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CMS program covers a broad lifetime range

CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY, T — bl, m({f) = 420 GeV
8 TeV, 19.7 fb™' (displaced leptons)

H— XX (10%), X — ee, m(H) = 125 GeV, m(X) = 20 GeV _

8 TeV, 19.6 fb™' (displaced leptons)

B I
8 TeV, 20.5 fb™ (displaced leptons)

o e __ The LL program is sensitive to a
GMSB PS8, 7 &1, mGz) = 250 GoV wide variety of lifetimes, from well

8 TeV, 19.1 fb™ (disp. photon timing) - : :
before the first active layer to well
oo [] after the last active layer of CMS

RPV SUSY, m(g) = 1000 GeV, m(gf) =500 GeV .
8 TeV, 18.5fb™ (displaced dijets)

e I
8 TeV, 19.5fb™ (disappearing tracks)
8 TeV, 18.6 fb™' (stopped particle)

AMSB 7, tan(p) = 5, u >0, m(¥) = 800 GeV
8 TeV, 18.8 fb™ (tracker + TOF)

AMSB 7, tan(p) = 5, u >0, m(¥;) = 200 GeV
8 TeV, 18.8 fb™ (tracker + TOF)

Mz 1
] m t
outer radius: beamspo

beampipe
pixels tracker
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Final state targeted

Many public 7/8 TeV searches (and two at 13 TeV)

displaced e-e/y-p pairs

displaced p-p pairs in muon system
displaced e-u events

displaced p-p pairs (dark photons)
displaced photons using ECAL timing
displaced photons using conversions
displaced vertices

displaced dijets

short, highly ionizing disappearing tracks
disappearing tracks

Kinked tracks

fractionally charged particles
heavy stable charged particles (HSCP)

stopped particles

out of time muons
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First of its kind on CMS (8 TeV)

Targets SUSY RPV — tbs
e small couplings — long lifetimes

Short-ish lifetimes (inside beampipe)

Reconstruct displaced vertices
e using tracks with do > 100 um

Vertex selection:
e >5tracks, > 3 with pt > 3 GeV
e well measured vertex position
e > 1 track matched to jet
e “substructure lite™:

O track pairs with AR > 4

= 1 track pair with AR < 0.4

= 1 track pair with AR > 1.2

Create sample of 1-vertex events
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At least one pair of
close tracks
(AR < 0.4).

(To promote
jet-like activity.)

At least one pair of

well-separated tracks
(AR 2 1.2).

(To cut

single b-jets.)
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CMS Preliminary 17.6 b (8 TeV)

|||||||||||||||||||||||||||||||||||||||||||||||||
—— Data =

multijet events

B 1, single t, V+jets, tt+V, VW —

C stat. uncert.

signal: o =1 fb, a
ct=1mm, M =400 GeV 3

O 0102 03 04 05 06 0.7 08 09 1

dgy, (Mm)
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2160356

Background taken from 1-vertex data events "<

Signal expected in 2-vertex events
dvv: distance between vertices in transverse plane

High discrimination power expected from dyy

CMS Preliminary 17.6 b (8 TeV)

= " —— Data E
N " multijet events ;
B 1, single t, V+ets, ti+V, VWV -

MC stat. uncert. ]

events/50 um

CMS Simulation Preliminary 17.6 fo'' (8 TeV)
:I T T I T I T TT I T 1T I T TT I T TT I T TT I T TT I TTT [ T 13
multijet events

Taking two events from signal: o =1 1, 1
1-vertex data: . Cv=1mm, M=400 Gev
dgv: vertex displacement |
Advy: angular separation

B 4 single t, Vaets, tT+V, VV _

MC stat. uncert.
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signal: o = 1 fb,
ct=1mm, M =400 GeV |
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Create expected dvv 1
shape in background
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Signal extracted using dyy distribution | CMS Preliminay 1767 @ TeV)
£ 30 ! 5
Observation agrees well with background expectation g 25f
 slight excess for dyy > 0.6 mm f’ " 2 2
Xo/g models excluded beyond 1 TeV S e 1o, 15%
- - - Expected
Signal efficiency as high as 60%

600 800 1000 1200 1400

Signal efficiency limited by: neialino/gluino mass (GeV)
° klnematlc CUtS at |OW XO/@ Mmass CMS Simulation Preliminary

* do> 100 pm cut at low lifetime = B —

w
S
|

> 600 um

VV

dyy range | Observed n; | Mean expected count
0.0-0.2 mm 6 6.2+ 1.0
0.2-0.4mm 193 192.2 £3.9
0.4-0.6 mm 45 48.0 + 3.8

N
o

neutralino/gluino ¢t (mm)

efficiency for d

—_
o

0.6-0.8 mm 35+14
0.8-1.0 mm 0.3 +0.1
1.0-50 mm 0.3 +0.1

o

| p—

o
wa

| | | |
800 1000 1200 1400
neutralino/gluino mass (GeV)
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Displaced eu search

CMS Simulation Update of 8 TeV search

Targets RPV t—bl= in ep final state
Lepton do used as discriminating variable

Improved displaced muon acceptance

Constrain search to decays
within pixel detector (R < 10 cm)

CMS Preliminary: L =19.8 fo™' at Vs = 8 TeV CMS Preliminary Simulation Vs = 13TeV

¢« RPV StOpS, ct1cm | | tt— bubl

%*+3% | SM Background
- L . *

https://twiki.cern.ch/twiki/bin/view/
CMSPublic/PhysicsResultsB2G 12024

Select events with one OS ep pair

[ A B
40 50 60

muon |d0| [em] Production Radius [cm]

https://twiki.cern.ch/twiki/bin/view/ https://cds.cern.ch/
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Main background: Heavy Flavor QCD (HF)

HF + p/e control regions HF + bb event HF + ¢
_ i control in search control
°* D tagged Jet region b jet region jet region

* back-to-back jet with nearby
lepton

Large, pure sample of HF events

Construct do templates from
data in these control regions

28.7 pb™ (13 TeV) 2.6 o' (13 TeV)
T T T T T
— T T T T T T T T T T T T

| T T T T T T T | T T T | | |
CMS — Data j

T T T

. CMS —— Data |

- Preliminary [stat. errors - Preliminary [T stat. errors 3
O HF

B CIHF .
[ it E|

I tt

mm W—lv N -

[ Singletop - - ;V |+}|\-’
Z_>|+I' - —

[ [ Single top 3

(] diboson - . ] diboson

—
(@]
O

Calculate transfer factors
from low do sideband to
high do search regions

—_
o
N

< Entries / um >

—
o
)
T

< Entries / um > (Bkgd. Scaled to Data)

| |

1 1 | 1 1 1 1 1 |
200 400

600 800 1000 1 1 1 1 1 1 1 1 800 1 1 |1 OOC
muon Id | [um] electron Id | [um]
0
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Limits placed over 4 decades in CcT

100 000

1000

CR III SR II

e ldol [um]
I R A

200

100

c:DO 100 200 500 1000 100 000
u 1dol [um]

Event Source Search Region I | Search Region II Search Region III
non-HF sum (203 £26) x 1073 (410 £170) x 107> (824+71) x 107°
data-driven HF <30 < 0.50 < 0.019
total background <32 <050 < 0.020
observation 1 0 0
pp—tit; (Mg = 700 GeV)

¢t =0.1cm 3.840.2 0.94 +0.06 0.16 +0.02
cT=1cm 524 0.4 41403 7.0+0.3
cT = 10cm 0.840.1 1.0+0.1 5.840.2
cT = 100cm 0.009 + 0.005 0.03 +0.01 0.27 +0.03
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Sensitivity limited by:
e do> 200 um cut at small ct
e |epton reconstruction efficiencies at large ¢t

—
o
™

T T TTTTO

-
o

top squark ct [cm]

10

102
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Observation consistent with
(very small) background expectation

2.6 b (13 TeV)

CMS

Preliminary

+ 2 std. deviation
- + 1 std. deviation
------- Expected

- Observed

200 300 400 500 600 700 800 900
top squark mass [GeV]

Three orthogonal search regions: 200 um < do < 10 cm

10
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Heavy Stable Charged Particle (HSCP) search

2.4 b7 (13 TeV)
T [ I | [

* done at 7/8/13 TeV ﬁ /'S"l . [ Data(13TeV)
o GUIINATY - I MC: Q=1e 1000 GeV
o 0. [ MC: Q=2e 400 GeV

2o [ MC: Q=1e 400 GeV

Most mature long-lived search on CMS S —

Heavy — slow

Stable — interacts with detector
Charged — tracker + muon system
Particle

° "-,.,f i ..',.:-_-

P .., : :,":,' T s
R BN K 0 L s
bR

T s LA g

Two discriminating variables:
* dE/dx: energy loss in tracker
e [3-1: time of flight to muon chambers

EJFII|III|III|III|III|III|III

Since R-Hadron HSCPs can become
neutral via detector interactions,

Tracker Only and Tracker + TOF
searches are performed

Tracks /[ 2.4 (GeV) x 0.03 (MeV/cm) |

o
500

2114818
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Background taken from data sidebands

dE/dx estimator (In) can be converted into rough mass estimate

K,C constants calibrated using low momentum proton data

2205281

/ A1

Background mass shape and normalization taken from low p, low dE/dX sidebands

Loose dE/dx and -1 selections applied to validate background estimate

12.9 b (13 TeV)

-CMS
= Preliminary
e

Tracks / bin
b= b= b= b=
N w =N [3,]

T IIIIIIII ! IIIII|T| T IIIIIII| T Illn
»

e
o

T IIIII|T|
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Tracker -IOn\y u

¢ Observed
| 4 | Data-based SM prediction
[ Gluino (M = 1000 GeV)

| IIIIIII| | IIIII|,|,|

IIIIIII | IIII|,|,|

1500
Mass (GeV)

Tracks / bin

-y

()
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S

T IlIII|T| T IIIIIITI T IIIII|'|| T IIIIIIII T IIII[|T| T III[Iﬂ]—?IIIIIIll

12.9 b (13 TeV)

Preliminary

" Tracker + TOF

¢ Observed
| 4 | Data-based SM prediction
[ Stau (M = 494 GeV)

. | 3J
1500
Mass (GeV)
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2205231

Limits set on a variety of models

After final selection:
no large excess at high mass

129 b (13 TeV) 129 b (13 TeV)
Tracker - Only - =CMS

- Prelimina
T ‘Theoretical Prediction —=— gluino; 50% gg
-3 & gluino (NLO+NLL) ~—— gluino; 10% gg
Stop (NLO+NLL) —r— glumo; 10% ag; Cs
. —a— stop
stau; dir. prod. (NLO) s
—=— stop; CS
stau (NLO) Sop

—e— stau; dir. prod.
L0 |1Ql = 1e (LO) —e— stau

—— |Q| =1e

—
o

Tracks / bin
=

¢ Observed
[ 4 | Data-based SM prediction
] Gluino (M = 1000 GeV)

=
Q.
Q
=
@
=
O
=
| | Illllﬁ

e
o
w
—

T I[I[II[] T IIIIIIIl T IIIIII[I T TTTIT
LIt

Cross section limits on the 1-10 fb
scale

—
<

4
95% CL limit on o (pb)

—
<
n

Mass limits up to 1.8 TeV

—
S
w
| IIIIIII| 17

No loss from branching fractions! : 1500

Mass (GeV)

1

Mass (GeV)

12.9 fb' (13 TeV)
Tralcker + TOFF

12.9 b (13 TeV)
Tracker + TdF_=

T T

Numbers of events
Selection cuts 2016

=y
o

= Prelimina

8@
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=
w_

TT
)
8
3.
5
Q
<

Tracks / bin

¢ Observed
[ A | Data-based SM predictio
[ Stau (M = 494 GeV)

Theoretical Prediction —— gluino; 50% gg
—— gluino (NLO+NLL) —«— gluino; 10% gg
stop (NLO+NLL) —a— stop
stau, dir. prod. (NLO) —e— stau; dir. prod.
stau (NLO) —e— stau
. |Ql=1e(LO) —— |Q| =1e
L = Q| = 2e (LO) —+— Q| = 2e

Iy 1/B Pred. Obs.

-
o
N
—

lIIIIIIl T IIIIIIII LI

-

92.4+18.9
43.2 =89
4309
0.86 =0.18
0.25£0.05
53.1 £10.6
77x15
Trk+TOF 0.82+=0.17
0.15+=0.03
0.04 =£0.01

—
<

=

95% CL limit on o (pb)

Trk-only

—

—
<
N

—
S
w

IIII| | IIIIII[I 1 IIIIIII| | [IIIIII| 1 IIIIIII? L 1111l

1

Mass (GeV)
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There’s a lot to look forward to!

Final state targeted

displaced e-e/py-p pairs

displaced p-p pairs in muon system
displaced e-py events

displaced p-u pairs (dark photons)
displaced photons using ECAL timing
displaced photons using conversions
displaced vertices

displaced dijets

short, highly ionizing disappearing tracks
disappearing tracks

Kinked tracks

fractionally charged particles

heavy stable charged particles (HSCP)

stopped particles
out of time muons

top secret new searches

.
OI-gSTATE J AntOﬂeul
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2205146

2114818 (2015)
2205281 (2016)

This are tricky analyses:

e Very sensitive to detector
performance

e generally wait for final
calibration/alignments

Updates to existing searches:

* 8—13 TeV boost gives dramatic
improvement for high mass
searches

* Most searches are very
statistics limited - and the LHC
s killing it right now

Brand new searches:
* No spoilers here...
* LLP landscape is very sparsely

covered by existing searches!
14
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Direct and indirect searches are complimentary
R[m]: O 1 3 4 7

. tracker : calorimeter : magnet: muon systems

Direct searches

* observe BSM particle
passing through detector

* Dbetter for long lifetimes ( T E TR
« good for charged LLPs g 1800

Indirect searches
 detect LLP decay products

e Dpetter for short lifetimes ¢« [m]i

e good for neural LLPs

Shaded area: range of lifetimes
for which half of the particles
are within the acceptance

- N W s~ O O N

~50um ~50 um
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