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What	for:	Hydrogen	

Signal 

Background 

Incoherent	background		
from	Hydrogen		

Isotope coherent σ (barn) spin-incoh. σ (barn) coherent b (10-12 cm) 
1H 1.7583 80.27 -0.3739 

2H (D) 5.592 2.05 0.6671 
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Hydrogen	bond	
Isotopic	substitution	(partial	distributions)	
No	deuteration	

	-	difficult	to	impossible	
	-	industrial	applications	
	-	geological	studies	

Why	bother?		

Neutrons	DO	see	the	hydrogen	(very	well!)	
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What	for	?	
Why	polarised	neutrons?	
How?	
Some	results	
What	next?	

Scope	
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Nuclear	spin:		 	 	 	I  (1H:		I = ½)

Why:	nuclear	spin	
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1H:	b+	=	1.04	x	10-12	cm,	b−	=	4.744	x	10-12	cm			

Nucleus	+	neutron	spin:	 	 		
I + ½ :     2(I + ½)+1 = 2I+2   states ,  scattering length b+

I − ½ :    2(I − ½)+1 = 2I       states ,  scattering length b−
 



I N S T I T U T  M A X  V O N  L A U E  -  P A U L  L A N G E V I NA. Stunault, ADD2019, Mar 17-22, 2019 

Polarised	neutron	scattering		
from	randomly	oriented	nuclear	spins	

Intensity	 Incoming	
Neutron	spin	

Scattered	
Neutron	spin	

I++

I−−
I+−

I−+ Spin-Flip,	SF	

Non-Spin-Flip,	NSF	

W.G.	Williams,	Polarized	Neutrons,	Clarendon,	1988	

Coherent	cross	section:		
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Ispin−incoherent (Q) :1/ 3 non− spin− flip

                        2 / 3 spin− flip
Icoherent (Q)   or  Iisotope−incoherent (Q) : non− spin− flip

€ 

Icoh (Q) + Iisotope− incoh (Q) = INSF (Q) − 1
2
ISF (Q)

€ 

Ispin− incoh (Q) =
3
2
ISF (Q)

Polarised	neutron	scattering		
from	randomly	oriented	nuclear	spins	

Directly	remove	spin-incoherent	background	



I N S T I T U T  M A X  V O N  L A U E  -  P A U L  L A N G E V I NA. Stunault, ADD2019, Mar 17-22, 2019 

Crystal	(Heusler)	

Supermirror	

Why	now?	

Wider	Q-range:	hot	neutrons	
D3	at	ILL:	λmin	=	0.4	Å,	Qmax=	25	Å-1	

The	technique	is	far	from	new	
D7	at	ILL	
Cold	neutrons	
λmin	=	3.12	Å,	Qmax	=	3.91	Å-1	

Critical	angle	

Size/distance	

3He	spin	filter	
T ± = e−O(λ ) 1±PHe( )

PHe = PHe
0  e−t /T1

O λ( ) = 0.0732 p bar⎡⎣ ⎤⎦ L cm⎡⎣ ⎤⎦ λ !A⎡⎣ ⎤⎦

Polarisation?	
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D3:	Current	status	

Cu	mono-	
chromator	

3He	spin	filter	

D3 at ILL: polarised hot neutrons 
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Sample container 

Si crystal: 
calibration of the polarisation 

Double walled Vanadium sample cell 

Sample volume 
In beam: 0.4 cm3 
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Measurement	
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Data	reduction:	spin	filters	

!! != ! 1!− ! !
!!(!)

!"#$%
!
!

Filter	1:	Transmission	(monitors)	
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Data	reduction:	spin	filters	
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Filter	2:	Polarisation	(crystal)	
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Water,	analysis	

Figure 3. Data reduction in the case of H2O at room temperature. The spread of the raw data
(top left panel) and the observed discontinuities reflect the time dependence of the spin filter
e�ciency, since, for practical reasons, the scans were not run in a continuous way.

4. Discussion
Obviously, the uncorrected incoherent and coherent data in Fig. 3, while showing the power
of the method, should not be used to extract correlation functions without a more careful
treatment of the NSF and SF corrected and averaged intensities. For example, one must take
into account the fact that the thin container is made of Vanadium, which is a mostly spin-
incoherent scatterer, giving signal in both polarisation channels following the ”1/3 - 2/3” rule
from Eqs. (1) and (2). As usual in that type of measurement, a more tricky correction comes
from multiple scattering, for which the usual treatments have to be adapted to take the neutron
spin state into account (scattering twice in the SF channel will actually give intensity in the NSF
channel...). Details on the current state of the analysis can be found in [10]. Another approach
is to use the polarised neutron results to model the incoherent contribution to the scattering
[11], and use this knowledge in the analysis of unpolarised data.

5. Conclusion
The D3 di↵ractometer of the ILL is now fully operational for the study of liquids using polarised
neutrons, and scripts have been developed for on-line data reduction. The data acquisition is
currently slower than on fully dedicated instruments like D4 at ILL [12] due to the absence of
a wide-angle spin filter and a multi-detector. Typical measuring times are 1-2 days per sample,
which is fortunately not forbiddingly long. Using D3 for accuracy in the case of the non-

4

Physica	B	551,	273	
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Lactulose:	polarised	vs	unpolarised	
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Complementarity	with	D7	(cold	neutrons)	

D7	:	2-3	hours	

D3	:	2-3	days	
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Cu	monochromator	

Multidetector	
20o	

Wide	angle		
3He	spin	filter	

3He	spin	filter)	

Sample	+	
Helmholtz	coils	

ILL	Endurance	project	à	September	2019	

Measure	≈	3	samples/day	

Monitor	

With	valuable	help	from:	
B.	Guérard	
D.	Jullien	
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Propanol	

0 1 2 3
Q (Å

-1
)

0

0.5

1

1.5

2

S
 (

Q
)

Ref. [31] @ 275 K
Ref. [7] @ RT
This work @ RT

Propanol,		
(Rodriguez-Palomino,	Dawidowsky,	Cuello,	
Phil.	Mag.	2015)	
	
(Monte	Carlo,	
based	on	Granada’s	“synthetic	model”,	PRB	1985)	

S(0)	(=	k
B
T	ρ	χ

T	
).	

8 L.A. Rodríguez Palomino et al.

where σ̄c is the average coherent cross section of the molecule and ai are the coefficients in
the Placzek’s polynomial correcting for inelastic effects [29]. Figure 4 shows the normalized
coherent differential cross section and the P(Q) polynomial (self-scattering term) for 1- and
2-propanol. At high-Q, we observe the characteristic “fall-off” feature due to the interaction
of the incident neutrons with the vibrating scattering sites [30]. By fitting 1

N
dσ
d" with P(Q)

in the high-Q region (Q ≥ 5 Å−1), we obtain the coefficients ai as: a0 = 0.437(6),
a1 = −1.02(6) × 10−3, a2 = 0.95(13) × 10−6 for 1-propanol and a0 = 0.438(6),
a1 = −0.96(6) × 10−3, a2 = 0.79(10) × 10−6 for 2-propanol. We note that the a0 values,
limit of P(Q) at Q = 0, are consistent with the expected value, which is the average
coherent bound cross section, P(0) = σ̄c

4π = 0.4354(5) barn/steradian/atom [28]. Then,
subtracting P(Q) from 1

N
dσ
d" and performing simple algebraic operations, we obtain the

static structure factors, as shown in Figure 5.

6. Discussion
Equations (1) and (2) are similar to the equivalent ones commonly employed in correcting
data for liquid and amorphous materials, but important conceptual differences here require
a deeper discussion.

The standard methods [2–4] consider the attenuation and multiple scattering as
independent corrections applied successively, usually performing the attenuation correction
first and then the multiple scattering ones. The attenuation factors are calculated using the
expressions derived by Paalman and Pings [31], which are only valid for single and elastic
scattering. The multiple scattering corrections are usually performed using the expressions
of Blech and Averbach [32]. These are derived assuming elastic and isotropic scattering
and lead to a constant contribution, in contrast with our non-constant multiple scattering
contribution (Figure 3).
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Figure 5. (colour online) Normalized static structure factor for 1- and 2-propanol (open and full
symbols, respectively) in the low- and medium-Q regions. The inset shows the whole Q-range.
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2 L.A. Rodríguez Palomino et al.

Figure 1. (colour online) Molecular structure of the 1- and 2-propanol, CD3CD2CD2OD and
CD3CD(OD)CD3, respectively. Red (dark grey in b/w version), light grey and grey spheres are
O, D and C, respectively.

the measured NSF/SF intensities to the incoherent and coherent scattering cross sections
(Section 5).

The traditional [2–4] or new empirical [1] methods for correcting for background,
attenuation, inelasticity and multiple scattering treat all these contributions independently
and not as a whole. In Sections 3 and 4, we propose a consistent treatment of all corrections,
based on a Monte Carlo (MC) simulation of the neutron–sample interaction (Section 4).
Compared to traditional [2–4] or new empirical [1] methods, this one should represent a
step forward, towards more accurate data corrections.

In the past, the structures of the liquid phases of the lowest members in the alcohol
series (methanol, ethanol and iso-propanol) have been determined by neutron diffraction
[5–11], mostly from deuterated samples. As a first test, we study 1- and 2-propanol, which
are rather simple molecules with a high proportion of hydrogen and ideally suited to develop
and test the method. In this work, we use deuterated 1- and 2-propanol, CD3CD2CD2OD and
CD3CD(OD)CD3 (Figure 1). The corrections are expected to be small, due to much reduced
incoherent contribution, and our results can be easily compared to previous, unpolarized
work (Section 5).

Finally, in Section 6, we make a careful analysis of the obtained structure factors, to gain
some insight into the structures of both molecules. In particular, in the case of 2-propanol,
we compare our results with those from other authors. This comparison leaves some open
questions about the structure factor at low-Q, that should be resolved with new experimental
evidence.

2. Experimental
The experiment was performed at the Spin Polarized Hot Neutron Beam Facility (D3) of the
ILL (Institut Laue Langevin, Grenoble, France). A detailed description of the diffractometer
can be found in Refs. [13,14]. The unpolarized neutron beam is monochromated and
polarized using a Heusler crystal Cu2MnAl ((1 1 1) Bragg reflection). Guide field along the
beam path preserve the polarization, while nutators before and after the sample can reverse
(flip) it. The neutrons scattered by the sample are analysed using a polarized 3He spin filter
[15,16] and the transmitted neutrons are collected in a single 3He detector scanned over an
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What	next	

	
Upgraded	instrument:	September	2019	
	
Extraction	of	“clean”	S(Q)	

	from	measured	I(2θ)	and	calibration/background	measurements	
	(cf.	G.	Cuello’s	talk	at	the	school)	
		
	Multiple	scattering…	
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Conclusion	

D3:	a	unique	instrument	for	the	study	of	liquid/amorphous	systems	
with	high	1H	contents	
	
Complementary	to	unpolarised	instruments	(D4)	
	
Complementary	to	cold	neutron	polarised	instruments	(D7,	DNS)	
	
We	will	soon	do	even	better	with	a	multidetector	
	
Extraction	of	“clean”	S(Q)	in	progress	


