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Supersymmetry

P Every particle d.o.f. gets
(ﬂ r : ‘ a superpartner d.o.f. with
same quantum numbers
but different spin.
fermions — bosons and
squarks (@ Sieptons (@) SUSY force partices V.V.

Supersymmetry extends the Standard Model:
@ Provides a candidate for Dark Matter

@ Solution for hierarchy problem and unification of the forces
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Looking for SUSY @ LHC: Strong and Electroweak
Production

10 g

o, [pbl: pp = SUSY

‘tot

NS = 8 TeV

Naturalness prefers
light mass neutralinos
and charginos at
O(100 GeV).
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o Strong production: Gluino and squark pairs decay into final states
with jets and high EF** (and leptons)

o Electroweak production: Charginos, neutralinos and sleptons: decay
into final states with multiple leptons and high E7"**




The analyses presented in this talk are separated depending on the
number of leptons (electrons and muons) in the final state. J

The methods used for background estimation are described in more detail
e.g. in talk by Vu Anh Tuan ('SUSY searches in ATLAS') J
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2 Leptons, \/E = 7TeV, f£ dt :4.7fb71, CERN-PH-EP-2012-216

‘Same Flavour Channels [OS] N_ =0, [m,m,|>10GeV
T T

Entries / 10GeV
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Four Signal Regions requiring exactly two leptons were designed.

E.g. SR-mt,. Sensitive to sleptons and charginos.

p1 > 10 GeV for leptons, E;’-"ss’rel > 40 GeV.

mto: for events with pair-produced identical particles. Based on
transverse mass. Bound by m; or M.

_ 1
m7o > 90 GeV suppresses tt and diboson background.
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No significant excess is observed in data.
@ Slepton pair production in
. .p ot ~F . . . e
Simplified Model. SR mt5 @ X7 X7 production in Simplified
used (most sensitive for all Model.
models). @ Chargino masses between 110
e Common mg, and my;, and 340 GeV excluded at 95 %

between 85 and 195 GeV CL
excluded. 6/24



3 Leptons, \/E = 8TeV, f£ dt :13.Ofb71, ATLAS-CONF-2012-154

Three Signal Regions were designed, requiring exactly three leptons.

SR1a and SR1b: Neutralino decays $%2 Newialing daces

) : @ Select events with a Z
@ Veto events with Z candidates,

) - candidate.
ET'S* >75GeV, no b-tagged jets
(SR1a) @ mt >110GeV to suppress WZ
e background.
o Additionally: p >30GeV, ml.ssg
mr >110 GeV (SR1b). OB s LGey
> T T T T T T Plot: SR2
é ATLAS Preliminary *Data  [Dibosons
] %Total SM [ Tribosons SUSY reference point 1:
£ Vs=8TeV JLdt:iSGib‘ Reducible [tV
CSHRYRS P R I

m = 250 GeV, m_o = 0 GeV.
L Xi
SUSY reference point 2:

m = 250 GeV, m_.g = 250 GeV,
%t X3

ZZR o) meo = 0 GeV.
150 200 250 300 350 400 1
ET™ [GeV] 7
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3 Leptons, /s = 8TeV, [Ldt=13.0fb~!

Largest irreducible background: WZ

Background is fit to data in CR: 3 leptons w/ p1 > 20 GeV, 1 SFOS lepton
pair, Z candidate, 50 < E7"* < 75 GeV, b-veto, 50 < mt < 110 GeV.

No significant excess is observed in data.
Simplified Model: neutralino decays via gauge bosons

300
T T
% = Observed limit (1)

8 | ATLASProimiary | T G @ SR2 responsible for larger
250 | Lat=13.015" 1s=8Tev ATLAS 4.7 b, \s = 7 TeV i
b=y X Ssrtpntz exclusion area.

20020 S0 20
% 5,-wWg 2"y

85 78 a7 J

200 -

o Z-depleted SR1a wo/
additional mt requirement
best sensitive for small mass
differences between the
lightest neutralinos.

Numbers give 100-CL{%] exclusion values

L
350 400
m [GeV]
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3 Leptons, /s = 8TeV, [Ldt=13.0fb~!

= 600 . e .

> [ ‘ ,I ) Observed limit (+155") (] Slmpllﬂed Model with

0 [ ATLAS Preliminary -- Expected limit (£10,,,) . .

23500 J.Ldt=13.0fb", \s=8 TeV T ATLAS 4.7 1615 = 7 TeV intermediate slepton decay
M = (M + Mo SUSY ref. point 1 A
e Al at 9% G @ Z-depleted SR1b with

OF wietdeniye = additional mt requirement
SV, 99

g
I
Numbers give 100-CL[%] exclusion values

is best sensitive.
300

o degenerate chargino and )"(8
masses up to 580 GeV
excluded for large mass
differences from the ¥9
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Violating the R-parity

o R-parity Pgr = (—1)?s73B8+L may be violated:
RPV

° correspo_nding superpgtential tEI’IT_'IS_WRPV =
)\ijkLiLjEk + AUkLinDk + )‘iijiDjDk + kiL;H>

(new Yukawa couplings A, )\;-jk, Ajjk)

@ Proton decay is prevented under special e
assumptions concerning the RPV couplings 7 H (At V()
()\121 75 0 or )\122 75 0). o _)\121

o Lightest Supersymmetric Particle LSP may be
unstable

o E.g. here LSP promptly decaying {9 — v/*/F
— high lepton multiplicities, low E?’iss.

Two Signal Regions with >4 leptons. Veto events w/ Z-candidate.

SR (2): Effective mass meg > 300 GeV

meg = EPS 430, pht + 3, B + 5 Er

SR (1): Efss > 50 GeV
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>4 Leptons, /s =8TeV, [Ldt=13.0fb™" pmscewmmmmm

No significant excess is
observed in data.

Six RPV Simplified
Models for electroweak
produced SUSY.

E.g. NLSP is a wino-like
X1

)Zic — WELY (W* may
be virtual). More
sensitive: SR1.
Chargino masses up to
710 GeV excluded.

(Also considered but not
shown: 71_ — I)“(‘l) and
71— vixX9)

T T T T T T T T
ATLAS Preliminary -&-data
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L
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Summary & Outlook

Several analyses looking for SUSY with leptons were presented.

Naturalness may lead to the existence of light charginos and
neutralinos

Searches are sensitive to electroweak production.

Limits on slepton, neutralino and chargino masses have been derived
using simplified models.

In R-parity conserving models, slepton masses between 85 and
195 GeV and chargino masses up to 580 GeV can be excluded for
specific models.

In RPV models, slepton masses until 430 GeV and chargino masses
until 710 GeV can be excluded under special assumptions.
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Supersymmetric Particles

o Charginos )"(ic )Zéc: physical
states for mixing W= and
HY, Hy (couple exclusively
to up- resp. down-type
quarks)

o Squarks g, sleptons / and
sneutrinos ©:
superpartners to quarks,
leptons and neutrinos.

o Higgs sector: charged H¥,
CP-even and neutral A%, HO
(mh < mH), CP-odd AO

o Neutralinos {9, 3, 3, ¥%:
physical states for mixing B,
WO and H, HY

THE MIRRIR DD RIT S&€m o>
BE OPERATING PROPERLY.

masses of the sparticles should be
equal to masses of their SM
superpartners. But: no sparticles
observed — SUSY is a broken

symmetry
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2 Leptons in Final State:

SR-mr2
ete eTut IS all SF
Z+X 32F11+1.7 03+0.1£02 3.6+ 1.3+ 1.7 T1£1.7+21 | 68+ 1.7£2.1
ww 2.34+0.3+0.4 48404407 35403405 10.6+0.6+1.5 | 58+0.4+0.9
tf, single top | 2.6 1.2+ 1.3 6.2+ 1.6+29 41413416 129424446 | 6.8+18+23
Fake leptons | 1.04+0.6+0.6 11406408 | —0.02+00140.05 | 22409+14 | 1.0+0.6+0.6
Total 92+18+25 124+ 1.7+£3.1 112+1.9+3.0 |328+32+6.3 | 204£2.6+39
Data 7 9 8 24 15
o) (g1 1.5 (1.8) 1.6 (2.0) 1.6 (1.9) 2.5 (3.3) 1.9 (2.5)

No significant excess is observed in data.
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2 Leptons in Final State:

Figure: Signal regions. OS (SS)

denotes two opposite-sign
(same-sign) signal leptons, of same

(SF) or different (DF) flavour.

o transverse mass my =

\/2 - Emisspl . (1 — cos Aqb/,Er%ﬂss)

@ stransverse mass myo :

SR- mra OSjveto  SSjveto 2jets
charge 0S 0S SS 0S top ww Z+ X
flavour any any SF Mg Z-veto Z-veto Z-window
Mg Z-veto Z-veto - Z-veto signal jets >2 =0 =0,>2,>0
signal jets =0 =0 =2 signal b-jets >1 =0 | >0,=0,>0
“g‘:}s ;’;iffs - - =0 Emissel |5 100,50,40 | 70-100 | > 100,50, 40
By >40 > 100 > 50 other - - -, mgr-veto, -
other mra > 90 - mcgr-veto

Figure: Requirements for entering
each CR for top, W W and Z +X
background estimation in the OS

SR.

take maximum value of mt (two leptons!) and minimize with respect

to the possible decompositions of

=miss

PT =dqr + 71

16
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2 Leptons in Final State:

1=SR-OSjveto, 2=SR-SSjveto, 3=SR-2jets, 4=SR-m.

n

= R RRRa R S AAAARARRE RARRARRRRE RaRS
°
%450: ATLAS —— Observed limit (+1cpesr)
émoz den:nlb‘ﬁ:ﬂev == Expected limit (+16,,)
ar F -
™ as0b %%, 2xWE) - 2x vy 7
E 1
3001~ 44
250 4
200 E
150F E
100F- E
E7 .
50
0'. AT [T
100 150 200 250 300 350 400 450 500

%, mass [GeV]

° )Zf)"(f production in Simplified Model.

@ Chargino masses between 110 and 340 GeV excluded at 95 %CL for
neutralino masses larger than 10 GeV.
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2 Leptons in Final State:

PMSSM tanf=6, M,=100GeV, with intermediate sleptons PMSSM tanfi=6, M,=140GeV, with intermediate sleptons
7 T i T T

00) T 00| T i

3 F ] L Chtanved i (11022 3 f L Ghtaned i (1103

8 / ; g . Expocted it

=" 4508 \ LEP2: (1035GeV) | =450 7 LEP2: (1035GeV) |
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PMSSM tanp=6, M=250GeV, with intermediate sleptons
T T T

@ Signal regions are combined § — G |
to derive exclusion limits in o amas ]
the pMSSM p-Ms plane for wof Juacissom

LEP27, (103.5GeV)

tan 8 = 6 by selecting for K ]
each signal point the SR e f
which provides the best £
expected p-value. o ——— ]

n[GeV]



3 Leptons in the Final State
Expected numbers of events from SM backgrounds an observed numbers
of events in data in SR1a, SR1b and SR2:

Selection SR1a SR1b SR2
tt+V 0.62+0.28 0.13+£007 09+04
triboson 3.0+3.0 07+0.7 034+034
z7Z 20+07 030+023 0.10+0.10
WZ (normalised) 34 +4 1.2+ 0.6 4.7+0.8

. 1.6
Reducible Bkg. 10+£6 0.8+04 0.012% 0.,
Total Bkg. 50+ 8 3.1+1.0 6.1’:%:2
Data 48 4 4

SUSY Ref. Point1 139+1.0 11.4+09 0.5+0.1
SUSY Ref. Point2 0.9 +0.1 03+0.1 8.0+0.6

Visible o (exp) <1.5fb <0.41fb <0.5fb
Visible o (obs) <1.3fb <0.5tb <0.4fb

No significant excess is observed in data.
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3 Leptons in the Final State

[ T T
L ATLAS Preliminary
350 = I Ldt=13015", 158 TeV
[ M,=250 GeV, tanp=6

aof, ™= rme

—— ATLAS 47" \s =7 TeV
LEP2 ¥, (1035 GeV)
Alfimits at 95% GL

150

100 | 1 |
100 150 200 250 300 350 400

pMSSM Direct Gaugino Production
@ Best sensitivity: Z-depleted SR 1 A, B. Two regions of exclusion in
u-Mo plane with tan 8 = 6.
o left lower corner: high cross section.

@ upper right corner: large mass splitting between neutralinos )2(1),)"(8 (no
dependence on p).
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3 Leptons in the Final State
pMSSM Direct Gaugino Production

= 500 ERRES TTTETE T T = 500 g 7T T ! T T
o £ B E 55 ° E ) \ g 3
©  F ATLAS Preliminay | { % O F ATLAS Prelimindry Y ]
o 450 = i | 9, "~ 450 & s \ 2 i
= B Ld(siB,Dib,\s:BTg \ﬁ = E Ldt=13.0fb, 1s=8 ‘\/ Iy A ]

400 8 00 GeV, tanp=6 | 140 GeV, tanp-6 /| ‘(\ <

(mye+m,o)/2 B my =(m+mp2
350 = i 350 = \

73

——— ATLAS 47 16" \s=7TeV
LEP2 ¥ (103.5 GeV)
Allimits at 95% CL

i

7, 250 Gevy % (250 Gevy

AN L

Al

150 150 = 70025 6 % (150 Gev) e
100 B : . 100 B ; oL L L L
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
n[GeV] n[GeV]

Best sensitivity: Z-depleted SR 1 A, B. Two regions of exclusion in
u-Mo plane with tan 8 = 6.

right lower corner: reduced sensitivity due to small mass splitting
between the neutralinos 1 and 2.

When p is greater than My and M;, the mass of the gauginos does
not depend on u and the sensitivity remains constant as a function of

 (corner on top).
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4 Leptons in the Final State, RPV
Expected number of events from SM backgrounds and observed number of
events in data in the two SR’s:

Selection SR1 SR2
7z 0.07+053 10303
. 0.09
ZWW 0.1070-1 0.09*009
= 0.028 0.04
1z 0'045tl).(J28 0'06:).04
HWW (679)x1073  (3.3*35)x1073
Irreducible Bkg.  0.22*027 11703
Reducible Bkg. ~ 0.028*0:197 0.10*014
y 5 0.29 0.5
Total Bkg. 0.25%029 1.2703
Data 1 2
po-value (o) 0.037 (1.8) 0.16 (1.0)
Tuis (exp) <0.28 b <0.28fb
i (Obs) <0.34fb <0.38fb

No significant excess is observed in data.

22

24



4 Leptons in the Final State, RPV

2 sool. ATLAS Prefiminary operosicr s oo 2 sool. ATLAS Preliminary opecosicr ooy P
E7 | simpied model £ grd (3 Generaions) a,, 0,581 o ] €% | Simplfed model £ gid 3 Generaions), A, >0 e ]
400 — 400 —
3 Expectod it (£10,0) 7 ] 3 Expoctadimi (£10,,) 7 ]
r Ovserved lmit (+16225) < 1 r Observedimit (+1632) |, <M 1
3001 [ £ oxcusion N4 - 3001 [ LEP oxcusion Va -
F hmeasmo / b [ hmease ]
200 7 — 200 —
L 7’ ] L ]
E e ] E ]
100/~ VZ — 100} -
| .| . -
100 200 300 400 500 100 200 300 400 500
m, [GeV] m [GeV]
Lo ~0
e Top: ;) = viX7. equal
geool ATLAS Preliminary expores (57 muce ranger /I masses: Ue, I/u’ Z/’T'
= E Ldt=13.0f5"N5=8 TeV' mGev\m‘ <m,. - 10 GeV yZ ¥
g Laizn, o A1 Sheutrino masses are
600[- -
E s commimreny .
E it (216595, -~
so0 — ommmmniZ) excluded until 410 GeV.
400/ W (&P excosion o
P oEm——— ) .
soof Ml o Bottom: When the NLSP is
200~ y . . .
Ny a wino-like chargino,
00F— O
TR o b chargino masses until

rrL[,[GeV]
710 GeV are excluded.
not explored regions: )'(? masses above 10 resp. 50 GeV considered because of requirements concerning minimum value of SFOS

dilepton mass and lepton-lepton separation.
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4 Leptons in the Final State, RPV

RTEI : :
3 soof. ATLAS Prefiminary "eiped 1o e e
S 10GeV <m, <m_ - 10GeV
> o g<m
=l ‘simplified model, T, rid (7,6, 1 ). 2, > 0
400/
Expoctod It (15,
Ctmersd 41
300[ [ LeP oxcusion
ot opred
iy
200/ p
7
100
DO 100 200 300 400
r ———— T :
gtsuu— ATLAS Preliminary espiores L9 mass range
S [ra-mowiymany  Boem;n oGy
E00E e mode 500 R
£ -
1200~ &~
E Expoctod it (£15,,.) -
1000F— Observd it (410525~
F notexplored
a0 b Al

Ve

-

excluded.

600 800 1000 1200 1400

1600
g [GeV]

E Simplifed model 73 grid.A,., > 0 LN =
£ T ]
1200~ ~ -
E Expacted i (+10,,) — E
1000 Observed mi (4102250~ E
£ notoxplored ]
00| imietoskclL_~ 3
E . ]

100)

T —— T T
ATLAS Preliminary  espiored LS mass range:

JLa-rsom, 10GoV<m, <m, -10GeV
simplifed model £, g1 (.45, %). 2, > 0 pr

Expectod imi (£10,,,)
Observedimi (+1632) |, .
P oxciusion &~

notexplored Pz
Allmits a1 95% GL

-

eV <m., <m, e\ -~

-

600 800 1000 1200 1400 1600
g GeV]

Top: In a simplified model with left-handed sleptons of equal mass, T — /)'((1), slepton masses until 450 GeV can be

’
Bottom: When the NLSP is a gluino, & — qg )"(‘1], the gluino mass can be excluded until 1300 GeV.
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