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Slow u~ BEAMS:
COOLING AND NEW SOURCE

1. Extension of the existing low energy U~
beam into an ultra-low energy L~ beam for
stopping of u~ on first solid surface layers.

2. A new concept for a low energy U~ source
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Detection efficiency of muon entrance detectors: S1-PM1 : 85%
S2-PM2 : 50% — 80%
Low energy (few keV) muon intensity : 400/s — 600/s

Beam size: 0.6 cmx 1.4 cm



‘ B=5 Tesla

Detection efficiency of muon entrance detectors: S1-PM1 : 85%
S2-PM2 : 80%
Low energy (few keV) muon intensity : 600/s

Beam size: 0.6 cmx 1.4 cm

Timing precision : 2 ns
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Ultra-low energy 1" beam for study of surfaces of materials with monolayer resolution.

Intensity: 500/sec
Energy: variable with 50 eV resolution in 100 ns




AN INTENSE LOW ENERGY LI~ SOURCE BASED ON A pHe'™ BEAM
u” (20-60 keV)
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AN INTENSE LOW ENERGY LI~ SOURCE BASED ON A pHe'™ BEAM
u” (20-60 keV)
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SCALING OF EXISTING MEASUREMENTS (-1 }m
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Figure 1. The cross sections o{Li") and o(Li*") for ionisation and electron capture,
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Figure 4. lonization cross-sections of hydrogen by fully stripped ions

Projectile: Fully stripped ion with charge Zp
Target: Hydrogenic ion with charge Zt
Experiments: Zt=1
Scaling law:

- ~ 2 EE . / v .
(v, Ly, Z,) = na; @7+ ”N,,sG @m
~Z: ~Zp

6(Z=6,2:=2,)=(1/8)6(Zy=3,2,=1,v/

respectively, in collisions of Li**, Li’~ and Li” ions with H atoms. @, oy(Li*"), present data; 2)C6+ +H e"‘
——, o(Li?"), Born approximation, McGuire (1981); —-—, oy(Li?"), generalised Bethe

approximation, Gillespie (1979); - -« «- , } (experimental cross sections for electron removal

from Hj,), Pivovar er al (1971); [, o(Li?"), Shah et al (1978).
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Figure 1. The drift velocity & of negative ions moving through He II under the influence of
an electric field of 2.7 MV m™, plotted as a function of pressure P for two different

temperatures.

->Velocity of electron bubbles at high field : v =50 m/s

—>Velocity of positive ion snowballs at high field: v = 50 m/s
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E. Krotscheck, private communication, 2007
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Superfluid helium excitation spectrum and muonic atom motion
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Hydrogen Isotope and He Impurities in Liquid “He
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—>any uHe (neutral) atom
approaching the helium surface is
kicked into vacuum with an excess
kinetic energy of 0.9 K

For uHe atoms having a velocity of
50 cm/s or an energy of 1.3 K the
total energy after emission will be
22K



LASER IONIZATION OF uHe ATOMS =] o
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LASER IONIZATION OF uHe ATOMS o]

L Het*

30 laser (244 nm)
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Laserin 3 cmlong, 2 cm
wide resonant cavity Superfluid Helium at 0.3 K

Mirror \ ‘ Reservoir
|




w

2.5

population at x=x,
on

(o]
o

population at x>x,
W
o

: L C
0 05 1 15 2 25 3

0 05 1 15 2 25 3 35 4

i
3.9 4
time (us)

.............................................................................................

.........................................................................................

time (us)



)

CM momentum transfer cross-section (10'21 cm?

W S I\/Ielezhlk J. Woznlak
/S Hyp nt; 116(1998)T7
Muon: Cat. Fus. 7(1992)203

—d-+-d-(x-1H2000)

2 4 6 8 10 12 14 16

ud lab. energy (eV)

PAUL SCHERRER IKSTITUT

-l

S



CONVERSION PROCESSES ﬁ_
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ACCELERATION AND BEAM PROPERTIES

Cold source
of wHe*t*
atoms

E=0.5 meV

AT=1-2ns .

AE/E =1

R=1cm

Div. =100 %

Pulsed
acceleration
and bunching

x10'°

RFQ
acceleration
and bunching

PAUL SCHERRER IKSTITUT

o =]

Supercond.
quadrupole ——m==

10 =10°x 10°

focusing

E= 5 MeV

x10” =2.10*x 5107

AT <20 ps

AE/E=10"
AN

Chromatic _, .../
abberation_1 m

AR=05 1

AR=2p

Div=5 % \

Spherical _ 4
abberation — 20 cm

AR=12 1



CONCLUSIONS

1. A beam of 10 — 100 eV is feasible.

2. Achievable by adding a final stage to
existing PSI beam. Intensity: 300 - 500 /s.

3. A new concept for intense low energy u
source in pulsed mode is proposed.

4. The basic property, the emission of p"He™*
from Helium Il into vacuum can be
experimentally tested.




