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The possibility of a magnetic field controlling the chirality of matter has been debated for a long time.
Here, we report the successful induction of chirality in the noncentrosymmetric canted antiferromagnet,
CuB,0y. by application of a low intensity static magnetic field. The chirality is reversed by a 90° rotation
of the direction of the magnetic field. The induction of chirality by a magnetic field gives rise to a gigantic
enhancement of magnetochiral dichroism in this material. The ability to switch handedness in combina-
tion with this large magnetochiral optical effect allows us to design new optical devices such as a
magnetically controllable isolator.
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Abstract

Expressions for dichroic signals in terms of electron multipoles have been used to analyse
optical data gathered on a crysial of copper metaborate in the presence of a magnetic field.
Calculated signals comply with the established cryvstal and magnetic structures of CuB20:, and
respect the global symmetries of parity-even and parity-odd dichroic signals in full. We have
success in describing five different experiments in total. The claim by Saito ef af (2008 Phys.
Kev. Len. 101 117402} that they observe magnetic control of erysial chirality in one of their five
experiments is challenged.
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Abstract
From the dawn of modern electromagnetism it has been known that a magnetic field is not

handed (chiral). Arima and Saito (2009 J. Phys.: Condens. Matter 21 498001} persist with

unwisdom i i 7 dieusing a magnetic field by
i itself. In our reply to their claim, we demonstrate damning errors in all cha in the
comment levelled at our analysis of the observation reported by Saito et al (2008 Phys. Rew
1z 101 117402) and made on a crystal of copper metaborate.
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Figure 2. Effect of mirror reflection and space inversion on a copper
metaborate crystal in the presence of a magnetic field along the a
axis. The crystal in the field belongs to the point group 222, allowing
both natural circular dichroism (NCD) and linear dichroism (LD), as
shown in the first row. Its (110) mirror image and inversion image are
shown in the second and third rows, respectively. Plus and minus in
the columns for NCD and LD indicate that the sign of dichroic signal
is unchanged and reversed, respectively.
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Cnop no noeoay 3assrieHUsa Saito et al. 06 ocylecTBNEHUU KOHTPONS
KUpANbHOCTU KPUCTANIA C NOMOLLBbHO MAGrHUTHOrO Nons

Kpuctanner CuB,0,: cTpyKTypa, MarHUTHbIE, ONTUYECKUE CBOUCTBA
CneKTpOCKOMUSA BLICOKOrO pa3pelleHus kpuctannos CuB,0,
TeMrepatypHoe nosefeHue YacToT U WUPUH NTIUHU

obHapyxeHue NUHEUHOro AUXpouU3Ma B U3OTPOMHOU ab NNOCKOCTU

AnbTepHaTuBHOe 06bacHeHUe pesynbtatoB Saito et al

JNTM[ kak 4yBCTBUTENbHLIN METOA UCCIeA0BAHUS MATHUTHBIX (PA30BbIX
nepexofoB U MArHUTHBIX CTPYKTYP B CIOXHBIX MArHETUKAX
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O npupoae asosbIX nepexogos npu T*
Bohem et al., Phys. Rev. B 2003
B. Magnetic structure in the incommensurate phase
I,=I,+I',+2I';5+2I',

TABLE VIIIL. Basis vectors of CuB,0, at lattice site A in the
incommensurate phase: K,,,,=[0.0.k.(T)]. The phase =¢; has the
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Boisoab:

* OOuapyxen nuHedHsli A® nuxpousm B (@b) IIOCKOCTH MOHOKPHCTAILIA
CuB,0Q, ¢ terparoHaabHON CTPYKTYpOH .

* Tlokaszano, uro JIMJI cBsi3aH ¢ AaBBIIOBCKUM pacuierieHrieM 3d SKCHUTOHOB
MEJIH.

+ Hama pabGora maeT anbTEPHATHBHOE OOBACHEHUE DKCIEPHMMEHTAIBHBIX
pesynbratoB  Saito et al.,, yrBepkmaBmuxX, dYr0O MOXKHO YIPaBIATH
KUPAJIGHOCTBIO KPHCTAJIA C IOMOIIBIO MArHMTHOTO IIONS, M IIOATEP/KIAET
npaBoty Lovesey and Staub.

* llokazano, uro JIMJ] MOXET CIyKKUThb YYyBCTBUTEIHLHBIM HHCTPYMEHTOM IS
M3YYECHUS] MATHUTHBIX (ha30BBIX MEPEXOJ0B M MarHUTHBIX CTPYKTYp B CuB,O,.

»  OOHapy’keHbl HOBbIe MarHuTHbIe (asoBwie mepexomsl B CuB,0,. Ycranosien
XapakTep HECOPa3MEPHBIX MAarHUTHBIX CTPYKTYDP .

K. N. Boldyrev, R. V. Pisarev, L. N. Bezmaternykh, M. N. Popova.
Antiferromagnetic Dichroism in a Complex Multisublattice Magnetoelectric
CuB,0O, Phys. Rev. Lett. 114, 247210 (2015)




