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Why searching for LLP?,

0 Standard Model includes quite few LLP er (m) 1 é,

0 it is natural to assume they can populate BSM theories as well 10% ::’ :

“ v ."
0 we cannot exclude we have not seen susy because i 1 #
we were concentrating on prompt particle decays! L ”"\' e
. Ru 'S'.
O There are several models that can predict LLP | . | d P
. Brian Shuve @ )
0 Split susy o L £ z
= ' ! ! ! ! —>
0 Stealth susy 10-10 m'_s ' ' ey 102 :\4 GeV)

0 RPV susy

0 Hidden valley (HV), dark bosons, etc. etc.

0 From the experimental point of view they give raise to different signatures

0 depending on the number of particles in the final state, and their spectrum in pT

0 A non zero lifetime adds a further dimension in the sea of possible topologies to
consider

0 this poses yet another challenge for those final states that requires ad hoc reconstruction techniques

0 Excellent review in October 2017:

O https://indico.cern.ch/event/649760/timetable/
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LHC 2015 RUN (6.5 TeV/beam)

0 LHC performed very well in Run2!
0 more than 40/fb collected in 2015 and 2016

—o— ATLAS 4.216 fb '
- CM54220fb"
~0~ LHCb 0.363 b’
—o- ALICE 6.789 pb ' ||

Delivered integrated luminosity (fb ')

PRELIMINARY

O | will concentrate mostly on analysis | .
using this data sample R o

LHC 2016 RUN (6.5 TeV/beam)

10°
—: 10' :
O | will deal with decaying particles £ 100
: : : = 107
0 i.e. no HSCP will be discussed 2
& 107
O anyway you can find them in the back up ... S 10* —o— ATLAS 385120 " |
@ —a— CMS 40,986 fb '
2 105 3 —— LHCb1879fb " |
2 : —o— ALICE 13.393 pb '
10°F ¢ PRELIMINARY
La Thuile 2018 lApr ‘May lJun “Jul Aug lSep “Oct Nov

Month in 2016
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O Particles with a similar lifetime may leave different signals in
different experiments

0 on the other hand different phenomenological models can give similar signature

O | will try to group similar signatures together T-tracker | Tracker

O even if different experiments may have VELO
considered different models and the results may not '
always be directly comparable

eg. <fy>~30,ct =10cm

Calorimeter Muon Spectrometer
45% 22%

P(decay)

Outside ATLAS - 3%

Tracker - 27%

im 4m 10m
Distance Travelled
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Reconstructing displaced particles .
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Reconstructing displaced particles

< Cotsan / om > (Unst Avma Noem )
= ”

|a‘i,

Entries / 0.25 ns

Radial distan

EfﬂClency

Jsually depends on:

decay distance, time distribution, speed

Acceptance may change as a function of
the mother particle mass due to the boost .-

Excellent knowledge of the detector
materlal IS required

2500
Wass (GeV]
siency
Ty, = 100 ps
7, — bb 25 0.373 = 0.008 0.0805 = 0.0019
35 0.778 £0.012 0.181 £ 0.005
43 0.743 =0.011  0.183 = 0.003
50 0.573 =0.015 0.154 £ 0.004
Ty = CC 35 2.18 £0.05 -
m, —> 88 35 2.06 = 0.04 -
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O "Poor man" approach

O do not need any special reconstruction

0 consider loss in acceptance due to non zero lifetime

Re-interpretation of prompt searches

O or category migration due to the presence of more b-like tagged particles

O Impact measured in terms of exclusion limits

0 an example from CMS: search for split supersymmetry

CMS 35.9 b (13 TeV)

PP+ 339 - qTC NLO+NLL exclusion
Cfozhlm
EObservedth

2% ===Expected £ 1and 26, .ot

SUS-16-038
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10°
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CMS 359" (13 TeV)
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O Different signatures may requires special triggers and
offline reconstruction
O narrow jets, displaced and delayed calorimeter/muon reconstruction
, Displaced
O Large impact parameter tracks HSCP Di-leptons =TT
Graphic Credit: : 1:5::?:
Jamie Antonelli priokae
| | B anything
O In many cases non  P'sappearing Displaced
“standard" background ) SR leptons
from cosmic rays, >
beam induced events, DGR
_deteCtO_r material Displaced ; . Displaced
Interactions Jets “4  Photons
----- neutral . , o v '
La Thuile 2018 . [ng’l?e"fd ¥ Displaced stopped paricles



mailto:Simone.Gennai@cern.ch?subject=

INFN

Istituto Nazionale di Fisica Nucleare

La Thuile 2018

Disappearing tracks

Displaced
HSCP Di-leptons W BSM
M lepton
Graphic Credit: Bl quark
Jamie Antonelli photon
B anything
Disappearing :
Tracks, e ; Displaced
leptons
Displaced \ | Displaced
Jets ; “4  Photons
wammn nNeutral | : v
= charged Displaced v Displaced Not pictured:
- any charge | vertex Conversions  Stopped particles

N.B. 1 ns corresponds to 30 cm

Simone.Gennai@cern.ch
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0 Chargino and neutralino production plus one or more jets

O triggering on the rest of the events

O Very few events expected, almost background free..

(@) pp — X1 £} j

q  Table 3: Summary

p
X9
X7
p o
q

=n 0
(b) pp — X{ X\ qqqq

of numbers of events for the estimated backgrounds and the observed data.
9 The uncertainties include those from statistical and systematic sources.

est. event count

runperiod . on fake tracks total ODSEEVALION
2015 0127 £001 0737 )05 01270370 g“ 1
2016B+C 1.9+ 0.42+0.11 0.38+0.19+041 238+ 0.46 838 2
2016D-H  3.07+0.63+022 091+035+091 398+071%0; 4
total 518+£076+025 13+04+10  648+086+1.03 7
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Displaced vertices
11
Displaced
HSCP Di-leptons M BSM
B lepton
Graphic Credit: B quark
Jamie Antonelli -Z:;;?i:g
Disappearing :
Tracks » Displaced
> A leptons
Displaged A
Jetsy,

ssuns neutiral
- Charged

¢
Disg

- any charge ve N

Displaced
4

Photons

Displaced Not pictured:
Conversions

stopped particles
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ATLAS and CMS Displaced vertices and appearing jets 12

O Broad class of signatures

0 Massive particles decaying with displaced vertices associated to large number of

track based invariant mass

O ATALS looks for long lived gluinos in split susy

O CMS aims to a model independent search and interprets the results in a couple

of benchmark scenarios one being stop production in RPV decays to b-quarks+leptons

O makes use of an ad hoc trigger to select jets associated to displaced tracks

0 One of the main background coming from interactions

with the detector material.

O detailed maps with the material descriptions are used to compute the

interaction probability
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0 Different models considered with a variable number of jets in the final state (looking for longer lifetime wrt
the previous slide)

O Hidden valley scalar and large mass mediator

0 Stealth susy

O Differently from Run 2 analysis, this also exploits the presence of secondary vertices reconstructed in the
muon system (larger lifetimes considered)

O Trigger based on:

0 clustered tracks in the muon spectrometer

0O or presence of jet and missing energy

PHYSICAL REVIEW D 92,
012010 (2015)
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Radial distance from beam [mm)|
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O Hidden valley signatures

0 LHCb looks for a b-jet pair from a hidden valley pion
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LHCDb explores few different scenarios

0 RPV neutralino decays and production of intermediate particles from Higgs
boson decay

0 looking for a displaced vertex with a reconstructed muon plus jet
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Graphic Credit:
Jamie Antonelli
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Displaced leptons ATLAS and CMS

0 ATLAS looking for the presence of leptons associated to a displaced multitrack secondary

vertex

0O associated to split susy models

0 CMS in the most recent analysis looks for

electron-muon final state from stop decays

0O associated to RPV susy models

O lower limit on the m_stop with respect to slide 12

26fb (13 TeV)
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0 Main production mechanism is through Higgs decay to
hidden fermions which decays to dark photons

O two different signal benchmarks considered with 2 or 4 dark photons
I.JTypfO ' | L] Typel L] Type2

0 Events categorized depending
on the number of reconstructed
muon pairs

O N.B. due to large boost, events with 4 dark
photons are still reconstructed as two lepton-jet objects

- ATLAS Preliminary

- ATLAS Preliminary
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CMS displaced di-leptons .

O Two different analysis one with Runl data and one with 2015 data

0  EXO-14-012 is looking for a dark-photon like signature as well as displaced muons from long lived neutralinos

in RPV models

0 HIG-16-035 specifically deals with dark-photons models, even if with limited lifetime reach
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0 LHCDb can probe much lower mass regions than ATLAS and CMS

0O several benchmark models considered

O  Axions, inflaton and dark photons
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Displaced
HSCP Di-leptons W BSM
B lepton
Graphic Credit: B quark
Jamie Antonelli photon
B anything
Disappearing :
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ATLAS Non-pointing/Delayed photons -

Neutral LLP decaying to photons that do not point to
the primary vertex or delayed wrt the bunch crossing
B —

0 Assuming GMSB susy p g
scenario /

O presence of photons and MET
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CMS Non-pointing/Delayed photons 23

19.1 fb' (8 TeV)
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O Looking for showers initiated in the hadronic calorimeter

O special jet reconstructions, to cope with the shower initiated
later than usual

4
O basically looking for narrower than usual jets, low electromagnetic large \

fraction energy and no tracks associated HCAL
_— : : : deposit
O Similar model as one already discussed in slide 13
p / little/no
P ' ECAL energy
) ALY i; & 5..6L f /
£ : /] -—G::: f d
c 3 2 S~ S
o i - N no tracks
X s ) p f
o)
c
- 1 o BT T L emamen] B e e e
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Stopped Particles
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Displaced
HSCP Di-leptons W BSM
M lepton
Graphic Credit: B quark
Jamie Antonelli photon
B anything
Disappearing :
Trackes : Displaced
Crvonans leptons
Displaced = Displaced
Jets : “4  Photons
=mumms neutral A E v A
= charged Displaced ; Displaced { Not pictured:
- any charge | vertex Conversions stopped particles ‘
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ATLAS Stopped Particles :

0 Looking for R-hadrons stopped in the calorimeter

O triggering on empty bunch crossings, low pT jet and ET-missing

O several models considered in the results interpretation

PRD 88 (2013) 112003

ATLAS V121201 2241 CET sowrce Sve XML 0408 0234302 rum 295408 ov 52343000 hmioch 508
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CMS Stopped particles
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O R-hadrons which travel up to the calorimeter
and then decay

]

analysis consider both hadronic decays in the calorimeters and  , R

decays into muons in the muon chambers

events recorded with special triggers focusing on out of

bunch crossings activity
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O Long lived particle search is a tough problem since
detector is optimized for prompt decays.

O still, they are becoming more and more popular at LHC
0 different place space probed with different detectors in different experiments
O very nice redundancy of studies in few cases

O this also means that it is more difficult to compare results and sensitivity

O We have enthusiastic dedicated (but small) team
tackling it in creative ways

O Alot of work on going in defining framework for easier
recasting of results in different benchmark scenarios
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Stopped Particles
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Displaced
.~ HSCP Di-leptons W BSM
\ M lepton
Graphic Credit: ™ B quark
Jamie Antonelli photon
B anything
Disappearing :
Trackes : Displaced
Crvonnns leptons
Displaced = Displaced
Jets : “4  Photons
=mumms neutral . E v
—— charged Displaced ; Displaced Not pictured:
— any charge vertex Conversions stopped particles
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1291 (13 TeV)
Tracker - O

O Analysis with 12.9/fb from Run2

O looking for R-hadron-like as well as lepton-like models e oL

W stau; dir, prod. (NLO) ™ 5P
W stau (NLO) == slop; CS
£50 Q] = 1e (LO)

= |Q| = 2¢ (LO)

O two categories

95% CL limit on o (pb)

O tracker only analysis, using only dE/dX

ey
<
n

O tracker+muon analysis, using dE/dX and TOF

=)
b

O trigger used: both muon and ETM based triggers
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MSCP LHCB y

stau pairs g as lowas 0.8 EPJC 75 (2015) 595

‘ S oo RICH information
. v, Z° Y %“o": ht';\'ggion 1°E 35- LHCb
** I - e i
...o.oc:-+ efficiency r q”%’ Ez:
0 Stable : can pass g“;;- e T B
through the mu-stations ™ *p * 4100
0 smaller dE/dX
. . 10 _ L e 7 TeV
I GG REEe
O Longer life time A [ 2 o
GeV/c?) 7TeV 8TeV el F
o Absence of (GeVje) Thv 8T £
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185 6.6 3.7 E g SPS)
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@ Extend searches model-independently
— i.e. light NMSSM Higgs via ggF [PRD 93 (2016) 055047
@ Search inclusively for four muons,
@ Search for N3 — 7w p™, etc.
@ Prospected reach for Run lll:

10 g
- \
W
10°°
1077
10°%
Inclusive A’—uu at LHCb
” 107 liten, Soreq, Thaler, Williams, Xue [1603.08926]
lo-IO 1 B'Wmm
liten, Thaler, Williams, Xue [1509.06765)
lo-ll
-12 L ,NII-C.l,E}M, l 1
1075005 001 002 005 01 02 05 1 2 510 20 50

m(A’) [GeV |
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Extension of MET + X and SUSY searches adding long-lived
final state: Production of MC based on: arXiv:1704.06515

(a) X1 () X1
 Stage 1: Produce a set of long-lived signatures
to benchmark where our prompt searches —X =X
ubreaku! Y2.® X2 Y2, X2
— Revert to a large and well understood *“fﬁ(/ Y1 4
portfolio of simplified models that are X

already in use by the experiments, in SUSY
and Dark Matter analyses!

— Started production with the obvious final states

like displaced pairs of jets + MET but eventually
will cover more signatures.

— This might reveal potential holes in our search

program, which in turn will inform new
dedicated searches.

 Stage 2: Develop dedicated searches with LL
objects.

ﬂ‘.- ':..'\i
) X2 x 1 F™ (s palh, by ) FH
Large area of parameter space and new b e

signatures to cover.

Yaxih Adagnh
AT TH G G| | rdady Tr(GH G|

— Various different displaced signatures are e lTax: Lol
. - TIIM"_J i % gy b
possible and are also well motivated. i, T i
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Reinterpretation .

If you're not satisfied w/ our interpretations... we're

providing parametrized efficiencies as aux material
with prescriptions for easy use

DV+MET Event & Vertex Level Efficiencies

i =
| s

c 08
g 7 §
06 ATLAS Simulation z
| Omm « R « 1150 mm §
w 04: g
: >

02:

Truth MET [GeV)

.LP Workshop | Karri Folan DiPetrillo | 18.10.2017
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ATLAS trigger basics

|_1: calorimeter & muon information
HLT: e/p/y/t/jets/MET

imited tracking info at HLT
typically dO requirements on e/

vV VvV Vv Vv

|s there room for improvement?
Many HLT ideas limited by L1 constraints

q ATLAS Fast TracKer (FTK) -- Info, status, and prospects

Speaker: Tova Ray Holmes

ATLAS Fast TracKer (FTK) -- Overview of triggering constraints
Speaker: Lesya Horyn

LLP Workshop | Karri Folan DiPetrillo | 18.10.2017

LLP Strategies

very hard

1. Design your own
displaced lepton jets:
‘narrow scan” and
“cal ratio”

2. Be sneaky
displaced e: y trigger
displaced py: Muon
Spectrometer only trigger

3. Be lucky
Inner Detector displaced
vertices: multi-jet/MET

very easy
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| ots of work In non-standard reconstruction

» Pixel tracklets
: ' ' Large radius tracking in ATLAS
} Large radlus traCkIng Speaker: Margaret Susan Lutz
» Slow muons
» Secondary Vertex finding

These methods are difficult, but essential
» computationally expensive
» require running on raw data
» filter out events using special data streams
» SO we can run our non-standard reconstruction a single time

LLP Workshop | Karri Folan DiPetrillo | 18.10.2017
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