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Charge to chairs of workshop

1.Document ( in one 
coherent document) the 
h i  / i  physics /science 

opportunities at the 
Intensity Frontier.

2 Id tif  i t  2.Identify experiments 
and facilities needed 
for components of 
program

3.Demonstrate that 
community is 
interested/wants to do 
th  I t it  F ti  the Intensity Frontier 
physics

4.Educate the 
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.E u
community



HEP and the frontiers

Good representation of HEP

Has proven to be very useful 
and effective in US in terms of 
funding and communicating 
HEP program to government.

as long as they are all together
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HEP and the frontiers
Struggled with definition of Intensity 
F i & i hFrontier & continue somewhat

HEP

Energy
Frontier

Cosmic 
Frontier



Intensity
Frontier

Extends outside “HEP”.
This workshop sponsored by Offices of
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This workshop sponsored by Offices of 
HEP and Nuclear Physics



HEP and the frontiers

Struggled with definition of Intensity 
F i & ill h

progression

Others well defined and 
Frontier & still are somewhat

HEP HEP

becoming more focused & 
defined

Energy
Frontier

LHC

Cosmic 
Frontier


Dark 

Matter & 
Intensity
Frontier

Dark 
Energy

Intensity
Frontier

Energy Frontier & Cosmic frontier 
currently rather well defined and for 
foreseeable future
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foreseeable future



What is the Intensity Frontier?

• Exploration of Fundamental Physics with high intensity beams 
and/or large sensitive detectors

• Precision measurements that indirectly probe quantum effects

New 
Physics

• Must use multi-pronged approach to search for new physics
– Direct ProductionDirect Production
– Precision Measurements
– Rare and Forbidden Processes
– Fundamental Properties of Particles
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What is the Intensity Frontier?

So at outset ( without quite knowing where we were going) So at outset ( without quite knowing where we were going) 
we set up the following areas for study

Study existing particles/ 
look for new ones

Heavy Quarks
Charged  
Leptons

look for new ones

Heavy Quarks Leptons

dd klHidden Weakly 
Coupled 
Sectors

Neutrinos

Nucleons & 
At

Proton DecayMapped on to 
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Atoms
pp

working groups



Really:
Through working groups, meetings, workshops over 
October & November 2011 identify physics opportunities 

“The Intensity Frontier Workshop” exercise

y p y pp
& needed facilities at the Intensity Frontier

Physics: s c & b quarks final statesPhysics:  s,c & b quarks final states

Muons, taus

All experiments for properties of 
neutrinos. Accelerator & non-accel.

“Dark” photons, paraphotons, 
axions, WISPs

Proton decayProton decay

Properties of nucleons, nuclei or 
atoms (EDM)
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( )

It is not just 
 oscillations



Really:
Through working groups, meetings, workshops over 
October & November 2011 identify physics opportunities 

“The Intensity Frontier Workshop” exercise

y p y pp
& needed facilities at the Intensity Frontier

Summarize 
findings, morefindings, more 

community 
input & inform 
community at 

I t itIntensity 
Frontier 

workshop: Nov 
30-Dec 2, 2011, , ,

Rockville, MD
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What is the Intensity Frontier?

The Intensity Frontier is a broad and diverse set 
of science opportunities

They look for, study, 
address following science

CP Asymmetries, 
Rare decays,  LFv with μ,τ

g 2

address following science

Distributions
K’s, Charm, B’s

g-2

ν Oscillations
New particle 
searches

ν Oscillations
LFv in ’s
0νββ

EDMs
Parity Violation

Proton Decay
LFv = Lepton 
Flavor number 
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Parity Violationviolation



The Intensity Frontier

The Intensity Frontier is a broad and diverse set 
of science opportunities

They look for, study, 
address following science

CP Asymmetries, 
Rare decays,  LFv with μ,τ

g 2

address following science

Experiments 
planned, under 

Distributions
K’s, Charm, B’s

g-2

ν Oscillations

planned, under 
construction, 
wishful 
thinking, etc

New particle 
searches

ν Oscillations
LFv in ’s
0νββ

g

EDMs
Parity Violation

Proton Decay
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Parity Violation



The Intensity Frontier

The Intensity Frontier is a broad and diverse, but 
connected, overlapping , set of science opportunities. Broad program 

with many 

New sources of 
CPv – quarks -

New sources of 
CPv –charged leptons 

Indirect new

with many 
connections

Indirect new 
Physics   Search

-Indirect new 
Physics Search 

Explore new FundamentalExplore new 
weakly coupled 
sectors, 
possibly DM

Fundamental 
Properties: CPv
Dirac/Majorana
Mass Hierarchy

New sources of 
CPV – Indirect new 
Physics Search - Test of 

ifi ti

CPv = Charge 
Parity violation

NCAS, March 9, 2012, H.Weerts

y
Fundamental 
measurements

unification



The Intensity Frontier

The Intensity Frontier is a broad and diverse, but 
connected, overlapping , set of science opportunities. Broad program 

with many 

New sources of 
CPv – quarks -

New sources of 
CPv –charged leptons 

Indirect new

with many 
connections

NOT a priori 
clear which is Indirect new 

Physics   Search
-Indirect new 
Physics Search 

Explore new Fundamental

clear which is 
most 
important. 
We should do 

One 
outcome of 

workshop
Explore new 
weakly coupled 
sectors, 
possibly DM

Fundamental 
Properties: CPv
Dirac/Majorana
Mass Hierarchy

We should do 
them all if 
possible.

New sources of 
CPV – Indirect new 
Physics Search - Test of 

ifi ti
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y
Fundamental 
measurements

unification



Why broad & diverse?

The Intensity Frontier is a broad and diverse set of science 
opportunities

• Why is it important to be broad and diverse?Why is it important to be broad and diverse?

Anticipated discoveries at the LHC with 1st data: 

NCAS, March 9, 2012, H.Weerts
Murayama



Why broad & diverse?

Expectations for LHC new physics output were high, BUT

“New physics not rolling out every week”New physics not rolling out every week

1st surprise from LHC:  Direct CPV in Charm decays!
i  I t it  f ti

CPv search in

i.e. Intensity frontier

CPv search in 
D→ππ vs D→ KK

3.5σ signal

NCAS, March 9, 2012, H.Weerts



What Next?

Proponents must engage, and make their case to, the community!

Otherwise you may not like the resulting prioritiesOtherwise, you may not like the resulting priorities

No consensus on 
science priorities 
yet.  

Case for each will 
have to be made.

Also have to fold in

One example, 
one point of 
view

Also have to fold in 
other constrains ( $, 
time line, other 
regions)
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Arkani-Hamed



Some outcomes of the workshop
• > 500 participants 

– Overflowed meeting space and had to limit attendance
– Exceeded our expectations ( Organizers & DOE !)

• Workshop peppered with ideas and enthusiasm
– > 100 Parallel session talks
– Much discussion!  Sessions, posters, hallways, twitter

• Demonstrates a large, young community that wants to do this 
science

Intensity Frontier science program
• Intensity Frontier is a broad set of precision measurements of 
properties of  known particles

• It is a multi pronged, inter connected program (not just one 
h) AND l b l approach) AND global program

• We have “only” presented the science case

Developin  a strate y & pro ram to be executed is later

NCAS, March 9, 2012, H.Weerts

Developing a strategy & program to be executed is later….



Workshop Deliverables
Technical Report Timeline (for community):
• 1st draft due around end of 2011-- done

• Working group report reviewedby community ~ end January 
2012—done

• Working group reports complete by end of February 2012 -
-done

• Make available to HEPAP in March 2012 for comments
• Final Report by end of March 2012

• Everyone who contributes will be an authory
• Website to sign up in support of the described science 

opportunities

Glossy Brochure (outside community) :
• Communicators in charge

• Ready by end of March

NCAS, March 9, 2012, H.Weerts
------ End of “Workshop” -------

Ready by end of March



Outline of report

Title page
Complete author list & Affiliations
Executive Summary
Introduction
Working group 1  -- with conveners & authors
….
Working Group 6
Summary

T l  b  220 

Attachments 

Total report about 220 pages

NCAS, March 9, 2012, H.Weerts



Example of working group report
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Neutrino working group

Summary of areas covered in report

Mixing matrix State @ workshop time

Neutrino 
oscillations:

Daya Bay ( 3/8/2012):

Program 

Which 
way ?

+ complex phase  (CP-violation)
Not measured; only 
contributes if 13 is non zero 

g
in place 
to 
measure 
all  

Neutrino 
Fundamentals:

1. Measure Neutrino mass
2. Neutrinos Majorana or Dirac 

Sterile 
Neutrinos:

Short baseline experiment ~2 anomalies may indicate 
additional sterile neutrinos  

US:  
combinat
ion of 

NCAS, March 9, 2012, H.Weerts

ion of 
HEP & 
NP

Neutrino-N 
scattering:

Measure neutrino interaction cross sections better and 
target or A dependence of them



Nucleons, Nuclei & Atoms

Summary of areas covered in report

Neutrons
SM-theory: 10-31 e cm Exp: <2.9x10-26 e cm  5x10-28 e cm 

Electric dipole 
moments:Program 

Nucleus (Hg)
SM-theory: 10-33 e cm Exp: <10-27 e cm  10-32 e cm 

2018  10-28 e cm 

g
in place 
to 
measure 
all  

Electrons ( cold molecules of YbF, ThO possible Fr)

SM-theory: 10-38 e cm Exp: <1.05x10-27 e cm  3x10-31 e cm 

Excellent 
probes of 
new 
physics

+ KaonsTh:   1.2351 (  2) x 10-4

Exp: 1.2300 (40) x 10-4 – 0.3%  go to 0.05%Weak 
decays: Nuclear  decay: precise measurement of Vud, future measurement of 

Neutral 
C t

Polarized electron scattering from unpolarized targets 
& l t  ( M ll  tt ) i i  

 y p ud
n lifetime and decay correlations

NCAS, March 9, 2012, H.Weerts

Currents: & electrons ( Moeller scatter) precision 
measurements of weak mixing angle over large Q2Asymmetries



Executive summary points

Slide version of Executive Summary of Intensity Frontier:

Program directed at new physics i.e. Beyond Standard Model 
physics

Si  ki   th   h   d i  F ll 

Three day workshop ~Dec 2011; 

Six working groups; three conveners each; prepare during Fall 
of 2011

before

hr  ay w r h p D c ; 
large interest by community; ~500 participants; much discussion & 
vibrant atmosphere

Science is broad and diverse but interconnected
after

Science is broad and diverse but interconnected

Science reach of each area documented and clear progress; this 
decade & next 

Continue broad based science discussion of Intensity Frontier as 
new results arrive; future workshops

NCAS, March 9, 2012, H.Weerts

Describe science & serve as input into strategic planning; this is 
step 1



Nuclear Physics aspects

• Workshop was organized along science not funding sources

• Nucleons  Nuclei & Atoms separate working groupNucleons, Nuclei & Atoms separate working group
• Neutrino working groups -- both NP and HEP

• NP obviously part of Intensity Frontier or vice versa  (address NP obviously part of Intensity Frontier or vice versa  (address 
same physics)

• Intensity Frontier should continue to be science based and not 
funding based --g

• We should keep an eye on this…
• Upcoming:  Snowmass 2013 & other “HEP” meetings-- example
• Comments from NSAC ?

NCAS, March 9, 2012, H.Weerts



Nuclear Physics aspects

Address brochure

C t l t f Current layout of 
brochure is very 
HEP centric.

Cause for concern ?

Need some 
feedback……

NCAS, March 9, 2012, H.Weerts



Nuclear Physics aspects

Brochure :    Layout ( details still in flux) of brochure

NCAS, March 9, 2012, H.Weerts
Seven pages total, so short.



Nuclear Physics aspects
• Workshop at Wisconsin Fall 2011

• Perfectly in sync with Intensity Frontier workshop
A group of theorists is preparing a full issue of Progress in Nuclear and Particle 
Physics, with each article devoted to a different subtopic. These include CPV/EDMs,F Physics, with each article devoted to a different subtopic. These include CPV/EDMs, 
neutral current studies, charged current studies, neutrino properties, neutrinos 
and astrophysics/cosmology, muon physics, and dark matter in nuclear physics, as 
well has hadronic parity violation.From: M.Ramsey-

Musolf

Future:

NCAS, March 9, 2012, H.Weerts

In parallel, a website will be developed similar in spirit to that of the LEP EWWG 
where recent results and sort of the state of the field can be viewed quickly, 
including illustrative plots.



Future workshops etc.

S  J  2 22  2013Snowmass June 2- 22, 2013
Energy frontier 
Intensity frontier 
Cosmic frontier Working Cosmic frontier 
Frontier facilities 
Instrumentation frontier

g
groups

Community Planning Meeting mmun ty ann ng M t ng 
(CPM2012), October 11-13, 2012 at 
Fermilab

P j X Ph i W k hProject X Physics Workshop at 
Fermilab summer 2012
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Intensity Frontier workshop

The End
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