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Luminosity HL-LHC 
upgrades

Physics

analysis



Higgs physics
• Cornerstone of LHC program

• Run-2 measurements of 




• Diff xsecs

• Couplings


• Searches for   
production - big goal 
of HL-LHC program

H → WW

HH

4

H

ATLAS-CONF-2021-014 (briefing)

 -1 = 13 TeV, 139 fbs
νµνe →* WW → H

 = 0 SRjetNggF 

ATLAS     Preliminary

  50   100   150   200    250

 [GeV]Tm

0
100
200
300
400
500
600
700

 B
kg

.
−

To
ta

l 

 -1 = 13 TeV, 139 fbs
νµνe →* WW → H

 = 1 SRjetNggF 

ATLAS     Preliminary

  50   100   150   200    250

 [GeV]Tm

0
50

100
150
200
250
300

 B
kg

.
−

To
ta

l 

1000

2000

3000

4000

5000

6000

Ev
en

ts
 / 

10
 G

eV Data Uncertainty

ggFH VBFH

HOther Wt/tt

WW *γ/Z

Mis-Id VVOther 

 -1 = 13 TeV, 139 fbs
νµνe →* WW → H

ggF SR

ATLAS     Preliminary

  50   100   150   200    250

 [GeV]Tm

0.6

0.8

1

1.2

1.4

D
at

a 
/ P

re
d.

  50   100   150   200    250

 [GeV]Tm

0
200
400
600
800

1000

 B
kg

.
−

To
ta

l 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
https://atlas.cern/updates/briefing/Higgs-boson-W-boson
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https://atlas.cern/updates/briefing/Higgs-boson-W-boson
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—> see also Yosse’s talk!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
https://atlas.cern/updates/briefing/Higgs-boson-W-boson


Physics: BSM with long-lived particles

• New long-lived particles appear in 
many BSM theories


• Suite of searches targeting 
signatures with displaced vertices 
(DVs) in inner tracker


• Search for DVs in multijet events 
just unblinded but not yet public —
except in Giulia’s thesis 😎
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Long-lived  
neutralinos 

decaying via  
small RPV 
couplings

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-312007
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See also Filip’s talk 
in a few mins!

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-312007
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Luminosity



Luminosity with tracks
• Luminosity critical component of 

all physics analyses  
 uncertainty can limit precision 

of measurements (e.g. xsec)


• Redundancy is key  many algs!


• Alex & Giulia conveners of  
Inner Detector Luminosity group 


• Rabia studies emittance scans to 
help time stability of calibration

→

→
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Preliminary Run-2 luminosity in ATLAS-CONF-2019-021, hard work on reducing uncertainties since, soon final result and paper…

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-021/


Online luminosity
• Luminosity must be measured 

during data taking for e.g.


• Feedback to LHC machine


• Adjustment of menu and noise 
thresholds etc for trigger 
system


• Olle & CO conveners of 
Luminosity Operations & Online 
Software group

8

Exciting May-June with Run 3 starting and collisions back in LHC!
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HL-LHC throughout 2030s
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5 to 7.5 x nominal Lumi

13 TeV

integrated 
luminosity

2 x nominal Lumi2 x nominal Luminominal Lumi
75% nominal Lumi

cryolimit
interaction
regions

inner triplet 
radiation limit

LHC HL-LHC

Run 4 - 5...Run 2Run 1

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

DEFINITION EXCAVATION

HL-LHC CIVIL ENGINEERING:

HL-LHC TECHNICAL EQUIPMENT:

Run 3

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

experiment 
beam pipes

splice consolidation
button collimators

R2E project

13 - 14 TeV 14 TeV

7 TeV 8 TeV

LS1 EYETS EYETS LS3

ATLAS - CMS
HL upgrade

HL-LHC 
installation

LS2

30 fb-1 190 fb-1 350 fb-1 3000 fb-1

4000 fb-1

20402027

BUILDINGS

• High-Luminosity phase of LHC will deliver 90% of the data during 2030s


• Up to 200 pp interactions per bunch crossing, necessitating substantial 
detector upgrades



Front cover

Double sided 
layers

Peripheral 
Electronics

CO2 cooling 
manifolds

Moderator/ 
Inner part

Outer ring

Moderator/ 
Outer part

Back cover

EC LARG 
Cryostat 

Inner 
ring

High-Granularity Timing Detector
• New type of detector, 

separates interactions in same 
bunch crossing in time 
dimension


• Low-Gain Avalanche Diode 
silicon technology


• 3.6M channels 


• 30 ps for  
charged particles
σ(t) =

11(TDR here!)

FLEX tail

Module FLEX

Components

ASICs

Wire‐bonding

Bump‐bonding

LGAD  (4 x 2 cm2)

HV wire‐bonding

Connector

HV connector

*not to scale

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2020-007/


HGTD lumi readout system
• High-granularity  low occupancy 

 good linearity vs 


• Excellent timing resolution provides 
handle on tricky backgrounds 
 

• KTH initiated project to equip HGTD 
with luminometer capabilities  

 responsible for developing 
luminosity readout system

→
→ μ

→
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• Also significant software activities: 
simulation development, 
reconstruction and performance 
studies



HGTD lumi readout system
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HGTD leadership roles
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HGTD PL
J. Guimarães da Costa

Deputy PL
Sebastian Grinstein

8.1
Sensors

Gregor Kramberger
Sebastian Grinstein

Testing and
Performance

Mei Zhao

Irradiations

Specifications
    • Market Survey

8.2
Electronics

B. Lund-Jensen
N. Seguin-Moreau

8.2.1
ASIC

Nikola Makovec

8.2.2
Peripheral
Electronics
Jie Zhang

8.2.3
HV System

Lei Fan

8.2.4
LV System

Davide Caforio

8.2.3.2
HV Patch Panels
Ricardo Gonçalo

Grounding
and Shielding
B. Lund-Jensen

8.3
Luminosity, DAQ

and Control
Jonas Strandberg

Mengqing Wu

8.3.1
Luminosity

8.3.2
DCS

Konstantin Gritsay

8.3.3
Interlocks

8.3.4
DAQ

Monitoring

Timing calibration
and clock

Romain Madar

8.4
Modules and

Detector Units
Lucia Masetti
Zhijun Liang

8.4.1
Bare module
hybridization

8.4.2
Module Flex

Jie Zhang

8.4.3
Module Assemblies

8.4.4
Detector Units
Didier Lacour

8.4.5
Flex Cable Tails
Marisol Robles

”8.5, 8.6, 8.7”
Mechanics

Aboud Falou
Peter Teterin

8.5.1
Vessel

8.5.2
On-Detector Cooling

8.6.2, 8.7.1
Tools

”8.5, 8.6, 8.7”
Services, Assembly

Installation
Sergei Malyukov
Ana Henriques

8.5.3, 8.5.4, 8.5.5
CO2, Water

and N2 plants

8.5.6
Cables

8.5.7
Fibers

Suen Hou

8.6.1, 8.6.3, 8.6.4
Detector assembly

Daniela Macina

8.7.2, 8.7.3, 8.7.4
Detector installation

8.7.5
Commissioning

8.8
Demonstrator
Stefan Guindon

Marisol Manzano

Cooling

Heater/
Bare modules

Electronics

DAQ

8.8.4
Test beam

Djamel Boumediene
Lucia C. Garcia

DAQ and
monitoring

Infrastructure

Analysis

Simulation
Performance
and Physics

Alexander Leopold
Yusheng Wu

Simulation

Reconstruction

Performance

Physics

Production

1 October 2021
Institute Board
B. Lund-Jensen 

(chair)
Schedule and Risk Manager

Zhaoru Zhang

Resources Coordinator
Ana Henriques



Summary

• Physics analysis: Higgs measurements, HH, BSM with LLP searches


• Luminosity: ID luminosity measurements, operations & online software


• Upgrades for HL-LHC: High-Granularity Timing Detector

Rabia Shaheen Giulia Ripellino Alex Leopold David Shope Olle Lundberg Christian Ohm Jonas Strandberg Bengt Lund Jensen
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