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* What's a stopped gluino?

e The Tevatron and DO detector
 Simulating the stopped gluino signal
* The data used (triggers / initial pre-selection) Run 183228 Evt 67444580 Sa: Feb 4 15:08:13 2008
e Background types Triggers:

 Event selection

e Estimation of remaining background

* Comparison of data to remaining background
* Signal efficiency

e Systematic uncertainties

e Limits on stopped gluinos

 Possible future improvements
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* ppbar -> gluino pair production ~500 stopped gluinos in 2/fb for m =300 GeV
e Split SUSY -> heavy scalars -> long-lived gluino ~5 stopped gluinos in 2/fb for m =500 GeV
* Gluinos hadronize into “R-hadrons” 10
e Some charged R-hadrons lose enough momentum ) ; , '
through ionization to stop in the calorimeters =0 A hot topic at SUSY '05...
- They later decay into gluon+LSP (or qoﬂbar+LSP) o N
(BR to gluon+LSP assumed to be 100% for this -y SR
analysis.) = 10 S %72 (/}b
3] —
- Lifetime <100s due to nucleosynthesis = 10 N
constraints, but >10ns if M_ ., ~10° GeV 2 N
gLt SUSY A 3 AN Tevatron
(Lifetime assumed to be >10us and <~1hour for . 10|\ by
this analysis.) 2 7 fb
g 1 \\
- See hep-ph/0506242 : _ =
A. Arvanitaki, S. Dimopoulos, A. Pierce, S. 210
Rajendran, J. Wacker |
* Signature: 200 500 800 1100 1400
- large, isolated energy deposit in the calorimeter M; (GeV)
- no tracks or primary vertex
- not correlated with a bunch crossing
- rest of the “event” should be very empty
* An interesting “final-state” which has not been carefully
explored before experimentally!
- Can we trigger on and isolate these events?
- What are the backgrounds?
d production decay (>10us later)
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* 1 km radius p-pbar super-synchrotron 10 o SPSLM.
* World's most powerful: 1.96 TeV o gy Utled
e 36 bunches of p/pbar, 396 ns crossing period = 00 & recorded
e 25 cm RMS interaction region gE . o0 *g
« About one “store” per day EW : T [ 3
e Inst. luminosity ~ 40e31/cm”™2/s =3 A
e About 20/pb per (good) week 22@\ \ :22 3
« >1/fb on tape so far 105 I
* This analysis uses just the first 0.35/fb =i T
Q 1 2 3 4 5 4] 7
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* The stopped gluino decay produces a single high-energy
gluon (balanced by missing energy)

* Model with Pythia Z+g/q (MSEL=13) and force Z->nunu
- 1000 events each, with M ~ 200,300,400,500

- |eta]|<0.1, but rotated jet to random 3D direction

ET scale: 78 GeV

. " at standard
', intéraction
‘point

- Boost along Z removed

- Switch off ISR and multiple parton interactions (no
underlying event)

- Remove remaining beamgarticles by removing in
MCKineChunk if |pz/E|>.9

 Decay location chosen to be Gaussian-distributed:
(x,y,z2)=(0+-20, 120+-20, 0+-80) cm

- In the middle of the calorimeter! T senle: 140 o0
- Then, further weighting of events by vertex location l

at interaction
point inside
- calorimeters
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* Events are weighted such that “r” is proportional to
the 3mb “Wacker distribution” Stopping Profile in Iron

ula}]

- Other distributions (0.3 -> 30mb) are used for ' s ——
systematic uncertainties

2.008 | 0imbk ——
Teyalron
m=300 eV

2.00E |

* Gluinos produced near threshold at Tevatron, and also
those near rest are most likely to stop

- Isotropically distributed, proportional to
cos(theta) : tanh(eta)

h

AR —‘_*l_‘_'—‘—'—-_._l__‘_‘_‘:

Liflerental Fracton Stopped per 10 cm

- Events are weighted such that z : tanh(eta) 2.0 —'_'_'_'_'_"'_'_/_,_/_7

Distancea {m)
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* Gluino jets look much like normal jets...

- They are fairly wide
(phiwidth,etawidth > 0.08)

- Good discriminant against muon-induced

Plots from mG=400 GeV sample

E = (40072-90"2)/(2*400) ~ 190 GeV

j=tE =E jrinad
showers ! - .| o
. Gluino jets often (30% of the time) have ol bt N e
significant leakage / punch-through into the uf =}
inner muon layer (“A-layer splash”) ol Energy | Cluster “n90”
- They may be near the outside of the “
calorimeter when they decay - | L
« About 10% of the time, a particle (maybe a e e
muon) gets into the BC-layers, forming a good
muon segment =f =f e
* Rarely (<5% of the time) the jets are not | - e o
contained and shoot back through the tracking ° oee 5
volume to the other side of the calorimeter I = phi
- A few tracks are reconstructed (with large . o
impact parameters) o
* Sometimes two jets are reconstructed, near L e
each other in dR (about 10-20% of the time)
* Unfortunately, all these odd signatures are also  =f T =
present in the background, at similar rates! - - =}
d eta ,,
—_— i 2 [] 2 |'l [\ 1
.EI —_ (J‘lfg — ;ILILSP:I-': Ejllfg
aas [} -11'5 P‘1|II1 ]J_‘IE [l i
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Triggers: . EM Run 871 Evt 47 02-Feb-2008 Run 871 Evt 28 02-Feb-2006

A “splash”
| -1
Bins: 105 | ayer Sp as
Mean: 1.82 e | .
Rms: 5.94 -4, MET et 173.8 I
Min: 0.00518 !
Max: 55.2 | View 4, Gancral I View 4, General
| | L
Trggers: Rund7iEwiaT0oFebo00s — — Run71E\2802Feb-2006
1MET [ =Y Triggers: Triggers:
1MET Mewm 1MEFT, Mem

Bins: 54

Bins: 60 Bins: 90 gl -

: - Mean: 3.61 il
Wean: 2,84 _ Mean: 1.48 u\ T3 Rms: 10.2 0 a7 MET et: 156.1
Rms: 9.12 . mu particle et: 23.6 Rms: 5.12 47 MET et: 15.91 Min: 0.00646 ' S
Min: 0.0133 MET et: 163.1 Min: 0.0209 Max: 51
Max- 50.3 Max: 45.7 :
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e Data: | Run 192669 Evt 80011546 Sat Feb 4 03:33:00 2006 |
- Use “GAPSN" triggers — already in place for iy~ Wi |
“diffractive” physics !
 Require no hits in either the N or S 3 |
luminosity counters (scintillators) = |
* Also require a 15 or 45 GeV jet
- 7.9M events, ~0.5Hz (!) e
* Pre-selection cuts: Eﬁ
- Good muon and tracking runs \& "
i ?rig gglneecgieotrﬁ E:Jrcitce?i)a, no JES) | Cosmic muon
- Require exactly one jet _ fsmmm — |
- Jet E>90 GeV T MET Wev

* Backgrounds remaining:
- Cosmic muons

- Beam muons (halo)

. " “‘l)
- Diffractive events from beam ok
- Detector problems, fake energy A S S S5
) ) phi \ it . l-'l‘o" ar

- Other : cosmic neutrons / neutrinos? Bins: 17 it
Mean: 7.83 i :
Rme: 13.9 47 mu particle et 4.145
ﬂ'a”x 05'3515 rndE-:rJ::tlrjlgzeta 266.6
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I Run 185750-Evt 11867009 Sat Feb 4 09:26:15 2006

These, along with “beam-muons” are the major background,

due to their high rate . —

Usually there's at least one good (BC layer) muon segment : -
| II |

There's two chances to see the muon (on the way in, and
going out) : j
e Showers in the calorimeter can be quite large (>1 TeV !) ' I,
e Hard Bremstralung photon is the dominant process at high

energy loss SEEIES i me

-
- Narrower showers than “jets”: |||-|| i i
« More energy in single cells (n90 < 5) | -
e Smaller phi- and eta-width (<0.08) | Cosmic muon
|

View 4, General

* A visible MIP trail about half the tlme |Hun155?50Ew1135?_0635at|:eb 409:26:15 2008
Triggers: s .EM

No dedicated algorithm available for identifying them

u particle

M a0

- A difficult reconstruction problem!
- Can be faked by gluino jets as well
- Not used in the analysis

e ET

3505 - (=0

e oAt

; ! 3
180
phi e = i 1
e ICI
29 - T efa

Bins: 13 . '.2
Mean: 19.7 o VT [
Rms: 63.4 4T mu particle at: 180.2

Min: 0.158 mu particle et: 12.86
Max: 239 MET et: 252.7
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* The observed rate is consistent with expectations

- Spectrum at sea-level is known:
About 10-3/cm?/s above 100 GeV

- Rate of hard Bremstralundg is known:
About 0.1% will lose >10% of their energy

- 10m? x 1073/cm?/s x 0.1% = 0.1Hz

o mMsu

[
L™

=y
[=]
|

AT TE

p,3 D (p) em*s s (Geviey’)

| . ¥ Allkofer et al.
0 0 b - o MASS
e The muon and shower distributions are reasonable I % Ayre etal.
. . . . . é ~ Bateman et al.
- Phi, Eta, and timing of muon scintillators & Barberetal,
Muons are coming from the sky, and are being ;
blocked by the earth! e
1 10 10 10° 10 10°
P, (GeVic)
0.10 P TrrrrrrrrT TTrrrrrorrt Trrrrrrrrt TTrrrrrrodt
— — _ [ Median ]
g co L 1 TeV muons 987 GeV/c
2 L 0.08 |- on 3 m Fe i
m = |
< a0l S
£ = :
3 & 0.06 - -
- Mean
ol 0.04 977GeVie e w|
_ Z FWHM
I T i 9 GeV/c
-20_—' 0.02 -
-40__I 1 1 I. | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 i T
0 1 2 3 4 5 6 000 ................ | IR R | L b1,
muon ¢ 950 960 970 980 990 1000

Final momentum p [GeV/c]
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* There are a large number of “beam muon” events
(about as many as cosmic muons) Bea m M uons
* Often a forward muon segment, or scintillator NitS, i
Or MDT hlts"' Run 183351 E\."t?g;.'.‘-w?SSatFeb 40;24:0620—35_ R =
- scintillators are “in time” (|t|<10ns)
* Protons (or anti-protons) hit gas or the beampipe i
and create pions, which decay to muons -
* Why are they focused at integer values of phi/pi ? | ,
- Accelerator magnet configuration ? : ; |
- Plane of the beam ? !
- Muon shielding at DO and/or CDF ?
* The shower is very narrow in phi (<0.08) but
relatively wide in eta (>0.05) :
| Beam muon
| i =
jetphiwidth jetetawidth {njet==1 && jetpt>50 && abs(jeteta)<0.8 && munseg==-3} jatmrr.m\'namulnhmupnl :ﬁm1_5€5_5'1_|§’ﬂ 79701879 Sat Feb 4 09:24:06 2006 '_“—_j
Entries 5439 _
S 03F - Mean  3ap| T 1 MET Men
_-g B 450 RMS 2274
§0.25:— 4002—
- 3501
0.2 H '.::_
045t cosmiC muons - =
i AR =
0.1 TN
[ 2 "
0.05 phimo\
Y - \\ &
R VU B oSt ., T L Bl 41 e '
005 0d 045 0z oz 03 "0 i 2 3 ; : l. Ei":?:fﬁ?s 0 Tar”
jet n width ph1 Max: 67
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 Could double-diffractive events slip through? diffractive rest is cosmics
- Require no tracks in event (no PV) 10°

- Require large MET (1 jet, E>90 GeV)

* No sign of this background after cuts

All events

10?

| 10

I_Hun 164535 Evi 44250648 Sat Feb 4 09:51:32 2006
|

.

||||II||||III|IIIIIIIII|IIII
50 100 150 200 250 300 350 400 450 500
Missing E_r (GeV)

°1

' diffractive rest is cosmics
‘ 800 '_
‘ 700= PV eff. is high in diffractive events [~
! eoo— (ineff. mostly due to cosmics)
i - [
; 500 =
i 200 No PV i
: = Exp. fit to cosmics g
| ‘ 300 i
- v
200 Vel
: c et
i 100 ,_./
i 0|: L1 1 Ll 1 1 L L1l L L L1 Ll 1 Ll Ll | Ll 1
View 4, General | 0 10 20 30 40 50 60 70 80 90 100

Missing E'r (GeV)
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* Detector problems tend to be in isolated eta-phi ELegoPlot”
regions or isolated data-taking periods Run 185748 Evt 3300117 fon fug 1 14:54:55 2005
Triggers:
- These can be removed T 16T Gaps 1 HET e

* They really don't look like jets at all
* No sign of remaining detector malfunctions after cuts

Triggers:

1MET

There are ~100 of these events with
a “jet” at eta=~.7 and phi=~1.35
Not in any isolated set of runs...

Bins: 5 = =T g

Mean: 191 0 R

Rma: 110 A7 MET et: S63.6
Min: 0.363

Max: 326
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e Cosmic neutrons reach sea-level...

No muon segment, no MIP trail, wide shower! cosmic neutron flux at sea level

102
* Therateis 1/1000* of cosmic muons at the same ® Present experiment
energy... i.e. ~1/hour on detector ; i\:nhelke et :I.M .
e They would have to get through the iron toroids X Baruch et al
- This seems difficult 4 Fickle und Lomb |
* Neutrons that did get through would deposit most of

| ’ >4
10 E K);(K ~
4

TR
R SRR 0 11 N

* No excess of wide no-muon showers on the outside of w 10 10° 10° 10* 10°
the calorimeter is seen

their energy in the Coarse Hadronic calorimeter (on
the outside

- This would be a good discriminant

X

— =

-  We don't trigger on CH energy

Diff. hodron flux % E2®{GeV'™ / m? s er ]

Hadron erergy [ GaV)

* Neutrinos (!) would be a small background: neutrino-nucleon cross-section

i B R |
- Assuming a 1/1 ratio of muons/neutrinos from = oo s}
cosmic sources: éﬁv\ 1.00 — x ANL 12_—:21 [17] —
0.1 Hz/0.1% Brem * 6623 * 17g/cm> /238 g/mole * ¢ | /. P peteet 1)
400cm * 10e-38cm?/GeV * 500 GeV = ° s L .o -
10e-8Hz = 0.1/year 3 ; %\ o1 g5eEE ]
= \ '
T 050 [ %h% 7
@ E ; ?\. — zotal cc E
b% 025 | _?_%% i%iéﬂ - - - UEES)) ]
r / . NS - = = a(lm) i
_ A ~—
A E—T::
E, (GeV)
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* Jet |eta|<0.9 (gluinos stop centrally, and

Run 169264 Evt 25048669 Sat Feb 4 15:08:56 2006

forward calorimeter had more DQ problems)
* No PV (removed diffractive events)
o .r'-'ﬁ p:
I} 0 0 ” 35._:3-*-3 a:-‘ zj
* “Wide jet showers”: %o
- d_eta > 0.08 and d_phi > 0.08 e
* muon-showers tend to be narrow = AN
- n90 >= 10
« muon showers tend to have most of . Signal Candidate
their energy in a few cells e
" " Run 169264 Evt 25048669 Sat Feb 4 15:08:56 2006 B -
*  “No-muon showers e
ngaers: 1 MET .EM

- No |[NSEG|=2,3 muons

- dphi between any A-layer muons < 1.5

* Accept A-layer muon splash, but reject
back-to-back A-layer muons

- dphi (muon, jet) < 1.5

ICD

* Accept A-layer splash, but only if it is B @ev)
geometrically consistent with the jet =
* A candidate signal event passes both the “wide- " BTN T *
jet” and “no-muon” criteria s N M -
COLUMBIA | JNIVERSITY Andy Haas — April 5, 2006 Slide 17
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* Probability to not reconstruct a cosmic muon, P(homu),
is independent of how that muon showers in the

calorimeter narrow shower narrow shower
1. measure P(nomu) in the narrow jet sample got muon @’ not got muon

(etawidth and phiwidth < 0.08) - that we know
are cosmics

2. apply P(nomu) to the wide-shower sample wide shower ESTIMATED
(etawidth and phiwidth >0.08) containing muons - ot muon wide shower
that we also know are cosmics - to obtain an & not got muon

estimate of the background

e Sounds nice, but there's some tricky details...
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* The narrow shower sample has some detector Enes 43207
effects (hot Spots) not present in the wide Jet ::::;-0-00:?;95‘:
Sample | RMIS X 0.5083

e 22
- Simply don't consider any hot spots when |
deriving P(nomu) 5
- If a bin of the eta/phi histogram is > 50, ignore aod o
the region corresponding to that bin Sov 3 (i
2505
2007, 1

* The narrow jets contain a contribution from beam 001 "
muons, which have a different energy spectrum, 507 &
come into the detector at strange angles, and 0= ¢
therefore have a different P(no mu) i i e a

- Fortunately, we can study the properties of
beam muons, and their difference from @ 0.4
cosmics, by looking at “in time” vs. “out of S { { ‘ ‘ H HH
time” muons! Eoss : o e e
» £ Fraction of “in-time” muons
iri . 03— .
e Beam myons z_are removed_by requiring: . 5 = vs. jet shower energy
- not in regions around integer values of phi/pi 20251
- looking at high energy showers (beam muons' £ 02 o, m || s
energy spectrum falls off faster than cosmics) s b XK i
S015 Ty !
E C .I-.l- . -...ll -..
& 04 1 1Tyl i
o%\Illllllllllll\llllllll[|:|III |||ﬁlﬁllﬁﬁ|[ﬂﬁllﬂtﬂ?|[ﬂ|||
100 200 300 400 500 600 700 800 900
Jet Energy (GeV)
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............................................................................................................................................................ T T,
Data vs. Background
= =
o 0.35 = o Wide showers
i - Narrow showers
= —
o 03| beam mudn
E — . +
£ 025 dominate
- - cosmic muon
02 T -
: %++ dominated
— +
0.15— + |4t
=M O
S Gl ML
0.1 E (%l IT‘ + 1L
0.05 - % JHHL t Signal Candidate
— Wiew 4, Generai v
ﬂ_l | | | | 1 1 | 1 1 | 1 | 1 | | 1 | | 1 1 | | | 1 1 | | 1 | 1 1 | 1 1 !
100 200 300 400 500 Jg::]lI]Energy?{‘g]eV} Run 163223 Evt 67444530 Sat Feb 4 15:03:12 2006
" Triggers: . . i
E 20
'F?, 18— —[ —— Expected Background
% 16:_ o [o] Data
Z e b
12|
10
]
6
4
2 % - _
0:|| ||||||||||(]ﬁ||||||||| 1 111 I %)]T'_I—i—ll Bins: 90 \\\‘_l.-' [._-2
100 150 200 250 300 350 400 450 500 D R o
Jet Energy (GeV) Min: 0.0054 T
Max: 70
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Bt
.................................................................................................................................................. San — Ticcke ® 7
* The events have high energy deposits, trigger eff. ~100% V v __._r irst BX
- But we also require a GAPSN... which is dead if there is a 7 T g, Firs
min-bias interaction, or we're in a trigger gap - 7 Sup
. . . . . ; l-} 4
* GAPSN efficiency measured w.r.t. a non-GAP high-ET jet trigger
- Averaged over all inst. luminosities Tevatron : |
- Corrections made for non-linear effects due to inst. | ¥ bunch ¥ |
luminosity profile | ¥ structure +
% )
* Inefficiency due to bunch structure is easy to figure out :
- Just count the bunch crossings that we're live for Nk o
- 22% due to “cosmic gaps” could be recovered o :
- 11% in “sync gap” is not recoverable el
Second
ILper
Rev. 21-MAR-2003 Bunch

Sample | 1 Jet | |n| | E=90 | No PV | W.<.25 | W.>.08 | n90 | No mu
- § Source Efficiency
200 0.91 | 0.91 | 0.30 (.98 1.00 0.57 0.585 | 1.00 APSN T : ‘
GAPSN Trigger | .6
300 | 087 [089] 097 | 097 | 100 | 050 |086]| 0.96 e _
. . _ . Trigger gaps 68
400 0.83 | 0.89 | 0.99 0.96 0.99 (.56 0.8 | 0.97 T v
5010} .81 | 0.91] 0.99 0.97 0.99 (.56 0.85 | 0.97 ot -
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* The energy deposits are “out of time”!

 Calorimeter electronics sample the shaped pulse in
each cell only once per 396ns - at the assumed ,
SIgnaI peak 2 <—+— output voltage

* Out of time energy will be under-estimated - [ ag

* No falloff seen in plot of energy vs. shower time (as
measured using muon scintillators — resolution

~5ns) _
- Unfortunately, muon timing only good from : {O/aA
-10 -> 50 ns... limited by electronics B

6ns
Calorimeter shaper

timing

e Look at cosmic muon events within the muon _ / < input current
scintillator timing window, and compare to the
number of cosmic muons observed outside the j Y.
window O —— — 2

« If the calorimeter energy is lower, we won't time (e)
observe events as often when they are outside the
window (either due to trigger inefficiency or energy
falling below offline 90 GeV threshold)

* Determine effect to be an average 15+-5%
decrease in measured energy

‘ sctimes {njet==1 &% JSIE>20 84 abs(munseg)==3 &4 abs{TVector2::Phl_mpl_plfjetphl-muphl[}<1 5 8& [ st

e

beam-muon

‘ wwuuuwu m

contaminated

Entries 2722

Mean 29.94

xz.fndf 143184

p0 31.1:1.6

scint. no scint. info pl 0037200489
\Illll\lllll\lll\I‘Ill\l\lll‘l\lll\
20 25 30 35 40 45 50

010 50 386 396ns sctimeA (ns)
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* Systematics on signal efficiency come from
various sources

- Geometrical / kinematic

« jet shape cuts Source Uncertainty
e jet energy cut Geomefrical /Kinematic Acceptance 0.2

e 2" jet veto Min-hias Overlap 0.15

* ctagl Total 0.25

* muon cuts

- Trigger efficiency * Additional uncertainty may be

* The GAPSN requirement - inefficiency added due to the jet energy scale /

due to min-bias overlap — dependent on out of time signals
luminosity profile

* The background of wide-cosmic-showers has a
normalization of +-10%, due to statistics of the
narrow-cosmic-shower sample at high energy

* There's an uncertainty on the total integrated
luminosity of 6.5%
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* 4 jet energy ranges were chosen,
corresponding to the energies of the jets
in the various signal mass samples

- M-RMS/2 < E < M+RMS*2

- Asymmetric because of exponentially
fal |nc_? background and symmetric
signa

- ~80% of signal events passing cuts
are accepted in the energy range

e OQverall efficiency is around 10%

* Count the number of signal, bknd., data
events in each of the energy ranges

* Set limits using Bayesian calculator

10

10"

|

D0 Preliminary (L=350pb'1)
— Background
— Signal [mG=400 GeV, x5=0.62pb)

R

EHF

Jet E Range (GeV) | Data | Bgnd. | Eff. | Exp. Limit (pb) | Obs. Limit {ph]
94.6-111.6 46 | 48.18 | 0.05 1.39
126.8-171.8 32 | 37.84 | 0.10 0.59
169.3-233 .8 7 | 21.56 | 0.11 (.40
214.2-286.6 14 | 9.57 [0.10 0.30

1.27
0.45
0.62
0.52

i B
100

95% C.L. Cross-section Limit (pb)

| | |
200

1 | 1 L L L |
300 400 500 600

Jet energy (GeV)

27
18k DO Preliminary (L=350pb'1)
1.65— —e—  Expected Limit
1.45— ——— Observed Limit
1.2;

1F
U.sf—
n.ﬁf—
0.42—
0.25—

o — '1lllu' — '1r|>u' — ‘21‘10' — '2éu' 300

Jet Energy (GeV)
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* There is only one observable (E), and
two model parameters (mG, mLSP)

. . )
 Given the simulated values of E, o DB Prelimi L =3500b”
translate to other mG, choosing 3 fixed |= j E,:;,:,'ﬂ:?( Pe’)
values of mLSP = 50,90,200 GeV E > Observed Limit
{ 2 5 't
_‘Il-.!rg:E_F \{"EE_F.'WILSP - I
. Cor_nﬁare to theoretical prediction, 0
which is a function of mG &
4 _ stopped gluino limits
J gluino theory \ (m_LSP = 50,90,200 GgV)
&
g 10
l | | l | | | l

100 150 200 250 300 350 400 450 500 550 600
Gluino Mass (GeV)

Limits for mLSP=90 GeV

Jet E (GeV) | Gluino Mass (GeV) | Observed Limit (pb) | Theoretical CS (ph)
S0 200 1.27 5
137 300 A5 5
190 400 62 05
242 500 52 01
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 Limits could be set as a function of gluino lifetime

- In grinciple we are sensitive to lifetimes outside the currently considered range
(10us -> 1 hour)

e (Care should be taken in modeling the out-of-time calorimeter energy response

- Instead of just modeling the average loss of response, the resolution effects should be
taken into account

 Data/MC energy scale differences should be taken into account

e There's 4x more integrated luminosity on tape

- And it's at higher instantaneous luminosity, thus there's proportionally less cosmic
background

* Relatedly, a new trigger should be used at high luminosity, since min-bias overlap is
introducing significant inefficiency

* Jet showers are sometimes wide in both phi and eta, but are narrow in some other linear
combination of phi and eta... need to reconstruct the minimal shower width

* Since ~30% of gluinos have a pair-produced partner which also stopped, the time-
coincidence of candidates should be studied
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 First search (that | know of!) for out-of-time jets appearing from within a calorimeter
- A very challenging analysis...

- Non-standard signal simulation (“beam” inside calorimeter!)
- Many signal efficiencies and backgrounds were studied for the first time
- Need method for estimating the remaining cosmic background reliably

* Limits were set in the stopped gluino model on mG vs. mLSP
- Analysis is already sensitive to mG ~ 300 GeV

* Several ways exist for improving the sensitivity of the analysis

* Things only get easier at ATLAS ?
- 14 TeV

- Underground cavern (1/10" the cosmic rate)
- Higher bunch-crossing rate (25-75 vs. 396ns) and inst. luminosity (100x)
- 5 samples per crossing in LAr electronics -> ~1ns time resolution

 But will pose new challenges...
- Trigger?

- More overlap with previous events
- No Iron toroid magnet
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