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Introduction
[ le]

Motivation

Motivation

Slow muons ( < 1 eV)
— Pure leptonic spectroscopy (pte™, ...)
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Introduction
o] ]

Motivation

How-to ...

Manipulating the p* drift in helium gas: vp = % [E + wr ExB + w272 (E . ﬁ) ]§]
D.Taqqu, PRL 97, 194801 (2006)

7 (0) the mean free path.
(a function of the particle density o)

B-ﬁy ~— . w= ;—B the cyclotron frequency.
Longitudinal "

compression

Transverse
compression

ut
\
|-I-+ Tertiary beam
E<eV
Secondary beam T =4K D<1mm

Tagged beam

E = 4 MeV

D =10mm
Continuous

Test of the longitudinal compression:

Y.Bao et al., PRL 112, 224801 (2014)
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Theory

Density Distribution o(y)

Ideal gas equation:
— n _ p
Q(Y) ~—V T RTQ)

ool compression oly=0) _ T(y=h)
/ oly=h) — T(y=0)

Secondary beam T=4K
E =4 MeV {i Z

D =10mm X
Continuous
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Theory

Density Distribution o(y)

Thign Ideal gas equation:

Q(y) = % = RT(y)

h(x)

(_Ty

Tlow X
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Theory

Density Distribution o(y)

Thign Ideal gas equation:

Q(y) = % = RT(y)

h(x) Temperature Distribution T(y)

Ty from heat diffusion equation:
H—0 — oT
Tow X V-(k(T)VT)—i—q—O—(pcat)
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Theory

Density Distribution o(y)

Thign Ideal gas equation:

Q(y) = % = RT(y)

h(x) Temperature Distribution T(y)

Ty from heat diffusion equation:
H—0 — oT
Tow X V-(k(T)VT)—i—q—O—(pcat)

with the thermal conductivity: k(T) =a- T"
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Theory

Density Distribution o(y)

Thign Ideal gas equation:

Q(y) = % = RT(y)

h(x) Temperature Distribution T(y)

Ty from heat diffusion equation:
H—0 — oT
Tow X V-(k(T)VT)—i—q—O—(pcat)
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Theory

Simplifications

Ideal gas equation.
Stationary temperature distribution.
One dimensional heat diffusion equation.

Parametrization of the thermal conductivity:
k(T)y=a-T"

1
I+n
+ 7—Iow

1000 = (o T (i
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Theory

Thermal Conductivity k(T) =a- T"

Thermal Conductivity of Helium Gas Thermal Conductivity of 3He Gas

k(T)=034. 706
Mehl, 2009 o
[ Acton, Kellner, 1976 o

k(T) =048 T062
E. Bich et al. (2007) e

~

gl 3 ofz 3
i 21 <2
1 L 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
T/K T/K
*He gas for 4K to 40 K: 3He gas for 6K to 40 K:
a=034(1) Vs a=0483(4) —fr=

n = 0.683(6) n = 0.620(3)
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Theory

Density Distribution o(y; h(x))
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Theory

linear temperature distribution (k = const.) s
ideal gas (k o< T%%) e

35 5 8.8 K helium gas (k o T%%8) mmm

o(y)/o(y = h)

y [mm]
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Theory

Limitation of the temperature
measurement

m Possible self heating (thermal contact within the gas).
m Thermal influence from the cable.

m Large size (8 mm) impractical for a wedge shaped gas
cell or small cell heights h(x).
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Theory

Neutron Radiography

m Using 3He gas instead of “He gas because of neutron
absorption cross section.

(absorption: o,ps = 5333 b, scattering: Oscatt = 6 b for Vaeutron = 2200 %)

m Attenuation: | = [y - exp (—aabs vl Q3He)

= Iy - exp (—14800Db - L - psge)

— =4>

_— JE—

_— J—

JE— —
- | —>
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Theory

Neutron Radiography

m Neutrons transmitted through the gas cells are recorded
with an image plate.

m The density o = p(x, y) is extracted by normalizing to
an empty cell measurement.

XY ) g~ OansLa(x.y)

/(X, Y)nogas

lyas 1
o(x,y) = —ln( . ) -
( ) Inogas Tabs + L
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The Experimental Setup

The Experimental Setup

Morpheus, SINQ (PSI):

PTR
N/ Cold neutrons: E =3.3meV (A =54)
mege plate 3He absorption: o,,s ~ 14800 b
vacuum
steel i
- aluminium collimator
| monitor
neutron
—_— beam
gas cell Yy
cold finger Z
1800
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The Experimental Setup

The Experimental Setup
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Al flange

theutron beam
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The Experimental Setup

The Gas Cells

igh Thigh
steel wall

(d =0.8mm) \

copper
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The Experimental Setup

Neutron Radiographies
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Results

Result: Rectangular Shaped Gas Cell

olxy)=—In (). L

ho gas Tabs-L

10 15

20 25 30 35
height / mm

s h(x)) = P :
o(y: h(x)) RA((Th;gh—T/aw)(ﬁ)m+T’°W>
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Results

Result: Rectangular Shaped Gas Cell

10 15

20 25 30
height / mm

Measured gas density gradient for the rectangular shaped cell.
Thigh = 40.7 K, T}, = 8.3 K and 3He pressure 15 mbar.
red line: o(y; h = 40mm) fit to data => n = 0.584 (theoretical parametrization: n =
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Results

Result: Wedge Shaped Gas Cell

h=95mm

K(T) o< TO0? o
h=20mm e

3 K(T) X TOF
h=30mm e

K(T) o< TO0? o

o(y)/ely = h(x))

0 5 10 20 25 30

15
height / mm
Wedge shaped cell: Tpjgp = 26.1 K, T, = 7.86 K and 3He pressure 9 mbar.

red line: h=30 mm
blue line: h=20 mm
h= 9.5mm
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Helium Gas Density Gradient
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Results

Conclusion

Manipulating the p* drift in helium gas: vp = % [E + wr ExB + w272 (E . ﬁ) ]§]
D.Taqqu, PRL 97, 194801 (2006)

7 (0) the mean free path.

] Ifnar:;\::;zfon (a functign of the particle density p)
B-ﬁy — w = 2= the cyclotron frequency.
m
Longitudinal
compression
p+
~—~
"'+ Tertiary beam
E<ev
D<1mm

Tagged beam

Test of the longitudinal compression:

Y.Bao et al., PRL 112, 224801 (2014)
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Conclusion

Conclusion

m The gas density gradient has been measured for
rectangular and wedge shaped gas cells.

m The gas density ratio (bottom / top) is exceeding a
factor of 3 over less than 15 mm height.

m No fundamental difference between rectangular shaped
and wedge shaped gas region was found.
— no indication of turbulences.
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Conclusion
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