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High Resolution Chopper Spectrometer
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Inelastic neutron scattering instrument for probing

the dynamics of materials at high resolution and
over a wide range.
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High Resolution Chopper Spectrometer

mAREFIVIN—KE @@y Inelastic neutron scattering instrument for probing

RRAFE - BRI F— IR the dynamics of materials at high resolution and
High Resolution Chopper Spectrometer (HRC) over a wide range.

High Energy Accelerator Research Organization and The University of Tokyo

B - 4 )
om | 1m 5.2m | 4.SE'ASO_NS HRC

N - [ - High intensity ——rrrr——rrrr——rrr———rr————m | High energy
7m ‘ ‘ - ‘ Midium resolution [ ! |_ { i_| High resolution

Guide Tube

——¢F-———

200 __. A S I
Decoupled |1.773m o Fermi 2.8m Beam s
Moderator Bulk Shiglding TO Chopper Chopper Collimator Dump ®
| Z
< T S gy —pe 3
Vacuum o ’ %; L : 3
Scattering £ r ' ]
Chamber AMATERAS = / B/ POLANO
Low energy k3] g —
Bulk Shiglding High resolution 2
©
-~

10 £ / T/ i ~—3_ Polarizati nalysis
o | ]
[ n i B
E /[
L TS E
b° -

| E / IA~
A: high-resolution inelastic experiments ¥ T T,

. . ; g ! 1 / | energy resolution f 5
in conventional Q-E space. i sy e 1 s R

1

10 10" 10° 10 10 5;
Momentum Transfer (A-') L

(>: sub-eV neutron spectroscopy. - |

S. Itoh et al., Physica B: Condensed Matter 56876 (2019).
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HRC Project

First stage (2008 - 2013): Construction of HRC and evaluation of its performance
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HRC Project

Second stage (2014 - 2018): Advancement of neutron Brillouin scattering with small scattering angle

S. Itoh et al., Nat. Comm. 7, 11788 (2016). S. Hayashida, et al., Sci. Adv. 5, eaaw5639 (2019).
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HRC Project

Third stage (2019 - 2023): Expansion of external environment

Sample environment Control range

GM refrigerator T=4-300K ® High temperature measurements of stoner excitation FeMn
1K refrigerator T=0.6-300K ® Low temperature measurements of spin dimer excitation Ce;Si,
Superconducting magnet  H<5T,T=0.3-300K ® High energy neutron diffraction measurements of magnetic
Cryofurnace T=4-700K skyrmion GdRu,Ge,
*He sorption-type ref. T=0.3-300K (100 h) ® Field control of quasiparticle decay in RbFeCl,
Cylindrical pressure cell P<1.2 GPa
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HRC Project

Fourth stage (2024 - ): Promoting the study of topological and frustrated systems by complex environments
Shastry-Sutherland Lattice (SSL)
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Characteristics of Ce;Si,
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® Anomalies caused by magnetic transition around 10.6 K.

=>» Magnetic entropy indicates that the Ce(1) site is magnetically ordered.

® The bending of the magnetic susceptibility when a magnetic field is applied in
the interplanar direction is remarkable.

=» Suggests that the magnetic moment is oriented in the interplane direction.

® Schottky-type anomaly near 2.3 K. .
=>» Suggests a singlet ground state associated with spin dime__c.foqpation. ﬁ-—?
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Microscopic evidence of spin dimer formation by inelastic neutron scattering experiments.
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Sample preparation and instrument

Single crystal

® Self-flux method
Single crystal; 5 x 5 x 5 mm3
Total amount; 10 g

® Sample environment

3He refrigerator (0.3 - 2.0 K)

1K refrigerator (2.0 - 12.5 K)
GM refrigerator (5.2 - 15.3 K)

HRC (BL12) J-PARC, MLF

® CEF
Fermi: 500 Hz, E; = 150 meV, ~32 h (La; ~24 h)

® dimer
Fermi: 100 Hz, E; = 3 meV, ~32 h (La; ~24 h)
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Produced by a surrounding charge distribution

Degeneracy of f - electron orbital states
is removed and split E
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D. Ueta et al., PRB, 109 205127 (2024).
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Magnetic exmtatlons were observed around E = 17, 26, 39, 63 meV.
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The behavior of the magnetic susceptibility is also well explained.
The crystalline electric field level schemes are determined.
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D. Ueta et al., PRB, 109 205127 (2024).
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Low energy excitation due to spin dimer formation

E, = 3 meV, 100 Hz

D. Ueta et al., PRB, 109 205127 (2024). Single crystal
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Magnetic excitation was observed around E = 0.5 meV, corresponding
to the Schottky-type anomaly observed in the specific heat.
=>» Suggests splitting of the ground state.
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Microscopic evidence of spin dimer formation is obtained.
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Feature research plans
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Spin dynamics in the low-Q range
Increases resolution by extending the sample-detector distance.
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In the d-electron system, the magnetic scattering intensity is halved at about 2.5 A* due to
the magnetic form factor.

For samples that do not gain mass, it is useful to promote the study of magnetic excitations
in the first Brillouin zone.

In the frustrated system, we aim to reach QCP and observe magnetic excitations due to spin liquid.
Increase the small angle range performance (from 5°

to 10° , higher resolution) and show the

usefulness of the measurement in the 1st Brillouin zone.



Summary
HRC
® The fourth phase of HRC's project has begun.
=>» Focus on topological and frustration to promote research.
€ The detector bank in the small-angle range is upgraded to improve the performance.
Ce5Si; system
® Observed low-energy magnetic excitation with a gap of about 0.5 meV.
=> Microscopic evidence of spin dimer formation is obtained for the first time in the Ce system.
=>» Magnetic excitations with large dispersion, which cannot be explained by SSL model.
=>» Suggests the influence of magnetically ordered Ce(1) sites and interdimer interactions in the interplanar direction.
€ Comparison with Ce5Ga2Ge and Ce4LaSi3, in which the Ce(1) site is not magnetically ordered, reveals magnetic
interactions unique to this system.
€ Detailed observation of magnetic excitation using single crystal samples and detailed study of the change of

dispersion under magnetic field. e
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