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Project X: (Proton Driver)

Recycler /
Main Injector
120 GeV

1 gm protons per year

Neutrinos
2 MW
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Project X and LBNE to Homestake

5% of the time line, the 3 GeV linac feeds a simple Rapid Cycling
Synchrotron (RCS), 500m circumference, to strip, accumulate and
boost the energy to 8 GeV

Six pulses of the SAB are transferred to the recycler, filling the
existing recycler, and every 1.4 sec transferred to the Main Injector
for acceleration to high energies (60 GeV to 120 GeV)
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Project X and 2 GeV beams

The greatest potential for rare processes comes from 2 MW
continuous beam. Intensity experiments need continuous beam: pile
up is the main limitation in pulsed beams

1 gm protons per yr

2-GeV programs
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Neutrinos:



Mixing Matrix:
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Neutrinos
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At 2! we have the following limits:

sin"13 < 0.04
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In Matter:
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Project X and 2 GeV beams

The greatest potential for rare processes comes from 2 MW
continuous beam. Intensity experiments need continuous beam: pile
up is the main limitation in pulsed beams

1 gm protons per yr

2-GeV programs
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New Physics
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The Mu2e Detector in Detall




Further in the Future:

Muon Collider
and

Neutrino Factory
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Lepton colliders beyond LHC

LHC Results

ILC Enough

or

ILC not enough

Brinkman/Dehmer Visit, August 13th, 2009

CLIC

or

Muon collider

2% Fermilab



Minimum Luminosity for Physics:

The integrated luminosity required to produce 1000

. - *u- -> ZO events on the peak
¥ Assuming a new gauge boson: ZO HH ¥

¥ examples: SSM, E6, LRM
¥ 5o discovery limits: 4-5 TeV
at LHC (@ 300 fb 1)
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Hence minimum luminosity -> 0.5-5.0 x 10 3° cm= sec™!

for M(ZO) -> 1.5-5.0 TeV

E. Eichten, OThe Basics of Muon Collider PhysicsO
(Fermilab-Pub-09-225-T)



Muon Collider
Conceptual Layout

Project X
Accelerate hydrogen ions to 8 GeV
using SRF technology.

Compressor Ring
Reduce size of beam.

Target
Collisions lead to muons with energy
of about 200 MeV.

Muon Capture and Cooling
Capture, bunch and cool muons to
create a tight beam.

Initial Acceleration
In a dozen turns, accelerate muons
to 20 GeV.

Recirculating Linear Accelerator
In a number of turns, accelerate
muons up to 2 TeV using SRF
technology.

Collider Ring 4 ) P Fermilab Site
Bring positive and negative muons -

into collision at two locations 100

meters underground.
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Muon collider functional layout

Target Capture Cool Format Accel Collide

Color indicates degree of needed
R&D (difficulty) and demonstration
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—$— Neutrino Factory Schematic oy
I Project X
— Proton Source upgraded
* primary beam on to 4AMW with
production target AMW T ~ rebunching ring to
— Target, Capture, and Decay Proton | get right beam
- create m; decay into u Source structure
— Bunching & Phase Rotation O Hg-Jet
» reduce AE of bunch O | Decay || Target
: = | Channel
— Cooling o | vV
 reduce transverse " | Buncher |
emittance g 3
— Acceleration = Ll Storage
Cooler .
— Storage Ring
- store for 500 turns; long Pre Afcel [
straight section -erator ‘

I Acceleration

O 1.5-5 GeV




Project X in a nutshell:

http://www.fnal.gov/pub/projectx/

Highly Rexible 3 GeV proton continuous wave linac with a beam pov
of 2 MW. This can be used for:

e Neutrino Physics: Long Baseline - LBNE;§, mass hiearchy, CPV)
short baseline sin” #y,, anomalous couplings of neutrinos, LSND, ......

e Kaon Physics: Precision measurementof ! #+*viandK ! =i,

Also precision measurements kf° and K ©° system, CPT tests.

e Muon Physics: (g-2), electric dipole momentg,! e conversion, muon
cooling leading to Neutrino Factory and maybe a Muon Collider.

e Nuclear Physics: EDM measurements of unstable deformed nuclei.

At Fermilab, our revolution has already started !
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