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Designing a Transition Photonic Band with a Moiré Synthetic Sphere1
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In recent years, twisted bilayer graphene has become a hot topic and inspired the upsurge of research on
the photonic moiré lattice. Here, we design a photonic moiré superlattice with two synthetic twist angles
and construct a synthetic moiré sphere based on these two angles. Thus, we have more degrees of freedom
to design the band structure flexibly. A type of transition photonic band (TPB) is obtained in such a moiré
superlattice. We investigate the influence of two twist angles on TPBs and find a series of magic angle
pairs with optimal band compression of the TPB. Interesting optical properties of TPBs are experimentally
demonstrated, including pulse delay, nonlinear optical enhancement, and pulse-width compression. Our
work introduces an alternative path to explore multitwist-angle moiré superlattices and reveals that the
designed photonic moiré superlattice based on moiré spheres has broad application prospects, including
optical signal processing, nonlinear optic processes, and other light-matter interactions.
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I. INTRODUCTION18

A moiré lattice is a composite structure formed by the19

overlap of two identical or similar periodic structures [1].20

Recently, in twisted double-layer graphene, it was found21

that, at the so-called magic angle, the band appeared as a22

flat band near the Fermi level, and there was a nontrivial23

topological phase [2–4]. Moreover, double-layer graphene24

exhibits the Mott insulating phase and a superconduct-25

ing phase [5–8]. Meanwhile, the moiré lattice brings the26

possibility of exotic physics phenomena, including moiré27

excitons [9], fractional Chern insulators [10], and lattices28

with competing periodicities [11].29

On the other hand, moiré lattices also introduce inter-30

esting physical effects in photonic systems [1,12,13]. In31

particular, moiré fringes are applied to metal surfaces to32

modulate plasmonic dispersion and group velocity [13]. In33

a two-dimensional photonic moiré lattice, the localization-34

delocalization transition of light is realized experimen-35

tally [14]. The tunable topological transitions and phonon36

polaritons are achieved in bilayers of α-phase molybde-37

num trioxide (α-MoO3) [15,16]. The formation of optical38

solitons are controlled by the twist angle in photonic moiré39

lattices [17,18] and magic angle lasers in the nanostruc-40

tured moiré lattice exhibit salient features [19]. Recently, a41

coupled-mode theory for low-angle twisted bilayer honey-42

comb photonic lattices reveals a correspondence between43

fermionic and bosonic moiré systems [20]. Also, the44

so-called magic distance is found in the bilayer photonic45
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moiré lattice. Meanwhile, slow light, nonlinear effects, chi- 46

ral plasmons, thermal emitters, and filters exhibit excellent 47

properties in the photonic moiré lattice system [21,22]. 48

One major attraction of these structures is that their opti- 49

cal properties are strongly dependent on the twist angle. 50

However, up to now, in most reported works, the bands 51

of moiré lattices are tuned by changing a single twist 52

angle. The degree of freedom of a single twist angle is 53

very limited. In most moiré structures, it is difficult to 54

find interesting physical properties by adjusting a single 55

twist angle. Fortunately, synthetic parameters allow us 56

to explore physical phenomena in high-dimensional syn- 57

thetic space [23–33]. Inspired by this method, we introduce 58

synthetic twist angles into the moiré system. 59

Here, we propose a moiré superlattice with two synthetic 60

twist angles, in which a kind of transition photonic band 61

(TPB) is obtained. A two-dimensional synthetic moiré 62

sphere is constructed based on these two synthetic twist 63

angles. The twist angles are tuned to design the moiré lat- 64

tice. A series of magic angle pairs on the moiré sphere 65

are found to obtain TPBs with optimal band compression. 66

Experimentally, we directly investigate the properties of 67

TPBs, including narrowband filtering, pulse delays, non- 68

linear optical enhancement, and pulse-width compression. 69

II. DESIGN OF PHOTONIC MOIRÉ 70

SUPERLATTICES BASED ON SYNTHETIC 71

MOIRÉ SPHERES 72

First, let us consider a simple photonic lattice, which has 73

two refractive-index layers of equal thickness, na and nb, in 74
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a unit cell, the refractive-index distribution of which can be75

characterized as76

V�(z) = sin
(

2π

�
+ π

2

)
, (1)77

where � is the spatial period and z is the spatial78

location. When the spatial position is V�(z) > 0, the79

refractive-index distribution function is n�(z) = na; oth-80

erwise, n�(z) = nb. To illustrate the idea of the moiré81

superlattice, we consider a one-dimensional superlattice82

composed of two simple photonic lattices with differ-83

ent periods, �1 and �2. The moiré superlattice can be84

expressed as85

P�(z) = sin2 γ

2
V�1(z) + cos2 γ

2
V�2(z), (2)86

where γ ∈ (0, 180◦), V�1(z) and V�2(z) are the simple 87

lattice structure functions, and P�(z) is the moiré super- 88

lattice structure function. When P�(z) > 0, the refractive 89

index equals na; otherwise, it equals nb. In general, �1 90

and �2 vary continuously. When �1 and �2 are incom- 91

mensurable, the moiré superlattice is not periodic, and the 92

band cannot be obtained by Bloch’s theorem. Therefore, 93

we consider the case where �1 and �2 are commensu- 94

rable, i.e., �1/�2 = m/n, where m and n are positive 95

integers. Then, the period of the superlattice is � = n�1 = 96

m�2. If �1 and �2 are changed and the ratio of �1/�2 97

remains unchanged, the bands only shift in wavelength, 98

but the band configuration does not change. Therefore, 99

the band configuration is mainly determined by the ratio 100

of m/n. Here, we can define the synthetic twist angle 101

as α = 8 × arctan(m/n), which plays an important role in 102
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FIG. 1. (a),(e) Red and blue lines characterize two simple lattices. (a) Periodic ratio of the red line to the blue line is 3/4. (e) Periodic
ratio of the red line to the blue line is 6/7. (b)–(d),(f)–(h) Structures I (295.2°, 80°), II (295.2°, 90°), III (295.2°, 100°), IV (324.8°,
80°), V (324.8°, 90°), and VI (324.8°, 100°), respectively. Red lines are the characterization function, and background is a schematic of
the refractive-index distribution. (i) Synthetic angle α in the parameter space (�1, �2). Black dots are parameters of the experimental
sample. (j) Synthetic angle γ in the parameter space (V�1(z), V�2(z)). (k) Synthetic moiré sphere defined with two synthetic angles (α,
γ ) and the superlattice defined with synthetic angles (red curve) I (295.2°, 80°), II (295.2°, 90°), III (295.2°, 100°), IV (324.8°, 80°),
V (324.8°, 90°), and VI (324.8°, 100°).
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tuning the band configuration. In Fig. 1(i), α is shown as a103

synthetic angle in the parameter space (�1,�2) visually.104

The line passing through the lattice point, the angle of105

which with the �2 axis of α/8 represents a periodic moiré106

superlattice. Otherwise, the line with angle α/8 that does107

not pass through any lattice point represents a nonperiodic108

moiré superlattice. In Fig. 1(j), γ can also be represented as109

a synthetic angle in the parameter space (V�1(z), V�2(z)).110

The structure functions of two simple photonic lattices111

as basis vectors (V�1(z), V�2(z)) construct the synthetic112

parameter space. γ /2 can be represented as the spatial twist113

angle in the synthetic parameter space, as marked by red114

letters in Fig. 1(j). sin2(γ /2)V�1(z) and cos2(γ /2)V�2(z)115

can be obtained by two triangular transformations of the116

two basis vectors, V�1(z) and V�2(z), to the line with the117

angle γ /2 to the V�2(z) axis. The projection of the basis118

vector, V�2(z), to the line at an angle of γ /2 becomes119

cos(γ /2)V�2(z) and then to the basis vector of V�2(z)120

becomes cos2(γ /2)V�2(z). Meanwhile, the sine of the121

basis vector of V�2(z) to the line at angle γ becomes122

sin(γ /2)V�1(z) and then to the basis vector of V�1(z)123

becomes sin2(γ /2)V�1(z). Therefore, γ /2 represents the124

proportion of the combined moiré superlattice occupied by125

the two initial lattice structures, V�1(z) and V�2(z). When126

γ = 0 or γ = 180°, the moiré superlattice changes back to127

the original simple periodic photonic lattice structure. In128

the method, we design six superlattices as examples with129

two synthetic angles. For α = 295.2° and 324.8°, V�1(z)130

and V�2(z) are given as the red and blue lines in Figs.131

1(a) and 1(e), respectively. For γ = 80°, 90°, and 100°,132

P�(z) are represented as red lines in Figs. 1(b)–1(d) and133

1(f)–1(h). In fact, the moiré superlattice structures are134

well defined by two synthetic angles (α, γ ). Therefore,135

we can construct a two-dimensional synthetic parameter136

space based on these two angles. In Fig. 1(k), there are137

two degrees of freedom on the sphere: angle α with the x138

axis in the horizontal plane and the angle γ with the z axis.139

In this way, all the structures of superlattices can be well140

defined by the points on the sphere. Here, we can call this141

parameter space a synthetic moiré sphere.142

III. TRANSITION PHOTONIC BANDS OF MOIRÉ143

SUPERLATTICES144

To analyze the effect of the synthetic twist angles145

on the bands, the bands of the moiré superlattices are146

calculated with the transfer matrix. A superlattice is147

taken as an instance with α = 237.6° = 8 × arctan(4/7) and148

� = 7�1 = 4�2. Its band structure is investigated with149

0 <γ < 180° in the Brillouin zone (0, 2π/�). For γ = 0150

and 180°, the superlattices are periodic lattices with �1 and151

�2, the bands of which are given in Figs. 2(a) and 2(c) and152

show band folding at the boundary of the Brillouin zone. In153

Fig. 2(b), the change of the band structures with γ is given154

as the band projection, the degeneracy introduced by band155

(a) (b)

(d) (e)

(c)

FIG. 2. Bands of simple lattices with (a) �1=�/7, γ = 180°
and �2 =�/4, γ = 180° in the Brillouin zone (0, 2π /�). Pink
shaded area is the first band gap, and green line is TPB. Depen-
dence of band projections of the superlattice with (b) α = 237.6°,
(d) 284°, (e) 324.8° on γ .
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folding is lifted, and a band gap emerges at two boundaries 156

of the Brillouin zone. The three bands (marked in green) 157

above the first gap [marked in pink in Fig. 2(a)] on the 158

left boundary (γ = 0) are shifted to the bands below the 159

first gap [marked in pink in Fig. 2(c)] on the right bound- 160

ary (γ = 180°). Here, we call the green bands TPBs. For 161

comparison, we show the band projections of two super- 162

lattices with α = 284° = 8 × arctan(5/7) (m = 5, n = 7) and 163

α = 324.8° = 8 × arctan(6/7) (m = 6, n = 7) in Figs. 2(d) 164

and 2(e). There are two TPBs in Fig. 2(d) and one TPB 165

in Fig. 2(e). Obviously, the number of TPBs is determined 166

by |n − m|, which is understood from band folding at the 167

two boundaries. It is worth stating that, for the case of 168

|n − m| > 1, several TPBs are very close to each other 169

and the gaps between TPBs are very small. In a practical 170

system, they are very easily merged together if the sam- 171

ple length is not large enough. However, for the case of 172

|n − m| = 1, we can obtain a single isolated TPB with nar- 173

row frequency intervals, even for a sample with only a 174

few periods. Therefore, the isolated TPB is more useful 175

for practical applications. In the following, we focus only 176

on the structures of |n − m| = 1. 177

Tuning the photonic bandwidth is an important means 178

of manipulating light. For example, applications often 179

require narrowband filtering in transmission, and band 180

flattening due to band compression achieves slow light 181

and affects the group-velocity dispersion. Therefore, the 182
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(a) (b)

(c) (d)

(e) (f)

FIG. 3. (a) Bands of superlattice with α = 324.8° and
0 <γ < 180°, and green surface is the TPB. (b) Band projec-
tion on the plane (ω, γ ). (c) Change of g on γ . (d) Three bands
of γ = 0°, 86.4°, and 180°, and ωm is the midband position. (e)
Series gM with magic angle pairs (αM , γ M ). (f) Two asymptotic
curves of magic angles when m is odd (red curve) and m is even
(blue cure).
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tunability of the TPB bandwidth can be applied to manip-183

ulate light. To investigate the dependence of TPB band-184

width on γ , we define the compression coefficient as g =185

(band(γ = 180◦)/band(γ )), where band(γ ) is the TPB186

bandwidth with γ . Obviously, a larger g leads to a nar-187

rower TPB bandwidth. The varying bands of the super-188

lattice (α = 324.8°) with γ are given in Fig. 3(a), and the189

projection of these bands on the (ω, γ ) plane is given in190

Fig. 3(b). The TPB is marked in green in both Figs. 3(a)191

and 3(b). The optimal bandwidth compression of the TPB192

can be found by tuning γ . As shown in Fig. 3(c), when193

γ = 86.4°, g reaches a maximum and the TPB bandwidth194

reaches a minimum. In Fig. 3(d), the TPB at γ = 86.4°195

(blue dots) is compared with the TPBs at γ = 0 (black196

curve) and 180° (red curve), and it has a narrower band-197

width than in the other two cases. Apart from the TPB,198

several bands near the TPB will also be compressed (see199

the Supplemental Material, Sec. 1 [34]). This means the200

TPB is different from the resonance defect mode.201

In the above discussion, we find that g is determined 202

by both α and γ simultaneously. Therefore, we investigate 203

the dependence of g on the synthetic moiré sphere (α, γ ). 204

For each αM , we can find the optimal compression coef- 205

ficient, gM , at certain γ M . Here, the corresponding angle 206

pairs (αM , γ M ) found can be defined as magic angle pairs, 207

as shown in Table I. In Fig. 3(e), we plot the change in gM 208

for a series of magic angle pairs. As αM approaches 360°, 209

gm is increased to infinity. However, if α equals 360°, the 210

two periods are equal (�1 = �2). Then the superlattices 211

will change back to a simple periodic lattice, and the TPB 212

disappears. Moreover, to show the distribution of magic 213

angle pairs, we project the three-dimensional spatial curve 214

onto the two-dimensional plane [see Fig. 3(f)]. It is obvious 215

that (αM , γ M ) are located at two asymptotic curves. When 216

m is odd, γ M approaches 90° along the red curve, and 217

when m is even, γ M approaches 90° along the blue curve. 218

Besides, we also investigate the dependence of TPBs on 219

the incidence angle (Supplemental Material, Sec. 2 [34]). 220

For the TE mode, the results show that the bandwidth of the 221

TPB decreases with ky increasing. For the TM mode, the 222

results show that the bandwidth of the TPB widens with ky 223

increasing. This causes the group indices of the two modes 224

to change in opposite directions (Supplemental Material, 225

Sec. 3 [34]). 226

IV. EXPERIMENTAL OBSERVATION OF 227

TRANSITION PHOTONIC BANDS 228

We fabricate three moiré superlattices, A (212.8°, 229

111.6°), B (295.2°, 93.6°), and C (324.8°, 86.4°), which 230

are marked as dots in Fig. 1(i). Figure 4(a) shows a SEM 231

microscopy picture of sample C. The TPB bandwidths of 232

the three samples are found to be 479, 117, and 31 nm. 233

With α increasing, its transmission bandwidth is reduced 234

(see the Supplemental Material, Sec. 2 [34]), which agrees 235

with our calculations. Through tuning the synthetic angles, 236

we can flexibly design the TPB, which can be applied to 237

realize filters with various bandwidths. In particular, nar- 238

rowband optical filters can be achieved by magic angle 239

pairs (the synthetic angles modulate an isolated TPB). The 240

transmittance can be tailored by the thickness, and the sur- 241

face flatness is further improved. However, we are more 242

concerned about phenomena such as pulse delay, non- 243

linear effects, and pulse-width compression due to band 244

compression. 245

As the TPB bandwidth is reduced, the group velocity 246

can be reduced, which causes a pulse delay. The change of 247

the pulse delay passing through the sample compared with 248

the substrate is �τ = (Lα/vg) − (Lα/c) = (Lα/c)(ng − 1), 249

where Lα is the thickness of the sample. If the influence 250

of different Lα is ignored, the normalized pulse delay is 251

�τn = (ng − 1), where ng is the group index. In our exper- 252

iment, a homemade optical setup is established to measure 253
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TABLE I. Series of magic angle pairs (αM , γ M ), which are the corresponding values of α and γ for gM .

m 1 2 3 4 5 6 7

gM 1.02 1.10 1.16 1.31 1.45 1.69 1.95
(αM , γ M ) (212.8°, 111.6°) (269.6°, 89.8°) (295.2°, 93.6°) (309.6°, 87.2°) (318.4°, 91.8°) (324.8°, 86.4°) (329.6°, 91.0°)

m 8 9 10 11 12 13 14

gM 2.35 2.82 3.49 4.30 5.44 6.84 8.83
(αM , γ M ) (332.8°, 87.2°) (336.0°, 90.8°) (338.4°, 87.4°) (340.0°, 90.6°) (341.6°, 87.6°) (343.2°, 90.4°) (344.0°, 87.8°)

the pulse delay of the laser through multiphoton absorp-254

tion by a silicon chip. The experimental setup for the255

pulse-delay measurement is shown in Fig. 5. It is based256

on a modified setup for measuring the relaxation time of257

carriers on silicon chips, which can generate time delays258

by shifting the optical path of the pump laser. However,259

here, we focus only on the jump in the reflection inten-260

sity of a silicon chip under the optical path change of the261

pump-pulse laser. We use a laser at 800 nm, which can be262

adjusted continuously as needed, with 120-fs pulse dura-263

tion and 80-MHz repetition rate, and split a laser beam264

into two beams: one is the pump laser and the other is the265

probe laser. The pump laser passes through the β-barium266

borate (BBO) crystal, the wavelength of which becomes267

400 nm, and then passes through the chopper, where the 268

repetition rate is modulated to amplify the signal by the 269

lock-in amplifier. After that, the pump laser passes through 270

the motorized stage, which can continuously adjust the 271

optical path of the pump laser, and then the pump laser illu- 272

minates the silicon chip with the probe laser. Meanwhile, 273

the probe laser passes through the sample (moiré superlat- 274

tices or substrate), of which we need to measure the pulse 275

delay. The combined beam of the pump laser and probe 276

laser illuminates the silicon chip, and then the reflectivity 277

intensity of the probe laser is measured by the photodetec- 278

tor. Obviously, when the probe pulse illuminates the silicon 279

chip earlier than the pump pulse, the reflection intensity 280

is weaker due to the absorption of light by unexcited 281

n = 4.26

Δτ = 0.12 ps
n = 2.37

Δτ = 0.05 ps

n = 1.83

Δτ = 0.03 ps

sample A sample B

sample C

α (deg)

Δ
τ n |E|

2

z (μm)

sample A
sample Bsample C

sample C
substrate

sample B
substrate

sample A
substrate

sample A
sample B
sample C

(a) (b) (c) (d)

(e) (f) (g) (h)

3 μm

FIG. 4. (a) SEM microscopy picture of sample C. (b)–(d) Pulse time-delay measurement results. Red line is the transient reflection
intensity of the silicon chip with the probe laser passing through the substrate. Blue line is the transient reflection intensity of the
silicon chip with the probe laser passing through the moiré superlattices. (b) Sample C. (c) Sample B. (d) Sample A. Laser wavelength
is 800 nm. (e) Pulse delay of different moiré superlattices; black dots are calculated data and red squares are the above-measured data
of three samples. (f) Blue line is the group index on the TPB of the moiré superlattice with two synthetic angles (α, γ ) (324.8°, 86.4°),
green line is the group index on the TPB of the moiré superlattice with (295.2°, 93.6°), and red line is the group index on the TPB
of the moiré superlattice with (212.8°, 111.6°). Red, green, and blue dots are experimental results. (g) Electric field distributions of
samples A, B, and C at a wavelength of 800 nm. (h) SHG intensity of the samples and substrate.
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FIG. 5. Schematic diagram of the experimental setup for measuring pulse time delay. Laser in the experiment is split into two beams
through a beam splitter. One beam is called the pump laser (blue rays) after passing through a BBO crystal, which can multiplier the
laser, and the other beam is called the probe laser (red rays). Pump laser can be delayed continuously by the delay line, which can be
moved precisely, then the pump laser and probe laser are focused together on the Si chip by the objective lens, finally, reflected signal
of the probe laser is collected by the photodetector. HWP, half-wave plate; PD, photodetector.

F5:1
F5:2
F5:3
F5:4
F5:5

carriers in the silicon chip. As the motorized stage moves,282

the optical path difference between the pump laser and the283

probe laser decreases. When the probe laser illuminates the284

silicon chip later than the pump laser, the reflection inten-285

sity becomes stronger than before, because the silicon-chip286

carriers are excited by the pump laser. Therefore, we287

can observe the jump line of the reflection intensity in288

Figs. 4(b)–4(d). The time point of the jump is the posi-289

tion of the same optical path of the two beams, so the290

pulse-delay time is obtained through the motorized stage.291

In Figs. 4(b)–4(d), the red line is the spectrum of the sili-292

con chip with the substrate placed in the optical path of the293

probe laser, and the blue line is the spectrum of the silicon294

chip with the moiré superlattice placed in the optical path295

of the probe laser. These blue lines move to the left due to296

the presence of the moiré superlattice.297

When we place different samples on the light path of298

the probe laser, the optical path of the probe laser will299

change, and the position of the jump point will change.300

Therefore, we can obtain the pulse time delay according to301

the displacement of the jump point. For the setup error, the302

minimum measurement accuracy of the motorized stage303

is δl = 1 μm. Therefore, in the whole process, the pulse-304

delay theoretical error is δdelay = (2δl/c) ≈ 0.01 ps, where305

c is the speed of light in a vacuum.306

In Fig. 4(b), the difference between the two lines307

is 0.12 ps, which is the measured pulse delay differ-308

ence between sample C and the substrate. In this way,309

we can also measure the pulse delay of the other two310

samples in Figs. 4(c) and 4(d). In Fig. 4(e), experimental311

data agree well with the calculated �τn results. It can 312

be seen that the increase of g results in an increase of 313

pulse delays. Meanwhile, we use the pulse-delay mea- 314

surement results to obtain the group index. As shown in 315

Fig. 4(f), the red, green, and blue lines correspond to the 316

group indices on different TPBs of moiré superlattices, 317

and the red, green, and blue dots are experimental data, 318

which are obtained according to the pulse delay. Slow light 319

with a large group index and lower group velocity has 320

potential applications in optical buffering and advanced 321

time-domain optical signal processing. Slow light com- 322

presses optical energy in space, which enhances linear and 323

nonlinear effects, and so, miniaturizes functional photonic 324

devices. 325

Band compression also leads to field enhancement, 326

which enhances the nonlinear optical effect. In Fig. 4(g), 327

we calculate the transmission electric field distribution 328

at a wavelength on the TPB of different moiré super- 329

lattices. The electric field of the moiré superlattice with 330

(324.8°, 86.4°) is stronger near 800 nm. This enables an 331

enhancement of the nonlinear effect. In experiments, we 332

input an 800-nm laser into the three samples, and the pro- 333

duced second-harmonic generation (SHG) is measured, as 334

shown in Fig. 4(h). Under the same incident laser inten- 335

sity, the SHG generated by sample C is enhanced nearly 336

50 times more than the substrate. However, for sample 337

B, since the frequency of SHG is inside the band gap, 338

the SHG is weaker than the substrate. The experimental 339

results can be well explained by the calculated results of 340

field enhancement on the TPB. This also suggests that 341
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(a) (b) (c)

sample C

substrate
sample A
sample B

η

FIG. 6. (a) Blue line is the group-velocity dispersion on the TPB of the moiré superlattice with two synthetic angles (α, γ ) (324.8°,
86.4°), green line is the group-velocity dispersion on the TPB of the moiré superlattice with (295.2°, 93.6°), and red line is the group-
velocity dispersion on the TPB of the moiré superlattice with (212.8°, 111.6°). (b) Pulse-width rate before and after the laser passes
through the moiré superlattices on the TPB. Solid line is the theoretical calculation results; dots are experimental results. (c) Laser-
pulse profiles. Black line is the original pulse profile through the substrate, red line is the original pulse profile through sample A, green
line is the pulse profile through sample B, and blue line is the pulse profile through sample C. Laser wavelength is 810 nm.

F6:1
F6:2
F6:3
F6:4
F6:5
F6:6

slow light can enhance light-matter interactions, such as342

nonlinearities on the TPB, and the moiré superlattices343

enable the multiplication of the laser frequency to produce344

the SHG.345

Meanwhile, we also measure the pulse shape of the laser,346

and the results show that, due to a stronger negative group-347

velocity dispersion, the pulse width is compressed by the348

TPB. We also analyze the variation of the pulses of the349

laser passing through the moiré superlattice. Variation in350

pulse width is affected by the group-velocity dispersion351

on the TPBs of the moiré superlattices. We obtain the352

pulse-width-variation (�τp ) formula:353

�τp = D(ω)Lα�ω, (3)354

where D(ω) = d(1/vg)/dω is the group-velocity disper-355

sion, vg is the group velocity, Lα is thickness of the sample,356

and �ω is the pulse spectral width. We define the pulse-357

width rate as η = (τ0 + �τp)/τ0, where τ0 is the initial358

laser-pulse width. In Fig. 6(a), we calculate the group-359

velocity dispersion on TPBs for several moiré superlattice360

samples. Furthermore, from Eq. (3), we calculate the pulse-361

width rate, η, and compare it with the experimental results,362

which are measured by an autocorrelator in Fig. 6(b).363

Over a certain wavelength range, the pulse width with a364

large α changes more drastically. In Fig. 6(c), compar-365

ing the pulse after passing through the moiré superlattice366

with that through the substrate, we demonstrate that the367

moiré superlattice has an effect of compressing the pulse368

width. At a wavelength of 810 nm, sample C produces369

more pulse-width compression than the other two samples;370

this is due to the larger negative group-velocity dispersion371

at 810 nm. The properties of the moiré superlattice can372

also be used to fabricate a compact compressor for laser373

pulses. The pulse compressor allows the optical pulse to374

transform or maintain an ultrashort optical pulse during375

propagation, which will benefit ultrafast optical communi- 376

cations, optical signal processing, and noncommunication 377

applications. 378

V. CONCLUSION AND DISCUSSION 379

We propose a method of constructing photonic moiré 380

superlattices with two synthetic twist angles. A two- 381

dimensional synthetic moiré sphere is constructed based 382

on these two angles, which gives all possible structural 383

parameters of the moiré superlattice. We find a series of 384

magic angle pairs, corresponding to TPBs with optimal 385

band compression. Meanwhile, the one-dimensional moiré 386

superlattices offer advantages of convenient fabrication 387

and low costs. Experimentally, a method to measure the 388

pulse delay caused by the slow-light effect on the TPB of 389

moiré superlattices by measuring the transient reflection 390

spectrum on a silicon chip is proposed, and the enhance- 391

ment of the SHG in the TPB is analyzed. The research 392

results show that band compression leads to many inter- 393

esting phenomena, such as pulse delay, pulse-width com- 394

pression, and nonlinear effects. High-dimensional moiré 395

superlattices with synthetic multitwist angles exhibit many 396

physical properties and physical phenomena. We believe 397

that the method to design synthetic multitwist angles can 398

be extended to other systems, and many other synthetic 399

moiré superlattices can be realized. Some other interest- 400

ing applications are possible based on revealing peculiar 401

optical properties. 402
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