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Neutron TAS

Neutron Three-Axis Spectrometers:
 access to large Q,w range
* energy resolution AE/E = 5-10%
« efficient for w(Qq)
* lacking resolution for I1q)
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normal TAS setup with
perfect monochromator & spin-echo
analyzer crystals (Si, Ge) (TOF Fourier technique)

TAS setup combined with
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Spin-echo principle N!ugg
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Larmor precesssion:
P ! Hl
¢ = )’L

ek
¥

Spin-echo condition:

v, = 18324 rad Oe-'s™

—
T

H, 1 -H,l,
A¢=¢f_¢i=VL » =0

n

stationary phase
¢ = const surfaces perpendicular to k;, k:
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The simple case - combining the traditional QENS spin-echo & TAS

AE = const
k
>
B ¢ = const
W
overall spin-echo phase is
only stationary for AE = const,
i.e. w(q) = const
7"
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General SE condition:

A : :
NP _0 _ _f optlmur_n field
akl - AE =const. H l k rat|0
stationary phase AE .
¢ = const surfaces perpendicular to k;, k; Ag = Ty —— phase shift
L 2m, H,
Fourier time z; Tr =Y 22 3
nook
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The sophisticated case — matching the slope of a dispersion w(q)

E¢|E = const

AE = const
e ¢ = const
"""" B /
ki
» each point of the resolution ellipsoid A
corresponds to a combination k;, k; W
» we need to manipulate the phase
fields around k;, k; and project them R(Q,w)
onto R(Q,w)
== [Otate B with respect to k;, k:

v
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The sophisticated case — matching the slope of a dispersion w(q)

K AE = const

B /

¢ = const

we need to manipulate the phase fields around k;, k; and
project them onto R(Q,w)

* rotate B with respect to k;, k;
* incline the field boundary with respect to k;, k;

difficult with solenoids ...

... look for a more flexible technique!

© J. Kulda ILL 2016 9



IN20 - TASSE (1998 - 2015)  #ddl
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NEUTRONS
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« Q-range: 1-7 A1
* AE range (TAS): 0 - 40 meV —  Em—  Em—  Em—  ——  —  — =
m [IN20B -
« OSF syper_conducting solenoids ..@--- IN20B TASSE |-]
. max._flek_j integral 1 Tm o L o IN20old i
* Fourier times: NG U N SRR W : : N
k;=2.662 A-1 0.015-1.5ns f=
k:= 4.1 A 0.002-0.4 ns g 108
5
 horizontally focussing Heusler §
monochromator & analyzer 5
2 10’

- k:=4.1 A1, PG filter

- 74Ge (96.8%) single crystal;
volume 7 cm?
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Neutron resonant spin echo (NRSE) [ 4
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A BO

B, (1)

» fixed guide field B, = 100 G
» rotating RF field B, = 1 G with w = w_
* setup tuned for a nt-flip

15 15 t t
¢;§;tron — exz + (¢en Y ¢;Zu?:0n)
l t
— 2¢en Y ¢;Zugon + a)Od/v

courtesy of R. Pynn, Indiana University
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Neutron resonant spin echo (NRSE)
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Sample
B= \T B= T P B=
n Hn Rn ‘ ) )
> l Bo i Bo
r ing RF fiel —
otating gle A B=0 | o
; -
d : lAB : d H d! lCD : d:
Time t Phase field B, neutron Spin phase S )
R. Gahler, R. Golub, T. Keller,
A g, . n Physica B 180&181 (1992) 899

Aty =ta+d

B tp=t,+ lantd
B’ tgp =t4 + tant2
C tc

C’ tor =to+ ¢

D tD=tc+l—%+aE

D’ tp =g+ ert

win
wtpgr
—wico
—witcor
—witp

_thf

2wt a +w%

2wt a +w%

QUJEAB-l-d

v

d

o

lap+td

v

laptd

v

—w— — 2wt — 2w

—wvi, — 2wte — 2w

2w( lAji+d _ lcg—l—d)
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spin-echo condition

(Ins + AV, = (lgp + AV,

courtesy of R. Pynn, Indiana University
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Neutron resonant spin echo (NRSE) /(4
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Wollaston prisms

Tilted fields [/
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oI TR »
>
R
O

QAR

(Bop) 2\bue Buny A0SR
=

* YBCO films (30 K)
*B,=B;,B,=B;=B,=500G
«S=20cm,d=5cm

* Grax = 85°

* T.x = 200 ps
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Li F., Pynn R., J.Appl.Cryst. 47 (2014) 1849

15



~
-

Spin-echo pattern
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Ge lattice dynamics /[

NEUTRONS
FOR SCIENCE®
Phonon dispersion
[500] [0gg] [58]
40 }\
35 —
25 —
S
- 15 [~ X
_ P
5 L
0 | | | | | | | \ \ \ | |
0.0 0.2 0.4 0.6 0.8 1.0 0.8 0.6 0.4 0.2 00 01 02 03 04 05
g g E
* group IV semiconductor disorder effects:
» diamond structure (2 atoms/unit cell) v'Ge isotopes (M. Cardona)
* nontrivial lattice dynamics v'Si-Ge alloys (E. Courtens)
* negative volume expansion » large perfect crystals available
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74Ge: I'-point phonon width
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2000 Isobaric expansion
o0 | . T=2-300K, p=0.1 MPa
\\./,\\ Echo phase vers. temperature
£ 1000 S 150 50
(&)
T N
>00 1 100 - Ti 10
0 | | | | | | .
0.0 2.0 4.0 6.0 8.0 10.012.014.0 O] S0 I 7 20 >
Q m
PNT T ~ —i- %
> o0t =8 i"j H-100 £
’ = N
Barron’s model: u 3
50 -~ -150 ®
hv 1
V(T)=Vh [l— k(; (ng+5)} 100 L --M--AE [ueV]L 74 1 00
--©--AE [ueV] X nat
--@--AE [ueV] X 74
G. Nelin and G. Nilsson, -150 : -250
Phys. Rev. B10 (1974) 612-620. 1.0 10.0 100.0 1000.0
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74Ge: X-point frequency shifts
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’4Ge: X-point phonon width CEUTRONS
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1300 Echo amplitude vers. Fourier time
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74Ge: X-point phonon width N{,@!
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Echo amplitude vers. Fourier time
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74Ge: X-point phonon width V[ /{
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50
40 [
® IN20 TASSE
ab initio

30 -

Ab initio calculations: < 20F
=

rd . . = 10

* lowest (3¥) order in amplitude % {
L

* Sum processes negligible

higher order terms

« difference processes T > 50 K ° /
-10 / elastic scattering
/ dispersion /
-20 instrumental resolution
////////////////////// 7

0 50 100 150 200 250 300 350
T [K]

//////////////////////

N\

J. Kulda, A. Debernardi, M. Cardona et al.,
Phys. Rev. B 69 (2004) 045209
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74Ge: X-point phonon width /|
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120

:Ge - phonon DOS
100 |

. . 80 L
ADb initio calculations: i

g(E)

* lowest (3") order in amplitude
* Sum processes negligible
« difference processes T > 50 K

E [meV]
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TASSE vers. high resolution TAS
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A. Goebel et al., Phys. Rev. B58 (1998) 10510
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PHYSICAL REVIEW B 93, 134404 (2016)

Anomalous thermal decoherence in a quantum magnet measured
with neutron spin echo spectroscopy

F. Groitl,!"" T. Keller,23 K. Rolfs,": D. A. Tennant,"*** and K. Habicht'
'Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, 14109 Berlin, Germany
2Max Planck Institute For Solid State Research, 70569 Stuttgart, Germany
3Max Planck Society Outstation at the FRM 11, 85748 Garching, Germany
4Technische Universitdit Berlin, Institut fiir Festkorperphysik, 10623 Berlin, Germany
(Received 28 May 2013; revised manuscript received 24 February 2016; published 4 April 2016)

The effect of temperature dependent asymmetric line broadening is investigated in Cu(NOj3),-2.5D,0, a model
material for a one-dimensional bond alternating Heisenberg chain, using the high resolution neutron-resonance
spin echo (NRSE) technique. Inelastic neutron scattering experiments on dispersive excitations including phase
sensitive measurements demonstrate the potential of NRSE to resolve line shapes, which are non-Lorentzian,
opening up a new and hitherto unexplored class of experiments for the NRSE method beyond standard linewidth
measurements. The particular advantage of NRSE is its direct access to the correlations in the time domain
without convolution with the resolution function of the background spectrometer. This application of NRSE
is very promising and establishes a basis for further experiments on different systems, since the results for
Cu(NO3;),-2.5D,0 are applicable to a broad range of quantum systems.

DOI: 10.1103/PhysRevB.93.134404
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TASSE vers. high resolution TOF
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Larmor coded diffraction N!ugg
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E¢|E = const

» same principle of "focusing”
» fast (Bragg peaks)
* Xray-like resolution Ad/d =104 - 10

7 out ¥ K

c4 L2

/

I_2
/® LD
C3 ™~
rf spinflip coil

Rekveldt T.M., Kraan W., Keller T.,
J. Appl. Cryst. 35 (2002) 28
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Lu X. et al., Phys. Rev. B93 (2016) 134519
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Larmor coded diffraction NE'UTRONS
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Larmor coded diffraction

Ba Fe2A52

T,=T,=138(1)K
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» phase coexistence
* several d,,, values present
* beats in the SE spectrum
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Concluding remarks

IN20 TASSE:

* range in Q,w: wide = thermal neutron TAS
* line positions: straightforward & sensitive (<5 ueV)

* line widths: involved & time-consuming (= 5 ueV)

* need for enhanced luminosity
but limited due to dispersion

74Ge: X-point phonon

» excellent agreement with ab initio calculations
« w(T) Iimportance of 4th (and higher) order terms

« I(T) dominated by difference processes
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