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Introduction

 Many models of new physics predict long-lived (LL) particles
through small/suppressed couplings or high mass scales, e.g.

— Split/RPV/stealth SUSY, and symmetry-breaking mechanisms

— Exotic Higgs

— Hidden valley

— Dark sector
* Depending on model and lifetime, particles measured with

different parts of the detector: analyses focused on signatures
* This talk: small sample of searches at ATLAS and CMS

— Mostly 8 TeV results; corresponding 13 TeV analyses in progress
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First:

rich
program
in ATLAS
and CMS!
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 fLdt=(184-203) b  V5=8TeV
Model Signature  [rdt[b™'] Lifetime limi Reference
T — T — T — T — T —T
RPV,yg — eev/euv/uuv  displaced lepton pair 20.3 A’g lifetime 7-740 mm m(g)=13TeV, m(,yg) =1.0TeV] 1504.05162
GGM,yg -26 displaced vix + jets 20.3 x'l' lifetime 6-480 mm m(g)=11TeV, m(X?) =1.0TeV] 1504.065162
s AMSB pp - x0xd.xTx7  disappearingtrack 203 | X} lifetime 0.22:30m m(x;) =450 GeV 1310.3675
(2]
a AMSB pp — xixd.xfx7  large pixel dE/dx 18.4 |7 lifetime 1.31-9.0m m(x}) = 450 GeV 1506.06332
GMSB non-pointing or delayed y - 20.3 Xg lifetime: 0.08-5.4m SPS8 with A = 200 TeV 1409.5542
Stealth SUSY 2 ID/MS vertices 18.5 § lifetime 0.12-80.6m m(g) = 500 GeV 1504.03634
Hidden Valley H — mym, 2 low-EMF trackless jets  20.3 m, lifetime 0.41-7.57 m m(my) = 25 GeV 1501.04020
X
=)
™~ Hidden Valley H — mymy, 2 ID/MS vertices 195 |y lifetime 0.31-254m  m(n,) = 25 GeV 1504.03634
I
o
@ FRVZH -2y +X 2 e~ -, m-jets 203 | 7a lifetime 14-140 mm H = 2y4 + X, m(yq) = 400 MeV 1409.0746
&
&2 FRVZ H — 4y4 + X 2 e—, pu—, 1—jets 20.3 74 lifetime 15-260 mm H — 4yy + X, m(yq) = 400 MeV 1409.0746
® Hidden Valley H — mymy 2 low-EMF trackless jets  20.3 , lifetime 0.6-5.0m m(ny) = 25 GeV 1501.04020
)
I
@& Hidden Valley H — mymy, 2 ID/MS vertices 195 |y lifetime 0.43-18.1m m(m,) = 25 GeV 1504.03634
o
o
E FRVZ H — 4yg + X 2 e~ p—, m—jets 20.3 | g lifetime 28-160 mm H = 4y4 + X, m(yq) = 400 MeV 1409.0746
a5
~ Hidden Valley ® — w1, 2 low-EMF trackless jets  20.3 y lifetime 0.28-7.9m oxBR = 1 pb, m(n,) = 50 GeV 1501.04020
88
g g Hidden Valley ® — myry 2 ID/MS vertices 18.5 , lifetime 0.19-31.9 m oxBR = 1 pb, m(n,) = 50 GeV 1504.03634
®
> Hidden Valley ® — m,m, 2 low-EMF trackless jets 20.3 my lifetime 0.15-4.1m oxBR = 1 pb, m(n,) = 50 GeV 1501.04020
.
8&
8 § Hidden Valley & — mm, 2 ID/MS vertices 19.5 | lifetime 0.11-18.3m oXBR = 1 pb, m(m,) = 50 GeV 1504.03634
S
_ HV Z’(1 TeV) - gugy 2 ID/MS vertices 20.3 ay lifetime 0.1-4.9m oxBR = 1 pb, m(m,) = 50 GeV 1504.03634
2
(@] HV Z'(2 TeV) — q,q, 2 ID/MS vertices 20.3 , lifetime 0.1-10.1 m oxBR = 1 pb, m(ny) = 50 GeV 1504.03634
1l N M| L PR | L PR | L M | L P
0.01 0.1 1 10 100 cT [m]
Vs =8TeV

*Only a selection of the available lifetime limits on new states is shown.
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CMS long-lived particle searches, lifetime exclusions at 95% CL

APV SUSY, T — bl, mif) = 420 GeV

8TeV, 196 fo" (displaced leptans)

H—= XX (109, X —= py, m{H) = 125 GeV, m(X) = 20 GaV

° BTeV, 19.7 o' (displaced leptons)
I r ° H—= XX [10%), X — ee, m{H) = 125 GeV, m{X) = 20 GV _

BTeV, 205" (displaced leptons)

°
r I ( : GMSE SPSB, 5. — G v, miz ) = 250 GeV -

BTeV 1971 [dizp. photon com.)
GMSB PS8, 5. — G v, miE.) = 250 GeV -
8 TeV, 19,1 ib” (disp. phaton timing)

program —--io-|  m

BTev, 1851 (displaced dijets)

APV SUSY, miB) = 1000 GeV, m{3’) = 500 GeV .
[ ] 8TeY, 185 1" (displaced dijsts)
I I l e e
&8ToV, 1951 (disappearing tracks)

| e tan: peresteuton [
C NI S 87TeV, 186" (stopped particla)

AMSE 3, tan(p) = 5, >0, m{x’) = 80D GeV
8 TeV, 18.81b” (racker + TOF)

AMSE 5, an(#) =5, u =0, m{F ) = 200 GeV
8 TeV, 18.81b" (racker + TOF)

10* 102 1 10° 10° 10° 10° 10" 10"
ct [m]
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dE/clx in pixels ATLAS, 13 Tey

Search for charged (meta)stable
R- hadrons (g) decaying via g —
qqx’

* Trigger on calorimeter MET from
#° or unbalanced ISR

* Look for high-p, high dE/dx track

e Reconstruct most probable value
of dE/dx from pixel cluster charge
info (now with IBL)

* Use parameterized Bethe-Bloch

to estimate BV 9 Mass Of partlde See talk from T. Lenz on Friday for

more on dE/dx searches, including
ATLAS 13 TeV dE/dx + TOF analysis .

L ATLAS

Data 2015, ys = 13 TeV

dE/dx [MeV g cm?]

-2500 2000 1500 1000 -500 0 500 1000 1500 2000 2500
ap [MeV]
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dE/dx in pixels

* Background estimated using control

ATLAS, 13 TeV

SUSY-2016-03 arXiv:1604.04520

regions with tracks failing dE/dXx,
MET cuts
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Displaced e +

e Pair-produced t — bl with small

RPV coupling

e Select events with isolated,
oppositely-charged e + u

* Three exclusive signal regions in
2D plane of leptons’ transverse
impact parameter: 0.02<d,< 2

cm

 Main SM background is heavy
flavor (HF), estimated from data

using non-isolated, same-sign
samples (ABCD)

2016/6/16

J. Tucker

cm

Entries / 0.01

CMS, 8 TeV

Phys. Rev. Lett. 114, 061801 (2015)

19.7 b (8 TeV)

T T T | T L | T T 1 | T T T T | T 1T 1 E
¢ Data ]

CMS ) Stat. & syst. errors

Il EIEWE .

]
mm Other EW
= Top quark

------ it (ct=0.1 cm)
----ft(ct=1cm) ;
---s —-tt(ct=10cm)

Electron d, [cm]
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Displaced e + CMS, 8 TeV

Phys. Rev. Lett. 114, 061801 (2015)

* |n tightest signal region:

—1 02 = 1 I |19|7| fb-1 (|8 Telvz
— background prediction 0.05+ & | CMS
0.01 events; S 1
T . 8_ i20expected
— >1 event expected for t withM = & 10- W10, .
500 GeVandct=1 mm; E e Expected limit

. —— Observed limit

— 0 events observed.

* 95% CL limits set as function of I
ctand M of t E Excluded region

* Inclusive requirements - el
sensitive to other models with :
oppositely-charged e +

400 500 600 700 800
M- [GeV]
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Displaced vertices + X ATLAS, 8 TeV

Phys. Rev. D 92, 072004 (2015)

 X=¢,,jets, or MET; X used to § o aras st ey 3
trigger
e “Re-tracking” to recover tracks AN
with large d, e N
. . o1E % - 3 E
e Reconstruct vertices starting from N """*’*» s
pairs of tracks, merge iteratively R
. . o 4-track vertices
* \eto vertices in detector material « Datz
 Discriminant: vertex mass and

number of tracks

 Background from accidental track
crossings and merged vertices:
estimate from data

2016/6/16 J. Tucker
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Displaced vertices + X ATLAS, 8 TeV

Phys. Rev. D 92, 072004 (2015)

* Signal region: background prediction <1 event in all channels; 0 observed
* Interpreted in the context of many models: example RPV #¥° model

ATLAS \s=8TeV, 20.3 fo"
DV+jets @D Data [ Signal MC — 10° — e ——
- T T T T T T T T T T _Q '
3 | Signal Region £ ATLAS Ao #0
= | - S [ \s=8TeV,2031b" —
£ g 10 DV+jets channel B ), 20
107 E P RPV Model 95% CL limit
- w ~ _—
: 10" 8 103 q(1TeV)— q[x1 (108 GeV) — Iqq]
i O
10 10° )
4 ‘ 1000 GeV squark production
] H10° 10
1 = 1
1 lllIIlIl 1 lIllllIl 1 I T T |
1 | 1 1 Lo 1 L | 10_3 1 10 102 103
3 4 5678910 20 30 40 50 ¢t [mm]
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Displaced multi-jet vertices

* Pair-prod. § = tbs : 2 displaced multi-jet vertices
* Focus on intermediate lifetimes down to 300 um
e Background from mis-reconstruction, b quark jets
e Discriminant d,,: x-y distance between vertices

e Estimate background using distances, angles in
one-vertex sideband

it
\

\

kol
o

2016/6/16 J. Tucker

data/MC

events/50 um

CMS, 8 TeV

CMS-PAS-SUS-14-020
CMS Preliminary 17.6 o' (8 TeV)

—— Data

I multijet events

B i single t, Vjets, tT+V, VV
|\ | MC stat. uncert.

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

1 IIIIIIII 1 Jlllllll 1 IIIIIII| 11l

0 0102 03 04 05 06 07 08 09 1
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Displaced multi-jet vertices CMS, 8 TeV

CMS-PAS-SUS-14-020

* Fit with signal template from MC, background from data
e Set 95% CL upper limits as function of lifetime and mass

R .. -1

CMS Preliminary 17.6 fb' (8 TeV) CMS Preliminary 17.6 fb™ (8 TeV) .
()] LI I TTT ‘ LI I TTT T T T T T T T T T T T T T T T T T T T T T TTT —_— —_—
-— L E q_g
§ —+— Data E o
D2l _ m

10k . - ©
F --------- Signal + background fit 3 o ©
= 1 o c
- ¢ c ]
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> E
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£ @
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C I 45‘ =1
E I dCJ -
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i N
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1= - - - Expected
10-1 111 I L1l ‘ | I L1l | 111 I L 1 | | I L1l I L1 ‘ L1l
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Summary

e Searches for long-lived particles are an active, rich
program both w. theorists and at ATLAS + CMS

e Different decays and mass + lifetime ranges lend
to different experimental techniques

— Many analyses using different objects and targeting
different models not described here!

8 TeV program set the stage for Run 2; many 13
TeV analyses underway!

2016/6/16 J. Tucker
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dE/dx in pixels
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Displaced e +

2016/6/16

Phys. Rev. Lett. 114, 061801 (2015)

19.7 b (8 Te
E 103§ T T T T | T T T T | T T T T | T T T T | g T T T %
© - ¢+ Data 3
Py L CMS Stat. & syst. errors
S 1028 21T -
g E 1 HF E
o me mm Other EW .
2 - = Top quark =
£ 108 0000 tt(ct=01cm) +
L i --ft(ct=1cm) |g
f Jiee- —-tt(ct=10cm) N
g | Ly e TTTTTTTTTmTmmmTmTmmmmommos
10" 5|
10 =f
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CMS, 8 TeV
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Displaced vertices + X

Yo, [Mm]
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Phys. Rev. D 92, 072004 (2015)
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Displaced multi-jet vertices
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Displaced multi-jet vertices
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