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Spin ladder

Physics in between 1D and 2D spi

Properties of S = 1/2 AF spin ladder

E. Dagotto and T. M. Rice, Science, 2
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Organic S =1 two-leg spin ladder

BIP-TENO 3,3, 5, 5-tetrakis(N- tert-butylaminoxyl)biphenyl (CyH,,N,O,)
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High-magnetic-field magnetization process in BIP-TENO
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Higher magnetic field magnetization process should be uncovered
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Generation of ultrahigh magnetic fields

Non-destructive or Destructive ?

Non-destructive Destructive

Wire-wound coil (1 mH)

Low-inductance coil (10 nH)

1~100 ms

1 —-100 pus

20 -70 T (B, =101T)

100 -1000 T

10 kV, 10 mF ; 500 kdJ
(a middle class capacitor bank)

50 kV, 160 uF ; 200 kdJ (single-turn)
50 kV, 4 mF ; 5 MJ (flux compression)

Very long 1-10 s 45 -60 T
generator (210 MdJ, 600 M)
DC (10-45T) min. — day

30 MW (45 T)

Laser driven methods

1000 T — 1000 kT
ns —fs  0.0001- 100 pm?
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Destructive means for generation of
a strong B exceeding 100 T

The explosion is too big..
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For condensed matter physics
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One electromagnetic flux compression system

Four single-turn coil field generators
300 T

France , Toulouse

(LNCMI)
Single-turp coil (V)

300 T

USA , Los Alamos
\ (NHMFL)
ISSP UTokyo \  Single-turn coil (H)
4 Single-turn coil (H) \
Single-turn coil (V)
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F Single-Turn Coil (STC) at ISSP

A 160/263.5 mF 2001

Imax = 4MA - 207 %40 kv

150

Cyclotron

100 Resonance
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Relatively compact system
Things inside are intact (only coil is broken)

Magneto-optical spectroscopies
Magnetization

Electrical transport
Magnetostriction

Sound velocity

10.0 us 12.0 ps
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The Electromagnetic Flux Compression (EMFC)

Indoor Strongest Magnetic Field Worldwide
Setting a Coil
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H D. Nakamura et al., Rev. Sci. Instrum. 89, 095106 (2018)



Magnetization
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Insulator-metal transition Vo .94Wp 0505
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Magnetization measurement

dM o d{(B; + M)A} B d{(B3)A}
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M/Ms

Magnetization curve measured up to 100 T
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dM/dB(1/T)

Raw data of dM/dB

Single-turn coil (up)

Time profile of the magnetic field
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dM/dB (arb. units)

dM/dB peaks observed in the

160 T-magnetic field

up sweep

down sweep
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Magnetocaloric Effect (MCE) ?
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Adiabatic condition (6 ps) can make [rreversible heating becomes large after
temperature lower. the gap closes. (B> 10 T)
However, we have no indication of any o Magnetostriction ??

phase boundaries at around 50 T. 18



Magnetostriction can be an origin for the discrepancy between the
magnetization curves in different-pulse-duration magnetic fields
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Magnetostriction of BIP-TENO
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Magnetostriction at 20 T with
different speed of the magnetic field
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Molecular arrangement of BIP-TENO

The biphenyl torsion angle may
change through the magnetic
interactions when magnetic field
is applied.

Exchange striction can occur.

N. Hasegawa

Master thesis (Osaka Pref. Univ. 2011) » Can Stablllze the 1/4 plateau

21



Symmetry breaking with nontrivial periodicity

Renormalization-group method
S — 1 /2 /2 . -
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T. Sugimoto, et al., Phys. Rev. B, 92, 125114 (2015).
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M/Ms

Summary
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" | 1. The novel /3 plateali is found to only
| appear when B is swept in us time scale.

| 2. In a slow B sweep, 1/4 plateau (green
1 curve) is stabilized probably due to the
| contraction of the lattice.

| 3. The measured intriguing magnetization
1 process (red one) is due to metastable
gquantum phases with spin-lattice separation.

| 4. The characteristic time scale for the
| lattice deformation would approximately be

0.5 ms.



