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Long-lived particles

Long-lived particles(LLP) are predicted
by a wide range of BSM scenarios.
(SUSY, Higgs-portal, Gauge-portal,
Dark matter, Heavy neutrino---)

Many decay modes can be used to
characterize LLP signatures. (di-
photon, single-photon, hadronic,
semi-leptonic, leptonic:--)

Lots of possible experimental signatures
at the ATLAS or CMS detector! /

Our search i1s here!

In the LHC detector
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Triggers for LLP decay in the muon spectrometer

Muon Rol Cluster Trigger targets on
particles decaying to hadronic jets from the
outer region of the HCal to the muon

spectrometer (MS) middle station.

Selection criteria: A cluster of at least three
(four) L1 muon Rols (region of interest)
lying within a dR=0.4 radius in the MS

barrel (endcaps).

L1 muon Rols are formed in a
AnxA¢g = 0.2X%0.2 region
(AnpxA¢ = 0.1X0.1 region) in

the barrel (endcaps).

Muon Rol Cluster trigger efficiency
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Vertex reconstruction in the muon spectrometer

* Vertex reconstruction in the MS is
based on a tracklet-finding technique.

* Tracklet refers to the paired set of
straight-line segments reconstructed
In the two multilayers of monitored
drift tube(MDT) chambers.

* MDTs in the barrel are located inside
the magnetic field while the MDTs In
the endcaps are not, which results in
different reconstruction approaches for
the barrel and endcaps.
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Analysis strategy

Hidden sector Baryogenesis Stealth SUSY
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MC study for the full Run-2 analysis

We validated the Hidden Sector signal kinematics with updated MC configuration
(generators, PDFs -+ )
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* Fully simulated samples corresponding to period 2015-2018 have been produced:



MC study for the full Run-2 analysis

Q: The signal sample is produced at the LO. Will the NLO jets affect the signal
efficiency?

To answer this question, we estimate the NLO effect from the process with one
extra jet radiation using CKKW algorithm using Madgraph and Pythia8.

What does CKKW do? » Hard & well-separated jet: calculated by

the matrix-element, which is regularized
by a jet cutoff tyg

Soft & collinear jet: modeled by the parton
\ shower

CKKW algorithm will combine these two
parts properly. arxiv: 1109.4829
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* We studied the effects from 1 extra jet or 2 extra jets. (g Is set to 40GeV)
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Higgs pT Higgs n
0.09F & B
=t —=— CKKW 2] (t, .=40GeV) 0.05— ¥ < .
0.08 :;"At —e— CKKW 1j (t, ,=40GeV) N * o * L
- —+— LO+PS - - . 2 .
C . Am - -
0.07 :"—A * 0.04 }— A -A- A~ A"
- -A = <
0.06 — * ATLAS work-in-progress - '3 -, . *
- A = A “A-
- 8 MadGraph+Pythia Simulation - : ahy
0.051— A 0.03— - +% .
- b ¢ C

0.04 - - - = . ATLAS work-in-progress :

- Extra jet radiation has sna@lll effecs. |Madaraph+pytia simuiation =

ok S . - 3 —=— CKKW 2] (t, _=40GeV) =

A I A
= L 0.01— . —e— CKKW 1j (t,  =40GeV) 2
- .

TE M‘iﬂw : . o ‘s
0 C1 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 1 0 ;*iﬂ. l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 L L l 1 1 1 l ?t._‘
2F £ 2F

15F- S 1sE
1 :— o B S— 1 E'—‘ A—f—— T ———— e S S g e W
= e = e =
= 05F-
% 20 80 80 100 120 140 160 180 200 08 s 2 =2 0 2 4 6

MC study for the full Run-2 analysis

P;[GeV]




Lifetime extrapolation
* Toy Monte Carlo Method

- LLP decay position with any 7 can be simulated using toy MC from 4-
momenta and decay length following f(t) = e~t/BrcT

- With simulated trigger and vertex reconstruction efficiency, we are able to

simulate the signal events.
arXiv: 1811.07370
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Vertex Reconstruction Efficiency

Lifetime extrapolation

* A possible defect in toy Monte Carlo Method

One set of vertex reconstruction efficiencies are used for all the lifetime

values. |
Problematic for heavy LLPs

0.35— =

E T 007 :_ —®— Avg. lab frame lifetime = 5m
0.3— ATLAS work-in-progress 1 ‘ ~  —* Avg. lab frame lifetime = 9m +

- Mo mem i) —— "oE Difference becomes
0.25— . - ) .

s Barrel Vertices 0.05 = ATLAS work-in-progress _ noticea b | e fo r h eavy
0.2 ,_;_‘ = H —ss, m m, =[12555] .

: 008~ - LLPs

C . - Barrel LLPs
015 —— 0.03—
oabE- T 0021

E 1 —h— 0.01 :—
0.05[— — E

i 1’_&ﬁ"1_‘l_i’_1‘ﬁ | U I TR SR ST T N TR S S T N S 0 :_1

0.5 0.6 0.7

Ak

. " -A-‘ p
0.8 0.9 1 1 1 1 '1 1.1 10‘21 1.1 10.31 1.1 l0.4l 1.1 Io.sl 11 IO.GI 11 10.71 1.1 lo.el 11 lo.gl 11 l1
- / LLPB

Lower f means an overall LOWER vertex reconstruction efficiency in MS



Expected limits for the LLP search in MS

* CLs expected limits at 95% CL could be calculated at different luminosity.
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Looking for new background discriminating variables

* min(AR(closest jet) AR(closest track)) is a very good ABCD variable. ©
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 A¢P(MET, MSVertex) used in the 1 vertex + MET analysis has several cons there: &

Fraction of events

0.2 o ss,m,m={125,8] GeV -
018 0 e @ — ss, m,,m,=[125,40] GeV ]
[ h = ¥y (= vbb), mx=10 GeV ]
0'16: h — yx (= vbb), m =50 GeV J
0.14F ® Data 3
0.12F- 1 ATLAS 3
i LL (s=13TeV,36.1fo"
0.1 Y Barrel vertices 3
0.08f- L =
e
0.06 %, ' - .
0.0aFE- * Unsatlsfactory separatlon
0.02F- L2 3
0: PR PR = 3 . i e
0 0.5 1 1.5 2 25 3

AO(ET™, MSVx)|

[AQ(MET,vertex)|

3.5

3

2.5

2

1.5

1

0.5

11

ATLAS Internal H — ss, m m_=[12540]

Simulation nHits > 1500
' Endcaps vertices

Correlation =-0.061399

D ' B

lllll[llllllllllllll

Bl

Signal contamination in the CR

IIIIIIIIIIITII]IIIIIIIIIIIIIIIIIII_

" I! h. i .l.'l ¥ -.II‘ :r' - X
O il J"r LREES, i_,;'f_"-‘.-i;'q. l 107
Ill I'Il ‘.l‘:l'..r.L Il I:l‘l‘l " L I | b .l ]
0O 05 1 15 2 25 3 35 4 12
min(AR(closest jet) AR(closest track))




Looking for new background discriminating variables

* New variables should have small correlation with min(AR(closest jet), AR(closest track)).
Variables that are not closely related to jet or track may be good candidates, like:

- MDT, RPC, TGC hits

- Tracklet related variables >~ | These will be considered as inputs for BDT
- Muon segment related variables

o e ~ A preliminary list used for

ATLAS work-in- progress
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Looking for new background discriminating variables
* Preliminary BDT results (mH =125, mS = 40)
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So far, BDT has shown stronger power than A¢(MET, MSVertex). Need further optimization
and validation studies.




Summary

»MC study on the Hidden Sector model has been done. Study on
other models like Baryogenesis is ongoing---

»We are searching for new powerful background discriminating
variables. Optimization of BDT is ongoing--:

»The sensitivity of the MS LLP search is expected to increase with
Increased luminosity and signal efficiency/background rejection.



