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Introduction / Motivation

 New particles will either be
- Prompt decays

- Semi-stable, decay in detector

- Detector-stable, decay outside the detector
(or get stopped in the detector and decay later)

5——— o —

Muon det Iﬁ

e Must ensure sensitivity
to semi-stable and w
detector-stable cases! 8
: g |
 Very well-motivated 3
02
- NLSP — LSP with small Am Collider—Stable
Gluinos
« AMSB Wino/Higgsino, etc. T T
 mH=125 GeV — 10-10* TeV squarks
e Off-shell gluino decay through heavy squarks — long lifetime!
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Benchmark Scenarios

e 1) Colored (gluino, stop, sbottom, ...) -

- Pair-produced via strong-interaction or Drell-Yan

- Hadronizes into “R-hadron”

- Electrically charged or neutral at production

- Charge exchange through nuclear interactions
with detector material

- “Generic, Regge, or Intermediate” benchmark
R-hadron spectra / interaction models

« 2) Not colored, but electrically charged (stau,
chargino, ...)

- Pair-produced via Drell-Yan

- Always charged, escapes the detector like a

_+_
“heavy muon” i
T
3
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Stable R-hadron: Previous Searches

« LHC 8 TeV has best sensitivity so far... ATLAS-CONF-2012-075
CMS PAS EXO-12-026

 Look for slow, highly ionizing, high-pT track:

- BCCOIIIC l’leutral il’l dCtCCtOI’ _ CMS Preliminary {5=7 TeV, L=5.0 &' {5=8 TeV, L=18.8 ft”
NEg“lnfﬁ[}l]—ml cmsl .s=?|Tefr L—|5D1h * =8 TeV IL 18.8|fb" ! -
e Inner-track only (use dE/dx only) é.l A00F. & CMS (27 Tov. Lsom ot E
E E : ATLAS :';::? T:\..-", Lid.?fo_: . - . . E
 Inner-track only + calorimeter timing §12005 4 AT T e . E
: : 5 10005 8 7
- Start neutral, get charged in calorimeter 8 aoof . " E
= C = ]
Muon-track only, muon timing g 600F ’ NN
400, ° 3
 m(stop/sbottom)>~800 GeV soofm E
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Stable R-hadron: Future Proton Collider Reach

 Luminosity doesn't buy much... . Muen-Only WS Prefiminary BTV LIEERT
- Cross-section falls fast! s ; azTh_rZ'?:}::E”h[t” EEE&EE; E
- S/sqrt(B) — sqrt(L) 1[1; . -
- Gluino R-hadron: 1_
« 8 TeV 30/fb: 1.3 TeV 1[r‘§—
. 8 TeV 300/fb: 1.5 TeV
- 8 TeV 3000/fb: 1.7 TeV 10°F
« But CM energy is nice! 10°F N\ 300/fb
- S and B both scale ~linearly 104 - ‘500" '1[1'0\5\' '1.;}_
Mass (GeVIc) 3000/fb

- Gluino R-hadron:

e« 14 TeV 300/fb: 2.8 TeV

« 14 TeV 3000/fb: 3.3 TeV

« 33 TeV 3000/fb: ~7 TeV
100 TeV 3000/fb: ~20 TeV

e Squark: ~2/3 of gluino reach

http://www.snowmass2013.org/tiki-index.php?page=EF+Facilities+List
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Stable R-hadron: Future Lepton Collider Reach

e’ otk
 Look at LEP searches... —
2 1 Fems =200 Ge
 Not as easy to make gluinos
- Have to make quarks first!
- Sensitive up to ~CM/4 \m

£ mass (Ge\-’.-"c:)

 But can produce squarks

i arXiv:hep-ex/0303024
via Drell-Yan up to ~CM/2

arXiv:hep-ex/0305071

ALEPH < . DELPHI |
= + i 012 GeV-L=46phb™
= 100 o s
= 100 - '

é 1= aq
= 80__ i (3) AT [ Observed
o _ +|C.‘ h - Expected
= 604.%
o Janar et with missi
4 acoplanar jet with missing energy
o] T ex=0°
_ 2560 m(squark)>~90 GeV
20__ E| 1 1 1 1 1
] 5 10 15 20 25 30 35 40 45 50

Gluino Mass (GeVich)
60 80 100

stop mass (GeV/c?) m(gluino) >~20 GeV
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Heavy-muon: Previous Searches

> SRS AR AR RRRRE RARRE RRRRE RARRE RS RS RN
« LHC 8 TeV has best sensitivity so far... Oiwp- ATLAS Preliminary 5
- High-pT, isolated track Eolre, Jicssamt s

: : I o 10

- Measure velocity of track via S 4 GHSB.m, =457 oY

H (A =140 TeV, tanp = 10)

« dE/dx (inverting Bethe-Block)

—&—
—
————
—.—
——
i
B i
L'l
j
V
1
i
IHIIII| | IIIIIII| | IIIIHI| I IIIIIII‘

(measured best in silicon)

Precise timing v

(measured in calorimeters and I AR A A E

muon systems) E;;j ‘31:, . M | 3
- Background: mis-measured leptons lllllllll M

0 50 100 150 200 250 300 350 400 450 500
mln(m m,) [GeV]

_||||||||III|III||I||||I||I|II_
- ATLAS Preliminary 1

- m(stau)>~340 GeV

-1
ADLO Prellmmary, Vs = 189-209 GeV 10[-'s=8TeV, j Ldt=15.9 o

Cross section [fb]

[ ] LEP Was S en S ltlve to g 0.02 I‘ } : - production, tan =10 —®— observed limit E
. o 0.018 UL G ai \S 208GeV — —— expected limit + 1c — *+2c —
].O ng_ llve d Ch arge d bu 0.016 uH G at \}5 =208GeV L - production, tanp =30 —e— observed limit .
. 0.014 - production, tanp =50 —e— observed limit
~ / -

particles up to ~CM/2 .. __ ... _
0.01 lifetime 7> 10°s 1 |
0.008 > E ]
0.006 .‘ ' | C ]
0004 | 7/,/‘ \\—\\7 - }/_},,»‘ - .
0.002 | N 2 il I IR i

0 975 (98.0) GeVie 250 300 350 400 450 500

50 6‘0 7'0 80 20 160
m(ll) (GeV/c) T, mass [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-058/ 77
http://lepsusy.web.cern.ch/lepsusy/www/gmsb summer02/lepgmsb.html
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Heavy Muon: Future Collider Reach

 Proton colliders:
- S/sqrt(B) — sqrt(L)
- S and B both scale ~linearly with CM

_l I T T T T | T T T T | T T T T | T T T T T T T T
- ATLAS Preliminary
108 = 8TeV,J. Ldt=15.91"

B rroduction, tanf =10 —e— observed limit
—— exp:

ted limit + 16 — *+2c

Cross section [fb]

- Heavy-muon reach: I B it 2
I production,
« 8 TeV 30/fb: 350 GeV

8 TeV 300/1fb: 425 GeV
8 TeV 3000/fb: 500 GeV

'

o | =r—r-r-r-t-r-r-r-rt-r-r-r-r-t Lv v vyl v f
250 300 350 400 5030@991)
T, mass [GeV]

14 TeV 3000/fb: ~1000 GeV

10— o 2 MY 3000/fb
e 33 TeV SOOO/fb ~2 TeV Siau drecy
1 —e— 300 ¥ - dE/dx+ TOF

3000 fv™ - dE/d+ TOF

—=— 300 ft™ - TOF only
—m— 3000 fir' - TOF only

100 TeV 3000/fb: ~6 TeV

o for discovery (pb)

 Lepton colliders:
- Heavy-muon reach ~CM/2:
« ILC e'e" 1 TeV: 500 GeV

1 0—5 1 1 1 1 | 1 1 1 1 | 1

e« Muon collider 4 TeV: 2 TeV 500 Mass [aovic?)
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Detector-Stable Particles: Estimated Mass Reach

Mass (GeV)
1000 2000 3000
LHC 8 30/fb 1.3 TeV
LHC 14 3000/ib 3.3 TeV
Gluino LHC 33 3000/fb ~7 TeV —p
VLHC 100 3000/fb ~20 TeV >
IL.C 1| 250 GeV
Muon 4 TeV 1 TeV
LHC 8 30/fb 850 GeV
LHC 14 3000/fb 2.2 TeV
Stop / LHC 33 3000/fb ~4.5 TeV —p»
Sbhottom VLHC 100 3000/fb ~13 TeV >
ILC 1 TeV| 500 GeV
Muon 4 TeV 2 TeV
LHC 8 | 350 GeV
LHC 14 3000 1000 GeV
Stau / LHC 33 3000/fb ~2 TeV
Chargino VLHC 100 3000/fb ~6 TeV >
ILC 1 TeV| 500 GeV
Muon 4 TeV 2 TeV
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“Late” triggers

« Combine info from multiple bunch crossings in ATLAS Run?2 trigger
- Recall, bunch spacing will be just 25 ns in Run2 (was 50 ns)

 Heavy, slow (f<~0.5), charged long-lived particle

- Too slow to reach muon trigger in bunch 1 (production crossing)
- Reaches muon trigger in next bunch crossing
- Would not fire muon trigger by itself

- Combine with jet/ MET in previous bunch crossing

PR Could be an
Read-out important
this one technique
as main if bunch
event 25 ns spacing gets

shorter... 5 ns ?

jet/ MET L1
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Milli-charged Particles

arXiv:1410.6816 [hep-ph]

« New dark sectors can have new particles
which appear “milli-charged” to the SM

* Electric charge ~10° - ~10!
 No direct constraints above 100 MeV
e A new LHC experiment (mQuLHC) could probe up to ~100 GeV

- Scintillator coincidence “telescope” senstitive to single photo-electrons

1 ;
L = Lqy— ._l"i:uf"fm

+ i (d‘ t+ic’d —ike'B + r'_-"lfm.;_-p} W

alkal -~ A B A 1.000

Existing Counting Foom

(. 500F Colliders
—
. 100E i .
i | ,
v (0.050F C
- L |
- i A .
I
e
1.010E
.00

L]
- SLAC MIThQ

# L ="
|__ e = g
- " | o e i |5=14 TeV
I
— = . Dietector 457 wir to transverss plans
:-I.I_\. L L Ll 1 1 1 L L L i il L L L L aal L L |||.|||I
" Existing THC Detector 0.01 0. | 10 100
i L F o
IVEmC o LB )
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Milli-charged Particles

arXiv:1410.6816 [hep-ph]

« New dark sectors can have new particles
which appear “milli-charged” to the SM MUV -
- =okgm — = Ay,

. il L
[ ) ~ _3 —_—~ _]-
Electric charge ~10 10 b 45 (04 i d —ine B+ iMacr) ¥

e No direct constraints above 100 MeV

e Future 100 TeV reach about 5x lower in charge
and out to ~500 GeV mass

10°
| — no magnetic field

T & a0 | — with magnetic field

Existing Counting Foom

107 |

—Q/e

€

Vs=14 TeV; L=3000 fb!

107 |

Vs=100 TeV: L=10000 fb !

m— 3 — ~ ! !
t/ Existing L HC Detector 10 100 ot 102
M, cp (GeV)

Andy Haas 12




Semi-stable R-hadron Decays

« What if gluino (R-hadron) is just a little long-lived (~1 ns)?
- Displaced jets (+MET) from R-hadron decays in the detector

ATLAS sourcexiveXML_114685_00003 run:114685 ev:3 lumiBlock:0 Atangs®  source S TN ViETaih GRS AU IEEs e (llalestisy ot
ATI AC N 7 2

e . . : strips

4 0 X(m) 1 -40 0

X (cm) 40

Standard jets+MET search should still apply (up to what lifetime?)

- Leptons vetos may start to fail impact-parameter cuts (when?)

- Jets will start to be identified as b-jets (when?)

- Jets may fail cleaning cuts, e.g. track pT fraction, EM fraction (when?)

Andy Haas 13



Prompt search reinterpretations

» First explicit limits on gluinos with intermediate lifetimes from
reinterpretation of prompt SUSY searches

- 7-10 jets and 0,1,2 b-jets and MET
- 2-6 jets and MET

- 3 b-jet and SS/ 3L searches also considered but don't add sensitivity
 Generated fullly-simulated MC of decaying Rhadrons at ATLAS

Pythia6 gluino (pair) production — R-hadronization +
e - dron d f " propagation in Geantd
R-hadron decays ' using “generic” R-hadron model
.- te d - : : : : . : ;
p;i};ggi; inege;y <— handled by Pythia6 via < | (including detector interactions /
J G4 decay interface “‘-~ charge-exchange) ~
decay additional /£ propagate decay Freeieen
long-lived (heavy-flavor) | m : —»<_ G4 HITS 1, -
particles using Pythia6 \. products in G4 ,,x’ {Mthalfigeup}
via G4 decay interface ~_ I T ae
) Q 4
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Prompt search reinterpretations

e Limits on gluino mass vs. lifetime ATLAS-CONF-2014-037

- Also scan neutralino mass

e Gluino with lifetime of 1 ns excluded up to ~900 GeV, for m(x,°)=100 GeV

~ .0, 0 0.
g—aqiy, /gx,  m(x)=100 GeV g— ff g? m(% )=100 GeV
s rrr+~orp Tttt = 1500 L e I N BBy S Y I B B B B
& 1600 ATLAS JLat=2037" -1 3 - ATLAS fLat=203m" 3
S L Preliminary .C?mbmed _ = 1400 — . Preliminary Combined =
£ 1400 [ === Expected limit (1 Oe) - ;g - ~——- Expected limit (+10,,,) -
~ B Observed limit (+1050) ] 1300 : 2 Obsevedlimit(:162)
- 7-10 Jets Exp. 7 oy 7-10 Jets Exp. =
1200 | . 2-6 Jets Exp. ] 1200 E ..... 2.6 Jets Exp. -
N i . . ] 1100 550, . E
. N 3
1000 R - ~g—qqX/gX - 1000 E- ~g—ttX E
800 [ - TR ] Q00 - v E
- e ] 800 £ =
60— « e e e e e o C -
- . .,  TW——— ] 700 =
40[] N S R NN N NN R T R T SN SN TR R TR H N N N B B N . 60[] E._ Ll T T r & I-';.J b1 e -_J':
2 3 4 5 6 7 p) 3 4 5 6 7
Lifetime [log10(ps)] Lifetime [log10(ps)]
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Displaced vertex searches

 For moderate lifetimes, ~1 — 1000 ns, can reconstruct the
displaced vertex in the tracker

 Current ATLAS analysis requires a high-pt muon to trigger on and
reduce backgrounds... sensitive to gluino — ttbar decays

- Adding analysis based on jet and MET triggers, for g — qq+x,° decays

ATLAS source:JiveXML_114685_00002 run:114685 ev:2 lumiBlock:0 Atlantis sourcenJive XML_114685_00002 run:114685 ev:2 lumiBlock:0 Atlantis
e £
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Displaced vertex searches

ATLAS-CONF-2013-092

 Background from hadronic interactions with material (or air!)

- Find where material is (from data) and reject the regions

3-track vertices
with low mass

Pixel mod

' layer 1'“
- Also background from random
track crossings / pileup

(no air in the beampipe)
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Displaced vertex searches

 Require vertex to have at least 5 tracks
and (visible) mass >10 GeV

« Total background expected: 0.02 events

 Observed in signal region: O events

ATLAS-CONF-2013-092

RPV squark -
model

 Sensitive to ~1-1.4 TeV gluino—tt+x ° for ct ~1-1000 ns

Vertex mass [GeV]

ATLAS

preliminary

Signal region ys=8 TeV

ILdt =20.3 fb™

-Dala 2012

Signal MC

B IIIII|

w -

4 567810

20 30 40

Number of tracks in vertex

4.5
4

3.5
3

2.5
2
1.5
1
0.5
0

10

MH

700 GeV squark pair production (NLO+NLL

«Neutralm..o
ML  mmass varies ys=8TeV

ATLAS

preliminary

ILdt =20.3 fb"

-0
| | IBIRII(’%I1

— 1 jj)=100%

—

10

10°
ct [mm]

107
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(Far-)Future of Displaced Vertex Searches

« Direct search for displaced vertices is more sensitive than relying
on jets and MET (prompt reinterpretations), for lifetimes > ~1 mm

e “Detector-stable” searches more sensitive for lifetimes > ~300 mm

* Must ensure future detectors can still reconstruct tracks starting
~100 mm from the beamspot with impact parameters up to ~50 mm

 Must ensure there are still sufficient air-gaps (or vacuum?) between
inner detector tracker material

 Assuming detectors perform well, sensitivity is limited only by
production cross-section, reach is similar to detector-stable case:

LHC 8 30/fb 1.3 TeV
LHC 14 3000/fb 3.3 TeV
Gluino LHC 33 3000/fb ~7 TeV —pp
VLHC 100 3000/fb ~20 TeV .
ILC 1| 250 GeV
Muon 4 TeV 1 TeV
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Out-of-time Decays (Stopped R-hadrons)

 Can also detect decay of R-hadron
that has stopped in the calorimeter

« DO, ATLAS, CMS have searched...

e Limits usually slightly weaker than
dE/dx + timing searches for

escaping R-hadrons
(assuming it's often charged in the tracker)

 But offers possibility to
study the R-hadron decay

= 35 "'|""|""|""|""|""|""|':|"'|""|"'-:

7 ofb' @ 57 Tey ——Data 3

) ) é a0 ATLAS Zz.g‘b'@ {53 Ta 'if;;iam =

e Should ensure this remains - mpetgile

. . s 25 H. —_— GeV 5x100

possible at future collider detectors % arXiv:1310.6554 1000 Ga 51003

L 20 —

- Need abort gap without collisions . 3

- Need good calorimeter timing and 10 E

shower-shape discrimination - E
Need .eff]‘Clent muon VetOS for 0 100 200 300 400 500 600 T-"I.lJEI B0 900 1000

cosmics and beam-halo Leading Jet Energy [GeV]
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Semi-stable Charged Particle Decays

 Chargino becomes long-lived when nearly-degenerate with the LSP

« Kinked-tracks from chargino — neutralino (and soft pion/lepton)

 Light Wino and Bino, heavy Higgsinos, Wino LSP
- Lifetime ~50 mm, Am~165 MeV from EW contribution

 Higgsino LSP, only light Higgsinos

- Lifetime ~5 mm, Am= 72 a m, = ~335 MeV

E 0 e et
pp—>X1X(3+Jetjpp—>XfX1+,1et

Cross section [pb]
o

Prospino2

AMSB: tanp=5, u=0
LA A B B B

L PP T, PP

| |III|III|III
—TX,

———0 3
pp—%x31;
- Total E

a e E
_ H._.'—. _F-_-.-'.ﬂ‘.' . 10_1 i ]
Need pT>90 GeV ISR ¢ TG T B T
for MET trigger: q 102k T e
~15% of cross-section g - (s=8TeV
_3 Il 1 | 1 1 1 | 1 L 1 I 1 1 L | L 1 L | L 1 1 | 1 1 1 | 1 L 1 I 1 L ll‘I
10726780 80 100 120 140 160 180 200
myzﬂéV]
1 I 1111 I 1111 I | I | I | I | I 1111 | L1 11 | L1 11 | L1 11 | L1 11 | 1
100 150 200 250 300 350 400 450 500 550
mf[GeV]
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Semi-stable Charged Particle Decays

arXiv:1310.3675

 Chargino travels through some layers
then decays to a soft pion (not reconstructed) + MET

* Look for high-pt isolated track with few hits in outer tracking layer

- Track needs at least 3 inner pixel hits and 1 silicon strip hit

- Require <5 outer-tracker (TRT) hits

OUter _‘"‘/—' + (i (' IV il-l':] il][(} ;‘/—' “ L II:E E '1['3 1 1 LI 11 LI LI | 1 I- 1 1 1 1 1 1 1 1 1 1 1 1 11 LI 1
" (1~ decaying (1 1 _ 3
tracker N T : ® 107 —*—Dama(E=aTeV. |Ldt=203%7) ATLAS
\\ — o SM MC pradiction
< 9 Badly mismeasured in p, due to a wrong 5 El My, = 200 GEV. T, = D27 (Decay radus < nfinhe]
. W combination of space-points 10 M= 200 GeV, T, = 0.2 (Decay rdus < 553 mm)
Silicon g \ \ 10*
hit k High—p.[_. chargcd hadron _ E* .-t ebin® et b, .
interacting with 1D material 10 *
\‘ 102 ¥
.
' \ .
K\ Lepton failing to satisfy 10 F
' T 1dentification criteria due to 1 §
B\ large bremsstrahlung or scattering ! P%
- 1 1 //I ."1 1 1 1 L 1 1 1 1 1 I 1 1 1 1
reconstructed track 107, 10 20 30 20 =0 50
| | true particle track | .
{ TRT

Pixel SCT TRT
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Semi-stable Charged Particle Decays

 Background track pT shapes fit to data

- No excess seen at high pT

 Exclude chargino <270 GeV in AMSB with Am~165 MeV

tﬂl1|i=5,ui='ﬂ 1DE
= e -t BALAS LA | — Observed 95% CLIMIt 21a,__ ) - L e Data
% __________ Expected 95% CL Imit (+1a,.) 0 g ATLAS Total background
= 210 ——— ATLAS (B =7 TV, 47 &', EW prod.) - o I;rf-n:?g:ﬁ“:-?"nm
ind ALEPH (Phys. Lett. BS33 223 (2002)) 5 10° Vs =dTeV, J-LIZH =203%" —. — Elecron
E Theory (Phys. Lett. 721 252 (2013) & o Muon o
200 SrSys ane i = ) - M= 200 GeV, 7 = 02 s
.-ID . - I I'I'l = 300 EeY, .z.-:l._n..
ATLAS — e rr' -'-'I:I:E-: ig=1dns

E=5Teu._[Lm= 03w

C 180

"y
|
=

2 2

- awInoJ Jebu

) F. . p Farl
,w ”
i : Ecton ) 1 I B LT_I R
100 150 200 250 300 350 400 450 500 580 800 20 30 40 100 200 300 “[Dﬂﬂ'
m. [GeV] Track P, [GeV]

5
Crata / Fit

(o T
O LA_. LAkALA
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Improved Disappearing Track Search

)
 Eventual sensitivity with 14 TeV 5&_ B Discovery, 20 fb
and same short-track analysis e [E}:‘:{':ﬁ:" fgﬂ“:;_,
~500 GeV for Am~165 MeV 1 Exclusiﬂ":’: 100 fb™!
* Going to need even shorter tracks (s=14 TeV
to reach the ~5 mm lifetime case...
107
| S I B B P S

w 200 250 300 350 400 450 500
m ’ [GeV]

0.02ns, ~355 MeV, 5 mm
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Improved Disappearing Track Search

 Eventual sensitivity with 14 TeV - B Discovery, 20 fb
and same short-track analysis [E}:‘:{':ﬁf“ fg{,ﬂ::,-i
~500 GeV for Am~165 MeV "~ Exclusion. 100 fb"

 Going to need even shorter tracks
to reach the ~5 mm lifetime case

- Insertable B-Layer (IBL) added

- Could have ~150 mm tracks
using just 4 pixel hits?!

Radius (mm)

0.02ns—~355 MeV, 5 mm

Sensitive up to ~800 GeV for 50 mm
and ~250 GeV for 5 mm lifetime
using 4-pixel IBL tracks?

New IBL pixel layer at radius of ~26mm
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(Far-)Future of Disappearing Track Searches

 Reconstructing very short tracks
(with good momentum resolution!)
is essential for mass reach

Tracks

« 15 cm tracks seem possible at ATLAS

e If we could reconstruct 10 cm tracks
at a 100 TeV detector:

- Wino sensitivity from 3.5 — 4.5 TeV
- Higgsino from ~600 GeV — 1 TeV !

Iracks

» Short tracks should perhaps be a
design goal of future detectors
(and accelerators?)

M. Low and L.T. Wang
arXiv: 1404.0682

10°F

'? Wino — d™* = 10 em
1D5_ fs=100TeV  — @ _ o0 e

E... pr = 500 GeV 4 = a0 em
10° _g d™* = 40 cm
10°E T

z —
ek —

- #_—»____

- _"‘-\-\_\_\_\_\__\_\__\_-_
1[:'5 T
15..|....|....|....|....

1000 2000 3000 4000 =000
m. [Ge'v]

10°

£ Higgsino —d™* > 10 em
10°C F=100Tev —— & =>20cm

E g > 500 Gay 4 >30em

= —— AMV2
'”:'d E‘ ol
10°
10° =
1DE_

“IE
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Conclusions

 Semi-stable and detector-stable particles are highly-motivated
targets for beyond-SM discoveries at future (or current!) colliders

 Discussed several important searches — skipped many...
(displaced photons, leptons, light resonances, etc.)

e Distinct signatures and low backgrounds — sensitivity often up to
kinematic limits of production rate

- Long-lived gluino mass reach ~7x greater at 100 TeV than 14 TeV

 Must ensure detectors (and accelerators) continue to allow good
triggering on and reconstruction of:

- escaping, slow, and stopping charged (and milli-charged?) particles
- displaced tracks (and vertices in air/vacuum gaps)

- very short tracks (with good momentum resolution)

And of course we must build future accelerators and detectors!!!
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