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Long-lived sleptons in Collider Experiments

Sleptons : a particle predicted in SUSY
[SUSY-partner of leptons]

m Mass 2 100GeV (LEP)
m Charge: EM-charged
m Lifetime: 7?7?77

» If long-lived (“stable”) ———> charged track

//
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Expected reach “m;
at 100 TeV pp collider

New phenomenon
at 100 TeV pp collider
“"Muon radiative energy loss”
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2. searches at the LHC
3. at 100 TeV collider?
> for BKG reduction

4. Results

»EXxpected reach:
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1. Motivation for long-lived [
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SuperWIMP scenario Feng, Rajaraman, Takayama [ph/0302215], [ph/0306024 ]

QDMh2 = 0.12 ... how to realize?
B A hypothesis: “superWIMP scenario”
ISP=(G ,NLSP=[ ... long-lived [
~ ~ - . my —95 me 2
LT(HK;) 5710 Tsec (L) (1Mev)}
=170m

:> T : freeze-out with QsleptonhQ > 0.12,

and then decay.
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SuperWIMP scenario
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

~

1. Motivation for long-lived [
[ o superWIMP

e B-[ co-annihilation
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1. Motivation for long-lived [
o superWIMP

e B-[ co-annihilation

2. searches at the LHC [
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inner detectors calorimeters muon spectrometer
(trackers) Ecal Hcal
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“Mass measurement” to distinguish long-lived sleptons

m — —

- p
By  B/1- 32

momentum & velocity

m MNASS measurement = P & ﬁ measurements
l (B=Vv/c)

* TOF [time-of-flight]
B=AL/At

e dE/dX [ionization energy loss]
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“Mass measurement” to distinguish long-lived sleptons

m — —

- p
By  B/1- 32

momentum & velocity

m MNASS measurement = P & ﬁ measurements
""" (B=Vv/c)
ATLAS: muon (8 resolution l

* TOF [time-of-flight]
B=AL/At

e dE/dX [ionization energy loss]
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Bounds from 8 TeV LHC See also: LHCb collaboration [1506.09173]

For p 71 (TR) 339 GeV [CMS]
v, Z m(‘f1) >  [1305.0491]
, - 2806 GeV [ATLAS]
1 [1411.6795]

(direct production)
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3. at 100 TeV collider?

»Muon radiative energy loss for BKG reduction
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How to search for LLCP?

ATLAS @8TeV [1411.6795]

[ selection flow:
e Observed as a muon

o DT > 70 GeV
o |In|<2.4
e 0.2 <(3<0.95

Our 100TeV simulation
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How to search for LLCP?

ATLAS @8TeV [1411.6795]

[ selection flow:
e Observed as a muon

o DT > 70 GeV
o |In|<2.4
e 0.2 <(3<0.95

Our 100TeV simulation
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Muon energy loss in matter

p>500GeV
—

Figure from Groom, Mokhov, Striganov, Atom. Nucl. Data Tab. 78 (2001) 183-356
[also in PDG Review “Passage of particles through matter”] 1 7/31
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Muon energy loss in matter

/ Muon radiative energy loss \

» Bremsstrahlung
> Photonuclear interaction

K » et-e~ pair-production /
—
Ly | X
TIT
\/
1E
AE = SZ )AL
dx
p>500GeV
é
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Muon energy loss in matter

/ Muon radiative energy loss \

» Bremsstrahlung
> Photonuclear interaction
> et-e~ pair-production
\_ pairp J
—
W | o
T T
\/
1E
AE = (—,()AL
dx
p>500GeV
é
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Muon energy loss in 3m iron (Fe) “calorimeter”

Feng, SI, Shadmi, Tarem [1505.02996]

—h

Probability / 1GeV
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[Simulated with GEANT 4]
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Outline Feng, SlI, Shadmi, Tarem [1505.02996]

4. Results

»Expected reach:
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Assumptions

Feng, SI, Shadmi, Tarem [1505.02996]

m Detector

» similar to ATLAS/CMS

» B-resolution same as ATLAS
(resolution: 2.4%)

m Signal: Madgraph5 +
Pythiab + 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

» B-resolution same as ATLAS
(resolution: 2.4%)

m Signhal: Madgraph5 +
Pythiab + Delphes3

(calculated at the LO)

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

. | m Event selection
(publicly available)

| _ e two [-candidates
m Pile-up not considered
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Result: LLCP histogram on mass Feng, SI, Shadmi, Tarem [1505.02996]

slep
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Result: cut flow Feng, Sl, Shadmi, Tarem [1505.02996]

LLCP selection flow ([L=1ab™?)
signal

m | -selection flow

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

Eq{:cEEff 48% 7?0.‘"6 —

Event categorization ([ L=1ab™?)

1TeV 3TeV  BKG
N cp=0]| 483 1.34 (a lot)
Nitcp=1| 378 4.46 2.78 x10° B
(Nucp =2| 424 10.1 34.6  |SR e two [-candidates

B Event selection
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Result: cut flow Feng, Sl, Shadmi, Tarem [1505.02996]

LLCP selection flow ([L=1ab™?)

signal

o
F_ 17y atey SMBKG Eloss reduces 3:0/.082cgf=BO.I§g]
total 2570  31.8 —
pr&n 1840 285 9.19x106
B 1230  24.6 [3.41 x 105p
Eloss 1230  24.6 (2.78 x10°

Eq{:cEEff 48% 7?0.‘"6 —

Event categorization ([ L=1ab™?)

1TeV 3TeV BKG

Nicp=0] 483 1.34  (alot) m Event selection
Nicp=1| 378 4.46 2.78x10°

(Nucp=2/424 101 346 |SR e two [-candidates
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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]

%1 0" = e peoted o
— —e— €X
= h m_.. =1.8-2.3TeV Lo(PP eR eH)
% 102\H OLO([Z)[:)—)rTf1 ?1*) min.
o F [L=0.3ab™?
(3 \ B
) N\ [L=1ab™!
10\ . 5
- JL 3ab1
i 3.2-4.0TeV |
1 | I I | | I I | | | I I | L1 1 1 | | | || || | || |
’ 2 3 4 5

Slepton mass [TeV]
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Implication to Cosmology

e SuperWIMP scenario e B-[ co-annihilation
.. m7< 600 GeV

covered @ LHC

29 /2



Conclusion

~

[ -selection flow

LLCP selection flow ([ L=1ab™1)

Event categorization (/L =1ab™1)

NiLcp|1TeV 3TeV BKG
0 |[483 1.34 (alot)
1 |378 4.46 2.78x10°
2 | 424 10.1 34.6 SR
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(a)

Expected exclusion reach @100 TeV

1.8-2.3TeV (0.3ab™1)
P ={2.4-3.1TeV (1.0ab™ 1)

mexcl. —
3.2-4.0TeV (3.0ab™1)

“Muon radiative energy loss”

» Bremsstrahlung
» Photonuclear interaction
» et-e~ pair-production

p > 500GeV |
> of BKG reduction
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Appendix: LHC Run 2
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Outline Feng, Sl, Shadmi, Tarem [1505.02996]

B. 14 TeV LHC
34
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14 TeV LHC expectation Feng, SlI, Shadmi, Tarem [1505.02996]

m Detector m | -selection flow

» similar to ATLAS/CMS

» B-resolution same as ATLAS
(resolution: 2.4%)

m Signhal: Madgraph5 +
Pythia6 + Delphes3

(calculated at the LO)

B BKG: “Snowmass 2013”
BKG set for TeV

. . m Event selection
(publicly available)

| _ e two [-candidates
m Pile-up not considered
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14 TeV LHC expectation

Number of LLCPs in 1ab’/50GeV

102

10

................................

...................................

_______________________________

— SMBKG

—— m =400 GeV
—— m=600GeV
—— m=2800GeV
—— m=1000GeV

2
10500

I | I
400

I | I
600

1 | I
800

I | I
1000 1200

M [GeV]
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14 TeV LHC expectation

14 TeV LHC prospects are also studied in ,
11106.0764] & [1203.1581] by |. Heisig and J. Kersten.

exp

mexcl. _

0.54-0.66TeV (100fb—1)
0.69-0.83TeV (300fb~1)
1.1 -1.2 TeV (3000fb—1)
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The mass resolution is very bad?

(_ P _pTcoshn>
By By
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Appendix:
Momentum resolution @100TeV
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Momentum resolution for very-large pT

L? L?|g|B As
S>PT = gMB > Apr = 4l

8 52
< 8As 5
L2|g|B
5 q
L/2

ApT X p_?_
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Momentum resolution for very-large pT ATLAS [1404.4562]; see also [1201.4704]

L? L?|q|B As
»pT::§gmu3[:$>ApT:: 4l

8 52
< 8As 5
L2|g|B
5 q
L/2

3.£U9TCXID$

ATLAS 7 TeV results on muon momentum resolution

Inner Detector, |n] < 1.05 Muon spectrometer
Inl <1.05 1.7 <|n| <2

A A A
T L 0.38p/TeV L~ 0.14pyTeV X < 0.06p7/TeV

PT PT PT 41
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With momentum resolution carefully treated

A
il =0.05e 0.1p7/TeV

PT
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With momentum resolution naively treated

—— =0.05
PT
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Detailed Figures (100TeV)
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Cross section [ab]
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Slepton mass [TeV]
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Why £>0.47? (slepton dE/dx)
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()

pT > 500 GeV
—_—

Figure from Groom, Mokhov, Striganov, Atom. Nucl. Data Tab. 78 (2001) 183-356
[also in PDG Review “Passage of particles through matter”] 49 /31
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Mean value of Eioss?
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Averaged muon energy loss in 3m iron (internal)

y/ 1GeV

Probabili
<

102

E .. [GeV]

10 464883 120

20 50253

30 527343 100 .

50 5 AB943

100 6AO542

200 843546 80

300 102127

500 139577 60 +*
1000 23251
2000 423777 40 *
3000 A1 1561
5000 100336 20 *

. +*
b e e @ ¢
10 100 1000 10000
tu: =20 GaY
——"E=100GeV
—— E,; =500 GeV
g= —— E. = 3000 GeV .
-l-i : : Note that the mean is much larger
than the median
- | because of its long long long tail.
J_I_ S
| I |||\IIIII\IIHI\IIIIII\IIIII\IIIIII
0 5 10 15 20 25 30 35 40 45 50
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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

B dE/dx : ionization energy loss

()

u CMS [1305.0491]5

p p
m—= — —
By B/V1-p
. dB
h=F dx lestimated
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