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Current ATLAS SUSY Limits

ATLAS SUSY Searches™ - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 fl: dt=(4.6-229)fb"" +s=7,8TeV
Model &Y Jets EX [ranth™] Mass limit Reference
T T T T ' T T T T T T T T I T T T T T T T
MSUGRA/CMSSM 0 26jets Yes 203 54 1.7TeV  m(G@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM lepu 3-6jets Yes 203 |2 1.2 TeV any m(g) ATLAS-CONF-2013-062
o MSUGRA/ICMSSM 0 7-10jets  Yes 203 |& 1.1 TeV any m(3) 1308.1841
2 4, q—»le 0 2-6jets Yes 203 |@ 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
S iz gqqqxl 0 2-6jets  Yes 203 |2 1.3 TeV m(i})=0 GeV ATLAS-CONF-2013-047
3 28, 3-qaky HqqW* )(, Tep 3-6jets  Yes 20.3 4 1.18 TeV m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
0 23, é—}qg([[/[v/vv)/\/? 2e,u 0-3 jets - 20.3 g 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
% GMSB (£ NLSP) 2e,u 2-4 jets Yes 4.7 2 1.24 TeV tang<15 1208.4688
‘@ GMSB (7 NLSP) 127 0-2jets  Yes 20.7 2 1.4 TeV tang >18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
S GGM (wino NLSP) lTeu+y - Yes 4.8 g 619 GeV m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 4 1b Yes 48 |[& 900 GeV m(¥))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(H)>200GeV ATLAS-CONF-2012-152
S5 §—>bBX ! 0 3b Yes 201 |& 1.2TeV m(¥})<600 GeV ATLAS-CONF-2013-061
& g g_m)( 0 7-10jets  Yes 20.3 g 1.1 TeV @ ) <350 GeV 1308.1841
E g—mxl 0-1 e, 3b Yes  20.1 g 1.34 TeV @ )<400 GeV ATLAS-CONF-2013-061
¢ gobiX| 0-1e,u 3b Yes  20.1 g 1.3 TeV m(¥})<300 GeV ATLAS-CONF-2013-061
biby, by —>b)(| 0 2b Yes  20.1 By 100-620 GeV m(¥")<90 GeV 1308.2631
w o biby, bi—itT 2e,u(SS) 0-3b Yes 207 |B 275-430 GeV m¥})=2 m(¥}) ATLAS-CONF-2013-007
= .g 7171 (light), f1—b¥T 1-2e,u 1-2b Yes 4.7 4 110-167 GeV m(¥})=55GeV 1208.4305, 1209.2102
S S fii(light), 7y —Wbt) 2e,u 0-2jets  Yes 203 2 130-210 GeV m(¥}) =m(F, )-m(W)-50 GeV, m(f)<<m(F}) 1403.4853
E'g 7,71 (medium), 7; —»t/?i 2epu 2jets  Yes 203 |& 215-530 GeV m(¥))=1 GeV 1403.4853
=g nHi(medum), i —~>0b)h 0 2b Yes 201 |4 150-580 GeV m(¥})<200 GeV, m(E})-m(¥})=5 GeV 1308.2631
&‘G 711, (heavy), Fl—>t)(6 lepn 1b Yes 207 |& 200-610 GeV m(/\??) 0GeV ATLAS-CONF-2013-037
~ 9 f zl(heavy) - 0 2b Yes 20.5 £ 320-660 GeV m(/\’ )=0GeV ATLAS-CONF-2013-024
B iif, ok 0  mono-jet/c-tag Yes 20.3 h 90-200 GeV m(f)-m(E7)<85 GeV ATLAS-CONF-2013-068
7171 (natural GMSB) 2e,u(2) 1b Yes 203 |7& 150-580 GeV m(¥))>150 GeV 1403.5222
hi, h—ih +Z 3eu(2) 1b Yes 203 |& 290-600 GeV m(f7)<200 GeV 1403.5222
ZL 123 LR, [—>€)(, 2e,pu 0 Yes 20.3 7 90-325 GeV m(¥})=0GeV 1403.5294
5 At x, —Tv(tv) 2e,p 0 Yes 203 |} 140-465 GeV @ )=0GeV, m(Z,7)=0.5(m(¥} )+m(X,)) 1403.5294
= o )2.+ L sty 271 - Yes 207 | % 180-330 GeV m(¥})=0 GeV, m(#, #)=0.5(m(¥} )+m()(, ) ATLAS-CONF-2013-028
w3 )?i g—>[Lv€L€(vv) L) Sepu 0 Yes 203 iz,)?g 700 GeV mFT)=m(¥3), m(E?)=o, m(Z,7)=0. 5(m(¥)+mix) 1402.7029
)( Wizt 2-3 e, 0 Yes 20.3 X;.X 420 GeV mE)=m(3), m(¥})=0, sleptons decoupled 1403.5294, 1402.7029
B w Direct ¥4 prod., long-lived ¥; Disapp. trk 1 jet Yes 203 [|X% 270 GeV mEE)-m(E))=160 MeV, 7(¢)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped 3 R-hadron 0 1-5jets  Yes 229 z 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s ATLAS-CONF-2013-057
DT GMSB, stable 7, ) 7, m+te, ) 1-2p - - 15.9 — 10<tanf<50 ATLAS-CONF-2013-058
5 g GMSB, )??-»yé, long-lived b 2y - Yes 47 K 230 GeV 0.4<7(¥)<2 ns 1304.6310
=l 33, X1 —qqu (RPV) 1 p, displ. vtx - - 203 |4 1.0 TeV 1.5 <cT<156 mm, BR(u)=1, m(¥1)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥r + X, ¥r>e + 1 2e,u - - 46 |b% 161TeV! 4,,=0.10, 4;3,=0.05 1212.1272
LFV pp—¥, + X, ¥ —e(u) + 7 Tepu+t - - 4.6 v 1.1 TeV A4,,=0.10, 1,(233=0.05 1212.1272
>  Bilinear RPV CMSSM leu 7 jets Yes 47 |@E 1.2 TeV m(g)=m(g), cTrsp<1 mm ATLAS-CONF-2012-140
& x, T )2, SWR X0—>eev#, epiie dep - Yes  20.7 iz 760 GeV m(/\7 )>300 GeV, ,3,>0 ATLAS-CONF-2013-036
)(1)(1 ,)(1 S WX —=1Tv,, et Seu+t - Yes 20.7 7 350 GeV m@\’.)>80 GeV, 4133>0 ATLAS-CONF-2013-036
8—4qqq 0 6-7 jets - 20.3 4 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iit, i —bs 2e,u(SS) 0-3b Yes 207 |& 880 GeV ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—gg 4 jets - %Iuon 100- incl. limit from 1110.2693 1210.4826
E BCalar gluon parr, sgiion-—ir et (o) 2b Yes  14.3 | sgluon %_—_ATLAS»CONF-M 3-051
‘O" WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

MR | L 1 1 PR S R | 1 1 L P S T
Vs =7 TeV Vs =8 TeV -1
full data - full data 10 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 10 theoretical signal cross section uncertainty.




Long-lived particles and RPV Analyses

* This talk will only cover analyses with updated results since Pheno2013 (*)

© @ Direct X ¥] prod., long-lived i ATLAS-CONF-2013-069 Y
= % Stable, stopped & R-hadron ATLAS-CONF-2013-057 ¢
ST GMSB, stable t, X1 -7, fyst(e, i) ATLAS-CONF-2013-058 K
S § GMSB,X|—yG, long-lived X} 1304.6310
~l 43, ¥ —qqu (RPV) ~ ATLAS-CONF-2013-092 K
LFV pp—7: + X, Vr—e +p 1212.1272
LFV pp—7, + X, V. —e(u) + 7 1212.1272
> Blllnear RPV CMSSM ATLAS-CONF-2012-140
&= ,v,,v, , ,v, SWH X —eew,, e, ATLAS-CONF-2013-036
/Y]X] ,X] —)WX] ,Xl —TTV,, €TV, - ATLAS-CONF-2013-036
§—999 ATLAS-CONF-2013-091 ¢
g—it, fj—bs ATLAS-CONF-2013-007
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R-Parity Violating Supersymmetry & Long Lived Particles

* R-parity:  R= (-1)%®t** -> R = +1 for SM particle, R=-1 for superpartners

* Many SUSY models assume R-Parity Conservation (RPC)

-> Hinted at by proton stability

-> Lightest Supersymmetric Particle (LSP) is stable -> Good dark matter candidate

* However, R-Parity Violating (RPV) terms can be added into superpotential:
WRPV: 2’ijkLiLjEk + ;tlijkLinD k + K;'L/H2+ ﬂ’”ijkD iD jD k
-> S0 long as lepton & baryon number violation is not simultaneous

* Long Lived Particles can exist if there are weak couplings (e.g. RPV & GMSB), small
mass splittings (e.g. AMSB) or heavy mediator particles (e.g. split-SUSY)
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Long Lived Particles in ATLAS

* Lifetime of LLP will determine
which part of the detector the
TRT decay occurs in

* Different analysis techniques
required for different regions
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Search for Final States with a Muon and a Multi-Track Displaced Vertex

13

efficiency

* In RPV models lightest neutralino can decay to a muon and
two SM quarks

7 * RPV A’ coupling allows neutralino to be long lived
-> Displaced vertex O(10mm) from primary vertex
* High energy muon used for triggering
n e Background rejection makes use of high track multiplicity
* Also require displaced vertex to be in region with no material

-> expect 0.02 +/- 0.02 background events

> 045 L BN L L BRI IR I

* Standard ATLAS tracking assumes tracks § 04l miaton ey = Retracking
come from primary vertex £ ash et o Noretracking 3
: § F “Mﬂ'ﬂ‘, m‘+ +++ } -

-> Many tracks from displaced vertex g "y W Ty +t|,+H+ + + + E
missed 3 025090 . g E
R W T

E 0_1525 DEEj +H++ ++ + +_§

* Rerun tracking algorithms with looser > oif QEEE% ﬂﬂ'l' =
requirements to increase identification 0.05]- S 3
T R R G MR- Y R T- T

ATLAS-CONF-2013-092 6 rpy [mm]




Search for Final States with a Muon and a Multi-Track Displaced Vertex

T T TT || T T 1T
ATLAS =
. MH preliminary
Y \s=8TeV
B ILdt =2031b" 3

BR()’Z(“) — 1jj)=100%

> 7 a |
3 9& 10F
O, ] -
A 102 i :
€ 10 ; i
o ATLAS - -
= preliminary : )
> 10 "Signal region s =8 Tev 10 ‘
J-Ldt =20.3 fb"] o2 .\
@ Data 2012
1 Signal MC - ol 103 :
1 0.5 .
I e | I —= -0 10—4 L
3 4567810 20 30 40 1

Number of tracks in vertex

No events observed in signal region

Interpret results using three different
combinations of squark and
neutralino mass as a function of
lifetime

ATLAS-CONF-2013-092
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Search for Direct Chargino Production in Events with Disappearing Tracks

* In AMSB if lightest gauginos are

+ .
T approximately mass-degenerate x*, can
/
L e be long lived
X1 ~0
X1
0 * Lifetime O(0.1ns) -> Decay late in tracker
P -> Few hits in outer layer of tracker
g

« Trigger on high p_ ISR jet

2108 N L B LB B L
high-p.. charged particle § 107 & —— Data(1s =8 TeV, ILdt =203f") ATLAS
il ; : — SM MC prediction
mteraclmg with TRT material 1 06 w m.. = 200 GeV, T = 0.2 ns (Decay radius < infinite)
1 05 m.. =200 GeV, 7. =0.2ns (Decay radius < 563 mm)
low-p; charged particle scattered 10°* 000
-. in materials resulting in badly 108 IR T H B *o
I\"-., measured track py 10 ¢ °
I', ® ®
'| 10
\ reconstructed track ¢ ¢
true particle track 1
! | 10
Pixc' SC"I\ -I‘R'll 10'2 1 1 1 //A 1 1 1 1 1 1 1 1 I 1 1 1 1
0 10 20 30 40 50 60

Phys. Rev. D 88, 112006 (2013) 8 N1y




Search for Direct Chargino Production in Events with Disappearing Tracks

tan=5u>0

> T T T | T T T T T 1T 'a' W?V’V' 2277 73777'?7777 2227 77' 7737777?7777;7777?7' %
[0 —— Data /
(@) Total background '%‘f 10 4
-~ vE Interacting hadron e I T S ]
ww  FE L ammaaas P, -mismeasured track L E i
%) ............. Electron |- -
s 'YE 4L Muo L i
|‘: m.. _200GeVr =0.2ns | |
] m 1 =300 GeV, r 1=0.2ns
m _SOOGeV 1 _1 0ns
15 -
,,,,,, i ATLAS |
m=8meLm=m3m4
....... Observed 95% CL limit (1 G‘hew)
B | Expected 95% CL limit (+1c,,;)
- 1008 </ e ATLAS (s = 7 TeV, 4.7 o™, EW prod.)
IC P @ M L e L B ALEPH (Phys. Lett. B533 223 (2002))
TS L OF g L I‘l Tof I{I """ K 4 i S A b bl Tz ‘Stable if
%g - UK LpT TT% +f T’ 100 150 200 250 300 350 400 450 500 550 600
o 0 1 1 1 ! b L ““ 1 | m. [GeV]
20 30 40 100 200 300 1000 fan = 5 0
anp=5,u>
Track pT [GeV] > 220 oL L Observed 95% CL limit (1, )
é’ C Expected 95% GL limit (+1 6,,,)
= 210F ATLAS (is =7 TeV, 4.7 fo”, EW prod.)
EIX C ALEPH (Phys. Lett. B533 223 (2002))
: - < C Theory ( ihys. Lett. B721 252 (2013))
* Determine background from fit to the 200 [ Sl
. - ATLAS .
candidate track p, spectra 190 [ -
B \s=sTe\/,_[l_dt=2o.3fb'1 N
180 - —
No excess over background observed i ]
170 —
exclusion limits set in AMSB model . | E
parameter Space - .
150 e e -

140 2 :
g ‘ﬂ/%
100 150 200 250 300 350 400 450 500 550 600
Phys. Rev. D 88, 112006 (2013) 9 m.. [GeV]
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Search for Long-Lived Heavy Rhadrons

ATLAS 2012-11-19 11:45:26 CET source:JiveXML_214777_194192036 run:214777 ev:194192036 lumiBlock:660 Atlantis

Rhadrons are composites of a gluino or
squark with SM partons

* May only deposit small amounts of
energy in calorimeters

* Can undergo interactions with detector
material

* Rhadron can be stopped by calorimeter

-> decay can be very delayed and still
be detected

.20 0 Z(m) 20 § : :
. i ) > sl ATLAS . . o — Uses Bunch Structure ||
* Search for jets in empty bunch crossings g Pl 00 - 2012 Dataset == Uses Run Schedule
3 50 b1 @\5=T7TeV | r | r r |
. = 229fb 1@ /s =8TeV !
* Backgrounds from cosmic muons and beam w Livretimez_gs_g.ghours
halo muons (reject events with reconstructed o
= evolution ; 3 ; ; : ; ;
muon segments) Potod N eeaal WM D
: : : . : R . :
. . : : : LY
* Analysis sensitive to Rhadrons with lifetimes AR T T R ‘. ________ N
between 10° — 107 seconds N,
: : 1 ) :
| e N
* Uses 2011 (7TeV) & 2012 (8TeV) data <0t RN N L R A
p : : : : 3 : R Y
() et e P DU {ERRRIRRRRR  IRRTRRRREEE -.........0..’.-+

1079 1077 107°® 1073 107! 107 103 10° 107 109

PhyS Rev. D 88, 112003 (2013) ]0 R-Hadron Lifetime [seconds]




Search for Long-Lived Heavy Rhadrons

Leading jet Cosmic region Number of events in search region
energy (GeV) Muon veto  Events Beam-halo bkgd.  Scaling Cosmic Beam-halo  Total background Observed
50 No 1640 82 + 40 3.1 4820+ 570 900 = 130 5720 £ 590 3396
50 Yes 2 .1 £0.6 2.4 21+x36 12+3 142 = 4.0 10
100 Yes I 0.8 £0.5 2.4 0.4+ 2.7 6+2 6.4 =29 5
300 Yes | 0.00075%1 2.4 24+24 05+04 29+24 0
3 Expelcted Limit
= 30} --
©
o ATLAS 1 Expected Limit (£10exp)
S 5.0 b7 @ (/s =7TeV = Observed Limit
S o251 22.9 fb~! @ /s = 8 TeV . =5 Th
X, Live time = 389.3 hours pp — gg Iheory
NO excess over g g — tt+x° I Scale + PDF
S ool myo = 100 GeV
baCkg round observed -8 Generic, Leading Jet Energy > 300 GeV
o
o
»n 15}
-
o
IS
T 101
c
5 B
0 %00 700 800 900 1000
Gluino Mass [Gev]
Phys. Rev. D 88, 112003 (2013) 11



Search for Long-Lived Sleptons

* In some models , eg G
can be long lived

MSB, sleptons

* Behave like heavy muons -> low f3

* Combine time of flight (calorimeter &
muon detectors) and energy loss (pixel
detector) information to calculate

m ﬁzp/ B

 Look for pairs of LLP with large m

p

%600 IIII|IIII|TIII|IIII.|IIII INII_[_ ;100:|| T T T 1 |?||§E§|||I|||II|IIII|III_
© [ ATLAS Prelimi 1 o - L FE=) 2
g © m:m.ary.. O 90F ATLAS Preliminary;
o | Ldt=15.91" 1 = L -
n = i 1\ -1
- S o 80F \ ‘-;Jz;\-s=8TeV,j Ldt=15.9 fo"
R = = ‘\.“ e
No events observed o 1 = O ;
In Slgnal reglon i (;) 605_ \‘n\‘l —— Observed Limit _E
300} 1 @ s0p R el :
Interpret results I E 108 | e
. . L C ‘.‘\ i - £ 10y E
using GMSB with o | ) - 20, Excluded | .
light stau as LLP C 0 Data, \s =8 Tev ] - - :
100k Grn i " [ GMSB, m_= 346 GeV ] 20F Lo i
Lo ioawe s * (A =110 TeV, tanp = 10) . C Vil ]
[:2agaaiiiiic 10F | -
i . C .\ .
OO ! I; (l)OI o |2(|)OL — éB(l)OI L L].(ljol — |5(|)OI — IGOO 0_| Ll b by :‘| |' | R ERTINS RN R

m, [GeV] 200 250 300 350 400 450

ATLAS-CONF-2013-058
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Search for Massive Particles Decaying into Multiple Quarks

10 quark final state!

* If R-Parity can be violated decay of gluinos and
neutralinos leads to final states of many quarks

* Look for events with at least 6 jets
* Perform counting experiment

* Background extrapolated from low jet multiplicity
regions using MC transfer factors

% T T T T T T T I. I. T T T T T T T T T T T T T T T T 5‘ E T T T T | T T T | T T T | T T T T T T T =

o gl 107 L ATLAS Preliminary ; Eatg \:,=8 fTev, iojstfb-1 % 10° ;_Eggéﬁ/ﬁl_m—l—'m” ________________________ —_— _;

57 iate > 1 b rojection from 3 Jets E + : 3

NO Slg n |f|Cant E 10° 27 Jets, 2 1 b-tags O Projection from 4 Jets g 3 % "‘2% E))((% ijr::” N

deV|at|On from SM Lcllij 105 A Projection from 5 Jets 1 10 = -BR() Ogg g(?))ssofesg(or)‘ E)N/LO"‘NI;IO—)G ' E

. . —— ceee-- M =600 GeV E C Y o, M_, = e ]

pred|ct|on observed 10! R mz 1000 GoV B 12102 R s AR N N N .

I nterpret resu ItS fOI’ 10° —— ; % 10 = : »--»--»-I-L-?dt-»~-»20-.—3-§fb---»,-\»-s-»=-8--TeV ............ - -

. . 102 E"_-""I' """"" :__________:#"" -"",_ __________ 3 \6 E E E 3 E

different neutralino - - : T QS SE——— i

masses, banching of  N—

ratios to SM quarks 1e S =

& num ber Of uarks g a4 i_ .................... ......................................................... IE 1 0'2 R R s S R QU S 5

) . q E 1_2;_ ........................................................... SR S l - — ; ATLAS Prellmlnary : ;
In flnal State g 1w 1 0-3 | | | | | | | | 1 | | | 1 | 1 | | 1 |

e 0 i:::::::E:::::E:::::::}_._,_.,.@,_.___.,.,g __________ | ___________ T T 400 600 800 1000 1200 1400
6080 100 120 140 160 180 200 m; [GeV]

Jet P, Cut [GeV]

ATLAS-CONF-2013-091




Conclusion

* Models containing Resonances, RPV & long-lived particles
have unique and interesting signatures

* Challenging non-standard analysis techniques are required
to investigate these models

* The excellent design & performance of the ATLAS detector
makes these searches possible

* No experimental evidence for BSM theories observed yet
* Many analyses now make use of the full 8TeV dataset

* Looking forward to the increased discovery reach at 13TeV
In run-2!
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Search for Heavy Long-Lived Rhadrons — Exclusion Limits

Leading jet Gluino/squark mass limit (GeV)
energy (GeV) R-hadron model Gluino/squark decay Neutralino mass (GeV) Expected Observed
100 Generic g—g/qgqg + ¥ my — 100 526 545
100 Generic g—tr+ i m; — 380 694 705
300 Generic g—glgq + x" 100 731 832
300 Generic g—1+ y 100 700 184
300 Intermediate g—g/lqq + ¥ 100 615 699
300 Regge i—g/qg + ¥" 100 664 758
100 Generic f—t+ ;" m; — 200 389 397
100 Generic f—rt+ ;" 100 384 392
100 Regge f—t+ " 100 371 379
100 Regge b—b+ " 100 33 344

Phys. Rev. D 88, 112003 (2013) 15



10 quark final state results table

Search for Massive Particles Decaying into Multiple Quarks

Sample Jet pycut | #jets | # b-tags Signal Background Data
[GeV]

(”"3'"”1“.'] = (400 GeV, 50 GeV) 100 7 ] 1400800 2460350 2477
un(}.mi(‘.} = (400 GeV, 300 GeV) &0 7 0 90004000 | 17200+£2100 | 15885
(mg,.mi::} = (600 GeV, 50 GeV) 100 7 1 510140 940140 936
Lm,;..mi::} = (600 GeV, 300 GeV) 100 7 0 1700900 24604350 2477
(”"3""”1“.'] = (800 GeV, 50 GeV) 120 7 1 107+31 138+26 178
U”‘}J”i[:] = (800 GeV, 300 GeV) 120 ) 0 380+90 37060 444
(m;..mi:l-} = (1000 GeV, 50 GeV) 180 6 0 40+6 170+40 187
(m(;..mi::} = (1000 GeV, 300 GeV) 140 7 ] 5013 10525 107
U”f}‘miﬁ'] = (1000 GeV, 600 GeV) 180 ) 0 10+5 6.11£2.2 4
U”‘J‘mi[.'} = (1200 GeV, 50 GeV) 180 T 0 1.9+1.0 6.1+2.2 4
(”"3“”'1“.'] = (1200 GeV, 300 GeV) 180 7 0 3.2+1.4 6.1+2.2 4
(mg..mi:l-} = (1200 GeV, 600 GeV) 140 7 0 28+4 105+25 107

No Significant excess over Background observed

ATLAS-CONF-2013-091 16
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