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Outline

The Physics
The (beautiful) experimental technique of BNL ES821

E989: The New Initiative at Fermilab



Probing High Energy Scales with Quantum Corrections

Few Robust Probes Among these, G -2 is Special
Neutral Kaon Mixing Theoretically Robust QED and EW
Neutral B Meson Mixing Corrections

Rare K, B, and Pion Decays

Trapped electrons No Strong interactions at first order.
Muon Anomalous Magnetic QCD Corrections are Small and
Moment (G -2) in good control

Lucky Combination of lifetime, mass, and charge

Could probe the muon using several techniques:
atomic nucleus, laser, electric field, ...

u But can use a precision magnetic field to

@ continuously probe the muon at least 10 lifetimes.

Experimentally can see the EW corrections
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Gu — 2 Theoretical Estimates

CONTRIBUTION ~ RESULT (x 10™") UNITS
QED (leptons) 116 584 718.09 £ 0.14 £ 0.04,
HVP(]O) 6 914 42y, £ 141 T Thqep
HVP(ho) 084 Loy £ 0310

HLsL
EW 50T

Total SM 116 591 793 £ 51

# A, Hocker Tau 2010, U. Manchester September 2010

Predictions of HVP and HLxL
are continually being scrutinized

Central Values are stable

Errors are gradually getting smaller

Recent HLxL estimate by Prades, deRafael,
Vainshtein (and others)

HLxL estimate from Lattice QCD.



Estimates of the HVP
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R comes primarily from low energy e*e collider data:
CMD2, SND, KLOE, Babar.

New upgrades: CMD3, SND2000, VEPP2000
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A > 30 Disagreement Between Theory and Experiment

Status: summer 2011 (published results shown only)
—— T

- 1] a@EP = 0.00116 584 718 09(15)
oz 10 e o a4 = 0.00000 006 930(49)
e . | aBVY =0.00000000 154(2)
e e
.51 v s — aS™M =0.00116591802(49)
‘7I0(l)l 6|00 I-15100l 460 366 260 166 | l(i)“l_‘” Clzxp —_ 0.00 116 592 089(63)
M. Davier ICFA 2011 azxp o ail\/{ _ 287(80) > 10—11

Dominant Theoretical Uncertainty: Experimental input into HVP calculations,
followed by HLxL calculations



Significant Interest in this Discrepancy as a Sign of New Physics

Muon g-2 Citations

Universal Extra Dimensions

300 Extra Gauge Bosons
- Radiative Muon Mass Generation
200 :I Extended Technicolor
Dark Matter Models
[ | [] Dark Photons (to explain positron excess
100 = seen at Galactic center)

Generic SUSY

m [ ’ ‘ S A | L : .
Constrained Minimal SUSY
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

*100 so far in 2011




From Marciano, Munich 2011

» Most likely (popular?)
2
» a,(SUSY) = sgn(p) 130 x 1011 (M) tan 3

msusy
» sgn(p) = +, tan 8 = 3 — 40, mgysy = 100 — 500 GeV
X0
P it > > >
~ /// \\\ l\ I
v // \\ ~ \\ /l
/ \ M \\ //

If SUSY: sgn(u)+, dark matter easier, SUSY at LHC likely, EDMS,
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Motivation for a New GH-Z Measurement

From 2011 HLBL Seattle Workshop

Can HLbL error be reduced to 10% level in ~ 5 years?

Conclusion: Yes, with concerted effort by modelers, lattice
theorists, new experiments.

current a,(Expt)-a,(SM) = 287(63)(51) (x10~11), or ~ 3.60
If both central values stayed the same,

» E989 (3x smaller error) —~ 50
» E989-+new HLBL theory —~ 60
» E989-+new HLBL +new HVP (50% reduction) —~ 8¢

Big discrepancy! (New Physics ~ 2x EW)
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Special Role of G -2 in the LHC Era

If See New Physics (NP)
at the LHC, then

G, will resolve
ambiguities NP Models

If unlucky, and see
no NP, then precision
measurements

such as G are

the only way to
probe high energy
scales
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Measuring G,

12



Making Polarized Muons and Spin Determination

Muons from 1° — p*v decay are polarized

+ Idea: Select a narrow band in the
— <« decay phase space

Determine Muon Spin Direction from p* — e*vv Decay:

In muon CM frame, positron direction tends to
align with the muon spin direction.

e+
Decay Rate in muon CM goes as:
|J~+ /e’
. _—>
1+A, (cosB)/3 all positrons
1 +A, (cos6) maximum energy positrons

A, = muon polarization fraction



The Basic Concept: Measure the Larmor Precession of Muons in a B-field

Directly Measure g .  Similar to NMR Technique.

B-field
transverse
w =g,eB
to muon B A —E .
spin 2m,.c £
2"
AMPERES « PRECESSION FIELD CURRENTY
i
. BS_MEV
PION BEAM
SETEERT T _ o
— oare.mumeArme 1957: Garwin, Lederman, Weinrich

COUNTERS (4"X4")

(stopped muon technique)

g,=2.00+0.10 (5% error)

SRR AR
[ _—=—XImacNETIZING
! CURRENT
! -~
: LCARBON TARGET
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Incredible Ingenuity Needed to Achieve 0.6 ppm Precision

pl(eh/2m)-1 = (-2)2

VALUE (units 10'10] DOCUMENT ID TECN  CHG COMMENT
11659203+ 7 OUR AVERAGE

11650204+ 745 BENNETT 02 MUG2 +  Storage ring
116502004+ 1446 BROWN 01 MUG2 + Storage ring
11659191+ 59 BROWN 00 MUG2 +

o o o We do not use the following data for averages, fits, limits, etc. o o o
116591004 110 TBAILEY 79 CNTR +  Storage ring
11659360+ 120 TBAILEY 79 CNTR -  Storage ring
11659230+ 85 TBAILEY 79 CNTR 4+  Storage ring
116200005000 CHARPAK 62 CNTR +

TBAILEY 79 values recalculated by HUGHES 99 using the COHEN 87 u/p magnetic

moment. The improved MOHR 99 value does not change the result.

4 decades
of hard work

15



Measurement of the Negative Muon Anomalous Magnetic Moment to 0.7 ppm

G.W. Bennett?, B. Bousquet®, H.N. Brown2, G. Bunce?, R.M. Carey!, |P. Cushman®, G.T. Danby?2, P.T. Debevec’,
M. Deile!!, H. Deng!!, S.K. Dhawan!!, V.P. Druzhinin3, |L. Duonggl F.J.M. Farley!!, G.V. Fedotovich?, F.E. Gray?’,
D. Grigoriev®, M. Grosse-Perdekamp!!, A. Grossmann®, M.F. Hare!, D.Wl._ﬂmﬂ Huang!, V.W. Hughes!!1,
M. Iwasaki'?, K. Jungmann®, D. Kawall'!, B.I. Khazin®, F. Krienen',|I. Kronkvist®, A. Lam', R. Larsen?,
Y.Y. Lee?, I. Logashenko®3, R. McNabb®, W. Meng?, J.P. Miller!, W.M. Morse?, D. Nikas?, C.J.G. Onderwater”,
Y. Orlov%, C.S. Ozben?7, J.M. Paley!, Q. Peng!, C.C. Polly?, J. Pretz!!, R. Prigl?, G. zu Putlitz%, |T. Qian¥,
S.I. Redin®!!, O. Rind?, B.L. Roberts!, N. Ryskulov®, Y.K. Semertzidisz,|P. Shaéing, Yu.M. Shatunov?®,
E.P. Sichtermann!!, E. Solodov3, M. Sossong?, L.R. Sulak!, A. Trofimov!, P. von Walter®, and A. Yamamoto®.
(Muon (g — 2) Collaboration)
lDepart'ment of Physics, Boston University, Boston, Massachusetts 02215
2 Brookhaven National Laboratory, Upton, New York 11973
3 Budker Institute of Nuclear Physics, Novosibirsk, Russia
* Newman Laboratory, Cornell University, Ithaca, New York 14853
® Kernfysisch Versneller Instituut, Rijksuniversiteit Groningen, NL 9747 AA Groningen, The Netherlands
6 Physikalisches Institut der Universitit Heidelberg, 69120 Heidelberg, Germany
" Department of Physics, University of Illinois at Urbana-Champaign, Illinois 61801
8 KEK, High Enerqy Accelerator Research Organization, Tsukuba, Ibaraki 305-0801, Japan
| 9 Department of Physics, University of Minnesota, Minneapolis, Minnesota 55455 |
0 Tokyo Institute of Technology, Tokyo, Japan
"1 Department of Physics, Yale University, New Haven, Connecticut 06520

A Minnesota Connection !
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Breakthroughs Needed to Measure g, to 0.6 ppm

Atomic Physics

&
o’e\“’\c
\\.$°‘ (\‘\ Precision NMR
6\(&. .e‘.\((\e Muonium Spectroscopy
&0‘ o°
Y\Q’Q precision

precision calori-

metry

Beam
Manipulation

High rate DAQ
low mass
tracking

Storage Ring

Accelerator

Physics Traditional HEP



Muon Storage Ring Technique allows DIRECT determination of g - 2

Muon
Spin Wg = gueB/(Zmuc) + (l-y)eB/(mucy)
precession
rate T T
Larmor Thomas precession term
precession (kinematic effect
Term of SR in a rotating frame)
Muon
Momentum
Precession We= eB/mucv (a.k.a. cyclotron frequency)
Rate

Difference measures

g, -2 directly ws—we = % (g, —2) eB/m,c

18



W, = Ws—we = % (g, —2) eB/(m c)
= a, eB/(mc)

Allows ~ 1000x improvement
over measuring g,

» 5

True for any momentum, ie. Any Ring Size

19



Injection of Muons into Storage Ring

By selecting a narrow pion and
muon momentum range,
muons will have a high (~¥100%)
initial net polarization.

VD3 )
VD4 V line

Pion Production Target

. " e . NA .
U line ou..gj s Pion Decay Channel 8 & Beautiful and Subtle Beam
‘emm oo oo ° o o o o o o < < ole QQ’ . . .
g\ 88m Foee Manipulation Techniques !
C1k2 Beam Stop ".\
Inflector — ==\
( |\j\. ) Inflector
g-2 Ring\i/ Kicker

20



In muon CM, positron direction tends to align with muon spin: 1 +A  (cos 6) /3

A

,T

Measuring the Frequency Difference in a Storage Ring

Positrons gets additional boost
if P,andS are aligned

Positrons get less boost

if P,and S are not aligned

Calorimeter would see

a Time-varying Positron
Energy Distribution with
frequency w, = we — W, .

Stronger time variation if
select only high energy
positrons

21
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Analyzing power:

dwq V2

Wq B waA’r\/N

A depends on Initial Muon Polarization and
Energy Threshold Cut

From E821 2000 Result: 4 billion decays, 5 parameter fit, 10 muon lifetimes



Vertical Confinement in A Storage Ring with Electric Quadrupoles

V+
ﬁ
V- BNL E821
Electric
Quadrupole
ﬁ
V+

But Extra Precession term is CANCELLED using if y=29.3, P,=3.09 GeV/c.

Note: Can Use Magnetic Quadrupoles, but hard to monitor and measure well. .



CERN 1979., P, =3.09 GeV/c.
B=1.45 Tesla Warm Magnet.

Electric Focusing Quads.
Penalty:

Large (7 meter) Radius Ring.
No longer a table top experiment.
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NMR Measurement of the B-field CANCELS the dependence on B, m, e, and c

Can show that :

a

w, = a,eB/(mc)
a,=R/(A-R)

Larmor precession of proton R=w,/w,

in a B-field
A=g,m/(g,m,) taken from muonium

hyperfine splitting

w, = g,eB/(2mc)

A =3.183345137 + 0.000000085
(26 ppb)

A known well enough not to affect a,

25



Measuring the Proton Larmor Precession Frequency

Absolute Calibration Probe: Fixed Probes in the _
a Spherical Water Sample walls of the vacuum tank 360 Fixed
Probes

Electronics,
Computer &
Communication

Position of
NMR Probes

. S —

26



Measuring the Proton Larmor Frequency at 1.45 Tesla
Results from 4 NMR Trolley Probes

aluminum

aluminum

E 8mm

Ta

R. Prigl et al. | Nucl. Instr. and Meth. in Phys. Res. A 374 (1996) 118-126
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‘ I SN multi-
—SM_ p—"— plexer
frequency FIDE =
counter = t
- ‘ — X Tif.iiﬁ{"
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ADC FID

Pulsed NMR Technique and
Multiplexing and Frequency Mixing System
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omplitude (arb. units)
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Proton Larmor Frequency ~ 62 MHz

Frequency Mix Down to ~ 30 KHz

(easier to handle)

27



The BNL E821 1.45 Tesla Super Conducting Magnet

Built in 1993. Was the world’s largest SC magnet. Has been surpassed by ATLAS and ITER.
SC technology was chosen for overall stability, low heat load, use of low voltage supplies.

10 em

Height Adjustment— ["p&=

— LN2 Cooling Channel

“e"“&agz‘;‘;r‘g— I = Heat Shield
+~— Radial Stop
Support—/'
Strap
” :
Side Plate-/ y Coil Cover
Mand l/ Super Insulation
andre
—— (—-10 Insulation

Outer Cryostat
(Warm Position)

3 50’ diameter SC coils
Total of 5200 Amps x 96 turns
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Achieving a Pure Vertical Dipole Field

g

87

28

\V 1477
24.6 -
EDGE SHIM -9 1|8
1 ;1 k&k\\‘ STORAGE REGION yy ';{?gl_zghwéi
“ .
\
\ /i-32j§ 40,35
NI ~WEDGE
5 SHIM
SUPERCONDUCTING
CoIL 16—
WEDGE AIR GAP 40 435
RAD = 711.2

DIMENSIONS IN CENTIMETERS

Wedge Shims set the
overall Dipole Center
and Skew.

Edge Shims remove the
unwanted Quadrupole
and Sextupole
components
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Field Uniformity confirmed by Proton Larmor Frequency Measurements

_ _ 2.5
£ 4 2
0.5 ppm contours of )
w,, (or B) averaged 3 '
: ge 3
over azimuth c 2 1 @
©
% | e
< 0Of 0 -
= 058
Multipoles [ppm] o =
j 1~
<})
Normal Skew - 1.5
Quad -0.28 0.11 2
ST 25

Sext -0.72 -0.45 -4-3-2-101 2 3 4

radial distance (cm)
Octu 0.09 0.01

Decu 1.04 0.38 )
Correction needed to account
for presence of paramagnetic
material, and

atomic/nuclear effects.
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Systematic Errors

Tsyst Wp 1999 | 2000 | 2001 ||osyst Wa 1999 | 2000 | 2001
(ppm) |(ppm) | (ppm) (ppm) |(ppm) | (ppm)
Inflector fringe field 0.20 - . Pile-Up 0.13 | 0.13 | 0.08
Calib. of trolley probes| 0.20 | 0.15 | 0.09 ||[AGS background | 0.10 | 0.01 I
Tracking B with time | 0.15 | 0.10 | 0.07 ||Lost muons 0.10 | 0.10 | 0.09
Measurement of By 0.10 | 0.10 | 0.05 |/Timing shifts 0.10 | 0.02 I
p-distribution 0.12 | 0.03 | 0.03 |[|E-field/pitch 0.08 | 0.03 I
Absolute calibration 0.05 | 0.05 | 0.05 ||Fitting/binning 0.07 | 0.06 I
Others' 0.15 | 0.10 | 0.07 ||CBO 0.05 | 0.21 | 0.07
Beam debunching| 0.04 | 0.04 I
(GGain changes 0.02 | 0.13 | 0.12
Total for w, 0.4 | 0.24 | 0.17 ||Total for w, 0.3 | 0.31 | 0.21

Total Systematic Error = 0.28 ppm  Statistical Error = 0.46 ppm

31



E989: The New g-2 Initiative at Fermilab

Goal: Measure a,to 0.17 ppm

BNL E821 Event Sample
(used in final fit): 8.55 x 10° et

Increase Final Event
Sample by 21x (1.8 x 10*1 e*)

ANDDOITATA
REASONABLE COST !!

How ?

Accelerator Upgrades and New Beam Line
Synergy with Other Fermilab Projects

Improve the Storage Ring Beam Steering
Components

New Detectors and DAQ

Reuse E821 Storage Ring and Tevatron
Infrastructure

32



The Fermilab Proton Increase Booster Rate to 15 Hz
Improvement Plan: Decrease Main Injector Cycle to Time to 1.33 sec

20 Booster cycles per NOvVA cycle (1.33 sec)
12 NOVA cycles stored in Recycler before transfer to Ml
Remaining 8 Booster cycles available for other experiments
MiniBooNE experience, 1 Booster cycle -> 0.6e20 POT/year
Protons to Mu2e
Main Injector

Ene gy

Booster
Cycles

Protons to g-2 Protons to NOVA

Protons to MicroBooNE

33



Protons/Hour

Sharing the Protons

~&— Main Injector —#—Booster Neutrinos —&—g-2 =>=Mu2e -~ Total

2.50E+17
2.00E+17
1.50E+17
NOVA

1.00E+17 F—K—HKH—HK—X MINERVA

MINOS?
5.00E+16 / \ g-2

MicroBooNE

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T Y

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Proton Delivery to G-2 Reduces the
Instantaneous Rate and backgrounds

Recycler Ring

2

’

e

.
~
B
|

/
{
,

N d 4
=— —
N

v
|

Booster S5 A%

% Muon Campus |

Recycler

Splits each Booster Batch

into 4 smaller batches 8-12 msec
apart, each 100 nsec wide.
(reduces instantaneous rate)

Target Station

Reuse “Lithium Lens” that was
used to make antiprotons

Longer pion decay channel

Old Antiproton Accumulator and
Debuncher

Additional decay line

Time-of-flight separation of
background protons.
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Estimate of Required Protons-on-Target

Item Factor Net |Note
Booster cycle - 15 Hz operation 1.33 s/cycle 0.75 Hz| 1
Batches to (g — 2) 6 451 Hz| 2
Protons on target 4 x10'2 p/batch| 1.80 x10*3 p/s| 3
Bunches (each bunch provides 1 fill of the ring) 4 /batch 18 fills/s| 4
BNL stored muons per proton 1 x107° pu/p 1000 p/Tp| 5
Minimum stored p/p improvement FNAL vs. BNL 6.0 6000 u/Tp| 6
Positrons with ¢ > 30 us and E > 1.8 GeV 10 % 603 e*/fill| 7
DAQ / Expt. production and uptime 66 % 8
Time to collect 1.8 x10*! events (2 x 107s/y) 1.25 years| 9
Commissioning time 0.1 years| 10
FNAL running years 1.35 years| 11
Total Protons on Target 4x10%° POT| 12
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Improve Muon Yield Per Proton

Factor 11.5 expected.

Need factor 6.

parameter BNL FNAL gain factor FNAL/BNL
Y, pion/p into channel acceptance = 2.7E-5 =~ 1.1E-5 0.4

L decay channel length 88 m 900 m 2

decay angle in lab system 3.8 &+ 0.5 mr forward 3

dpr /pr pion momentum band +0.5% +2% 1.33

FODO lattice spacing 6.2 m 3.25 m 1.8

inflector closed end open end 2

total 11.5
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The New Fermilab Muon Campus
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The New G-2 Building (MC 1)

| t BNL:
mprovement over May need magnetic shielding

from Booster (time-varying field)

HVAC Temperature Control ,
Evaluation underway

80" x 80’ High Bay
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EL RS l“ i |
| ! |
#wr.m : ' — {
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| | =z Tz O
- 1 i
| 5 | A
I ! -] ToP. BEARM
TR | | - [ G =
’ : | &l *‘ﬂ’%‘g'ﬂ% | o T )
Hm'.’FlR. | 5 4 _ﬂ"‘:*:c' k T — | - i=ii= i- “.‘-- 550" +-
| *® | ] 8 ) | | : ;
.I ﬁ ‘ : 1 7 |
e e Ty " - i - X 57 3
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39



Improving Wq,

E821 Error  Size |Plan for the New g—2 Experiment Goal

[ppm] [ppm]
Gain changes, 0.12 |Better laser calibration and low-energy threshold 0.02
Lost muons | 0.09 |Long beamline eliminates non-standard muons 0.02
Pileup 0.08 |Low-energy samples recorded; calorimeter segmentation 0.04
CBO 0.07 |New scraping scheme; damping scheme implemented 0.04
FE and pitch  0.05 |Improved measurement with traceback 0.03
Total 0.18 |Quadrature sum 0.07

+ No hadronic flash, better laser calibration

+ New hodoscopes, tracking, open inflector, scraping

+ Segmented calorimeters

+ Improved kickers

40



New Open Ended Inflector

Inflector: Used to cancel Main Storage Ring Field at the Muon Injection Location

Open Ended Inflector Close Ended Inflector

Beautiful and Subtle SC coil winding technology from KEK

41



Segmented calorimeters
For reduced pileup

W/SciFi or PbF2

Cherenkov?

BN /
" E SiPM r
J

Ultra-fast PMTs or
SiPM’s?
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Trace-Back Chambers to Measure Muon Trajectory

Muon orbit  Decay electron In vacuo chambers Calorimeter
trajectory for v or x-v traceback

Straws Drift Chambers in Vacuum

Optimize Multiple Scattering and
and High Rate Performance

15 pum straw wall (kapton or mylar)
Also Adopted by:

NA62 (New CERN K* experiment)
Mu2e

43



B%| straw pattern
from above

= tension rods PR,

T T
{o}}}}{o’m i =
o mm NN gas manifold \\

L - 5000 e SN
% h \)\\l\ 3cm — |——
LV HV serial

5cm —= fe—

vacuwn feedthroughs

2d Tracking allows sensitivity to
S, precessing out-of-plane of orbit

Sensitive to Muon Electric Dipole down
tod, <10 e-cm
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Improving W,

Source of errors

Size [ppm]

1998 1999 2000 2001 future

Absolute calibration of standard probe 0.05 0.05 0.05 0.05 0.05
Calibration of trolley probe 0.3 0.20 0.15 0.09 0.06
Trolley measurements of By 0.1 0.10 0.10 0.05 0.02
Interpolation with fixed probes 0.3 0.15 0.10 0.07 0.06
Inflector fringe field 0.2 0.20 - - -

Uncertainty from muon distribution 0.1 0.12 0.03 0.03 0.02
Others 0.15 0.10 0.10 0.05
Total systematic error on wy 0.5 04 024 0.17 0.11

To get to 0.07 ppm, more probes, mapping, shimming, temp control
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g-2 ring
g-2 beamline
Debuncher Ring

Magnets, pumps, stands and other
Accumulator Ring components

AP transfer lines

AP-0 Target Station

AP-2 beamline magnets

Main Injector RF ferrites
Tevatron satellite refrigerators

Tevatron N, and He storage tanks
Tevatron cryo line

Tevatron High Temperature
Superconducting leads

Tevatron vacuum equipment

The Ultimate Recycling Project QY

Tevatron loss monitors
Tevatron BPM electronics
Tevatron electronics crates
Tevatron control cards
Tevatron damper system

Misc. Tevatron Instrumentation
Shielding steel

Transformers
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Reuse the E821 Storage Ring

> S20M investment

Major Difficulty

3 Large 50’ Diameter Coils inside cryostats

Can Separate 3 coils from one another

But cannot disassemble each coil into shorter
sections (would spoil the field uniformity) !
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SC Ring Cryostat Transport
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Most of the transportation will be done via barge. Must be ready
to move by Summer 2013.

Transport from BNL to shipping port, from shipping port to
Fermilab: either air or ground
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Issued Request for Vendor Bids to Perform
Technical Feasibility Study and Cost
Estimate

Expect at least 3 vendors to bid

Main Helicopter Difficulty:
Heaviest Ring weighs 17K Ibs.
Helicopter Load Limit is 25K Ibs.
FAA restrictions

Main Truck Difficulty:

Need 4 lane roads or any road without
side obstructions.

Can remove or crane over
obstructions, but will cost.

Vendor Selection in Early May !

Courtesy of Erickson Skycrane

49



Ring 3D Modeling from Bartosek Engineering

Materials have been associated

with every component to get
accurate weights and CGs

Transportation Vendors will use 3D Model to design shipping fixture
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Cryogenics and LV Power Connections to the 3 coils

Connections cannot be removed
from cryostats.
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BNL E821 Equipment Move Has Started !

Early April 2012
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Next trip in Mid May: Remove the Magnet Iron !
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Summary

- A very exciting time for E989

- Muon Physics ... A New era at
Fermilab !

=]
Timeline items that have to be sequential:  Building CDR 4 mos Paid by FESS operating if GPP
Buillding engineering 8 mos Paid on GPP
Building construction 9 mos Paid on GPP

Ring assembly 18 mos
Field shimming 9 mos
Posssible transport times:  Barge Voyage . *must ship in Jun-Jul, midSep-Oct
Disassembly
2011 2012 2013 2014 2015 2016
Bldgconststart MAMJ) J ASOND)FMAMI)J)ASONDIFMAM) )ASONDIFMAM]IASONDI)FMAM))IASONDI EMAM])ASOND

C: Mar 1, 2013
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