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 |Introduction

— Long Lived Particles (LLP)
— The ATLAS Detector

e Search strategies for LLPs in ATLAS

— Initial Studies using Time-of-Flight techniques

e Use TileCal, Pixel and Muon Spectrometer Detectors

— Stopped gluino searches

* Summary & Conclusions



LLPs in SUSY Scenarios

SMP LSP Scenario Conditions

2
TL,R’

Ty Xi MSSM 7y mass (determined by m s tan 3,and A;) close to )

LLPs are predicted in many SUSY and
Other BSM Scena rios G GMSB f:rsg;N,smallAf,and/orlargetanﬁ.

gMSB No detailed phenomenology studies, see [23].

Wit h i n S U SY’ L L PS Ca n h ave d iﬁe re nt SUGRA  Supergravity with a gravitino LSP, see [24].

T1 MSSM  Small m3, ,, and/or large tan 3 and/or very large A-.

colour and electric charge AMSD  Suall o, g s

~ / ~ gMSB Generic in minimal models.
— q g ( bound states — R-Hadron S) fn G GMSB 7 NLSP (see above). & and i co-NLSP and also SMP for
small tan 5 and p.
~S
_ l ( or X + ) 71 gMSB €1 and fi; co-LSP and also SMP when stau mixing small.
)Zf' b%) MSSM Myt — mgo Smy+. Very large My 222 TeV > |u| (Hig-

X X

. gsino region) or non-universal gaugino masses M R 4Mo,
Ty p I Ca I Iy B < 1 with the latter condition relaxed to M7 2 My for My < |p|.

Natural in O-II models, where simultaneously also the g can
be long-lived near dgg = —3.

— Use Time-of-Flight for measuring 3

AMSB M > My natural. mg not too small. See MSSM above.

H - 7 0 MSSM  Very large m2 > Mj, e.g. split SUSY.
— LLP Candidate mass = p/fy IoN ylarge mg > My, 8. 5p
G GMSB SUSY GUT extensions [25-27].
g MSSM Very small M3 < M 2, O-11 models near dgg = —3.

GMSB SUSY GUT extensions [25-29].

In some case, R-Hadrons might stop in
calorimeters and decay later B M MSSM Monaniversal suark snd gaugino masses. Small m and

by Small mg and M3, large tan 3 and/or large Aj > A;.

— Large isolated energy deposit T

Brief overview of possible SUSY SMP states considered in the literature. Classified by

—_ De Cay h a p p ens Mmuc h | ate r t h an p ro d u Cti on SMP, LSP, scenario, and typical conditions for this case to materialise in the given scenario.
arXiv: hep-ph/0611040v2



The ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
~ 4 !

e Pixel Detector: high-resolution
tracking in |n|< 2.5 region and
dE/dx measurement

* r~10wminR-¢

* r~115uminz
Liquid Argon Calorimeter (LAr)

* e.m. calorimeter (|n| <3.2)
Tile Calorimeter: barrel part of
Hadronic Calorimeter

* Central Barrel: Im| <1
’ | * Extended Barrel: 0.8 < |n|< 1.7
Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker  use LAr technology for |n|> 1.5

* Muon Spectrometer: detects muons in range |n| < 2.7
*  Precision tracking chambers (Monitored Drift Tubes + Cathode-Strip Cambers)
* Fast Trigger chambers (RPCs + Thin Gap Chambers) for |n| < 2.4
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Strategies for LLP Searches using
Time of flight Techniques



LLPs using ToF in TileCal

* Analysis strategy
— Select events passing L1 Muon or Jet Triggers

— LLP candidates: offline muons identified in the Muon

Spectrometer as well as Inner Detector tracks tagged as muons
by their energy deposit

— Measure candidates velocity and momentum
* M(cand) = p/By
* Use energy deposited in TileCal and Pixel to distinguish
between signal and background

— Need to check energy calibration in TileCal and dE/dx in Pixel

* Use timing info in TileCal to compute 3 of LLP candidates

— Need to check TileCal timing calibration



Energy in TileCal

Average TileCal cell energy as a
function of /¢ in collision
candidate events at Vs =7 TeV
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— Only cells energies above 500 MeV
are considered.

* Energy of the TileCal cells

# of Cells / 0.06 GeV / Event

>

7, 2.36 and 0.9 TeV are superimposed
with Pythia minimum bias Monte Carlo
and randomly triggered events
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dE/dx in Pixel Detector

* Average of the individual dE/dx
measurements for all the Good Pixel
Clusters associated to a track

dE/dx (MeV g cm?)
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measure the time-over-threshold of the
pixel signals and convert that to charge

EARRNRRARE AR NAENE S - 10°

- ATLAS Prelimin

@
o)
o)
a8
3
><
@
[7]
It
w

_]I.I:IIHIIIIIIIIIIIIIIIII

5-2 15 -1-050 05 1 15 2 25
p (GeV)

ICHEP2010 Paris

LA L B B B B B

@ =
g i —— Data
0.1—

g L —s— Monte Carlo
£ ook ;
=008 p>3 GeV, SCT Hit>=6 |
B Good Pixel clusters>=3 ]
0.06— ]
- Mean = 1.240 -
B Sigma = 0.147 ]
0.04_— -
0.021 ATLAS Preliminary -
0_ (I S| "'LlllLllIIIIlLJLI_
0 1.5 2 25 3 3.5 4
Track dE/dx (MeV g ' cm?)

 dE/dx resolution of ~12% is
measured using particles
with p > 3 GeV

» Mean and sigma are
obtained from a gaussian fit
of the data



Tile Cell Time [ns)

Timing of TileCal Signal
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Measuring [ using TileCal

* Use timing info from calorimeter 64 modules in 4

each module is
sa6s 0 R 12 divided in cells
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 Combine cells along extrapolated path of LLP candidate
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dn"dPl (GeV ™)

More Final State Observables
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LLP using ToF in Muon Spectrometer

* Analysis strategy
— LLP candidates: offline muons in Muon Spectrometer

 Muons are reconstructed using the precision muon

chambers (MDTs), in combination with RPC, TGC and CSC
sub-detectors

— Use MS to measure momentum and velocity of LLP candidates

* Slow particles are reconstructed looking at Muon
Spectrometer hits matched to Inner Detector tracks
— recover trigger detector hits from the next bunch-crossing
— estimate particle velocity from the RPC hit time
— select the P that gives the best MDT segment fit
— Efficiency > 90% for 2 0.4 (on signal MC events)



Reconstructing LLP Mass

Q. a
' 3 i ATLAS {
, RPC
o 5 A
" 4 B from RPC, S
Uil S tndenber o and MDT track £
/ Super Pourt .
4 fit
Vo)
L
: RPC
EPJC62 (2009), 281 4 U0 07 U 8 U S U
generated B
800~ <
s ATLAS o 1) fu ATLAS o |
< Sigma 16 Sigma 64
% - a 40 - :
600 Slepton- 100 Gey . R—hadron. (M.... ~300 GeV)
oo, GMSB Split-SUS
30
400 25
300 20
15
200
10
100 :
R R S P BT I e 0 nll |
00 20 40 60 80 100 120 140 160 180 200 0 100 200 300 400 500 600
reconstructed mass (GeV) reconstructed mass (GeV)
23/07/2010 ICHEP2010 Paris

13



Stopped-gluino Searches



Event Sighature

In split-SUSY gluino R-Hadrons will be produced approximately
back to back in transverse plane

Some of these may loose enough energy and stop in the
calorimeters
— Decay later to gluon+LSP or qg+LSP

Signature:
— large isolated energy deposit in calorimeters
— rest of the event is “empty”

Need to devise a search strategy to reduce background
processes as efficiently as possible

— Trigger in empty bunch crossings of LHC to remove background from
collision processes

— only background left from cosmic ray events and beam background

Compare cosmic ray data to out of bunch collision data



Event Selection

Use 7 TeV data triggered during gaps between beam crossings in
the LHC

Select events where > 1 Jets are present and no tracks or
segments are reconstructed in the muon system

— Jets are central in the detector: |n| < 1.2
— Energy of leading jet > 50 GeV

Allow up to 3 additional jets
— to retain sensitivity to & — ggx"’ channel

Additional cuts on Jet energy to clean sample are applied

Event yield and shape of variable distribution is compared
between 2010 collision data and 2009 Cosmic Ray data



Event Yield

* Reduce possible bias from different detector conditions between 2009
and 2010 run by using additional data quality requirements in the
analysis

— remove “bad” runs from Cosmic data, LAr noise, etc...

2009 Cosmic Data 2010 Collision Data
Selection Cnteria Yield of cosmics | Cosmics (scaled) Yield of data
Good runs and data quality cuts 943x10° . 1.58x10°
Leading Jet [n| <12 6.26x10° 1.29x 10 1.29x10°%
Jet n90>3 383x10° 7.89x10° 790 x10°
number of Jets<4 3.82x10° 787x10° 783 x10°
Muon Segment Veto 530+230 1092+474 1170
Leading Jet Energy > 50 GeV 39+6.2 80128 75
Leading Jet Width > 0.05 6+24 12+49 8
Jet n50<6 3+1.7 6+3.5 4
Leading Jet EMF <095 2+14 4+29 4

Yield in collision data in agreement with expectations from Cosmic run
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Number of Entries
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Number of Entries

Number of Entries/10 GeV

Jet Energy/Shape Distributions
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Overall, good agreement in the shape of the distributions
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Summary & Outlook

* New exotic long-lived particles are predicted in most Beyond
the Standard Model theories and could be the first signal of new
physics at the LHC

e Several studies under way in ATLAS to look for LLP signatures
using various techniques

e Various observables have been studied that can be used to
discriminate between signal and Standard Model background

Looking forward more exciting results with increasing LHC data !



