PAUL SCHERRER INSTITUT R & D exper‘imen"'s for‘ "'he PSI ‘
= UCN source

Manfred Daum,
on behalf of the PSI UCN collaboration

1) What is the optical potential of solid deuterium(sD,)?
2) What is the neutron velocity distribution out ofsD,?
3) Material choice of sD vessel?

4) Material choice of storage volume coating?
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(= Proton accelerator facility @ PSI

~150 m

lon source
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Cockcroft-Walton

72 MeV in Clo

cyclotron

[

-

\

Ring cyclotron: 600 MeV, 2.2 mA
-1.3 MW - worldwide unigue!
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B PSI UCN source

LI/ m$

neutron guides
UCN storage volume,

2.5 m high,[2 mi—

3.5 m? D,O moderator
thermal neutrons,

/superthermal UCN converter
T=5ms,1=10m

30dm3, sD, @ 5 K

Rl =

“~ Lead spallation target,
10 neutrons per proton

1.3 MW p beam
600 MeV, 2.2 mA
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gt s R & D experiments for the PSI ‘

= UCN source

1) What is the optical potential of solid deuteri(s,)?
2) What is the neutron velocity distribution outsad,?
3) Material choice of spvessel?

4) Material choice of storage volume coatir
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Ultra Cold Neutron Source

Courtesy A. Fomin, PNPI
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Coherent strong interaction surface potential
(optical) of solid deuteriun{LO0 neV«~ 4.75 m/s)

Needs: storage volume coating storable neutrons ~y3!)
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~per Measurement of optical pc

3.25 m

Very slow neutrons
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o » Optical potential of sD,
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w1 e Optical potential of
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1= Optical potential of sD, 1 <

1200

: Vou(SDy) = (99| 7) neV- ~5 m/s
1000 4244 |. Altarev et al.| PRL 100, 014801 (2008).
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(= Neutron time-of-flight distribution

Chopper disks
_J/(; Detector window

1616 mm
Chopper Detector
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Transfer from TOF distributionto
velocity distribution needs some
Monte Carlo methods. 400 1
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BE Neutron velocity distribution
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|. Altarev et al., EPJA 37, 9 (2008).
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Relative Masses:
Flat foil 100 %
Torus 110 %
Dome 131 %

Cold source —___

p. beam LSS —» RN spallation target
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(5 Material choice sD, vessel

Possible materials (tensile strength, machininy etc
aluminium alloys
zirconium alloys

From NIST tables:
o,(Al) =0.23 Db
o,(Zr) =0.19b
o,(steel) =2.6b

N = Ny el = H-00)

Expectation:
Absorption in Al is
1.75 higher than in Zr

(P/Al)
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(5 Transmission of slow neutrons 1) The

Chopper Sample
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PE

—

through thin foils

Ultra Cold Neutron Source
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From NIST tables:
o, (Al) =0.23 Db
o,(Zr) =0.19Db

Expected after material
analysis (traces of boron!) :
0, (AIMg3) =0.27Db

o (Zircaloy) =0.39 b

Measured:
0,(AIMg3) =0.53Db
o,(Zircaloy) = 0.98 b

Explanation of discrepancy:

surface roughness
A. Seyerl et al. Z. Phys. 250, 1972.

Is at least 1 M$
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-1 }= Optical potential of DLC and Be = | |=
Chopper Sample
UCN i
’ i
2.21m Detector
v(Be) = (6.9:0.1) m/s

This measurem

~~Vv/(DLC) = (6.9£0.1) m/s

ont saved us at least 1 M$

F. Atchison et al .,
Phys. Lett. B 642, 24 (2006),

800 NIMB 260, 647 (2007).
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(= Storage materials
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Ultra Cold Neutron Source
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RS wall material: loss and depolarization
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Ultra Cold Neutron Source
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(= Diamondlike carbon

Wall loss coefficient n [1 / wall collision]
x 104

Be - ]
bLC PNPI ]

PNPI
i DLC K i
6 Alro PET1 300 K | 380 Be- B

1oLc 300k 1Une  DLC B B TUM pic-

4 Al-Foil PET 1 DLC ' Be. 300K yT _
4 l7ok | H may DLC PET?2 PNPI 300K

g P12 300K Quartz
57 = 0K g 300 K -

DLC is a good choice © also for 3 (DLC)=110%, 3 (Be)=10+16°

PET = polyethylene terephthalate

F. Atchison et al., Phys. Lett. B 625, 19 (2005).
T. Bryset al., Nucl. Instr. and Meth. in Phys. Res. A 550, 637 (2005).
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] Test Storage Volu
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Final Results

Ultra Cold Neutron Source
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F. Atchison et al., Phys. Rev. C 74, 055501 (2006).
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Ultra Cold Neumroh Source

Commissioning started (late autumn 2009)
first UCN expected: Summer 2010
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Physics of fundamental

-] - Symmetries & Interactions
502010  GiP

October 11-14, 2010

Paul Scherrer Institut, Switzerland

2" International Workshop on the
Physics of fundamental Symmetries and Interactions
at low energies and the precision frontier.

Topics:
= | ow energy precision tests of the Standard Model
* Searches for symmetry violations — e.g. T, CB, CPT, Lorentz, Lepton flavor, Baryon number
* Searches for new forces— e.g. spin dependent interactions,
maodifications of gravity orweak interaction
* Precision measurements of fundamental constants
+ Fundamental physics with cold and uvltracold neutrons
* Advanced ultracold neutron sources
# Searches for permanent electric dipole moments
* Precision experiments with pions and muons

* Advanced muon sources
* Exotic atoms and molecules
* Pracision magnetometry

Unk Genews ML
* Advanced detector technologies THMINE (ESTS
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