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LHC Has Already Had a Profound Impact

JULY

Ken DOLBY STOOD BEFORE HIS WORKSTATION, his smooth, polished hingers ca
ressing the controls of Isabella. He waited, savor 1M the moment, and then he

yanel and 'i1||||:'-. |

hat, two hundred

shightly
he fine vibranon of her
woman, and in his more
t she looked hke—rtall and

¢ desert mght, beaded with sweat. Is

A NODVEL

these teelings with no one—no pomnt i attracting

ricdhicule, To the rest of the scientses on the praject, Isabella was an *it7 a dead

machine built for a specific purpose. But Dolby had always telr a deep

for the machines he created—trom when he was ten vears old and constructed
his tirst radio from a kit. Fred. That was the radio’s name. And when he
thought of Fred, he saw a fat carroty-haired white man, The tirst computer he
had t'-l,-.-_'.| was Betty—who looked i his head like a brisk and ethicient secre
tarv. He couldn’t explain why his machines took on the personalines they

did—it just happened




Angels and Demons
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The Cause of our Excitement

Understanding of the electromagnetic and
weak interactions 4, Higgs?

Some of this
New Physics
may appear
at energies too
high
for the LHC

/o DARK ENERGY

b Other hints, muon g-2, NuTeV, CP
d phases in Bs mixing, Ds decay rates,
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Long Line of ever Higher Energy Particle

Accelerators?

Hadron Colliders

e*e~ Colliders

TEVATRON
(Fermilab)

® LEPII

e EE
100 GeV (SLAC) — (CERN)

TRISTAN
(KEK)

PETRA __ PEP
(DESY) —_ (SLAC)
CESR (Cornell)

VEPP IV (Novosibirsk)
® /SPEAR Il

Constituent Center-of-M ass Energy

®@@ SpcAR __ DORIS . VEPPIII
(SLAC) (DESY) —_ (Novosibirsk)

ADONE
(ltaly)

PRIN-STAN VEPP I ACO
(Stanford) — (Novosibirsk) — (France)

197 0 198 0 199 0
Year of First Physics

Presently there are no
concrete plans for an
accelerator to probe the
next energy regime

How are we going to probe
higher mass scales without
higher energies?



NatlliCl Ullall CAPLOILINg LIS LCI S IMMIAds>SHS-CIlICIgYy
relation, E=mc2, exploit Heisenberg’s
uncertainty principle, AEAt2h/2

E=mc2 AEAt = h

appearance of real new

appearance of virtual

particles new particles

Highesf ﬂ-iﬁieﬁ%-it=ies.eru;cia|

Loop diagrams

'Z




Virtual Particles Can Have Two Effects

They can produce slight deviations
from expected properties

Difficult experiments:
incredible precisions often needed
theoretical precision needed too

“‘Easy” search experiments:
theory ¢ process is “forbidden”
one event can be enough

] ahi
Hi




This Indirect Approach has a Distinguished Past

Starts with William Herschel’s discovery
Uranus in 1781

Uranus was the first planet to be discovered
— all others were known to the ancients

Soon a problem appeared 4, orbit of Uranus
was found to deviate from predictions from
Newton’s Laws




Race to find explanation began

George Airy thought that explanation Le Verrier (France) and John Adams
lied with deviations from Newton’s (UK) thought that the deviations were
law of gravitation due to a hitherto unknown planet




Newton Vindicated

‘Le Verrier won: September 18,

- ko2, ":"wnh.wu
1846 he wrote a letter asking DT 5. 24 nl ocen
Johann Galle at the Berlin L e o e L
Observatory if he might have a

look

‘On September 23 Galle in Berlin
found Le Verrier’s planet

<~ RIGHARD FEYNMAN &

)¢

usaﬁ?




What about Mercury?

Le Verrier turned his formidable talents to the Effect of the planets on the
orbits of the planets and found a discrepancy
in the precession of the perihelion of Mercury

precession of Mercury’s

Venus 280.6"
Earth 83.6"
Mars 2.6"
Jupiter 152.6"
Saturn 7.2"

Uranus 0.1"

Total per century: 527"

Observed: 527"+38"

ne pouvait étre vue que le soir ou le matin dans les vapeurs de I'horizon ; en sorte
qu’avant l'invention et le perfectionnement des lunettes, il était impossible. de

The race to find planet Vulcan had begun!

I'chserver_hors de ses élongations. Copernic, empéché par- les brouillards de Ia

1e durée des crépuscules en été, ne put jamais p‘.Fr\enir a
In 1859 he found a S R
discrepancy of 1/10,000 of a



Race to Find Vulcan

Vulcan was seen many times, but never
confirmed

“Dark matter’” near the sun was invoked
as a solution

A modification of Newton’s law of gravity
was another: 1/r2.00000016

The problem remained outstanding at
the beginning of the 20th century

VULCAN AND'THE CORONA.

ﬁES ULES OF I'HE RECENT ECLIPSE.

UBE MYSTERIQUS  PLANET -— THE GASEOUS
AND NOX-GASEQUS ELEMENTE OF THE
CORONA—4 REVIEW OF THE LABORS OF
THE OBSERVERS BY PROF. YOUN®, OF
PRINCETON.

Is is early, as Yof, to ostimate the full
seléntifie menning and. valuo 01‘ tha obssrvations
mads dmmg ihe n:usut solar sclipse, hut it s
nheudy evident thzﬁ. thaugh in gome respects
disappointing,” they are yeb, on the whols, of
an 1mpozfmee quite egual to. those abtaiﬂed
Wal Ay Bl VCURELOTL.

Cne brilliant di*‘CO‘.*ter wxll probszly date
from this occasion, and hold a “gonspicuous
place in the annels of scionce. The planet Vul-
can, after 2o long eluding the hunters, showing
them from time to time only uncortain tracks
and signs, appears st last to have been falrly
run dowa and captured, Af least {t seems to
us wnat e observations of Prof. Watson at
Rawlings, snd Swift at Denver, must for the
present  be teken a3 comclusive, though
perhaps a0t seitling . the gquesiion baeyond
the " possibility - of - reopening® or- dispute,
The  gentlemen are - hoth astronocmers
of repute, aceustomed - to sweep ' for: faint ob-
?e('t:;, snd provided with oxcellent instroments,
The negative results of Profs. Newoomb,
‘Wheeler, Holden and others, who, with similar
instruments, went over the same, groupd and
found mothing, ave, indead, unkafxififuc.tory and
puszling; but they cen hardly. outweigh the
sositive evideuce i the gibier ‘side, theough
they certainly . justify & cartm' remw'@ in ac-
cepting the conslusidén, - ; :




Vulcan not Found but General Relativity is

Einstein calculates the perihelion of Mercury
using his new theory of General Relativity and
recovers the missing 38”/century found by le
Verrier 56 years earlier!

Erklirung der Perihelbewegung des Merkur aus
der allgemeinen Relativititstheorie.

Von A. EinsTrEIN.

Koniglich Preuflische Akademie der Wissenschaften (Berlin).
Sitzungsberichte (1915): 831-839.

Three week¢ atarfadatitie d was betide toySelfiwithrieyduh akditomedt .”
been critical of the “pedantic accitbeytdf assteno 8’ November 1915



Example: Top and Higgs Masses

Virtual particles relate the properties of the
weak force carriers (W, Z), and the masses of
the top quark and Higgs

Top quark mass “predicted” by precision
electroweak measurements before it
‘%HgﬂcY d'S%OrKer%eadst%REﬁrﬁ‘%D@
a Fermilab = Oe EII|§
Same game is e n ye to% ict

E]O I|-If ISSI mgs )- ' "'"3_' Preliminary

most probable value:




Rare and Precision Physics has a Distinguished Past

“The results of my survey are then as follows: four
discoveries on the energy frontier, four on the rarity
frontier, eight on the accuracy frontier. Only a
quarter of the discoveries were made on the
energy frontier, while half of them were made on
the accuracy frontier. For making important
discoveries, high accuracy was more useful than
high energy.”

Freeman Dyson, review of The Lightness of Being, F.
Wilczek
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Rare Decays Require Flavor Factories

‘ r. AT

BES-IIl tau-charm
Factory at Beijing, China

Strong £ Gluons
Electromagnetic Y Photon
0 -
Weak V4 ,W Weak bosons

jravitational Gravite

10 billion b/anti-b pairs/yr

10 billion t/anti-t pairs/yr




rroton Accelerators are general rFurpose r lavor
Factories

Produce beams of pions and kaons

- Gluons

N Strong

g
Electromagnetic i Photon
0 yxrt
Weak Z ,W Weak bosons

Gravitational QGraviton

Pion (n") Kaon (K")

¢ €

Forces |

2 3 Charge

d 9

Which in turn produce beams of muons and
muons neutrinos

2
g
()
g
)
7))
g
o)
@

~1-100 billion/s can be produced



Fermilab Pushing Forward on Intensity Frontier

Strategic Plan for the Next Ten Years:

“The panel recommends an R&D program in the |
immediate future to design a multi-megawatt proton A s Fartie Physios:

/ ” nerg ) ‘ ) Scientific Opportunities
source at Fermilab... —T

R

Matter/Anti- nat e

Asymmetry Dark Matter

Origin of Universe

| : u o Jnification of Forces

B New Physics P
= ond the Standard Modé

Dark Energy



A Snapshot of Two Intensity
Frontier Experiments

Rare muon decay Precision muon experiment
experiment




Magnetic Moment of the Muon: Theory

Measuring magnetic moments of fundamental particles has t

long and productive history p
= anomalous magnetic moments of protons and neutrons /
implied substructure s quarks

= Most precise test of quantum electrodynamics (QED)

iati~=rover past 40 years by
~ _rier’'s in calculating

Muon’s magnetic _.cuc moment

moment
Dirac 40,000 times more New Physics
sansitye S




Magnetic Moment of the Muon

1 Pion decay produces polarized muons V

)
2Precession in magnetic field proportional =g <=

: Experiment
+- +
T u
® > <a-

to anomalous magnetic moment

s Parity-violating decay of muons reveals
precessed magnetic moment direction




Theory Meets Experiment

Theory and experiment differ by > 30
8= (2964, 81)x10-11
New Physics?

Lol ol NN Eohe s & LA 8 kxR 8

ARIEL SHARON JOE CAROLLO
Bags biggest landslide in Israeli Police claim Miami mayor hit wife
history. Transformed from a with a tea canister. Good thing he
hawk to a phoenix isn't seeking re-election

ANTHONY HOPKINS HELMUT KOHL
Hannibal star proves what many Former German Chancellor
vior fined for taking illegal campaign
donations. What, no furniture?

60 MINUTES
Throws 30-year-old theory of Ratings slipping after 23
the universe into doubt. Not straight years in Top 10. Lucky
bad for a subatomic particle CBS has another Survivor

SuF TN M YWY

IME, FEBRUARY 19, 2001

ot
-~

116 590 (
116 591 (
116 593 (
116 594 (
116 595 (




Pushing the Precision at Fermilab: E989

Approved
February 2011

Fermilab

c
Q
B2,

O
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b
al

0.10
0.07

7 m i
FNAL-E989 ]
] 0.14

-8 I I I I I

1960 1970 1980 1990 2000 2010 2020

calorimeter/DAQ
Year - Longer beamline




Moving the BNL Magnet to Fermilab

New foundland
ae
Lahrador

FTa Burnt C 10 rrvil
4-\:‘."'r'ru 3 [




SUSY Meets Muon g-2

LHC plus | |
amd Iflll / ' F NAL
LHC / '

alone

BNL

LHC
(Sfitter)

—_— —_

14 16 18 20

N OV
2 4 6 8 1012
tan )8 SPS1a: 100 fb-'], "

- TeV

“g-2 is the most important constraint (for
SUSY), even more important than dark

matter”
Fittino-collaboration, arXiv:0907.2589



Proposed S chedule

E989 approved in Feb.
2011
Data taking in 2016
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Search for Charged Lepton
Flavor Violation




Quark and Lepton Alchemy

1 Zeptember 2005

Passenger sues TSA over "instant” sex change
Agency blames malfunctioning X-ray scanner

OALLAS, Texas -- An American
Alrlines passenger who was passing
through a newly installed ¥-ray machine
here got more than scanned this past
manth. In a freak accident during a
thunderstarm at the Dallas/Faort YWarth

{1 International Airport, a lightning strike

L) caused a surge in power just as the

W passenger entered the device.

According to Dr. Sanjay Mchurphy, a
physician who happened to be at the
scene during the incident, "the AR |
momentary increase in voltage "y "y
apparently caused the instantaneous ENTER EXT1
mutation of the passenger's hormanal
structure, instantly changing him from a man into a woman.”

In response to the incident, Rhoda Prindabble, a spokesperson for the Transportation
Securty Administration (T=A) said, "While we have had reports of people aging
significantly while passing through the body scanners, this is the first weve heard of
the machines contributing to a sex change. The T=A has opened an investigation,
the results of which should be known before the devices are widely deployed.”




- In Standard Model not there ¢,

Why S earch for Charged Lepton Flavor Violation?

neutrino mass discovery implies an Lepton flavor conservation
unobservable 10-52 rate accidental

- Hence, any signal unambiguous in the extended Standard Model
evidence of new physics

- Exquisite sensitivities can be
obtained experimentally

= sensitivities that allow favored
bevond-the-standard-model

Almost all models explaining the
O B NN

Supersymmetry

M IN 7 ©T1IN Al ICVCTIo Lial Wl” be

probed by MuZ2e




Incomplete History of Lepton Flavor Violation S earches

10"
1072 S ‘ not seen

--n'lf

102 Number of muons needed: ~5x1019
Number of grains of sand on Earth:

. 7.5%1018

107
107
10° - | . .
Toa™ —— E: Present limit
| - 5 constraining New

Non-observation of yu —ey
implies two neutrinos
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CLFV in p+—e+yand g -N—e-N

Model
independent
effective
CLFV
Lagrangian

K<<1
magnetic moment type
operator

u — ey rate ~300X
U N - eN rate

: MuZ2e/Project X
B(uN—eN’) > 10

B(uN—eN’)> 10 "°

e

MEG i
B(u—ey) > 10

IIII]Il T IIIIIIIl
de Gouvea ]

Mass
scales probed
~10,000 times

K>> 1
four-fermion interaction

LN ->eN>>pu - eyrate




Two Methods are Complementary

Observation of CLFV in both g -N-e-N and
+-e+y could elucidate SUSY parameters

|
GiE. Y
agumaMSS M/msugra/seesaw

K = mass term
mixing 2 Higgs
doublets

tanf3 = ratio of 2
vacuum values of
2 neutral Higgs




Supersymmetry

Second Higgs
doublet

Leptoquarks ) ] ) Heavy Z'
°  Anomalous Z
coupling

New physics probed by y N—eN (Marciano)




What Sensitivity is Needed?

Present sensitivity already interesting and constraining!
~10-16 removes many models

~10-18 extremely difficult for theorists to deal with

u—einTiattan B =10

. Calibbi, Faccia, Masiero, Vempati

-b
o

= SINDRUM 11102

-

== Current limit
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PMNS: neutrino-like
mixing

i
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CKM: minimal flavor
violation
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M1/2 = gaugino mass



What Sensitivity is Needed?
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How to Search for g -N—e-N

- Stop muon in atom

- Muon rapidly (10-16s) cascades to 1S

state o B 5
- Circles the nucleus forup to ~2 u's K _ ? Q N
- Two things most likely happen: He .

1. muon is captured by the nucleus: K A%
U -NA,Z—vu NA,Z-1

2 muon decays in orbit: W

25)(1 0-3 =TT T AT TS T T

-——Free muon (t = 2,197 ns)

p n

* New nudidusn idAa@ete “de-
excites” emitting neutrons,
protons, and gammas

Al 1.3n+0.1p+2y

0o - These particles can
0O 10 20 30 40 520 60 70 80 90 100 produce “noise” in the

detector

0
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How to Search for g -N—e-N

- Stop muon in atom

- Muon rapidly (10-16s) cascades to 1S
state

- Circles the nucleus forup to ~2 u s
- Two things most likely happen:

. muon is captured by the nucleus:
U -NA,Z—vu NA,Z-1

> muon decays inorbit:

_BAl —) evvAl

>
=
.-5
@©
o)
(®)
[
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8
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©
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O g R 4 i \. H
0 10 20 30 40 50 60 70 80 90 100
Electron Energy (MeV)
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Muon Decay-in-Orbit




netlative rRate o1 Capture to Viv vependas on
Target Z

Capture: pn NA,Z—> v“N A7
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Mmuce cearcning 1ora 1nird rrocess. H-N—e-
N

In u -N—e-N the muon coherently
interacts with nucleus leaving it in
ground state

- signature single isolated electron 'f“'

- Electron energy given by the rest Li
mass of the muon minus the 6
nucleus recoil energy and the
binding energy:

>
[}
=
N—"
>
o
—
o
c
L
-
£
o
Q
©
c
L

Measure ratio of conversion
rate to capture rate




Bunched Beam Technique Needed

Need ~1018 stopped muons ‘Rate too high for continuous beam: need

bunched muon beam: 50x109 u /s

‘Need gate off detector for ~ tmN (~800
ns) while bad stuff (pions, electrons) is
around

Signal: 105 MeV electron coming
from the target, ~1 u s after
the 1 is stopped in the foils

Bunched beam
arrives with u'’s,

TS, and electrons
%
%%
»

"B 20

PP B ST
comes of ﬁ

muons sté[) £ gt

in .
from S{:attelps, captures>toppi
efe. g target

Resonan

Ot oof - tirmve:

Need to be sure it
scattered electron
electron



Producing ~1018 Bunched Muons

_ new detector hall and beamline
‘Energy: 8 GeV Booster beam optimal \bwn )

‘Structure: need bunch spacing on order of
muon lifetime ~1 pus ¢, orbit period of
Accumulator/Debuncher optimal at 1.7

VIS
‘Use Recycler as a transfer line
‘Stack in Accumulator; bunch in Debuncher

‘Slow spill extraction: 90% duty factor

Tewvalron
1 Tey

One of several possible schemes

| Mu2e cannot take any o
protons away from the :
neutrino program
Miucze - 31 waiches

NOVA cannot use during Main
Injector cycle




New Beamline and Detector Hall to be B uilt




Backgrounds, Backgrounds, Backgrounds ...

1. Stopped Muon Backgrounds

Muon decay in orbit (DIO):
U -NA,Z—e-vu veNA,Z
» defeated by good energy resolution

Radiative muon capture (RMC):
W -NA,Z—VUYNA,Z-1, y—ete- Muon Decay-in-Flight

» defeated by mZ < mZ-1 w—oevy,
» defeated by good energy resolution

Muon capture:
U-NAZ->VUNA,Z +1.3n+0.1p +
2y

> Note: does not produce a physics
background, but detector “noise”

~ defeated by proton absorber




Backgrounds, Backgrounds, Backgrounds ...

2. Prompt Beam Related Backgrounds

Radiative pion capture (RPC):
T-NA,Z—yNA,Z-1 , y—e+te-
Note: 1.2% have Ey > 105 MeV L
Muon decay in flight:
H—— e-VV
Note pu > 77 MeV/c

Pion decay in flight:
T-— e-ve
Beam electrons scattering in

- Defeated by hard cuts on momentum

Antiprotons annihilating

3. Time Dependent Backgrounds

Cosmic Rays
D efeated by active shield



Mu2e Apparatus

Look for 105 MeV electron spiraling
through detector

10 15 20
Position (m)

Spectrometer
Production Solenoid Transport Solenoid Detector Solenoid

Production Target Colimators Tracker  Calorimeter

85,000 u —stop every 1.7 u s

‘I

50 billion py —stops/second




Transport Solenoidal Magnet

‘Curved solenoid:
1 separates charges by charge
sign
2. reduces line-of-sight transport of
neutrals

‘Collimators eliminate wrong-sign

Nnartinlae AnA nartialAac wiith +tAA lArAaA

Collimator

— —
pu—
p—— )

Collimator

LT T e ——

;—.\NA ™ \

i N
‘22%

-

e ———

STy B i B

Transport Solenoid

Production Solenoid




What we get at the Stopping Target

17 Al disks
each 200 p m thick
83 mm to 65 mm radius

1/230 incident protons produce a
muon at the stopping target

58% of muons stop in target
50x109 u stops per spill second
35 000 '

uons entered the target

in the target

I
ry sga e]

Relative Rate
rbitra
g

[a

Flux
8

200 m 070 i 40 50 60
Momentum [MeV/c] p [MeV/c]




Choice of StoppingTarget Material

‘Large Z:
rate s, Z|Fn|2 (Fn is the form factor)
can reveal nature of interaction
‘Small Z:
longer lifetime
higher endpoint energy

Need mZ-1 > mZ to place max. ah S VD
energy of radiative capture muons below .
signal electrons

v(Z=13)

H!l\ :‘\(Z} / H;!\' »e

AR

[ -——Free muon (r = 2,197 ns)

\C

Initial Choice

Al (r = 864 ns)

Stopped Muon Lifetime (s)
Endpoint Energy (MeV)

20 30 40 50 60 70 80 90
Z




Mu2e Spectrometer

‘No detector element in region of transported beam
‘Small acceptance for DIO electrons

‘Minimal amount of material ; detector elements in
vacuum




Helical Proton Absorber

Note: alternative tracker
design shown

g

Proton

Electron
Q

Needed to beat down rate of
muon capture protons: ~0.1
per capture: ~3 x 109/s
Note: capture proton s not
relativistic: KE and
momentum not the same!

- Geometry exploits different

helical trajectories of protons
and electrons

Material: 0.5 mm
polyethylene

- Absorbers 93% of protons

from muon capture

- Only 13% of the electrons

impact absorber
FWHM energy loss: 0.33
MeV



Heart of the Spectrometer: Straw Tracker

- Octagonal vane geometry optimized
for reconstruction of 105 MeV helical
trajectories

- Center beam region empty:

Intense muon beam passes freely
through

Traiectgre
Acceptance for DIO tracks < 10-3 ' Eﬂﬁ%n

; i i : 57MeV
Severe operating environment: E?E’)V P Target <
. racks : -~
2 ,~ ONPAY -
; / Vi '
| R:57 MeV 1 A /

/
|
\

o) ~ [

©

10
10
10
10™
10°
10
10
10
10

Differential Probability

1010
10™"

-

o
N
N

0 10 20 30 40 50 60 70 80 90 100
Electron Energy (MeV)



Tracker Performance

Large acceptance: 50% (90°+£30°)
5 mm diam. Straws Intrinsic energy resolution: o= 140
- 18 stations: | imomentum resolution

Entries 587364

- 24 planes each Mean 003528

RMS 0.1391

- 50 straws/plane Underfiow m
Overflow

- 21,600 straws total ' Integral 58730405

x2 1 ndf 672.2/193

- ArCO2 80:20 | Prob ’

Norm 1.045e+04 + 6.573e+01

. ADC/TDC readout: 100 pm Mo 0aa0st- oouni
resolution

SigL 0.133 + 0.000
TFH 0.05338 + 0.00580
TSigH 0.1964 + 0.0035
TSigL 0.2178 £ 0.0017

T R O S S S S e S S e S

No high-side tail!



B \\[=Y=Yo [sYo I (o] g

Electromagnetic Calorimeter

- trigger: 5% energy resolution —
1,000 triggers/s

- Timing
- Confirmation of the electron

energy measurements of the
straws

* Note: must operate in 160 Gy/yr
- 2112 3x3x18cm3 LYSO crystals
* Dual APD regsou® 100

adk ~ 2-3% MeV

a~0.1ns




Cosmic Ray Veto

+1.574e+03 ns
+1.570e+03 ns

| ) MC studies show 416
=) M e 3l fake 105 MeV conversion
[ c M &l e from target o
e | K m o electrons from cosmic-ray
- | ¢g0 p—eswmu\atmn m uons
5 Hence need 10-4
@Gy . g
il - Inefficiency

Surround Detector
Solenoid by 3 layers of

rrrrrr

Scintilating Flbers (6/counter) ) !
Cl o] ex u S ]
Ab. |
| |
|

Formed 0.125° Al Channel ! \
Spacer ‘ X

== o o oo o 5 o 4 | |
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What we Get

Intrinsic tracker

v Perfect Detector

energy resolution: : ~—
Decay in Orbit ~~~—_

dE) ¢ 150 keV Tai y
Average energy loss o104
due to spectrometer eciron Energy
material:
E(shift) ¢ 1 MeV : Real Detector

Decay in Orbit =
Talil T+

R

104 105
Electron Energy




Mu2e Sensitivity

Proton flux 1.8x1013 p/s

Running time 2x107 s

Total protons 3.6x1020 p
- stops/incident proton 0.0025
U - capture probability 0.61

Time window fraction 0.49
Roughly half of background is

. o Electron trigger eff. 0.80
interbunch contamination related

Reconstruction and selection eff. 0.19

B 53%: . decay in orbit 6x10-17
4

0.4

Project X will allow MuZ2e to:

If we see nothing: improve sensitivity by another
order of magnitude

|f we see somethlng confirm it and explore its

B <0 2% s decay in flight
B 0.2%: radiative = capture from late «'s
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Mu2e Status

olenoidal collection scheme first propos
19
Moscow Meson Factory

1997|MECO proposed for the AGS at Brookha
1998_2005|{$ntensive work on MECO technical desig A e

58M, detector at $27M \ Scientific Opportunities
July 2005|RSVP cancelled for financial reasons not

200 6|5teering committed set up to work out me
Fermilab, keeping detector the same

June 2007|Mu2e EOI submitted to Fermilab
October 2007LOI submitted to Fermilab

P5 “recommends pursuing the muon-to-e
May 2008subject to approval by the Fermilab PAC,

considered by the panel.”
Proposal submitted to Fermilab and receives Stage | approval. Total
project cost estimated at $180M

November 2009Approval of mission need by DOE (CD-0) granted ($145M - $205M)
FY2010Mu2e receives $4M in R&D funding ($10M FY2011, $20M FY2012)
Fall 2011 Approval of preliminary baseline range by DOE (CD-1)
2014Start of Construction (CD-3)

Fall 2008
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