- OATLAS

EXPERIMENT /£ —

Status and Prospect of Search for Long-Lived
Particles

MITCHELL 2023

Soumyananda Goswami
(Oklahoma State University, US) 2023 MAY 17
-On behalf of ATLAS & CMS Collaborations



Majority of searches @ LHC

make an assumption

What are Long-Lived Particles (LLPs)? / e :

LLPs in this parlance: Beyond-Standard-Model (BSM) particles that
travel macroscopic distances, compared to the detector resolution

Discovery could be
hiding here!
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e  Longer particle lifetimes (not a rare occurrence) may arise in both SM &

( lly in) BSM f LLP searches: Detector Caveats
naturally in rom

. ) small coupling  +— " — Set by symmetry structure, ® Standard Trackingz noise prone,
©  Massive Mediators L ~y? (%) m. e Large Radius Tracking better suited
©  Small Phase Space | m<u erarchy of soatos <] e  Basic reconstruction algorithms may
o Small coupling not be efficient to detect BSM LLPs
e  We may miss out on “New Physics” if we exclude the LLP search

. or backgrounds from non p-p
regimes

e  May answer many questions related to hierarchy and naturalness
e  Calls for dedicated approach for triggering, reconstruction, background
mitigation, etc, in the detector side.

collisions.
e Constrained by detector dimensions
e Imperfect background
mitigation/estimation
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LLP Lifetimes in Standard Model
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Most LLP decay searches are sensitive to the white band region

between 1dm and 20m.
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You may also refer to Figl in arXiv:2212.03883

arXiv:1810.12602 gives a good summary of direct and
indirect collider based LLP search methods.



https://arxiv.org/abs/1810.12602
https://arxiv.org/abs/2212.03883
https://arxiv.org/abs/1810.12602
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FRVZ model: a pair of dark fermions is produced in
: \ / ATL-PHYS-PUB-2022-007 the Higgs boson decay; a dark fermion may decay
into a dark photon and mix with an SM photon.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

Lifetime Limits: ATLAS LLP Searches

GMSB: Gaunge
Mediated
Supersymmetry
Breaking

AMSB: Anomaly
Mediated
Supersymmetry
Breaking

ATLAS Long-

ved Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2022 f[ dt = (32.8 - 139) fo! V5 =13 TeV
Model Signature  [£dt [b7] Lifetime limit Reference

RPVt - uq displaced vtx + muon 136 1 lifetime ' . : 0.003-6.0 m ! m(t)=1.4 Te!/ 2003.11956
RPV i — eev/euv/upv  displaced lepton pair  32.8 ;;2 lifetime 0.003-1.0 m m(g)= 1.6 TeV, m(¥})=1.3 TeV 1907.10037
GGM i - ZG displaced dimuon 32.9 )?‘1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(})= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 )7‘1’ lifetime 0.24-2.4m m(7), G)= 60, 20 GeV, By=2% CERN-EP-2022-096
GMSB7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(f)=600 GeV 2011.07812

53 GMSB 7 — 7G displaced lepton 139 7 lifetime 9-270 mm m(7)=200 GeV 2011.07812

@ | AMSBpp - (0.7 F;  disappearing rack 136 |47 lifetime 0.06-3.06 m m(F;)= 650 GeV 2201.02472
AMSB pp > 770,77 large pixel dE/dx 139 | &j lifetime 0.3-30.0m m(F})= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 | 3§ lifetime 0.1-519m B(& — 5g)=0.1, m(g)=500GeV| 1811.07370
Split SUSY large pixel dE/dx 139 | & lifetime >045m m(g)=1.8TeV, m(i)= 100 GeV. 2205.06013
Split SUSY displaced vtx + Ef™s 328 | & lifetime 0.03-13.2m m(g)=1.8TeV, m(i?)= 100 GeV' 1710.04901
Split SUSY 0(,2-6jets +E™ 361 | glifetime 0.0-21m m(g)= 1.8 TeV, m(¢?)= 100 GeV | ATLAS-CONF-2018-003
H-ss 2 MS vertices 139 | s lifetime 0.31-724m m(s)=35 GeV 2203.00587
Hoss 2low-EMF trackless jets 139 | s lifetime 0.19-6.94m m(s)=35 GeV 2203.01009

§ VH with H — ss — bbbb  2( + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092

% FRVZH = 2yq + X 2 p—jets 139 | yalifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181

§ FRVZH — 4yq + X 2 u-jets 139 4 lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181

= H—Z4Z4 displaced dimuon 329 Z4 lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H- 224 2 e,y + low-EMF trackless jet36.1 | Zq lifetime 0.21-5.2m m(Zg)=10GeV 1811.02542
®(200GeV) — s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m a x B=1pb, m(s)= 50 GeV 1902.03094

(‘g (600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime. 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094

P o1 Tev) o ss low-EMF trk-less jets, MS vtx36.1 [ s lifetime 0.06-52.4 m & x B=1 pb, m(s)= 150 GeV| 1902.03094
W — NE,N — ttv displaced vix (uuue, ee) + 4 139 | N lifetime 0.74-42mm m(N)= 6 GeV, Dirac 2204.11988
W = NE,N -ty displaced vix (uuue, ee) +u 139 | N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988

;‘ W = N(,N — €ty displaced vix (uuue, ee) + e 139 | N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — NE,N — tby displaced vix (uuue, ee) + e 139 | N lifetime i 0.39-51 mm ] ; . m(N)=6 Ger Majorana 2204.11988

0.001 0.01 0.1 1 10 100 cT [m]
Sl R R R ATL-PHYS-PUB-2022-034
0.001 0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

7 [ns]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034

Lifetime Limits: CMS LLP Searches

Overview of CMS long-lived particle searches

CMS Preliminary March 2023
UDD, §-tbs, my = 2500 GeV § 2104.13474 (Jets with displaced vertices) [NGIG006E =005 140 b
UDD, g-tbs, mg = 2500 GeV g 2012.01581 (Displaced jets) [N G00s=0m 132172
UDD, t-dd, m: = 1600 GeV t 2104.13474 (Jets with displaced vertices) [0 00055=006 140~
UDD, t-dd, m: = 1600 GeV t 2012.01581 (Displaced jets) [N o002=152m 13277
LQD, b1, m; = 600 GeV i 26/
LQD, £, mi = 460 GeV t 1211004809 (Displaced leptons)  0.0001-10m 18f
LQD, £-+bl, m: = 1600 GeV t 2012.01581 (Displaced jets) [IIINOG05=0245H 13277
GMSB, §~gG, my= 2450 GeV § 2012.01581 (Displaced jets) [ 0/006=0/55'm| 1327
GMSB, GG, mg = 2100 GeV i 1906.06441 (Delayed jet + MET) [ 0:32=34'm! 137~
Split SUSY, §-qdx3, m; = 2500 GeV g 2012.01581 (Displaced jets) [ 0.007=0:36m 1327
Split SUSY, §-qdx3, m; = 1300 GeV i 36 b~
Split SUSY (HSCP), fip = 0.1, m; = 1600 GeV i 13~
MGMSB (HSCP) tanf = 10, >0, m: = 247 GeV i S-PAS-EXO-1 13~
Stopped £, t-tx?, mi = 700 GeV t 1801.00359 (Delayed jet) 391
Stopped §, G-adx?. fi; = 0.1, my=1300 GeV § 1801.00359 (Delayed jet) 39 b
Stopped §, §-adxC(uux?), f3=0.1, m; = 940 GeV g 1801.00359 (Delayed pp) 500-3.3e+12 39~
AMSB, x *=x{n*, m,- = 700 GeV x* 2004.05153 (Disappearing track) [ 07-30m 140 b2
§-qGx3 or 9,4, 05 X5 2Xin* , m; = 1600GeVimy; = 1575GeV y= 1909.03460 (Disappearing tracks + jets with Mr2) | 011-10m 137
G-axi or qx, X" =)0, mg=2000 GeV, myz=1000 GeV = 1909.03460 (Disappearing tracks + jets with Mr2) | 026-2m 13777
oty or by, xioxin*, mi=1100 GeV, myy=1000GeV  x; 1909.03460 (Disappearing tracks + jets withMrz) | 025-9m 1372
GMSB, x3-HG(50%)/ZG(50%), my = 600 GeV X 2212.06695 (Trackless jets + MET) [0 0i04=12'm| 138 b2
GMSB, x3~HG(50%)/ZG(50%), my; = 300 GeV 0 221206695 (Trackless jets + MET) [ 005 =247m| 138 b
GMSB SPS8, x?=1G, my; = 400 GeV 0 1909.06166 (Delayed y(y)) [ 0256 W 77 !
GMSB, co-NLSP, 1=/G, mi=270 GeV i 118~
H-ZoZ0l0.1%), Zo-+hk, mis = 125 GeV, mx =20 GeV x 220508552 (Displaced dimwon)  Se05-5m 98
H=Z0Zp(0.1%), Zo-pp(15.7%), my =125 GeV, my=5GeV  x [2112.13769 (Displaced dimuon using scouting) [ 010001=025'm | 101 b~
HAXX(10%), X-ee, mu = 125 GeV, my =20 GeV X 14116977 Displaced dielectron)  000012-25m 2017 (8Tew)
H-XX(0.03%), X-1I, my =125 GeV, mx=30 GeV X 2110.04809 (Displaced leptons) [II 00015012 w0 18
H=XX(10%), X-bb, my = 125 GeV, my = 40 GeV X 2012.01581 (Displaced jets) [ 0001=0/53 W] 1327
H=XX(10%), X-bb, my =125 GeV, my =40 GeV X 2110.13218 (Displaced jets + Z) [N 01004=0.248 | 177
H-XX(10%), X~bb, m = 125 GeV, my =40 GeV X 2107.04838 (Hadronic decays in CSCs) [ 010450 m) 137!
H-XX(10%), X-TT, my = 125 GeV, my=T7 GeV X 2107.04838 (LLP decays in CSCs) [ o0=3ml 13772
dark QCD, mx, =5 GeV, my,, = 1200 GeV Yox 1810.10069 (Emerging jet +jet) | 0.0022=03m 16 b~
1 | | . |
1077 10-° 103 107! 10! 10°

cx [m] CMS SUMMARY PLOTS EXO-13TeV

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.



https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Overall_summary_plot_AN1

RECENT LLP SEARCHES

" Compact Muon Solenoid

ATLAS >, 1

EXPERIMENT e

Micro Displaced

ATLAS-CONF-2023-018 LL-HNL decays CMS-PAS-EX0O-21-013

Muons

Displaced arXiv:2304.12885 Inelastic Dark
di-Photon Vertex (Submitted: PRD) Matter

CMS-PAS-EX0O-20-010

LLPs using out

Displaced vertices arXiv:2301.13866
with jets (Submitted: JHEP)

arXiv:2212.06695
(Accepted: JHEP)

of time trackless

jets

Publication references also provided in the following slides


https://arxiv.org/abs/2301.13866
https://arxiv.org/abs/2304.12885
https://cds.cern.ch/record/2855336
https://arxiv.org/abs/2212.06695
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-013/index.html

. . 110 < Mysy- < 200 GeV Myep- > 200 GeV
Micro-Displaced Muons ATLAS-CONF-2023-018 : .
m T T
. . . 3 -1
p Signature: a pair of muons with
= . : : B F
i G transverse impact parameters (d ) in
et mm range; smuons are LLPs
’[l G . . v vs s
D Bridging the gap between prompt ol = v C =
p L and displaced slepton searches. S i, e Ido | mm
GMSB ] Covers lifetime of O(1-10)ps PO Lo S I
2 - ATLAS Preliminary __ 410° E
: H +yn- et e 1 03 E {§=13 TeV, 139 fb-‘ Observed limits ; 'g'
m=invariant mass of wW*W’ pair in the Background: sernl-leptonlc B-hadron E Alllimits at 95% CL. " e 410° 8
. . . : : 2 Sl |
selection region plot (top right) decays; also W+jets, Z+iets, tt-bar, etc 107 — fisiaier i gt (PO
10 C Prompt, EPJC 80 (2020) 123 ?
- =10°
Smuon lifetimes down to 1 ps are excluded for a smuon mass of 100 GeV, 1 1
. . = - 10
and smuon masses up to 520 GeV are excluded for a proper lifetime of 10 10k :
ps, at 95% confidence level LF = 310
10 Thiswork 14
Set of Regions ’ Lower displacement region ’ Higher displacement region ‘ Threshold n,+,,- ‘ Additional cut 102 E |
3 1401
1 0.1 <|do| < 0.3 0.6 < |do| < 3 mm 200 GeV - 10-4 F Reinterpretation work 3 10
2 0.1 < |do| < 0.3 0.6 < |do| < 3 mm 140 GeV . Prompt
S A TS NI A AT AT ATS ATE A A
3 0.1 < |do| < 0.3 0.6 < |do] < 1.3mm 125GeV | ARy > 3 rad. R R T R R R R

m(ii_ ) [GeV]

Model-independent limits are set on the contribution from new phenomena to the signal-region yields.



https://cds.cern.ch/record/2855336
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a T 2 ‘ 7k m Front Layer
. . Here, LAr Calorimeter
B SV Reconstruction using Calo proportions have been
G . R X k < stretched horizontally 4x
information; no distinction
. . Secondary
between e or y; non gaussian timing Vortox (V) DV.SV di
e . . . . ’ . - istan
distribution tails. /‘* p stance
AR
Signal: Displaced production of Higgs bosons or Photons from same decay, but non Primary / LLP
Vertex (PV)” / . X
Z° bosons; delayed di-EM vertex, x = SM fermions pointing due to opening angle A f Beamline (z-axis)
Background: data driven estimation between H/Z and Gravitino. vz
= - : — — ) )
SR R =1 ATLAS —— Observed  —— m(y%) =100 GeV 7 SR: 2 photons + MET; optimized kinematic
[ ATLAS —— Observed | R | Vs=13TeV, 139" - Expected £ 10— () = 175 GeV | . . .
Vs=13TeV,139 b~ e Expected Wl BHozrG)=1 T ey — m(7%)-325GeV | selection to enhance the Sig/Bkg ratio; 2 VRs
s E ted + 1 E ¢9) = 625 GeV | . . . .
10° pected=to | L i -eeey 4| with intermediate MET values. CR with low
e=B(F) > H+G) % . .F 4
| e D 24G) © 1ot 4 MET values
— =1 q _2 B B
— =09 _ £ 108
— =07 3 = . . o
e-05 3 Set limits as a function of %° mass and lifetime
et 1 0 W
— =0 S 1028 4 | for different BRs; no excess observed.
| =] NN ]
10' ;* >>>>>>>>>>>>>>>>>>>>> é
g | | 1 | Shown: Expectations for each mass
— 100 1 | L1 1 . . -~
10° 1o’ ol 1]"2 hypothesis, assuming almost degenerate x10,
. (%)) [ns ~75 ~
I [ L1 =
T Model Independent Limits Set on delayed pair X4 and X, 9

m(%") [GeV] PrOduction


https://arxiv.org/abs/2304.12885
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P d W u J 3 3 é’ [ Strong RPV: m(g) = 1800 GeV, m(i“’) =850GeV,t=1ns ]
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Makes use of displaced vertices 2 e . S 1
. . g 08, W WM <
and high track multiplicity = C oJes L ]
17} L + B ) it g
S 0.6 0‘ Mo ==
(&} » * | B
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Better track reconstruction with g 0.4 (XN Yl =
Large Radius Tracking; Ran on o F % l ]
- ‘ | & -
0 _ - Ala's w2
10% of pre-selected data. 0.21 ady N i
N ” %6%%00 ¢ ]
0 Mw@%
, o Backgrounds as mentioned in the plots 0 B0 100¢ b0i =00 290 ’
Signal: Heavy LLPs decaying into Hadrons bel R [mm]
elow.
(DV+ijets); High p... jets used
J &1 Pr) The pair-production of electroweakinos with masses
Limits derived at 95%CL: RPV SUSY below 1.5 TeV is excluded for mean proper lifetimes
> 10 g models & Model Independent XSec in the range from 0.03 ns to 1 ns.
& ATLAS High-p, jet selection Ys=13 TeV, 139 fb
-~ 3 &
o 107 g strong RPV: m(@) = 1.8 Tev —e— Data 5 10 e e ey 5 Electroweak RPV, pp - X343, 1 = 99
5 e ©=0.1ns, mx ) 50 GeV Hadronic interactions 8 E ATLAS Trackless jet selection {s=13 TeV, 139 fb" 3 o) 10 T T T T T :
3 107 7 .. ©=0.1 ns, %) = 450 GeV i < e ; = ATLAS
o R Merged vertices P 10 E9* EWK RPV —e— Data 5 I V5 =13 TeV, 139 fb-! Solid: observed
; 10 Accidental crossings 5 , FEas ..... ©=0.1ns, mx) = 900 GeV Hadronic interactions _g B Varied: expected + 10
Ee} % 8 100 o --- ©=0.1ns, mz’) = 700 GeV Merged vertices S 3 0= mm 7(%1) =10ns
g —T 5 = Accidental crossings ] @ Tlge) = 1ns
z & V.2 5 108 % @ == 1(g;) = 0.1 ns
SN ... Q = 4 3 o () =
T % [ E 3 2 1o 7(%1) =0.01 ns
10! e 2 1 | — (&] —— Prediction + 10
Bl e g e 7 S
2 5 ; ‘ 7 T T — —
g 1./% / E A ' 10 : m—— =
£ 05 : P P i
2 9 25 40 45 50 : ; // //
4 trk DV mass [GeV] R Gli%ubi 103

03540 45 %0 900 1000 1100 1200 1300 1400 1500 ~1 600 1700
4-trk DV mass [GeV] m(x4) [GeV]


https://arxiv.org/abs/2301.13866

LL-Heavy Neutral Lepton (LL-HNL) CMS-PAS-EX0O-21-013

q

Considers coupling scenarios with HNL for

different SM lepton generations

Contributions from background processes are

determined from data in sideband regions.

Signal: Looks for 2 lepton-+jets final state with
Neural Network algos discerning HNL decays

generation coupling strengths.

Limits on the HNL production cross section
derived as a function of the HNL mass and lepton

CMS Preliminary 138 fb ! (13 TeV)

0 CMS Preliminary

138 b (13 TeV)

P 1o A B B B L B B 3 =1
= resolved - Data 3 o
% . my = 4.5 GeV, ¢ty = 100 mm Il Background

13} 10 my =10 GeV, ¢ty =1 mm Unc.

; 0s SS

= 5 sig sig sig sig sig sig

§ 10°Ed)<3 3<d’<10 di’>10  di’<3 3<di<10 di/>1

] : H ' : 5

boosted
== m, = 4.5 GeV, ct, = 100 mm

—e-Data
Il Background
=== my =10 GeV, ¢ty =1 mm Unc.

os SS

d30<3 3<di’<10 di>10  d’<3 3<dii<10 di’>10
. B 1] . N

Events /5 GeV

Data/Pred.

Events /5 GeV

Data/Pred.

N

«10° (ee,eu, pe,up) + jets, 138 b (13 TeV)
= T T T 3
CMS Preliminary e Data ]
[ SR, OS leptons mtt/t _
- = Majorana HNL (x10%) WW+ets ]
mn=10 GeV, cto=1mm W Z/y +jets

- N B Vy*+iets
\ [JMultijet
[JUnc.

50 100 B0 200
my;- (GeV)
«10° (ee,eu, pe,up) + jets, 138 b (13 TeV)
CMS; Preliminary I I e Data
I SR, SS leptons O/t B
- - - Majorana HNL (x10%) WW+jets |
[ mn=10GeV, cto=1mm B Z/v*+jets |
B Vy*+jets
[ Multijet

[JUnc.

ﬁ_@u(”,r,.”,_, —
L L o o B

50 100 150 200
my;- (GeV)

LTI

|V

4)E-7 for Dirac (Majorana) HNLs
with a mass of 10 GeV at 95% CL

11



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-013/index.html

. ) . CMS Preliminary 138 fb' (13 TeV) -
Inelastlc dark matter: CVCntS WIth tWO First search for inelastic dark E-( 1075 - EXClusmnAb:::]‘:j:; (,1 . ) E
< . - D = Yem =
displaced muons CMS-PAS-EXO-20-010 matter at a hadron collider £ | mm Exclusion boundary (o, = 0.1) ~ 10
3 B 3
3 W10 = —; 1
Small A=m_-m ISR Jets = " 3 3
2 17
(13Tev) 107k 3
> T T T T TTTT T T T T T T T T T TTTT j 7
% 14-CMS — F 402
;g C Simulation Preliminary 7] - g 0
71:_) - —+— Standard reconstruction | 108 ]
2 R E _
-% 2r —+4— Displaced reconstruction - E E 10°
=1 ~ A L 7]
@ 1—_ — 10° . I 0 RN e
é R e e e S S B S ] 3 4 5678910 20 30 40 50 10
. . e L - S m, [GeV]
Signature: Inelastically-coupled dark matter g 08— . — CMS Proiminary ooty
with a soft, displaced muon pair + Missing E.. = r ] & a=04m, 2
0.6 — = 1 E_ 10 == Exclusion boundary (o, = a,,) =
- " ( ) +7 1 = - Exclusion boundary (o, = 0.1) 10 +=L_
C = % O = % wt ] 3 N ] ?
Background: QCD events with real or 04— m,=50Gev . 7] v 14 &
- _ - 107 = =
misidentified displaced muons ; and I B : 11,7
. . . “L er=1-1000 mm —— i L ] .
Wjets (Z+jets) events with one (two) - J_ i I
.. . . L vl L ey JE T il | <10°g
misidentified displaced muons 0 0 o 0 10" E K
Muon transverse production distance vXy [em] E E 10° §
Uses displaced Stand Alone (dSA) muon reconstruction ol B
1 2 3 4567810 20 30 40
m, [GeV]

miss

Selection: Events with large p™*.. with energetic jet(s) + pair of displaced muons.
leading jet in the event is required to have p.. > 80 GeV and 1| < 2.5 + max 1 jet
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Upper bounds set on: product of dark matter production
cross section & decay branching fraction into muons as a

[function of dark matter mass.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-010/index.html

LLPs decays with Out-Of-Time (OOT) & Trackless Jets arXiv:2212.06695

Most sensitive to neutralino proper decay
lengths of approximately 0.5 m, for which
masses up to 1.18 TeV are excluded at 95%
confidence level.
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Interpreted in a simplified model of chargino-neutralino
production; xo is the SUSY LL-NLSP , and decays to a
G and H/ Z boson
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7
Signal: LLPs decaying in the outer regions of
the CMS silicon tracker or in the calorimeters
DNN tagger fed with trackless + OOT jet
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Current search is the
best result to date in
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https://arxiv.org/abs/2212.06695

In Conclusion

Multiple LLP search scenarios
o Both ATLAS & CMS have set exclusion limits in multiple Run 2 analysis
o Gives us a clear idea of regions to explore
RUN-3 data incoming as we speak
o0 More search regions would be covered
Novel triggers, taggers, background estimation techniques & ML based algorithms are being
developed
o Will increase acceptance in challenging regimes
Need to focus on better detector design specs, minimize beam spread
Large Radius Tracking in ATLAS is globally active in Run 3
o Gives the ability to reconstruct displaced tracks
(©] II]CYCQ.SCS numbers Ofsignatures in non—prompt cases
SUSY gives us some easily explorable LLP search scenarios in the current detector energy scales

Many other results, both from ATLAS & CMS in the works (not included here)

]ﬂtﬁi"ﬁ!l‘l.ﬂg Qlots next nge
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Track Reconstruction Efficiency

HLT Efficiency

71 (100 GeV, 1 ns)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
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Layout of the ATLAS Detector
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LL-Multi Charged Particles (MCP) arXiv:2303.13613

q MCP Y

q MCP

[ MCP from Drell Yan ]

Signal: Particles producing anomalously
high ionization, consistent with long-lived
spin-1/2 massive particles with electric
charges from |q|=2e to |q|=7e

M XV‘:
Y

MCP

[ MCP from Photon Fusion

95% confidence level cross-section upper limits
are calculated and interpreted as the lower mass
limits for a Drell-Yan plus photon-fusion
production mode
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The least stringent limit, 1060 GeV, is obtained for |q|=2e particles, and the most

stringent one, 1600 GeV, is for |q|=6e particles
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https://arxiv.org/abs/2303.13613
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