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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)
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we’ve seen nothing




where 1s it?

hiding at a higherscale =* wait for /s increase (2014/2015)

normal, but low o => wait for more data (HCP, winterfor5 fb~1)

already there => Dbetter search strategies




SUSY with out prejudice

large range of
models examined

gaps!
Of...

simplified models

for hidden
senarios
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triggering 1s grim..

... and getting grimmer

bunch spacing, protons in your favorite rate limit
bunch, beam tunes and trigger squeezed driven by $$
here disk, cpu, etc.

focus

unprescaled @ end of 2011

em: 1e@22, 2e@12, 1e@12+2e@6, 1y @80, 2y @20, 1€ @20+EMS > 40
muon: 1u@18, 1u@40sl, 1@ 15+1u@10, 1u@15+ETSS > 30

tau: 1T1@125, 1T@29+1T@20, 1T@29+E7HSS > 35

jets: 1j@250, 3j@100, 4j@45, 5j@30, 1j@75+EFHSS > 55, 1j@100+H; > 400,

4j@40+Hr > 350
combo: 1u@18+1j@10, 1e @5+14 @6, 1T@20+1e@15, 2.T@20+14 @15
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long lived particle triggers

b-tagging triggers

good for a decay a few millimeters from primary vertex
commissioned
not used in any analysis currently

Long Lived Neutral Particle Triggers

neutral particle decays mid-detector
appearance trigger
run for full 2011 dataset (5 fb™1)
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calorimeter

muon spectrometer
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3 triggers

trackless jet trigger

jet Er > 35 GeV

no tracks with p;r > 1 GeV near jet
muon spectrometer activity

low efficiency

log(Enaa/Eem)
jet Er > 35 GeV
no tracks with p;y > 1 GeV near jet

log(Enga/Egm) > 1.0
very good efficiency

muon spectrometer cluster trigger

three Rol clusters all close by
no jets

no tracks
really very good efficienc




offline analysis

standard SUSY analyses

jetspr > 50 GeV

electrons py > 10 — 20 GeV
muons pr > 10 — 20 GeV
EMSS > 50 GeV

non-standard SUSY searches

highly ionizing particles
displaced vertices
kinked tracks

stopped particles

G. Watts (UW/Seattle)
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stable massive particles

color charge, subluminal === time-of-flight, ionization SUSY
use calorimeter for electrically neutral R-hadrons UED
pixels: dE /dx L=34pb~1

tile calorimeter: time of flight (0.3 < § < 1.0)

trigger on calorimeter EF¥SS > 40 GeV

Cut level Data Background 300 GeV g 500 GeV g 600 GeV g 200 GeV ¢ 200 GeV b

mass from ionization or from time of flight
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| stable massive particles
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stable massive particles
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| stable massive particles

Nominal P Pisel TPisxcel Tile Tile No. of signal cand. (§) Est. no. of bkg. cand. Npata

mass (GeV) (GeV) (GeV) (GeV) (GeV) Pixel Tile Comb. Pixel Tile Comb. Comb.
100 107 10 € 0 | 15808 49300 13912 61 330 5.4
200 214 24 : 1417 2471 1235 19 61 0.87
300 324 40 5 ! 202 a04 173 6.5 17 0.22
400 425 67 415 43 57 37 3.4 . 0.082
500 533 2 51: 11 13 0.2 1.82 4. 0.044
600 641 25 2 45 3.1 3.5 2.6 1.05 3. 0.028
700 727 £ 714 3 0.99 1.07 0.34 0.74 2. 0.018

o
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Stable, charged (u-based)

electrically charged by the time they leave the calorimeter GMSB SUSY

charged, long lived particles
colored, but interact in calorimeter leading to a spray of
charged particles in the muon spectrometer

L=37 pb~?
trigger is the muon drift tube

reconstruction method 1:

fitinner detector track to imperfect muon spectrometer segments
take into account 8§ which alters drift time
sub-par muon spectrometer segments also used

reconstruction method 2:

muon spectrometer based only
segment reconstruction starts from trigger information
efficiency is not great for low £5.

G. Watts (UW/Seattle)
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| Stable, charged (u
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Or a me

displaced vertices

displaced vertex

trigger

vertex reconstruction

standard
use tracks that have no pixel hits
reject vertices near material

SUSY++
L=33 pb~?
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| displaced vertices
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displaced vertices
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stopped particles

Long-lived particles produced with low & can stop in detector
material and decay much later.

Most likely to stop in densest part of ATLAS = calorimeters.

Look for events with large energy deposits in calorimeter in

‘empty” bunches.

backgrounds: calorimeter
noise, cosmics, beam-halo

= N W A~ O O N O

o

ATLAS Preliminary

\s=7TeV
L dt = 30.7 pb”

N Jets = 1

s Search sample
== Control sample
[]Background sample
— 200 GeV gluino MC x 0.2
300 GeV gluino MC
400 GeV gluino MC x 10

ey =
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Jet Energy [GeV]
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stopped particles
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hidden valley SUSY

LSPisinthe HV sector

result are long lived
decays in the detector

analysis technique is a
riff on the long lived
triggers

G. Watts (UW/Seattle)
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b-tagging

big improvements
coming

JetProb

ATLAS Preliminary
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conclusions

» |ots of information from the ATLAS detector

= can be used in new ways to help with some
corners of SUSY parameter space

if we can figure out how to control backgrounds!

= new results at HCP with 2 — 3fb~1 and
5fb~1 for winter conferences

= improving algorithms all the time

= other results out there
e.g. squashed SUSY reinterpretation
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2 leptons, EIYSS

leptons: =2 e, u (both ss/os)
jets: Bin in # of jets (up to 8)
pr > 55,80 GeV [Ldt=1.0416",N5=7 Tev i

E miss — Observed 95% CL

__ > 3,5 Gev -+ Expected
VHT w Expected+ 1o

luminosity: 1.34 fb~1 ATLAS
r parity conserving

ot 0 o ~0 \ ~0
X X, VILVI—Iv X II)(1

- / =
m.=Mmgp+1/2(m_-m

Cross Section Excluded at 95% CL [pb]

—e— Data 2011 —e— Data 2011

—g— Data 2011 —g— Data 2011
== SM Background SF

Background DF

Background SF
Background DF

ptons (SF)

Events / 20 GeV
Events / 20 GeV

[ orel-van (sF)

Jaesn Y

[ oisoson (SF) ” p
==

le top (SF) [ single top (SF)

ij-roub" J‘Ld1~104!b'

250 >300 0 0 150
M, [GeV]

ibutions of the invariant mass in data t her with the S pectation for same-flavour (SF) dilepton events with Ef'*
to requirement SR1) (a) and t requirement ( (b). Also shown are the di nt-flavour (DTF) distributiosn.

Errors on data points ar atistical, while the error bands on the SM predictions represent the total uncertainties.
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Large # Jets, ENUsS

leptons: =0 e, u with p& > 20 GeV, p > 10 GeV
jets: 0-4, pr > 40 — 100 GeV

EMSS ysed as the limit setting variable
luminosity: 1 fb~1 |
r parity conserving MSUGRA/CMSSM: tanf = 10, A =0, >0 L™ =1.341fb"

exp. Iimi-t o
201122,3 4 jets plus E[
CL, 95% C.L. limit
[ Ler 2y
o , [ ]D04.3 tanp=3,p<0,2.1 o™
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1 lepton, jets, EPUSS

leptons: =1¢e,u ”
ATLAS L™ =1.041b", Vs=7 TeV Observed CL, 95% CL
p'le" > 2 0 G eVI pé"t > 1 O G eV a 4ol 1 lepton, combination _ 7

—-. Expected CL_

jets: 3, pr > 60 GeV, EMSS > 125 T

3, pT > 80 Ge\l, E'I‘I;niSS > 240 5 § <) [ ] D0 §,§ tan=3. <0, 2.1 fo

I coF 5. tanp-s, u<0, 20

4, pr > 60(1),25(3) GeV, EF¥SS > 140
4, pr > 60(1),40(3) GeV, EI*sS > 200
luminosity: 1.04 fb~!
r parity conserving
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jets, ENUsS

leptons: =o e, u with p2* > 20 GeV

jets: leading pr > 130, 2-4 p; > 40, 0r 4 pr > 80
EMss > 130 GeV

luminosity: 1.04 fb~1

r parity conserving

Squark-gluino-neutralino model, m(f(?) =0GeV MSUGRA/CMSSM: tanf = 10, AO: 0, u>0
0 R ? ATLAS ATLAS 0 lepton 2011 combined
0 lepton 2011 combined [Ldt=1.041b" V57 TeV CL, observed 95% C.L. limit
mm CL, observed 95% C.L. limit = —] LEP2 CL, median expected limit
« CL, median expected limit = ] DOG,§, tan p=3, p<0, 2.1 o' - + Expected limit 1
Expected limit +1c CDF 3§, tan =5, <0, 2 fo % Reference point
— 2010 data PCL 95% C.L. limit} I Theoretically excluded = 2010 data PCL 95% C.L. limit

[Ldt=1.041b" ys=7 TeV
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Figure 2: Combined exclusion limits for simplified SUSY models with m(f'i)) = 0 (left) and MSUGRA/CMSSM models with tan 8 = 10, Ag = O and g > 0 (right).
The combined limits are obtain 7 using the signal region which generates the best expected limit at each point in the parameter plar he dashed-blue line
corresponds to the median expected 95% C.L. limit and the red line corresponds to the observed limit at 95% C.L. The dotted blue lines correspond to the 1o
variation in the expected limits. Also shown for comparison purposes in the figures are limits from th atron [35, 36, 37, 38] and LEP [39, 40] . although it
should be noted that some of these limits were generated with different models or parameter choices (see legends). The previous published ATLLAS limits from this
analysis [5] are also show e MSUGRA/(C M reference point used in Figure 1 is indicated by the star in the right-hand figure.
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2 lepton (high mass)

leptons: =1¢e,1u

pt > 25 GeV
luminosity: 1.07 fb~!
r parity violating
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1 lepton, b-jets, EIsS

leptons: =1¢e,u

pg > 20 GeV, pi > 10 GeV
jets: 4, pr > 50 GeV (= 1 b-tag)
EMss > 80 GeV
mr (L, EF*SS) > 100 GeV
luminosity: 1.03 fb~!
r parity conserving

CL, expected limit
- Expected CL_limit +1c

ATLAS Preliminary

1-lepton, 4 jets
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@ leptons, b-jets, EIYSS

leptons: =0 e, u

pg > 20 GeV, pi > 10 GeV
jets: = 3, pr > 130,50,50 GeV (= 1 b-tag w/py > 50 GeV)

Split signal regions by # of b-jets, m, ¢
EMss > 130 GeV
mT(l, E’T""SS) > 100 GeV LA remineny
luminosity: 0.83 fb~!
r parity conserving

Ldt=0.83 ' Vs=7 Tev
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