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SUSY: a reminder

Supersymmetry (SUSY) is a fermion - bosons symmetry

For each Standard Model (SM) particle, a superpartner exists having the
same guantum numbers but the spin.

The MSSM is the Minimal SUSY extensions of the SM (~105 parameters!)
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Supersymmetry (SUSY) is a fermion - bosons symmetry

For each Standard Model (SM) particle, a superpartner exists having the
same guantum numbers but the spin.

The MSSM is the Minimal SUSY extensions of the SM (~105 parameters!)

A soft-supersymmetry breaking explains why we did not yet observe the

SM superpartners: different breaking mechanisms provide different
phenomenology
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SUSY: a reminder

Supersymmetry (SUSY) is a fermion - bosons symmetry

For each Standard Model (SM) particle, a superpartner exists having the
same guantum numbers but the spin.
The MSSM is the Minimal SUSY extensions of the SM (~105 parameters!)

A soft-supersymmetry breaking explains why we did not yet observe the
SM superpartners: different breaking mechanisms provide different
phenomenology

Some SUSY features:

X Includes the SM as an effective theory
X Can predict coupling constants unification at GUT scale O(10'9)

X Can solve the hierarchy problem of the Higgs mass

X In some scenarios:
XR-parity = (-1)3BL+2S s conserved and the Lightest Supersymmetric
Particle (LSP) is stable
XX04 is a Dark Matter candidate
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SUSY production @ |.HC

General approach: reduce number of parameters, simplify models

o, /[pbl: pp = SUSY

VS =8 TeV

w
o

ATLAS
Preliminary 2012, s =8 TeV

. LHC Delivered Delivered: 22.8 fb™
Recorded: 21.3 fbo!
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SUSY production @ |.HC

General approach: reduce number of parameters, simplify models

- Highest cross sections dominated by strong production of g
and first/second g generation—> early searches focus

o, /[pbl: pp = SUSY

VS =8 TeV
* main SUSY signatures: high-pr jets + Missing Transverse Energy
(E7™ss) + (0,1,2+) leptons

* main SM background: top, Z+jets, W+jets events
e TR0 o e o e s e e e

- ATLAS
25— Preliminary 2012, s =8 TeV

- . LHC Delivered Delivered: 22.8 fb™
~ Recorded: 21.3 fbo!
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SUSY production @ |.HC

General approach: reduce number of parameters, simplify models

- Highest cross sections dominated by strong production of g
and first/second g generation—> early searches focus

o, [pb]: pp — SUSY

tot!

VS =8 TeV
* main SUSY signatures: high-pr jets + Missing Transverse Energy
(E7™ss) + (0,1,2+) leptons

* main SM background: top, Z+jets, W+jets events
e TR0 o e o e s e e e

- ATLAS
25— Preliminary 2012, s =8 TeV

- . LHC Delivered Delivered: 22.8 fb™
~ Recorded: 21.3 fbo!

- |:|ATLAS Recorded Physics: 20.3 fo!
[l Good for Physics

N
o
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average
-Third g generation — major LHC focus
* need to be light for naturalness argument

* main SUSY signatures: b-jets + E7™SS +leptons
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Delivered: 5.46 fb™
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* main SM background: top events
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SUSY production @ |.HC

General approach: reduce number of parameters, simplify models

- Highest cross sections dominated by strong production of g

o, /[pbl: pp = SUSY . _ .
and first/second g generation—> early searches focus
VS =8 TeV
v * main SUSY signatures: high-pr jets + Missing Transverse Energy

—

(E7™ss) + (0,1,2+) leptons

* main SM background: top, Z+jets, W+jets events
e TR0 o e o e s e e e

- ATLAS
25— Preliminary 2012, s =8 TeV

- . LHC Delivered Delivered: 22.8 fb™
~ Recorded: 21.3 fbo!

- |:|ATLAS Recorded Physics: 20.3 fo!
~ [l Good for Physics
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-Third g generation — major LHC focus
* need to be light for naturalness argument

* main SUSY signatures: b-jets + E7™SS +leptons
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* main SM background: top events

- ElectroWeak (EW) production — high luminosity focus 320 nC 3 oct yet pet W\ od

. . . S . Month in Y
* low cross sections but can be the dominant production mechanism if colored sparticles are too heavy o 1 o
* different signatures depending on gauginos composition and sleptons masses

* multi-lepton + E778S signatures : very low SM background
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ATLAS SUSY searches

» Search strategy designed to cover
broad spectra of different SUSY

models

» For every search: signal regions are
optimized individually based on the
variety of the models/decay chains

» Assume 100% BR for the simplified

model grids

E.Muosto - Search for SUSY at ATLAS

SUSY @ ATLAS

long-lived .~ _Prompt
/‘~\ R-parity

X4

EW-weak
¥ production

third generation
production

-

production %, production

production +
decay
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ATLAS SUSY searches

» Search strategy designed to cover
broad spectra of different SUSY

models

» For every search: signal regions are
optimized individually based on the
variety of the models/decay chains

» Assume 100% BR for the simplified

model grids
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SUSY @ ATLAS

stopped |

EW-weak
¥ production

third generation
production

production +
decay

Les Rencontres de Physique de la Vallée 9'Aoste 2019




ATLAS SUSY searches

SUSY @ ATLAS

» Search strategy designed to cover
broad spectra of different SUSY

[o]g=™"

Y S ——

models )L |

» For every search: signal regions are —T " EW-weak

optimized individually based on the Penelraliiea . 3 production

variety of the models/decay chains third generation

production

» Assume 100% BR for the simplified
model grids production +
decay

Notes:

- | will not be able to cover all the ATLAS SUSY analysis, so | will focus on latest
(2013/2014) results: please visit our ATLAS SUSY Public Results page for further info

- All limits quoted are at 95%CL
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Inclusive strong production

Large yield expected due to high cross sections

Results interpreted within many different SUSY models: Higgs aware constrained
models (IMSUGRA/CMSSM, GMSB, pMSSM, mUED), simplified models (0MSSM)  »

ATLAS-CONF-2013-047
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ATLAS Preliminary |

I Ldt=20.1-20.7 1" 1s =8 TeV

T
- Expected
Observed

- = Expected
= Observed
- = Expected
me== Observed
- - Expected
we Observed
- = Expected
=== Observed
Expected
Observed

% CL limits.53YSY not included.

theory

O-lepton, 2-6 jets
ATLAS-CONF-2013-047

0-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061

1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026
2-SS-leptons, 0 - > 3 b-jets
ATLAS-CONF-2013-007
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- Only strong production of gluinos and [t and 2" generation of
squarks (of common mass) with direct decay to the LSP (X))

- 10 Signal Regions with different requirements (jets multiplicity, E7™s..)

| combined: lines show the best results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-047/

1 lepton+[3-6] jets + F7m
ATLAS-CONF-2013-062

Mostly targeting pair production of gluinos or squarks (It and 2"
generation , mass degenerate)
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—e— Data (2012)

ATLAS Preliminary

— misid. lepton
L W+jets

I Ldt=20.1fb", \s=8 TeV )

W%} [ single Top

I - Z+jets

Leptonic decays of X%, X*1, sleptons, sneutrinos directly or .
through intermediate steps e oy

vents / 100 GeV

E

| | | | | | I |

soft 1-lepton + 5-jet

1-Lepton selection: [
- 'Soft’: pr in range [6-25] GeV, to recover sensitivity for compressed scenarios.
- ‘Hard’: pr > 25 GeV, targeting gluinos and squark production. T
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No excess is observed
- Soft single-lepton analysis: extremely powerful along
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https://cds.cern.ch/record/1557779
https://cds.cern.ch/record/1557779

T'hird generation: stop

Results mainly interpreted in the natural SUSY framework, where:

No -1stand 2"9 generation squarks are allowed to be very heavy
excluston

For e (LSP) - /b produced via light § or directly

> 700 GeV,

g9 production, g— tf)“(?, m(q) >>m(g), \s =8 TeV Lepton & Photon 2013
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T'hird generation : stop

Results mainly interpreted in the natural SUSY framework, where:
-1stand 2"9 generation squarks are allowed to be very heavy

Limits -1/b produced via light § or directly
depend on
chargiwo— t, production . Status: SUSY 2013 Flrst LHC
VbCI/LtYaLLV\aD {NLANLENLI LA L L L L L L L 0 A L L L L I L B I SM.SYSBQYGVI

ATLAS Preliminary L =20-21167(5=8 TV Lyy = 4.7 o7 =7 TeV with charm

tagging

oL, T,—) t7(° OL ATLAS-CONF-2013-024 0L [1208.1447]

1L, T,—nz 1L ATLAS-CONF-2013-037 1L [1208.2590)

2L, f|—>t”x‘ 2L ATLAS-CONF-2013-065 2L [1209.4186]

2L, t> Wb, 2L ATLAS-CONF-2013-048 .

OL, mono-jetic-tag,t,— ¢ 7, 0L mono-jet/c-tag, CONF-2013-068

oL, M. =m.,+ 5 GeV 0L 1308.2631 :

1-2L,t - bi:. m =106 GeV - 4308, 1-2L [1209.2102)
1L, 11 — bi‘(1 ml_ =150 GeV 1L CONF-2013-037, OL 1308.2631

2Lt > b%,. ml: =m; - 10 GeV 2L ATLAS-CONF-2013-048

1-2L,t, > b 21 m_’_; =2x mi:-_ 1L CONF-2013-037, 2L CONF-2013-0 1-2L [1209.2102]

= QObserved limits
=== Expected limits

All limits at 95% CL

CDF 2.6 fo ' [1203.4171]
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F7m5 + gets stop search (1/2)

ATLAS-CONF-2013-024

Search for top squark in tt + Er™ss events, where t = t + X% (LSP) with BR=1 00%

Consider only final state where both top quarks decay hadronically
Signature is 6 jets, of which >=2 b-jets, and significant E7™sS

‘Signal selection:

ATLAS Preliminary ® Data 2012
. %44 SM Total
J.Ldt=20.5fb,|s=8TeV Ot

- E7™iss trigger

- veto events with u, e. epton, CRTop E75200 GeV =§in5|emp
= w
-
[ Diboson ]
sxes (,7)=(400,1) GeV —]

— (115(‘1’)=(soo,1) GeV ]

Events / 50 GeV

llIIIlIIIllIlI

- veto fake E7™ss events
- Veto events if E7iss and b-jets are consistent with semi-leptonic ¢

- Veto events if a jef close to E7™ss is consistent with hadronic ©

- 6 jets pr > 80,80,35,...,.35 GeV

TTT III|lll|IIIIIIIIIII'III'III-

IIIIIIlIIl'

- min |Ag (jet® 2, EF'S)| > 0.2 7
- 80 GeV < m", ., m! . <270 GeV
- my (bminw(b, s Ef;‘iss) > 175 GeV

) E?iss,track > 30 GeV and | Ad ( E%ﬁss’ Egliss,&ack)l < %

Data / SM

Semileptonte tt éR
3 Signal regions: E7™ss > 200,300,350 GeV Leptow treated as jet
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-024/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-024/

E7ms5 + gets stop search (2/2)

Control regions defined for important backgrounds:

- Semileptonic tt+ jets - hadronic T or low pr e/p
- Z—VV + jets

Events / 50 GeV

- Multijets - E7™S coming from mis-measured jets

Single top, tt+V and diboson estimated from MC

Simultaneous fit to each of the Signal and tt Control
Regions is performed to extract the final limit.

t~1t~1 production,t~1 — t77(BR=1)
1 T

T I T T T T I T T T T

——— Observed limit (+1c500")

Ldt=20.5fb ", (s = 8 TeV Expected limit (+16,,,)
All hadronic channel Expected limit (2011)

T T T T I T 1 T I
ATLAS Preliminary

No excess is All limits at 95 % CL
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Third generation: sbottom

Results mainly interpreted in the natural SUSY framework, where ,

-1stand 2"d generation squarks are allowed to be very heavy
— - p ) ; :W
- t/b produced via light g or directly >b =

~. oF
P Al X1
b 3 W
, production, b.— b+i: t L™ =20.1fb", \s=8 TeV

llllllllllllllIIIIIIIIIIIIIIIIIIIIIlll

ATLAS Preliminary -~~~ Expected limit £1 o,

SUSsY
Theory

Sbottom pair production, 51 —b i?
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- ATLAS

-
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4 T

—J Ldt =20.1 fb", \s=8 TeV

B coF26s !

All limits at 95% CL \:l DO 5.2 fb-!
—— ATLAS 2.05fb™, \s=7 TeV

Expected limit (+16,,,)

0 and 1 lepton + 3 b-jets channels

m(%, ) = 60 GeV
~0 ~0
X, = h + X,

ATLAS-CONF-2013-061,.7%
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http://link.springer.com/article/10.1007/JHEP10%282013%29189
http://link.springer.com/article/10.1007/JHEP10%282013%29189
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-061/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-061/

Third generation: sbottom

Results mainly interpreted in the natural SUSY framework, where ,

-1stand 2" generation squarks are allowed to be very heavy .

- /b produced via light g or directly

~0

b production, 61e t')ZT, m(x1) =60 GeV

IIII|IIII|IIII|IIIIIIIIIIIIIIIIII

ATLAS Preliminary

Ldt=20.7fb", \s=8 TeV

O

Sbottom pair production, |
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- ATLAS O, 600
|

— I =
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L™ = 20.1 fb", \s=8 TeV
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I I l I I

~ ary ---- Expected limit +1 o,
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s channels Theory

2 same-charge leptons + jets
SUSY

All limits at 95% CL theory)

---- Expected limit (+10,,,)

—— 3-leptons, > 4 jets, 13.0fb™", \s=8TeV
All limits at 95% CL

ATLAS-CONF-2013-007
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http://link.springer.com/article/10.1007/JHEP10%282013%29189
http://link.springer.com/article/10.1007/JHEP10%282013%29189
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-061/
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KW production

Occurs via intermediate W, Drell-Yan processes or intermediate sleptons ?

Search strategy depends on the slepton masses, gauge mixture and
masses of charginos/ neutralinos

Multi-lepton signatures with low hadronic activity (low SM background)

ATLAS Preliminary L _ =20.3-20.7 fb',1s=8 TeV Status: SUSY 2013

miz,5 = 0-5(Myz

50

FITT]

,vial /v, 3/, ATLas-CONF-2013-035
Y., via |/ V, 2€/p, ATLas-CONF-2013-049
+ .~ ~
, via ’cl_/ V., 2T, ATLAS-CONF-2013-028
+- . ~ ~
- ,viaT/V,, 27, ATLAS.CONF-2013-028

0 .
,via WZ, 3e/LL, ATLAS-CONF-2013-035

+ m~°)

- - = - Expected limits
—— Observed limits

0 . K>
, via Wh, e/pbb, atLas-conr-2013-003

@ itive

chanwnel:
>= Le‘Ptow +

E_’_VM,LSS

If sleptons
too heavy
decays via
bosowns are
favored:
higgs boson
onstoered!

0 N
100 200
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A LAS Prelnmmary—*— Data 158 TeV
75554 SM Total

C i+t
L dt ~20.3 fb @ single top
I W+jets
B Z+jets
SRA I tt.w/z
) ww/wz/izz
B WH

[ ] ZH
mxx m , =130, 0 GeV

:. m _225 0 GeV -
1

|III|III|IIIIIII|III

200 250 300 350

M, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-093/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-093/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-093/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-093/

3 leptons + /77 (1/3 o)

SUSY-2013-12 (arXiv:1402.7029)

Search for direct production of X*i and X%, in 3 final state leptons
4 Simplified Models considered

X% 100% bino , X*1 & X% 100% wino,m ( X*1) = m ( X%)
v /T
T/Vr

o<

T/0r

BF(31)=50% BF(WZ)=100% BF(37)=50% BF(Wh)=100%

\_

5 Signal Regions (4 disjoint) depending on the final states and the decays mediators

SR SRIA SR1T SRIATA

ﬂavor/sigw LHLLE, LT L= + TLF L o l* L+ T Ll

target model| Lw Z-wmediated W h-mediated | w h-mediated | T _-mediated W h-mediated

dominant

wz, tt tt, vvv wz, tt wz, tt wz, tt
background
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http://arxiv.org/abs/arXiv:1402.7029
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3 leptons + £/775 (2/3

ATLAS VROZb == Data
Total SM

\s=8TeV Jl dt=20.3fb" K Rediicible

wz

7z

VALIDATION mmiv.z
REGION

Background composition:

¢ |[rreducible: ]
- 3 real leptons (WZ, 22, WWW, WW., tt+V, tZ, Higgs)

- Estimated from MC, correction factors from data ¢

Events / 20 GeV

TT IIII| IIIlIIIII TTT

Il IIIII[IIl [IIIIIII| IIIIIIIII 111

e Reducible: fake leptons (non-prompt leptons,jets and y conversion)

- From single and pair top production, V+jets, WW, W+jets

- Modeled by matrix method
¢ | eading lepton assumed real (2x2 matrix)
e Set of linear equations relating the kinematic properties of the other two
leptons to the real and fake lepton composition of the data sample
¢ Real and fake probabilities found from MC and corrected to data
e Real and fake probabilities split into process and type (LightFlavor/
HeavyFlavor/Conversion)

ATLAS Internal

%44 Total SM
Reducible

\s=8TeV IL dt=20.3fb"

Wz
7z

vtz

Background validation |

VVV

Events / 20 GeV

==== WZ mediated (175,100)

Background predictions tested in Validation regions (VR) e L mediated (626,63
- Only to assess potential signal contamination (negligible). '

- Two main definitions depending on the b-jets multiplicity:
® low-£778 (“a” regions) and high-£77SS + b-tagged jet (“b” regions)

A LLITNY

1 .\ilill

50 100 150 200 250 300 350 400
Mgros [GeV]
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| \N
3 leptons + £/7 (3/3 g

In all SR Results are consistent with SM expectations
Exclusion limits are calculated by statistically combining results from a number of disjoint signal regions.

||||||||| LI I||I|||||||||| IIIIIIIIIlIIIIIIIIIIII|IIII|IIII|IIII

A TLAS = QObserved limit (1 cSUSY)

theory

J- L dt = 20. 3 fb \s=8 TeV Expected limit (+1 6,,,)

+ 0

x—>W xe

_IIII|IIII|IIII|IIIIIIIIIIlIIIIIIIIIlIlIIIIIIIII

- ATLAS = Observed limit (+16,.7) - ATLAS L Observed fimit (£102%)

ILdt 203fb \s=8 TeV

-1
Expected limit (+10,,) _I Lat=2031b, ¥s=8 TeV Expected limit (+1c,,.)

%, ) ATLAS 4.7 fb", \s = 7 TeV
My = M All limits at 95% CL

x1 xz—varLr(vv),tert(vv)

v %1 TT(VY) %(1) All limits at 95% CL

m; = (mi:, + mi:)/z

m_. =M.
L,

LA, W X hE All limits at 95% CL
wh - Nas
wmedtated &

r;d\
P Sta -

mediated -
.. Shwplifiens
meoolel

IIIIIIIII..'<IIIIIIII

NG
L

wz, MﬁDILUItCDI L\
jsumpuﬁed moolel )

llmllllIllllIllllIll léllilll "IIIIlIIIIIIlIIIIIIIIIIIIII".-"d‘- I-':'llIlIlIIl IIIIIIIIIIIIIIIIIIlIIII!I"‘IIIIIIIIIIIIlIIIIIIIIIII

0 0 0
100 150 200 250 300 350 100 150 200 250 300 350 400 450 500 100 110 120 130 140 150 160 170 180 190 200
Mo . [GeV] Mo o [GeV] Mo o [GeV]
2’ M 2™

2 1

I'._.IIIII‘a_III||II|I|IIII|IIII

IlIIIlIIIIIIlIIIIII."IIIIII]III
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

TTTTTTTTTTTT [ TT T T TTTTTTT T TTT T TTTT]TTTT
I | I | I I I I

T T

Other Simplified SUSY result:
- slepton decays: exclusion up to 730 GeV

Results also interpreted in the pMSSM scenario (in back-up slides)
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@ Diphoton+/£77 (1/2)

Two General Gauge Mediated (GGM) scenarios where LSP is G and NLSP is X1, bino like

NNLSP:
degenerated

{
|

of g 5 signal regions /X , winos X% X

‘q/ W/Z/h

‘Strong Production Weak Production
high mass bino / | \ low mass bino high mass bino / \ low mass bino

sl spo| | |wP2
E—-—— E——— ' Model Independent Search ‘ | E
not optimized for any specific model |

= = — — —— =

BACKGROUND SOURCES:

e QCD-initiated backgrounds (e.g. pp—Yy, pp—Y+et, ppo—dijets): jet mis-identified as y + E7™'sS

e Electroweak-initiated backgrounds (e.g. pp— Wy—e+y): e mis-identified as y, neutrino leads to £77sS
* Tri-boson production (irreducible) (e.g. pp—2YyY—VVyy, ppo— W yy—/vyy): real E7™SS + real Yy ¥
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-001/

“eN Diphoton+/£77s (2/2

T L T T I T Ll T 1 I
ATLAS Preliminary J.Ldt=20.3 fb! —e— Data 2012 ({s=8 TeV)

Selection variables:

e Hr: sum of prof y, jets, 4 and electrons
e Mer : sum of E778S and Hr (higher in SP searches, not for
MIS)
e Ad E77s - jet (y) (only for SP1,WP2):
- Min A between E77SS and reconstructed jet (), Er >75 GeV
- Up to two jets, or two Y
e Use Mer in the SP signal regions, Hr in the WP ones

YYs Yis i W, Z, top

M m(W)=600 GeV x

GG 0
m(x1)=500 GeV

Entries/ 20 GeV

mﬁl IIII|_|,|] | IIIIII-I

IIIII|_|_|| IIIII|_|,|,| II:IIEI_[' LI

500 600
ET*° [GeV]

No excess observed in any SR

GGM: bino-like neutralino,.tan B=15ct<0.1mm

1 T T T ] T % T [ T T 1 GGM: bino-like neutralino, tan B =1.5,¢ct<0.1 mm
: +1GSUSY) T | I — | T T 1 | I | B — | B — LI —

T Theory [ [ . [ [ [ [ [ SUSY
t1o )

ATLAS Prelgmlnary - Expected (-_l- 1 GExp_) ATLAS P?ellmlnary Theory’
. J . Expected (+ 16

1600

‘21500 ; )
S j L dt=20.30":\s =8 TeV xp.

|I5I4I|IIII|II

|.IIII|IIII|IIII

1400

139
excluded

for

M<12L0

IIII|IIII|I_I'I

_||||||||||.r'|

1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

200 400 000 800 1000 120D 1490 T00 200 300 400 500 600 700 800
m (x,) [GeV]

m (%) [GeV]
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L.ong Laved particle search

Possible in both R-parity violating and conserving o (1) Slow, large dE/dx

scenarios : (2) Slow, stopped
A (3) Disappearing track ~ 100 mm
(4) Kinked track

- slow NLSP decay to LSP due to mass degeneracy, & | (5) displaced track ~ 10 mm
ID  Calo Muon

~ 1000 mm

- LSP can have a long lifetime due to small coupling (A)

Longer lifetime

weak coupling or virtual heavy mediator particles
(AMSB chargino/neutralino, Split Susy R-hadrons, GMSB stau )

tanB=5u>0

T T T TTT] T T T T T T T T TTTT o T T T T T T O T T T T

ATLAS

preliminary
\s =8 TeV

. HL ILdt = 20.3 fb”

700 GeV uark i ruction NLONLL

ATLAS-CONF-2013-092

1.0 TeV squark pair production (NLO+NLL)

L1 lllllll

! llIIIII|
HE
< <
— I

Muons and
multitrack

chargino
decays
expected to be
observed as
“disappearing
tracks” tnstole
the tracking

L1 llllllI

Phys. Rev. D 88, 112006 ;

]

N N N I I |

ATLAS

\s=8TeV, J Ldt=20.3fb"

T T T TTTTTI AR
7

|
1

Observed 95% CL limit (£1 0the°,y)
Expected 95% CL limit (+1 o)
ATLAS (Is =7 TeV, 4.7 ib", EW prod.)

~0 .
BR - =-| OO%) 0 ALEPH (Ehys. Lett. B533 223 (2002))
I | Illl(%l\I Iu!])lllllll | | 1 1 1111 | IllllllllllllllW‘Stable,x:

3 100 150 200 250 300 350 400 450 500 550 600
1 10 10° 10

m. [GeV]
C1 [m m] Les Rencontres de Physigue de la Vallée d'Aoste 2014

T IIIIII|
1 1 Illllll
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-092/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-092/
http://link.aps.org/abstract/PRD/v88/e112006
http://link.aps.org/abstract/PRD/v88/e112006

Stopped gluino search

Phys. Rev. D 88, 11
Long lived gluinos can bind to SM quarks from vacuum, forming the so-called ‘R-hadrons’
R-hadrons loose energy (dE/dX, nuclear scattering) in the detector and may stop inside the
detector material I

Selection based on:

- Empty bunch crossings triggers with calorimeter activity
- High energetic jet in the central pseudorapidity region

- Muon activity veto

Strong model dependence in the signal stopping fraction

Main backgrounds:
- Cosmics (measured in low-lumi runs)

1300 : == Expected Limit
: : f | Expected Limit (£10y,)
1200 5.0 b1 @ /s = 7TeV R
22.9 fb! @ \/5 = 8 TeV = (QObserved Limit
1100+ Live time = 389.3 hours Observed Limit (ﬂ:lo’ﬁ}igg) i

g— g/ag+x’
Inin =100 GeV

Generic, Leading Jet Energy > 100 GeV

- Beam-halo (measured in unpaired bunches)

1000 |-

Gluino Mass [GeV]

No excess is observed

900 |-

Limits on gluinos masses: S00L e

- m; < 232 GeV excluded, for L us < T4 < 1000 s 700}
- mg > 6o0GeV excluded, for Lifetimes of up to 2 years! sool

900

400 ] ] ] | ] L i‘ ]
107 10%¢ 10 102 10° 102 10? 109 108

Gluino Lifetime [seconds]
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Mass limits summary (1/2

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013
Model

e/, T,y Jets EI [rat[m]

[Ldt = (4.6-22.9) b

Vs=7,8TeV
Reference

MSUGRA/CMSSM
MSUGRA/CMSSM
MSUGRA/CMSSM

aq, q—>qX 1,

gg, g—>qui

gg, g—>qu1—>qu+X1
8§, g—>qq(f€/£’v/vvm
GMSB (¢ NLSP)

GMSB (¢ NLSP)

GGM (bino NLSP)

GGM (wino NLSP)
GGM (higgsino-bino NLSP)
GGM (higgsino NLSP)
Gravitino LSP

%]
o)
=
N
T
(o)
%))
2
(2]
S
(&)
=

0 2-6 jets
1eu 3-6 jets
0 7-10 jets
0 2-6 jets
0 2-6 jets Yes
1eu 3-6 jets Yes
2eu 0-3 jets -
2e,pu 2-4 jets
1-27 0-2 jets
2y -
leu+y -
Y 1b
2e,u(Z) 0-3jets
0 mono-jet

20.3
20.3
20.3
20.3
20.3
20.3
20.3
Yes 4.7
Yes 20.7
Yes 4.8
Yes 4.8
Yes 4.8
Yes 5.8
Yes 10.5

0%

Yes
Yes
Yes
Yes

0Q: 09 09 O 0 g O

o

Mass limit

1.7 TeV
1.2 TeV
1.1 TeV
740 GeV
1.3 TeV
1.18 TeV
1.12 TeV

1.4 TeV

L]
m(g)=m(g)
any m(g)
any m(g)
m(¥})=0 GeV
m(¥})=0 GeV
m(¥3)<200 GeV, m(¥*)=0.5(m(¥3)+m(2))
m(¥3)=0GeV
tang<15
tang >18
m(¥?)>50 GeV
m(¥})>50 GeV
m(¥3)>220 GeV
m(H)>200 GeV
m(g)>10"* eV

ATLAS-CONF-2013-047
ATLAS-CONF-2013-062
1308.1841
ATLAS-CONF-2013-047
ATLAS-CONF-2013-047
ATLAS-CONF-2013-062
ATLAS-CONF-2013-089
1208.4688
ATLAS-CONF-2013-026
1209.0753
ATLAS-CONF-2012-144
1211.1167
ATLAS-CONF-2012-152
ATLAS-CONF-2012-147

d.

§'—>bl_7:\70?
gottX

g— ttX1
g—)bt)(l

3 gen.
g me

~

0 3b Yes
0 7-10 jets  Yes
0-1eu 3b Yes
0-1e,pu 3b Yes

20.1
20.3
20.1
20.1

092 092 09 0O

1.2 TeV
1.1 TeV
1.34 TeV
1.3 TeV

m(¥?)<600 GeV
m(¥}) <350 GeV
m(¥?)<400 GeV
m(¥?)<300 GeV

ATLAS-CONF-2013-061
1308.1841
ATLAS-CONF-2013-061
ATLAS-CONF-2013-061

b1 b1, bl_)le

bl bl b1 —tX1

7 (light), - bYT

T (light), r1_>vva§’
1 H (medium), t1—>tX1
%, 71 (medium), 7, > bt
111 (heavy), t 1—>t)(0
'f'l tl (heavy) t1—>t/\/1
tif, fi—ocky

1, (natural GMSB)
iy, ot + Z

3 gen. squarks
direct production

0 2b
2e,14(SS) 035b
1-2e,u 1-2 b
2eu 0-2 jets
2eu 2 jets
0 2b
1eu 1b Yes 20.7
0 2b Yes 20.5
0 mono-jet/c-tag Yes 20.3
2e,u(2) 1b Yes 20.7
e u(Z) 1b Yes 20.7

Yes 20.1
Yes 20.7
Yes 4.7
Yes 20.3
Yes 20.3
Yes 20.1

[ 3 =t
-

G A N Bt o I o B B e o B B
N R R e e e e e

100-620 GeV
275-430 GeV
110:167.GeV"
130-220 GeV
225-525 GeV
150-580 GeV
200-610 GeV
320-660 GeV
90-200 GeV
500 GeV
271-520 GeV

m(X1)<90GeV
m()(l) =2 m({?)
mm) -55GeV
m(Xl) m(f)-m(W)-50 GeV, m()<<m({T1)
m(Xl) =0GeV

m()(1)<200GeV m(Xl) m(Xl) =5GeV
m(Xl) =0GeV

m(Xl) OGeV

m(t;)- m(X1)<85 GeV

m(¥3)>150 GeV

m(#)=m(¥)+180 GeV

1308.2631
ATLAS-CONF-2013-007
1208.4305, 1209.2102
ATLAS-CONF-2013-048
ATLAS-CONF-2013-065
1308.2631
ATLAS-CONF-2013-037
ATLAS-CONF-2013-024
ATLAS-CONF-2013-068
ATLAS-CONF-2013-025
ATLAS-CONF-2013-025

‘/_ =8 TeV
full data

107! 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.
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Mass limits summary (2/2

Status: SUSY 2013
Model

ATLAS SUSY Searches™ - 95% CL Lower Limits

e, T,y Jets ET™ [rdtii]

Mass limit

ATLAS Preliminar

[Ldt=(4.6-229) b

Vs=7,8TeV
Reference

f|q_Rf|_ R,+f—>f)(1 2epu 0 Yes
Xy X1, Xy —Cv(67) 2epn 0 Yes
X1 X X1 —7Ty(77) 27 - Yes
xlx ﬁvaf&f(w) e () 3epu 0 Yes
X1X8—>WX ZX& 3epu 0 Yes
XiXa—>WiEihX 1epu 2b Yes

EW
direct

20.3
20.3
20.7
20.7
20.7
20.3

¢,
X
Y
Xl $4

;z},;zﬁ

85-315 GeV
125-450 GeV
180-330 GeV
600 GeV
315 GeV
285 GeV

0

f)+m(X1))
OGeV m ( +)+m()(1))
1)= =0, m(F, 7)=0.5(m (%) +m(i2)
) m(/\7(1))= sleptons decoupled
m(Xz) m(Xl) 0, sleptons decoupled

ATLAS-CONF-2013-049
ATLAS-CONF-2013-049
ATLAS-CONF-2013-028
ATLAS-CONF-2013-035
ATLAS-CONF-2013-035
ATLAS-CONF-2013-093

Direct ¥7 ¥1 prod., long-lived ¥7 ~ Disapp. trk 1 jet Yes
Stable, stopped g R hadron 0 1-5 jets Yes
GMSB, stable‘r X1—>T(e ;1)+T(e w) 1-2p - -
GMSB Xl—wG long- Jlived X3 2y - Yes
g4, )(1_>qu (RPV) 1 u, displ. vitx - -

Long-livea
particles

20.3
22.9
15.9

4.7
20.3

270 GeV

i
1
+
1
~

m()(l) m(¥3)=160 MeV, 7(¥1)=0.2 ns
m(X1) 100 GeV, 10 us<7(g)<1000 s
10<tans<50

0.4<7(¥3)<2 ns

1.5 <ct<156 mm, BR(u)=1, m(¥?)=108 GeV

ATLAS-CONF-2013-069
ATLAS-CONF-2013-057
ATLAS-CONF-2013-058
1304.6310
ATLAS-CONF-2013-092

LFV pp—¥: + X, V:—e +u 2e,u - -
LFV pp—¥;: + X, Vr—e(u) + 7 leu+t - -
B|I|near RPV CMSSM 1eu 7 jets Yes
X!]_Xl oW, Hoeev,, euve  4ep - Yes
X1X1, X1 >WH XiottVe, ey, S U+T - Yes
g—qqq 0 6-7 jets -
g—tit, ti—bs 2e,u(SS) 03b Yes

4.6
4.6
4.7
20.7
20.7
20.3
20.7

760 GeV

350 GeV

916 GeV
880 GeV

2y7,=0.10, 113,=0.05
241,=0.10, A1(2)33=0.05
m(g)=m(g), ctLsp<1 mm
ma?l)>3oo GeV, 11211>0

m()(1)>80 GeV, 1133>0
BR(t)=BR(b)=BR(c)=0%

1212.1272
1212.1272
ATLAS-CONF-2012-140
ATLAS-CONF-2013-036
ATLAS-CONF-2013-036
ATLAS-CONF-2013-091
ATLAS-CONF-2013-007

Scalar gluon pair, sgluon—gqgq 0 4 jets -
Scalar gluon pair, sgluon—tt 2 e u(SS) 1b Yes
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes

Vs =8 TeV
full data

E.Muosto - Search for SUSY at ATLAS

4.6
14.3
10.5

incl. limit from 1110.2693

m(y)<80 GeV, limit 0f<687 GeV for D8

Mass scale [TeV]
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1210.4826
ATLAS-CONF-2013-051
ATLAS-CONF-2012-147




Summary & Outlook

® The ATLAS Collaboration investigated extensively 8 TeV LHC data

® So far no hint of SUSY physics....

® Strong sparticles production at TeV scale excluded

® Use simplified models to set limits

® Focus on smaller cross section process (limits less stringent)

® High Luminosity LHC will allow to explore more search regions

E.Muosto - Search for SUSY at ATLAS

Cross Section [pb]

106 T U T T

10°
10
10°
10?
10
100

L L D L
/5 = 14TeV -

— pPp—8 4

= pp—4q

gluino —_— pp— i
production —_— PP G

squark
production

Events in 3 ab

weak gaugino stop
production production
1 1 L 1 I 1 L I

500 1000 1500 2000 2500 3000

Mass [GeV]
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BACK-UP
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Why beyond SM searches?

The Standard Model (SM) of elementary particles works

pretty welll

charge -
spin-

X predictions verified by many experiments at high
precision level

X the higgs boson'’s discovery completed the picture

. but ... still lots of questions
not addressed

X Dark Matter (DM) and full gravitation theory not included

2.4 MeV/c?

2/3

172 N LI/
up

4.8 MeV/c?

-1/3

d

down

0.511 MeV/c?
e
1/2 '

electron

<2.2 eV/c?
0

. De

electron
neutrino

X matter-antimatter asymmetry and barion number conservation

*naturalness

1.27 GeV/c?

2/3

172 C/

charm

104 MeV/c?

-1/3

12 § S/

strange
105.7 MeV/c?
-1
.
muon

<0.17 MeV/c?

0
. i

muon
neutrino

X16 order of magnitude between electro-weak (EW) scale and Plank’s mass

(hierarchy problem)
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171.2 GeV/c?

2/3

top

4.2 GeV/c?

-1/3

bottom

1.777 GeV/c?

-

172 4
tau

<15.5 MeV/c?

. D
172

P

tau
neutrino

@

‘b

photon

0

gluon
91.2 GeV/c?
0
1
Z boson

80.4 GeV/c?

+1 ¢
1

W boson
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®

=126 GeV/c?

GAUGE BOSONS




A Toroidal LLhe ApparatuS

Tile calorimeters

' LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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Diphoton+/7"5: background

e QCD-initiated backgrounds (e.g. pp—YY, pp—Y+et, pp—dijets)
- Jets mis-identified as y and E7™ss;
- Data-driven Model using tight y + pseudo ¥y (i.e. ‘loose’, but not ‘tight’ ¥)+ E7™S$ sample;
- reproducibility confirmed by MC and side-bands samples, control samples normalized to di-y data

- in low stat region (SP1,SP2) bkg estimation confirmed by alternative method using relaxed Mes cuts in

control region sidebands
e Electroweak-initiated backgrounds (e.g. pp—= Wy—e+y)
- Electrons mis-identified as photons, neutrino leads to MET

- Data-driven model using e+‘tight’ y events, normalized using rate of e mis-identified as y in Z—ee events,

fake factor as a function of pseudorapidity

e Tri-boson production (irreducible) (e.g. pp—=2¥Y—=Vvyy, pp—Wryy—/vyy)

- Events are produced with real E77S and two real y; irreducible

- Control region used to determine normalization of cross sections

- ZZ—VvVYyy contribution estimated from MC
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@3 leptons + 77 selection

SR SROTa SROTb SR17 SR21a SR27b ¥

flavour /sign (He—0x, 4o 0'=E (0T TEOFOF, 7 E0FOF 778 rErFY
b-tagged jet veto veto veto veto veto
Emiss binned > 50 > 50 > 50 > 60
other mgpos binned p%rde > 20 p%ndg > 30 max mTo > 100 > ph>110
mT binned Adpy <1.0 Zp% > 70 - 70 <m-r <120
— — my,r < 120 — —

— — Mee Z-veto — —

Target model 0,W Z-mediated W h-mediated W h-mediated 71, -mediated W h-mediated

bominant WZ, 1t i, VVV WZ, 1t WZ. 1t
background ’ ’ ’ WZ, 1t ’
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@ 3 leptons + £77 - pMSSM

Search for direct production of X*; and X°z in 3 final state leptons:
pMSSM interpretation

~

- M, =100 GeV, tan B =6, m(i) = (M) +mE)I2
. . 1T 77T I| T T T I‘ I T T I L T I 1T T T I T T°T
5 points considered, where | \

| ATLAS .
- squarks and gluino heavy (not produced) 2 ILdt:zm b (o8 Tev -
- m(A), m(h)~125GeV |

|
|
|
|
|
|
|
|
|
|
|

- Electroweakino sector parameterized with L
* M, (Bino); Mz (Wino); MU (Higgsinos); tanfy o

Expected limit (£10,,,)
ATLAS 4.7 b, \s = 7 Te\L_

U\ e 7

All limits at 95% CL

|
|
|
|
|
|
|
|
|
|
|
|
|
!
!
|
!

%

- pMSSM models in Y-M; plane, with heavy IL:

(AeD 06)

e tanfp = 6, M;=100, 140, 250 GeV
e tanf = 10, M;=50 GeV (heavy &r Hr) | .‘ : T ¥ anany
e tanf = 10, M;=75 GeV (heavy ) ) AR

21 (150 GeV) 7]

300 400

For all the pMSSM points
limited sensitivity for
ML1~M2< u due to small mass
difference between Y*./f°- and
the LsSP
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R-parity violation search

The proton stability forbids simultaneous lepton and baryon numlber violation, but no
experimental evidence forbids a R-parity violating potential conserving only one of the two

Lypy = ;{'iikLiLiE—'k g8 A’i'ikLiQilTk +x,LH gJ"‘

lepton number violating baryon number violating

LSP can decay to many quarks or leptons, opposite flavor lepton resonances...

ATLAS CONF 2013 091 / pp—>§§—>qﬁi(:qc'q)~(? x —>VITA,>0
E 1800 T | T T T | T T T T | T T T | T T T
_— ObS 95% CL Limit ATLAS Preliminary explored LSP mass range:
600

--------- Exp Limit 10 GeV <m_, <m; - 10 GeV
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L L
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models with 1200 «\g.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-091/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-091/
http://livepage.apple.com/
http://livepage.apple.com/
http://cds.cern.ch/record/1532429
http://cds.cern.ch/record/1532429
http://livepage.apple.com/
http://livepage.apple.com/

L.ong lhived slegtons

ATLAS-CONF-2013

In the GMSB models the NLSP stau may be long lived and decay outside the detector
Long-lived T s appear as if they are heavy muons, charged and penetrating

102_|_IllllIlIll]llllllIlllllll]l_l_
ATLAS Preliminary

s =8 TeV, J Ldt = 15.9 fb"

v Background mainly composed of mis-measured

high pr muons, estimated from data

- production, tanp =10 —@— observed limit

- expected limit + 16 —— +20

- production, tanf =30 —@— observed limit

v %7 maSS estimated USing m — p / (Y B) -production,tanB=50 —e— observed limit

v Selection mainly based on quality cuts

Cross section [fb]

—_
o

v B is estimated using the time of flight (calorimeters

and muon system)
v p estimated from the particle track

v 2 candidates search matched SM expectations

| |
| N AN [N N A I N NN N A | | I I I | | |

250 300 350 400 450 500
T, mass [GeV]

Long Lived staus excluded for masses below 402-347+ Gev for tanPp =5-50.
Model independent limits also set for :
- directly produced Long-lived sleptons (below 242 Gev for small mass difference between the
light sleptons and the staw, and below 300 Gev for mass splittings of 90 Gev);

- divectly produced Long Lived stau excluded for mass below 267 Gev.
- neutralinos decaying to long-lived staus excluded for masses below 475 Gev.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-058/

