Searches for New Long-lived Particles with the ATLAS detector

@ATLAS Jackson Burzynski, on behalt of the ATLAS Collaboration | PHENO 2021
EXPERIMENT UMassAmbherst

Graphics by H. Russell



https://hrussell.web.cern.ch/hrussell/graphics.html

Why long-lived particles? ATLAS

EXPERIMENT

Elephant in the Zoom: where is the new physics?
arXiv:1903.04497/
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plenty of LLPs in the SMI

Absence of new physics at TeV scale motivates increasing tocus on
searches tor weakly-coupled new particles and exotic signatures

* Particle litetime remains an underexplored parameter of phase space

* Long-lived particles (LLPs) can elude the majority ot BSM searches and provide striking detector signatures
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https://arxiv.org/abs/1903.04497

Searching for LLPs ATLAS

EXPERIMENT

ATL-PHYS-PUB-2017-014
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ATLAS has a growing program ot LLP searches:
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* trigger challenges — dedicated triggers or associated production

e small, unconventional backgrounds  — data driven background estimates

* specialized reconstruction methods ~ — dedicated “large radius tracking” (LRT); secondary vertex reconstruction
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://cds.cern.ch/record/2275635/files/ATL-PHYS-PUB-2017-014.pdf

Displaced Leptons ATLAS

EXPERIMENT

arXiv:2011.0/812

General search tor pairs of large-|do| leptons

* Aims to address a gap in coverage left by searches that require displaced leptons to originate from common vertex

Benchmark model: Gauge-mediated SUSY breaking (GMSB) /
e Lightest SUSY particle (LSP) is the nearly massless gravitino P 3 :
* Next-to-lightest SUSY particle (NLSP) is the slepton (smuon, { _ - é
selectron, stau) : -
* slepton long-lived due to small gravitational coupling to LSP ) Z ) v é
Unprobed at LHCI /

e LEP limits (previous best) constrain masses below ~ 65-90 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14/

Analysis Strategy ATLAS

EXPERIMENT

Displaced lepton reconstruction Use triggers without track requirements

* large radius tracking recovers efticiency up to 100mm * Muon trigger with no ID track requirement

e Standard lepton identification algorithms modified by removing * Single/di-photon friggers

requirements on |do| and number ot hits matched to track : :
Signal regions: ee | e | uu
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Background estimate ATLAS

EXPERIMENT

. S
SR-ee/SR-e: dominant backgrounds are fake leptons and heavy flavor decays E
S S C A (SR)
e Data driven ABCD method used to predict background: Na = Nc*(Ns/Np) c:- o
* Validated by inverting isolation and track quality requirements § - D g
=
0
VR-ee-fake VR-ee-heavy-flavor VR-eu-fake VR-eu-heavy-flavor -
Estimate 1356 + 49 23.5+ 1.9 1.945 0.3853, bad good
Observed 1440 26 2 1 .
lepton 1 quality
. . o 8035 L A A 104 7))
SR-p: dominant background is cosmic muons ° ATLAS _1:I S
=3 Vs =13 TeV, 139 fb - =
©
- - - . 0.25 1410° 5
 ABCD-like method with ratio of good to bad cosmic-tagged muons used as é
transfer factor 02 : : E 1022
- N
* Validated by moditying the cosmic tag window to leave more muons untagged 0'15_
0'1: 110
/ 0.05} _ -
cosmic tag ~—002 003
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Results ATLAS

EXPERIMENT

Zero events observed in all signal regions T—1GIG, I1€[e,u,1]

'@'105II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Region SR-ee SR-uu SR-eu O Lot ATLAS "~~~ Expeclediimits
§ \/g_.l 3 TeV. 139 fb'1 —— Observed limits

Fake + heavy-flavor 046+0.10 <107 O.O()7f8'8(1)2 [3 T ! co-NLSP

Cosmi 0.11+0-20 ' S 103 All limits at 95% CL LR _

osmic-ray muons — A7 —
Expected background  0.46 £0.10 0.11794Y  0.00770-0:° 102
Observed events 0 0 0

Limits set on slepton masses and litetimes

107"
e For litetimes of 0.1 ns, selectron, smuon and stau masses up to 720 GeV,

680 GeV, and 340 GeV are excluded 1072

—3||||||||||||||||||||||||||||||||||||||||||
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~y

m(l) [GeV]

* First results from LHC provide signiticant improvement over LEP

This model-independent result is applicable to any BSM model with high-pt displaced leptons!
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Disappearing tracks

ATLAS-CONF-2021-015

Several SUSY models predict pure wino or pure higgsino LSPs
e Well motivated by dark matter and naturalness arguments

Small mass splitting between 77 and 7% makes 77 long-lived

* natural litetimes ranging from 0.02 ns (higgsino) to 0.2 ns (wino)

Chargino decays to soft pion (not reconstructed) and LSP (MET)

e Gives rise to unique signature ot a disappearing track
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/

Analysis Strategy ATLAS

EXPERIMENT

Trigger on MET trom LSP; veto leptons g
p
Two channels targeting electroweak and strong production modes X1
f/ H )Nd: 0
p N
MET > 200 GeV MET > 250 GeV . .
> 1 jet > 3 jefs electroweak 7
Dedicated tracklet reconstruction run on unassociated hits from standard tracking N el adas taaatasass Mot el AN A AR M0t
= Electron/Hadron

= ATLAS Preliminary

B S = 13 Tev 136 fb-‘l srrmnE Fake tracklet

Tracklets required to satisty:

>

)

Q)

0
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E; Tgvwe s Muon E
L e . L s El ) ) e
4 pixel hits; 0 SCT hits (disappearing criteria) g b Tk )Tl ) = 800 GeV: B2 e
s100 =7 =
. 5 f
* PV consistency S, o[ i b -
* isolated from other tracks in the event "~ ool R yrun
=i b W N
* isolated from calorimeter deposits (**new**) e T e T e P

Etopo cluster [ GeV]
Results extracted from simultaneous fit of tracklet pt spectrum in signal and control regions '
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Background estimate ATLAS

EXPERIMENT

Two sources of background: combinatorial fakes and charged particle scattering | o | |
relative contributions constrained via

_— sl T likelihood fit in low MET CR
oT template measured in fake enriched CR ot templates measured in single charged particle CRs > T T
. . _ O 405k ATLAS Preliminary —e— Data -
* defined by inverting cut on tracklet |do| ~ 10%E Ys=13Tev,136fp"  ° " Fake lracklet
electron muon hadron 2 10°: Electroweak production " g0 ;
o fit tracklet pr distribution to determine shape D 102 oW EOR o Hadon  ouna ]
good e good U good track S 12 (P )=
> = T T TTT] T T TTT] T T 11T 3 - 10—1§ 11L 600 GeV, 0.2ns =
5[ N E
8 10 % ATLAS Preliminary ® Data % nO'e MET nO'“ MET STOndOI’d MET 1O:§Eﬂ-“---";"_.i'-”” ....... 3
— 104 3 /s=13TeV, 136 fb™ i it = 10_4§ i-.---?E'..'..'..'..'..'..'..'..'.: + ¢ =
; 103; Strong production ] 10_525 e iannanaand |
E) ? Fake control region ? 10—6 = ey 'E.'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..'..
E 100, E oy 10 o F = e
g q00 ., 1 * measure probability that lepton is mis-identitied as a - 151¢++$H%*T"
IE_ “'."i E . . S 0.5_ ................................................................................................................................................ b
1§ '-I . plxel 'I'rOCkle'I' US|ng Z —_— ff Tog_gnd_probe CDU O L] | Ll | Ll
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- migerin o . . . Tracklet P, [GeV]
102E e apply to track distribution in single electron/muon/
= TP S .
107°F | | | hadron CR Estimate validated in sidebands of
= 1‘21 ________ _____ | _________ n | _________ — | calorimeter isolation and low tracklet
~ '1-;‘¢-¢—¢¢++3ﬁ»~*+——;mw&/W///ﬁ////////////W e smear track pt to match pixel tracklet momentum pT region
EU 8:2 _| ----- |||||| ------------------------- L N ||||| | ---------------- - ||||||_ resol U'I'io n
100 109I'?ackletp [ég(\)/(])o Signal region requires 1 tracklet with
! pr > 60 GeV
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Results ATLAS

EXPERIMENT

~t ~0 ~+ 0 —x 7 . . .
Xy Xy %y % %, X, Production (higgsino) gg production, B(@ — qqx,)=67%, B(g — QQ>~(?)=33%
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10 - -1 = Fake tracklet 10 - A e Fake tracklet 2 ' ‘_ m@) = m(x,) -
— _“3F Vs=13TeV, 136 fb $ — _“3F Vs=13TeV, 136 b $ 3 1800r . ]
B 1 02 Electroweak production Ell;z'?ron ?, 1 02 Strong production Ell:c);?ron B . N - ATLAS Prellmlnary_ ] .
@ 10°F High EM™*sr .. Hadron © 10°F HighE™*sr .. Hadron 1E : . 1600F Vs=13TeV, 136 fb —
S 10 —— Total Background S 10 —— Total Background u ’ _ - T(X1) =0.2ns N
S 1w, 0 e m(x), 17) = R | m(@), m(x), 1%) = i i 14001~ E
= 107 E T e 600 GeV, 0.2 ns R TO R - e 1400 GeV, 1100 GeV, 0.2 ns 0.3 i - 7 .
1026 T 10-2EEr L - 12001 7 E
_3 o S af L : | o, : 0.2+ ATLAS Preliminary N e, -
10 by n 10 my, - "~ ; 1000 .77 —~
107 S : 107 : 01 Vs =13 TeV, 136 fb B e _
10 oo LT 10°° T = Observed 95% CL limit (1 0y, ) 3 800 Ejf:‘"' —
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m 1 5 ...... T ..................................................................................................................................... m 1 5 L2l ] . A LT ees Theoretical line for pure higgsino B ]
- 1 # ------------------------------------------------------------------- S 0.03F e h 4005 _ %
% 05_ ................................. | .................................................... | ..................................................... l_ % 05 .................................... | ..................................................... | ..................................................... l_ 002 | : |_‘ :
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electroweak:

e chargino masses up to 660 (210) GeV excluded tor pure

wino (higgsino) models
EXPERIMENT

strong:

" Run Number: 308084, Event Number: 2658892674\ \

* gluino masses below 2.1 TeV are excluded tor a TR 0 1914 TS

chargino mass ot 300 GeV

most stringent limits to date tor natural litetimes
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Stopped particles ATLAS

EXPERIMENT

arXiv:2104.03050

Search tor particles which come to rest within the ATLAS calorimeters and decay in empty bunch crossings

e First ATLAS search tor stopped particles at 13 TeV!

Benchmark model: SUSY R-hadrons

* |t squarks are sufticiently heavy, gluino can be long-lived

e composite states (R-hadrons) may be slow-moving and come to rest

e stopped gluino could decay significantly later than the bunch

crossing in which it was produced

sensitivity to gluino litetimes across several orders of magnitude ATLAS

EXPERIMENT
§) = 1400 GeV.
o | 0_7 to | 07 S Er(T?):5OOGeVe

Simulated signal event

Cosmic
RECONSTRUCTION
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15/

Analysis Strategy ATLAS

EXPERIMENT

Trigger on jets in empty bunch crossings Dominant backgrounds: beam induced (BIB) and cosmics
* MET > 50 GeV, jet pr > 55 GeV ® proportional to live time only
Two signal regions: o 10 —— g
o : ATLAS -
. . > - ; Data 2017-2018 1
¢ |eOd|ng Ie-l- pT > .|5O Gev “g 1?‘ ® BIB sample _E
] ] 5 - —— m(37,)=(1400,100) GeV ]
* PV veto, muon veto reled- events with Wo < 0.02 g 101 L T mEE)-(14001500 6o -
/ i = ]
e iet In| < 0.8 (SRC), jet [n| < 2.4 (SRInc) W = 2. pr(i) - [Ag(jet, i) 107 E
Zi PT(l) 10—3;_ Riings G —;
Signal proportional to luminosity and total amount of U e e ol A
: : : . . 0 0.05 0.1 0.15 0.2
trigger-able time during run (live time) Lescing ot v,
¢ 0.25 ooy : :
= - ;ATLAS; --i--Da@a2017,29i8hours - re|eC1' events Wlﬂ'] a<0.2 £ 10g atas E
% 0ol : -;PDa?azms, 281 hours 7 > - Data 2016 (11 hours) -
5 E """"""""""""""""""""" E 2 - Jet (R=0.4) S 1? ® Cosmic sample _E
B | - PEETIG _5 . — m(§,22)=(1400,100) GeV :
015 : — ) 6, \\\ 4(—'(% ot m(G,)=(1400,1300) GeV -
. C , i ay L ?_ S
012 : i - < o k\ o S e .
[ B! \ - 102 = | E
0052 é % £ E g‘ § ] i Muon Segments : 4 RN PER -
05 : 5 i | 10_32_ +_+_—+—_T__+— _'_l_,_ E
0 lu mmmmmmmmua e ' ul - . . . , , : - ‘ ‘ ‘T_ + f
10° 10° 10* 102 1 10° 10* 10° 10° 10" R S 104 il ], T =
Lifetime [s] .8 0 0.5 1 1.5 2 2.5 3
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Background estimate ATLAS

EXPERIMENT

Jet pt templates extracted for cosmics and BIB in dedicated control regions

B

CR: BIB sample with wg > 0.01
validation regions detined by loosening or

. ] ° . (]
measure jet pt spectrum template in CR inverting cuts on @ and wag
* normalize template in low jet pt region: 90 < p1 < 150 GeV = 1] 2 3 P ]
& F ATLAS - c ATLAS B
Z F Data 2017-2018 (579 hours) ] — 10°E Data 2017-2018 (579 hours) =
£ i VR-w, | % - VRIncl-bib §
L%J 105_ ¢ Data 3 Lﬁ 10 ® Data =
E % Total Background E E %ﬁ Total Background E
° B [ ] Cosmics ] - [ ] Cosmics -
Cosmlcs 1 __ [ ]BB __ 12— [ |BB _E
: : : 10 -
CR: search sample + BIB sample with a < 0.2 - : : -
107 = -
- 107 -
* measure jet pt spectrum template in CR o I :
s 150, . 4 3 15- 2
. . 5 1T—% S 1—ee%
* normalize with transter factor computed from gos vy B = i
s 0 200 400 600 800 1000 £ 0 200 400 600 800 1000
cosmic run with no proton fill Ncosmic—sample . Leading jet p, [GeV] & Leading jet p, [GeV]
SR—like
TF = _
cosmic—sample
CR—like
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Results ATLAS

EXPERIMENT

No excess observed above SM backgrounds limits set on gluino R-hadron benchmark

e span 15 orders of magnitude!

~ 0
g—qqy., Gluino R-Hadron

SRC: ‘nl < 008 SRInC: ‘n‘ < 204 ;l _I | |1| | | | | | | | | | | | | | | | | | | | | | | | | I_

o 2400 — —

E 10° & ;'4TLAS SF|{C, Data 2018(2|81 hours) 3 E - ;|4TLAS SFlklncI, Data 2018|(281 hours) ] (,2, — ATLAS o 7

o b (s=13 TeV, 62.1 f” = o 102 i (s=13 TeV, 62.1 fb’ — Sy 2200 — \s=13 TeV, 579 hours, All limits at 95% CL —

Lo m Tp) — - —

—~ % ® Data 7 ~ ~ ® Data . ~— — —

5 100 # Toasagond | g [ %% ToalBadground E po00f- " M) =100GeV  —— Opserved Limit -

TR 1 4 10 — - —— Am =500 GeV Eo it (o 1 -

= N - - — - XP. lMIit(x 1 O |

[ - E - 1800~ — Am = 100 GeV P (21 Cexp) ]

= _ e, 2 - 25! = 3 5} _

= > 1 e 1600 —z =t | - - o

. h n 14005 e =

107" = 107 = : = 0 _|

o ot . . et e s s s s e e e - -

c c 1000 — ]

3 1.?— Y % W 3 1.?— s % ~ - -

2 Z % 2 4 — | =

S 05) 2l A % o5 G 800|— : W —

sos T sos T = \ -

g 200 400 600 800 1000 £ 200 400 600 800 1000 600 — T

= Leading jet pT [GGV] = Leading jet pT [GeV] [ i TN RN N N N T AN T T T N T Y O NN 0 M S AN M :| L1 i L 1]

2

4 6 8 10 12 14 16
Iog10 (t/[ns]

8

N b

significant improvement over Run 1 results
Jackson Burzynski | UMass Amherst 15



Exotic Higgs decays in the ID ATLAS

EXPERIMENT

ATLAS-CONF-2021-005

Many BSM models predict exotic Higgs decays Difficult to trigger, so tocus on associated production

* ZH mode provides a very clean signature

* Top down: Neutral naturalness

* Bottom up: Dark sectors, SM+scalar

Decays back to SM via off-shell Higgs or
small Higgs mixing

K/_} * |ong litetimes

* higgs-like BRs

Signature of interest:
Benchmark model: pseudoscalar boson (a)

® 15 < mgyg < 55GeVY

* 10Mm < cty < Im

two leptons, and two displaced vertices (DVs)

in the inner detector

Yukawa-like branching ratios:

= assume Br(a = bb) = 100%

Jackson Burzynski | UMass Amherst 16


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-005/

Analysis Strategy

ATLAS

EXPERIMENT

Trigger on prompt leptons from Z decay

* Two same tlavor opposite sign leptons

e 66 <mi< 116 GeV
e At least two jets with pt > 20 GeV

Ottline, require

Displaced vertices are required to satisty:

* Ny = 3 — removes metastable SM resonances

* m/ARnox > 3 GeV = removes vertices from random crossings

e AR(vtx,jet) < 0.6

— facilitates background modeling

Events classitied based on the number of displaced vertices matched to jets:

npy = 2

N

Signal region

npy < 2

//

Control region
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Background estimate ATLAS

EXPERIMENT

Probability for a jet to contain a DV increases with
Y | Compute probability that an event contains = 2 DVs

pr and b-tag score (DL1) from the jets in the event

4

parameterize background using per-jet Poert(npy = 1]j1-4) = | . | s
- vent(MDv = 1]j1-4) = ) Piet(npv = 1]ji) X | | (1 = Pjet(npv = 1]j)
probability map based on these observables e ; o lk:!( TR )

Measure per-jet vertex probability in CR : :
PETIET VEITEX P iy n Validate in y+jets validation region

ATLAS Preliminary

1 2 vg —_ 1 3 TeV _2 -'(B :I 1 I LI I LI I LI L I LI L I LI L I LI I LI I LI L I 1 I:
7 - R 1 3107°= S 7 ATLAS Preliminary + Observed —
-.D- 10 fie0s o ¥ie0s 6004 04 - - % Lﬁ E vg_= 13 TeV, 139 fo! N\ Predicted E
9 C 1 - o 6 vtiets VR —
8 3 < 10°8 E Moy =2 .
BF it 8l i i - N °F 1 E
e [ @ - - 1 -
4 - 82604 16603 3.1e-03 6.0e-03 N 4= 4r t S ? N
5 " :1.4e-04 x26e-04 + 3.66-04 + 9.36-04 u 10 n —
0 2'25?62?05 ey 1'72?4-,2?04 E 3 :_ 1 _:
_o 18 10°° 2 ! E
-4 1= -
_6 1 0_6 :I Ll I L1 1.1 I L1 1.1 I L1 1.1 I L1 1.1 I L1 1.1 I L1 1.1 I L1 1.1 T-Il—l—l—l—lE
10° 20 -15 .10 -5 0 5 10 15 20
Jet p_ [GeV] S Jet DL
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Results ATLAS

EXPERIMENT

Zero events observed in Slg nal region Limits set on BR(H — qgqg — bbbb)

* Good agreement with background prediction * 10% branching ratios excluded between ~5 and ~100 mm
2 1oM L | ’C-U\ @ TV T I T T Trrmnlr,,1 T
5 . E ATLAS Preliminary 5 o | e T, /, .
o 10°m Vs=13TeV, 139 b ¢ Data ; = ; =

9 S Bkg. prediction - % 3
10 /H, H— aa = 15 GeV B ’ .
s~ B(H— aa — bbbb)=10% Ma = ° = / It
10 ° m, =35 GeV Q 10_1 = ’ y =
107 r—— L. m, = 55 GeV = - 0 \ ‘ ,', /,/ -
10° ct, =10 mm o C ATLAS Preliminary - . K . -
e E 102k & fs=18Tev SRR
108 = - . my, =125 GeV TN .
10° ¢ 8_ _3__ m, = 15 GeV K Y __
T & 10°: o ascev
10 EEERTEETEREEEREEEAT T D TEEFETRELEAT TR TXRE ey — - R m, = 55 GeV CR+(MS1 +M32) -
1 O -3 ) m, =5 GeV -
I I 1 0\0 1 0_4 =& Prompt ---m, =8 GeV =
o 14F o) - O --e-m,=20GeV m, = 15 GeV =
m 12F \ S o "0 .- m,=30GeV m, = 25 GeV }
S S N S _ : ..@-m, = ce-m, =
k< 1;&\&&%%“%\&\\\\\\\\\\\&\\\\%\\\& = 10 5 = | ®- m, | 60 Ge\f | |ma 40 (lieV | —~
O 1 22 s NN ] 1 1I11ll L 1 1 IIlll ] 1 1111l ] 1 1 I11ll ] 1 1I11ll L 1 1 IIlll L 1 1 11ITT
oy 10* 10° 102 10 1 10 10® 10°

Mean proper lifetime ct_ [m]

For mqg < 40 GeV, these are the most stringent limits to date in this litetime regime
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Conclusions ATLAS

EXPERIMENT

Long-lived particle signatures are highly-motivated yet underexplored at the LHC

ATLAS has a robust and growing program ot LLP searches

* Displaced leptons — first search at LHC, significant improvements over LEP limits
* Disappearing tracks — most stringent limits tor higgsinos and winos with their natural litetimes
e Stopped particles — first ATLAS search using 13 TeV data

e Exotic Higgs decays to LLPs in ID — first dedicated search at LHC, most stringent limits to date tor low mass LLPs

With new techniques and more data, we are delving deeper into the lifetime frontier

More Run 2 LLP results from ATLAS coming soon, and exciting prospects on the horizon tor Run 3l

e |RT included in standard reconstruction! (ATL-PHYS-PUB-2021-012)
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Displaced Leptons ATLAS

EXPERIMENT

arXiv:2011.0/812

Cosmic veto

m B | | | | | | | | | | | | | | | | | | | i
toove: average time measured by the muon’s MS track segments §  ATLAS -0 > 0
2 cosmic-tagged muons _ _
* |toovg| < 30 ns %3000_ s=13TeV, 139 fb P < 0 -
3 : :
Ie!
E | _
= 20001 -
1000~ -
O_ L '.=IE=.T“T-h!-l-I-=-I| ]
40 -20 0 20 40
t) " [ns]
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Displaced Leptons

arXiv:2011.0/812

Systematics

Jackson Burzynski | UMass Amherst

Background Uncertainty Value [Y]
statistical 18
ee: fakes and heavy-flavor isolation non-closure 11
fakes non-closure 6
total 22
statistical +257 /| -129
isolation non-closure 92
e takes and heavy-flavor fakes non-closure o
total +273 / =159
statistical +180 / -95
Rgo0d |do| dependence 38
(AL COSmMIicC muons estimate variable 16.5
Rgo0d definition muon 13
total +185 / -104
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Disappearing tracks ATLAS

EXPERIMENT

ATLAS-CONF-2021-015

Systematics
Background Signal
Electroweak channel [%]  Strong channel [%] Electroweak channel [%]  Strong channel [%]
rABCD 5.9 0.9 m)zit = 600 GeV mg = 1400 GeV
TCD 3.2 0.6 m_+ = 1100 GeV
o in signal pt smearing function 2.9 0.1 X1
a in signal pr smearing function 1.7 0.2 Cross-section 7.6 14
po parameter in the fake background pt function 0.3 <0.1 — ——
p; parameter in the fake background pt function 0.3 0.2 Initial/final state radiation 8.4 5.1
Normalization of muon background 0.6 <0.1 Jet energy scale 2.3 1.5
Normalization of electron background <0.1 <0.1 Jet energy resolution 0.6 0.3
« in muon pt smearing function <0.1 <0.1 Jet vertex tagging efficiency <0.1 <0.1
o in muon pr smearing function <0.1 <0.1 Pile-up modelling 0.7 <0.1
0" ‘in eiec;cron pT smear.ing guncjtc:‘ion <81 <81 E{Fniss soft term 0.4 <0.1
o %n electron pr Smea?lng unc.lon <OU. <U. Trigger efficiency 0.3 0.4
« in hadron p1 smearing function 0.5 0.2 : :
: : : Tracklet reconstruction efficiency 5.9

o in hadron pt smearing function 0.6 0.2 , ,

Luminosity 1.7

Total 11 8.1
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Disappearing tracks ATLAS

EXPERIMENT

ATLAS-CONF-2021-015

Validation

low MET, low tracklet pT . . . |
sidebands of calorimeter isolation

% -05 | IIIIIII | | IIIIIII | | o > 5 | IIIIII| | | IIIIII| | | 1T T
(5 . 4F ATLAS Preliminary —e— Data © 10 -
— 10 /s=13 TeV. 136 fb"! -= Fake tracklet O 10 ATLAS Preliminary —e— Data
- 10° ’ <= Muon - (s=13TeV, 136fp" =~ Fake tracklet
= Electroweak production - 10° ’ -== Muon
2 10%E Middle E™ VR Electron " Electroweak production
Q T VR Hadron £ 10° Calo. side-band VR Electron
% 10 VR — | Otal Background Q alo. sige-band v Hadron
o 1Icle . ity —E‘J 10 —— Total Background
= m(x,), tiX,) = & 1® e e
— 1 0—1 R 600 GeV, 0.2 ns — - :Q """ m(X1), T(X1) =
) R Lo S 600 GeV, 0.2 ns
1072 ] ¢
- 0—3 S
y 0—4 - i 'E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
| bt S S S
(D i 0_6 l L1 1 111 I l l L1 II-II-I-III-E,...,.......,.I...E““I IIIIII - I”“II“II“I“I“II
m (D 2 I L | I I L ‘ I | I I T T T |
- P Qg 5+ ........ T ................... o
CU O | ||||||| ||||||| ||||||| .|CE O5-+ ................................................................................................................................................
D 100 1000 10000 CG O I [ | IIIII [ | IIIII [ | IIIII
Tracklet p_[GeV] a 100 1000 10000

Tracklet P, [GeV]
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ATLAS

EXPERIMENT

Disappearing tracks

ATLAS-CONF-2021-015

Limits

Electroweak Strong
-+ ~t 0 —x 0 —+ 7 . . . ~~~ . —~* o ~ ~0 _ o
%, % % production (wino) tan B = 5. u> 0 X, %.s X, %,» X, %, Production (higgsino) g9 production, B(g — qdx,)=67%, B(g — qqx,)=33%
—10 —— |1 T N L — B| = M| _— — 0.50— T T T T T T ] T 1 S’ 2400 L
E, - Ls ‘-\‘ ] % B i ) - ————Observed 95% CL I.im_it (=1 Oyeory ) _
— B S, : 7 (2' - ATLAS Prellmlnary g 9 2200:_ e Expected 95% CL limit (1i1 Oexp) _:
X+ — —~ 0.45— 1 _ e - ——— ATLAS (13 TeV, 136 fb™', EW prod. Obs.) -
© 3r ] O@S B ls =13 TeV, 136 fb ] ?25 2000 ... ATLAS (13 TeV, 36.1 fb™, Strong prod. Obs.) -
ol ‘ | S | === Observed 95% CL limit (1 o, ) | S 18005 m(@) = m(x;) E
! —~ 0.40 =--- Expected 95% CL limit (+1 o, ) — - ATLAS Preliminary N
1= ! _ 153 - ----ATLAS (13 TeV, 36.1 fb™, EW prod. Obs.) i 1600~ Vs =13 TeV, 136 fb B
E : E = L e Theoretical line for pure higgsino } E TG(?) —1.0ns ) E
- - 035N, — 1400 . =
03f. ‘/‘,/ i E‘ ---------------------- E 1200~ ’,_¢ -
0.2+ DR L IETT TP A P 0.30 N7 — N ptal ]
f‘,/ "" B ] 1 OOO — “",, —
01 ATLAS Preliminary — ~ 7 L Lt ]
' = 1 0.25[~ - 800 - 2
's=13TeV, 136 fb" - 251 . .
0.04 " Observed 95% CL limit (=1 G,yqqr, ) i - ] 600— Z
0.03 = = == Expected 95% CL limit (=1 o, ) | L . L _
el V5 ———— ATLAS (13 TeV, 36.1 fb™, EW prod. Obs.) 0.20— — 400 _
0.02 - ATLAS (8 TeV, 20.3 fb™', EW prod. Obs.) B i - .
EERERE Theoretical line for pure wino - — — —
0.01 | | | | | | | | | | | | | | | | 0.15 [ | | | L 200 L | | | | | | | 15 | | =
' 200 400 600 800 1000 ' 200 400 600 800 1000 800 1200 1600 2000 2400
m(y,) [GeV] m(y,) [GeV] m(@) [GeV]
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Stopped particles ATLAS

EXPERIMENT

arXiv:2104.03050
Systematics
42,1_4_II|IIII|IIIIIIIIIIII|IIII|IIII|IIII|IIII_ 42,1_4_II|IIII|IIIIIIIIIIII|IIII|IIII|IIII|IIII_
"E‘ ~ ATLAS Total uncertainty _ L% ~ ATLAS Total uncertainty _
§ 1'2:_ Vs=13TeV = weeeeee BIB normalisation _: § 1'2:_ V\s=13TeV weeeeee BIB normalisation _:
S . Data2018,281 hours ~" BIB shape - S . Data2017,298 hours BIB shape -
0 e TP Cosmic normalisation - 0 e T Cosmic normalisation -
= L e Cosmic shape i = e Cosmic shape -
© C ] © _ ]
E’ o8- . Cosmic subtraction - E’ O Cosmic subtraction -
- e Statistical - - e Statistical -
0.4 ‘ '''''''''''''''''''''''''''''' — 0.4 o ——— —
0 0 N R
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
Leading jet P, [GeV] Leading jet P, [GeV]
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Stopped particles

arXiv:2104.03050

Yields

Central signal regions SRC (2017 data) SRC (2018 data)
Observed events 92 100
Total expected background events 88 + 28 119 £ 32
Beam-induced background events 37 +23 72 £ 29
Cosmic-ray-induced background events 51 +21 47 + 19
m(g, ¥¥) = (1400, 100) GeV 5 6
m(g, x,) = (1400,900) GeV 5 6
Inclusive signal regions SRIncl (2017 data) SRlIncl (2018 data)
Observed events 239 221
Total expected background events 167 £ 48 208 + 50
Beam-induced background events 93 +42 139 + 45
Cosmic-ray-induced background events 74 + 30 69 + 28
m(g, ¥¥) = (1400, 100) GeV 7 9
m(g, x;) = (1400,900) GeV 7 3
28
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Exotic Higgs decays

ATLAS-CONF-2021-005

Vertex selection

Jackson Burzynski | UMass Amherst

Selection type

Requirement

Track pruning

d(])wl < 0.8 mm
Z(]))VI < 1.2 mm
o (dyY) < 0.1 mm

O'(Z(I))V) < 0.2 mm

Vertex preselection

Xz/nDoF <3
r < 300 mm
z| < 300 mm

pass material veto

Vertex selection

Nk > 2

m/ARn.x > 3 GeV
r/o(r) > 100
max(|dp|) > 3 mm
ARjet < 0.6
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Exotic Higgs decays

ATLAS

ATLAS-CONF-2021-005

Filter CHF ~ 0 CHF ~ 0.6 CHF ~ 0.6 CHF ~ 0.6
Ck1:Oé2:O 041:1,Ck220 a1:a220.5 Cklzo,()Q:l
Omax = 0 Omax = 1

Vv
AR
\\\\\l
M
W

W

W

Oax = 0.0

Qmax — 1

EXPERIMENT

/\

PV, PV

Diagram inspired by Kate Pachal’s LHC seminar
30
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Exotic Higgs decays ATLAS

EXPERIMENT

ATLAS-CONF-2021-005

Systematics

Dominant uncertainty from LRT Source Uncertainty (%)

Theory 4.7
* Measure by comparing yields of K-short vertices in Luminosity 17
data and MC Pileup reweighting 2.6
Electron identification 1.6
Electron calibration 0.4
Muon reconstruction 0.9
Muon calibration 0.4
Electron trigger 0.7
Muon trigger 1.3
Jet energy scale 1.4
Jet energy resolution 1.3

Filter 2.8-3.8

LRT 2.4-12

Total 7.4-14
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