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FY 2016 Particle Physics Funding in PHY

Base Support:
Individual Investigator Programs (Theory & Experiment) $ 50.66 M

(Energy, Cosmic, Intensity)
Facilities M&O (ATLAS, CMS, IceCube) $ 21.48 M

Auxiliary Support (One-time, nonrenewable):
Mid-Scale $  7.24 M

(ATLAS, CMS, LHCb Upgrades; Super CDMS)
LHC High Luminosity Upgrade Planning $  2.00 M

Other:
Physics Frontiers Centers $  3.00 M
MRI Awards $   1.97 M
Computation (CIF21, NSCI) $   3.86 M

Total $ 90.21 M 



Some Notable Awards

Software Institute Conceptualization award: Award 1558216 (Elmer, Princeton) / 1558233 
(Sokoloff, Cincinnati) / 1558233 (Neubauer, UIUC) 

“Conceptualization of an S2I2 Software Institute for High Energy Physics”
sponsors community workshops and conceptual work to take advantage of the significant 
data and computing requirements of the Large Hadron Collider as a science driver for next 
generation high-performance software and sustainability developments.
Next workshop: S2I2 HEP/CS Workshop - December 7-9, 2016 at University of Illinois at 
Urbana-Champaign.

“Center for Bright Beams”, Award 1549132, a Science and Technology Center at
Cornell University, Ritchie Patterson, Director, dedicated to enhancing accelerator
capabilities for a broad range of disciplines.

http://www.nsf.gov/awardsearch/showAward?AWD_ID=1558216
http://hep.physics.illinois.edu/hepg/S2I2-HEP-CS-WKSHP/home.html


MREFC Process for HL-LHC Upgrades of ATLAS and CMS     
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• Review science goals

• Conceptual Design Stage (Approval to initiate in November 2015)

• Requirements, initial estimates of cost (including operations), risk and schedule 

• Preliminary Design (“Readiness”) Stage (Approval to initiate in August 2016)

• Definition and design of major elements, detailed estimates of cost, risk and schedule, 
partnerships, siting

• Final Design Stage (“Board Approved”) Stage

• Interconnections and fit-ups of functional elements, refined cost estimates based substantially 
on vendor quotes, construction team substantially in place



FY 2016
Estimate

FY 2017
Discretionary

FY 2017
Mandatory

FY 2017
Total

Astronomical Sciences (AST) $ 246.73 $ 247.73 0.4% $ 14.88 $ 262.61 6.4%

Chemistry (CHE) 246.31 247.31 0.4% 14.85 262.16 6.5%

Materials Research (DMR) 310.03 311.03 0.3% 18.68 329.71 6.3%

Mathematical Sciences (DMS) 234.05 235.05 0.4% 14.12 249.17 6.5%

Physics (PHY) 277.03 278.53 0.5% 16.73 295.26 6.6%

Multidisciplinary Activities (OMA) 35.00 35.41 1.2% 2.13 37.54 7.3%

Total MPS $ 1349.15 $ 1355.06 0.4% $ 81.39 $ 1436.45 6.5%

MPS FY 2017 Request by Division

($ in millions)Totals may not add because of rounding



Five Perspectives on the Frontiers of Physics

Controlling the Quantum World– Electromagnetic radiation in the non-classical limit,
Entanglement, Cavity QED, QIS, Optomechanics

Complex Systems and Collective Behavior – Living cells, biological systems, 
ultracold fermions and bosons, quark-gluon liquid

Neutrinos and Beyond the Higgs – Neutrino mass, new particles, unification 
of quantum mechanics and gravity, electron and neutron dipole moments

Origin and Structure of the Universe – Star formation and creation of the elements,
dark matter and dark energy, modeling of black holes, gravitational waves

Strongly-Interacting Systems– QCD computations, quark structure of baryons, 
high-field laser-matter interactions, supernovae, strong gravity



Windows on the Universe

The$Quantum$Leap:$Leading$the$Next$Quantum$Revolution$
$

The$world$is$on$the$threshold$of$the$next$quantum$revolution,$and$the$NSF$has$a$leading$role$
to$play.$The$Quantum$Leap$is$a$cross@NSF$approach$to$identifying$and$supporting$research$
that$answers$deep$questions$about$quantum$behavior$and$develops$the$means$of$accessing$
and$manipulating$quantum$systems.$The$goal$is$to$couple$together$experiment,$computation,$
and$theory$to$attack$fundamental$questions,$with$an$eye$toward$enabling$more$efficient$com@
putation,$communication$and$simulation.$NSF$can$drive$this$compelling$basic$research$and$its$
potentially$significant$applications$across$a$broad$swath$of$science$and$engineering.$$

Quantum'mechanics'is'a'powerful'concept'that'has'led'to'many'of'the'transformative'tech6
nologies'of'today.'The'next'quantum'revolution'will'exploit'quantum'phenomena,'such'as'
superposition,'entanglement,'and'squeezing,'to'capitalize'on'the'rich'behavior'of'many6body'
systems.$Superposition'allows'simultaneous'determination'of'all'possible'outcomes,'entan@
glement'produces'correlation'of'even'widely'separated'particles,'and'squeezing'manipu6
lates'inherent'uncertainty'to'increase'vastly'the'precision'of'measurements.'Applying'these'
phenomena'to'collections'of'particles'leads'to'revolutionary'developments'such'as'
'''

· quantum'sensors,'
· quantum'computation,'
· quantum'communications,'and'
· quantum'simulators.'
'

Intellectual'opportunity,'broad'national'interest,'and'international'competition'make'The'
Quantum'Leap'a'compelling'topic'that'draws'physical'science,'mathematics,'computer'sci6
ence,'and'engineering'together'in'a'transformative'(high'risk'–'high'reward)'enterprise'to'
answer'fundamental'questions,'such'as,'
'

· How'do'we'prepare'and'manipulate'complex'or'dynamic'quantum'states?''
· How'do'we'control'material6light'interactions'to'create'new'quantum'phenomena?'
· What'are'the'mathematics'that'describe'emergent'quantum'behavior?'
· How'do'we'design'and'engineer'systems'that'use'quantum'effects'extensively?''

'
Competition'is'fierce'and'the'US'needs'to'stay'at'the'forefront'to'ensure'our'security,'eco6
nomic'growth,'and'global'competitiveness.'Research'in'quantum'materials'will'also'pre6
pare'the'broadly'educated'individuals'to'make'and'implement'the'discoveries'of'the'next'
quantum'revolution.'There'will'be'strong'connections'to'industry,'federal'agencies,'and'in6
ternational'partners.'

Majorana'fermions'(Princeton'University)'
'

Trapped'ion'computation'(JQI'<'University'of'Maryland)'
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Quantum Leap

Harnessing Data for 21st Century Science and Engineering 
!

!
The increasing volume, variety, and velocity of data are giving rise to a profound transformation 

of research in all fields of science and engineering.  New types of questions are being asked, and 

new challenges addressed; indeed, the very nature of scientific inquiry is changing.  Building on 

NSF’s past investments, we propose a bold initiative to engage NSF’s research community in 

the pursuit of fundamental research in data science and engineering, the development of a 

cohesive, federated, national-scale approach to research data infrastructure, and the 

development of a 21
st
-century data-capable workforce.  Advances will be required across the 

breadth of NSF’s research community, from 

· fundamental research in mathematics, statistics and computational science that will 

enable data-driven discovery and decision-making though visualization, modeling and 

analysis of complex data; to 

· fundamental research on data topics such as data discovery and integration, predictive 

analytics, data mining, machine learning; data semantics,  open data-centric architectures 
and systems, reproducibility, privacy and protection, and the human-data interface; to 

· the engagement of the research domains supported across NSF in using the advances in 

data science and the cyberinfrastructure to further their research; to 

· the embodiment of these innovations in a robust, comprehensive, open, science-driven, 

cyberinfrastructure (CI) ecosystem capable of accelerating a broad spectrum of data-
intensive research, including that in large-scale and MREFC facilities; to 

· the development and evaluation of innovative learning opportunities and educational 

pathways, grounded in an education-research-based understanding of the knowledge and 

skill demands needed by a 21
st
 century data-capable workforce.  

This initiative will enable and accelerate future discovery by providing the fundamental 
techniques, tools, research cyberinfrastructure, and educational foundations to harness the data 

revolution. The initiative itself could include (i) the creation of a network of national center-
scale activities, each with a specific focus but linked with each other and with industry, 

government and international partners to maximize collective impact; (ii) increased directorate 
and cross-directorate activities and investments; (iii) the development, deployment, operation 

and evolution of national-scale, open, data-centric CI, that is integrated with NSF’s existing CI 
capabilities and evolved through mid-scale pilot activities. As the only federal agency broadly 

funding fundamental research, NSF can uniquely lead a bold initiative to create a data-enabled 

future for the Nation’s science, engineering and educational enterprises, and for the country 

more broadly. 
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Harnessing Data

Understanding the Rules of Life: 
Predicting Phenotype 

 
The universally recognized biggest gap in our biological knowledge is our inability to 

predict the phenotype of a cell or organism from what we know about the genome and 
environment.  The traits of an organism are emergent properties of multiple types of 
information processed across multiple scales, e.g., biophysical, genomic, evolutionary, 
ecological, environmental, time.  It is an enormous challenge to unravel because of the 

complexity of information and nonlinear processes involved; we simply do not 
understand the rules that govern phenotypic emergence at this scale.  Unpacking 

phenotypic complexity will require convergence of research across biology, computer 
science, mathematics, the physical sciences, behavioral sciences and engineering.  

 
Key Questions 

 
1) How can computational modeling and informatics methods enable data 

integration for the purpose of analysis and prediction of complex living systems? 
 
2) Variation in traits expressed by organisms is a feature of all life; what are the 

genetic, epigenetic and environmental factors that explain its magnitude and 
occurrence?   

 
3) How to predict the behavior of living systems, from single molecules to whole 

cells, whole organisms, and whole ecosystems?  To what degree do group 
interactions and behavior affect phenotypic expression? 

 
4) To what degree is an organism’s phenome a result of the microorganisms that 

live in symbiosis with it? To what degree is the production of a phenotype a 
‘joint effort’ among genomes of different organisms? 

 
5) Can we synthesize cells and organisms based on knowledge of genome sequence 

and physical features of other basic molecules? 
 

Image reference:   https://www.fourmilab.ch/images/Romanesco/ 

Fractal Foods: Self Similarity in Nature 
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Rules of Life

PHY and the Big Ideas

Mid$scale*Research*Infrastructure*
*

Rapidly(changing(patterns(of(research(require(a(new(approach(to(research(infrastructure(for(
NSF’S(science(and(engineering(activities(because(today(they(
*

· rely(increasingly(on(cyberinfrastructure,(broadly(defined,((
· use(infrastructure(that(is(diverse(in(space,(cost,(and(implementation(time,(and(
· require(dynamic(and(nimble(responses(to(new(challenges.(

NSF(must(find(a(way(to(seize(these(important(opportunities

MRI$ MREFC$

Mid-scale

Growing(Convergent(Research(at(NSF(
!

!
!
Context:(The!NAS!report!depicted!here!states:(“The!key!message!of!convergence,!
however,!is!that!merging!ideas,!approaches,!and!technologies!from!widely!diverse!
fields!of!knowledge!at!a!high!level!of!integration!is!one!crucial!strategy!for!solving!
complex! problems! and! addressing! complex! intellectual! questions! underlying!
emerging! disciplines.”! The! convergence! paradigm! augments! a! more! traditional!
transdisciplinary!approach!to!research!by!framing!challenging!research!questions!at!
inception,! and! fostering! the! collaborations! needed! for! successful! inquiry.! An!
effective!approach!to!convergence!would!address!the!key!technical,!organizational!
and!logistical!challenges!that!hinder!truly!transdisciplinary!research.!Today’s!grand!
challenges! invite! a! convergence! approach,! and! NSF! is! well! positioned! to! foster!
convergence!because!of!its!deep!connections!to!all!fields!of!science!and!engineering.(
(
Goal:!NSF!would!strategically!support!research!projects!and!programs!which!are!
motivated! by! intellectual! opportunities! and/or! important! societal! problems,! and!
which! would! benefit! from! the! convergence! of! (subsets)! of! physical! sciences,!
biological!sciences,!computing,!engineering,!and!the!social!and!behavioral!sciences.!
!
Key(Questions:(
!
How! can! we! structure! the! criteria! and! metrics! for! assessing! potential! research!
challenges!to!match!the!promise!of!the!convergence!research!paradigm?!
!
How!might!we!adapt!our!merit!review!processes!to!represent!the!broad!spectrum!of!
disciplinary!expertise!needed!to!most!effectively!ensure!that!excellent!convergent!
research!projects!are!funded?!
!
What! are! the! grand! challenges! or! emerging! areas! of! research! that! might! benefit!
from!a!convergence!approach?!
!
How!do!we!further!increase!interagency!and!private!partnerships!to!augment!the!
best!convergence!research?!

Convergence


