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GYH QCD is complex and abundant
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G5 Soft Drop Grooming B

O

Soft drop jets
e Always have two
subjets

e Are tuned with two
parameters: X

N
Pra .. AR(jy, jo)
Pr1 tPr o Ry
1) Zcut: increase, remove
more soft radiation

2) B: decrease, remove more
collinear radiation

J Ji

jz Frederic Dreyer

 Can be compared with ungroomed
jets to understand jet soft function 4 /


https://arxiv.org/abs/1402.2657

R  Soft drop Jet Observables
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Can be compared

Hard sgLiEEiug pr balance

with ungroomed jets _ Pp
to understand jet soft ¢ om + Pr
function
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U5 CMS top jets

10.1103/PhysRevD.98.092014
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Gh Jet Mass to Probe QCD

 Q1: How to we probe QCD shower evolution?

 A: Measure jet mass! o fot
- Simplest observable to probe QCD evolution ) e Fe . Tk
« Compare groomed to ungroomed mass to R i e
understand the soft part of the jet PhysRevD.65.054022
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Gh Roadblocks

e Monte Carlo modeling uncertainties often
dominate

e Gluon portion of jet function poorly constrained

 High ptr measurements of e.g. Z+jets
statistically limited
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FCC: Future Circular Collider
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G5

FCC-hh

* Proposed 100 TeV pp collider

* QCD will be abundant, with an extended energy

reach

e Jet mass measurements

 Higher pr range, also probing new physics

« Jets in association with Higgs?
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Higgs Production

Higgs+jet production

/’/, h
other
‘j:}::i% —I_ *** diagrams

Would occur at Higgs p;'s as
large as 7 TeV!

This is 56 times the mass, in

other words, speed of 0.9998¢.
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https://indico.cern.ch/event/775951/contributions/3903468/attachments/2079397/3492429/Boost.pdf

YH FCC-hh: new substructure eoes,

O

 Different jet substructure at these high
energies - may have new observables to
measure D. Miller
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https://arxiv.org/pdf/1007.2221.pdf
https://indico.cern.ch/event/345676/contributions/1745631/attachments/681338/935981/Miller_FCC_CollinearW_30Oct2014.pdf
https://arxiv.org/pdf/1607.01831.pdf

Gh Lepton Colliders SRR

O

e Colliding fundamental particles provides clean
environment for precision measurements

 Lacking the messy MPI, UE, pileup of hadron colliders

* Precisely measure JSS quantities currently dominated by MC
modeling and pileup uncertainties, e.g. jet mass and lund plane

Parton shower effects Hadronization effects
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https://arxiv.org/abs/2004.03540

F C C_ 10.1140/epjst/e2019-900045-4
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Plan: four realms of precision physics
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https://link.springer.com/article/10.1140/epjst/e2019-900045-4
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1702.01329

YR FCC-ee: precision g/q physmsD —

e Goal: constrain gluon contribution to jet function

e Background: LEP quark-enriched data used in MC
tuning - larger discrepancies between generators
for gluon-enriched distributions

e FCC-ee: multiple clean handles on g/g

 H — gg digluon events g
* H/Z — gg/qq ¢ ~{0O0000000?
«Z — bbg vs Zqqg H
» Recoil gluon e t e
£ NTo000000"
g Q
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https://arxiv.org/pdf/1702.01329.pdf
http://dde.web.cern.ch/presentations/qcd_espp_granada_may19/QCD_exp_ESPP_update_may19.pdf

1702.01329

YR FCC-ee: precision g/q physmsD —

e Measure:
 generalized angularities
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https://arxiv.org/pdf/1702.01329.pdf
http://dde.web.cern.ch/presentations/qcd_espp_granada_may19/QCD_exp_ESPP_update_may19.pdf
https://arxiv.org/pdf/1408.3122.pdf

1901.06150

G Muon Colliders S Jncarian

O

Higher precision, physics reach at “lower”
energies
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https://arxiv.org/pdf/1901.06150.pdf
https://indico.fnal.gov/event/45258/#3-special-topic-muon-collider

R Muon Collider Caveat: Beam-Induced Background

O

e Beam-Induced Background (BIB)

« Muon decays (¢ — evv) result in electron interactions with
beamline components, causing EM showers
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https://arxiv.org/pdf/1901.06150.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001

R Muon Collider Caveat: Beam-Induced Background

O
* Besides protecting Bl B
detectors and humans 300 T cker it density WP 3
from high levels of 2208 s sm s
radiation, new techniques :

will be needed for

precision jet physics T e
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https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001

Gh Conclusions

 Lots of exciting work being done in jet

substructure measurements right now

* Physics model uncertainties often dominate, especially for
gluon jets

e Lepton colliders will give us access to clean
g/g-enriched regions
* Muon colliders can reach higher energies but new techniques

will have to be developed for dealing with beam induced
backgrounds

* 100 TeV pp colliders will give us abundant
QCD processes at higher energies

* Didn’t get to any of the exciting physics
possibilities of electron-hadron colliders! °.
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