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• The Large Hadron Collider 
is a 27 km long accelerator 
on the French/Swiss border

• Collides protons at 13 TeV: 
upgrade to 13.6 TeV this 
year for Run3

• Two large general purpose 
experiments, but I will 
focus on ATLAS

The LHC Today
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The HL-LHC, ~Tomorrow
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Increase energy to 14 TeV, 
and instantaneous luminosity to 5-7x1034 cm-2s-1
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Rising Energy

4

Larger Cross Sections 

6Inclusive proton-proton cross section ratio (14 TeV / 13 TeV)

B. PetersonMinimum bias

SM (single object)

SM (many objects)

Beyond the SM

Increase in energy may seem small, but can have a big impact
on important physics processes!
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Datasets

5

22 2915 35

Run2 Run3 Run 4+

HL-LHC data

Run3: 10% 
of total

Run2: 5% 
of total
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The Price of Rate: Pileup
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The Price of Rate: Pileup

6

To enable increased luminosity, collisions need to be more frequent

Bunch spacing fixed at 25 ns
Only option: increase pileup

Expect 200 collisions per
crossing! Compare to ~50 today
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Upgrades

7

Upgraded Trigger  
and Data Acquisition: 

10x increased bandwidth 

Upgraded electronics 
for calorimeters, muon system: 

greater precision, speed

New all-silicon Inner Tracker, 
Radiation-hard and coverage to |η| < 4

Improved muon coverage 
and triggering (NSW)

New endcap high- 
granularity timing  
detector: ~20 ps  
timing resolution
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• European Strategy Update

• Canadian Long Range Planning

• Snowmass Community Planning Exercise

• The HL-LHC plays a critical role in all of these exercises

• Important to understand how this device interplays with 
others!

Preparing for the Future

8

https://europeanstrategyupdate.web.cern.ch/welcome
https://subatomicphysics.ca
https://snowmass21.org
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• We don’t have the HL-LHC data in hand, but we have a pretty good idea of what 
we’ll be able to do with it

• Typically, start existing Run 2 analyses, and adjust for new conditions

• Increase cross-sections (due to energy), larger datasets (~20-80x 
larger), projected detector performance (pileup)

• Experimental and theory uncertainties are key: usually present a 
few scenarios

• Baselines assume reductions in both:  for experimental, and half for 
theoretical.  Ambitious, but achievable.

1/ L

• These projections may significantly undersell what we can do!

• Analysis improvements often significantly outpace luminosity

How We Do Projections
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Direct Searches for 
New Physics

10



M. Swiatlowski (TRIUMF) June 7, 2022

Electroweak SUSY
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ATL-PHYS-PUB-2018-048 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-048/
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Run 2 physics program did not discovery SUSY: 
could signal be hiding in the low cross-section electroweak sector?

ATL-PHYS-PUB-2018-048 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-048/
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Run 2 physics program did not discovery SUSY: 
could signal be hiding in the low cross-section electroweak sector?
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Run 2 physics program did not discovery SUSY: 
could signal be hiding in the low cross-section electroweak sector?

Wide range of models studied: many sensitive to TeV scale

ATL-PHYS-PUB-2018-048 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-048/
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ATL-PHYS-PUB-2018-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033
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Long Lived Particles
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Run 2 physics program did not discovery SUSY: could difficult to 
measure signatures from “long lived” particles be the answer?

ATL-PHYS-PUB-2018-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033
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Long Lived Particles
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Run2 ID ITk

TRT

Strip

Pixel

122 33299 39 2795145631066 405 1000 [mm]

Run 2 physics program did not discovery SUSY: could difficult to 
measure signatures from “long lived” particles be the answer?

Many searches depend critically on detector design and layout:
upgrades provide new opportunity for discovery

ATL-PHYS-PUB-2018-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033
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LLP Sensitivity
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ATL-PHYS-PUB-2018-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033
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Significantly larger pixel and strip radii enable large increase
in acceptance for long-lived particles!

ATL-PHYS-PUB-2018-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033
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Precision Measurements 
of the Standard Model

14
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Weak Mixing Angle

15

ATL-PHYS-PUB-2018-037 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-037/
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Weak Mixing Angle

15

The weak mixing angle, ,
is a fundamental measurement of

the consistency of the SM

sin2 θW

ATL-PHYS-PUB-2018-037 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-037/
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The weak mixing angle, ,
is a fundamental measurement of

the consistency of the SM

sin2 θW

HL-LHC measurement exploits 
increased tracker acceptance, improved
PDF measurements, and large dataset

ATL-PHYS-PUB-2018-037 
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Weak Mixing Angle

15

The weak mixing angle, ,
is a fundamental measurement of

the consistency of the SM

sin2 θW

HL-LHC measurement exploits 
increased tracker acceptance, improved
PDF measurements, and large dataset

Potential for world’s best 
measurement!

ATL-PHYS-PUB-2018-037 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-037/
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W Boson Mass

16

ATL-PHYS-PUB-2018-026 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
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W Boson Mass

16

W boson mass is of great interest,
especially given latest CDF results

ATL-PHYS-PUB-2018-026 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
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W boson mass is of great interest,
especially given latest CDF results

HL-LHC measurement would 
exploit upgraded tracker acceptance,

improved PDF, larger dataset

ATL-PHYS-PUB-2018-026 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
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W boson mass is of great interest,
especially given latest CDF results

HL-LHC measurement would 
exploit upgraded tracker acceptance,

improved PDF, larger dataset

Special low-pileup dataset could
lead to ~9 MeV precision:

best cross-check of CDF result?

ATL-PHYS-PUB-2018-026 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
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Vector Boson Scattering

17

ATL-PHYS-PUB-2018-052 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-052
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Vector boson scattering
critical to our understanding 

of the Higgs: 
 diverges without

the Higgs boson!
VLVL

ATL-PHYS-PUB-2018-052 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-052
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of the Higgs: 
 diverges without
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VV scattering observed in 
Run 2 with > 5σ: goal now is 

to extract longitudinal 
component of the process
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Vector boson scattering
critical to our understanding 

of the Higgs: 
 diverges without

the Higgs boson!
VLVL

VV scattering observed in 
Run 2 with > 5σ: goal now is 

to extract longitudinal 
component of the process

Challenging to observe: 
systematic and analysis 

improvements needed for 
evidence
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The Higgs Boson
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• The Higgs is the center of 
the Standard Model: 
related to all the particles, 
so critically important to 
understand

• The Higgs is the newest 
particle: we know the 
least about it

• The Higgs is incredibly 
rich: many different ways to 
study it

Why Higgs?

19

source
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Even rare Higgs decays become measurable at the HL-LHC
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Even rare Higgs decays become measurable at the HL-LHC

 observable at >9σ!H → μ+μ−
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Even rare Higgs decays become measurable at the HL-LHC

 observable at >9σ!H → μ+μ−

Expected  sensitivity at
~6x SM: improvements in charm
tagging and analysis can improve

this further

H → cc̄
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Higgs Precision
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Many of these measurements
expected to be complementary 

to Higgs Factories 
(especially rarer decays)
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The SM Higgs potential is:

We live in the minimum:

But what if we see something completely different? Could be hints of 
new physics, related to baryogenesis or vacuum stability!
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Higgs Pairs
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Two diagrams produce 
HH at the LHC…
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<latexit sha1_base64="ePC0WrA5PWVFG63QP8ejYfkXMRY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoicpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCRX41B</latexit>

600
<latexit sha1_base64="eHWvyYdAR3Hh/nqBDN7GiOhKrY0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqCcpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCS5o1C</latexit>

700
<latexit sha1_base64="WaJNmpR5DsfxBNxNk0UC5o2+OJg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqUE9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YRzd+InQUI9dsuWgUS4IhyR4nQ2E4QzlLCWVGpLcSNqGGMkzjyULwVl9eJ+1a1buq1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCUbY1D</latexit>

800
<latexit sha1_base64="P9RVv/DOSfXcJbhqNUk6u4NkL1E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYE9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YR3U/ETqKkWu2XDSKJcGQZI+ToTCcoZylhDIj0lsJm1BDGabxZCF4qy+vk3at6l1Vaw/XlcZtHkcRzuAcLsGDG2jAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCV9I1E</latexit>

200
<latexit sha1_base64="KzftTe3kzoXAMUL09ahNa6+aDjM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CQFLx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dtbWNza3tks75d29/YPDytFx20SJZthikYh0N6AGBVfYstwK7MYaqQwEdoLJXe53nlAbHqlHO43Rl3SkeMgZtblUd93yoFJ1a+4cZJV4BalCgeag8tUfRiyRqCwT1Jie58bWT6m2nAmclfuJwZiyCR1hL6OKSjR+Or91Rs4zZUjCSGelLJmrvydSKo2ZyiDrlNSOzbKXi/95vcSGN37KVZxYVGyxKEwEsRHJHydDrpFZMc0IZZpntxI2ppoym8WTh+Atv7xK2vWad1mrP1xVG7dFHCU4hTO4AA+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0rjnFzAn8gfP5A4zKjT4=</latexit>

Two diagrams produce 
HH at the LHC… One diagram involves : 

What we want to measure
κλ

The other is just proportional 
to : already well understoodκt
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dmHH
<latexit sha1_base64="1Dclis7FOv2veuL3E8KKDE3Vz30=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdBl0U2XFewDmhAmk0k7dGYSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeSjKJSRcnLJGDECnCqCBdTTUjg1QSxENG+uHkbub3H4lUNBEPepoSn6ORoDHFSBspsE+8WCKcR56iI46KPOJB3m4XRWDXnYYzB1wlbknqoEQnsL+8KMEZJ0JjhpQauk6q/RxJTTEjRc3LFEkRnqARGRoqECfKz+cPFPDcKBGME2lKaDhXf0/kiCs15aHp5EiP1bI3E//zhpmOb/ycijTTRODFojhjUCdwlgaMqCRYs6khCEtqboV4jEwi2mRWMyG4yy+vkl6z4V42mvdX9dZtGUcVnIIzcAFccA1aoA06oAswKMAzeAVv1pP1Yr1bH4vWilXOHIM/sD5/AI9RlwY=</latexit>

mHH [GeV ]
<latexit sha1_base64="7+/4Rn0hBiHiFrxVbvy1fUM1bQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0YI8V7AekoWy203bpbhJ2N0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1KNgkfYNNwI7CQKqQwFtsPx3cxvP6HSPI4ezSTBQNJhxAecUWOlruxl9fqU+PfYCnqlsltx5yCrxMtJGXI0eqWvbj9mqcTIMEG19j03MUFGleFM4LTYTTUmlI3pEH1LIypRB9n85ik5t0qfDGJlKzJkrv6eyKjUeiJD2ympGellbyb+5/mpGdwEGY+S1GDEFosGqSAmJrMASJ8rZEZMLKFMcXsrYSOqKDM2pqINwVt+eZW0qhXvslJ9uCrXbvM4CnAKZ3ABHlxDDerQgCYwSOAZXuHNSZ0X5935WLSuOfnMCfyB8/kDNfCRJA==</latexit>

300
<latexit sha1_base64="XTDv4jIxVhqqENJI+z3eH8sZSeY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0laQU9S8OKxgv2ANpTNdtMu3d2E3YlQSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2IpLLrut1PY2Nza3inulvb2Dw6PyscnbRslhvEWi2RkugG1XArNWyhQ8m5sOFWB5J1gcpf5nSdurIj0I05j7is60iIUjGIm1V23NChX3Kq7AFknXk4qkKM5KH/1hxFLFNfIJLW257kx+jNqUDDJ56V+YnlM2YSOeC+lmipu/dni1jm5SJUhCSOTlkayUH9PzKiydqqCtFNRHNtVLxP/83oJhjf+TOg4Qa7ZclGYSIIRyR4nQ2E4QzlNCWVGpLcSNqaGMkzjyULwVl9eJ+1a1atXaw9XlcZtHkcRzuAcLsGDa2jAPTShBQzG8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCOUY0/</latexit>

400
<latexit sha1_base64="QxRQ8297yourMq3hjzhhYo3fGsg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQU9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YRzd+InQUI9dsuWgUS4IhyR4nQ2E4QzlLCWVGpLcSNqGGMkzjyULwVl9eJ+1a1buq1h7qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCP2I1A</latexit>

500
<latexit sha1_base64="ePC0WrA5PWVFG63QP8ejYfkXMRY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoicpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCRX41B</latexit>

600
<latexit sha1_base64="eHWvyYdAR3Hh/nqBDN7GiOhKrY0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqCcpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCS5o1C</latexit>

700
<latexit sha1_base64="WaJNmpR5DsfxBNxNk0UC5o2+OJg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqUE9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YRzd+InQUI9dsuWgUS4IhyR4nQ2E4QzlLCWVGpLcSNqGGMkzjyULwVl9eJ+1a1buq1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCUbY1D</latexit>

800
<latexit sha1_base64="P9RVv/DOSfXcJbhqNUk6u4NkL1E=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYE9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YR3U/ETqKkWu2XDSKJcGQZI+ToTCcoZylhDIj0lsJm1BDGabxZCF4qy+vk3at6l1Vaw/XlcZtHkcRzuAcLsGDG2jAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCV9I1E</latexit>

200
<latexit sha1_base64="KzftTe3kzoXAMUL09ahNa6+aDjM=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CQFLx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dtbWNza3tks75d29/YPDytFx20SJZthikYh0N6AGBVfYstwK7MYaqQwEdoLJXe53nlAbHqlHO43Rl3SkeMgZtblUd93yoFJ1a+4cZJV4BalCgeag8tUfRiyRqCwT1Jie58bWT6m2nAmclfuJwZiyCR1hL6OKSjR+Or91Rs4zZUjCSGelLJmrvydSKo2ZyiDrlNSOzbKXi/95vcSGN37KVZxYVGyxKEwEsRHJHydDrpFZMc0IZZpntxI2ppoym8WTh+Atv7xK2vWad1mrP1xVG7dFHCU4hTO4AA+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0rjnFzAn8gfP5A4zKjT4=</latexit>

Two diagrams produce 
HH at the LHC… One diagram involves : 

What we want to measure
κλ

The other is just proportional 
to : already well understoodκt

Destructive 
interference makes 

HH difficult to 
observe! But 
differential 

observables can help 
measure κλ
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dmHH
<latexit sha1_base64="1Dclis7FOv2veuL3E8KKDE3Vz30=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVdBl0U2XFewDmhAmk0k7dGYSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVlb39jcqm7Xdnb39g/sw6OeSjKJSRcnLJGDECnCqCBdTTUjg1QSxENG+uHkbub3H4lUNBEPepoSn6ORoDHFSBspsE+8WCKcR56iI46KPOJB3m4XRWDXnYYzB1wlbknqoEQnsL+8KMEZJ0JjhpQauk6q/RxJTTEjRc3LFEkRnqARGRoqECfKz+cPFPDcKBGME2lKaDhXf0/kiCs15aHp5EiP1bI3E//zhpmOb/ycijTTRODFojhjUCdwlgaMqCRYs6khCEtqboV4jEwi2mRWMyG4yy+vkl6z4V42mvdX9dZtGUcVnIIzcAFccA1aoA06oAswKMAzeAVv1pP1Yr1bH4vWilXOHIM/sD5/AI9RlwY=</latexit>

mHH [GeV ]
<latexit sha1_base64="7+/4Rn0hBiHiFrxVbvy1fUM1bQo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0YI8V7AekoWy203bpbhJ2N0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1KNgkfYNNwI7CQKqQwFtsPx3cxvP6HSPI4ezSTBQNJhxAecUWOlruxl9fqU+PfYCnqlsltx5yCrxMtJGXI0eqWvbj9mqcTIMEG19j03MUFGleFM4LTYTTUmlI3pEH1LIypRB9n85ik5t0qfDGJlKzJkrv6eyKjUeiJD2ympGellbyb+5/mpGdwEGY+S1GDEFosGqSAmJrMASJ8rZEZMLKFMcXsrYSOqKDM2pqINwVt+eZW0qhXvslJ9uCrXbvM4CnAKZ3ABHlxDDerQgCYwSOAZXuHNSZ0X5935WLSuOfnMCfyB8/kDNfCRJA==</latexit>

300
<latexit sha1_base64="XTDv4jIxVhqqENJI+z3eH8sZSeY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0laQU9S8OKxgv2ANpTNdtMu3d2E3YlQSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2IpLLrut1PY2Nza3inulvb2Dw6PyscnbRslhvEWi2RkugG1XArNWyhQ8m5sOFWB5J1gcpf5nSdurIj0I05j7is60iIUjGIm1V23NChX3Kq7AFknXk4qkKM5KH/1hxFLFNfIJLW257kx+jNqUDDJ56V+YnlM2YSOeC+lmipu/dni1jm5SJUhCSOTlkayUH9PzKiydqqCtFNRHNtVLxP/83oJhjf+TOg4Qa7ZclGYSIIRyR4nQ2E4QzlNCWVGpLcSNqaGMkzjyULwVl9eJ+1a1atXaw9XlcZtHkcRzuAcLsGDa2jAPTShBQzG8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCOUY0/</latexit>

400
<latexit sha1_base64="QxRQ8297yourMq3hjzhhYo3fGsg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQU9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YRzd+InQUI9dsuWgUS4IhyR4nQ2E4QzlLCWVGpLcSNqGGMkzjyULwVl9eJ+1a1buq1h7qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCP2I1A</latexit>

500
<latexit sha1_base64="ePC0WrA5PWVFG63QP8ejYfkXMRY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoicpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCRX41B</latexit>

600
<latexit sha1_base64="eHWvyYdAR3Hh/nqBDN7GiOhKrY0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqCcpePFYwX5AG8pmO2mX7m7C7kYopX/BiwdFvPqHvPlvTNoctPXBwOO9GWbmBbHgxrrut1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7Gd5nffkJteKQe7SRGX9Kh4iFn1GbSleuW+uWKW3XnIKvEy0kFcjT65a/eIGKJRGWZoMZ0PTe2/pRqy5nAWamXGIwpG9MhdlOqqETjT+e3zshZqgxIGOm0lCVz9ffElEpjJjJIOyW1I7PsZeJ/Xjex4Y0/5SpOLCq2WBQmgtiIZI+TAdfIrJikhDLN01sJG1FNmU3jyULwll9eJa1a1buo1h4uK/XbPI4inMApnIMH11CHe2hAExiM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gCS5o1C</latexit>

700
<latexit sha1_base64="WaJNmpR5DsfxBNxNk0UC5o2+OJg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqUE9S8OKxgv2ANpTNdtsu3d2E3YlQQv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCyIpLLrut1PY2Nza3inulvb2Dw6PyscnbRvGhvEWC2VougG1XArNWyhQ8m5kOFWB5J1gepf5nSdurAj1I84i7is61mIkGMVMqrtuaVCuuFV3AbJOvJxUIEdzUP7qD0MWK66RSWptz3Mj9BNqUDDJ56V+bHlE2ZSOeS+lmipu/WRx65xcpMqQjEKTlkayUH9PJFRZO1NB2qkoTuyql4n/eb0YRzd+InQUI9dsuWgUS4IhyR4nQ2E4QzlLCWVGpLcSNqGGMkzjyULwVl9eJ+1a1buq1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwCUbY1D</latexit>
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Two diagrams produce 
HH at the LHC… One diagram involves : 

What we want to measure
κλ

The other is just proportional 
to : already well understoodκt

Destructive 
interference makes 

HH difficult to 
observe! But 
differential 

observables can help 
measure κλMore in Colm’s talk later today

https://indico.cern.ch/event/1072579/contributions/4790768/
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Combination of all 
ATLAS+CMS measurements: 

 at 1σ0.5 < κλ < 1.5

Updated ATLAS-only 
measurement, just two channels:

ATLAS alone reaches 
 at 1σ!0.5 < κλ < 1.5
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High hopes for even more significant improvements in the future

Combination of all 
ATLAS+CMS measurements: 

 at 1σ0.5 < κλ < 1.5

Updated ATLAS-only 
measurement, just two channels:

ATLAS alone reaches 
 at 1σ!0.5 < κλ < 1.5
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The physics potential of the 
HL-LHC is enormous!

Upcoming energy increases are small, but
huge datasets enable impactful measurements

that will be state-of-the-art for many years

Creativity has enabled measurements 
we never thought possible at the LHC 
already: what else will 20 years bring?
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