expected limit (+10,,)) ] &% 250 |- J Ldt=20.71b", \s=8 TeV ===== Expected limit (£10,,) ]
L RS IE T EY) ATLAS 13.0 fo", \s =8 TeV | L% XZ w0 z0% ATLAS 13.0 fb', \s =8 TeV ]
B SIVE VYT All limits at 95% CL i L m.= Mo ‘ All limits at 95% CL ]
400 [ ™ = (mg+ mpy2 . 2000 7 g
- wEw T ] B i Qv _ 04 ]
- e T . [ s o Oy ]
300 |- — 150 — o4, &,6\'\‘\ =
: : B v . (Qi\‘m’ -
200 |- - 100 |- ' i -
100 - - 50 y =
0 oo o by v o Vv w v b w by b |' ] 0 I T R T O T AN : A I i
100 200 300 400 500 600 700 100 150 200 250 300 350 400
m.. _. [GeV] Mo 5 [GeV]
Xy X, 2%

e Chargino masses up to 600 or 315 GeV are
excluded if decaying through sleptons or decaying
via gauge bosons to a massless lightest neutralino

Phenomenology-13



4-lepton signal regions

» X525 broduction leading to 4 leptons and E™*
> Only combinations with at least 3 light leptons are considered
> Invariant mass of all light SFOS lepton pairs > 12 GeV

» Several signal regions are used for R-parity conserved/violated and
gauge mediated SUSY

> Will only cover the R-parity conserved channel here

- Z veto defined as no light SFOS pairs with an invariant mass between 81.2
and 101.2 GeV

SR: SROnoZa
N(l =e,u) >4
N(T) >0
/ veto

EMs > 50 GeV
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4-lepton results and exclusions

» The results shown below are for 20.7 fb-! collisions taken at \@:8 TeV

. miss . . . > 10° Data -
 The right plot shows the E; distribution & ™ e fm'AS Preliminary e paa 3
) . © — Ldt=20.7tb"' vs = 8TeV [ Reducible Bkg. .
e The main background is ZZ events shown & 10| — =
in green followed by Higgs events in purple & B SRonoza 0 vA@a0ss)
. 100 > s Wino A, # 0 (600,400) g
e The data/SM agreement is very good - ot cnome Gluino &5, 0 (1100,600) 2
10 0 R S flcf .............. P e imim i ie i e .—.g
S =
;‘ 807 \III :a;:alrllIIIIII|IIII|IIII|IIII_ IIIIIIIII '
& ,” ATLAS Preliminary 10 e
£ 70 I L I @ e
Iclxm Mo = Mo % B e
E o (m + Mo o -
o0 = ey 2 5 -

............. - susy

Observed limit (x10, )

(0] 50 100 150 200 250 300

50 EM=® [GeV]

..... Expected limit (+16,,,)

All limits at 95% CL 0—~0

* The left plot shows the limits from x, x5
production in a simplified model

. m;?f < 250 GeV is excluded for
Am(;(3 )(1 ) 80 GeV
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Summary

4

Several searches for gaugino and slepton production
with the ATLAS detector were presented

20.7 fb~! at 8 TeV taken in 2012 were used except
for the 2-lepton case which uses the 4.7 fb-! at 7
TeV taken in 201 1(soon to be updated)

Good agreement between data and standard model
predictions is observed in all signal regions

In simplified models using 3-lepton results
chargino/neutralino masses are excluded up to 600
or 315 GeV depending on the decay mode

From the tau scenario chargino masses up to 330
GeV are excluded for a neutralino below 50 GeV

Phenomenology-13 15



Backup Sli
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E miss, rel

and m+

» The relative missing transverse energy E™*"™ is
determined by finding the A¢ between the E”"SS and
the closest signal electron, muon or jet.

» The idea is to reduce the impact of events where an
object is badly reconstructed, such that it is aligned

with the E; . _
s ET If A¢,,j >l2
EMxsinAg | if Agy <72

» The transverse mass m+ is defined as the transverse
mass in the plane formed by the and the lepton not

belonging to the SFOS pair that forms the best Z-
candidate.
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Systematic uncertainties

» Jet energy scale and resolution
» Electron scale, resolution and efficiency

» Muon scale, resolution, efficiency and
momentum

» B-tag efficiency
» Luminosity
» Theory and MC modelling
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