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What do we mean by ,,polarized“? <) JULICH

Most particles posses a magnetic moment,
— they behave like little magnets

Unpolarized ensemble of particles (e.g. protons)

A B m, = -% P=NT _Ni
Noad
g ; i N, +N,
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Polarized ensemble of particles

$ $ P=NT_N¢=7_O=
5 N,+N, 7+0
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Medieval Warfare, Storage Rings, and Internal Targets

South of France, between Toulouse and the Mediterranean
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Carcassonne J FJORSCHUNGSZENTRUM

Fortress built by Philippe Il (the Strong) (1270-1285)
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Medieval Warfare o
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—
Figure from Willy Haeberli
Workshop on Polarized Sources and Targets
Erlangen, Germany (1999)

Multiple use of a projectile oscillating in a potential well.
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Internal Target in a Storage Ring

FORSCHUNGSZENTRUM

H, D, etc.
H,D,’He

\Target

orbiting beam
of projectiles

Storage Ring: Re-usable Projectiles
Application of the Carcassonne principle (type I)
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Polarized Storage Cell Target

/ Atomic Beam

Projectile
Removed
Beam \\ H /| by pump

After each wall collisions, atoms can intercept beam again.

Storage cell Target: Re-usable target atoms
Carcassonne principle (type Il)
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The basic concept FORSCHUNGSZENTRUM
. ek en
PRL 94, 014801 (2005) PHYSICAL REVIEW LETTERS 14 JANUARY 2005

A Method to Polarize Stored Antiprotons to a High Degree

= . 2 B 3 .\ . ?) . 7] 3
F. Rathmann,"* P. Lenisa.” E. Steffens,” M. Contalbrigo,” P. F. Dalpiaz,” A. Kacharava,” A. Lehrach.! B. Lorentz,'
R. Maier," D. Prasuhn,’ and H. Striher'

Injection P | / \
."I' ; \

.......
\
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Siber% Snake \/ ' E SR |

We have proposed a method , f
. . Electron
to polarize antiprotons by ool AP Electon Inernal |
,,Spln-fl|terlng“ ) "-,‘ Extraction Cooler Experiment -

I |
\

Polarizer Target
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New initiative, driven by the
FAIR-project at GSI

— : ,’ “
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(How) is it possible

High Energy to provide polarized
Storage Ring antiproton beams in HESR?
(HESR) -

for a beam of |
antiprotons -
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Physics with polarized antiprotons < JuLicH

@

momentum distribution

virtual

helicity distribution

Drell-Yan

/ process
beam @
proton %

transversity distribution

,rransversity” in polarized proton - polarized antiproton Drell-Yan collisions:

do'! — do! 1 };\({ Nq(“ ‘[

- 2q(x1, M?)q(ae. M?)

A =
T = 4611 £ do ']
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Hadron Physics ,,Dream Machine® for FAIR

[l Dipole magnet

B Quadrupole magnet
Sextupole magnet

O Solenoid

® spacer for skew quad

> O spacer for snake solenoid
o injection equipment
CSR 5
[ APR | S

(from SIS18)

xo]

RF1 PANDA
RF2

from RESR

; . HESR

... an asymmetric (double-polarized)
proton (15 GeV/c) — antiproton (3.5 GeV/c) collider
using HESR, CSR and APR
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Production of polarization in a stored beam

For an ensemble of spin %2 particles with projections + (1) and — (|)

selective loss

s

selective flip

discard (one) substate reverse (one) substate
(more than the other) (more than the other)

—Selective flip preferred (no loss in intensity) !
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unpolarized P polarized P

Polarization build-up
repeated passage through a
polarized target in a storage ring:

polarized H Target

Unpolarized
anti-p beam

Polarized target
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FORSCHUNGSZENTRUM

unpolarized P polarized P

| 4s-

polarized H Target

Belpoleeited

anti-p beam

Polarized target
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Spin-filtering studies at COSY 0 JULICH

B/

o
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PAX at the AD (the only place worldwide)

AD

Antiproton Decelerator osmwzo
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Polarized 3He for NMR’s of the human lung Uﬂ[].]f[

(Werner Heil) 5]1'817%>
mdainz

Human Lung with 0.7 bar x liter of polarized 3He

>

“ g \ \ b | ' ' PH~m-B/kT
5 | »' ~5-10°

P ~ 1

PH/PHe ~ 2500

signal P-u-p
S/S,> 10

o | amount of gas:
Proton - MRI (1H) Helium - MRI (*He) 1 bar - liter

DKFZ, HD Nov. 1995, Lancet 1996
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Gas delivery to partners SItats

Research & Training Network (RTN)
Marie Curie Actions
FP 6 (2007-2011)

Copenhagen
University
Hospital

\

" . Jagiellonian
University of University,
P I N t . o
I I e L e Université Paris XI
e 4 1 N Ecole Normale
Polarized Helium Lung Imaging Network Py e
Measurement
Science,
Universidad Bratislava
Complutense,

Madrid

Inst. fiir Physik
& Klinik,

- | Universitat Mainz

Université Lyon 1 DKFZ Heidelberg

Respirology (2008) 13, 599-602

Feasibility of functional magnetic resonance lung imaging in
Australia with long distance transport of hyperpolarized helium
from Germany

Francis THIEN,! MARLIES FRIESE,> Gary COWIN,? DonNaLD MAILLET,? DEMING WANG,?
GRAHAM GALLOWAY,? IaAN BRERETON,? PHiLIP ]. ROBINSON,*> WERNER HEIL! AND Bruce THOMPSON!
Y

L4

w2 =100 shipments / year (@ 500 bar-litres
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Hyperpolarized °He administration SITATE

mainz

- volume-control:
AV/V=3%

- gas administration at
predefined times during
inspiration

- on-line polarimetry

- use of gas mixtures
(°He,'*Xe ), (*He,SF()

- gas recovery !!!

(shortage of *He )




Technigues and practices for HP gas production and delivery

Central ’He un IH T

gas production facility 5 ll—ﬂl. @

mainz
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3He storage, transport,

3He recovery and polarimetry




Functional NMR using 3He

Academic Radiology
University of Sheffield

Dynamic Radial

Projection MRI of
Inhaled *Helium Gas -
Emphysema patient

Images courtesy of Jim Wild
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Georg Christoph Lichtenberg (1742-1799)

/.'_-

Hihtentg

“Man mufB etwas Neues machen, um etwas Neues zu sehen.”

“You have to make (create) something new,
if you want to see something new”
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Polarized Antiprotons receive ERC Grant

European Research Council ol .
Executive Agency | -} '.:. 2

a nice Xmas present

Brussels, 21/12/2009
ERC.C1 D(2009) /60264

Prof. Hans STROHER
Forschungszentrum Jiilich GmbH
Institute for Nuclear Physics
Leo-Brandt-Str. -

DE-52425 Jiilich

Sent by electronic mail only

Programme “Ideas” - Call identifier: ERC-2009-AdG
Proposal No 246980 - POLPBAR

1584 ERC AdvG Proposals submitted
» 236 selected (15% success rate)
— Life Science (89)
— Social Sciences & Humanities (42)
— Physical science & Engineering (105)
o PE2-Fundamental constitutents of Matter (11)

Frank Rathmann The Quest for Polarized Antiprotons 27




#) )0LICH

FORSCHUNGSZENTRUM

International Spin Physics

Committee Local Organizing Committee
e =
E. Steffens Erlangen (Chair) H. Stroher Jiilich (Chair)
T. Roser BNL (Past-Chair) F. Rathmann Jiilich (Co-Chair)
M. Anselmino Torino K. Aulenbacher Mainz
F. Bradamante Trieste B. Badelek Warsaw
E.D. Courant® BNL R. Beck Bonn
D.G. Crabb Virginia Forschunggenﬁum Julich (Gerrnany) S. Bertolucci CERN
N. d’'Hose Saclay

6. roecsrs: RS September 27 - October 2, 2010

F '"'d e ——lan

E. DeSanctis. = Frascati
H. Gao Duke “Tig Saclay
W. Haeberli* Viscon e Jiilich
K. Hatanaka ( X ; & : Mainz
K. Imai Jilich
A.D. Krisch Groningen
G. Mallot . X Jidlich
A. Masaike* ™ Ky Ferrara
RG. Miner e M GSI & Mainz
R. Prepost Wisc Jidlich
C.Y. Prescott* w Jidlich & Bonn
F. Rathmann Bochum
H. Sakai Muinchen
Y.M. Shatunov Jilich
V. Soergel* Glasgow
E.J. Stephenso Regensburg
N.E. Tyurin IHEP-Protvino T. Sefzick Jilich
W.TH. van Oers* Manitoba A. Sissakian JINR
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