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Supersymmetry (SUSY)

Standard particles SUSY particles

“Superpartners” to
each SM particles KK
(same quantum
numbers, but spin
differs by )

| Quarks ‘ Leplons ‘ Force particles

Squarks O Sleptons 0 SUSY force
particles

> if R-parity is conserved (R= (—1)3(’3_”r2S

produced and the lightest one (LSP) is stable

), SUSY particles are pair

» Why is SUSY popular? It answers many open questions at once:

v allows unification of gauge couplings

v" provides a solution to the hierarchy problem: the fermion/boson contribution to the Higgs
mass cancel

v If R-parity is conserved the LSP is stable and is a dark matter candidate 7




SUSY search strategies
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults




R-Parity violating searches (RPV)  R-Parity conserving searches (RPC)

- LSP: no need to be neutral nor - Neutral Stable LSP
stable. | | |
- LSP decay: possibility to explore - Sparticles produced in pairs

new signals, exploit LSP invariant
mass and decay properties

- Single Sparticles production is - Long-lived particles

possible 4
- Not so large E_ ™

- Large E™

\ https:lltwi(i.cern.chltwikilbinIviewlAtIasPuincISupeEymmetryPuincResults
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Standard Model
Top, multijets

V, VV, VVV, Higgs
& combinations of these

Reducible backgrounds

Determined from data
Backgrounds and methods
depend on analyses

MC in data control regions
Subdominant sources: MC

Irreducible backgrounds

Dominant sources: normalise

Validation

Validation regions used to
cross check SM predictions
with data

CIEN

Signal regions

Examples
Fake leptons or heavy-flavour jets
determined with “matrix method”
in different-purity samples using
“real” and “fake” probabilities
measured in data.

Charge flip rate measured in Z
events
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Common variables
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Inclusive searches for squark and
gluino production

ns

=
0-lepton and 2-6 jets (20.3 fb') 3
o
=
Channel
Requirement A (2-ets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)
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prijs) [GeV] > - - - - 60

Ad(jet;. E?i“)min > 0.4 (i ={1,2,(3ifpr(j3) > 40 GeV)}) 0.4 (i ={1,2,3}),0.2 (pr > 40 GeV jets)

ES [ (N ) > 02 | - 03 0.4 025 | 025 0.2 015 | 02 | 025

neg(inel.) [GeV] > 1000 | 1600 || 1800 2200 1200 | 2200 1600 1000 | 1200 | 1500

(a) For SR A-medium the cut on ET /m.q(N j) is replaced by a requirement EX/ \/Hy > 15 GeV'/2.
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gluino production
Large multiplicities (20.3 fb™)

Key observation:
E.mss/sqrt(Hr) and MJz

mj::_.’: 1.0

J

MSUGRA/CMSSM: tan()=30, AU=-2m0, u>0

Inclusive searches for squark and

Multi-jet + flavour stream
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Inclusive searches for squark and
gluino production

1-lepton searches (20.3 fb!)
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Inclusive searches for squark and
gluino production summary
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3" generation searches

0-lepton, b-jets (20.1 fb")
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3" generation searches

1lepton, b-jets (20.3 fb) S
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3" generation searches summary

~0
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Electroweak production searches

N B L B L B RS I
- ATLAS Preliminary Tala=rz 07

:J Ldt=20.3 " y5=8 TeV

2-leptons searches (20.3 fb)

m(z,) [GeV]

I Expected limit (+ o,,))
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All limits at 95% CL

Opposite sign analysis (0S)
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The excluded x-sec is above the model x-sec by a factor 1.9-2.8 in the C1 mass

- ATLAS-CONF-2013-049 range 100-190 GeV and then degrades to 4.7 when reaching a C1 mass of 250 GeV.
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Electroweak production searches

3-leptons searches (20.7 fb™')
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Electroweak production searches
2-tau searches (20.7 fb™)
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Electroweak productioﬁ searches

4-leptons searches (20.7 fb)

SR N( = e, N(r) ZCandidate  E™S[GeV] m.s[GeV]  Scenario l
3(B—L|+2S . !
R= (— 1 ) SROnoZa >4 >0  extended veto >50 RPC
SROnoZb >4 >0  extended veto >75 or >600 RPV
RPC SR 1noZ =3 >1  extended veto >100 or >400 RPV
0 0 SROZ >4 >0 request >75 GGM
v + pF + p—v SR1Z =3 >1 request >100 GGM
Xr3 = (705 — (77X, -
? R Y A Y o
%‘ 7\ TTT ‘ L ‘ TTTT ‘L! ;\”\ T ‘ TTTT ‘ T T ‘ TT 1T ‘ TTT \7 1800 pp%ﬁﬁ%qﬁ?qqf(‘?; X‘?‘)V |+ I'l;\121>0
= I . A | g C T T T T | T T T | T T T | T T T ‘ T ‘ ]
RPV % i L ]-ATLAS Preliminary ] E r ATLAS Preliminary explored LSP mass range: - &
i~ 70 _ 51 Vo | G C 7
. (M_) . ; . Ldt=20.7 b, {s=8 TeV ] 1\;1600: J.Ldt=20.7fb", [s8 ToV 1OGeV<mi:.<m§f10 GeV . .E ]
3 = o =m, bl L susy s 1
€ e b :\?13: (rZ10+m7 V2 B 1400: % Observed limit (+16505) R ]
i/ . . 7y h e B Expected limit (+1c,,,) 115 ]
r S m— Observed limit (£16peqy) F 0 ATLAS 4L8Tev 1315 R
r 7 - not explored —
~0 ~tk o~k so—  #S Expected limit (£15,)) ] 1000 5 imi ) ]
e v, (V. - eip ] - Al limits at 95% CL R
Xl L UJ/_L ) H( ) r Al limits at 95% CL ] L 1
40|~ - - ]
ot RPC : E
Q s = ] =
20 j i | L - \HI ‘A‘: L 1 L :
Eevoa Lo b b b b by by A 600 800 1000 1200 1400 1600
100 150 200 250 300 350 400 450 500 m; [GeV]
Mo [GeV] 1200 ;
s - .0 _NU_ 0 . . S‘ - T \' T ‘ L ‘ L ‘ T T T ‘ L ‘ T T ‘ L l
X(l) Z/H A — 1000 ‘pP??{“X!?‘YV‘%"YV‘X?’. ‘)‘(“?Y‘l‘lf}"z‘f.?. T 8 ATLAS Preliminary | Ldt-2071" (s-8TeV 1
— — — % E AJTLAS Preliminary explored LSP mass range: Vi 3 1o l' .. susy b
(2 900 . 10 GeV < m. < m.. - 10 GeV R — € 1100 || tan(p)=1.5 =——— Observed limit (t1cmew) u
"zx'gooz_ J. Ldt=207 15, fo-t Te R ; - _E | I Expected limit (£15,,,) :
" E E < ] : ATLAS 5.8 fb, Zujet :
E : B | X | Z+jets 7
Ba CKground' 700? B Observed limit (+10p20) o g » 4 | E 1000 5 Al limits at 95% CL g
600— --- Expected limit (+16,,,) Ld\y'h 5 — ! ]
E [ ATLAS 4L8TeV 131" OV - = ad GGM ]
> ttbar, ttbar+v, ttbar+VV 500:_ not explored d) : _: 900 ‘\\ g
E  Alllimits at 95% CL ] ] 7]
400 = 1
> Di- and tribosons production s E 800 - E
200 3 N, T h b
1000 3 700 ) B
= 3 pnllnnnnllas A B
0 — e R R R W= B 300 400 500 00 700 m(x) [GeV]]
0 100 200 300 400 500 600 700 800 900 1000 o lannnllannallas G BT A

600
[GeV] 200 300 400 500 600 700 800 900
= Higgsino mass term M [GeV]

ATLAS-CONF-2013-036

m..
L

1




Long-lived particles searches

“non-pointing” photons searches (4.8 fb, 7 TeV)
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Summary table

\S SUSY Searches™ - 95% CL Lower Limits

ATLAS Prelimin:

LP2013 [Ldt=(44-229)fb 5=7,8Te
iss.
Model e T, Y Jots Ef'r' JLdiff!] Mass limit Reference
T T T T T T T 1 | T T T T T T T
MSUGRA/CMSSM 1ep Jhjets  Yes 203 &y mig) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 Tt Yes 203 &y mig) ATLAS-CONF-2013-054
a8, g—qis 0 2Ejeis  Yes 203 = e ATLAS-CONF-2013447
B2, 2-qail 0 2Ejets Yes 203 i) -0 Gen ATLAS-CONF-2013-047
22, g-agi —qgl i gl ek TBE e 203 mTL)<200GeV, miE J-0.SimiTi)am(E) | ATLAS-CONF.2013.062
EE—qagqif({in ep |etE = ) iy 1 -BE0 Ge ATLAS-CONF-2013-007
GMSE (f NLSP) 2e.u 24tz Yes 47 Eng- 15 1208 4680
GMSA3 (¥ NLSP) 1-2 ¢ 0-2jets  Yaz 207 teng 18 ATLAS-CONE-20134026
GGEM (bino NLSP) 2y 0 Yoz 48 THE L 150 Gy 1200.0763
GGM (wino NLSP) leu+y 0 Yag 48 mik | 150 ey ATLAS-CONF-2012-144
GGM (higgsino-bing NLSF) ¥ 1b Yoz 48 I 1 220 Ga 1211167
GGM (higgsino NLSF) 2epl(Z] 0O3jpils  Yes 5B i o200 Gey ATLAS-CONF-2012-152
Giraviting LS 0 moncet Yes 105 M= 1074 e ATLAS-CONF-2012-147
g-,.bﬁ;t:{ 0 b Yoz 201 |E 1.2 TeV T 600 GEV ATLAS-CONF-2013-051
BTy 1] T-10jets  Yes 203 |8 1.14 Te¥ D) <200 GV ATLAS-CONF-2013-054
ikl ep b Yes 201 |8 1.34 TeV M =040 GeV ATLAS-CONF-2013-061
I—btry 01 e.p b Yoz 201 |E 1.3 TeVW e 1300 Ga ATLAS-CONF-2013-061
Byby, B mzj 0 26 Yes 204 B 100-630 Ge¥ M) 100 eV ATLAS-CONF-2013-053
BBy, Bty 2e,pi(58) 03b  Yez 207 | 430 GeV M} =2 M) ATLAS-CONF-2013-007
Ty (light), T —b¥} 12ep 126 Yez AT |ENNEETEEV i )55 el 12084308, 1209.2102
T, T, (ight), T, — Whi; 2ep O-2jpts Yoz 203 R 220 GeV MUEL) =m{E W50 GV, mify)<cmify) | ATLAS-CONF-2013-040
T, Iy (medium), T, — &) 2e.pn O-2jels  Yesz 203 | 150-440 GaV i 1 1=0GeV, miE, HmiEs 1=10Gay ATLAS-CONF-2013-048
T fyimedium), f— b1 0 2b Yoz 201 f 150-580 CaV T 1 200 GEV, M{E ] 1-miE] }=5 Gay ATLAS-CONF-2013-053
fufilheavy), E'_’“:.iil lep 1b Yz  MT |u 200-510 GaV E L)=0 Gay ATLAS-CONF-2013-037
Ty Iy (heawy), T—ri 0 2h Yes 205 | 320-660 GeV M =0 G ATLAS-CONF-2013-024
Ty fiinatural GMSE) 2e,pulZ) 1b Yes 207 @ 500 Ga¥ T 1150 GeV ATLAS-CONF-2013-026
L, Lh—h +Z deull) ib Yoz 07T | 520 GV THE, b= ) 141 B0 o ATLAS-CONF-2013-025
gl g, T—ei] 2e.pu i Yes 203 |F B5-315 GaV¥ e =0 GEW ATLAS-CONF-2013-048
= g FLELE =B 2ep 0 Yes 203 |j 125-450 GeV MiE1)-0GeY, MiZ, A-0.SMELemiE)) | ATLASCONF-2013.043
W& 5147017 2 0 Yes 2T | 180-330 Ga¥ miE =0 GeY, miF, F=0.5m{E S )it T ATLAS-CONF-2013-028
KRS —T vl f(i), 658, 8]7) Jeu i Yoz 207 r:;'j" 600 GeV mii} J=mic3 |, mi¥; k=0, miZ, 7=05m{E] jsmir ATLAS-COMF-2013-095
LWtz de.p 0 Yoz 207 r;‘ji 35 GaV il § =mig2), mix =0, slaplons decoupled | ATLAS-CONF-20134035
Direct §7¥1 prod., long-lived 0 1t Yes Ler(¥7 )10 N 12102052
Stable, stopped g R-hadron [1] 1-Bjets s M} )=100 GEV, 10 gsor{§)- 100 5 ATLAS-CONF-20134057
GMSA, stable 7 12 0 - Eeclang <50 ATLAS-CONF-2013-058
Direct 7 prod., stable 7 or £ 1-2p 0 - T h=MiE) ATLAS-CONF-2013-058
GMSE, ¥1—+Z. long-ived i1 2y 0 Yoz Dder(i] )2 s 12045310
f%—:qq,u [RPV] LI 1] Yoz 1 MMz cr<1 m, g decoupled 12107451
LFV pp—»% 4+ X, ¥ —e 4 p 2o 0 Ay =010, 4,5 =0.05 12121272
LFV po—s ¥ + X, Fr—e{p) + 1 Tep+r a - Ay =010, dapzy=0.06 12121272
=  Bilinear APV CMSSM 1eu Tiets  “es WHFI=Mig], crise<1 mm ATLAS-CONF-2042-140
E B Wi et ey dEH 0 Yes TR 1300 GEV, Agzy 0 ATLAS-CONF-2013-096
FLEL,H =W Florrig, e, SEp+T E_I:I s HE 1 B GEW, Az ATLAS-CONF-2013-096
E—gaq 0 |t 1210.4813
B—0r, h—bs 2epni88) 045 Yes ATLAS-CONF-2013-007
Scalar ghuon 1] 4 jets Incl. imit from 11102693 12104825
WIMP interaction (D5, Dirac y) 1] monz-gt  Yes iy J< B0 G, Wmilt o< GET eV for DB ATLAS-CONF-2012-147
1 1 1 1 1 1 1

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

Mass scale [TeV]



No discovery yet

Motivations for SUSY still strong, many analyses in
progress to full data sets.

Searches are physics mode oriented, very large
number of final states analyzed (Presented limits
valid within a specific simplified or constrained model)

New window opens in 2015 with 14 TeV collision

energy!
Preparation of 14 TeV analyses ongoing!

(7))
C
E

o8]

20

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Thank you!
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ATLAS Detector

Excellent resolution for jets, electrons,
photons, muons and missing ET

Excellent vertex reconstruction

~ 4m coverage in solid angle 7000 T

ATLAS superimposed to the 5
floors of building 40

Simplified Detector Transverse View
Muon Spectrometer
HadCAL

25m

Tile calorimeters

LAr hadronic end-cap and

Pixel defec’ror

forward calorimeters

Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker




N

Inner Detector (tracker)

End-cap semiconductor tracker

Silicon pixels (Pixel): 0.8 108 channels
Silicon strips (SCT) : 6 10° channels
Transition Radiation Tracker (TRT) :
straw tubes (Xe), 4 10° channels
e/Ttseparation

o/p; ~ 5x10 p, O 0.01

R =122.5 mm
Pixels { R = 88.5 mm

Covers |n|<2.5 in a solenoidal
magnetic field of 2T

R =1082 mm

TRT

TRT

SCT

R = 50.5 mm
R=0mm‘

Pixel: each pixel is 50 ym wide in R¢p and 300
pm long. At R=4cm -- “B-layer” (good
vertexing)

SCT: 4 double layers of silicon strips. Each
double layer consists of strips aligned in the
azimuthal direction and strips rotated by a 40
mrad stereo angle with respect to the first set.
The strips have an 80 ym pitch and are 12 cm
long. 25
TRT: consists of ~36 layers of 4 mm diameter
straw tubes with resolutions ~200 ym




LAr EM Calorimeter

Barrel coverage |n|<3.2

High granularity
Total coverage |n|<4.9 accordion geometry

P n readout panel
- U

\\’____z [ \ \ ) 4 //

LAr gap

LAr hadronic €
end-cap (HEC) ==

' 7 : absorbef!panel
LAr eleciromagnetic / (& (FePoie)
end-cap (EMEC) r 7 e '
. W& A w\) LArendcap

LAr eleciromagnetic

barrel <
LAr forward (FCal)

Outer radius of 2.25 m and half-length 6.65 m

Electromagnetic Calorimeter
Barrel,Endcap: Lead-LAr

FCal: Copper/Tungsten-LAr

~10%/VE energy resolution ely

180000 channels: longitudinal segmentation
Trigger for ely



| Hadronic calorimeter

Barrel coverage |n|<1.7

Total coverage |n|<5

Tile barrel Tile extended barrel

Wavelength Shifting Fiber

}L/ Scintillator
\
A

Steel

LAr hadrenic
end-cap (HEC)

LAr electromagnetic

Source _
Tubes

LAr electromagnetic
barrel

LAr forward (FCal)

Outer radius of 4.25 m and half-length 6.10 m

Hadron Calorimeter
barrel: Iron-Tile; HEC: Copper-LAr; (~20000 channels)
o/E ~ 50%/VE O 0.03 pion (at n=10A (A-interaction length))

Trigger for jets, Missing E;

The total weight of the Calorimeter System is ~4000
Tons




Muon g_ysfem (gpecfr'omefer')

Outer radius of 11 m and half-length 12.5 m ‘

Thin-gap chambers (T&C)

W Cathode sfrip chambers (CSC) Stand-alone momentum resolution Apt/pt
| <10% upto1TeV

26 Tm|n|<1.3 4-8 Tm 1.6<|n|<2.7

~1200 MDT precision chambers for track
reconstruction (+ CSC)

~600 RPC and ~3600 TGC
trigger chambers
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