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HL-LHC TDR
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 Only collected 5% of the LHC lifetime dataset!
* Need to upgrade both LHC, and ATLAS.
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ATLAS Phase-ll

Many Cha"enge_s for ATLAS___ Scoping Document

Higher Instantaneous Luminosity:
1.8 x 1034 cm-=s-1 = 5 x 1034 cm-2s-1.

Higher Integrated Luminosity:
300 fb-1 = 3000 fb-1. (4 ab-1?).


https://cds.cern.ch/record/2055248/
https://cds.cern.ch/record/2055248/

MICHIGAN STATE UNIVERSITY

ATLAS Phase-ll

Many Cha"enge_s for ATLAS___ Scoping Document

Higher Instantaneous Luminosity:
1.8 X 1034 cm=2s-1 = 5 x 1034 cm-—=s-1.

Higher Integrated Luminosity:
300 fb-1 = 3000 fb-1. (4 ab-1?).

Higher Pile-Up:
<u> =60 = <u> = 140. (2007?).



https://cds.cern.ch/record/2055248/
https://cds.cern.ch/record/2055248/

MICHIGAN STATE UNIVERSITY

ATLAS Phase-ll

Many Cha"enge_s for ATLAS___ Scoping Document

Higher Instantaneous Luminosity:
1.8 X 1034 cm=2s-1 = 5 x 1034 cm-—=s-1.

Higher Integrated Luminosity:
300 fb-1 = 3000 fb-1. (4 ab-1?).

Higher Pile-Up:
<u> =60 = <u> = 140. (2007?).

Higher Radiation Doses:
Up to factor 10 increase.


https://cds.cern.ch/record/2055248/
https://cds.cern.ch/record/2055248/

MICHIGAN STATE UNIVERSITY

ATLAS Phase-ll

Many Cha"enge_s for ATLAS___ Scoping Document

Higher Instantaneous Luminosity:
1.8 X 1034 cm=2s-1 = 5 x 1034 cm-—=s-1.

Higher Integrated Luminosity:
300 fb-1 = 3000 fb-1. (4 ab-1?).

Higher Pile-Up:
<u> =60 = <u> = 140. (2007?).

Higher Radiation Doses:
Up to factor 10 increase.

Higher Trigger Rates, L1 (Final):
100 kHz (1 kHz) = 1 MHz (10 kHz).
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ATLAS Phase-ll

Many Cha"enge_s for ATLAS___ Scoping Document

Higher Instantaneous Luminosity:
1.8 x 1034 cm=2s-1 = 5 x 1034 cm-2s-1.

Higher Integrated Luminosity:
300 fb-1 — 3000 fb-1. (4 ab-1?).

Higher Pile-Up:
<u> =60 = <u> = 140. (2007?).
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...And Upgrades to Meet Them!
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...And Upgrades to Meet Them!

Muon Chambers with Improved
Readout Granularity / Triggering.
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High Granularity Timing Detector (HGTD):

Muon Chambers with Improved 2.4 <Inl <4.3(5.0?)
Readout Granularity / Triggering.
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Improve Tracking & Cope with Radiation.
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High Granularity Timing Detector (HGTD):

Muon Chambers with Improved 2.4 <Inl <4.3(5.0?)
Readout Granularity / Triggering.

A wide range of / il ,
ATLAS Trigger and | \

Data Acquisition.

Inner Tracker (ITKk):
Completely replace ID with All-Silicon.
Improve Tracking & Cope with Radiation.

LAr & Tile Readout/Power using
Radiation Tolerant Technology.
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...And Upgrades to Meet Them!

The following studies are based on a number of methods:
- Smearing of Truth-Level Information.

- Extrapolation of Run-2 performance and results.

- Representative systematics based on Run-2 knowledge.
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H Searching for Resonances at the HL-LHC: “:505

Leptonic Searches
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 Improved tracking and calorimetry leads to similar analysis
performance despite harsher environment conditions.

* Run 2 = HL-LHC Improvement in Mass(~40%), oB(Factor 10).
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V Searching for Resonances at the HL-LHC:

Diboson Searches
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- Search with WW/WZ decaying to &vqq (resolved/merged).

ATLAS HL-LHC

Prospects
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- Compared current W/Z tagger efficiency to future tagger with

+50% signal efficiency and +factor 2 background rejection.
- Topologically-clustered calo-jets — track-calocluster jets.
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Searching for Resonances at the HL-LHC:
Heavy Resonance Combinations

 To continue getting the most out of our data, we also combine results!

« At the HL-LHC this will be even more important, to catch small
excesses across multiple searches with good statistical precision.

v/ Y/} / /) q3ru-gen Qyight
V/H 2/v Aarsgen Qight
HVT Combination
VV+VH 20+0v Quarks
3rd
W VH /\ o
Wz Ww WH ZH 20 ov tt tb bb qq

HVT |W; [ (U 7alr) + (@Y Taqr) + Gos (Y Ta@3) + 9o(¢TTaiDF + h.c.)]
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Searching for Resonances at the HL-LHC:

- How can we trust our background estimation at extreme mass?
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- How can we trust our background estimation at extreme mass?
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Searching for New Physics at the HL-LHC:

- How can we trust our background estimation at extreme mass?

 Especially when looking for non-resonant new physics this
becomes by far the largest limiting factor.

Uncotanay |@3TeV (@4 TeV | @5TeV |@6TeV | @7 TeV
CT14 | 10% | 20% | 26% | 40% | 52%
NNPDF | 10% | 20% | 40% | 100% | 250%

MICHIGAN STATE UNIVERSITY
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Searching for New Physics at the HL-LHC:

- How can we trust our background estimation at extreme mass?

 Especially when looking for non-resonant new physics this
becomes by far the largest limiting factor.
| |

Uncotanay |@3TeV (@4 TeV | @5TeV |@6TeV | @7 TeV

CT14 10% 20% 26% 40% 52%

NNPDF 10% 20% 40% 100% 250%

| |
Need PDF description / uncertainty to keep up with experiment!

Lines between Precision Measurements and Searches blur.

Prospects for improvement from HL-LHC data studied.

Also bootstrapping techniques to reduce these kind of
uncertainties in real time — Provide greater feedback.

28
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Searching for SUSY at the HL-LHC:  “Z3/-
- R-Parity conserving model, with LSP being stable DM candidate.

- Chargino (x*) = Neutralino (x°) which exits detector leaving “tracklet”
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ATLAS HL-LHC

Searching for SUSY at the HL-LHC: Prospects
- R-Parity conserving model, with LSP being stable DM candidate.
- Chargino (x*) = Neutralino (x°) which exits detector leaving “tracklet”

7 / { Dilepton Search g

Tracklet Search J
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ATLAS HL-LHC

Searching for SUSY at the HL-LHC: Prospects

- R-Parity conserving model, with LSP being stable DM candidate.
)
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Searching for SUSY at the HL-LHC:  “5/5"
- R-Parity conserving model, with LSP being stable DM candidate.

- Chargino (x*) = Neutralino (x°) which exits detector leaving “tracklet”
: 7 / 7‘

Dilepton Search g

Tracklet Search J
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Large tracking improvements:
- Better quality / shorter tracklets.
- Better fake tracklet rejection.
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Searching for SUSY at the HL-LHC:  “5/5"

- R-Parity conserving model, with LSP being stable DM candidate.

« Chargino (x*) — Neutralino (x°)

Tracklet Search J

p
~0
X1
~0
j'i \1
p M \
\
N\
ﬂ.i
if ;‘é, if X? production, tanf = 5, > 0 Pure Wino
'a‘ 107 T I T T T I T T T I T T T I T T T I T T T I T T T ﬂ
ke _ Disappearing Track Analysis ATLAS Simulation Preliminary 3
N Ys=14 TeV, 3000 fb!, p =200
10 . All limits at 95% CL E
10° =
10* =
10° ) 5
102 -------------------.--—..’.......................-----;

Large tracking improvements:
- Better quality / shorter tracklets.
- Better fake tracklet rejection.

Am(T, %) [GeV]

. ZT production, tanf =5, 1 > 0 Pure Higgsino
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ATLAS Simulation Preliminary
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Searching for SUSY at the HL-LHC:  “Foi e
- R-Parity conserving model, with LSP being stable DM candidate.

 Chargino (x*) — Neutralino (x°) which exits detector leaving “tracklet”

Dilepton Search g

Tracklet Search J

p
XY
~0
p ili N .
7]_:i:
if ;‘é, if X? production, tanf = 5, > 0 Pure Wino )ZZ i?, Z? T;, )ZZ ZT production, tanf = 5, 1 > 0 Pure Higgsino
R (1L = L I I RN L IR = S B BN LA SN LN IR
k= _ Disappearing Track Analysis ATLAS Simulation Preliminary I [0 L ATLAS Simulation Preliminary
T Ys=14 TeV, 3000 fb™", u =200 O, B Ys=14 TeV, 3000 fb ]
10 N All limits at 95% CL | — All limits at 95% CL
o ] 2 u - Soft Lepton analysis .
E =
] 5 10:— E
. |y :
; " . S — . Expected limit (+10) ]
Large tracking improvements: Improvements also from tracking:
- Better quality / shorter tracklets. - Increased reconstruction
- Better fake tracklet rejection. efficiency for low pT leptons.
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ATLAS HL-LHC

Long-Lived Particles at the HL-LHC: Prospedts
Dark Photon Search
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1 10 102 10°

- Big issue from collimated muons causing single W trigger loss.
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Long-Lived Particles at the HL-LHC:  “ 0"
Dark Photon Search
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HL-LHC|

—— expected limit

LO_muon-scan included

- Big issue from collimated muons causing single p trigger loss.
* New trigger designed to analyse MS hit patterns for multiple-p.

- Allows analysis to use a lower pT threshold with reasonable rate.
36
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Searching for New Physics at the HL-LHC:
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Searching for New Physics at the HL-LHC:

108
10’
10°
10°
10*
10°
102

10

Events / 100 GeV

1

[ Multijet
[t

ATLAS Preliminary
Projection from Run-2 data
Vs = 14 TeV, 3000 fb”'
Signal region, 2-tag

Scaling from dijet simulation

Gy, (2.0 TeV) x 30

G, (2.5 TeV) x 30
G, (3.0 TeV) x 30

dijet

. CL limits

.4
I B R =,

0

1200

) [GeV]

—

= 1000

~

S
l

X

m

800

600

400

200

Wino % %, — W* %, Z%, — 3L + MET final gff -

500 1000

1500 2000 2500 3000

Dijet mg#*

IIIII‘I_T‘IIIIIIIIIIIIIIIII

L L L T TT T

ATLAS Simulation Preliminary g

{s=14 TeV, 3000 fb™

--"
-
~
S

|

) .

¥Projection from Run-2 data

L T T T ‘ T 1T ‘ T T ‘ T T
N

exp. sys.

exp. sys.

exp. sys.

x1, th. sys. x1

x1/2, th. sys. x1/2

x1/4, th. sys. x1/4

Monojet

0 500

llllllllllllllll?lll‘}-"

|

PR TR A
S0 600 700

Lol
800 900 1000 1

SL+MET

Pl TR VAT BT
100 1200 1300 1400
m(z;, %,) [GeV]

1000 1500 2000

2500 3000
m, [GeV]

38


https://cds.cern.ch/record/2651927
https://cds.cern.ch/record/2650050
https://cds.cern.ch/record/2646889

. MICHIGAN STATE UNIVERSITY

Conclusions

« The HL-LHC sometimes feels like the distant future - but it’s not!

- Understand BSM searches in this regime and prepare.

- Prospect studies show great potential for increased sensitivity.
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« The HL-LHC sometimes feels like the distant future - but it’s not!

- Understand BSM searches in this regime and prepare.

- Prospect studies show great potential for increased sensitivity.

- We also need to keep thinking about the bigger picture.
- Combinations of results can boost sensitivity even further.

- Eventually cross-collaboration, cross-HEP combinations?
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Conclusions

« The HL-LHC sometimes feels like the distant future - but it’s not!

- Understand BSM searches in this regime and prepare.

- Prospect studies show great potential for increased sensitivity.

- We also need to keep thinking about the bigger picture.
- Combinations of results can boost sensitivity even further.

- Eventually cross-collaboration, cross-HEP combinations?

- Be wary of potential pit falls.
- What would a discovery at the HL-LHC look like?

- Need to work closely with the theory community.
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Thank you for listening!
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Questions?
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