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Spinning Protons

in Bottles
Erhard Steffens

Physikalisches Institut, Univ. Erlangen-Nürnberg

steffens@physik.uni-erlangen.de

• Willy‘s idea of the storage vessel (bottel, cell)

• Initial feasibility studies by Willy and others

• Successful applications at various places

• Some personal remarks
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The starting idea

! !
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1980: Experimental demonstration of
storage vessel idea by Wisconsin group

Conclusion: The hydrogen
atoms keep their polarization
during many wall collisions!
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Int. Workshop on

Nuclear Physics with Stored, Cooled Beams

Indiana 1984 (Schwandt & Meyer)

Willy Haeberli: Free and Stored
Atomic Beams as Internal Polarized
Targets

ES: Storing and Cooling of Polarized Ions
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Principle of Storage Cells

Polarized atoms from source

It [at./s]

feed
tube

beam tubeρ

e,  p
   Ib
[part./s]

Target density    t = L ρo

with ρo = It / Ctot and Ctot = Σ Ci
ρo

Storage Cell proposed
by Willy Haeberli

•Proc. Karlsruhe 1965, p. 64

•Proc. Workshop IUCF 1984,
AIP Conf. Proc.#128, p.251

   -L                     z=0                      +L

Density gain compared to Jet of same intensity can be up to several hundred!

Note:    Ctube ∝ r3/L

                  t ∝ L2 / r3
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Low Energy Antiproton Ring (LEAR)/CERN

Ecool
JetSet

Filtex Proposal 1985 Basic idea: to polarize antiprotons by
spin-filtering on a dense internal
polarized hydrogen gas target based on a
storage cell  1014 atoms/cm2 required!

Proposed for LEAR/CERN
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• Workshop on ‚Polarized Gas
Targets for Storage Rings‘ organized
by Willy and ES

• First positive results on Argonne-
Novosibirsk test of a storage cell in an
electron storage ring reported

• Practical realization of storage cell
targets for experiments envisaged
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Experiments based on polarized Storage cells
• Filter Target Experiment (FILTEX) for LEAR/CERN

- target and test experiment: Heidelberg-Marburg-München-Wisconsin

• Polarized Internal Target Experiment (PINTEX) for IUCF Cooler ring

- target: Wisconsin

• HERA Measurement of Spin…. (HERMES) at HERA electron ring (DESY)

- target: based on FILTEX target, with Liverpool (now: Beijing-Erlangen-Ferrara-
Yerevan)

• Internal target experiment DEUTERON for VEPP-3 at BINP/Novosibirsk

- source and detector: BINP, target cell: ANL (LDS-upgrade: ANL)

• Internal target experiment for Amsterdam Pulse Stretcher facility (AmPS)

• Internal target experiment (BLAST) for MIT-Bates South Hall Ring

NEW: Super-FILTEX (PAX) at HESR-FAIR (Darmstadt)   Frank
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Workshop on Polarized Gas Targets 1991 (Heidelberg)

Willy

FILTEX Target and TSR
(background)
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Test Storage Ring (TSR) Heidelberg

Target
straight

Ecool
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FILEX test experiment at TSR (Heidelberg)

(1992)
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FILTEX test: results

-Target cell (100K) in a weak guide field

- Areal density of 1014/cm2 with two substates

- P = 0.8 with single substate |_, _>
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Highlight # 1

Successful test of
PINTEX target using the
tandem beam at
Wisconsin
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Highlight # 2

Report about the successful tests
of the FILTEX target: high density
confirmed experimentally!
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Highlight # 3

First results by ‚extracted ion polarimeter‘
about performance of wall coatings (Scott
Price and Willy)

similar results obtained at Heidelberg by B. Braun and
H.-G. Gaul
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PINTEX Target at the IUCF-Cooler
• Operational 1993-2002, first for

H, and later also for D atoms

• For H the upper state |1> is
injected. By a variable weak B-
field (x,y,z) the polarization can
be rapidly switched without
disturbing the circulating beam

• Room temperature cell with
walls from thin Teflon foil

• Surrounded by Si strip detector

• PINTEX has, in conjunction
with the flexible IUCF Cooler
(polarized protons with Tp = 130 -
450 MeV) produced a wealth of
new data

a = feed tube with cell, b = 6-poles, c = rf
transition, d = recoil detector, e = flip and
correction coils, f = detector, g = dissociator
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Design of PINTEX Storage Cell

• Optimized for detection of low
energy recoil particles - Si strip
detectors close to cell

• Walls consist of ~ 450mg/cm2

Teflon foil suspended by 4 fins
and forming a quadratic channel
of 10x10mm2, 250mm long

• Cell at room temperature in
weak magnetic guide field. The
direction of the B-field can be
rapidly switched between x, y, z
in order to vary the target
polarization
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PINTEX Target at the IUCF-Cooler

• Target had been upgraded in 2000 to produce vector and
tensor polarized deuterium targets

• Source provided Pz and Pzz of both signs by a system of two
medium field transitions (MFTs)

• Direction of the polarization (and sign for Pz) provided by the
set of Helmholtz coils previously used

• Operation terminated in 2002 after ten years
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1993: HERMES approved

K. Zapfe
and T. Wise

S. Pate and
W. Korsch

1994: Work on target installation (3He)
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HERMES Collaboration 1994/95

Willy
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HERMES experiment at HERA-e

HERA Collider (DESY – Hamburg)

C = 6.3km, Ep = 920GeV, Ee = 27.5GeV

Electrons self-polarized

Shown: SC cavities in HERA west straight

HERMES experiment (HERA east)
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  Storage Cell Design: HERMES Target

• Cell optimized for operation in
an electron storage ring

• System of W collimators for
protection against beam and SR

• Cooled via cooling rails by cold
He gas to 60-100K

• 75mm Al walls with Drifilm
coating - radiation damage visible!

• But: Very effective wall coating
due to ice layer maintained by
small fraction of water in the
atomic beam Cell design and fabrication: Tom Wise

(with Geoff Court)

Now: Ferrara group
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HERMES Target at HERA-DESY

Atomic fraction α for deuterium run 2000

   α = Natom / ( Natom + Nmol. )

Polarization Pz, Pzz for deuterium run 2000

vector:   Pz = N+ - N- / ( N+ + N-)

tensor:   Pzz = 1 - 3No
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Workshop PST99 at Erlangen (1999)

Willy and
R. Fleischmann

About 110
participants
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PST99 Opening Talk: Polarized Gas Targets
and Medieval Warfare

Carcasonne - France
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     Target of the ANKE-Spectrometer

Target arrangement with ABS,
target chamber and polarimeter,
and the differential pumping
system. The detector system is
not shown.

The polarized target has been recently
moved into COSY. Spin program
approved for 2005-2008

   D1                  D2                            D3

ABS, LS polarimeter and target
chamber have been commissioned.
The cell cross section has been
determined by scraper studies.

beam
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ABS Target for BLAST/MIT-Bates

• Target based on former AmPS
target(NIKHEF)

• Toroid spectrometer field has
been shielded carefully

BLAST
Detector

ABS, target chamber
and polarimeter

target chamber
with storage cell

BLAST experiment at

the SHR (MIT-Bates)

• Magnetic spectrometer

with toroidal field and

internal polarized storage

cell target (deuterium)

• Over 200mA of

polarized electrons stored

with P ≈ 0.7

• Siberian snake for long.

polarization at IP

Operation terminated in June 2005     
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Final paper work
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First encounter with Willy

On the occasion of
the 70th birthday
of Rudolf
Fleischmann
(Erlangen)
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Willy in Heidelberg (1983)

‚Wandern‘ in the Neckar valley

Picking cherries
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Meeting with
Prof.Willy Uhlig

(Nürnberg)
His studio at
the Nürnberg
city wall
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Exhibition in the Fembo House (Nürnberg)



June 05 Willy Fest 33

Prof. Willy Uhlig

Presentation of the Einstein bust
in 1990 at the Walhalla Memorial

W. Uhlig in
his Studio
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Walhalla near Regensburg (Bavaria)

• a memorial of famous Germans,
Austrians and Swiss (!)

• founded by Ludwig II, King of
Bavaria

• in 1990 the bust of A. Einstein has
been added, created by W. Uhlig

• still some space left…
His favourite castle
Neuschwanstein
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Best wishes from all of us!

Physikalisches
Institut Erlangen

HERMES
Collaboration

Grüsse an
Zweistein!
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ABC
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Searching for a present for Willy
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ABC
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ABC


