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This Colloquium reviews the 25 year quest to understand the continuous (second-order), mean-
field-like phase transition occurring at 17.5 K in URu,Si,. About ten years ago, the term “hidden
order’” (HO) was coined and has since been utilized to describe the unknown ordered state, whose
origin cannot be disclosed by conventional solid-state probes, such as x rays, neutrons, or muons.
The HO is able to support superconductivity at lower temperatures (7. = 1.5 K), and when
magnetism is developed with increasing pressure both the HO and the superconductivity are
destroyed. Other ways of probing the HO are via Rh doping and large magnetic fields. During the
last few years a variety of advanced techniques have been tested to probe the HO state and these
attempts will be summarized. A digest of recent theoretical developments is also included. It is the
objective of this Colloquium to shed additional light on the HO state and its associated phases in

other materials.
DOL: 10.1103/RevModPhys.83.1301 PACS numbers: 71.27.+a, 74.70.Tx, 75.30.Mb



Outlook

* High-Magnetic Field Properties: H || ¢

* (H,T)-phase diagram (H || ¢) of URu,Si,

* Angle dependence of the magnetoresistivity

* High-field quantum oscillations:
Hlla,upto80T

H || ¢, FS modification inside the “hidden-order”
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High-Magnetic Field Properties
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T, = temperature scale of the polarized paramagnetic regime
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= low-field crossover scale controlled by intersite electronic correlations
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(H, T)-Phase Diagram
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> Inside HO: magnetoresistivity governed by an orbital contribution
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(H, T)-Phase Diagram

> Inside HO: magnetoresistivity governed by an orbital contribution

> Anomaly at 23 T?

[Shishido et al., Phys. Rev. Let. (2009)]
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity

Hi a

longitudinal

400 -

(k0 .cm)

P xx

200

1000

800

(v0.cm)

XX

= 400

200

URuU,Si, HY

sample #2
T=15K 6,=

HI(001)

p.max

T
30° 40°

T 1
10 20

5.0 60
uH (M) HHH,
1)) Hilc - HJ|a
transverse -

L
30

transverse

600 |

URuU,Si,

r T=16K

Sample #2
HO(010)

HO Ul

400

200

Hl| c
14K

sample #2

kink

sample #1

10

20

30




600

Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Angular dependence of the magnetoresistivity
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Quantum Oscillations: H || ¢
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Conclusion

» (H, T)-phase diagram (H || ¢) of URu,Si,

> Angle dependence of p, , : transition fields follow 1/cos(6)-law,

observation of H,,, in magnetoresistivity

> High-field quantum oscillations:
H || a: new light mass frequency above a

H || c: Fermi surface modifications inside the “hidden-order”

Thank you!
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( H,T ) Phase Diagram: Conclusions
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