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reminder - q

i 6 mempon i gv| f(O) = scatt. amplitude
A (9)-7 - ¢ "t | a=freescatt. length [fm]

a=a+ 2q T | % coherent / spin-independent scatt. length
VI(H+D) q; = incoherent / spin-dependent scatt. length
- B Rech, Germany - F.Piegsa - 04.02.06

pseudomagnetic precession

[V. Barychevsky, M. Podgoretsky, JETP 20 (1965) 704]
[A. Abragam, H. Gldttli et al., PRL 31 (1973) 776]
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Polarised neutrons see a spin-dependent potential V;,in a target
containing polarised nuclei, due to spin-dependent strong-interaction.

I — = . o Vi is the sum over all
Vain © & S-P oc g i, -P=-1,-B| ¢= spIger'mi-po‘ren'rials
=  Nagn_ |1 5 ~ = = pseudo-magnetic field B*
BV, Wisrw = Qe BFBN g typ a few Tesla.
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TECHNIQUES OF THE EXPERIMENT

[B.v.d. Brandt et al., NIM A 526 (2004) 81-90]
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Ramsey's technique

[N.F. Ramsey, Phys. Rev. 78 (1950) 695]
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split beam-method

} Lo polarised sample (length ~2mm)
g,{ieil:a:\g:i?ﬂ'eps‘:f&'52‘;') wound with 2 NMR-coils two detectors
~2cm \
target beam
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monochrom. reference beam
pol. n-beam \
6LiF-diaphragm TGI"QCT-CCH filled with neutron spin-analysis
phras liquid *He (T~100mK) pi-andly
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magnetic field of approx. 2.5 Tesla
perpendicular to the drawing plane.
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how to measure ¢* ? - frequency scan
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Amplified rf-signal Ramsey oscillation
patterns
The neutron-spin makes several thousand precessions on the way
between the two spin-flippers -- we need to measure the phase-
shift better than 0.5° to achieve our accuracy-goal.




phase-stability test

- relative phase between the spinflippers is stabilized better than +0.04°
* magnetic field is stabilized by NMR-probes to +5x10-7

- Nevertheless general drifts can occur (e.g. temperature-drifts):
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example: simulated & measured data

Simulation-parameters:

Pn=90%, A

R:‘-flippe,r o ol gggg[;‘eé)‘ Rumsey patterns are in excellent
Rf-flipper cofl-length = 0. gagreement with the theory.
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EXPERIMENTAL SETUP
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J cold, polarised neutron beam .FUNSPIN®

-

=M [ E]

5 .
dervelergih A

1" s en |

=

b

A

=
W

a
woreelnge: LA

spallation source
(typ. 1.2 mA)

wavelength-integrated neutron-flux density:
® = 2.46 x 108 [n/cmZs'mA] - polarised !|

T e g e, :
IR S
-_—m Lo

Rech, Germany - F.Piegsa - 04.02.06




scatch of the Ramsey-setup

n/2-rf-spinflipper

NiTi-supermirror dilution fridge / quidefield
Ao~ 4.9&, AN ~ 8% target-cryostat 3He-detectors
monitor det.

ot T} T ]
FLIWN T h

spin-analyser
(bender)

mm_—

e NMR-probe

i-flipper 2.5 T maghet
priipe 6LiF-diafragms I
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E Ramsey-setup

neutron beam-path
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n/2 - neutron spin-flipper

The m /2-spin-flippers are matched matching
resonant-circuits at 73 MHz (2.5T): capacitors

rf-coil made out
of silver wire

cooling with

compressed air

cryostat, magnet & target

target
holder

Target in upper
beam-path

Reference
beam-path
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after setting up the cryostat

BEAMTIME SUMMER 2005
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improved Ramsey-signals in 2005

- new supermirror wavelength-selectors
- an improved neutron collimation system
- new designed m/2-spinflippers

more Ramsey-wiggles visible
=) < increase of the amplitude
broadening of the resonance (approx. 15-20%)
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The Ramsey-Signal was not visible anymore. Reason(s) 2??
phase-shift is far / i ities ??
bigger than expected sample inhomogeneities ??
?? / \ \
density thickness polarisation
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polarise only a little
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Phase-shift increases with increasing nuclear polarisation, but is
accompanied by a loss in signal-visibility.
This loss is maybe due to target inhomogeneities.
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sample inhomogeneities - we take a step back ...

aido, = "
J— : .. U U

é*
Inhomogeneities in the sample destroy the neutron spin-phase
coherence, which leeds to a damping of the Ramsey-signal.

!

We had to test more samples & maybe alter the production process in
the next beamtime.

Yy Y Y
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Our dilution fridge doesn't allow for a quick change of samples.

In order to find an appropriate sample, we decided to construct an
1 Kelvin “He-bath cryostat, which does.

'-%; BT Rech, Germany - F.Piegsa - 04.02.06
BEAMTIME WINTER 2005
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some parts constructed for the 1K-cryostat

vacuum-nose /
refrigerator insert

.l N

stainl.

'?eal J

microwave cavity
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commonly used samples

Deuterated plastics

D,0 + d-Glycerol EHBA/EDBA-Cr(V)

CDOD

+

cp,0D  CD,0D
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measured samples - winter 2005

‘| = We-mesured several plastic -
and frozen alcohol samples
| = with-various thicknesses|& -
degr‘ees of deu’rem’rion.
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pseudomagn. phase-shift due to TE-polarisation
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! pseudomagn. phase-shift due to DNP
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Sample: d-PS (ARMAR: 98%D) doped with: 2.7x101°d-TEMPO/ml|
thickness = 1.6 mm - 16.12.2005
(L1
Lo
i : Thermal Equ E n
™ o . N 5
wad My I.' [ :I' . i"‘.."/ Signal E .
i . i .-‘*n 1 s'j" .“‘:" I'. ! B
ﬁ..q . .I 'ali‘-,' N 'I"'alln. 1\:‘.-;. EIH
E o LL"::-, ; | :""- .I: ,:'\.' : I.'-;_'-r - o3
i f i r'l i 'k r %/ Polarised Signal
v L i 1 »
1
' : o - W
P—— 72.786 MH, 3 _—
Measuring time: 45 min each ! f e
easuring time: in eac How H; -
£
P,=17% P4=12% (from NMR) ap|: :
0% expect.= (1503 £ 132)° =
0%, 0 =(1350.2+15)° > 1073

June 2005

3500
3000 35,
2500 -
2000 -

1500 1

Neutron-counts

1000 1

500

new samples work

72.725 72.755 72.785 72.815 72.845
Frequency [MHz] 7000 December‘ 2005
. o . 6000 1
- After slight modification of
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interesting: sources of inhomogeneities

1. Limitation of the polarisation
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interesting: sources of inhomogeneities

1. Limitation of the polarisation
Also obserable during the polarisation-process:
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interesting: sources of inhomogeneities

2. non-FM / FM - microwaves (diff. target than before)

Neutron-counts

72.770 72.775 72.780 72.785 72.790
Frequency [MHz]

—e— TE-Polarisation
—o— Polarised with FM-microwaves
—v— Polarised with non-FM-microwaves
PSR 0T ) a vunares - :
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summary of the beamtimes so far

2004: - successful setup of the stabilized Ramsey-apparatus with
two separated neutron-beams - phase-stability: +0.5°

2005 I: - completed setup by adding the dilution fridge (100mK) with
a polarised deuterated target

- observed pseudomagn. phase-shifts, but the signal-visibility
was reduced more than expected

2005 IT: - we can now reliably produce targets, with which we will be
able to carry out a succesful experiment
- observed phase-shifts up to 1500°, with acceptable signal
damping
- reached relativ accuracy: 1073 in 90 min - needed: 5x10+*
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* Polarisation-properties of candidate samples will be further
investigated at dilution fridge temperatures in the lab

- done at the moment

* Choose then the ideal sample for the first precision measurement
of the nd spin-dependent scattering length.

* Next beamtime planned for summer 2006 - after the start of
SINQ - and another one in winter 2006.

d__;L_j- L Rech, Germany - F.Piegsa - 04.02.06

17



Thanks for your attention.

contact: florian.piegsa@psi.ch

[B.v.d. Brandt et al., NIM A 526 (2004) 81-90]
[P.Hautle et al., Proc. 16t Int. Symp. High Energy Spin Physics SPIN 2004, 669-672]
[B.v.d. Brandt et al., Proc. PANIC'O5 - to be published]
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pseudomagnetic phase in the rotating frame

withoul pelarzed eamply:

with polarized sample:

\\f T

1. inital state

2. first Pi/2-Flip
3. free precession
4. additional phase

5. final state
after second

& . Pi/2-Flip
F ¥
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simulated polarised target

@ the auxiliary coil produces an additional magnetic field (anti-) parallel
to the main field

@ simulates the pseudomagnetic field of a polarised target

acts as a substitute for the real target ‘ .Pseudotarget"-coil
S b
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phase stability test (2004)

Idea: use a reference beam to correct for drifts

Therefore: check sensetivity on changes of apparatus parameters
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+ DNP: dynamic nuclear polarisation

* why deep femp.: - polarisation
- frozen spin-mode > no cross and ,hormal" spin-
relaxation

- selectively destroyable nuclear-polarisation via RF-pulses (AFP) help
to measure 9* .4, 94, 9*, and 9™,

* the relative phase of the spinflippers is stabilized better than ...
0.04° - amplitude better than 0.15%.

I
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10000

9000

8000

neutron-counts

7000

measure at different target spots
N =—
6000 %% @~2mm

11000
—e— cryoheight = 3.2 mm QQJ‘ LN
5000 .

o cryoheight = 5.9 mmy
—v— cryoheight = 7.0 mm cryostat

4000 T T T
72.780 72.785 72.790 72.795 72.800

Frequency [MHz)

Results: - pseudomagnetc shift is approx. equal at each target spot

- mean polarisation over the sample is equal, but the
inhomogeneity can vary
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Potential-models for nuclei have no real predictive power and
need an enormous amount of input parameters. E.g. modern
NN-potentials fail to describe 3-nucleon observables.

[H. Witala et al., Phys Rev. C 68, 034002 (2003)]
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Modern wuclear foree predictiens for the neutron-deuteron scattering lengths

densl Tl spzrierng lergrhs wers calenlared ased e thie
ti e 00 Do il i seleciwd o B
o hz Inesecebde oz 10 0w are taz Lkann 1% Povsens sn

CANT lerews, Por ek ¥4 0ol 2% Jeoos commalion e <17 iz e s culvalaled. [nocase o
UEAS% sl Llcbans D300 3NT

fercest the svpermenta’ valve of fa, was ensed e alsa sndied the effect o7 e Alacrvmcs

aelers wene ndjusoe L the ]

i nlerac-

-w_,:__ P @M""‘-i' Rech, Germany - F.Piegsa - 04.02.06

. the nd-team ..
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