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Welcome to Snowmass 2021
The Snowmass Process is organized by the Division of Particles and Fields (DPF) of the American Physical Society.

Snowmass is an opportunity for the entire HEP community to come together to identify and document a vision for the

future of particle physics in the U.S. and its international partners.

We aim for everyone's voice to be heard. Your contributions and participation are critical for the success of Snowmass

and they will naturally occur as part of one or more working groups directed by the conveners. There will be various

Town Hall meetings for us to communicate with you and to receive your feedback. You are also welcome to provide input

and suggestions on the Slack channel (https://snowmass2021.slack.com/). This Snowmass wiki provides news and

announcements and has pages dedicated to each frontier. If you are an early career scientist, we encourage you to join

the “Snowmass Young” mailing list (snowmass-young@fnal.gov) by emailing to listserv@listserv.fnal.govwith the body of

the message “Subscribe snowmass-young YOUR NAME”. Agendas and presentations of all Snowmass-related meetings

are available via this Snowmass Indico link.

Sincerely,

Young-Kee Kim (DPF Chair), Tao Han (DPF Chair-Elect), Joel Butler (DPF Vice-Chair), Priscilla Cushman (DPF Past

Chair)

DPF Community Planning Process

Various workshops will be organized by Frontier Conveners between the 2020 Snowmass Planning Meeting (Nov. 4 - 6,

2020 at Fermilab) and the 2021 Snowmass Summer Study (July 11 - 20, 2021 at UW Seattle). Workshop locations will be

chosen to maximize “inclusiveness” based on accessibility and economic consideration. For all the meetings and

workshops, we will make sure that we are inclusive to those who participate remotely and we will have a special session

to discuss APS efforts for openness and the importance of open international collaboration.

News Highlight

see Announcements tab on the sidebar for a complete list

News Highlight: Information and Upcoming Events

Presentations and recording of the virtual Town Hall meeting that took place on Saturday, April 18 are
available at https://indico.fnal.gov/event/23601/

Letters of Interest (April 1 – August 31, 2020) – https://snowmass21.org/loi
Contributed Papers (April 1 – July 31, 2021) – https://snowmass21.org/submissions/

Agendas and presentations of all Snowmass-related meetings are available via this Snowmass Indico link.

Organization

The ten Frontiers are lead by Frontier Conveners who have been nominated by the community and selected by the DPF

Executive Committee plus members of the chair lines of Division of Astrophysics (DAP), Division of Physics of Beams

(DPB), Division of Nuclear Physics (DNP) and Division of Gravitational Physics (DGRAV). Each of the Frontier conveners

are currently choosing topical group conveners, drawing heavily from the original nomination list. This process was

developed in order to provide a diverse and representative leadership including junior and senior researchers, theorists

and experimentalists, and balance regarding gender, geographical distribution, and background.

The Steering Group oversees the process and meets regularly with the Frontier Conveners. The Steering Group consists

of the DPF Chair line and one representative each of the related units DAP, DPB, DNP, and DGRAV. An inclusive

Advisory Group is consulted on major decisions, and consists of the Steering Group plus the rest of the DPF Executive

Committee (members at large, secretary/treasurer, and councillor), an editor, a communication liaison, and a set of

International Advisors.

Code of Conduct

As an APS-sponsored process, we will abide by the APS code of conduct for all meetings. This wiki is also part of the

process, so in our conversations here we pledge to conduct ourselves in a professional manner that is welcoming to all

participants and free from any form of discrimination, harassment, or retaliation. Participants will treat each other with

respect and consideration.

Contact us

Questions about the Snowmass process should be directed to: snowmass-communication[AT]fnal.gov. The Technical

Liaison addresses questions on technical support and advice, content and format of this wiki. Questions should be

directed to: snowmass-admin[AT]fnal.gov with subject line: “snowmass technical help” so we don't lose it!

Join Slack workspace and Snowmass email list!

For joining the snowmass email list: 1) Send an e-mail message to listservATfnalDOTgov, 2) Leave the subject line blank,

and 3) Type “SUBSCRIBE SNOWMASS FIRSTNAME LASTNAME” (without the quotation marks) in the body of your

message. If you need help, email rhbob[AT]fnal.gov. Please make the subject line “snowmass slack” or “snowmass email”.

When we get your email we will add you to Slack. Or for just Slack, send an email to rhbob[AT]fnal.gov. See also Contact,
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EF03 EW Physics: 
Heavy flavor and top quark physics

Co-conveners:

Reinhard Schwienhorst
(schwier@msu.edu)

Doreen Wackeroth
(dw24@buffalo.edu)

EF Kick-off meeting, May 21, 2020

http://smu.edu


Top Quark Physics: Explore the Unknown
• The top quark is special: it is (still) the heaviest elementary 

particle with strong connections to the electroweak symmetry 
breaking sector:  

• Its detailed exploration may provide a first glimpse of physics 
beyond the Standard Model.

• It decays before hadronization and spin information is 
transferred to its decay products.

• Copious production of top quarks at the LHC motivate 
advances on both the experimental and theory side which 
enables a very rich and successful top physics program:
– precision measurements of top quark properties: mass, couplings, …
– searches for rare processes: single top,                , FCNC, …
– measurements of a wide variety of observables and in new kinematic 

regimes: spin correlations, asymmetries, polarization, boosted top, 
jet substructure, …
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Inclusive top-pair production cross section
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https://arxiv.org/abs/1807.02441

Tevatron and LHC 100 TeV pp collider

CLIC e+ e- Linear Collider

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCTopWGSummaryPlots

https://arxiv.org/pdf/1607.01831.pdf

https://arxiv.org/abs/1807.02441
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://arxiv.org/pdf/1607.01831.pdf


Accessing new kinematic regimes with top-quark pairs
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13 TeV LHC

100 TeV pp collider

http://cms-results.web.cern.ch/cms-
results/public-results/preliminary-
results/TOP-18-013/

https://arxiv.org/
pdf/1607.01831.
pdf

https://arxiv.org/pdf/
1412.6654.pdf

Sensitivity to 
anomalous top-
gluon couplings:

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-013/
https://arxiv.org/pdf/1607.01831.pdf
https://arxiv.org/pdf/1412.6654.pdf


, and gluon PDF from triple differential cross 
sections (                            ) at the 13 TeV LHC
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https://arxiv.org/pdf/1904.05237.pdf

From a simultaneous fit 
to NLO QCD predictions.

↵s,m
pole
t

M(tt̄), y(tt̄), Njet

https://arxiv.org/pdf/1904.05237.pdf
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https://arxiv.org/pdf/1909.09193.pdf

Top-quark mass measurements at the LHC

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCTopWGSummaryPlots

Running top quark mass (        scheme)
from                      at the 13 TeV LHC

MS

https://arxiv.org/pdf/1909.09193.pdf
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG


Top-quark mass from     threshold scans at         colliders 
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https://arxiv.org/pdf/1902.07246.pdf

tt̄ e+e�

Estimated uncertainties in the 
Potential-subtracted (PS) top quark mass.

ILC FCC-ee

https://link.springer.com/article/10.1
140/epjc/s10052-019-6904-3

https://arxiv.org/pdf/1902.07246.pdf
https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3


Spin correlations in top-pair production at the 13 TeV LHC
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCTopWGSummaryPlots

https://arxiv.org/pdf/1903.07570.pdf

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
https://arxiv.org/pdf/1903.07570.pdf


W polarization and anomalous tWb couplings from top 
decays in  top-pair production at the 8 TeV LHC
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https://arxiv.org/pdf/2005.03799.pdf

Allowed regions for anomalous 
tWb tensor couplings.

https://arxiv.org/pdf/2005.03799.pdf


Top EW couplings from global EFT fits 
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https://arxiv.org/abs/1807.02121

Observables:

�tt̄, AFB ,
top-quark and W 

polarization,
CP-odd observables, 
…                  

Individual 95% C.L. limits:

https://arxiv.org/abs/1807.02121


Single-top quark production
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7, 8, 13 TeV LHC

https://twiki.cern.ch/twiki/bin/view/LHCPhysics
/LHCTopWGSummaryPlots

100 TeV collider 

(assuming 10% systematic uncertainty)
https://arxiv.org/pdf/1607.01831.pdf
Right top plot:

https://arxiv.org/abs/1910.09788
Right bottom:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://arxiv.org/pdf/1607.01831.pdf
https://arxiv.org/abs/1910.09788


Search for FCNC top decays
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FCC Physics Opportunities:
https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCTopWGSummaryPlots

https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots


Multiple top-quark production
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https://arxiv.org/abs/1811.02305

Limit on 4 top-quark contact interaction:

https://arxiv.org/pdf/1405.6119.pdf

13 TeV LHC Future pp colliders

https://arxiv.org/abs/1811.02305
https://arxiv.org/pdf/1405.6119.pdf


Heavy Flavor Physics (bottom, charm)

• Decays of b and c quarks is covered in the Rare Processes and 
Precision Measurements TG RF1.

• Here we will study the prospects for heavy flavor production 
(bottom and charm) in association with EW gauge bosons:

– Precision probes of pQCD and heavy-quark factorization 
schemes 

– W+c production accesses the strange quark content of the 
proton

– Z+b production probes the b-quark PDF
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https://snowmass21.org/rare/weakbc


Z+b-jets production
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https://arxiv.org/pdf/2003.11960.pdf

https://arxiv.org/pdf/1607.01831.pdf

13 TeV LHC 100 TeV pp collider

https://arxiv.org/pdf/2003.11960.pdf
https://arxiv.org/pdf/1607.01831.pdf


Many connections with other Frontiers and TGs 

5/21/20 EF03: Heavy flavor and Top quark Physics 15

• Rare Processes and Precision: 
• RF1: Weak Decays of b and c quarks - direct sharing of topics

• Cosmic:
• CF1: Dark matter particle-like – when dark matter is produced at a collider in 

association with top
• Theory: 

• TF02: EFT
• TF06: Theory techniques for precision physics
• TF07: Collider Phenomenology
• TF08: BSM model building

• Accelerator:
• AF3: Accelerators for EW/Higgs (Top?)
• AF4, Multi-TeV Colliders

• Energy Frontier: 
• EF01 – ttH, EF04, EF05 - in particular MC generators, EF06: PDFs, EF08, EF09 - EFT fits, 

new fermions, EF10



Here is how to get involved:

• Join our email list by emailing to listserv@fnal.gov and keep the 
subject line blank and type in the body:
SUBSCRIBE SNOWMASS-EF-03-TOP_HEAVY-FLAVOR@FNAL.GOV FIRSTNAME LASTNAME

• Email the conveners: schwier@msu.edu, dw24@buffalo.edu
• Share your ideas for Snowmass-specific studies in form of a Letter 

of Interest (at most 2 pages):
– Deadline: August 31, 2020
– Instructions: https://snowmass21.org/loi

• Participate in our first EF03 TG meeting on May 28, 1-3pm EDT: 
https://indico.fnal.gov/event/43491/
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http://fnal.gov
http://smu.edu
http://buffalo.edu
https://indico.fnal.gov/event/43491/


Some Resources
• ATLAS and CMS public top quark physics results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
• ATLAS and CMS public V+heavy flavor (b,c) results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/VHF.html
• LHCb public physics results:
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html
• CLIC: 
http://clic-study.web.cern.ch
• ILC TDR: 
https://ilchome.web.cern.ch/publications/ilc-technical-design-report
• FCC CDR: 
http://fcc-cdr.web.cern.ch
• CEPC:
http://cepc.ihep.ac.cn

We are in the process of creating a collection of Top+HF physics specific resources for future 
colliders and very much appreciate your input. 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/VHF.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html
http://clic-study.web.cern.ch/
https://ilchome.web.cern.ch/publications/ilc-technical-design-report
http://fcc-cdr.web.cern.ch/
http://cepc.ihep.ac.cn/

