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The time dimension )

ATLAS was not initially conceived to search for long-lived particles...

...but they are all around us!

Detector - prompt
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Why long-lived particles?

e.g. b—cly, off-diagonal CKM, 7 ~ ps

\

Standard Model

Mass Scale suppression

e.g. y—evpve, via W-boson, t~1.6 ps

Phase space suppression

e.g. n—=pev, mp-mp ~ 1 MeV, 7 =15 min

G. Gustavino

decay rate ~ c:oupling2 - mass dimension - phase space

Beyond the Standard Model

Small coupling

Small phase space

Scale suppression

SUSY

GMSB
AMSB
Split-SUSY
RPV

v

v
v

NN

Twin Higgs
Quirky Little Higgs
Folded SUSY

DM

Freeze-in
Asymmetric
Co-annihilation

N SN

Portals

Singlet Scalars
ALPs

Dark Photons
Heavy Neutrinos
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A plethora of signatures Q)

displaced leptons,

ATLAS has led an extensive |
lepton-jets

search program for LLPs

signature-inspired dlSﬁ!fceci
multitrac
rather than \ -
- . multitrack vertices in the vertices
model-lnsp|red \ muon spectrometer
searches

whenever possible

- -
N

3 e disappearing or
/ trackless, I

...... s Y T kinked tracks
,' ; .‘,'i "‘ 2 4
low-EMF jets

"non-pointing

| don’t wish to cover everything about the LLP ‘
. photons

search program in ATLAS.
| am just diving into some bits often using Rome1

and Rome1 expats’ studies as examples. quasi-stable emerging jets

har
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Dark Sectors

Simplified benchmarks are often used to allow a reinterpretation
IN more complete, complex and novel theories

X
MEDIATOR
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Decay length

Any given particle’s lifetime follows an exponential distribution:
particles with a short proper lifetime can decay with a large lab-frame distance
* all subdetectors must be used for optimal results

* prompt and invisible final states searches can play a fundamental role!

e.g. forct =A5 cm, <By> ~ 30 e.g. for ct =A50 cm, <By> ~ 30
— —
=
S 3
G0)°4A HM ) 8 ” ‘H‘ !
3 calorimeters 0 calorime: l-w‘
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The ATLAS Detector
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decay length

muon
spectrometer

hadronic
calorimeter

electromagnetic
calorimeter

solenoid magnet
transition
radiation
tracking tracker ,
) pixel/SCT

detector

the dashed tracks
are invisible to
the detector
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Main experimental challenges

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay
» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)

> reducing sensitivity and increasing model dependence of results
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Main experimental challenges

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay
» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET", prompt leptons)

> reducing sensitivity and increasing model dependence of results

Reconstruction
* Non-standard reconstruction needed
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Main experimental challenges

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay
> often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)

> reducing sensitivity and increasing model dependence of results

Reconstruction
* Non-standard reconstruction needed

> Unusual background sources

> Data-driven approach is adopted
usually cannot rely on simulation

G. Gustavino
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Main experimental challenges ‘Missing transverse energy: D)

momentum imbalance on the transverse plane S

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay
» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)

> reducing sensitivity and increasing model dependence of results

Reconstruction material interactions

* Non-standard reconstruction needed ATLAS (5=13 TeV. 136 fb"

—
o
'S

Number of vertices

Background estimation 10°

» Unusual background sources O f| 102

» Data-driven approach is adopted
usually cannot rely on simulation —200
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Main experimental challenges

Triggering

*Missing transverse energy:
momentum imbalance on the transverse plane

O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay

» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)

> reducing sensitivity and increasing model dependence of results

Reconstruction

* Non-standard reconstruction needed ATLAS (5=13 TeV. 136 fb"

Background estimation
» Unusual background sources 0

> Data-driven approach is adopted
usually cannot rely on simulation —200

G. Gustavino
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material interactions

—
o
'S

Number of vertices
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Main experimental challenges ‘Missing transverse energy: D)

momentum imbalance on the transverse plane S

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay

» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)
> reducing sensitivity and increasing model dependence of results

cosSmic muons

Reconstruction material interactions

* Non-standard reconstruction needed ATLAS (5=13 TeV. 136 fb"

—
o
'S

Number of vertices

Background estimation - 10°

» Unusual background sources 0 102

> Data-driven approach is adopted
usually cannot rely on simulation —200
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Main experimental challenges ‘Missing transverse energy: D)

momentum imbalance on the transverse plane S

Triggering
O trigger systems (especially Level-1) usually do not have sufficient information to tag LLP particle/decay

» often used standard ‘prompt’ physics trigger (e.g. ISR jet, MET*, prompt leptons)
> reducing sensitivity and increasing model dependence of results

cosSmic muons

Reconstruction material interactions

* Non-standard reconstruction needed ATLAS (5=13 TeV. 136 fb"

—_
o
'S

Number of vertices

10°

T I LN

Background estimation
» Unusual background sources Y |

—
o
N

> Data-driven approach is adopted
usually cannot rely on simulation —200

-
o

200 0 200 _ |
Xpy [mm] Beam induced background

Estimation of signal efficiency

Often not possible, as no SM standard candle giving sufficiently LLP signatures / decay signatures
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Higgs / scalar portal
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Scalar portal 4

Benchmark model showing a nice interplay by different signatures which exploit __ ____ -
the potential of the subdetectors and different reconstruction strategies.

A
o 1
7p)
£
= Prompt searches MET+X searches
107" Final states with Dedicated experimental Sensitive to
different SM objects techniques and longer-lifetimes
(e.g. 4y, 4b...) final states (or stable) particles.
to probe different to probe a vast lifetime x|SR jet + MET (mono-jet)
10-2| scalar mass ranges (and mass) range * h—inv searches
107
prompt stable

10° 10* 10° 102 10 1 10 10° 10°
ctT [m]
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Scalar portal 4f &)

> f
Benchmark signature showing a nice interplay by different signatures which ___}I__\/
exploit the potential of the subdetectors and different reconstruction strategies. S \< f
R _
@
7p |
.
A M

Prompt searches MET+X searches ~

—3% tracks b jet
______ b hadron \ 1 0_1
_____ gzl?aar;teter I’elnl‘el’pl’ety Qnterpretatlon

L4 secondary

g vertex

do_ ,,"'
\ "7\/\primary vertex 1 0—2
y 4
?Xp Io./it/ng .the ob) e?t 10°2 the Initial state radiation
/dent/f/clat/on al.gor/thms boosts the Higgs system
(e.9. b-jet taQQ’.nQ). to t - which decays outside
probe shorter lifetimes promp stable the detector acceptance
N\ Y,

- _

10° 10* 10° 102 10 1 10 10° 10°
ct [m]
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Search for LLP in ID

Search of displaced vertices in the ID

*/H production
-~ to exploit the lepton triggers

select events with select

displaced jet candidates % exploiting a dedicated
* based on tracks information reconstruction algorithm

—_
o
\e}

1 | || I || I 1 1 I 1 | | 1 I 1 | | || I I 1 1 I1=
?‘TLAST y o ¢ Data ]
s=13 Te ,139 o~ ma=1GGeV =

Preselection,n_ >2 =
ZH,H—>aa =~ m, =35GeV 3

—
o

Key selection variables:

s e ,=55GeV ]

* Nuk per vertex E m V

) — ]

* M/ARmax reduced mass O et g

. 2 L . I T i ]

~ ratio of reco vertex o oo, e
invariant mass and ARmax(track, DV) 107 E "9

10_4 L [ I TR TR N T NN TR TR TN T NN SR T RN S N S S .3

0 3 10 15 20 25

G. Gustavino Reduced mass (m/AR. ) [GeV]

VH4b LLP: JHEP 11 (2021) 229 y

displaced vertex (DV)

] B ] B

reconstruct 2 displaced
vertices in the ID
*matched to jets

Data-driven bkg estimate

O bkg from Z+jets

* per-jet probability of DVs in CR
*B=130x20.08 £0.27

~/_~"

No events observed in the signal region

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-57/

H—aa - LLP in Calorimeter

Searching for displaced jets in the calorimeter system

Dedicated triggers exploiting EH /

+ BIB-enriched sample for the bkg estimation

* displaced jet tagger based on NN

Efficiency

> based on tracks, topoclusters, muon segments

> adversary NN to mitigate MC mismodeling

* per-event BDT discriminant

> BIB, multijet vs signal

—
~
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B . . — L1 d: 60GeV-high-E_ _
" ATLAS Simulation ____ See © 'g_ T 7
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0.18F —e— Main data -
B ATLAS —— BIB data
0.16[ Vs=13 TeV, 139 fb™  — (m_,m)=(200,50) GeV
B C‘I:gen=1 .26m i
0.1 4:— —=— (m_,m)=(12555) GeV
0.12 :_ CTgen=1.05m E
- 00
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-04 -0.2 0 0.2 0.4
LOW-ET BDT

Data-driven ABCD method to estimate the bkg

G. Gustavino
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-23/

H—>aa - DV |n MS Phys. Rev. D 106, (2022) 032005 Y

N/

Searching for narrow, high multiplicity hadron showers in MS
= no matched tracks in the ID

Dedicated Trigger Dedicated Vertex algorithm
* events w/ a cluster of 2 3 (4) ROls in the barrel (EC) * reco vertices with = 3 (4) tracklets in the barrel (EC)
Standard muon A / [
o segments ! MDT outer $

/
e mE s mmmcess Y Bt L EEEE LR A
1 I

St
Main BKGs
. Estimated from main & zero-bias stream
* punch-through jets
* BIB N,v. =0.32+£0.05 No observed events

G. Gustavino 20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-24/

Exotics H—ss decays: now

prompt search

G. Gustavino

(H—ss)

B
=
ERRRLLLLI B

v:

e R R R E R E R EEEE T Y. e

Calo search
‘_

>

MS search

—»

10* 10° 102 10" 1 10

1 ATLAS Preliminary (March 2022) 13 TeV, 36- 139 fb

LLP summary plots: ATL-PHYS-PUB-2022-007 y
S-S

/ \ mono-jet

H—1nv combination

Stable

LLP masses:

Bs8cev [l1520Gev | ]25-35Gev

40 Gev [ 45-60 Gev [JJAny

10°
ct [m]

107

21






Dark Photons

Dark sector containing a dark abelian gauge group U(1)p

Dark photon mixes with the SM photon

1.00}-
0.70}
050 ete”
+ —
H H
&% 0.30} :
m Hadrons :
0.20f :
0.15¢
0.10}
0.10 0.15020 030 050 0.70 1.00 1.502.00 3.00
vs Mass [GeV]

flavour decays
— — - >

dark photon mass
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Displaced lepton jets ez (©)

Search for light LLPs decaying into collimated jet structures of leptons or light hadrons

» ggF & WH & VBF productions

Collimated bunch of muons
w/o tracks in the ID

o Low-pt muons hard to trigger o High bkg from QCD events

o Cosmic-ray muons bkg
S | 3DConvNet

Dense NN-based (per track) .
NN taqgqgers iy Prediction
99 tagger in y-channels | 'n,l,a."-' -
" to reject cosmics \//'

\A

= ATLAS Simulation Preliminary
§ —— FRVZ (m,, m, )=(125, 0.4) GeV
§ ----- FRVZ (m,, m,)=(800, 0.4) GeV
\ --- HAHM(m m)(125 0.4) GeV
%&QCDmIt]tMC =

Convolutional NN-based taggers
in calo-channels

to reject QCD and BIB

A trained on low-level inputs
S (3D jet images from calorimetric clusters)

10

\\\\\‘ |

01 02 03 04 05 06 07 08 09 1
QCD Tagger Score 24

Entries normalised to unit area

—_
°|
w

G. Gustavino


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-05/

Dark Photons summary

Mono-jet

N
<
w

.
<
S

107°

Vector portal coupling €

10°°
107/

1078

k

reinterpreted to cover the

smaller coupling regime

» similarly can be done with
~ Hinv combination

G. Gustavino

ATLAS Preliminary

{s=8-13 TeV, 20.3-139 fb™

L 11

1072

107 1

10
Dark Photon mass [GeV]

ATL-PHYS-PUB-2022-007
JHEP 06 (2023) 153

FRVZ Model
H-2y +X

m, =125 GeV
90% CL observed limits

Displaced (139 fb™)
ATLAS-CONF-2022-001
BR=10%
B BR=5%
B BR-=1%
B BR-0.5%
B BR-0.1%

Prompt (20.3 fb™)
JHEP 02 (2016) 062
BR=10%

Monojet (139 fb™)
ATL-PHYS-PUB-2021-020
BR=50%

Non-ATLAS searches
JHEP 06 (2018) 004
Vector-Portal-only limits

Prompt-lepton jets
* standard e/p triggers
* e, y and mixed channels

* ongoing based on full Run-2 data -5


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-05/

LLP summary plots
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ATLAS Long-lived Particle Searches™ - 95% CL Exclusion

ATLAS Preliminary

Status: March 2023 f-L dt = (32.8 — 139) fo1 \/E - 13 TeV
Model Signature  [Ldt [fb™'] Lifetime limit Reference

T T T T TTT1 T T T T TTT1 T T T T TTT1 T T T T TTT1 T T T T TTT1 T LI |
RPV T — ug displaced vtx + muon 136 | t lifetime | | | | 0.003-6.0 m | m(F)= 1.4 Te{/ 2003.11956
RPV)”((l’ — eev/euv/uuy displaced lepton pair 32.8 /\"/‘1’ lifetime 0.003-1.0 m m(§)= 1.6 TeV, m(¢?)= 1.3 TeV 1907.10037
RPV i} — qqq displaced vix + jets 139 | ¥} lifetime 0.00135-9.0 m m(§9)= 1.0 TeV 2301.13866
GGM )?(1’ - ZG displaced dimuon 32.9 ,\"/‘1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m({3)= 1.0 Tev 1808.03057
GMSB non-pointing or delayed y 139 /\"/(1) lifetime 0.24-2.4 m m(i?, G)= 60, 20 GeV, By = 2% 2209.01029
GMSB ¢ — ¢G displaced lepton 139 | 7 lifetime 6-750 mm m(%)= 600 GeV 2011.07812
§ GMSB 7 - G displaced lepton 139 7 lifetime 9-270 mm m(?)= 200 GeV 2011.07812
@ AMSB pp — 739, ¥ ¥;  disappearing track 136 )?f lifetime 0.06-3.06 m m(7)= 650 GeV 2201.02472
AMSB pp — ¥:79, ¥ ¥7 large pixel dE/dx 139 | X7 lifetime 0.3-30.0 m m(¥;)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — 5g)= 0.1, m(g)= 500 GeV 1811.07370
Split SUSY large pixel dE/dx 139 g lifetime >0.45m m(g)= 1.8 TeV, m(§?)= 100 GeV 2205.06013
Split SUSY displaced vtx + E?‘SS 32.8 g lifetime 0.03-13.2 m m(g)= 1.8 TeV, m({?)= 100 GeV 1710.04901

Split SUSY 0(,2-6jets +EM= 36,1 g lifetime 0.0-2.1m m(g)=1.8 TeV, m(§%)= 100 GeV | ATLAS-CONF-2018-003

H—ss 2 MS vertices 139 s lifetime 0.31-72.4 m m(s)= 35 GeV 2203.00587
° H—ss 2 low-EMF trackless jets 139 s lifetime 0.19-6.94 m 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
é FRVZ H — 2yy + X 2 u—jets 139 | ¥4 lifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181
‘é FRVZ H - 4y + X 2 u—jets 139 | y4q lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
T H—- Z4Z,4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H—- ZZ, 2 e, i + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2 m m(Zy)= 10 GeV 1811.02542
C $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x B=1 pb, m(s)= 50 GeV 1902.03094
% $(600 GeV) — ss low-EMF trk-less jets, MS vitx 36.1 s lifetime 0.04-21.5m o x 8= 1 pb, m(s)=50 GeV 1902.03094
@ &1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x 8= 1pb, m(s)= 150 GeV 1902.03094
W — N¢, N — ¢ty displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢, N — tly displaced vix (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
% W — N¢, N — €ty displaced vix (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢, N — tly displaced vix (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988

| Lol Lol Lol Lol Lo gl L1l

0.001 0.01 0.1 1 10 100 cT [m]

Vs =13 TeV Vs =13 TeV
partial data full data | N R L0l L3l L0l Ll L
0.001 0.01 0.1 1 10 100

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

T [ns]



TRACKING Long-Lived particles

R=1082mm

Al ‘5
\\\\\\\\\\\\\

.......

" R =554mm

r R=514mm i
.J/b -
R = 443mm > '
R = 371mm %f/ -
< T
L R =299mm

R=122.5mm
Pixels R =88.5mm

R =50.5mm
R=33.25mm

R=0mm
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N/

Large-radius tracking in a nutshell anxiv2304.12867 ()]

Standard Tracking (STD) optimised to reconstruct prompt tracks in the ID

® |ID hits
® —» STD tracks

's=13\JeV, 136 fb™ ATLAS 's=13 TeV, 136 fb™
'g ! — 104 7)) 'E‘ 300 . 0
S 38
E g E 4102
> 200 ] o > O
@) > Q >
> 1085 5
- 200 —
()] ) ()]
lo) 10c &
Y 102 =
prd prd

10 100 NoR— ETYPR— 10
~200 e g
, 4 |
I 1 0_ 1
—200 0 200 0 100 200 300
Xpy [mm] Zny [mm]
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Large-radius tracking in a nutshell

Standard Tracking (STD) optimised to reconstruct prompt tracks in the ID

Large-Radius Tracking (LRT) developed to capture the discarded o 1D hite
interesting physics (e.g. LLPs) f — STD tracks
> uses leftover hits from STD and relaxes the selection criteria Interaction Point (IP) —F LHRTracks

's=13 TeV, 136 fb™ ATLAS 's=13 TeV, 136 fb™
'E | ] 104 n 'E‘ 300 8
- = .8 £ 10%.8
e 200 7 T e g -
> i () > ()
>‘D 1 03 -: ho 3
° 200 °©
() 2 ()
Ko 10c &
0 1025 :
prd prd
10 o
—-200 o —
|
! % 100 200 300 00

Zn, [mm]
G. Gustal .. .



| arge-radius tracking in a nutshell 4 @)

I8

L

Standard Tracking (STD) optimised to reconstruct prompt tracks in the ID

[ _
Large-Radius Tracking (LRT) developed to capture the discarded ’ . o b
interesting physics (e.g. LLPs) * — STD tracks
> uses leftover hits from STD and relaxes the selection criteria Interaction Point (P) —> LRT tracks

| I 1 1 | ! | ! ! ! ! | | 1 | ! ! ! | | | ! ! |

» optimised for high efficiencies combinations of un-related
- . : » dominated by fake tracks __—"" clusters reconstructed as a track

\ secondary tracks

(e.g. material interactions)

o
™~

o_|+||||||||||

> I

o 1.2 —

IS ~  ATLAS Simulation (s=13TeV ]

= 1E 2h h—aa—bbbb % Large Radius Tracking B

© - m, =55GeV, ct, =100 mm 4+ Primary Tracking _

S aal ¢ Combined ]

.-'3 O 8 N +++ - . . .
A —e— ) * too expensive both in terms of CPU and disk space
s 0.6 —. —

O

o) i

x _

O —

©

I_

©
N

lllIl

050 100 150 200 250 300
Roreq [Mm]
LRT recovers loss of SDT efficiency for = LIMITING FACTOR FOR MANY ANALYSES

particles w/ R > 30 mm

G. Gustavino
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L RT Ove rh a U I LRT performance: arXiv:2304.12867 y

N/

The development of the LRT algorithm focused on reducing the fake rates at the earliest step possible

sk x20 fake rate reduction

* narrower phase space (e.g. Zo) v w/ high ¢ for LLP signatures

e more stringent requirements (e.g. track quality)
e algorithm logic changes (e.g. strip-only seeds)

G. Gustavino 31



L RT Ove rh a U I LRT performance: arXiv:2304.12867 y

N/LS
The development of the LRT algorithm focused on reducing the fake rates at the earliest step possible
x20 fake rate reduction
e narrower phase space (e.g. zo) * _ |
. . . v w/ high ¢ for LLP signatures
e more stringent requirements (e.g. track quality)
e algorithm logic changes (e.g. strip-only seeds)
x10°
= o S A B B L B B
- - ATLAS Simulation EEEEEE Non-LLP, Legacy LRT Reconstructio.n _
o - Ys=13TeV = ‘fooees Non-LLP, Updated LRT Reconstruction
e S i S LLP Upoeed AT Reconeicton.
§ 1 5__ e =55 GeV. % = 100 mm Acti\’/e layers __
S 1:_$+: N2 < Q 2 —:
| $$ |
o, : LRT performance improvements directly
- _b. —
0.5 Yo | i m et P — : .. .
L RCCR I - impact the DVs efficiency and reduction!
e I | v
0 i P el /
g | Baeaseat®ete oennetese,? |
510—1 3 —
S el T -
210%0 750100 150 200 250 300 350

G. Gustavino L
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LRT overhaul

LRT performance: arXiv:2304.12867 y

~/_~"

The development of the LRT algorithm focused on reducing the fake rates at the earliest step possible

e narrower phase space (e.g. zo)

e more stringent requirements (e.g. track quality)
e algorithm logic changes (e.g. strip-only seeds)

Tier 0/ Tier 1

Facility

LHC Run 2 workflow

Data ) | Computing (e—

Data Processing
-> Reconstruction
of standard objects

Event Filter

-> Selection of ~0(10%)
of raw data, based on
standard objects

Main physics streams

Special Processing
-> Reconstruction of

non-standard objects

sk x20 fake rate reduction
v w/ high ¢ for LLP signatures

» x10 algorithm speed up
2 x50 less disk consumption

Reconstructed data for analyses
e standard objects

LRT integrated into the ATLAS

(Reczns:uc(;cedbf:latta for analyses reconStrUCtion Chain
e standard objects
- o allows to exploit the FULL dataset

LHC Run 3 workflow

Tier 0/ Tier 1

Facility

G. Gustavino

Data Processing

Data ) | Computing (e——

-> Reconstruction of standard
and non-standard objects

Main physics streams

(Reconstructeddataforanalvses\ GAME Changer for LLP SearCheS

e standard objects
e non-standard LLP objects

| 100% of events

new physics objects (muonLRT, electronLRT, tauLRT)....and new triggers!
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NeW LLP trlggerS @ Run'3 Tracking Trigger Public plots y
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The improvements in terms of CPU execution time of both STD & LRT allowed the integration at trigger level
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New LLP triggers @ Run-3

P
,
4
g
dd
q
q 7'
qd

G. Gustavino

¢
/’7
+ -
fd QCD
jet
A J
pd\-..
Ty --- >
+
Tqh-ooy
Pd
T a

Displaced electrons and muons

Allows to extend reaches of searches
based on photon and y MS-only triggers

QCD-like dark sector producing dark showers

O Dark hadrons can decay in a QCD-like fashion

O Dark pions can have a non-null lifetime

% high multiplicity of DVs and

displaced tracks

> selecting jets with small prompt track fraction

HLT Efficiency

Efficiency
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Conclusions @)

Rich search LLP program in ATLAS

between

* dedicated analyses * allows to extensively probe

* reinterpretations different lifetime regimes

LLP searches are often statistically limited!

» Background-zero searches sensitivity < —
ATLAS Simulation

m.=2TeV,m,=100 GeV,t.=1ns N, =7

NEW IDEAS to probe such an ‘anomalous’ signatures:

N, .. Acceptance
N

1H+—‘_’—
O - 19: ———eo—_4 —&@— [Tk Inclined Duals
+

- aE=gre O Zpo- -s%e- IMkinclined Duals (w/ material)

./ new algorithms (e.g. LRT) 08 o —4— AASAm2

- L -=13-- ATLAS Run 2 (w/ material) ]

-/ new trigger strategies | - — :

./ deep learning <> model-independence oF S e E

. T W . - 4 .W.IT'TI....:
/ new detectors technologies @ Run-4 00200 800100 500 600 200 * 800

R-hadron Decay Radius [mm]
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Large-radius tracking

Tier 0/ Tier 1
Data Computing
Facility

LHC Run 2 workflow

LHC Run 3 workflow

Tier O/ Tier 1
Data Computing
Facility

G. Gustavino

Data Processing
-> Reconstruction
of standard objects

Main physics streams

Event Filter

-> Selection of ~O(10%)
of raw data, based on
standard objects

Special Processing
-> Reconstruction of
non-standard objects

Data Processing

-> Reconstruction of standard
and non-standard objects

Main physics streams

p
Reconstructed data for analyses

\

e standard objects
(U

iy

p
Reconstructed data for analyses

>

e standard objects
e non-standard LLP objects
e ~0(10%) of events

p
Reconstructed data for analyses

e standard objects
e non-standard LLP objects

e 100% of events
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Changes in Run-3 LRT highlights D)

N/

The earlier the cuts can be applied, the less CPU time is wasted processing fake tracks in later steps
» CPU dominated by track finding and ambiguity resolution steps

Tightening of cuts which are applied at several stages of track reconstruction
(dO, z0 etc. to reduce lookelsewhere range to search)

ATLAS Large-Radius Tracking / \ \4

Ambiguity

Space Point Formation Seed Finding Track Finding TRT Extension

/ 4 \
Only SCT is used for seeding as

opposed to SCT or Pixel seeds Changes in the seed ranking decides the
order in which tracks are processed
(combining dO with LLP and children direction)

Resolution

3-space-point seeds must
be confirmed by a 4th
= as in standard tracking

PV

G. Gustavino 39



STD vs LRT @

N/
Selection criteria Primary LRT
max. |do| [mm] 5 300
max. |zo| [mm] 200 500
min. pt [GeV] 0.5 |
ID end-plate .
max. |n| 27 3 O A Cr‘y0sptat T
e Solenoid coil |n|/=1.0 nl=1.5

max. silicon holes 2 1 - i A
max. double holes 1 0 mom e e 2

£ A ] P .

= ( L= o
max. hOleS gap 2 l § TRT(bar‘l‘el) /// 'II'FR'I[/(-gnd Cap) ‘/-/./,,,-—"",/ Cryostat
road Wldth [mm] 12 5 § - / a2 s fa 5_6/__7/!/4 tolithe| 1 | 2 a_ sl 817 | 8 -n644.o I

. . 0 o B B U, Uwﬁ et i=2.5
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Common selection criteria S VA

: //. ’/'/_/' i Pixel B 31<R<242 (mm)
min. silicon hits 8 i g i SCT barrel | 256<R<549 (mm)
min. unshared silicon hits 6 A | ST enereee FSreaceio (e
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max. track )(z/nDop 0 ; | e i
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SUSY LLP summary plots
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CalRatio NN

A (30 x 12)

“ Simulation+Data

G. Gustavino

e —

Input features 1D Convolutions LSTM

«+ Signal+Multijet+BIB

Main Jet NN

64 filters

32 filters
32 filters
16 filters
150 nodes

Topoclusters

64 filters

32 filters
32 filters
16 filters
150 nodes

Muon Segments
(30 x 6)

32 filters

16 filters

8 filters
100 nodes

b

Concatenate

}

A\ A

Jet Variables (3)

Control Region

Dense
2l s
21178
<
N || oo
o (]
— —

Adversary
Dense
Jet cl 2|l Predict if
—pJetclass 8 0(MC) or 1(Data)
> (Multijet, ' § § 3 using
BIB,Signal) |2 | 2| |e -
OIgN N || © Control Region

T

<

l

Feed performance of MC/Data discriminator
in Control Region to loss function of main jet NN

loss=H_,;,(signal,multijet, BIB)-AH,,,(MC,Data)
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H | g g S -t 0 | N Vl S | b I e Hinv Legacy combination: Phys. Lett. B 842 (2023) 137963 y

e

q X
X H/<
ﬂ_.< ;X
In SM invisible Higgs decay has BR(H—ZZ*—4v) ~ 0.1% X
* a deviation can be sensitive to BSM contribution o VF eontoay T erireeen © it opotons
/g g \

t X
Analysis combination of searches for H—Inv ‘L -'1-<X + Run-1

> exploiting ALL the Higgs production processes

g analysis coordinator
VBF+MET is the leading channel () VB photon topoloey ) \ @ fertomolosy and Pl
1 = | | | | | |
0.9 ATLAS — Observed
0.8 =2 \s=7TeV,47f6" ... Expected
T E Vs=8TeV,20.3 " ER
B(H—inv) < 10.7 (7.7) % @ 95% CL obs (exp) 0.7 £ /s - 13TeV, 130 16
0.6

* most stringent limits on the B(H—inv) to date!
» main limitations of VBF+MET:
© data stats, V+jets modelling, lepton systs 0.2

95% CL upper limit on BH_> inv
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HNL LFC & LFN

Also possible if

multi-flavour mixing
U / Is allowed!
A et | U, | / +-

N \\ W* N\\\ W >
single-flavour | U " | \\ ’
mixing I Ue‘ \\

— 1%
H © - v
e 7
(€) n—pe (a) p—ep
U220 |Ugl2=0 U220 |Uel2# 0

G. Gustavino
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Neutrino Portal
_ | /5 u /s C /s t

Heavy right-handed neutrino mixes with SM neutrino
* long lifetime due to off-shell decay

Quarks
X
Q.
N
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NN
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/
/

/
/

/

/
/
/
/
/
/

Y 4 sterile
ng 7 neutrino

» neutrino masses
It can explain = baryon asymmetry in the universe

0 0.511 MeV 105.7 MeV 1.777 GeV
» dark-matter abundance ‘%1 e 1 “ LT
- electron muon tau

te
N ISl proton beam e+e- collider (LEP)
£ 3 prompt
Y 5 on target
w* \ S Z decays
N . charmed meson
N . W+* decays
LHC is a W factory! _
4 Vy
B

| - 10 102
G. Gustavino HNL mass (Ge
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HNL: Run-2 analysis

Prompt lepton + 2 OS displaced leptons

L» secondary vertex

sensitive to different
coupling scenarios

6 different channels

irreducible BKG from random track-crossing
b estimated from CR

shuffling prompt SS DV and OS DV regions

Prompt lepton from
data events with same-
sign displaced vertices.

G. Gustavino

o j/

SHUFFLE

>

Opposite-sign
displaced vertex from
validation region.

U f

Phys. Rev. Lett. 131 (2023) 061803 y

N/~

Channel 1 Channel 2

| upp L ppe
Channel 3 Channel 4
Hee eee
Channel 5 Channel 6
ecu EUU

L J

Muon coupl

Prompt lepton with
opposite-sign displaced

vertices.

ing dominance: U’: Uj;:Uz = 0:1:0

A

4

EWPD

o

.
..
Ve

San®

MATHUSLA200.

— B.D mesons
e W.Z

3-ab™

90 fb”!

SHiP,2x10* pot.
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