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Experiments at overlapping frontiers

Goal:

discover new
phenomena in rare
processes

How:

by probing LHC
energies through
virtual interactions

Prize:

understand new
physics associated
with electroweak
symmetry breaking,
matter, and flavor
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Rare Processes @ Fermilab

A Large, clean samples of Kaons and
muons available from secondary beams

» Modest reconfiguration of existing complex
enables world leading program

A Beam tailored for each experiment

A Simultaneous running of multiple
experiments

A Ultimate and unmatched sensitivities
possible with Project X 3 GeV program
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Rare Process Experiments and Initiatives
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Running this summer
Equivalent CD1 review this fall
CD1 review this summer

Updated proposal in preparation
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Rare Process Collaborations

Many exist from last generation experiments at other Labs. Brings
large, new user base to Fermilab

Leading roles played by Fermilab Scientists in every Fermilab Division

Several scientists transitioning from Tevatron. Some examples:

4/ 7

/7
Mandy Rominsky Craig Group Leah Welty-Reiger
Fermilab Reaserch Fermilab Associate Scientist URA Visiting Scholar
Associate Joint appointment w UVA from Northwestern
DO New Pheno+ g-2 CDF Higgs + Mu2e DO Higgs + g-2
2% Fermilab
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Significant funding
from DOE nuclear

Detector installed

Initial physics before
2012 shutdown

High stats running
after shutdown
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Fermilab Kaon Program

A FCNCs highly motivated by all

new physics models b, S O SHe

A Extensively studied in B decay

A >1_O X current data sets expected [ NewPhysics
this decade
A Kaon advantage: _ b- d: V*V,,°/3 500TeV
» Rates go as (Cabbibo angle)® . o /5
versus (Cabbibo angle)3 in B s- d Vi&F Vg2 /> 1000TeV
physics T
: : Isidori, Nir, Perez 2010
» Universal effects: Kaons win

» Flavor specific effects: need both / = sing. = 0.226(1)
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Example: warped extra dimensions

Bauer, Casagrande, Haisch, Neubert JHEP 1009:014 (2010)

Exhaustive study of Parameter
effects of warped extra Space scan
dimensions on low including all

energy observables experimental
constraints
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SWITCHYARD
BUILDING

NCX
] (NEUTRAL KAON
T~ EXPERIMENT) -~

(CHARGED KAON
EXPERIMENT) )

3 GeV beam energy close to ideal Campus designed to use same
for Kaon production target for K*and K%experiment
- simultaneous running

MI Option
After several years of NOvVA, MI can add

slow spill cycles to feed the K*
experiment and jumpstart the program mixed fast and slow spills running together

1 slow (6 sec flat—top) + & fast (2 sec) spills
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1st 2nd 3rd generation at BNL Decay Sequence
= 7 event data sample
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Pico-bunches

i 3 GeV Protons\
ikl |

e

N }‘“
\, Pointing

|

200 events per year possible with
Project X

Probably only facility where a
precision measurement is possible
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Other Kaon measurements

K™ — 7°u"v (Transverse Polarization -T violation)
K™ —>ev/K™ — u'v (Umversality, LEV, Pseudoscalars...)
K™ — u’v, (Heavy neutrinos)

K]} — n’ee/ 7°puu (CP Violation)

K;.K* > LFV eg. K, ue
K° Interferometry (Plank scale physics)
K — 7lv ... (Umversality, Chiral PT)

Enormous data sets + multipurpose detectors = lots of physics
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Fermilab Charged Lepton Program

A CLFV- new mixing matrix
» Multi-decade program to determine 4 free parameters

A Flavor conserving
» Muon g-2

A Flavor violating
A~ Mu2e
» Next generation Mu2e @ Project X
A M egm eee, me - e*m also being considered @ Project X

A CP violating
» e EDM with rare isotopes
» MEDM storage ring experiments
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Kick starting the program:
The new g-2 experiment

A Follow up of BNL
experiment but better:

A Coupled with a world wide
program to interpret the

A

A

A

A

A

DDDDDD

Reuse the storage ring
10x longer decay channel
Segmented calorimeters
Tracking

>20x statistics, >2x less
systematics

measurement
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US Lattice Quantum Ciromodynamics
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Discovering Lepton Flavor Violation

Best chance for an unambiguous, background
m > free discovery is the mN- eN process

o
Pe = My, Experimental advantage:
Monocromatic e above Michel endpoint

Supersymmetry Compositeness Leptoquark
Mo =
rate ~ 105 A, ~ 3000 TeV 3000 (A, ,0)12 TeVic?
_ A — o4
Theoretical |
advantage:

unique sensitivity to
several mechanisms

N Y Heavy Neutrinos Second Higgs Doublet
of flavor violation
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Expectation for a SUSY

inspired rate  ———————————————-

Sensitivity with booster based

experiment = 3 x 107 (10* TeV)

Sensitivity of 3 x 101 possible

with Project X
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Beyond Discovery

Once lepton flavor violation is discovered, Project X would allow a
diverse , precision LFV program to disentangle underlying physics

Conversion rate vrs target Z for mN- eN Ratio of m eg / MN- eN

negative sign(m)

positive sign(/m)
SUSY:B(m eq) ° 1 0 0B(m eed

Little Higgs: B(m eg) ° B(m eed DF=2 e'- et
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