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Outline for today

* Recap from two weeks ago (Chapters 7 and 8)
* Information about the exam
* |Inelastic neutron scattering
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Information about the exam

Date: 13" of January 2025
Place: CMO010
Format:

- Oral, 25 min (15 min presentation + 10 min guestions / discussion)
- Preparation, 25 min (books and notes allowed)
- 8-10 topics, known in advance but picked at random at the exam

Course evaluation takes place right after the exam
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Inelastic neutron scattering
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Partial differential scattering cross section

d’c 1 number of scattered neturons €d QA with energies€ theinterval [Ef ,E+dE f] per second
dQde, ¥ d QdE,

K' scattered
neutrons
. dQ

incident
neutrons 7




Inelastic processes accessible with neutrons

5(Q w)
+
Bragg Peaks
(elastic scattering)
l Molecularvibrations
Phonons and magnons (internal modes)
(external modes) (incoherent inelastic scattering)
(coherent inelastic scattering)
Diffusive motions \
(quasi-elastic scattering)

\ __

w=0 Energy transfer (hw)

Backscattering Triple-axis spectrometers
Spin echo Time-of-flight spectrometers

v



TS

Al@380K

gzm
; 4
— DFT \
« Exp. "
x K o M L A T K H A
Aluminium h-YMnOj,



Molecule motion

. . T=453 K P=2.4 GPa T=473 K P=8.1 GPa
Water-ammonia mixture
~ 0.003
(a) 600 B =
4 g ~ 0.002 é‘
| Flui
= - 0.001 £
< ] PR 0 000
4 ,
<~ 500
ql_) 4 I~ 0.003
E 1 %\ - 0.002 E
o = £
£ 1 g 5
'q_) 400 - = - 0001 £
] Y 0 000
. ~ 0.003
7 & AHH-l - AHH-II + AMH- VI E E
300 - AE e WRH gy = Foo 3
A g g
2 4 6 8 E - 0001 E
Pressure (GPa)
~ 0.000

15 10

=45 =10 =05 00 0.5 1.0

H. Zhang et al., J. Phys. Chem. Lett. 14, 2301-2307 (2023)
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Maanetic excitations: “Classical” magnets
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T. B. S. Jensen et al., Phys. Rev. B 79, 092413 (2009)



Energy transfer (meV)

Magnetic excitations: Quantum magnets
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When polarization analysis is hand

h-YMnOs;

Phonon signal, 100K Magnon signal, 2K Magnon and pho igrfal, 2
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S. L. Holm et al., Phys. Rev. B 97, 134304 (2013)



Detalled balance

Intensity [a.u.]

SrCuz(BO3): 20T
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Triple-axis spectrometer: Instrument layout
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Triple-axis spectrometer: Data collection

. . 700 T -
* 1-dimensional data set . PRTTRTD
: : : 600 ++ 0T, 1.5K ¢ (03.10]
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500 ——— -
e Data files are small - .
: _ _ "ZE‘ 400 LiNIo.esaF€0.06PO4 |
* Possible to focus on key points in -
E and q £ 5%
: : : ~ 200} $
* Flexible resolution function A‘ .
. . 100 F MT‘TR1nwu—--
* I|deal for parametric studies
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Triple-axis spectrometer: Data collection
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Direct geometry
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Indirect geometry
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Time-of-flight spectrometer: Data collection

* 4-dimensional data set

* Need to slice and integrate

* Data files are rather large

* Need for specialized software

* Limited possibilities to adjust
resolution

* You get everything in one go
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E. Fogh et al., Nat. Commun. 15, 442 (2024)
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Time-of-flight spectrometer: Data collection

Energy (meV)

=~
<

(=) ~
‘ %

W

SriCr,0g

2 -5 'fhh, -ﬁ?};Sl.S) 0 05 1

| 22
D. L. Quintero-Castro et al., Phys. Rev. B 81, 014415 (2010)



Multiplexing spectrometer: Instrument layout
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F. Groitl et al., Rev. Sci. Instrum. 87, 035109 (2016)



Multiplexing spectrometer: Instrument layout




Multiplexing spectrometer: Data collection

++ He spectrumm, Stone et al.
©  He spectrumm, Henshaw et al.

hd BeSt Of bOth WOI’|dS —=- Constant energy slice

1.7 K, 3.85 GPa

* Need to slice and integrate Powder average
{ SrCuz(BOs).

 Data files are rather large

* Need for specialized software .

* More room to optimize resolution than TOF £
but not as much as TAS y

* Better suited for parametric studies than I
TOF e ,

* You can collect maps in (q,E) or focus on "

specific regions
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Multiplexing spectrometer: Data collection

LiNiosFeo.POs measured at CAMEA

AE = 2.6(2) mev
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Multiplexing spectrometer: Data collection

T = 1.6K T =10.3K T=15.9K T = 21.3K
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