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Fig. 1. Overview of the three-node model and onsite-potential control: (a) Schematic of the real symmetric three-node model;
(b) corresponding programmable LC circuit implementation; (¢) band gap Ag1 = E1 — Ep between the two lowest bands in the
2D parameter space (tpe/tab, tac/tap) for €4 =0 and t,, = 1. Filled circles mark the Fg— Ej conical intersections at
(=1,-1) and (1,1); crosses mark the F71 — F2 degeneracies at (1,—1) and (—1,1). Solid red and dashed blue lines denote Path
I and Path II, respectively; (d) energy surfaces of the three bands with the two paths indicated; (e) two representative configura-
tions in which the onsite potential places the relevant Eg— E; degeneracy inside or outside the fixed path, corresponding to Berry
phases of = and 0, respectively.
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Fig. 2. Experimental circuit and parameter settings: (a) Calibration curve of the varactor capacitance Cyar versus bias voltage for a

single link branch; (b) photograph of the three-node programmable topolectrical circuit; (c) target varactor capacitances Cgup , Che ,

and Cqc along Path I (top) and Path II (bottom) as functions of the path angle. The grey dashed line indicates the ¢ = 0 condi-

tion.
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Fig. 3. Impedance measurement, Green's function reconstruction, and mode tracking for the two selected paths: (a) Measured two-
point impedances |Zgp|, |Zac|, and |Zp.| along Path I; (b) comparison of Im.J;; reconstructed from the experimental Green’s

function with the designed Hamiltonian matrix elements H;; for Path I; (c) mode-tracking diagnostics for the lowest-band branch

along Path I, where O; = |(u§Xp|ueXp )| denotes the overlap between experimentally obtained eigenvectors at adjacent sampling
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points, and P; = |(u;.h|u?p>|2 denotes the projection of the experimental eigenvector onto the theoretical lowest-band eigenvector;

(d)—(f) corresponding results for Path II.
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T3 S AL B S BRI, T HE— 2B A1 A, a
RT3 e, XA BB BS IIR E ME R B 2.

[ P B AR B L0 H (60, 60) = (1,1), 2
BAR=1, HIRLBE RIS n=0. X T
(6) A A B W, Eo— By T 97 2R Hop — A1)
FRREZE 1, B 2 x 2 T80 0%, n7e

N e A=t =0, (11)
Hobte = 1. ZITRRAEBVIME N
_ 2 2
\ _ Ca Veg +4ts, (12)

5 ;
XTI Eo— By {87 3. 8 A_ AR A I8 28 1 5 1) 29 3R OC
R, AAFRIA By~ By HETE 28 LS TE (the, tac) S
BT R T
(toe, tac) = (fs A_(eq), stab), (13)
e, =0M A = =1, FIFRURIEN (toe, tac) =
(£1,+1), 5 (8) K—5. He, MAHF, BRI
PN tae = 1 Fl o, = —1 I SCK -6 RE 3. Rl
TELL AR, TG BEARA B ORFEAAE, T Berry
AEASE 1) 722 Ak SF 5T 17 I s T [ B AR B A
A, X iz Sl S B0 Berry AHAYIA T
RUNE 5 R,
FF B (1,1) AR R= 110 [ E A%

s = =+1.

(13) R s = —1 4> THREALF toe = —1, HEL
IR EEE BT 2, RT2RAR, Rt AR, I
THEE s = 107 Py = (<A, 1), S%FIF A
UL T AR AT DA e = 2, B -A_(e2) =2, HH
(11) AT Al e

o3
a 2

FEe, > 0071 b, I 5 Pk 1 (0,1),
ANAEAEAT BR B IE 1) 15 L. AR DL HEL, 32 [ B AR 1Y
Berry 00 7] 5 4

L.
y =
ﬂ:,
Hipe, = -3/2 b #4228 1 8 9 55, Berry fHA AN
2 . K 5(a) 45 T Berry M [ B 4E
/N BRBE e, FIAEAL: ef = —3/24b Berry tH{H
m BN 0, [RIE AR /N BRI A B 5(b)
FNERT e = 0Fle, = —2.2 B A BR 2345 5 [
FE AR LT G 2R R DA DGR I a5 TSR
(v =n), FECBEEEING (y=0). k%
RRW, e, 38178 2 fa] I SR U2 [ 5 B 1 4
FMIFCR.

R TR IR AR A AV SR T S AR A

(14)

Eq <=3/2,

€a > —3/2, (15)

170705-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 17 (2026)

170705

(a) (b) 3

1.0 —— ] 1.0
—1.5 —/m 2
0.8 — 4p1 0.8 2
5 1
06T 106 %
3 o] 5 0
-~ -~
0.4} doa &
= -1
0.2} i <
0.2 L
0 i
: a0 _3
e . | 0 1

€a

K5 [EE MG B2 T Berry AR BETE AL ¥ eo MIUIIRAT

Berry A7 1 1 BEAE A 0, R B B4R S/ s B . (b) eq = 0 (22

(a) [E5E B AR (190 (1,
2R) Bl eq HYZEAL, DL 58 A2 B BRI 2% BE Al B /N B ming Aoy i KAE A — AL )5 145

2.4
2
2.0
1 1.6
S0 =
S 1.2 3
-1 0.8
-2 0.4
-3 0

1) 4 R = 1) XNy Berry A v /n (8
(£L4R). TENG I ef = —3/2 4L,
) Fleq = —2.2 (f7) B Z4ESH M P A B Aoy 430 T

FHIAE Eo— By 6 500 T AR PR, XF R Berry M7 «; i & i F 45 B8 E AR SN, Berry MMz V1304 0
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Topolectrical circuits exploit the equivalence between circuit Laplacians and tight-binding Hamiltonians,
offering a highly controllable platform for studying band-topological phenomena. Previous investigations have
mainly focused on periodic lattice networks, where topological invariants are defined in momentum space and
are typically revealed through boundary states. Programmable circuits with continuously tunable parameters
provide a complementary route, in which external control variables define a synthetic parameter space and the
geometric properties of eigenstates can be probed along closed trajectories. However, despite the mature
theoretical framework of Berry phases, their quantitative extraction and active manipulation in programmable
topolectrical circuits have remained experimentally underdeveloped. Here, we implement a three-node
programmable topolectrical circuit that realizes a real-symmetric three-level effective Hamiltonian with
continuously tunable hopping amplitudes and onsite potential using varactor-biased LC branches. By varying
two normalized coupling parameters, we construct a two-dimensional synthetic parameter space in which the
eigenspectrum exhibits conical intersections whose locations are determined by the onsite potential. At each
parameter point, eigenmodes are reconstructed from impedance-matrix measurements, and the Berry phase is
evaluated through a discrete Wilson loop along closed paths. For a loop enclosing a conical intersection between
the two lowest bands, we obtain a normalized Wilson-loop phase of |ywi|/m = 0.994, in excellent agreement with
the theoretical value of z. In contrast, a loop that encloses no relevant degeneracy yields |ywr|/m = 0.004,
consistent with a trivial Berry phase. This quantized response remains stable over a frequency window of
332-340 kHz around the design frequency. Furthermore, by tuning the relative onsite potential e, of a single
node while keeping the measurement path fixed, we controllably displace the conical intersection in synthetic
parameter space. An analytical critical value ) = —3/2 is obtained, at which the degeneracy crosses the path
boundary. Experimentally, setting e, to 0 and —2.2 produces Wilson-loop phases of 0.994r and 0.004r,
respectively, directly verifying the predicted discrete Berry-phase transition between z and 0. These results
establish programmable topolectrical circuits as a quantitative platform for measuring and controlling eigenstate
geometric phases in synthetic parameter space, with potential extensions to higher-dimensional parameter

spaces and non-Hermitian regimes.
Keywords: programmable topolectrical circuits, Berry phase, synthetic parameter space, conical intersections
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