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Concentrate on i1 — e-conversion in nuclei, and precision

measurements of the muon anomalous magnetic moment.

1. Physics Case;
2. Why Here?;

An Integrated Approach to 8 GeV Beams;

=~ W

1 — e-conversion with 200 kW

5. Timeline.
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Physics Case: Charged Lepton Flavor Violation (CLFV) and

{4 — e-conversion

( B(p — e — conv) = FEEM +J{1£1AZ?)—:§ +I§AZZ>1))), is the normalized rate. )

e Interplay with LHC — complementary information regarding new physics at

the TeV scale. We learn something about the TeV scale physics in the

advent of positive and negative results from 1 — e searches at 107 7.

e Interplay with other CLFV — non-trivial information to be obtained by

combining p — e-conversion and other CLFV processes (u — ey, u — eee).

e Potentially strong connection to origin of neutrino masses. In case of SUSY,
may provide invaluable information that may allow one to ultimately test

leptogenesis! [Also fundamental for MFV]

e Can repeat the measurement with different targets. Non-trivial information

on new physics in case of positive results.
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Little Higgs Models: L. Calibbi, et al, Phys. Rev. D 74, 116002 (2006).
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Physics Case: Anomalous Magnetic Moment of the Muon,
(9-2)/2 = a,

e Current 3.4 sigma discrepancy. Is it first evidence of new physics at the
TeV scale?

e Theoretical prediction “robust.” Way forward clear: new ete™ data to
improve precision of hadronic contribution, light-by-light scattering final
obstacle = lattice(?). NOTE: new experimental efforts will encourage

theorists to improve on SM value.

e Interplay with LHC — if there is new physics at the TeV scale, a,, can
differentiate among different model, provide precision measurement of

model parameters.
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. K. Hagiwara, A.D. Martin, Daisuke Nomura, 1. Teubner Rep Prog.Phys. 70, 795 (2007)

January 26, 2008 Muon Physics




Muon g-2, like other precision measurements, has powerful
discriminating input

10-11 units
SPS Point nﬁ”“'u (improved)
SPS 1a 293 Compare to
SPS 1b 318 present Aa, =295
SPS 2 16.5
SPS 3 135
SPS 4 490 Compare uncertainty
SPS 5 86 tod Aau ~ +35
SPS 6 169
SPS T 237
SPS 8 173
SPS 9 90 -

* -
Snowmass Points and Slopes:
http://www.ippp.dur.ac.uk/~georg/sps/sps.html
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e . rY _'_'-\_“'_""
Aa,: we need—todig a little mmore! ; /’ff P
ar _'_'_._'_-__— '_':' II

This could be the greatest discovery of the century.
Depending, of course, on how far down it goes.
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Why Here?

e g — 2: Clear advantages from beam bunch deliver perspective and
running of high-intensity protons (they do not exist at BNL anymore
without 12 M upgrades to AGS. The multi-bunching at BNL is only
an idea.) More muons requires a new ring and kickers to be
competitive with FNAL. |Hertzog|

e [, — e-conversion: Beam has an easily produced time-structure, beam
power is appropriate for a staged approach (below 10716 — 10718).

Mature, well-thought-out design, built to use this beam structure.
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stop muons in [thin tltget [nd look for [Isingle mono-energetic electron

MECO CONCEPT (Molzon et [1.)

4 110% prim[ry ————
protons [t 8 GeV - Bem St
yield 1 T 108 e
stopping muons

Cryst(l
Cllorimeter

Decly Chlnnel
Momentum

& SEgn \ . SC Detector Solenoid
selection = SC Trinsport Solenoid (20T-1.0T)

Pion production 8 GeV
& cipture a5 — Well developed
o PROTONS | esign.
reviewed for
"\\ SC Solenoid cost & fesibility
contlining production tl rget
(50T-25T)
# Steve Geer NUFACTO06 UC Irvine, August 2006 plge 4
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Staging Approach (@/
to Search for Muon to Electron Conversion

Phase 1: COMI:—F
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mon-lo-electron con
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1

B(p~ + Al —» e” 4+ Al) < 10716 B(p~ +Ti— e +Ti)<10718
eithout a muon storage ring. ewith a muon storage ring.
euse a slowly-extracted pulsed proton beam.  euse a fast-extracted pulsed proton beam.
emedium proton beam power (60 kW) every high beam pwer (>1 MW)
®can be done at the J-PARC NP Hall. eneed a new beamline of fast extraction.
®[arly realization eltimate search
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An Integrated Approach to 8 GeV Beams:
e Work by Chuck Ankenbrandt and Milorad Popovic
e Use accumulator and debuncher both before and during Project X

e Eixtract all possible beams in the same general direction in existing

tunnels

— @ — e conversion, a,, X — wvr, muon test beams,. ..

e Provide for beams using both Booster and Project X linac as the

driver

e Scheme to put up to 200 kW through the system with ~5 Amp
circulating current (multiple transfers per 1.4s MR cycle)

e Details, e.g. number of beams transported in tunnel, locations of
specific experiments to be worked out

January 26, 2008 Muon Physics
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e Important to work out the accelerator physics issues

— Needed for all beams for all experiments with some differences: time

structure, extraction
— Concerns with intensity (instabilities, e.g. from electron cloud effects)
— Number of person years of work should start immediately
e Real benefits from providing for multiple beams in shortly interlaced
or simultaneous operation, possible ideas:

— Formulate time structures in both accumulator and debuncher, one for

p — e-conversion, one for g — 2 / K-decays

— Provide for transfer into both machines from recylcer, slow or pulsed

extraction from each.

e At > 200 kW, would need a new storage ring

January 26, 2008 Muon Physics
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Booster-era Beam Transfer Scheme

Rare Kaon Decays
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Operation of ;1 — e at 200 kW:

e From operation viewpoint, MECO/u2e was designed for 100 kW
instantaneous, 50 kW average intensity

— Concerns about detector rates, from operation and backgrounds a
concern if 2x instantaneous intensity (all rate is from muon
capture)

x Rate reductions in detectors being studied with modifications to

detector solenoid (curved geometry, extra length)
— Concerns about target heating, radiation load on magnets if 4%
average intensity

x Ideas for reducing rates by extra shielding of magnets, improved
target cooling

x Mostly a cost issue

January 26, 2008 Muon Physics
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e From background and sensitivity viewpoint, distinguish scenarios with
a big (> 10719) signal:

— For example at 3 x 10712, 3000 events would be detected at
sensitivity of 1071®, and background at the 1017 level would not

be a problem
— Rates could be measured with different nuclei (Al, Ti, perhaps
Ca), and the rate compared with that for u — ey
e and scenarios without a big (> 1071°) signal:
— Studies started on ways of improving resolution, other backgrounds

— Will be informed by results from early running strong motivation

for early start

January 26, 2008 Muon Physics
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Beam Path to 200 rget Station in Project X Era
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Possible Timeline:

e Construction of pu2e will take 5 years, with aggressive start could begin
commissioning in 2015, with 2 years running with Booster Beam —

collaboration has formed and will be strengthened.

e g — 2 could begin relatively sooner, perhaps as soon as a beam was available.
Core collaboration with long experience in g — 2 experiment exists.

Running more than one experiment at a time could be beneficial in Project X era

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Muon Beams
Booster (8 GeV) 300 kW 300 kW 300 kW 300 kW ~500 kw  16kwW 16kW 760kw 760kw ~1MW 23 MW 2.3MW

Debuncher/accumulator (1 MHz 8 GeV) R&D

Commis Operation

Debuncher/accumulator (fast pulse 80 Hz) R&D Commiss.

Project X R&D Commiss Operation

Muon Experiments

muon conversion mu2e R&D Commiss Operation Upgrade Operation
muon g-2 R&D Construc Commis Operatior analysis analysis |Upgrade Operation
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