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The	  Snowmass	  Process	  
	  
A	  community	  based	  study	  of	  the	  future	  of	  parGcle	  physics	  in	  
the	  U.S.	  held	  roughly	  every	  ten	  years	  
	  
Organized	  by	  the	  community	  i.e.	  American	  Physical	  Society	  
Division	  of	  ParGcles	  and	  Fields	  (3,500	  members)	  
	  
The	  1982,	  1988,	  1996,	  2001	  process	  culminated	  in	  a	  3	  week	  
meeGng	  at	  Snowmass,	  Colorado-‐	  hence	  the	  name	  
	  
A	  “bo"om-‐up”	  organizaGon,	  contribuGons	  from	  individuals,	  
experiments	  etc.	  it	  is	  not	  led	  by	  funding	  agencies	  	  
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The	  Goal	  of	  Snowmass	  2013	  
	  
To	  develop	  the	  community’s	  long-‐term	  
physics	  aspiraGons.	  Its	  narraGve	  will	  
communicate	  the	  opportuniGes	  for	  discovery	  
in	  high-‐energy	  physics	  to	  the	  broader	  
scienGfic	  community	  and	  to	  the	  government	  



Par$cle	  Physics:	  what	  it	  includes	  (in	  the	  US)	  

•  Par$cle	  Physics	  organized	  by	  DOE	  by	  
fron$ers:	  reflec$ng	  mul$-‐pronged	  
approach	  to	  search	  for	  new	  physics	  
–  Direct	  Searches	  
–  Precision	  Measurements	  
–  Rare	  and	  Forbidden	  Processes	  
–  Fundamental	  Proper$es	  of	  Par$cles	  
and	  Interac$ons	  

–  Cosmological	  observa$ons	  

DOE	  definiGon:	  parGcle	  physics	  is	  the	  science	  of	  ma"er,	  energy,	  	  
space	  and	  Gme	  
Scope	  is	  broad	  :	  	  accelerator	  &	  non	  accelerator	  &	  cosmological	  	  
observa/ons:	  Dark	  energy	  ex:	  LSST	  	  CMB	  	  ex:	  SPT	  &	  TeV	  astronomy	  

The Snowmass process  
uses the frontier-based organizing principle Shipsey	  	  	  	  ECFA	  LC2013	  DESY	  
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Charge	  to	  Conveners,	  August	  2012	  
	  
The	  long-‐term	  planning	  exercise	  is	  anchored	  by	  two	  meeGngs:	  
•	  A	  Community	  Planning	  MeeGng	  (CPM2012),	  at	  Fermilab,	  October	  
11-‐13,	  2012	  
•	  A	  Community	  Summer	  Study	  (CSS2013),	  at	  the	  University	  of	  
Minnesota,	  July	  29-‐August	  10,	  2013.	  

CONNECTIONS TO OTHER FRONTIERS

– Instrumentation Frontier, Wed-Fri (see Clarence Chang talk on Friday)
”The main goal of the instrumentation frontier is to study the long-term instrumentation 
needs for the various frontiers: What technology development and innovation program, 
guided by the science questions, is needed for the decade after next!  We kindly ask the 
various conveners to make this an integral part of their discussions in the parallel sessions 
and include it in the summary at the end of the workshop.”

6 Mar 2013 Feng 4

There are important connections to 
all of the other frontiers and to other 
research communities.  For example:

– Assay and Acquisition of Radiopure
Materials (AARM), Monday

– Deep Underground Research Association 
(DURA) Annual Meeting, Tues

– Frontier Capabilities: Non-Accelerator 
Facilities, Wed-Fri (see Gil Gilchriese talk)

– Intensity Frontier: Neutrino Subgroup, 
Wed-Thurs (see Kate Scholberg talk)

– Snowmass Young, Wed-Fri (see Marcelle
Soares-Santos talk)

Each Frontier  
is organized in 
subgroups 
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What Snowmass is  

What Snowmass is not 
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The	  Snowmass	  process	  is	  idenGfying,	  asking	  and	  answering	  key	  	  
hard	  quesGons	  at	  the	  Energy,	  Intensity	  and	  Cosmic	  FronGers	  and	  
	  these	  will	  be	  summarized	  in	  a	  resource	  book	  that	  will	  be	  the	  primary	  
	  input	  to	  the	  deliberaGons	  of	  the	  DOE/NSF	  ParGcle	  Physics	  Project	  
	  PrioriGzaGon	  Panel	  (P5).	  	  
	  
The	  purpose	  of	  P5	  is	  to	  judge	  the	  quesGons	  and	  answers	  and	  place	  	  
them	  within	  a	  realisGc	  budgetary	  framework.	  	  
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Kick Off meeting  
October 2012 

Concluding meeting  
July 29 –August 6, 2013 

Reflecting our era of high bandwidth communication, shared  
desktops & near effortless remote collaboration on a daily basis  
Snowmass 2013 is not a 3-week meeting in Snowmass 
but a 9 month study.   
 
Face to face remains crucial:  Kickoff 
Meeting October ’12@FNAL & culminating in a  9-day meeting in  
Minneapolis in July/August interspersed with multiple smaller  
Workshops (pre-meetings) 



PRE-MEETING SCHEDULE
Group When Where What
Energy Jan 14-15 Princeton Higgs

Jan 14-16 UC Irvine New Particles
Feb 18-20 Duke Univ. Electroweak
Apr 3-6 BNL General meeting

May 13-15 Fla. State QCD
May 29-31 KITP (UCSB) Theory; joint with IF/CF

Jun 30-Jul 3 U. Wash. General meeting
Intensity Feb 13-15 Fermilab EDM

Mar 6-7 SLAC Neutrino
Apr 25-27 ANL General; with Proj. X

Cosmic Mar 6-8 SLAC With Capabilities, AARM, DURA
Mar 22-25 Snowbird Non-WIMP dark matter
May 29-31 KITP (UCSB) Joint CF/EF/IF (see EF above)

Instrum. Jan 9-11 ANL CPAD Meeting
Mar 20-21 Fermilab LAr TPC R&D Workshop
Apr 17-19 Boulder Snowmass/CPAD
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PRE-MEETINGS, CONTINUED
Group When Where What

Capabilities Feb 21-22 CERN High energy hadron colliders
Feb 25-26 U of Chicago Accel. tech. testbeds, test beams
Apr 9-11 MIT High energy lepton colliders
Apr 17-19 BNL High intensity proton beams
Jun 24-28 UC Santa Cruz Writers’ meeting

Computing Jan-Jul Various With Energy/Intensity/Cosmic
11/28/12 Washington With NERSC (special hardware)

TBD CERN Networking workshop
TBD TBD Data management

Ed., Comm., Mar 16-17 Baltimore Teachers and students
Outreach Apr 12-13 Denver Scientific, policy, general

Groups have much homework to do before joint meeting

OMB strictures restrict overall costs of meetings; 3-week
meeting at Snowmass would have vastly exceeded limit

Offers to host joint meeting from UC Irvine, U. of
Minnesota; Minn. chosen by vote of conveners, DPFEC

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	   10	  

23 pre-meetings planned,  21 have occurred  



h"p://www.snowmass2013.org	  

The Snowmass Process 2013  
 
  

Progress	  and	  Status	  at	  the	  Snowmass	  Wiki:	  	  
snowmass2013.org/Gki-‐index.php	  
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Snowmass is only one part 
of a lengthy planning 
process in the US. 
 
 
However, it is the best 
chance to bring forward 
opportunities for new 
projects that could elict 
wide support. 

From October 2012 
- July 2013 
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A special time…. 
•   October 2011:  Nobel Prize for the 
discovery of dark energy 
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A special time…. 
 

•  March 2012:  First results from 
Daya Bay: 
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BNL Roles at Intensity Frontier 
 

 Program: 
 

MINOS      Analysis/Data 
Daya Bay  Analysis 

Co Host Daya Bay Project 
Project Scientist S. Kettle 

In Construction
LAr1           Proposal in preparation 
LBNE   CD1 preparation 

 

Rare Processes: 
 

g-2 CD0, Transfer experiment to FNAL 
 2e CD2 
ORKA (K+ +  )  Scientific Approval  12/11 

BNL has a long history of working 
at the intensity frontier at AGS 

Design of BooNE             
LAr TPC 

Daya Bay  - Large Sin22   
Daya Bay 
result @ 
Neutrino20
12 

Daya Bay  - Far Det.  
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A special time…. 

Higgs Panel at Berkeley 
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30 SLAC @ 50, Aug 24, 2012 Andreas Hoecker   —   The Higgs Boson and Beyond 

PRESS 
COVERAGE 

after July 4th seminars at CERN  
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The LHC, the experiments and the observation 
of a Higgs boson is a global phenomena 
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CERN press conferences 
Multiple interviews 
Hundreds of repeats of the CERN events 
around the globe 



18 !"#$%&'$()*+,&&&-./&-*00"12#$3*1%&4+*"5&675*+8&*1&9")(&:8;&/7021$+&

!"#"$%&&%'("
57*5)7&%$<&'=&>**8$?7&

>+*0&-@6A&

#)*+,"
'=&%8$3*1%&

-)*#."
B+*$C#$%8%&

&

DE&
Shipsey    ECFA LC2013 DESY 



19"

The public are very interested 
in science. 
Combined with the  
unprecedented global impact 
of the Higgs discovery 
this provides 
an opportunity to 
expand engagement 
with the public 
our colleagues 
and the government. 
 
To communicate what we have "
learned and the opportunities for 
discovery in particle physics  

CPM 2012, Fermilab, October 2012

 Convincing current & next generation voters
 Influencing decision makers

Monday, October 8, 12

CPM 2012, Fermilab, October 2012

 Convincing current & next generation voters
 Influencing decision makers

Monday, October 8, 12

Education and Outreach Frontier 
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What is the world made of? 
What holds the world together? 

How did the world begin? 

Why	  do	  we	  need	  a	  	  healthy	  parGcle	  physics	  program	  ?	  

#1	  Our	  science	  is	  important	  for	  our	  naGons	  to	  pursue	  

For	  millenia	  all	  great	  socieGes	  have	  asked	  these	  
quesGons	  
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#2	  The	  big	  quesGons	  we	  ask	  a"ract	  	  
young	  talent	  	  to	  all	  of	  the	  sciences	  
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#3	  ParGcle	  physics	  is	  an	  essenGal	  part	  
of	  the	  fabric	  of	  the	  physical	  sciences	  	  
in	  developed	  naGons	  
ContribuGng	  broadly	  to	  other	  physical	  	  
sciences:	  	  
Accelerator	  Science	  
Detector	  development	  
Large	  Scale	  compuGng	  driven	  	  
by	  large	  collaboraGons	  	  
	  
It	  is	  a	  two-‐way	  process.	  We	  benefit	  from	  developments	  
in	  Material	  science	  &	  Basic	  Energy	  Sciences.	  	  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	   22	  



Some	  of	  the	  essenGal	  ingredients	  of	  a	  healthy	  parGcle	  
physics	  program	  are:	  
	  
A	  program	  focused	  on	  the	  most	  compelling	  science	  
	  
Infrastructure	  to	  support	  the	  development	  of	  our	  tools	  	  
	  
A	  long	  term	  vision	  and	  strategy	  to	  guide	  the	  program	  	  
for	  future	  decades.	  
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The	  Snowmass	  process	  must	  idenGfy	  	  
opportuniGes	  for	  achieving	  “transformaGonal	  or	  
paradigm-‐altering”	  scienGfic	  advances:	  great	  
discoveries.	  	  
	  
Energy	  fronGer	  
Cosmic	  fronGer	  	  	  
Intensity	  FronGer	  
Enabled	  by	  instrumentaGon,	  faciliGes	  &	  compuGng	  
Supported	  by	  EducaGon	  &	  Outreach	  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	   24	  



High	  Energy	  FronGer	  



High Energy Frontier  
HE1 The Higgs 
HE2 Precision Study of Electroweak Interactions 
HE3 Fully understand the top quark 
HE4 The path beyond the Standard Model 
HE5 QCD & the strong force 
HE6 Flavor Mixing and CP Violation @ High Energy 

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	  
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Chip Brock and Michael Peskin have asked the following as the major 
questions to be answered in the Energy Frontier study: 
 
 
We need to articulate a scientific program and its motivation: 
 
I.   What scientific targets can be achieved before 2018 ? 
 
II.   What are the science cases that motivate the High Luminosity LHC ? 
 
III.   Is there a scientific necessity for a “Higgs Factory” ? 
 
IV.   Is there a scientific case today for experiments at higher energies 
                       beyond 2030 ? 
 
For these issues, we must clarify in our own minds: 
 
Where is the physics beyond the Standard Model ?   
  
What did we learn from LHC    7/8  TeV  ? 
 
What does this tell us about the next step ? 



The physics topics that we are studying are divided among 6 working groups: 
 
 
1.   The Higgs Boson 
 
Conveners: Sally Dawson (BNL), Andrei Gritsan (Johns Hopkins), Heather Logan 
(Carleton), Jianming Qian (Michigan), Chris Tully (Princeton), Rick Van Kooten (Indiana) 
 
 
2.   Precision Study of Electroweak Interactions 
 
Conveners: Ashutosh Kotwal (Duke), Michael Schmitt (Northwestern), Doreen Wackeroth 
(SUNY Buffalo) 
 
 
3.   Fully Understanding the Top Quark 
 
Conveners: Kaustubh Agashe (Maryland), Robin Erbacher (UC Davis), Cecilia Gerber 
(Illinois-Chicago), Kirill Melnikov (Johns Hopkins), Reinhard Schwienhorst (Michigan 
State) 
 



4.   The Path Beyond the Standard Model - New Particles, Forces, and Dimensions 
 
Conveners: Yuri Gershtein (Rutgers), Markus Luty (UC Davis), Meenakshi Narain 
(Brown), Liantao Wang (Chicago), Daniel Whiteson (UC Irvine) 
 
 
5.   Quantum Chromodynamics and the Strong Force 
 
Conveners: John Campbell (Fermilab), Kenichi Hatakeyama (Baylor), Joey Huston 
(Michigan State), Frank Petriello (ANL/Northwestern) 
 
 
6.   Flavor Mixing and CP Violation at High Energy 
 
Conveners: Marina Artuso (Syracuse), Michele Papucci (LBL), Soeren Prell (I
owa State) 
 
Technical Advisors 
 
detectors and experimentation: Jeff Berryhill (Fermilab), Tom LeCompte (ANL), 
Eric Torrence (Oregon), Sergei Chekanov (ANL), Sanjay Padhi (UC San Diego) 
 
accelerators: Eric Prebys (Fermilab), Tor Raubenheimer (SLAC) 
 
   and  thank you to:   Markus Klute,  Mark Palmer 



 
We thank the ILC and CLIC communities for preparing White Papers on the 
capabilities of those machines.  These will be valuable input to the working group 
reports.  They will also be public documents available in full in the Snowmass 2013 
electronic proceedings.  
 
ATLAS, CMS, and the Muon Collider physics group are also writing White Papers.  We 
welcome all contributed papers from other groups.  To submit a paper, please visit 
 
https://www-public.slac.stanford.edu/snowmass2013/ 
 
The best way to influence the study is to communicate directly with the working 
group conveners named on the previous slides. 
 
The first-draft conclusions of the working groups will be presented at our Seattle 
meeting,  June 30 - July 3, 
 
https://sharepoint.washington.edu/phys/research/snowmass2013/Pages/ 



11 October 2012 Cosmic Frontier – S. Ritz 2 

The Cosmic Frontier 

Activities at the Cosmic Frontier are marked by rapid, surprising, and exciting developments 

DES First Light! 

Two PeV neutrinos @ IceCube 
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Cosmic Frontier  
CF1  WIMP Dark Matter direct detection 
CF2  WIMP Dark matter indirect detection 
CF3  Non-WIMP Dark Matter 
CF4  Dark Matter Complementarity 
CF5  Dark Energy & CMB 
CF6  Cosmic Particles & fundamental physics 

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	  
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82 Neutrinos

Figure 4-9. Cutaway view of the MicroBooNE detector.

for a spectral distortion in the reactor neutrino energy spectrum. In addition, neutrino radioactive source

experiments could be mounted in either the Borexino, Daya Bay, KamLAND, or SNO+ detectors [186, 187].

The advantage of radioactive source experiments is that due to the low neutrino energies, oscillations could

be observed in a single detector or in several closely separated detectors. There are also possibilities for

performing sterile neutrino measurements in neutral current coherent neutrino-nucleon scattering using

cryogenic solid state bolometers [170]. A final opportunity for measuring short-baseline oscillations is

to search for atmospheric muon antineutrino disappearance with the IceCube experiment at the South

Pole [188]. With a typical atmospheric neutrino energy of a few TeV and a typical distance of a few thousand

kilometer, IceCube is very sensitive to oscillations at the roughly 1 eV mass scale, especially because these

oscillations would be matter-enhanced via the MSW mechanism.

Finally, we emphasize that satisfactorily resolving these short-baseline anomalies is very important for

carrying out the neutrino oscillation program described earlier. The two to three sigma effects reported,

even if unrelated to sterile neutrinos, are at the sub-percent to the several-percent level, similar to, for

example, the |Ue3| and CP -violating signals being pursued in long-baseline experiments.

Other than new light neutrino degrees of freedom – sterile neutrinos – neutrino experiments are sensitive

to several other manifestations of new physics. For example, many proposals for new physics beyond the

Standard Model predict novel, weakly interacting, light scalar or vector particles. Classical examples of

such particles include Majorons, axions, Kaluza-Klein modes in the Randall-Sundrum scenarios with extra

dimensions, and many others. As discussed over the years, novel light particles could be responsible, among

other things, for solving the strong CP problem in QCD, giving neutrinos their mass, or even explaining

the origin of dark energy. These new particles can be produced by proton bremsstrahlung and detected,

assuming they are long-lived, by particle decays or scatters in the center of neutrino detectors, if the proton

beam is on-axis.

Neutrino experiments in general, and neutrino oscillation experiments in particular, are also very sensitive

to new, heavy degrees of freedom that mediate new “weaker-than-weak” neutral current interactions. These

Fundamental Physics at the Intensity Frontier

Fundamental Physics At  

THE INTENSITY FRONTIER

2012 Report

DO
E

 Mu2e 
Scientists plan to use Fermilab’s high-intensity particle beams to search 
for rare subatomic processes, such as the conversion of a muon into its 
lighter cousin the electron, a process predicted by theory but never yet 
observed. The proposed Mu2e experiment, which has received first-stage 
approval, could find indirect evidence for new particles and forces far beyond 
the reach of the LHC. 

Above: The Mu2e particle detector is embedded 
in a series of magnets that create a low-energy 
beam of muons and steer it into an aluminum 
target. Scientists plan to break ground at 
Fermilab in Batavia, Illinois, in 2013 and begin 
taking data four years later.

Right: Mu2e is trying to catch a glimpse of an 
incredibly rare phenomenon: a muon—the 
electron’s fatter cousin—turning into its more 
slender and well-known relative, the electron.

From left: Jim Miller, Ron Ray and Robert 
Bernstein think the Mu2e experiment may answer 
one of the fundamental riddles of particle physics.

Muons

Muons (very slow)

Look for 105 MeV electrons

Aluminum atoms 
capture muons

Magnet captures  
slow muons and  
directs them to  
aluminum target

Particle detectors

Muons decay

Stopping target

Protons from  
Fermilab  
accelerator

The proton beam creates 
pions, which decay into  
muons and other particles
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The	  Intensity	  Fron$er	  	  

The	  Intensity	  Fron$er	  is	  a	  broad	  and	  diverse,	  yet	  connected,	  
	  set	  of	  science	  opportuni$es	  
	  	  
	  

Heavy	  Quarks	   	  	  	  Charged	  	  	  
	  	  	  	  Leptons	  

	  
New	  Light,	  Weakly	  
Coupled	  ParGces	  

	  
Neutrinos	  

	  
Nucleons	  &	  Atoms	  

	  
Baryon	  Number	  
ViolaGon	  
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Intensity Frontier subgroups  
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The	  Instrumenta$on	  Fron$er	  	  



DIGITAL CAMERAS THE SIZE OF CATHEDRALS 

ATLAS 

CMS 

Instrumentation frontier  

InstrumentaGon	  is	  a	  great	  enabler.	  
Our	  instrumentaGon	  represents	  both	  a	  
towering	  achievement,	  and,	  in	  some	  cases,	  a	  
scaled-‐up	  version	  of	  techniques	  used	  in	  the	  
past.	  	  	  Instrumentation triumph  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	  
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DIGITAL CAMERAS THE SIZE OF CATHEDRALS 

ATLAS 

CMS 

Instrumentation triumph  

Many	  experiments	  are	  large	  and	  	  have	  high	  
costs	  resulGng	  in	  major	  de-‐scoping	  of	  
detectors	  and	  their	  capabiliGes	  to	  the	  
detriment	  of	  physics	  reach	  to	  match	  available	  
resources.	  
Instrumenta/on	  R&D	  has	  the	  power	  to	  
transform	  this	  situa/on,	  	  
inter-‐fron/er	  engagement	  especially	  
important	  for	  this	  fron/er	  
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Instrumentation Frontier  
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•  How would one build a 100 TeV scale hadron collider? 

•  How would one build a lepton collider at >1 TeV? 

•  How would one generate 10 MW of proton beam power  

•  Can accelerators be made 10x cheaper per GeV?  Per MW? 

•  Can plasma accelerators deliver luminosity relevant to HEP? 

Facilities and Capabilities: Accelerator frontier  



Facilities & Capabilities Frontier  
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•  CompuGng	  has	  become	  essenGal	  to	  advances	  in	  experimental	  and	  
many	  areas	  of	  theoreGcal	  physics.	  Research	  requirements	  in	  these	  
areas	  have	  led	  to	  advances	  in	  computaGonal	  capabiliGes.	  
–  What	  are	  the	  computaGonal	  requirements	  for	  carrying	  out	  the	  

experiments	  that	  will	  lead	  to	  advances	  in	  our	  physics	  understanding?	  	  
–  What	  are	  the	  computaGonal	  requirements	  for	  theoreGcal	  

computaGons	  and	  simulaGons	  that	  will	  lead	  to	  advances	  in	  our	  physics	  
understanding?	  	  

–  What	  facility	  and	  sonware	  infrastructure	  must	  be	  in	  place	  in	  order	  to	  
meet	  these	  requirements,	  and	  what	  research	  investments	  does	  it	  
require	  in	  compuGng,	  storage,	  networking,	  applicaGon	  frameworks,	  
algorithms,	  programming,	  etc.	  to	  provide	  that	  infrastructure?	  	  

–  What	  are	  the	  training	  requirements	  to	  assure	  that	  personnel	  are	  
available	  to	  meet	  the	  needs?	  	  

 "

LATBauerdick/Fermilab	   Snowmass2013	  -‐	  CompuGng	  FronGer	   May	  27,	  2013	  

Computing frontier  



Computing Frontier  
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Our	  science	  must	  be	  compelling	  enough	  to	  
compete	  favorably	  for	  the	  best	  talent	  in	  a	  world	  
where	  transformaGonal	  and	  paradigm-‐altering	  
advances	  are	  happening	  in	  other	  fields.	  	  	  	  
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In	  the	  U.S.	  ParGcle	  physics	  is	  	  1/6	  of	  the	  	  
DOE	  Office	  of	  Science	  expenditures	  
(2nd	  largest	  aner	  Basic	  Energy	  Sciences)	  

All	  fields	  of	  science	  compete	  for	  	  
limited	  resources	  
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There	  is	  no	  enGtlement	  for	  parGcle	  
physics	  funding.	  

We	  must	  compete	  favorably	  with	  other	  opportuniGes	  	  
on	  all	  the	  playing	  fields:	  in	  the	  agencies	  
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in	  Congress	  	  
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and	  in	  academia.	  	  
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We	  need	  to	  see	  our	  science	  as	  
compelling	  and	  we	  need	  to	  
convince	  others	  it	  is	  compelling	  	  
as	  well.	  	  	  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	   48	  



We	  need	  to	  do	  that	  clearly,	  	  
and	  arGculately.	  

Bertrand	  Russell	  
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Our	  big	  science	  with	  big	  tools	  requires	  the	  
infrastructure	  to	  support	  the	  
development	  of	  those	  tools	  for	  today	  and	  
for	  the	  future	  in	  the	  US	  and	  to	  contribute	  
to	  internaGonal	  projects	  	  
	  
In	  the	  U.S.	  FNAL,	  ANL,	  BNL,	  LBNL,	  SLAC.	  
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 SRF Technology 
Superconducting radio-frequency cavities are the technology of choice for 
the next generation of accelerators. They provide a highly efficient way to 
accelerate particles. Fermilab is partnering with U.S. industry and other 
research institutions to develop and build SRF cavities in cost-effective 
ways. The technology has potential applications in medicine, nuclear energy 
and materials science.

Below: Many employees worked on the develop- 
ment of Fermilab’s Cryomodule 1, which comprises 
eight superconducting radio-frequency cavities. 
Researchers will use CM1 to test the SRF cavities.

Above: Hundreds of cables coming out of the  
cryomodule will feed data from the SRF cavities 
to computers.

Right: With every test on an SRF cavity, scientists 
gain a better understanding of its behavior. This 
nine-cell cavity is being put through its paces on 
a vertical test stand.12

Accelerator	  R&D	  	  
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 ILC 
The proposed International Linear Collider is a 20-mile-long machine that 
would accelerate electrons and positrons to world-record energies and 
smash them together. The ILC would extend the discovery potential of the 
Large Hadron Collider, the proton-proton collider at the European laboratory 
CERN. With LHC discoveries pointing the way, the ILC would decode the 
nature of the new physics territory.

 Muon Collider 
An international collaboration of scientists is advancing plans for a new, 
innovative type of energy-frontier machine that would accelerate muons, the 
short-lived cousins of electrons. A muon collider would be much smaller 
than the Large Hadron Collider and fit on the Fermilab site, yet it would 
provide access to physics beyond the LHC. Worldwide about 200 scientists 
are working on the R&D for this machine. 

Fermilab site

North

Recirculating 
linear
accelerator

Collision 
hall

Main Injector 

Collision 
hall

Muon
collider

Project X

SRF
cavities

Muon
accelerator

Proposed 
neutrino beam 
to LBNE

Neutrino beam
to NOνA

Far left: The proposed muon collider layout.  
Its collider ring (in red) is only six kilometers in 
circumference, about one-fourth the length of 
the Large Hadron Collider ring. 

Left: Vacuum chamber parts must be kept 
immaculately clean. Even the smallest speck 
of dust will disrupt their successful operation.

Below: A superconducting radio-frequency cavity 
from the viewpoint of a positron or electron 
beam. The cavity kicks the beams to higher ener- 
gies, preparing them for collision.

13

InGmately	  related	  to	  the	  need	  for	  healthy	  infrastructure	  is	  the	  
need	  for	  a	  strong	  program	  in	  accelerator	  R&D.	  	  The	  future	  of	  
parGcle	  physics	  at	  the	  energy	  and	  intensity	  fronGers	  is	  	  
dependent	  on	  innovaGons	  in	  accelerator	  science	  

Capabilities frontier  
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Given	  the	  global	  
nature	  of	  our	  field,	  
our	  long	  term	  
strategy	  has	  to	  
maintain	  an	  
internaGonal	  
perspecGve,	  and	  
strong	  internaGonal	  
partnerships	  will	  be	  
crucial	  to	  our	  future	  
health.	  	  
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A	  healthy	  program	  needs	  a	  long	  term	  
strategy	  with	  a	  compelling	  vision	  for	  
the	  future	  and	  future	  scienGfic	  
achievements.	  This	  is	  what	  	  Snowmass	  
2013	  will	  produce.	  

	  The	  Snowmass	  process	  will	  
inform	  the	  HEPAP	  P5	  	  
priority	  sepng	  process	  



Snowmass	  proceedings	  	  	  

•  h"ps://www-‐public.slac.stanford.edu/snowmass2013/	  

•  Submit	  to	  the	  arXiv	  
•  Register	  @	  Snowmass	  proceedings	  site	  and	  link	  arXiv	  

number	  
•  Revisions	  handled	  through	  the	  arXiv	  
•  Deadline	  for	  contribuGons:	  	  30	  Sep,	  2013	  
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Snowmass	  proceedings	  consist	  of	  two	  parts	  the	  contribuGons	  from	  	  
the	  community	  (white	  papers	  on	  the	  arXiv	  )	  this	  slide	  
&	  summaries	  of	  fronGers	  and	  subgroups	  wri"en	  by	  conveners	  next	  slide	  	  



Summaries	  of	  	  FronGers	  &	  
	  subgroups	  wri"en	  by	  conveners	  
Each	  subgroup	  in	  each	  fronGer	  will	  produce	  30-‐50	  page	  	  
subgroup	  write-‐up	  

Each	  subgroup	  in	  each	  fronGer	  will	  also	  produce	  a	  5-‐6	  page	  
subgroup	  summary	  

Each	  fronGer	  will	  combine	  subgroup	  summaries	  into	  ~30	  page	  fronGer	  
write-‐up	  

The	  “Snowmass	  book”	  will	  consist	  of:	  

Each	  fronGer	  will	  also	  produce	  a	  5-‐6	  page	  fronGer	  summary	  –	  base	  for	  
final	  summary	  

The	  7	  fronGer	  summaries	  (	  ~7x30	  pages)	  
Overall	  summary	  (	  based	  on	  fronGer	  summaries)	  

Time	  line	  

Dran	  by	  July	  1	  

Dran	  by	  start	  of	  
Snowmass	  

Dran	  by	  start	  of	  
Snowmass	  

Dran	  by	  end	  of	  
Snowmass	  

Dran	  by	  end	  of	  
Snowmass	  +	  few	  
days	  

Present	  at	  
DPF2013	  August	  
Conference	  

FronGer	  summaries	  in	  final	  from	  Nov	  30	  
Snowmass	  Book	  end	  2013	  
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Dran	  Block	  Program	  for	  the	  9	  days	  of	  Snowmass	  
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Detailed	  Schedule	  is	  	  
under	  development	  	  
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Status of the frontiers 
after 9 months of work  
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==================================================

Questions from the Energy Frontier group to other Frontiers:

EF-IF:  It is especially interesting in studies of rare processes for a discovery of a new physics 
effect beyond the Standard Model to point to a mass scale that would be the basis for a future 
accelerator search for new particles.   What are the most important rare processes that have the 
potential to point to a specific mass scale, and how specific can their information be?

EF-IF: Describe the increase in sensitivity to new particles in loops as a function of time for the 
g-2, mu-e conversion, tau -> ell gamma, and EDM experiments. There should be separate estimates for 
SUSY models, in which the flavor-changing effects come from loops, and from models in which the 
flavor-change comes from a tree-level effective operator. This will facilitate plotting this evolution 
along with the evolution in sensitivity predicted for direct searches for new particles at the LHC.

EF-IF:  Describe the increase in sensitivity to new particles in loops as a function of time coming 
from improved measurements of b->s gamma, B and Bs -> mu mu, and related observables. There should be 
separate estimates for SUSY models, in which the flavor-changing effects come from loops, and from 
models in which the flavor-change comes from a tree-level effective operator. This will facilitate 
plotting this evolution along with the evolution in sensitivity predicted for direct searches for new 
particles at the LHC.

EF-IF:  What is the impact of higher precision measurements processes that determine the CKM angles, 
such as sin 2beta, sin 2 beta_s, and V_{ub}.  Is it realistic that tensions between these parameters 
can be sufficiently strong to signal the presence of new physics?

EF-IF:  What is the impact of measurements of direct CP violation in charm decay on the search for new 
physics?   In what processes is the Standard Model prediction sufficiently well understood, including 
perturbative and nonperturbative effects, to allow a strong conclusion of a deviation from the 
Standard Model?

EF-IF:  Improvements in the muon g-2 meausurement need to be accompanied with improvements in the 
Standard Model prediction for the term involving the hadronic vacuum polarization.  What are the 
prospects for improvement of the current estimate?  To reach the parts per billion level in the error, 
the contribution from light-by-light scattering must also be improved with input from low-energy data. 
How can this be done?

EF-IF:  The best current limits on the electron EDM come from experiments using polar molecules such 
as YbF in which atomic physics effects enhance the influence of an electron EDM. How can we check or 
calibrate the atomic physics calculations that go into the interpretation of these experiments?

EF-IF:  With a grand unification scale at 10^16 GeV as predicted by SUSY-GUTs, the lifetime of the 
proton to K nu is naively expected to be below 10^33 yr.  What are we testing as we push the limits to 
10^35 yr ?  What are the crucial parameters of GUTs that allow the proton lifetime to be longer?  Is 
the sensitivity to these parameters quartic, as for m_GUT, or, more optimistically, quadratic ?  Is 
the expectation for the proton lifetime increased if superpartner masses are heavier than expected, 
and what is the relation between these quantities?

EF-IF: Imagine that one measures the CP violating phase in the neutrino sector to be 85 degrees (for 
example). What does this imply for the hypothesis that the matter-anti-matter asymmetry is due to 
leptogenesis?  What is the next measurement that one should make to clarify this relation?

EF-InstF: High luminosity running at a hadron collider will depend on efficient triggering in a 
difficult environment. Isolation requirements will likely be compromised, and, as a result, triggering 
on leptons may need to depend heavily on tracking. What are the most promising enabling technologies 
for electron/photon/tau triggers in this environment, considering luminosities up to 10^{35} cm^{-2}s^
{-1}? What are likely R&D paths to realizing these technologies?

EF-InstF:  In the context of proposals of large tunnels that could host both pp and e+e- colliders, it 
is interesting to ask whether it is possible to design 4 pi detectors that can be used both for pp and 
e+e- experiments (perhaps with some interchangable inner tracking layers).  Is there an optimal design 
of such a multi-purpose detector?  What are the most important compromises required?

EF-InstF:  In a hadron collider environment, the ability to recognized displaced vertices and to 
trigger on them at level 1 would be a transformative technology.   Can this be realized?

EF-InstF:  In some studies for ILC and CLIC, the sophistication of particle flow calorimetry 
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along with the evolution in sensitivity predicted for direct searches for new particles at the LHC.

EF-IF:  Describe the increase in sensitivity to new particles in loops as a function of time coming 
from improved measurements of b->s gamma, B and Bs -> mu mu, and related observables. There should be 
separate estimates for SUSY models, in which the flavor-changing effects come from loops, and from 
models in which the flavor-change comes from a tree-level effective operator. This will facilitate 
plotting this evolution along with the evolution in sensitivity predicted for direct searches for new 
particles at the LHC.

EF-IF:  What is the impact of higher precision measurements processes that determine the CKM angles, 
such as sin 2beta, sin 2 beta_s, and V_{ub}.  Is it realistic that tensions between these parameters 
can be sufficiently strong to signal the presence of new physics?

EF-IF:  What is the impact of measurements of direct CP violation in charm decay on the search for new 
physics?   In what processes is the Standard Model prediction sufficiently well understood, including 
perturbative and nonperturbative effects, to allow a strong conclusion of a deviation from the 
Standard Model?

EF-IF:  Improvements in the muon g-2 meausurement need to be accompanied with improvements in the 
Standard Model prediction for the term involving the hadronic vacuum polarization.  What are the 
prospects for improvement of the current estimate?  To reach the parts per billion level in the error, 
the contribution from light-by-light scattering must also be improved with input from low-energy data. 
How can this be done?

EF-IF:  The best current limits on the electron EDM come from experiments using polar molecules such 
as YbF in which atomic physics effects enhance the influence of an electron EDM. How can we check or 
calibrate the atomic physics calculations that go into the interpretation of these experiments?

EF-IF:  With a grand unification scale at 10^16 GeV as predicted by SUSY-GUTs, the lifetime of the 
proton to K nu is naively expected to be below 10^33 yr.  What are we testing as we push the limits to 
10^35 yr ?  What are the crucial parameters of GUTs that allow the proton lifetime to be longer?  Is 
the sensitivity to these parameters quartic, as for m_GUT, or, more optimistically, quadratic ?  Is 
the expectation for the proton lifetime increased if superpartner masses are heavier than expected, 
and what is the relation between these quantities?

EF-IF: Imagine that one measures the CP violating phase in the neutrino sector to be 85 degrees (for 
example). What does this imply for the hypothesis that the matter-anti-matter asymmetry is due to 
leptogenesis?  What is the next measurement that one should make to clarify this relation?

EF-InstF: High luminosity running at a hadron collider will depend on efficient triggering in a 
difficult environment. Isolation requirements will likely be compromised, and, as a result, triggering 
on leptons may need to depend heavily on tracking. What are the most promising enabling technologies 
for electron/photon/tau triggers in this environment, considering luminosities up to 10^{35} cm^{-2}s^
{-1}? What are likely R&D paths to realizing these technologies?

EF-InstF:  In the context of proposals of large tunnels that could host both pp and e+e- colliders, it 
is interesting to ask whether it is possible to design 4 pi detectors that can be used both for pp and 
e+e- experiments (perhaps with some interchangable inner tracking layers).  Is there an optimal design 
of such a multi-purpose detector?  What are the most important compromises required?

EF-InstF:  In a hadron collider environment, the ability to recognized displaced vertices and to 
trigger on them at level 1 would be a transformative technology.   Can this be realized?

EF-InstF:  In some studies for ILC and CLIC, the sophistication of particle flow calorimetry 

approaches the ability to resolve single hadrons.  At what point does the evolution of particle flow 
calorimetry give a qualitative, rather than just a quantitative, boost to experimental capabilities?   
Can we realistically reach this point?

EF-Computing:  To what extent is high-energy physics still generating the world's largest randomly-
accessed databases?  Can we claim to be a world leader in data science?  Along what dimensions?

EF-Computing:  The Grid was commissioned along with the LHC detectors.  ESnet traffic has increased 
10x every four years throughout the LHC lifetime. Will improvements in networking infrastructure, QoS, 
monitoring, etc continue to keep up with LHC demands for distributed computing? In what directions are 
new enabling technologies required and when must they mature to again keep up with the LHC machine and 
detector upgrades?

EF-Computing: How do the different physics frontiers--and associated theory and physics simulation--
differ in their needs for future computing technology evolution.  In what respects can they benefit 
from common computing technology evolution?

EF-Computing:   Proposed very high statistics experiments at the Z resonance require large rates -- 
many kHz -- at which data is written to storage.  What are the limits?

EF-CF: If dark matter has no SM interactions stronger than gravitational, are there any prospects for 
discovering its particle nature? 

EF-CF: If the dark matter particle is detected through non-collider experiments, what can we learn 
about its properties?  (e.g., can we learn its spin?)  Would we be able to learn whether it interacts 
with SM matter only through the "Higgs portal"?

EF-CF: Suppose there is a 10 GeV WIMP or a 100 GeV WIMP with direct detection cross section just below 
current limits.  This is the best case for understanding the particle nature of the dark matter.  What 
is the full set of measurements that we are likely to make on such a particle from Cosmic Frontier 
probes alone?

EF-CF:  If there is more than one type of dark matter particle, how can we discover this in Cosmic 
Frontier experiments?   Can we measure the dark matter fraction from different sources?

EF-CF:  In indirect detection of dark matter, it is notoriously difficult to rule out all hypotheses 
that a signal is of astrophysical origin.  But perhaps other knowledge from particle physics can help.  
Would it be helpful, for example, to know the mass of a dark matter candidate?  What accuracy is 
needed?  Can direct detection provide sufficient accuracy?

EF-CF:  For a long time, there have been indications that the number of light degrees of freedom 
required in cosmology is greater than 3.  However, recent measurements from the CMB and other sources 
have given more precise information on this question.  What are the prospects for establishing that 
this number of degrees of freedom is indeed greater than 3, or, alternatively, for providing an upper 
bound well below 4?

===================================================================================

To	  facilitate	  inter-‐fronGer	  dialogue	  each	  	  fronGer	  has	  prepared	  
quesGons	  for	  other	  fronGers,	  	  these	  require	  significant	  work	  
to	  answer	  they	  are	  a	  topic	  for	  joint	  fronGer	  meeGngs	  at	  
	  Minnesota	  some	  examples	  from	  the	  dozens	  of	  quesGons:	  

Days	  
2-‐7	  



Proposed	  inter-‐fronGer	  sessions	  for	  	  days	  2	  -‐7	  	  	  Titles and Descriptions for Sessions of General Interest in Minnesota proposed by the Energy Frontier
group:

1. Naturalness -- The strongest argument for new particles at the TeV scale is that they are needed to
provide a "natural" explanation for electroweak symmetry breaking.  But some people are now saying
that LHC exclusions or flavor bounds are inconsistent with naturalness.  What is the real situation?  To
what extent have we excluded naturalness of the electroweak scale?  Is it possible to fully exclude
naturalness by proposed experiments and, if so, how?  Is there an alternative to naturalness to estimate
the scale of new physics?    (needs input from IF and CF)

2. Dark Matter -- Review the various approaches to dark matter particle detection,  including direct
searches for new particles at colliders. Compare the advantages, disadvantages, and complementarity of
the various methods. How does the sensitivity to models of new physics from astrophysical dark matter
searches compare to that from direct searches at colliders?  Do the times scales for discovery match? 
What can each method tell us about the quantum numbers and interactions of the dark matter particle?
(needs to be organized with CF).    

3. Lepton Flavor Violation -- what new physics models will be accessed by mu-e conversion, mu-> e
gamma, and tau-> ell gamma experiments now being planned?  How does the sensitivity to these models
compare to that from direct collider searches? Do the times scales for discovery match?  Are there
collider observables sensitive to the neutrino mixing angles? (needs to be organized with IF)

4. Quark Mixing and Quark Flavor -- What new physics models will be accessed by future
measurements of B, D, and K weak decays, either from improved precision or from new observables? 
How does the sensitivity to these models compare to that from direct collider searches?  Do the times
scales for discovery match?  Are there new sources of flavor mixing beyond the CKM angles that might
show up either in low-energy or in high-energy measurements?   (needs to be organized with IF)

5. Future of the Higgs --  What are examples of models that predict deviations from the Standard Model
in the Higgs couplings, and at what levels? How far have current measurements constrained this model
space?  What is the interplay between Higgs coupling measurement and searches for new particles? 
What should be the goal in precision Higgs measurement?  

6. Future of the Top Quark -- To what extent have we tested the statement that the couplings of the top
quark agree with the Standard Model?  What models of new physics predict variations in the top quark
couplings that will be visible when we achieve a higher level of precision?  What is the interplay
between measurement of top quark couplings and searches for new particles?  The top quark mass is an
important parameter for many purposes; how accurately must it be measured, and how can that be
accomplished?   (need input from IF)

7. Future of Precision Electroweak -- How will the precision tests of the electroweak interactions
improve in the coming generation of experiments, both from improved measurements at high energy and
from lower energy probes such as Moller scattering and Atomic Parity Violation? What are the
achievable accuracies on mW, mZ, alpha, alpha_s, sin2thetaw, etc.?  What accuracies are needed to test
predictions of new physics models?  What is the interplay of precision measurement with measurements
of W boson scattering?  What is the interplay between precision electroweak measurements and
precision Higgs boson measurements?

Naturalness	  	  	  	  	  Dark	  Ma"er	  	  	  Lepton	  Flavour	  ViolaGon	  	  	  
Days	  
2-‐7	  
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The	  Energy	  FronGer	  has	  proposed	  sessions	  for	  	  days	  4	  -‐9	  	  	  

Titles and Descriptions for Sessions of General Interest in Minnesota proposed by the Energy Frontier
group:

1. Naturalness -- The strongest argument for new particles at the TeV scale is that they are needed to
provide a "natural" explanation for electroweak symmetry breaking.  But some people are now saying
that LHC exclusions or flavor bounds are inconsistent with naturalness.  What is the real situation?  To
what extent have we excluded naturalness of the electroweak scale?  Is it possible to fully exclude
naturalness by proposed experiments and, if so, how?  Is there an alternative to naturalness to estimate
the scale of new physics?    (needs input from IF and CF)

2. Dark Matter -- Review the various approaches to dark matter particle detection,  including direct
searches for new particles at colliders. Compare the advantages, disadvantages, and complementarity of
the various methods. How does the sensitivity to models of new physics from astrophysical dark matter
searches compare to that from direct searches at colliders?  Do the times scales for discovery match? 
What can each method tell us about the quantum numbers and interactions of the dark matter particle?
(needs to be organized with CF).    

3. Lepton Flavor Violation -- what new physics models will be accessed by mu-e conversion, mu-> e
gamma, and tau-> ell gamma experiments now being planned?  How does the sensitivity to these models
compare to that from direct collider searches? Do the times scales for discovery match?  Are there
collider observables sensitive to the neutrino mixing angles? (needs to be organized with IF)

4. Quark Mixing and Quark Flavor -- What new physics models will be accessed by future
measurements of B, D, and K weak decays, either from improved precision or from new observables? 
How does the sensitivity to these models compare to that from direct collider searches?  Do the times
scales for discovery match?  Are there new sources of flavor mixing beyond the CKM angles that might
show up either in low-energy or in high-energy measurements?   (needs to be organized with IF)

5. Future of the Higgs --  What are examples of models that predict deviations from the Standard Model
in the Higgs couplings, and at what levels? How far have current measurements constrained this model
space?  What is the interplay between Higgs coupling measurement and searches for new particles? 
What should be the goal in precision Higgs measurement?  

6. Future of the Top Quark -- To what extent have we tested the statement that the couplings of the top
quark agree with the Standard Model?  What models of new physics predict variations in the top quark
couplings that will be visible when we achieve a higher level of precision?  What is the interplay
between measurement of top quark couplings and searches for new particles?  The top quark mass is an
important parameter for many purposes; how accurately must it be measured, and how can that be
accomplished?   (need input from IF)

7. Future of Precision Electroweak -- How will the precision tests of the electroweak interactions
improve in the coming generation of experiments, both from improved measurements at high energy and
from lower energy probes such as Moller scattering and Atomic Parity Violation? What are the
achievable accuracies on mW, mZ, alpha, alpha_s, sin2thetaw, etc.?  What accuracies are needed to test
predictions of new physics models?  What is the interplay of precision measurement with measurements
of W boson scattering?  What is the interplay between precision electroweak measurements and
precision Higgs boson measurements?

Quark	  mixing	  and	  flavour	  violaGon	  	  	  	  Future	  of	  the	  Higgs	  	  	  	  
Future	  fo	  the	  top	  quark	  	  	  	  	  	  	  	  	  	  

Days	  
2-‐7	  	  
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The	  Energy	  FronGer	  has	  proposed	  sessions	  for	  	  days	  2	  -‐7	  	  	  

Titles and Descriptions for Sessions of General Interest in Minnesota proposed by the Energy Frontier
group:

1. Naturalness -- The strongest argument for new particles at the TeV scale is that they are needed to
provide a "natural" explanation for electroweak symmetry breaking.  But some people are now saying
that LHC exclusions or flavor bounds are inconsistent with naturalness.  What is the real situation?  To
what extent have we excluded naturalness of the electroweak scale?  Is it possible to fully exclude
naturalness by proposed experiments and, if so, how?  Is there an alternative to naturalness to estimate
the scale of new physics?    (needs input from IF and CF)

2. Dark Matter -- Review the various approaches to dark matter particle detection,  including direct
searches for new particles at colliders. Compare the advantages, disadvantages, and complementarity of
the various methods. How does the sensitivity to models of new physics from astrophysical dark matter
searches compare to that from direct searches at colliders?  Do the times scales for discovery match? 
What can each method tell us about the quantum numbers and interactions of the dark matter particle?
(needs to be organized with CF).    

3. Lepton Flavor Violation -- what new physics models will be accessed by mu-e conversion, mu-> e
gamma, and tau-> ell gamma experiments now being planned?  How does the sensitivity to these models
compare to that from direct collider searches? Do the times scales for discovery match?  Are there
collider observables sensitive to the neutrino mixing angles? (needs to be organized with IF)

4. Quark Mixing and Quark Flavor -- What new physics models will be accessed by future
measurements of B, D, and K weak decays, either from improved precision or from new observables? 
How does the sensitivity to these models compare to that from direct collider searches?  Do the times
scales for discovery match?  Are there new sources of flavor mixing beyond the CKM angles that might
show up either in low-energy or in high-energy measurements?   (needs to be organized with IF)

5. Future of the Higgs --  What are examples of models that predict deviations from the Standard Model
in the Higgs couplings, and at what levels? How far have current measurements constrained this model
space?  What is the interplay between Higgs coupling measurement and searches for new particles? 
What should be the goal in precision Higgs measurement?  

6. Future of the Top Quark -- To what extent have we tested the statement that the couplings of the top
quark agree with the Standard Model?  What models of new physics predict variations in the top quark
couplings that will be visible when we achieve a higher level of precision?  What is the interplay
between measurement of top quark couplings and searches for new particles?  The top quark mass is an
important parameter for many purposes; how accurately must it be measured, and how can that be
accomplished?   (need input from IF)

7. Future of Precision Electroweak -- How will the precision tests of the electroweak interactions
improve in the coming generation of experiments, both from improved measurements at high energy and
from lower energy probes such as Moller scattering and Atomic Parity Violation? What are the
achievable accuracies on mW, mZ, alpha, alpha_s, sin2thetaw, etc.?  What accuracies are needed to test
predictions of new physics models?  What is the interplay of precision measurement with measurements
of W boson scattering?  What is the interplay between precision electroweak measurements and
precision Higgs boson measurements?

8. Instrumentation for High-Luminosity Hadron Colliders -- High energy hadron colliders face serious
experimental problems, especially in event reconstruction in the presence of high pileup.  What new
technologies are emerging to confront the problems of triggering, heavy flavor ID, and precision tracking
and calorimetry in this environment.  How do the specifications of these technologies align with the
requirements for physics measurements?  (needs to be organized with InstF)

9. Instrumentation for Future Lepton Colliders -- Future lepton colliders present a mixture of
opportunities and challenges for particle experimentation.  At large angles, ILC offers a very low-
background experimental environment, while linear colliders detectors at small angles and muon collider
detectors must deal with very large background rates.  These features of future lepton colliders have
spurred the development of new technologies, including, on the one hand, silicon detectors with minimal
material and energy flow calorimetry at the level of single particle sensitivity and, on the other hand,
trackers and calorimeters with nanosecond time windows.  What is the range of such future detector
technologies, and how do the proposed solutions match the needs from the physics?    (needs to be
organized with InstF)

10.  Beyond the Terascale  --  What are the most important elements of the case for hadron colliders at
30-100 TeV and lepton colliders at 3-10 TeV?   What sorts of particles or phenomena will we be
searching for at such energies?  What are the requirements from the physics on collider parameters and
on experimental design?   (needs to be organized with Capabilities, and with input from InstF)

-------------------------------------------------------------------------------------------
 Michael E. Peskin                           mpeskin@slac.stanford.edu
 HEP Theory Group, MS 81                       -------
 SLAC National Accelerator Lab.        phone: 1-(650)-926-3250
 2575 Sand Hill Road                       fax:     1-(650)-926-2525
 Menlo Park, CA 94025 USA              www.slac.stanford.edu/~mpeskin/
---------------------------------------------------------------------------------------------

Future	  Precision	  Electroweak	  	  InstrumentaGon	  (Hadron	  Colliders)	  	  	  	  
Days	  
2-‐7	  	  
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The	  Energy	  FronGer	  has	  proposed	  sessions	  for	  	  days	  2	  -‐7	  	  	  

8. Instrumentation for High-Luminosity Hadron Colliders -- High energy hadron colliders face serious
experimental problems, especially in event reconstruction in the presence of high pileup.  What new
technologies are emerging to confront the problems of triggering, heavy flavor ID, and precision tracking
and calorimetry in this environment.  How do the specifications of these technologies align with the
requirements for physics measurements?  (needs to be organized with InstF)

9. Instrumentation for Future Lepton Colliders -- Future lepton colliders present a mixture of
opportunities and challenges for particle experimentation.  At large angles, ILC offers a very low-
background experimental environment, while linear colliders detectors at small angles and muon collider
detectors must deal with very large background rates.  These features of future lepton colliders have
spurred the development of new technologies, including, on the one hand, silicon detectors with minimal
material and energy flow calorimetry at the level of single particle sensitivity and, on the other hand,
trackers and calorimeters with nanosecond time windows.  What is the range of such future detector
technologies, and how do the proposed solutions match the needs from the physics?    (needs to be
organized with InstF)

10.  Beyond the Terascale  --  What are the most important elements of the case for hadron colliders at
30-100 TeV and lepton colliders at 3-10 TeV?   What sorts of particles or phenomena will we be
searching for at such energies?  What are the requirements from the physics on collider parameters and
on experimental design?   (needs to be organized with Capabilities, and with input from InstF)

-------------------------------------------------------------------------------------------
 Michael E. Peskin                           mpeskin@slac.stanford.edu
 HEP Theory Group, MS 81                       -------
 SLAC National Accelerator Lab.        phone: 1-(650)-926-3250
 2575 Sand Hill Road                       fax:     1-(650)-926-2525
 Menlo Park, CA 94025 USA              www.slac.stanford.edu/~mpeskin/
---------------------------------------------------------------------------------------------

InstrumentaGon	  (Lepton	  Colliders)	  	  	  	  	  	  	  	  	  	  Beyond	  the	  Terascale	  	  	  	  
Days	  
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Findings & conclusions in bullet form are presented 
To the wider community at the first two days of DPF2013  
August  13-17 2013 @ Santa Cruz 



RegistraGon	  is	  open	  
h"p://www.hep.umn.edu/css2013/	  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	   65	  



66	  

“What	  we	  know	  is	  a	  droplet,	  what	  we	  
don’t	  know	  is	  an	  Ocean”  	  
Sir	  Isaac	  Newton	  (1643-‐1727)	  

Courtesy	  T.	  Virdee	  



HEP COMMUNITY PLANNING
J. Rosner – CPM 2012 – October 11, 2012 – Fermilab

Develop the community’s long-term physics aspirations; communicate
the opportunities for discovery in high-energy physics to the broader
scientific community and to the government.

Wiki page: http://www.snowmass2013.org

Community Planning Meeting (CPM2012, Fermilab, Oct. 11–13)

Community Summer Study (CSS2013, U. of Minn., 2013, 7/29-8/10)

Energy Frontier: Chip Brock, Michael Peskin

Intensity Frontier: JoAnne Hewett, Harry Weerts

Cosmic Frontier: Jonathan Feng, Steve Ritz

Capabilities: William Barletta, Murdock Gilchriese

Instrumentation: Marcel Demarteau, Ron Lipton, Howard Nicholson

Computing: Lothar Bauerdick, Steve Gottlieb

Education and Outreach: Marge Bardeen, Dan Cronin-Hennessy

The	  Division	  of	  ParGcles	  and	  Fields	  of	  the	  
	  American	  Physical	  Society	  would	  like	  to	  thank	  

Conveners	  

And	  a	  cast	  of	  >1,000	  	  
Colleagues	  in	  the	  U.S.	  and	  around	  the	  globe	  
making	  the	  studies	  
making	  the	  calculaGons	  	  
and	  daring	  to	  dream	  
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AddiGonal	  Material	  	  
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Jim	  Siegrist	  Feb	  22,	  2013	  	  



CSS2013	  Outcomes	  and	  Boundary	  
CondiGons	  

•  In	  general,	  we	  would	  like	  from	  the	  study	  process	  a	  community	  consensus	  
on	  a	  ‘situaGon	  analysis’	  for	  each	  major	  subsecGon	  of	  our	  field.	  	  
–  What	  are	  our	  current	  strengths	  and	  capabiliGes,	  and	  what	  are	  the	  

opportuniGes	  we	  face.	  	  
•  The	  ‘situaGon	  analysis’	  can	  be	  accompanied	  by	  a	  ‘decision	  tree’	  that	  

summarizes	  a	  range	  of	  future	  opGons,	  depending	  on	  what	  current	  
experiments	  do	  or	  do	  not	  find.	  	  
–  This	  is	  very	  helpful	  to	  understand	  what	  we	  need	  to	  do	  in	  order	  to	  be	  able	  to	  

make	  certain	  decisions	  (e.g.,	  await	  some	  new	  physics	  results?	  Technology	  
demonstraGon?	  Etc.)	  

–  The	  analysis	  also	  needs	  to	  quanGfy	  how	  accurately	  various	  measurements	  
need	  to	  made	  in	  order	  to	  advance	  the	  field	  (“more	  precise	  is	  be"er”	  is	  not	  
good	  enough)	  

•  Some	  opportuniGes	  may	  be	  too	  poorly	  defined	  to	  allow	  a	  major	  
investment	  at	  this	  Gme,	  but	  need	  further	  exploraGon.	  	  
–  We	  refer	  to	  ‘pilot	  studies’	  being	  needed	  to	  explore	  these	  areas	  in	  advance	  of	  

approval	  of	  DOE	  Mission	  Need.	  

70	  

Siegrist	  &	  DPF	  

Shipsey	  	  	  	  ECFA	  LC2013	  DESY	  



Boundary	  CondiGons	  
•  Note	  that	  a	  ‘brute	  force’	  approach	  that	  seeks	  to	  spend	  vast	  sums	  in	  

order	  to	  build	  some	  facility/physics	  capability	  simply	  will	  not	  work	  
in	  today’s	  fiscal	  environment.	  This	  has	  been	  empirically	  
demonstrated.	  
–  	  Most	  recently,	  via	  our	  discussions	  on	  LBNE,	  we	  have	  confirmed	  that	  

single	  domesGc	  project	  expenditures	  must	  be	  somewhat	  smaller	  than	  
$1B	  per	  stage.	  	  

•  CSS2013	  parGcipants	  are	  encouraged	  to	  think	  about	  whatever	  
physics	  you	  think	  is	  most	  relevant	  and	  important	  to	  progress	  in	  
HEP,	  but	  the	  effort	  you	  put	  in	  should	  be	  tempered	  with	  a	  realisGc	  
assessment	  of	  funding	  possibiliGes.	  
–  	  Many	  ideas	  can	  be	  staged	  to	  provide	  new	  physics	  capability	  at	  each	  

step,	  but	  some	  cannot.	  	  
•  Stringing	  together	  projects	  that	  build	  upon	  previous	  investments	  

either	  scienGfically	  or	  through	  recycling	  of	  infrastructure	  is	  
generally	  well	  received.	  	  
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In addition, we have to be aware of the community goals: 
 
I.   Present our case to our HEP colleagues  
 
II.  Justify our ambitions to government 
 
III.  Explain our goals to scientists in other fields and to the general public 
 
 
 
These require: 
 
A clear expression of why we do what we do. 
 
“Discovery stories”  :    
 
     Concrete illustrations of discoveries that could take place before 2020, 
           and the experiments that would pursue the new direction that is opened 
 
White paper on US participation in global projects 

High Energy Frontier	




Instrumentation Challenge  

73 Shipsey    ECFA LC2013 DESY 

LHC data 
October, 2011 

InstrumentaGon	  is	  the	  great	  enabler	  of	  science	  
both	  pure	  and	  applied.	  InstrumentaGon	  is	  
criGcal	  to	  the	  mission	  of	  High	  Energy	  Physics,	  
which	  is	  to	  explore	  the	  fundamental	  nature	  of	  
energy,	  ma"er,	  space	  and	  Gme.	  Our	  field	  is	  
embarking	  on	  a	  new	  golden	  age	  of	  discovery	  
with	  the	  recent	  turn-‐on	  of	  the	  LHC,	  and	  with	  
new	  experiments	  being	  planned	  at	  proposed	  
new	  accelerators,	  deep	  underground,	  at	  the	  
South	  Pole,	  and	  in	  space	  that	  together	  have	  the	  
potenGal	  to	  reveal	  the	  origin	  of	  mass,	  explain	  
the	  ma"er	  anG-‐ma"er	  asymmetry	  of	  the	  
universe,	  search	  for	  extra	  spaGal	  dimensions,	  
determine	  the	  nature	  of	  dark	  ma"er	  and	  dark	  
energy,	  and	  may	  probe	  the	  Planck	  scale.	  For	  the	  
very	  first	  Gme	  we	  may	  come	  to	  know	  how	  our	  
universe	  was	  born,	  how	  it	  will	  evolve,	  and	  how	  
it	  will	  end.its	  ulGmate	  fate.	  	  	  



Education and Outreach Frontier  
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Same	  as	  last	  slide	  	  
in	  pictoral	  form	  



No	  guarantees	  on	  the	  ice	  fishing!	  
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