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ATLAS DETECTOR MAJOR UPGRADES FOR RUN 3 %

AFP: ATLAS Forward Proton detector UK leagership
e Scheduled to run throughout data taking (only 15 fb-1 / 140 fb-1 in Run 2)
e |mportant feature: Time of Flight (ToF)
&)

NSW: New Small Wheel

e New muon detector in |77] > 1.05 based on m &
Micromegas and small Thin Gap Chambers ‘a

e Excellent spatial + time resolution

¢ Mitigate pile-up and reduce fake muons

Bl: Barrel Inner layer muon system upgrade
¢ [nner barrel layer extension of muon spectrometer based on Resistive Plate
Chambers + small Muon Drift Tubes
e Excellent time resolution
e |mprove muon trigger efficiency in the intermediate region
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ATLAS DAQ + TRIGGER UPGRADES FOR RUN 3 %

, &
T

Courtesy: C. Bernius, A. Ruiz
Calorimeter detectors

TileCal | Muon detectors includ

' Detector
’ Level-1 Calo Level-1 Muon | Read-Out

Endcap Barrel
Preprocessor sector logic sector logic

— e e T
CP (e,y,Y) JEP (jet, E) | MUCTPI I

| S

—»

Level-1 Accept

Many changes compared to Run-2 system: Central
L1 Central: CTP firmware, MUCTPi (optical fibers) s .
rocessor
L1Calo/L1Topo: new trigger electronics, feature |
extractors; Run-2 L1Calo system in parallel Central Trigger
L1Muon/NSW: Endcap Sector logic, Barrel
MUCTP interface
DAQ: New FELIX-based read-out; refurbished
read-out system; replacement of existing hardware . '
(networks, core infrastructure, HLT farm) B Lf,:f'nmgger
Software: OS migration to CERN CentOS 7 (CC7);
Processors ([l
new TDAQ releases, upgrade of tools |-
HLT: new HLT MT software

|Accept
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ATLAS DAQ + TRIGGER UPGRADES FOR RUN 3 X‘)

A5E (5 9 Tiero

* 10x higher granularity!

Super Cells

¢ [rigger readout fully
digitised + finer
granularity (“super cell”)

e Improved ely, 7, jet,
E?”SS with new hardware

¢ | arge-R jet reconstruct’'n

e UK: eFEX (electron
feature extracton)+ROD  |HEESEEEEEF
(readout driver), |
leadership

ATLAS Simulation
\s=14TeV, L = 3x10*
. Run 2 (Isolation)

N
I
X
2
©
o

50 55 60 65
Offline Electron p_ at 90% Plateau Efficiency

ATLAS-TDR-023

e Similarly dramatic

e 6 —15 pythresholds improvements!
* Charge information ATLAS-TDR-022 ® Not shown (— backup)
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LHC Run 3: 2022 - 2025

pp: /s = 13.6 TeV, & ~ 160 fo~!
PbPb: , /syy = 5.5 TeV, & =~ 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement
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LHC Run 3: 2022 - 2025
pp: /s = 13.6 TeV, Z ~ 160 fo~!

PbPb: , /syy = 5.5 TeV, & =~ 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement

OLEG BRANDT U CAVENDISH LABORATORY



INCREASE IN \/E = 13 — 13.6 TeV

- Substantial increase in sensitivity to BSM physics at mass scales > 5 TeV.
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For mqpy = 9.0 TeV: 10 ]
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QBH 10 - QBH, inclusive ., |
by ~ 250%! 10°5E (5= 13Tev, 139 fb” s
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- [Moderate benefits from \/E increase for most analyses]

- Example: stop with m; = 1.5 TeV — o65; increases by 30%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

INCREASE IN \/E = 13 = 13.6 TeV

- Additional data pomt for cross section measurements:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-032/fig_25.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-014/fig_03.png
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LHC Run 3: 2022 - 2025

pp: /s = 13.6 TeV, ¥ ~ 160 fo~!
PbPb: , /syy = 5.5 TeV, & =~ 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement
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INCREASED INTEGRATED LUMINOSITY &
- Searches very close to observation / evidence threshold

- Example:
« 4-top production

- Currently very close to observation (4.70)
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INCREASED INTEGRATED LUMINOSITY &

Probing rare processes

Di-Higgs production Triboson production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/fig_05.png

INCREASED INTEGRATED LUMINOSITY &

Differential measurements of rare processes + new phase space

Processes with t]/ Boosted Higgs bosons
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INCREASED INTEGRATED LUMINOSITY &

Flagship search for DM via Higgs-portal

statistically limited!

Owimp-nucleon [cM?]
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Higgs Portal
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q
X
q
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V
q —
: X
q
Source A [%]
Jet energy scale 1.8
Jet energy resolution 5.5
Lepton 4.6
Other 1.9
Multijet 7.0
V+jets theory 1.6
Signal theory 1.0
MC stats. 7.9
Data stats. 17.3
I ———
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10—47 III 1 1 IIIllII 1 1 L Ll III 1 lIIIllI 1 1 Ll L Lll
1 10 102 10° 10*

ATLAS‘CONF‘ZOZO‘OO8 Myne [GEV]

E—

Limit: BR(H — inv) < 0.11 (0.11+0:0%

Note: current results stat limited...
Pushing below BR(H — inv) < 0.1 is really exciting...
B o SewetmmNesIT

Many searches for DM models

with extended Higgs sectors limited!
S~ ——
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INCREASED INTEGRATED LUMINOSITY &
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INCREASED INTEGRATED LUMINOSITY &

Connection to g, — 2 anomalies?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/fig_15.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/fig_04.png

i

LHC Run 3: 2022 - 2025

pp:\/s = 13.6 TeV, & =~ 160 fo~!
PbPb: | /syy = 5.5 TeV, &£ = 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement
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PB-PB AND PP COLLISIONS WITH AFP

- In Run 2 only 15 fb-1 pp recorded with AFP — expect doubling in 2022 alone!
+ similar improvement for PbPb running!

- Use AFP time of flight to tag yy fusion!
Yy = vy

1T

SN R + _ p— [ 1 i [
C ATLAS Preliminary ] —_— g 12000 o Daa ATLAS Preliminary
16 C oW \s=13TeV, 139 fo"

r 1 -t y
. Pb+Pb |s,,, = 5.02 TeV 1000 — p™ > 30 GeV
14 - P2 led

Events / GeV

-e-Data 2018, 1.7 nb”’ o
[_Signal (yy — 77) ]
[FICEPgg — vy B
Yy > ee

12

10F

: :5:_ Sys. unc.
g s e 12p B
- s 1 - + -
% 0.6 .

L 1 1 1
0 1 2 3 4
Number of reconstructed tracks, n,

B Oogical next step:
Extending / first
differential measurements!



PB-PB AND PP COLLISIONS — NEW IDEAS?

Top quarks as a probe of temporal evolution
of quark-gluon plasma in heavy ion collisions

Pb
ldea: PRL 120 (2018) 232301

PRD 102 (2020) 113008

Could use polarised 7 to measure g, — 27 /
PRL 125(2020) 222001

Surpass BSM sensitivity




LHC Run 3: 2022 - 2025 %

pp: /s = 13.6 TeV, & ~ 160 fo~!

PbPb: , /syy = 5.5 TeV, £ = 6 nb™!

Special runs: low-, high f*, O-O, p-O, p-He

Tier 0

Trigger Level Analysis,
delayed reconstruct’n

e

Major UK involvement 19
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LHC Run 3: 2022 - 2025

pp: /s = 13.6 TeV, & ~ 160 fo~!
PbPb: , /syy = 5.5 TeV, & =~ 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement
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IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

- Unprecedented opportunities for displaced signatures of long-lived particles! =
- [Detectors-+triggers originally purpose-built for prompt physics]

] Detector-Prompt £ e c Detector-Stable
e H o : 1810.12602
O [ ~
105 ‘ o @] t U
] 4
E Very interesting:
= 104 - long 7 ubiquitous in SM
€ 1 Bt/BO .
2 o]/w o — also in BSM?
= . D*/D° RS e——
S 2
G B R ~ 72, - o p
o_ p
1 (o) o S o L
0 +
m m
o o M
102 . (@] e

10-27 10-23 10°'° 107 10°* 107’ 1073 10! 10°
Proper Lifetime T [s]
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IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

Unprecedented opportunities for displaced signatures of long-lived particles!
[Detectors+triggers originally purpose-built for prompt physics]

Major improvements on software side of high-level trigger (and reco):
Multi-threading
Improved large-radius tracking (LRT) in regions identified by L1 trigger:

Reconstruct tracks with large transverse impact parameter dy < 30 cm

Trigger on displaced Reconstruct
s — ff decays directly red tracks
p f with large
s . radius tracking!
> H_ ez =27 o< J Mg
S i S C< f

P f
(Run 2: trigger on
associated objects,

eg.,Z = 1™
in ZH)

M
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IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

Unprecedented opportunities for displaced signatures of long-lived particles! ™
- [Detectors-+triggers originally purpose-built for prompt physics]

Major improvements on software side of high-level trigger (and reco):
-+ Multi-threading
- Improved large-radius tracking (LRT) in regions identified by L1 trigger:

- Reconstruct tracks with large transverse impact parameter d, < 30 cm

109
Trigger on displaced :
s — ff decays directly § Lo
p f e §
Sl e ATLAS Vh prompt, 36 fb~1, m, = 30 GeV
RS - — e
5T g f 91072t - o sz 1170 o so ey
p 7 E Push limits 2 s 1377 40 v
----- LHCb ggF, 2 fb~*, 8 TeV, m, = 35 GeV
(Run2:triggeron o .| here e o
associated objects, = : ;
— (@)} 1
€.g., Z— f-l_f : S. Arger/oou/os,ZZDCB?,9 U7 /\323902
nZH) 1070= 56 10~ 10-1 100 0T 1oz i3

CT, [M]
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https://arxiv.org/abs/2109.13597
https://arxiv.org/abs/2109.13597

IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

Unprecedented opportunities for displaced signatures of long-lived particles!
[Detectors+triggers originally purpose-built for prompt physics]

Major improvements on software side of high-level trigger (and reco):
Multi-threading
Improved large-radius tracking (LRT) in regions identified by L1 trigger:

Reconstruct tracks with large transverse impact parameter dy < 30 cm

LRT beneficiary example:

emerging jets!

(a.k.a. semi-visible jets)
M

A
*
s

LRT beneficiary example:
Disappearing tracks!
(a.k.a. kinked tracks)

“t
" ‘t
* ‘$
A
.
O‘¢
.
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IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

Unprecedented opportunities for displaced signatures of long-lived particles!
[Detectors+triggers originally purpose-built for prompt physics]

Major improvements on software side of high-level trigger (and reco):
Multi-threading
Improved large-radius tracking (LRT) in regions identified by L1 trigger:

Reconstruct tracks with large transverse impact parameter d, < 30 cm

. 11-1G1G lefe,n, 1 LRT benefit example:
LR LA ILALELALE ILALLLE B

LRT benefit example: £  Displaced taus!
Displaced leptons! g 10 ATLAS , et T
- = ¥ys=13 TeV, 139 fb
= o3k Alllimits at 95% CL oNSPa ]
e
107~ m .
10 1
10° —
!
107" .
1072 N
'

'
107 100 200 300 400 500 600 700 800 900
ATLAS-CONF-2020-051 M) [GeV]
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LHC Run 3: 2022 - 2025

pp: /s = 13.6 TeV, & ~ 160 fo~!
PbPb: , /syy = 5.5 TeV, & =~ 6 nb™!

Special runs: low-u, high f*, O-O, p-O, p-He

Potentially 2x more
PbPb, pp data in 2021
using AFP + time of flight!

+-

Major UK involvement
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TRIGGER-LEVEL ANALYSIS AND OTHER OPPORTUNITIES

New opportunities due to more flexible high-level trigger:

- Partial event building — useful for calibrations at low pr

- Delayed reconstruction — avoid ~1.5 kHz limit for prompt reconstruction
- Use in-between LHC fills and technical stops
(also end of fill, but probably not due to & levelling)

0)0'11

Logical next step, after completing

Run 2 analysis:
® rinse & repeat with Run 3 data

0.5
0.4

0.3

— unprecedented sensitivity!

0.2

Best limits from TLA analy8|s

Expand very successful trigger-level analysis (TLA) analyses from Run 2!

[ ATLAS Preliminary
[ 1/m,=0.15

| 1/m,=0.1
I/m,=0.07

T

single y
trigger

using only 1/4 of Run 2 datal
PRL 121 (2018) 081801

0.04
0.03

ATL-PHYS-PUB-2021-006

mm SAVENDISH LABORATORY

March 2021

-

trigger

yis| <03 |

jet trigger

W‘ 13TeV 36139fb"

M 95% CL upper limits

— Observed
--- Expected

— Boosted dijet + ISR

_— Boosted di-b- Jet + ISR

AAAAAAAAAAAAAAAAAAA
%%%%%%

Hesolved dl-b jet + ISR
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/fig_15.png

TRIGGER-LEVEL ANALYSIS AND OTHER OPPORTUNITIES

- New opportunities due to more flexible high-level trigger: =
- Partial event building — useful for calibrations at low pr
- Delayed reconstruction — avoid ~1.5 kHz limit for prompt reconstruction
- Use in-between LHC fills and technical stops
(also end of fill, but probably not due to & levelling)

Expand very successful trigger-level analysis (TLA) analyses from Run 2!
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TRIGGER-LEVEL ANALYSIS AND OTHER OPPORTUNITIES

- New opportunities due to more flexible high-level trigger:

- Partial event building — useful for calibrations at low pr

- Delayed reconstruction — avoid ~1.5 kHz limit for prompt reconstruction
- Use in-between LHC fills and technical stops
(also end of fill, but probably not due to & levelling)
- Expand very successtul trigger-level analysis (TLA) analyses from Run 2!

Logical next step, after completing
Run 2 analysis:

® rinse & repeat with Run 3 data
— unprecedented sensitivity!

e Could probe for lower m by
using lower p triggers
— Example: ISR(y) + gg

e Completely different final states
— Example: ut ™ with

m,, > 10
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Events / 0.1 GeV

137 fb”" (standard triggers) and 96.6 fb™ (scouting triggers) (13 TeV)

El I T 17T ] T 1 I L I T 1 7T l L l T T lsl T 1 7T ] L l T 17T I L I T
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10% & E 32F" " Barrel categolry l l
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PRL 124 (2020) 131802
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Thank you!
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Events / 2 GeV

Data - Bkg.
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INCREASED INTEGRATED LUMINOSITY &
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Probing rare processes
H— utu Di-Higgs production
L ey
300:— ATLAS ‘ +$atal . = £ 0000000000000 H
E {s=13TeV, 139 fb — Total p ] ~
250 HS ¢ —Signal pdf Al K,
200 o --Bhg.pdt 3 ~ o
- R ~ H T
150 = //’ R
100; é 8 \12000999290000 H
S0E- < £ 9909009999099 — - H
o0¢ LUK SN SPT S
_800 ! M T X A 4 Y
_1000_ 1 — : s p — - = -
110 115 120 125 130 135 140 145 150 155 160 2 9900099099900 P u
my, [GeV] N h
ATLAS-CONE-2021-052
v v 0 BLAANLAL N LR A B R BN
ATLAS (s =13 TeV, 13910 H > up ATLAS Preliminary — Observed
beiTotal [ Stat Syt | SM Total Stat. Syst. Vs=13Tev,130~* Expected
OngVBF =32.78 b [0 Comb. exp. limit+ 10
VH and ttH categories s 50 +35 ( £33, +1.1) 1 Comb.exp.limt=20
ggF 0-jet categories —@— 04 +16 ( £15, +0.3)
Obs.  Exp.
ggF 1-jet categories —— 24 £12 (=12, £03) R o o
ggF 2-jet categories —#— 06 £12 ( £1.2, £0.3) - 46 39 2
VBF categories - 18 1.0 (1.0, £02)
Combined +|a4 12406 (206, T93) )
PRI SR B EPEETErE SR SR bbyy 4.3 57 A
-10 -5 0 5 10 15 20
Signal strength
Combined - [ 31 3.1 -
Phys. Lett. B 812 (2021) 135980 1L .
1 10

95% CL upper limit on signal strength

Triboson production
w

14
44

1%

|14

S

/
‘Z[~v*/H
W

W
|14

14

|14
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ATLAS DAQ + TRIGGER UPGRADES FOR RUN 3

N
DAQ 589 HET » Tier0

LAr
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L1Calo (level 1 calo trigger)

e Trigger readout fully
digitised + finer
granularity (“super cell”)

e Improved ely, 7, jet,
E?iss with new hardware

e | arge-R jet reconstruct’n

e UK: eFEX (electron
feature extractor)+ROD
(readout driver),
leadership

New for Ru n?
Legacy: Run 1

Legacy: Run 2

)AQ & RO
(FELIX
= n

SRESASCENC | 1\uon (not shown)

e 6 —15 pythresholds

e Charge information
32



ATLAS DAQ + TRIGGER UPGRADES FOR RUN 3 %

~ COMPLETE REPLACEMENT

» oo BB EE] 9 Tier 0

DAQ (Data AQuisition)

e New readout paths (+ legacy system):
e FELIX: PCI cards in dedicated servers
e Software Read Out Driver (ROD) on

Custom servers — interface to HLT
wabodll © \/|0rc bandwidth + stability
e UK: coordination

HLT (High Level Trigger)

e Computing farm with ©(10°) cores

e Multithreading implemented

e ull-scan tracking of L1 trigger subset

e |arge-radius tracking (high impact
parameter tracks) of L1 trigger subset

e UK: leading contributions on all fronts
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IMPROVEMENTS DUE TO NEW TRIGGER SYSTEM

- Generally: new trigger more sophisticated, more full reconstruction-like =
— sharper trigger efficiency turn-on
— lower trigger thresholds for same bandwidth!

Example L1 Calo (similarly striking improvements for L1Muon):
Now: “super-cells” Before: 2 x 2 Ay = 0.1 cells

Significant benefit

EM22 Medium: EM22 VHI:
for all analyses e s ) ¢ < 99
using e or y! pr > GeV pr > GeV
medium isolation very high isolation

Performance: efficiency now up to 10% higher for similar bandwidth:
Etrig 2 98 % at pr = 35 GeV vs. éyig & 90 % with legacy system

Improvements for large-R jets More rate improvements

L . - by combining with improved,
nmitss
- Similar performance for small-R jets and ET more versatile L1Topol
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LLP Signatures

Slide courtesy K. Nagano
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LLP Signatures and Run-2 Triggers

Dedicated LLP triggers Conventional triggers
-- Lepton/jets from
associated production
Disappearing tracks and/ or ISR
E miss -- Er™ss from invisible
particles and/or muon
(E™iss at Run-2 trigger
was based on
calorimeter-only)

Multi-track
vertices in ID
Muon

Displaced lepton, lepton-jets / - Emerging jets

”MS-only”, “Narrow scan” \ Multi-jets
{ Trackless,
displaced jets
*“Calo-ratio”
N
\ (meta) stable
charged particles
Multi-track vertices in MS Emiss, “HIP”
“MS vertex” 6

Slide courtesy K. Nagano ;
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