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Chirality is ubiquitous in nature, and populations of opposite chiralities are
surprisingly asymmetric at fundamental levels'’. Examples range from parity
violation in the subatomic weak force to homochirality in biomolecules. The ability to
achieve chirality-selective synthesis (chiralinduction) is of greatimportancein
stereochemistry, molecular biology and pharmacology?. In condensed matter
physics, acrystalline electronic system is geometrically chiral when it lacks mirror
planes, space-inversion centres or rotoinversion axes’. Typically, geometrical chirality
is predefined by the chiral lattice structure of a material, which s fixed on formation of
the crystal. By contrast, in materials with gyrotropic order®®, electrons spontaneously

organize themselves to exhibit macroscopic chirality in an originally achiral lattice.
Although such order—which has been proposed as the quantum analogue of
cholestericliquid crystals—has attracted considerable interest* ™, no clear
observation or manipulation of gyrotropic order has been achieved so far. Here we
report the realization of optical chiral induction and the observation of a
gyrotropically ordered phase in the transition-metal dichalcogenide semimetal
1T-TiSe,. We show that shining mid-infrared circularly polarized light on 1T-TiSe, while
cooling it below the critical temperature leads to the preferential formation of one
chiral domain. The chirality of this state is confirmed by the measurement of an out-
of-plane circular photogalvanic current, the direction of which depends on the optical
induction. Although the role of domain walls requires further investigation with local
probes, the methodology demonstrated here can be applied to realize and control
chiral electronic phases in other quantum materials**.

In the presence of strong correlations, the behaviour of electrons in
ametal can deviate considerably from that of a weakly interacting
Fermigas, formingawide range of complex, broken symmetry phases.
Recent theoretical works have highlighted the analogy between metal-
licelectron systems and classical liquids”, inwhicharich set of liquid-
crystalline phases with varying degrees of symmetry breaking and
transport properties have been observed. A well studied case is the
nematic orderV, thatis, the spontaneous emergence of rotational ani-
sotropy. Inclassical liquids, this isknown as the nematic liquid-crystal
phase, whereas it has recently been observed in several quantum sys-
tems", including ruthenates, high-temperature superconductors,
heavy-fermion superconductors and correlated metallic pyrochlores.
Another fascinating caseisthe gyrotropic order, thatis, the spontane-
ousemergence of geometrical chirality. Inclassical liquids, thisis known

as the cholesteric liquid-crystal phase. Although gyrotropic order in
quantum materials is of fundamental interest> ™, a clear observation
of such order isstill lacking.

For acondensed matter system, one route to obtain chirality is tolook
forlow-symmetry materials that naturally crystalize in lattice structures
thatare free of mirror, inversion and rotoinversion symmetries—thatis,
chiral crystals. Representative chiral-crystal materials include quartz,
tellurium, carbon nanotubes and twisted bilayer graphene. Another,
highly unconventional, route is the gyrotropic order: an electronic
system canspontaneously break the space-inversion, mirror-reflection
and rotoinversion symmetries of the originally achiral lattice and, as
aresult, gain a definite chirality. Such a gyrotropic order® ® was sug-
gested for 1T-TiSe,”® and copper oxides' on the basis of scanning tun-
nelling microscopy and polar Kerr rotation measurements. However,
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Fig.1|Crystal structure and basic characterizations of 1T-TiSe,.a, b, Crystal
structure of 1T-TiSe,. The dashed triangles outline the triangular lattice, and
the dashed square denotes the unitcell. ¢, Schematicillustration of our vertical
photoactive devices. d, Schematicillustration of the normal-state bands of
1T-TiSe,. Inset, normal-state Brillouin zone. k,, k,and k, are the principal
directions of the reciprocal space. ' and L are high-symmetry points of the
reciprocalspace. Therearethreeinequivalent L points, denotedasL,, L,and L,.
e, Squareroot of the X-ray diffraction (XRD) intensity peak of the superlattice

subsequent studies™'®"* indicated that the available experimental
evidence was insufficient. Therefore, no conclusive experimental
realization of gyrotropic order and the manipulation of the emergent
chirality in these materials hasbeen achieved so far. Theoretical studies
have found thatgyrotropic order canarise from anumber of electronic
instabilities, including chiral charge-density waves (CDWs)**, loop-
currentorder'?, odd-parity electronic (Pomeranchuk) instabilities® and
electron-phonon-driveninstabilities”®. Moreover, because gyrotropic
order mustbe odd under parity transformation, it may serve asastrong
precursor for odd-parity Cooper pairing?, providing a mechanism
for unconventional superconductivity*>*'*?°, Inaddition, ithas been
predicted that geometrical chirality can guarantee the existence of
topological Weyl fermions®?2, Thus, the manipulation of emergent
chirality in a gyrotropic phase may enable the realization of highly
tunable Berry curvature and topological properties.

One challenge is to identify a clear experimental signature of geo-
metrical chirality in metals. For insulating chiral crystals or molecules,
chirality can be measured by optical activity>", which manifests as
the rotation of the linear polarization plane as light travels through a
nonmagnetic chiralmedium. However, this is difficult in metallic bulk
materials because they do not transmit light in bulk samples. Another
challenge is to align chiral domains, because if they are not aligned
the signal of the chirality probe will be cancelled by small domains of
opposite chirality. In this work, we carefully addressed these challenges.
Firstly, we identified a type of photocurrent as a unique signature of
chirality in metallic electron systems. The circular photogalvanic effect
(CPGE) generates a photocurrent, the direction of which depends on
the chirality of light*. Here, we show that the out-of-plane CPGE current
under normalincidentlight—thatis, the CPGE currentis parallel to the
light-propagation direction—serves as a clear signature of the emer-
gence of geometrical chirality in a metallic electron system?. Secondly,
we realized a chirality-selective stimulus. We realize chiralinduction of
gyrotropic order using mid-infrared circularly polarized light.

Thelayered transition-metal dichalcogenide 1T-TiSe, (Fig.1a,b) isa
correlated semimetal, which has attracted great interest because of its
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(Millerindex (1/2,1/2,23/2) owing to the 2 x 2 x 2 CDW). The critical
temperature of the CDW, Ty, is determined to be around 198 K. a.u., arbitrary
units. f, Out-of-plane photocurrent/,with linear polarization, measured as a
function of thebeam-spotlocationinreal space at T=250K. Theblack and red
boxes trace the outline of the TiSe, flake and the graphene flake, respectively.
g,/,asafunctionof light polarization, with the beam spot fixed near the device
centre (whitetriangleinf)at 7=250K.h,i,Asinf,gbutat T=50K.

rich variety of unusual electronic properties®°. It undergoes a com-
mensurate CDW transition at a temperature of Ty, = 200K, leading
to asimple (2 x 2 x 2) superlattice® (Fig. 1a, b). Its vanishing, indirect
bandgap (Fig.1d)**?*%, low carrier concentration and strong Coulomb
interactions create optimal conditions for excitonic condensation®.
Moreover, superconductivity and incommensurate CDWs emerge
through chemical doping® in the bulk and by electrostatic gating in
ultra-thin flakes®. Recently, a truly two-dimensional CDW has been
observed® in monolayer TiSe,.

Here, we study the mid-infrared (wavelength of A=10.6 pm; energy
of hw =117 meV; h, reduced Planck constant; w, frequency) photocur-
rent response of TiSe, flakes (thickness of ~200 nm, comparable to
the laser skin depth?; see Methods for details of the experimental
setups. Figure 1f presents the spatial map of the photocurrent /,at
atemperature of T=250 K—that s, /,as a function of the beam-spot
location in real space. Figure 1g shows the polarization dependence
of I, with the beam-spot fixed at the sample centre. These data reveal
apolarization-independent/,signal that roughly spans the entire area
of the TiSe, sample. We identify this signal as the regularly observed
photothermoelectric current®. Lowering the temperature (T=50Kin
Fig.1h, i) gives qualitatively similar results, except that the magnitude
of this polarization-independent photothermoelectric signalincreases.
For the datasets presented in this figure, the sample was cooled down
without laser illumination.

We now shine circularly polarized light on the sample during the
entire cooling process. Asshownin Fig. 2a, we shine left circularly polar-
ized (LCP) light on the sample while lowering its temperature from
T=250K.Whenalowtemperature (T=50K) isreached, we turn off this
‘inductionlight’. By measuring /,as a function of polarization with the
beamspot fixed at the sample centre (Fig. 2c), we measure a clear out-of-
plane CPGE photocurrent, whichis observed as long asthe beam spotis
onthe sample (Fig. 2c). By increasing the temperature step by step, we
observe (Fig. 2d) that the CPGE persists up to 170 K and then vanishes
abruptly. In contrast, as expected, the polarization-independent pho-
tothermoelectric signal evolves smoothly withincreasing temperature
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Fig.2|Observation of anemergent out-of-plane circular photogalvanic
current upon chiralinduction. a, We shine LCP light on the sample while
loweringits temperature from 7=250 Kto 50 K. b, Out-of-plane photocurrent /,
at T=50Kas afunction of light polarization (horizontal axis) and beam-spot
location (vertical axis). The trajectory of the beam-spot position is denoted by

and remains finite up to 280 K (Extended Data Fig. 1). These sharply
different dependences on temperature and on circularly polarized
illumination during cooling further distinguish the CPGE photocurrent
from the photothermoelectric signal (see Supplementary Informa-
tionsectionsl, IlI). We repeat the measurements described above but
change thelight polarization during cooling toleft circularly polarized
(RCP) (Fig. 2e-h). The sign of the out-of-plane CPGE photocurrent is
reversed (Fig. 2f-h), whereas other behaviours, such as the tempera-
ture dependence (Fig. 2h) and the spatial distribution (Fig. 2f) of /,,
are qualitatively similar. We find that the CPGE photocurrent is stable
over time as long as temperature is lower than a critical temperature
Tqyro~174 K (discussed in detail later).

We now establish the connection between the out-of-plane CPGE
photocurrent and geometrical chirality. Here we adopt an intuitive
physical picture that focuses only on the mirror symmetry, and we
provide the details of the mathematical analysis of all relevant sym-
metries in Supplementary Information section II. Starting from a
mirror-symmetric, achiral system, we assume that shining LCP light
leads to an out-of-plane photocurrent /, parallel to the light-propaga-
tion direction (Fig. 3a). We then perform a mirror transformation on
the entire experiment (Fig. 3a). Under mirror reflection, LCP light
changes to RCP light, the mirror-symmetric, achiral crystal remains
invariant, and /, (a vector parallel to the mirror plane) also remains
invariant. Therefore, /,is identical under LCP and RCP light for amirror-
symmetric, achiral crystal (Fig. 3a). In other words, the out-of-plane
CPGE photocurrent (/$P°E = /RF — [LCP) js forbidden by the mirror sym-
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theblue dashedlineinFig.1h.c,/,at T=50K as afunction of polarization.d, The
polarization-dependent (CPGE) part of I,, I,, at different temperatures, during
heating of the sample from 50 K to room temperature. The polarization-
independent partof/,for this datasetis presented in Extended Data Fig.1.
e-h,Asina-d, butfor LCP-lightillumination.

metry of the crystal. By contrast, if the crystal is chiral, amirror trans-
formation flips the chirality of both the crystal and the light
simultaneously. Therefore, the mirror symmetry alone forces the
photocurrent/,under LCPlightin aleft-handed crystal to beidentical
to/,under RCPlightinaright-handed crystal (Fig. 3b). By contrast, for
acrystal with fixed chirality, there is no symmetry that can relate /3
to /X°F. Therefore, the out-of-plane CPGE photocurrent uniquely cor-
responds to geometrical chirality. InSupplementary Information sec-
tion Il we discuss systematically how extrinsic origins for the CPGE
canbe excluded.

We further study the out-of-plane CPGE photocurrent /$P®Eas a func-
tion of temperature and laser power. After cooling the system to
T=150 K with LCP light, we measure /SP°E at small temperature incre-
ments. The results (Fig. 3¢) reveal the critical temperature (7,,,,) for
the onset of geometrical chirality. For all samples tested, we find
Toyo =174 K. We then study the dependence of /<" on laser power. As
showninFig. 3d, we fix the induction power (the laser power used for
chiralinduction) and measure /S*“*as afunction of the detection power
(the laser power used to measure the CPGE photocurrent) at various
temperatures. At temperatures much lower than 7, 1SPCE depends
linearly on the detection power, whereas near T, 1SP%Eshows anon-
monotonic pattern. With increasing detection power, /S7E first
increases and then decreases. Then, we fix the detection power and
measure /SPFas afunction of the induction power at T=100K (Fig. 3e).
Theresults show that /S"*Egrows approximately linearly with induction
power.
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Fig.3|Dependence of chiralinduction and spontaneously emergent
gyrotropicorder onthe temperature and laser power. a, b, lllustration
showing the connection between the out-of-plane CPGE photocurrent and the
geometric chirality. ¢, CPGE photocurrent, /<"t measured at small
temperature increments, after cooling the sample to 7=150 K using LCP light.
d, Measured /P as afunction of detection power at various temperatures for
fixed induction power. Linesinc, dare guides tothe eye. e, Measured /" as a
functionofinduction powerat T=100 K for fixed detection power. Squares are
datapointsandthered dotted lineisalinear fit.f, g, Schematicillustration of
the free energy asafunction of the order parameter @, (see main text).

Regarding the possible physical origins of the observed onset tem-
perature, we propose that T,,,, may represent the onset temperature
of the gyrotropic phase or the temperature at which chiral domains
thermally evolve into domain sizes smaller than the spot size. We meas-
ured the dependence of T,,,, on the training power (the laser power
used for the optical induction). Our data (Supplementary Information
section I) do not show substantial variation of the onset temperature
at different training powers, which suggests that T, represents the
onset temperature of the gyrotropic phase. To estimate the tempera-
tureincrease due to the detection light, we measured the dependence
of T, onthe detection power. Our data (Supplementary Information
section I) show a temperature increase of less than 1K for the largest
detection power, which is consistent with the independent estima-
tion of this temperature increase from photothermoelectric signals
(Extended DataFig.1). Further, we measured the temperature-depend-
ent CPGE photocurrent in a full thermal cycle, and our data do not
show observable hysteresis (Supplementary Information section ).
In Supplementary Information section I and Extended Data Fig. 2, we
present measurements on another type of device that can detect both
the in-plane and out-of-plane photocurrents independently, which
confirm the observation of the out-of-plane CPGE photocurrent and
the chiralinduction. In Supplementary Information section IX, we show
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that the cross-talk between the in-plane and out-of-plane currents is
negligibly small according to the aspect ratio of our current devices.

Finally, we discuss how our data uncover the physics of the
gyrotropic-phase transitionand chiralinductionin 1T-TiSe,. Our analy-
sis shows that chiral induction can be achieved by shining circularly
polarized light while cooling to temperatures below T,,,,. However,
directly applying circularly polarized light at low temperatures cannot
reverse the emergent chirality (for laser powers within our experimental
capability). Thisshows that, as expected, at low temperatures the chiral
domainsbecome muchstiffer thannear T,,.. Thisis further supported
by the observed detection-power dependence of T, showninFig. 3d:
thelinear detection-power profile at low temperatures agrees withthe
second-order optoelectronic nature of CPGE (that s, the second-order
dependence of the CPGE photocurrent on the electric field of light.).
Alternatively, the non-monotonic profile near T,,,, may indicate that
the chiral domains are partially reversed by the detection light.

We analyse our observations within the framework of the Landau
phase-transition theory, paying particular attention to the broken
symmetries. Generally, the order parameter for a gyrotropic-phase
transition can be expressed as @,,,, = @,(T)f(r), where f(r) is odd
under the inversion, mirror and rotoinversion symmetries, and @y(7)
is areal number with a value that depends on temperature. As the
temperature is lowered across T,,,,, @, becomes non-zero, breaking
theinversion, mirror and rotoinversion symmetries of the system.
@,<0and @, >0 correspond to the left and right chiral domains,
which are energetically degenerate in the absence of optical chiral
induction. We now aim to identify the appropriate form for the cou-
pling between circularly polarized light and the chiral domains
(denoted as &F;,qucion)- The circularly polarized lightis characterized
by its time-dependent, spatially rotating electric field E. Because
OF;quction Must be time-independent, it cannot be linearly propor-
tional to E. We performed systematic symmetry analyses based on
our experimental observations (Supplementary Information section
V), and we determined §F;,quciion tO the lowest order of the electric

field of light to have the form 6F,,4ccion= <Dgym[(E x %) .i}, where

o A . E\

E= |E|l:COS(27"Z- wt)xi 5|n(27“z— wt) Z:|. We confirm that(E X g) °z

istime-independent and flips sign as the light chirality is reversed.

Moreover,([-: X ‘;—E) -zisodd under any mirror reflection, spaceinver-
. . . E\ A1.

sion and rotoinversion. Therefore, 8F;quction= (Dgym[(E X 5) : z} is

totally symmetric and transforms as a scalar. We verify that this
form of 8F;,qucrion tilts the total free-energy landscape in opposite
ways depending on light chirality (Fig. 3f, g). Furthermore, the cou-
pling term 8F;,uciion SUZEeEStS a linear dependence on the optical
induction power (8F,,qucion < E2), Wwhich is consistent with our obser-
vation of the CPGE signal being linearly proportional to the induc-
tion power. In Supplementary Information section VII, we describe
amicroscopic theoretical interpretation of the chiral induction. We
show that the chiralinduction arises from optical activity. Interest-
ingly, the optical activity is symmetric under time reversal. In sharp
contrast, the effects that enable circularly polarized light to manip-
ulate magnetism (for example, the inverse Faraday effect)* require
the breaking of time-reversal symmetry. This discrepancy highlights
the difference between the chiralinduction observed here and stud-
ies using light to manipulate magnetism®. In Methods, we describe
further analysis of the gyrotropic order using a microscopic picture
of chiral CDWs’.

Looking forward, important open questions remain, calling for future
studies. For instance, the role of domain walls has not been directly
determined, owing to the lack of nanometre-scale spatial resolution.
It is possible that domain walls can also be manipulated by circu-
larly polarized light and contribute to the CPGE, although we expect
their contribution to be considerably smaller than that of the bulk
(Supplementary Information section III).



Our measurements and analyses clearly demonstrate gyrotropic
order and chiral induction, paving the way to exciting experimental
possibilities. We establish the mid-infrared CPGE photocurrent as a
powerful probe for broken-symmetry states in metals. In particular, the
mid-infrared photon energy corresponds to relevant energy scalesin
correlated systems, such as the CDW gap in TiSe, and the pseudo-gap
in copper oxides. Furthermore, the second-order nature of the CPGE
is uniquely sensitive to odd-parity order parameters®. Therefore, the
mid-infrared CPGE may provide new insights into other important
problems in quantum materials, such as the pseudo-gap state of cop-
per oxides and the newly observed insulating and superconducting
orders in ‘magic-angle’ twisted bilayer graphene®.
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Methods

Sample fabrication

To probe the out-of-plane photocurrent /,, we fabricated vertical
photoactive devices consisting of a TiSe, flake sandwiched between
atransparent graphene electrode at the top and a metal electrode at
the bottom (Fig. 1c). The thickness of the TiSe, flakes is comparable
tothelaser skin depth (200 nm), whichis calculated from the optical
conductivity at A=10.6 um (ref.?); this ensures that a sizeable vertical
fractionof the flakeis photoactive. First, the bottom metal (PdAu) con-
tacts were deposited onstandard Si/SiO, substrates. These substrates
were thentransferred into anargon-environment glovebox with water
and oxygen levels of less than 0.1 ppm. TiSe, was exfoliated inside the
glovebox, and flakes with a thickness of a few hundred nanometres were
selected. Aselected TiSe, flake was first picked up by a poly(bisphenol
A carbonate) stamp and directly transferred onto the substrate. The
poly(bisphenol A carbonate) was then dissolved. Subsequently, hex-
agonal boron nitride (h-BN), graphene and h-BN flakes were picked
up onebyone, and the whole stack was then placed on top of the TiSe,
flake. The graphene served as a transparent top electrode and touched
the side electrode for wire bonding. The lower h-BN layer worked as
the edge spacer between the top-electrode graphene and the bottom
metal. Thetop h-BNlayer covered the active area (the overlapping area
between the top graphene layer, the TiSe, and the bottom contact) to
prevent the device from degradation.

X-ray diffraction measurements were performed at the Cornell High
Energy Synchrotron Source (CHESS) A2 beamline, using 38.5-keV
photons. The incident photon energy was selected using a perfect
high-pressure high-temperature diamond(111)double-crystal mono-
chromator, with anarrow incident bandwidth of less than e . The height
and widthoftheincident beam on the sample was ~150 um and ~600 pm,
respectively. The crystal was mounted on a temperature-controlled
copper postinsideaclosed-cycle cryostat, with temperature stability
better than +0.1 K and absolute temperature calibration better than
1K. The CDW peak intensities were collected using a four-circle dif-
fractometer and a high-dynamic-range photon-counting area detector.

Mid-infrared scanning photocurrent microscopy

Our experimental setup includes a mid-infrared scanning photocur-
rent microscope, which allows us to measure the mid-infrared pho-
tocurrent as a function of beam-spot location, light polarization and
temperature (Fig.1c). Thelaser source is atemperature-stabilized CO,
laser (1=10.6 um or iw =117 meV). A focused beam spot (beam waist
~25um)is scanned (using a two-axis piezo-controlled scanning mirror)
over the entire sample and the current is recorded at the same time
to form a two-dimensional map of the photocurrent as a function of
the beam-spot position. Light reflected from the sample is collected
to form a simultaneous reflection image of the sample. The absolute
location of the photoinduced signal is therefore found by comparing
the photocurrent map to the reflection image. The light polarization
ismodulated by rotating a quarter-wave plate. The CPGE isanintrinsic
photocurrent response® ¢, As a second-order effect, the CPGE cur-
rent depends quadratically on the electric field of the light (the light
used to measure the CPGE). The in-plane CPGE current under oblique
or normal light incidence has been studied in a wide range of materi-
als?*?¥ % Any intrinsic CPGE requires the material to break inversion
symmetry*>?**** The out-of-plane CPGE photocurrent under normal
incidence serves as asignature of geometrical chirality (Supplementary
Information section II).

We further analyse the microscopic nature of the gyrotropic order.
One likely mechanism is chiral CDWs? (Supplementary Information
section VI): on each layer, one of the three CDWs has the dominant
amplitude and, as one travels from one layer to the next along the
out-of-plane direction, the dominant direction rotates ina chiral way.
Indeed, it hasbeen theoretically predicted® thatif the chiral CDW phase

doesexist, then TiSe, would need to first enter the normal CDW phase
andthengointothe chiral CDW phase at aslightly lower temperature,
consistent with our observations here. Within this microscopic picture,
the free energy can be expressed as

F= FCDW + Finduction (1)

Fepw= Rejdr[a(r)p2 +b(r)p> +c(r)p*
(2)

2 2 2
+dw o, + oy + oo, ﬂ

Finduction=J dré(p, p*;nli(Vp xVp*) 'i][i(E § z_gﬂ ®

where p=p,+p,+p,represents the modulations to the charge density
due to the formation of the CDWs (I'to L,, L, and L;, corresponding
to p,, p,, P, respectively), a, b, c and d are appropriate coefficients
that should reflect the symmetry of the lattice, and 6 consists of
polynomials of p and p” (see details in Supplementary Information
section VI). Asshowninref.3, the chirality is defined by how the phase
ofthe CDWs winds as afunction of height. The term F,,cion in €quation
(4) describes how chiralinductionis realized by the coupling between
the chiral CDW and circularly polarized light, and allows us to compute
the electronic structure of TiSe, in the gyrotropically ordered (chiral
CDW) phase (Supplementary Information section VII). Incombination
with the microscopictheory developed for chiralinduction and CPGE
generation (Supplementary Information section VII), we computed
the chiralinduction and the CPGE tensors in the gyrotropic states of
TiSe,and compared them with our experimental data (Supplementary
Information section VII).
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Extended DataFig.1|Polarization-independent photocurrent. Measured harethe polarization-dependent component of the photocurrent. PTE
photothermoelectric (PTE) current /"t at different temperatures during currentsofabout10nA,40nAand150nAat250K,170Kand 50K correspond
heating of the sample from 50 Ktow room temperature. The datashown here toatemperatureincrease ofabout2K,0.5Kand 0.1Kat50K,170Kand 250K,
arefromthe same photocurrent measurements as those in Fig. 2d, h; they respectively, according to the thermopower values measured in ref. *¢.

represent the polarization-independent component, whereas those in Fig. 2d,
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Extended DataFig.2 | Contrasting behaviours of in-plane and out-of-plane
photocurrents as aresult of the gyrotropicorderin1T-TiSe,. a, b, Optical
image (a) and schematicillustration (b) of a TiSe, photoactive device that can
detectboththein-plane and out-of-plane photocurrentsindependently. The
electrodes are labelled by capital letters. ¢, Spatial map of the out-of-plane
photocurrent/,between electrodes G-Aat T=100K.d, Polarization-
dependent/,dataat T=100K. The measured photocurrent/,is consistent with
theresults of previous devices (Figs. 2, 3). Asingle peakis observed in c that
roughly covers the device. This peak consists of two independent signals: the
polarization-independent background, which arises fromthe
photothermoelectric effect and exists at all temperatures, and the

Photon polarization

polarization-dependent CPGE signal (d), which depends on chiralinduction
and appearsonly atlow temperatures. e-h, Same as ¢, d, but for the in-plane
photocurrent/,  between electrodes C-H (e, f) and C-D (g, h)./, ,shows
distinctly different properties from/,.Noin-plane CPGEis observed (f, h). The
polarization-independent signal shows a bipolar spatial configuration (e, g): /.,
changes sign as the beam spotis scanned from one contact to the other. This
bipolar spatial configuration, which has been widely observed in otherin-plane
photocurrentstudies?, further confirms that the polarization-independent
signals are photothermoelectric currents at the contact-sample junctions.
Scalebars, 25 pm. All datain this figure were collected after RCP chiral
inductionwith aninduction power of 30 mW.
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