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• Explore new research directions, incorporate new developments from 
adjacent fields, and build new bridges to gravity, cosmology, astrophysics, 
quantum information, nuclear physics, AMO, condensed matter physics, 
statistics, computer science, data science, and mathematics. 
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2014 Science Drivers from P5 ′ with apologies to the B → K μ+ μ– anomaly

In addition to reaping the physics rewards of key investments,
we are continually planting the seeds for future explorations

[U.S. Particle Physics:  Building for Discovery]

▶ Develop transformative concepts and technologies to enable future discoveries

Well aligned with core questions in fundamental physics
Effective road map through period of transition in US HEP

▶ Use the Higgs boson as a new tool for discovery 
▶ Pursue the physics associated with neutrino mass
▶ Identify the new physics of dark matter 
▶ Understand cosmic acceleration: dark energy and inflation
▶ Explore the unknown: new particles, interactions, and physical principles 

• Advance our understanding of Nature by 
pursuing a broad and balanced program of 
theoretical research covering the entire 
spectrum of particle physics, from fundamental 
to phenomenological to computational theory. 

• Connect the frontiers of particle physics and 
enable the comparison of data across different 
scales.

Goals
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• Fulfill the theory needs of current and 
planned experiments, from motivation 
to analysis to interpretation, and be 
responsive to their results. 

• Envision and motivate future 
experiments, and furnish the tools 
necessary for their success.

Goals

• Pursue exploratory research, reflecting theory as a vibrant intellectual 
endeavor in its own right.
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• Sustain US leadership in the 
international theory community. 

• Cultivate a vibrant, inclusive, and 
supportive scientific community, 
developing “4π coverage” in 
identifying and fostering talent at 
all career stages. 

• Maintain a program across HEP that trains students and junior scientists, 
providing them with continuing physics opportunities that empower them to 
contribute to science.
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Looking Towards Snowmass 2020+

The physics priorities of our field are largely the same,
but the toolbox and targets have expanded

▶ Develop transformative concepts and technologies to enable future discoveries
▶ Cultivate a vibrant, inclusive, and supportive scientific community

▶ Use the Higgs boson as a new tool for discovery 
▶ Pursue the physics associated with neutrino mass
▶ Identify the new physics of dark matter 
▶ Understand cosmic acceleration: dark energy and inflation
▶ Explore the unknown: new particles, interactions, and physical principles 

The success of our endeavors depends on “4π coverage”
in identifying and cultivating talent at all career stages

Goals
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Critical Needs
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High-priority future 
initiatives

$�� $Q�HOHFWURQ�SRVLWURQ�+LJJV�IDFWRU\�LV�WKH�KLJKHVW�SULRULW\�QH[W�FROOLGHU��)RU�WKH�
ORQJHU�WHUP��WKH�(XURSHDQ�SDUWLFOH�SK\VLFV�FRPPXQLW\�KDV�WKH�DPELWLRQ�WR�RSHUDWH�D�
SURWRQ�SURWRQ�FROOLGHU�DW�WKH�KLJKHVW�DFKLHYDEOH�HQHUJ\��$FFRPSOLVKLQJ�WKHVH�FRPSHOOLQJ�
JRDOV�ZLOO�UHTXLUH�LQQRYDWLRQ�DQG�FXWWLQJ�HGJH�WHFKQRORJ\� 
 
• the particle physics community should ramp up its R&D effort focused 
RQ�DGYDQFHG�DFFHOHUDWRU�WHFKQRORJLHV��LQ�SDUWLFXODU�WKDW�IRU�KLJK�ÀHOG�
superconducting magnets, including high-temperature superconductors;  
 
• Europe, together with its international partners, should investigate the technical 
DQG�ÀQDQFLDO�IHDVLELOLW\�RI�D�IXWXUH�KDGURQ�FROOLGHU�DW�&(51�ZLWK�D�FHQWUH�RI�PDVV�
energy of at least 100 TeV and with an electron-positron Higgs and electroweak 
IDFWRU\�DV�D�SRVVLEOH�ÀUVW�VWDJH��6XFK�D�IHDVLELOLW\�VWXG\�RI�WKH�FROOLGHUV�DQG�
related infrastructure should be established as a global endeavour and be 
completed on the timescale of the next Strategy update. 
 
The timely realisation of the electron-positron International Linear Collider (ILC) 
in Japan would be compatible with this strategy and, in that case, the European 
particle physics community would wish to collaborate.  

%�� ,QQRYDWLYH�DFFHOHUDWRU�WHFKQRORJ\�XQGHUSLQV�WKH�SK\VLFV�UHDFK�RI�KLJK�HQHUJ\�
DQG�KLJK�LQWHQVLW\�FROOLGHUV��,W�LV�DOVR�D�SRZHUIXO�GULYHU�IRU�PDQ\�DFFHOHUDWRU�EDVHG�
ÀHOGV�RI�VFLHQFH�DQG�LQGXVWU\��7KH�WHFKQRORJLHV�XQGHU�FRQVLGHUDWLRQ�LQFOXGH�KLJK�ÀHOG�
PDJQHWV��KLJK�WHPSHUDWXUH�VXSHUFRQGXFWRUV��SODVPD�ZDNHÀHOG�DFFHOHUDWLRQ�DQG�RWKHU�
KLJK�JUDGLHQW�DFFHOHUDWLQJ�VWUXFWXUHV��EULJKW�PXRQ�EHDPV��HQHUJ\�UHFRYHU\�OLQDFV��
The European particle physics community must intensify accelerator R&D and 
sustain it with adequate resources. A roadmap should prioritise the technology, 
taking into account synergies with international partners and other communities 
such as photon and neutron sources, fusion energy and industry. Deliverables for 
WKLV�GHFDGH�VKRXOG�EH�GHÀQHG�LQ�D�WLPHO\�IDVKLRQ�DQG�FRRUGLQDWHG�DPRQJ�&(51�
and national laboratories and institutes. 

$�� 7KH�TXHVW�IRU�GDUN�PDWWHU�DQG�WKH�H[SORUDWLRQ�RI�ÁDYRXU�DQG�IXQGDPHQWDO�
V\PPHWULHV�DUH�FUXFLDO�FRPSRQHQWV�RI�WKH�VHDUFK�IRU�QHZ�SK\VLFV��7KLV�VHDUFK�FDQ�
EH�GRQH�LQ�PDQ\�ZD\V��IRU�H[DPSOH�WKURXJK�SUHFLVLRQ�PHDVXUHPHQWV�RI�ÁDYRXU�
SK\VLFV�DQG�HOHFWULF�RU�PDJQHWLF�GLSROH�PRPHQWV��DQG�VHDUFKHV�IRU�D[LRQV��GDUN�VHFWRU�
FDQGLGDWHV�DQG�IHHEO\�LQWHUDFWLQJ�SDUWLFOHV��7KHUH�DUH�PDQ\�RSWLRQV�WR�DGGUHVV�VXFK�
SK\VLFV�WRSLFV�LQFOXGLQJ�HQHUJ\�IURQWLHU�FROOLGHUV��DFFHOHUDWRU�DQG�QRQ�DFFHOHUDWRU�
H[SHULPHQWV��$�GLYHUVH�SURJUDPPH�WKDW�LV�FRPSOHPHQWDU\�WR�WKH�HQHUJ\�IURQWLHU�LV�DQ�
HVVHQWLDO�SDUW�RI�WKH�(XURSHDQ�SDUWLFOH�SK\VLFV�6WUDWHJ\��Experiments in such diverse 
areas that offer potential high-impact particle physics programmes at laboratories 
in Europe should be supported, as well as participation in such experiments in 
other regions of the world. 

%�� 7KHRUHWLFDO�SK\VLFV�LV�DQ�HVVHQWLDO�GULYHU�RI�SDUWLFOH�SK\VLFV�WKDW�RSHQV�QHZ��
GDULQJ�OLQHV�RI�UHVHDUFK��PRWLYDWHV�H[SHULPHQWDO�VHDUFKHV�DQG�SURYLGHV�WKH�WRROV�
QHHGHG�WR�IXOO\�H[SORLW�H[SHULPHQWDO�UHVXOWV��,W�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FDSWXULQJ�
WKH�LPDJLQDWLRQ�RI�WKH�SXEOLF�DQG�LQVSLULQJ�\RXQJ�UHVHDUFKHUV��7KH�VXFFHVV�RI�WKH�
ÀHOG�GHSHQGV�RQ�GHGLFDWHG�WKHRUHWLFDO�ZRUN�DQG�LQWHQVH�FROODERUDWLRQ�EHWZHHQ�WKH�
WKHRUHWLFDO�DQG�H[SHULPHQWDO�FRPPXQLWLHV��Europe should continue to vigorously 
support a broad programme of theoretical research covering the full spectrum 
of particle physics from abstract to phenomenological topics. The pursuit of 
QHZ�UHVHDUFK�GLUHFWLRQV�VKRXOG�EH�HQFRXUDJHG�DQG�OLQNV�ZLWK�ÀHOGV�VXFK�DV�
cosmology, astroparticle physics, and nuclear physics fostered. Both exploratory 
research and theoretical research with direct impact on experiments should be 
supported, including recognition for the activity of providing and developing 
computational tools. 

&�� �7KH�VXFFHVV�RI�SDUWLFOH�SK\VLFV�H[SHULPHQWV�UHOLHV�RQ�LQQRYDWLYH�
LQVWUXPHQWDWLRQ�DQG�VWDWH�RI�WKH�DUW�LQIUDVWUXFWXUHV��7R�SUHSDUH�DQG�UHDOLVH�IXWXUH�
H[SHULPHQWDO�UHVHDUFK�SURJUDPPHV��WKH�FRPPXQLW\�PXVW�PDLQWDLQ�D�VWURQJ�IRFXV�
RQ�LQVWUXPHQWDWLRQ��Detector R&D programmes and associated infrastructures 
should be supported at CERN, national institutes, laboratories and universities. 
6\QHUJLHV�EHWZHHQ�WKH�QHHGV�RI�GLIIHUHQW�VFLHQWLÀF�ÀHOGV�DQG�LQGXVWU\�VKRXOG�
EH�LGHQWLÀHG�DQG�H[SORLWHG�WR�ERRVW�HIÀFLHQF\�LQ�WKH�GHYHORSPHQW�SURFHVV�DQG�
LQFUHDVH�RSSRUWXQLWLHV�IRU�PRUH�WHFKQRORJ\�WUDQVIHU�EHQHÀWLQJ�VRFLHW\�DW�ODUJH��
Collaborative platforms and consortia must be adequately supported to provide 
FRKHUHQFH�LQ�WKHVH�5	'�DFWLYLWLHV��7KH�FRPPXQLW\�VKRXOG�GHÀQH�D�JOREDO�
detector R&D roadmap that should be used to support proposals at the European 
and national levels.

Other essential scientific 
activities for particle physics
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Other essential scientific 
activities for particle physics

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group1. Support for the essential role of theory similar to (and at least 
as strong as) recommended by the European Strategy Update, 
both in relation to projects and in its own right.
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Critical Needs
2. Support for a balanced program of 
Projects and Research, as both are 
essential to the health of the field.  

3. Support for people, especially early 
career, who are the key “infrastructure” 
of Research.
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Looking Towards Snowmass 2020+

The physics priorities of our field are largely the same,
but the toolbox and targets have expanded

▶ Develop transformative concepts and technologies to enable future discoveries
▶ Cultivate a vibrant, inclusive, and supportive scientific community

▶ Use the Higgs boson as a new tool for discovery 
▶ Pursue the physics associated with neutrino mass
▶ Identify the new physics of dark matter 
▶ Understand cosmic acceleration: dark energy and inflation
▶ Explore the unknown: new particles, interactions, and physical principles 

The success of our endeavors depends on “4π coverage”
in identifying and cultivating talent at all career stages

4. Support for targeted funding advancing the physics goals. 
(E.g. LQCD Project, LHC Theory Initiative, Neutrino Theory Network, QIS, AI/ML, 
Exascale Computing Project, SciDAC…)
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Thank you!
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