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SMPs

SMP LSP Scenano Conditions

S M P Tt %1 MSSM 7 mass (determined by mZ, .. tan 3, and A, ) close to X§

mass.

— eXOti C h eavy pa rti C | e G GMSE  Large NV, small M, and/or large tan /3.

aMSB No detailed phenomenology studies, see [23].

- d ecayi n g aWay fro m I P SUGEA  Supergravity with a graviting LSP, see [24].
_ m etastab | e T MSSM  Small M g and'or large tan 7 and/or very large A,

AMSE  Small ma. large tan 5.

HOSt Of SUSY Scenarlos _ | QMSB Generic i minimal models

£ [ GMEE 71 WLSP (3ee above). €; and iy co-NLSP and alse SMP for

(RPC,RPV) ol

1 aMSB €1 and fiy co-LSP and also SMP when stau mixing small.

Universal extra dimensions SR NS S Ve 0220 ]

gsino region) or non-universal gaugmo masses My 2 40Ma,
with the latter condition relaxed to My = My for Mo <= |l

Le ptoq u a rks Natural i O-II models, where simultanecusly also the g can

be long-lived near dgg = —3.

P I'I m a ry a.l m “ ) AMSB My > Mo natural. my not too small. See MSSM above.

q x]  MSSM Very large mg Z My, eg. split SUSY.

_ InC|US|Ve Search Strategles G  GMSB  SUSY GUT extensions [25-27].

q MSSM  Very small My < Mo, O-Il models near dgs = —3.

With We” Chosen mOdeI pOintS GMSB SUSY GUT extensions [23-29].
_ S u ffiC i e nt i n fo rm ati O n to i %y MSSM  Non-umiversal squark and gaugino masses. Small mg and

My, small tan 3, large A,.

d iscover and eXtraCt q U antu m 51 Small mg and My, large tan 3 andior large Ay = A,
n u m be rs Of a S M P . ]-:I_’j'tijel; tln'ervie'w of possible SUSY SMP states considersd in the literature. Classified by

SMP, L5P. scenano, and typical conditions for this case to materialise m the given scenario.
See text for details.
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Classification

Particle

Charge

Slepton, free
quark...

electric

Gluino, squark,

Colour (triplet,

KK quark.... octet), electric
Magnetic Magnetic
monopole

Long-lived but decaying: jet, lepton, photon topologies

Host of predicted long-lived
exotica

+ charge combinations.
Stable: correct for detector interactions and

for late response of propagating particle.



Non-pointing photons
GMSB scenarios - neutralino NLSP.

r

name NLO (LOjy e [pb] | A[TeV] | My, [TeV] | Cg | cf [mm] .Jli'-fg:n [GeV]

GMSB1 T8(51) 90 300 L0 1.1 1188

GMSB? T8(51) 50 500 | 3009510 | 1188

GMSB3 T8(51) 90 300 35.0 | 321 118.8
jet

( |

gray

— neutralino decays away from IP.
= non-pointing high p, photon.



Number of photons in data sample

Non-pointing photon distributions
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Decay within inner tracking detector
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n s

Lepton pairs of opposite and same

sign (OSSF).
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FReconstruction Efficiency

Experimental issues

« Reconstruction of non-pointing objects
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« Standard software provides good reconstruction.



Neutralino lifetime determination
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Scenarios, eg Split-SUSY —— stable gluinos.
GMSB——» stable stops, sleptons
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sparticle | Mass (GeV) | Events/fh™" | £ (b))
g 300 2.69x10° | 3.72x 107
g 600 484 % 10° 2.07
g 1000 138 72,5
g 1300 16.4 610
g 1600 2.12 472 % 10°
g 2000 0.230 435 x10°
i 300 7.82 % 10° 112
i 600 1.76 % 102 35.2
f 1000 6.4 1.5 % 10°

Two major experimental issues: slowness

and hadronic scattering




Heavy hadron scattering

Heavy exotic meson from massive
exotic colour triplet Q and SMquark q.
M,=M,=200GeV E=1TeV

_E/ _
= y=E{,=5
M, =0.2GeV=KE =(y-1)M  =GeV

Heavy quark doesn't interact

Low energy collisionbetween SM quark in material.

Recent ref: hep-ex/0404001 (A.C. Kraan)



Event topologies for exotic hadrons and
leptons
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Understanding hadronisation and scattering in material is crucial



Arbitrary units

no flippers, 2 |

muon A0

Clz;o J+
pump H dump
-/

\

R-hadron selections

1 or 2 flippers, 2 |

muon /-

clgo Jt
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-/
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muon \ +
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/[
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Cuts

One hard muon track with no inner tracking link.

Two back-to-back ID tracks with TRT hits

satisfying high threshold/low threshold < 0.05

Two back-to-back like-sign muons

At least one hard muon track with hard
matching inner track with opposite charge

Sample Rate (Events/fb-!)
300 GeV gluino 6.44 x 10°
600 GeV guino 270 x 10°
1000 GeV guino 10.7
1300 GeV guino 1.20
1600 GeV guino 0.147
2000 GeV guino 1.26 x 102
300 GeV stop
600 GeV stop
000 GeV stop 0.1

J5 0.893
J8 226 x 103
Z —=upu 0.776

ATLAS preliminary




LHC - ATLAS

*[n ATLAS event fragments from different parts of the detector are assigned to a particular bunch
crossing (BC) using the BC Identifier (BCID).

* ATLAS: max. path 20m, bunch crossing period= 25ns.
*3 events can co-exist at the same time in the detector.
e Assumption: particles traverse the detector with f~1.

*Hits from a slower particle may be lost or labelled with the wrong BCID.

BCID =1 BCID =12 BCID =3



Slow particle selection

Added TOF calculation to L2
muon trigger

Mass calculation

Slow particle section based
on mass and momentum

Recover cases where no
iInner track link present

Measure speed and mass in
special offline reconstruction
software
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Reconstructing slow particles

efficlency
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Summary

Long-lived exotic particles anticipated in many
scenarios of exotic physics

— Non-pointing photons

— R-hadrons

— Sleptons

Strategy for inclusive searches allowing
discovery and identification of exotic particle

Challenge reconstruction and trigger
Work shown is a subset of ongoing ATLAS work



Limits on stable particles
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« LEP limits tend to use inner tracking info only
« Tevatron assumes a "heavy muon-like object”
« What is the stable gluino limit ?



