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Long-lived Particles in Collider Experiments

Mass “Heavy” |/ “light”
0(100)GeV) < 100GeV

Charge colored /| EM charged / |neutral
- Hadronize| - charged track ] -> Missing

Lifetime “stable” In-flight decay
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Long-lived Particles in Collider Experiments

Mass “Heavy”
0(100)GeV

Charge EM charged
- charged track

“long-lived charged particles”

 long-lived sleptons e, 4, 7T

* long-lived charginos X*
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Take-home SUSI

N’ ’

Expected reach “m;
at 100 TeV pp collider

New phenomenon

at 100 TeV pp collider
“"Muon radiative energy loss”
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

1. How searched at the LHC?

2. at 100 TeV collider?
> for BKG reduction

3. Our simulation

»Expected reach:
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

1. How searched at the LHC?
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ATLAS detector

Muon chambers Solenoid magnet | Transifion radiafion fracker
Semiconductor tracker
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ATLAS detector

Tile calorimeters
"~ N\ lAr hadronic end-cap and

n \ N\, forward calorimeters
£ /5 ] | Pixel detector \
/ / "l
|‘. /7 Torold magnets | I '\' LAr electromagnetic calorimeters
4 /
Muon chambers Solenold magnet | Transifion radiation tracker

Semiconductor tracker
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ATLAS detector
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inner detectors calorimeters muon spectrometer
(trackers) Ecal Hcal
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“"Mass measurement” to distinguish long-lived sleptons

m — —

B p
By  B/1- 32

momentum & velocity

m IMMNASS measurement = P & ﬁ measurements
(B =v/c)

» momentum » velocity

L2
>p = —--|q|B e TOF [time-of-flight]

T 8s

B8 =AL/At
S
B e dE/dX [ionization energy loss]
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“"Mass measurement” to distinguish long-lived sleptons

Muons / 0.004
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Bounds from 8 TeV LHC See also: LHCb-CONF-2014-001
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Outline Feng, SI, Shadmi, Tarem [1505.02996]

2. at 100 TeV collider?

14/
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Detector at 100 TeV collider

® 100 TeV Collider

HectoLAS
|
¢MS
|
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Detector at 100 TeV collider

® LHC ® 100 TeV Collider
HectoLAS

muon spectrometer .-~

Hcal

_> <_
p inner detectors p
(trackers)
- muon spectrometer
Hcal
_> <_
p inner detectors p

(trackers)
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Strategy at 100 TeV collider

our selection flow

[ = reconstructed “muon” with
e pT>500GeV

° |r)| < 2.4
e 0.4 < f3<0.95 (from TOF)

(

Cf.) ATLAS 8TeV [1411.6795]

\-

e p7>70GeV
e In|<2.5
e« 0.2 <f3<0.95

\

J
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Strategy at 100 TeV collider

our selection flow

[ = reconstructed “muon” with
e pT>500GeV

° |r)| < 2.4
e 0.4 <f3<0.95 (from TOF)
o Eipss < 30GeV

(

Cf.) ATLAS 8TeV [1411.6795]

\-

e p7>70GeV
e In|<2.5
e« 0.2 <f3<0.95

\

J
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Outline Feng, SI, Shadmi, Tarem [1505.02996]

2. at 100 TeV collider?

»Muon radiative energy loss for BKG reduction
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Muon energy loss in matter
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Figure from Groom, Mokhov, Striganov, Atom. Nucl. Data Tab. 78 (2001) 183-356
[also in PDG Review “Passage of particles through matter”] 20/34



Muon energy loss in matter

Lindhard- Anderson-
Scharff  Ziegler
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Muon energy loss in matter

B e 4 Muon radiative energy loss \
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Muon energy loss in 3m iron (Fe) “calorimeter” Feng, SI, Shadmi, Tarem [1505.02996]
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Outline Feng, SI, Shadmi, Tarem [1505.02996]

3. Our simulation

»Expected reach:
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Assumptions Feng, SI, Shadmi, Tarem [1505.02996]

muon spectrometer
m Detector i
Ecal
> similar to ATLAS/CMS =0
P 1
> B-resolution same as ATLAS e

(resolution: 2.4%)

m Signhal: Madgraph5 +
Pythia6 + Delphes3

(calculated at the LO)

m BKG: “Snowmass 2013”
BKG set for 100TeV

(publicly available)

m Pile-up not considered
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Assumptions Feng, SI, Shadmi, Tarem [1505.02996]

m Detector m [ -selection flow

> similar to ATLAS/CMS reconstructed “muon” w.

> B-resolution same as ATLAS e pT>500GeV
(resolution: 2.4%) e In|<2.4

m Signhal: Madgraph5 + . A
Pythia6 + Delphes3  ° O* <F<09>

(calculated at the LO) °

m BKG: “Snowmass 2013”
BKG set for 100TeV

| | B Event selection
(publicly available)

| | e two [-candidates
m Pile-up not considered
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Result: cut flow

Feng, SI, Shadmi, Tarem [1505.02996]

LLCP selection flow ([L=1ab™?)

signal
[=1TeV 3TeV >M BKG
total 2570  31.8 —
pr&n 1840 285 9.19x10°
B 1230  24.6 3.41x105
Eloss 1230 24.6 2.78x10°

Eq{:cEEff 48% 7?0.‘"6 —

Event categorization ([L=1ab™?)

1TeV 3TeV BKG

N cp=0]| 483 1.34 (a lot)
Nicp=1| 378 4.46 2.78x10°
(Niicp=2| 424 10.1 346 |SR

m | -selection flow

reconstructed “muon” w.
e pT>500GeV

e In|<2.4

e 0.4 <f<0.95

B Event selection

e two [-candidates
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Result: cut flow Feng, Sl, Shadmi, Tarem [1505.02996]

LLCP selection flow ([L=1ab™?)

signal

- SM BKG Eioss reduces 34% of BKG
l= 1TeV 3TeV (- 0.0822 = 0.66)
total 2570 31.8 —
pr&n 1840 28.5 9.19 x10°
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(Nucp=2|424 101 346 |SR e two l-candidates
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Result: LLCP histogram on mass Feng, SI, Shadmi, Tarem [1505.02996]
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Result: Expected exclusion limit Feng, SI, Shadmi, Tarem [1505.02996]
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Result: Expected exclusion limit Feng, SI, Shadmi, Tarem [1505.02996]
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

1. How searched at the LHC?

2. at 100 TeV collider?
> for BKG reduction

3. Our simulation

»Expected reach:
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m Expected exclusion reach @100 TeV

1.8-2.3TeV (0.3ab™1)
=42.4-3.1TeV (1.0ab™1)

Two take-home's

exp

mexcl. -

Take-home SUSI

3.2-4.0TeV (3.0ab™1)

® “Muon radiative energy loss”
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

A. Note on momentum resolution

B. 14 TeV LHC
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

A. Note on momentum resolution
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The mass resolution is very bad?
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Momentum resolution for very-large pT
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Momentum resolution for very-large pT ATLAS [1404.4562]; see also [1201.4704]
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With momentum resolution carefully treated
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With momentum resolution naively treated
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Outline Feng, SI, Shadmi, Tarem [1505.02996]

B. 14 TeV LHC
44 ;.
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14 TeV LHC expectation Feng, Sl, Shadmi, Tarem [1505.02996]

m Detector m [ -selection flow

> similar to ATLAS/CMS reconstructed “muon” w.

> B-resolution same as ATLAS o PT > GeV
0= A
(resolution: 2.4%) n| < 2.4

m Signhal: Madgraph5 +
Pythia6 + Delphes3

(calculated at the LO) = E., —

e 0.3<f<0.95

raY
. |
A4

D

m BKG: “Snowmass 2013”
BKG set for TeV

| . B Event selection
(publicly available)

| | e two [-candidates
m Pile-up not considered
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14 TeV LHC expectation
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Cross section [ab]

14 TeV LHC expectation | 1/ Te\/ | HC prospects are also studied in ,
[1106.0764] & [1203.1581] by J. Heisig and J. Kersten.
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Detailed Figures (100TeV)
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Cross section [ab]
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Why £>0.4? (slepton dE/dx)
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Lindhard- Anderson- B e t h e

Scharff  Ziegler Radiative
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Figure from Groom, Mokhov, Striganov, Atom. Nucl. Data Tab. 78 (2001) 183-356
[also in PDG Review “Passage of particles through matter”] 53/34




Mean value of Eloss?
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Averaged muon energy loss in 3m iron (internal)
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dE/dx to measure
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Mass measurement = Measurement of velocity 8

m TOF : time-of-flight
B=AL/At

m dE/dx : ionization energy loss
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