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Spin effects in hydrogen and deuterium recombination

[A. Vassiliev: Polarization in H; and I); Molecules (ISTC project)] ”
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The H and D atom
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I1. Polarized H or D storage-cell gas targets

I11. The ISTC project

Activities in Gatchina, status
Combined set-up in Jiilich

IV. Outlook

Participating institutions

Forschungszentrum Jiilich, Institut fiir Kernphysik, Exp-Il:
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+ infrastructure TKP, COSY group, infrastructure FZJ (ZAl. ZEL)
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Department of Cryogenics and Superconductive Techniques:
N. Chernov, L. Kochenda, A. Kovalev, P. Kravisov, M. Mikirtytchiants,
M. Polavisev, S. Sherman, V. Trofimov, A. Vassiliev
+ infrastructure Department of Cryogenics and Superconductive Techniques

Universitiit zu Kioln, Institut fiir Kernphysik:
H. Paetz gen. Schieck
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The :ﬁomaa cell

(ransporency: X Rethman)
Recombination in a Storage Cell
ABS
H,D
Yy

Mhounce ~ 200

' ~ 3(0) mm lr

Reduction of Nuclear Polarization in cell by:

e Spin Relaxation

= Suitable coatings: Ice, Teflon, Fomblin, Drifilm
1 + fﬁ -2 'Dirrpl.
e Recombination H1 - H1 — H2|H1

— Note: No volume recombination in a storage cell
P~10"4mbar = A\ =0.5m
— — Recombination takes place on surface!

(1)
//@
AL EA LA
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Evidence for Nuclear Polarized D,
?\_‘F‘l Ven dew Byand

. : et E-.E.-;
TRLeH. 33 4235 (1643)

PIT at AmPS (NIKHEF)

Beam: ¢ 704 MeV ¥ ;
Target:  tensor-Pol. '. N7 E = ek
Extraction: and '
o (R
Dissociation: ~ " 5
variable . a=0.71£0.02
( CE”S) On (H.:';;J[;f-r" a=0.26+0.03
Atomic Pol. H (d, n)a
Total Target Pol. 7% ed scattering
Result:  @..D,) = (0.81+0.32).Q,,(D)
But: Result based upen the assumption

-H"iﬂ+ f_l':"i.'l r- .-T':’.j' / .11' 32 f -l'\ ::' [ Ar 1@}: JIF }'f‘ A ( —' ! -:'l
Qve dhe some for Cu omd Tellon
¢ Does it also hold for H-targets?

e |s this really true?

e How does effect dependon T, B ... ?

= Need Experimental Verification
and more detailed Study!

F. Rathmann — Nuclear Polarization of Molecular Hydrogen 4



The TUWCE expetimert
(with use ofa anrnmnq
of F- Eethwmann)

Setup at IUCF T.Wise et al.

45° DETECTORS ’?ﬁ I..L-k{_ g-; | ﬁ "‘I‘f }ﬂ"ﬁ {Z‘.‘G’:‘:}

EXIT WINDOW

SUPERCONDUCTING MAGNET

B fcom ARs

1, 103 MeN
fﬂhal‘\uiihgﬂ? paf.

stovage cell (Teffon ff“

Cu s+ Cu ‘mEEE\

e Elastically scattered proton are detected in
coincidence around 6.1 ~ 45°.

e Magnetic Field at Target: Strong field to decouple
electron and nucleon spin = B > B!' = 50.7 mT.
Closed—orbit distortions of the stored beam avoided,
cell surrounded by a single Superconducting Coil:

B longitudinal at Target: B,,.. — 0.66 T

e Recoombiner—Volume with gate-valve

— Open: Atoms exposed to Copper (low o).
— Closed: Atoms exposed to Teflon (high «).

F. Rathmann — Nuclear Polarization of Molecular Hydrogen 6



TThe IUCF expeviment
(with use of a Iranspareney
of X.Pathmanw)

Dependence on magnetic Field
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di(c)
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Measured o [ 0.089 + 0.007 ¥
0 0.879 4+ 0.010

Ortho-H> @

1
Spin-Rotation B' = 2.7 mT B, =119 [$B? + %5"?]*
Dipole-Dipole //" =34 mT B,=54mT (J=1)
adding J = 3 (12%) = B. = 6.1 mT

)

(using n = 1000 and Ry = 0.46)

R = Rpexp
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The TUCT expeviment

Temperature Dependence
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Curve: Nuclear Polarization of H-Atoms in a copper cell

with 80 wall collisions, where about 65% of the atoms
recombined to molecules.
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T 300 K N00 KK
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TSTC - an intexnations
maahisod-s own

What is the ISTC?

Nonproliferation Through Science Cooperation

A Decade of Service - History of the [STC

The International Science and Technology Center (ISTC) is an intergovernmental
organization dedicated to the nonproliferation of weapons and technologies of mass
destruction. Founded in 1992 by International Agreement by the European Union, Japan,
Russian Federation, and the United States of America, the ISTC coordinates the efforts of
numerous governments, international organizations, and private sector industries, Eruwdlng
weapons scientists from Russia and the Commonwealth of Independent States new
opportunities to redirect their talents towards peaceful scientific research.

Structure of the ISTC

The ISTC Governing Board is comprised of representatives from Canada, European
Union, Japan, Russian Federation, the United States, plus a CIS country rotating member.
Scientific Advisory experts guide proposal evaluation and identify new priorities for project
and program development.

The Secretariat, headed by the Executive Director and Deputies from each of the
Governing members, includes nearly 200 scientific, financial, and administrative staff The
ISTC maintains its Secretariat headquarters in Moscow, with branch offices in Armenia,
Belarus, Georgia, Kazakhstan, and Kyrgyzetan, and an information office in Tajikistan. The
ISTC enjoys support at the highest levels in the capitals of its member countries,

gouefniw‘-’ﬁ Boavd , 03 Novembey 2000 i meehing )

Apptoval -
1861 Creation of the Universal Gas Polarized Target for the Investigation of the Nuclear Palarization in the

Molecules of Hydrogen (Deuterium) at the Different Interactions with the Target's Walls
Froject Manager: Chernov N N; Leading Institution: Nuclear Physics Institute (Gatchina, Leningrad reg.};

Collaborator: Universitat zu Koln [ Institut fur Kemnphysik (Kéln, Germany); Duration: 36 months; Funding
parties: EU+Other




The 18TC 1;" oject

(sciemditic Qims)

Conclusion and Outlook

e One can produce nuclear—polarized Ortho-Hydrogen

— Inafieldof B =066T

@(open) _ Q(Molecule)

~ = ). .02
Qlekesd) . (Riom) | e

e Interesting New Object!

e Further Investigations should address
mar;n e fheld 5%{9115*:&
Hz

(BTHFS n, A)

A cell-woll fempeyature

e Research in the near Future in the framework
of an International Science and Technology
Center Project (Jilich, Gatchina, Cologne)

[ srer HK14

1 dependence 0} hypettine~sialte popu Labion
2 depeudence of number of wall collisions (vaciation of cell dimensipns)

3 df.-tr? Pndente © * cell-curlace moterink

F. Rathmann — Nuclear Polarization of Molecular Hydrogen 11



4 %
L =S
“ L=
D....Wm..um.
Cﬂh%
eos
L)
2eog
= o

)

Elect mu-im‘mc% ionmzabion — atceleve Hon - dissoc)ebon

SO|N0SION PeUIqUWIOD8l JO
UORBZUIE|Od 8y} O UBWBINSEay

UUBWIYIEY juRl4

l9)swiiejod yiys-que ul uojezuejod uojold JO JuswWaINSea| ‘v
ABiaua Aq suol jo uoneiedas g

Ly o
1oy uogre)
3
b
- -
ASN 5T a - 8
A2 05
ASN OE - AT Ol

. PIoYy onouBepy
1QF QiMm SpoRaod

AB1aua yuasaip yim suojoid ojul SUOI +H pue +°H JO UOISIBAUO)) ‘2

x1r331: 3
wreseEe® @
BEETUTO®

~1 x.
RaaTa

S 111114
FOEEEHE
FESEES

¥

1=

-

(1L [ o2 dn ) pioy snouSepy

WD Unnoo| ]

{=m

SUOl Ojul sa|NJa|OW pue sWojle UmNT._m_Dﬁ_ JO UOISIBAUQ)) |

1deouo) rejuswiadx3



& |
e
PR - M SO|NJS|O| PeuIquIod8l JO
9 m., .S £ uolezZUR|0d 9y} JO JuewaINsesp UUBWIYIEY juel4
‘80 o~
m..m mr¥ Jepwiejod yiys-quen SV 130 speiis
¥ | @
ATE
[ 3
al = oo
F3F

d57

ﬂ

gy L s wiee |

dn-42s 15| ML

udeuvopsd [

dnjas |ejuswiadx3y



Separation of ions

The TSTC pro
Lpriuciples)
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Measurement of the Polarization
of recombined Molecules
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The ToTC project

(Layout)
Transpavency -(fnn PNPL
General layout
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The TeTC ?mitd‘

Two membevs of the PNPL 4eom ot dhe
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OutLpote
(possible extenSion)

2D silicon strip —
potential 1kV-200kV

detectors
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