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LLP Search in ATLAS

Many supersymmetry (SUSY) models
predict long-lived particles (LLPs):

* R-parity violation (RPV)

e Gauge-Mediated SUSY Breaking (GMSB)
* Mini-Split SUSY

etc.

ATLAS detector is not originally designed
for LLP search but can capture LLP’s unique
signatures by using special technics.

Run 2 data
* pp collision at /s =13 TeV
* Integrated luminosity = 139 fb~1!
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Displaced Vertex (DV)

1. Large radius tracking
Displaced tracks, which have large impact

displaced tracks

o® ° parameters, are reconstructed with unused
o hits after standard tracking.
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- 2. Displaced vertices (DVs) are reconstructed
using both standard and displaced tracks.
[ ] . . . .
f BG sources include material interaction,

Standard tracks

randomly intersecting track, and merged vertices.
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DV + jEtS ATLAS-CONF-2022-054

Motivation /\
Small RPV coupling A”. p - d

— Electroweakinos are LLPs,
decaying into three quarks.

Strategy p
* Multi-jet trigger

* Events with four or more jets and DV (Nigx = 5, m > 10 GeV)
* BGs are estimated using jet-DV probability

BG DVs ¢ track density <) PreSENCE
correlation correlation  of track jet

1. Calculate jet-DV probability using control region.

Jet-DV probability (pT ) Nt]fk) (# jets matched to DVs) + (# jets)

2. Estimate # BGs in signal region by multiplying jet-DV probability
and # events satisfying jet selection.

Risa Ushioda (Tokyo Tech) 4



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-054/

m(g) =1.8TeV,m(%%) =200 GeV,7 =0.1 ns

Strong RPV: m(g) = 1.8 TeV, m('io) =200GeV,7=0.1ns
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Result :
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* Interpretation in RPV model 10 |
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DV + Mmu Phys. Rev. D 102, 032006 (2020)

Motivation q
Small RPV coupling A', 3. P ; i
(L

— Top squark is LLP, decaying to muon and -
k-th generation down-type quark. ~. Bk
7 p
t
Strategy D A3y, :
* Missing Et (MET) or muon trigger q
* Events with DV (Ntrk > 3, Mmpy > 20 GeV) < Stop R-Hadron, pp — tt, t— g
and muon (|dy| >2 mm) e 25F amas N
. . . . — 2.6F (s=13TeV, 136 b, All limits at 95% CL
* BG estimation using dedicated control 'z ;4 e expected Excl. Limit 1,25,
regions 22F —— Observed Limit (+1c520)
* Cosmic-ray muon o
* Muon from Heavy-flavor decay 16F
etc. 148 £
1.2
Ll o | m Lo
107 107" 1 10~ 10?
Result Exclude mass upto 1.7 TeV @7 = 0.1 ns. Wty Ins]
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https://arxiv.org/abs/2003.11956
https://arxiv.org/abs/2003.11956

Displaced photons

Photons originated from LLP have two signatures.

* Timing is delayed: ¢, > 0
* Not pointing back to the collision point: large | Z,, |

Back Layer
| v Pointing measurement
/ 1. Measure energy deposit on
A )i i Fromt Laer the first and second EM
propoton v o calorimeter layers.
Bn:f:nz . 2. Flight direction of photons
R, |R, thpvtvh are determined.
/ 3. Calculate pointing value, Z,,.
Primar
Z=0/ i P Beamline (z-axis)
Z

Y

BGs include mis-reconstructed prompt photons and fake photons.
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Submitted to PRD6

Displaced photons in Exotic Higgs decay

Motivation
* GMSB model
e Small coupling between
neutral NLSP and LSP (G) = NLSP is LLP.

* Higgs boson decays to NLSPs, decaying
into LSP and photon

— Benefit on potential Higgs

boson to BSM branching ratio. S T ——
=} —+«— Fake-enhanced template ATLAS
-lg 1? ;mNLSP: gE: - 288052‘2?) Vs=13 TeV, 139"
Strategy £ m% = (88850
2 10E A ¥
 Electron or muon trigger 2
Eio2l : o WL
* Events with at least one photon £ N ol
(t, >0) and MET R R
* Binned by ¢, and Z,,  — prompt-y-enriched mg__ L . b
— Fake-y-enriched . e
105566 —T800" 10008000500 7000 15002000

others: signals

Photon pointing [mm]
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https://arxiv.org/abs/2209.01029
https://arxiv.org/abs/2209.01029

Displaced photons in Exotic Higgs decay

Result
* NO excess

* Limits on BR(H — NLSP NLSP) assuming BR(NLSP — LSP y) = 100%
in NLSP mass from 30 GeV to 60 GeV
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As reference, observed limit on BR(H — invisible) was set to 14.5%
by H — invisible search with vector-boson-fusion. JHEP08(2022)104
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https://link.springer.com/content/pdf/10.1007/JHEP08(2022)104.pdf

ATLAS-CONF-2022-051

Displaced photons from dlsplaced H/Z

x: SM partlcle
Motivation %:%9 or x&

* GMSB model

* Small coupling between NLSP (¥%3)
and LSP (G) = %Y is LLP

* %) decays to G via H/Z emission

Strategy

* Di-photon trigger
* Form a vertex using displaced yy/ee
* Events with photon vertex (¢, >0,

my, € [60, 135] GeV) and MET Secondary
* Binned by average t,, and p /.f*”
VR
v:::;i’zw/ o
z=0

Vz
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/

Displaced photons from displaced H/Z

Result

* No excess

* Interpretation in a GMSB model

* Exclude m(¥Y) up to 369 GeV @1 = 2 ns for BR(}¥{ — HG) = 100%,
m(x?) up to 704 GeV @t = 2 ns for BR(}Y — ZG) = 100%
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Disa p_pea ring traCk Eur. Phys. J. C 82 (2022) 606

Motivation g
p
. . . ~+ ~
wino/higgsino LSP = small Am(%3, X5 i
~+ . . ~ .
— X7 is LLP, decaying to {3 + pion - .
CHAN !
Strategy P N
+
. m
b MET trlgger 0 if%?,if;“éproduction(wino) tanB=5u>0
. . . . - B SR B SO
* Find a disappearing track inside detector = | o
* Reconstruct “tracklets” using four “ 3 (wino)
unused Pixel hits after standard tracking :
* No outer hits or calorimeter activity osf
02l ’l,r'/." 'r
0.1:__/_;‘"' ATLAS =
LTEAR » e
- 0.04r - = == Expected 95% CL limit (+1 cmm)'y
0.03F ;‘, -:==+ ATLAS (13 TeV, 36.1fb™, EV\:grod_ obs) |
002 oo ATLAS e T W g ote)
Result 0.00 '2c|>0' ' '4c|)0' ' 'scl)ol ' |8{|)OI 000

m(ﬁf) [GeV]
Exclude mass up to 660 (210) GeV
@7 = 0.2 ns for wino (higgsino) LSP.
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https://arxiv.org/abs/2201.02472

Stopped particle JHEP 07 (2021) 173

Motivation

Long-lived gluino = hadronizes with SM particles
— Interacts with material and stops inside the detector
— Decays later than bunch crossing (BXs)

Strategy
* Calorimeter activities in the empty BXs — No BG from collision

§—>qﬁ:, Gluino R-Hadron

. . = L ettt
palred BX tv BX palred BX E 2400:_ ATLAS
(collision) empty (collision) | 15 2200f 15=13 TeV, 579 hours, All limits at 95% CL
E 2000: ——m(f)=100GeV  —— Opserved Limit
= Am = 500 GeV —me Exo limit (4 1
— Am = 100 GeV xp- limit (1 o)

T 1800
1600 2
gluino gluino decay aoof

production 5 1200

100

—‘IIIIIIIIIIIIIIIII|III|IIIIIIIIIIIIIIIII

Result Exclude m(g) up to 1.4 TeV a00
@m(X7) = 100 GeV, B R e
T from microseconds to hours. log,_ (vns])
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/
https://arxiv.org/abs/2104.03050

D | S p | ace d | e ptO NS Phys. Rev. Lett. 127, 051802 (2021)

Motivation p ) é )
> f ’ G

* GMSB model -7
* Small coupling between NLSP (I) and LSP (G) T T e
— [ is LLP, decaying to lepton and G L ¢
St rategv E. 10° ATLAS - - = - Expected limits B
. . g b{§=1 3 TeV, 139 fb-1 —— Observed limits
* Photon (electron without track) or muon trigger £ . .| aiimis at es% L ONSPLL
e Large radius tracking and looser lepton ol %'p |
identification requirements _ .

10’
— Drastic increase in reconstruction eff|C|ency.

* Events with ee/eu/pp (|dy| >3 mm)

10°
101

1072

Results

Exclude mass up to 820 GeV @0.1 ns (co-NLSP). 00 206 %06 400" 500 '6'06"?06'0,'_)é?g' 3?0

Analysis targeting shorter lifetime is ongoing.
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https://arxiv.org/abs/2011.07812

Summary

* Many SUSY models predict long-lived new particles.

e ATLAS searches for LLPs using various methods suitable for
each LLP characteristic.

* No evidence of LLP was found so far, but the analysis results
provide the constraints of the parameter spaces.

e Several remaining analyses with full Run 2.

* Run 3 just started in July and the signs of new physics that
have never been seen before are expected.
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Backup
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DV

Standard tracking Large radius tracking

* |dy| <10 mm * hits not used in standard tracking
* |zg| <250 mm * |dy| <300 mm

* pt >500 MeV * |zp| <1500 mm

# silicon hits = 7

1. Two-track seed vertices using selected tracks

. . g B UL L AL I L I L IR L
Seed track selection: 8 125 A71.4S Simulation Preliminary B
= [ Stron 7 ]
i pT > 1 GeV ué 11— grelec?ijwpgrjiiéria: Nack 2 5, My, > 10 GeV =
S A
* Atleast one of two tracks has |do| >2mm  § os "o, ~4- W Track Atiachment -
) - (]
X 06 ¢ -
. = — ’.
2. Seeds merging to n-track vertex 2 o4l " o, E
. e, . . . .. ...
Ambiguities are resolved by comparing x?, or by ook * "— -
merging the vertices. F | | | |
% ~""50 100 150 200 250 300
3. Track (non-selected) attachment . R [mm]
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Displaced photon

* Timing resolution in EM calorimeter: 100 ps

* Segment on the first later : An X A¢ =0.003 X 0.1

* Segment on the second later : An X A¢g =0.025 X 0.025

* Pointing resolution: ~15 mm in barrel (energy 50-100 GeV)

'g 250 }‘ 1_1 - T L] L] III L] T L II T T L] ¥ || L]
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£ - 0 78 : g = = —f— =
s 150_,—-‘!-&(13569% 10 ns)->2G e % -4 8 o098 - . =
[~ -/~ 7(325 GeV, 2 ns)sHG ] : :E 0.85 z =
- -4 5625 GeV, 2 ns)ZG Reie) o 3
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- F = 5M £ = lly MC E
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Disappearing track

Bad momentum resolution due to short lever arm.
Chargino (pt > 60 GeV) case:

Normal track (at least seven SCT hits)
e q/pr resolution: 0.532+-0.005 TeV ™!
* angle resolution: 0.0801+-0.0008 mrad

Pixel tracklet
* q/pt resolution: 8.28+-0.05 TeV ™1

RN AR RARAR MRS LR RS RLARE RALRS RLARE LA

10 E Electron/Hadron %:

* angle resolution: 0.4065+-0.0027 Mrad & o srev 1som - Fakovacke :
e e Muon -

ELL e m(%. ). ©( %, ) = 600 GeV, 0.2 ns

10_"5— f' =

Fraction of tracklets / 2.5 GeV

107 -
10‘3:5 """ _ Ig
The pointing resolution in both T T e
10755 10 15 20 25 30 35 40 45 50

n and @ is better than 1 mrad. £ S (G
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Disappearing track

BGs

e Charged-particle scattering (electron/muon/hadron)
 Combinatorial fake

——— e
— Signal tracklet

=~| == Not reconstructed
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Stopped particle

BGs

 Beam-induced BG: Beam protons interact with material
upstream from detector, resulting in energetic muon traversing
the detector
— Estimate using unpaired bunch (only one bunch is filled)

* Cosmic ray muon
— Estimate using data collected without LHC beam
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Efficiency

Displaced leptons

_I LU | LI B ) I LI I LI B LI I LI |__I Ll LI | LI B B | I L | LI I LI I_
1~ ATLAS Simulation —+ ©  standard tracking, standard ID alg. —
" m(l) = 500 GeV, t{l) = 1 ns, e/fi 1 e  standard tracking, modified ID alg. |
L (s=13TeV . o extended tracking, standard ID alg. -
0.8 i - _;* . extended tracking, modified ID alg.
gt 1 . i
- Oy e
0.6 ¢ ++ + + 5
B 4 o +
R A e
0.4_— _¢_¢¢ - ¢¢¢ -
0.2+ o ‘ + e .
. > 1 " ]
G_I..*.z:.gl-.-.-.;l..‘.,Ll..-..I....ﬁ....nl N I R
0 50 100 150 200 250 0 50 100 150 200 250

Electron |d,| [mm]

Cosmic-tag:
A cosmic muon moves though ATLAS.
— Reconstructed as back-to-back two muons.

 When one of them is reconstructed, it is tagged as

Muon |d,| [mm]

cosmic if it is back-to-back with any MS activity.

e Events with muons back-to-back with a detector
gap are also vetoed.
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