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How do you begin?
Givens:

e Aiming through the earth to a far detector implies a specific
angle of declination for the downrward neutrino production straight.

= tilt the entire ring, including arcs, to maximize neutrino
' beam intensity (no additional put-of-plane bends)

¢ The circumference of the ring and, therefore, the lengths of the
neutrino production straights are limited by the declination angle
and the amount of vertical drop allowed under the site.

=> the underlying geology of the site ultimately sets the
limits on the neutrino production efficiency for a given arc
design. |



GEOLOGY DETAIL
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Optimization of the Storage Ring

.‘

e Rule: The cheapest way to produce muons decaying in the
straight section is to make the straight sections as long as
possible compared to the circumference.

‘« . Efficiency = straight section / circumference
» = Length of straight / (2 T p + 2 x Length of straight)
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Table 1: Muon Storage Ring Désign Parameters and Con-

straints

Storage Ring Geometry

Storage Ring Energy

Vertical Descent Limit_

Declination Angle
Cross-sectional profile
€rms (normalized)
dp/p (rms)

maximum poletip field
arc cell phase advance

racetrack
GeV 50
m ~183
deg ~13
m 813
mm-rad 3 i
% 1
T 6.0
deg 90



The Storage Ring
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MuSR DIPOLE CROSS SECTION

BEAM TUBE

MADE FROM TUNGSTEN
(:::) <:::> STEEL SHEAR PIN

ELLIPTICAL APPERTURE 100x80 mm

HELIUM INNER TUBE Z) STAINLESS STEEL KEY

HEL IUM VESSEL SHELL SPACER
0D 410 mm :

ID 150 mm
SECoIL( oD 190 mm )

SUPPORT

HEL IUM COOL ING CHANNELS
LIQUID NITROGEN COOLING TUBE






Arc Half Cell of the MuSR

otal Length of Cold Mass

Beam Tube Length ; -
otal Weight of the Common Cold Mass Jast
" BOuter Diameter of Cryostat _____ I”“
uspension Post Dimension (HxW) x 800 mm
[Total Weight of the Half Cell Assembly i
Cryo-loads:

[Static heat leaks:

to He level, at 4S5 K S Wicryostat
to N2 level, at 77K 30 W/cryostat
IDynan hutlouu:(lndudedhumlm)
it He level, at 4.5 K 7 Wicryostat
> N2 level, at 77 K B




Table = Parametcrs .of the lange-momentum acceptance arc—

cel]sﬁara 50:GeV muon storage Fmg
-@eneral: tumgsten shield thickness cm 1.0

‘beam-stay clear cm 1.0°
intermagnet spacing ' -m 0.75
Dipoles: |
dipole length m. 2.4
dipole bend rad - 0:0859
dipole field e . 6.0
beam size (60, max), WxH cm 8.0x5.3
dipole fill aperture**, WxH cm  12x93
Sagitta- ' cm 2.67
m 1
m~? 3t
FC quadrupo T 3.6
bcam size (66), WxH S
F quad - cm 9,2:;2_.6_
unad cm. 4.2x6.2
arc quadripole bore** cm 14
Siemnpales (aoverlay on quad field) _
; m-% - 064
m~2 126
T 52
T 1.03
m 9.8
deg 90
m 16.2
m 13
31

**gperpure = beam size + liner thickness + beam-stay-
"wmékwdbythc U’S.'w of Energy under contract No:
1 email: ¢jj@fnal.gov




CRYOSTAT PLAN AND ELEVATION VIEW
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~ Table.4: Parameters of cells in return straight of 50-GeV
muon storage ring

cell length m 50.78
quadrupole length m 1
quadrupole strength m~2 0.056
quadrupole poletip field T 0.84
- quadrupole bore cm 18
- cell phase advance deg 90
ﬁmaz- ' m 86.3
- rms divergence L 0.73

number of cells ' 12

‘Table 5: Storage Ring Parameters at 50-GeV
Circumference m 1752.8
Neutrino decay fraction 39.2%

'Production region:

matching and dispersion suppression m 44.}
High-g FODO straight e m 688
ﬁzmaz / ﬁyma:r my 435/484
ve [VYy ‘ 13.63/13.31

natural chrornaticity -23.9/-23.9




Table 3: Parameters of the hth beta cells for neutrino pro-
duction in a 50-GeV muon storage ring

drift length ‘m 65.8
quadrupole length ‘m ¥
quadrupole strength m~2 - 0.0019
quadrupole poletip field T 0.05
quadrupole bore cm 33
total cell length m - 13Re
cell phase advance dee = =22
)Bma:z: ; m 4—36,(}
rms divergence ~ mr 020

number of high-beta cells cai
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DOSE OUTWARD FROM ARC TUNNEL

50 GeV MuSR arc: Peak dose rate outside the tunnel 50 GeV MuSR: v-induced dose around arcs
MARS14(2000) 02/09/2000 2x10” decays/year intwo arcs MARS14  2/10/2000
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Normal occupancy limit
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Dose distribution radially outward from the arc tunnel enclosure:

conventional in mSv/hr (left) and neutrino-induced in mSv /yr (right).

N. Mokhov, Fermilab



