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Locally resonant elastic metamaterials
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[Liu et al., Science, 2000]
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• Subwavelength microstructure 

• Resonant mechanism
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• Negative refraction
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Band diagram
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ck2
<latexit sha1_base64="p33b5EQs3d8LauXMirxRsgZuPMU="></latexit>

�
<latexit sha1_base64="wYTNzuaeeZa4li59FQ7TjxPdJl8="></latexit>

k1
<latexit sha1_base64="DI6z83nVmdstiMvhfb2i2biGMVw="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

-2
<latexit sha1_base64="dIEF3mCPcpOoaN4asz0irGz8ft0="></latexit>

2
<latexit sha1_base64="1WTA3jslYsNHnprsUZnUnxrtFDA="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

⇢s
<latexit sha1_base64="A080NFB8rDcAs0Hp70j8LjG4RFQ="></latexit>

B.G. ⇢s < 0
<latexit sha1_base64="U8ZWz4oulrAnJD83CEqV9VB0VBg="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

Y’
<latexit sha1_base64="Roh/s+FHdavKkJHgsxI/jPy6GZU="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

0.4⇡
<latexit sha1_base64="xS2yrLArxY8p5KJ4oMFkvKa7a7g="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

s2
<latexit sha1_base64="VYuqDZxx69hUAAQvSjtfXKac+3w="></latexit>

s1
<latexit sha1_base64="t136ps1U/k2io5nz+rTbCMM+iyQ="></latexit>

s3
<latexit sha1_base64="XXtCwp9iTCA1MjZ4htP+ETeO0Rw="></latexit>

a1
<latexit sha1_base64="Bbo0SVmRyct0o6idbPZisa1Z+PU="></latexit>

a2
<latexit sha1_base64="SA9NJB29n97NXwkv/KpRVlQ/Q2A="></latexit>

<latexit sha1_base64="EVizQ1860P74HY0QjKeTGEQOPy4="></latexit>

k2 =

s
⇢s(!)

(1� ')E
!,

<latexit sha1_base64="NM5aYCB01H5HkLDXXC3CLDONUMs="></latexit>�
(1� ')k22 � ⇢s!

2
�
Û0
2 = 0



Dispersion relations

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>
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0

1

2

3

4

5

6

7

8

-2 0 2
0

1

2

3

4

5

6

7

8

-2 0 2
0

1

2

3

4

5

6

7

8

-2 0 2
0

1

2

3

4

5

6

7

8

ck2
<latexit sha1_base64="p33b5EQs3d8LauXMirxRsgZuPMU="></latexit>

�
<latexit sha1_base64="wYTNzuaeeZa4li59FQ7TjxPdJl8="></latexit>

k1
<latexit sha1_base64="DI6z83nVmdstiMvhfb2i2biGMVw="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

-2
<latexit sha1_base64="dIEF3mCPcpOoaN4asz0irGz8ft0="></latexit>

2
<latexit sha1_base64="1WTA3jslYsNHnprsUZnUnxrtFDA="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

⇢s
<latexit sha1_base64="A080NFB8rDcAs0Hp70j8LjG4RFQ="></latexit>

B.G. ⇢s < 0
<latexit sha1_base64="U8ZWz4oulrAnJD83CEqV9VB0VBg="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

Y’
<latexit sha1_base64="Roh/s+FHdavKkJHgsxI/jPy6GZU="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

0.4⇡
<latexit sha1_base64="xS2yrLArxY8p5KJ4oMFkvKa7a7g="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

s2
<latexit sha1_base64="VYuqDZxx69hUAAQvSjtfXKac+3w="></latexit>

s1
<latexit sha1_base64="t136ps1U/k2io5nz+rTbCMM+iyQ="></latexit>

s3
<latexit sha1_base64="XXtCwp9iTCA1MjZ4htP+ETeO0Rw="></latexit>

a1
<latexit sha1_base64="Bbo0SVmRyct0o6idbPZisa1Z+PU="></latexit>

a2
<latexit sha1_base64="SA9NJB29n97NXwkv/KpRVlQ/Q2A="></latexit>

<latexit sha1_base64="KN7NfHfiveuSojIPQ2wMw81tXzo=">AAAeG3icrVlbb+NEFJ4ut6XA0oUnhCpZG1Vqtd0qSQushJB2qVqBthKLttmLmjaynUni5mKv7bS5KD+Bn8Cv4Q3xygP/AJ75A5xzZuw4iT0zrUhVZy7n+86Zc+ZyxnGCnhfF5fJfa3feefe99z+4++H6Rx9/cu/TjfufvYz8Yejymuv3/PC1Y0e85w14LfbiHn8dhNzuOz3+yukeYv+rKx5Gnj84jccBP+/b7YHX8lw7hqbGxi </latexit>

⇢s(!)

⇢
= 1� '+

2'✓

⇤(!)

tan⇤(!) tanh⇤(!)

tanh⇤(!) + tan⇤(!)
,

<latexit sha1_base64="EVizQ1860P74HY0QjKeTGEQOPy4="></latexit>

k2 =

s
⇢s(!)

(1� ')E
!,

<latexit sha1_base64="YkqIs7aizJ/P5O9L+uMpI55I/bk="></latexit>

⇤(!) =
(!)'`1

2
, (!) =

✓
12⇢!2

E✓2`22

◆1/4

,

Even flexural modes

<latexit sha1_base64="NM5aYCB01H5HkLDXXC3CLDONUMs="></latexit>�
(1� ')k22 � ⇢s!

2
�
Û0
2 = 0
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X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

⇢a
<latexit sha1_base64="YlEzWSrgdlLh+QhaTIg+gwI1sI8="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

-2
<latexit sha1_base64="dIEF3mCPcpOoaN4asz0irGz8ft0="></latexit>

2
<latexit sha1_base64="1WTA3jslYsNHnprsUZnUnxrtFDA="></latexit>

B.G. ⇢a < 0
<latexit sha1_base64="IAvctd0WHY9CLwtiipq8ysQJWEc="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

M’
<latexit sha1_base64="HuEtnXjbf9vrHz7pEa4yH1BZtd0="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

0.4⇡
<latexit sha1_base64="xS2yrLArxY8p5KJ4oMFkvKa7a7g="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

a1
<latexit sha1_base64="Il9Sonv84W4Ms9AwwTtbWykpLNk="></latexit>

a2
<latexit sha1_base64="yUr9nAeEfktPnUHNnMQgN4gK92U="></latexit>

a3
<latexit sha1_base64="iXSIhfzlY77LPvcRuKf0tQ09XbU="></latexit>

s2
<latexit sha1_base64="xsDSg+rI7R2IniMC74+LD2nsRt0="></latexit>

s1
<latexit sha1_base64="mCrD2jNxefH+aoFWzgNhWNQdir4="></latexit>

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

Dispersion relations

<latexit sha1_base64="1ufl5VTFqwmFCoSOIkjYfgr3aII="></latexit>

k2 =

s
⇢a(!)

(1� ')E
!,

<latexit sha1_base64="Vfe1/OfNVP2zu4WSoriF/5Va9pw="></latexit>�
(1� ')k22 � ⇢a!

2
�
Û0
2 = 0
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X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

⇢a
<latexit sha1_base64="YlEzWSrgdlLh+QhaTIg+gwI1sI8="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

-2
<latexit sha1_base64="dIEF3mCPcpOoaN4asz0irGz8ft0="></latexit>

2
<latexit sha1_base64="1WTA3jslYsNHnprsUZnUnxrtFDA="></latexit>

B.G. ⇢a < 0
<latexit sha1_base64="IAvctd0WHY9CLwtiipq8ysQJWEc="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

M’
<latexit sha1_base64="HuEtnXjbf9vrHz7pEa4yH1BZtd0="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

0.4⇡
<latexit sha1_base64="xS2yrLArxY8p5KJ4oMFkvKa7a7g="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

a1
<latexit sha1_base64="Il9Sonv84W4Ms9AwwTtbWykpLNk="></latexit>

a2
<latexit sha1_base64="yUr9nAeEfktPnUHNnMQgN4gK92U="></latexit>

a3
<latexit sha1_base64="iXSIhfzlY77LPvcRuKf0tQ09XbU="></latexit>

s2
<latexit sha1_base64="xsDSg+rI7R2IniMC74+LD2nsRt0="></latexit>

s1
<latexit sha1_base64="mCrD2jNxefH+aoFWzgNhWNQdir4="></latexit>

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

<latexit sha1_base64="YkqIs7aizJ/P5O9L+uMpI55I/bk="></latexit>

⇤(!) =
(!)'`1

2
, (!) =

✓
12⇢!2

E✓2`22

◆1/4

,

Dispersion relations

<latexit sha1_base64="1ufl5VTFqwmFCoSOIkjYfgr3aII="></latexit>

k2 =

s
⇢a(!)

(1� ')E
!,

<latexit sha1_base64="Fp7t3ac9+rpXV4UopyjBOL00AQI=">AAAd+HicrVlbb+NEFJ4ut2WBpQuPqFJEVKkVbZWkFayEkHapWoG2Eou23Ys228h2JokTJ/baTpuL8l94Q7zyS3jlH8Af4BXOOTN27MSemVakqjOX833nzDlzOePYgedGca3258add9597/0P7n5476OPP7n/6eaDz55H/jh0+IXje3740rYi7rkjfhG7scdfBiG3hrbHX9iDY+x/ccXDyPVH5/E04G+GVnfkdlzHiqGptdlvtq </latexit>

⇢a(!)

⇢
= 1� '+

2'✓

⇤(!)

1

tanh⇤(!)� tan⇤(!)
,

Odd flexural modes

<latexit sha1_base64="Vfe1/OfNVP2zu4WSoriF/5Va9pw="></latexit>�
(1� ')k22 � ⇢a!

2
�
Û0
2 = 0
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�
<latexit sha1_base64="wYTNzuaeeZa4li59FQ7TjxPdJl8="></latexit>

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

⇢a
<latexit sha1_base64="YlEzWSrgdlLh+QhaTIg+gwI1sI8="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

N.R. ⇢s < 0, ⇢a > 0
<latexit sha1_base64="nbrEsyZuUQ6o1OlJSNbBNiUxQcw="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

0.2⇡
<latexit sha1_base64="usQEdiTAbW8WXsJ/6gIaCNNk8CI="></latexit>

⇢s
<latexit sha1_base64="A080NFB8rDcAs0Hp70j8LjG4RFQ="></latexit>

Vg
<latexit sha1_base64="A/yMD+M/XsPWRcxzSgF0aGSNjDM="></latexit>

-0.03
<latexit sha1_base64="6RKAUddIbdnmw7FVeoeHameKMPw="></latexit>

0.03
<latexit sha1_base64="kIImjrXFdVoUdx/NPsS1dXbd1lw="></latexit>

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

Dispersion relations

<latexit sha1_base64="AoU5hGoHLIJgUw5QJ24IXVKu2Bg="></latexit>

k1 =

r
⇢̄

Ē
!

<latexit sha1_base64="OGE80IbYpEbq+khRe+1IfpP6S/0="></latexit>

Ē =
E✓

'+ ✓(1� ')
, ⇢̄ = ⇢('✓ + 1� ')

Classical homogenization formula
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�
<latexit sha1_base64="wYTNzuaeeZa4li59FQ7TjxPdJl8="></latexit>

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

⇢a
<latexit sha1_base64="YlEzWSrgdlLh+QhaTIg+gwI1sI8="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

N.R. ⇢s < 0, ⇢a > 0
<latexit sha1_base64="nbrEsyZuUQ6o1OlJSNbBNiUxQcw="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

0.2⇡
<latexit sha1_base64="usQEdiTAbW8WXsJ/6gIaCNNk8CI="></latexit>

⇢s
<latexit sha1_base64="A080NFB8rDcAs0Hp70j8LjG4RFQ="></latexit>

Vg
<latexit sha1_base64="A/yMD+M/XsPWRcxzSgF0aGSNjDM="></latexit>

-0.03
<latexit sha1_base64="6RKAUddIbdnmw7FVeoeHameKMPw="></latexit>

0.03
<latexit sha1_base64="kIImjrXFdVoUdx/NPsS1dXbd1lw="></latexit>

Dispersion relations

<latexit sha1_base64="r5pGmjwKrznBqMj/DjdkFkTuX70="></latexit>

cos(k1`1) =
⇢a(!) + ⇢s(!)

⇢a(!)� ⇢s(!)
,

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>
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�
<latexit sha1_base64="wYTNzuaeeZa4li59FQ7TjxPdJl8="></latexit>

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

⇢a
<latexit sha1_base64="YlEzWSrgdlLh+QhaTIg+gwI1sI8="></latexit>

0
<latexit sha1_base64="6GJPyzo4gI/WGPZB/+DDCw7BDEU="></latexit>

(a)
<latexit sha1_base64="JvMr4Bk9pj8AncnzujJEszp5gV0="></latexit>

(b)
<latexit sha1_base64="zvS9Po8ggvdpC1JB3dITdaYTtro="></latexit>

N.R. ⇢s < 0, ⇢a > 0
<latexit sha1_base64="nbrEsyZuUQ6o1OlJSNbBNiUxQcw="></latexit>

0
<latexit sha1_base64="5mYUOUymVgUg3BFR6u8Av/Go1nA="></latexit>

!
` 1
/c

<latexit sha1_base64="LQASCXJ2sBNR9mCiWvyXAM3adAE="></latexit>

0.2⇡
<latexit sha1_base64="usQEdiTAbW8WXsJ/6gIaCNNk8CI="></latexit>

⇢s
<latexit sha1_base64="A080NFB8rDcAs0Hp70j8LjG4RFQ="></latexit>

Vg
<latexit sha1_base64="A/yMD+M/XsPWRcxzSgF0aGSNjDM="></latexit>

-0.03
<latexit sha1_base64="6RKAUddIbdnmw7FVeoeHameKMPw="></latexit>

0.03
<latexit sha1_base64="kIImjrXFdVoUdx/NPsS1dXbd1lw="></latexit>

Dispersion relations

<latexit sha1_base64="r5pGmjwKrznBqMj/DjdkFkTuX70="></latexit>

cos(k1`1) =
⇢a(!) + ⇢s(!)

⇢a(!)� ⇢s(!)
,

<latexit sha1_base64="mZrJYrxHtwW7CjrPKk8/RxXfqD4="></latexit>

Vg '
�2

tanh2 ⇤� tan2 ⇤

✓
1

tanh⇤+ tan⇤
� tanh⇤ tan⇤

tanh⇤� tan⇤

◆

Band gap : 

Negative refraction : 

<latexit sha1_base64="gM6DzibjCRKkIj6v6xq59suXkv8="></latexit>

⇢s(!)%a(!) > 0

<latexit sha1_base64="/SVKXikaNjCCbqEzvbq33KGggE8="></latexit>

k1

<latexit sha1_base64="L3Kk4rvSXgr6ul05vT4IKFTfP9Y="></latexit>

⇡/`2

<latexit sha1_base64="ga0CdiTDFX6eqn4VFX0YZ7m+tf4="></latexit>

k2

X
<latexit sha1_base64="OIDPT4qdxvparVMufsEKUeSPjH0="></latexit>

M
<latexit sha1_base64="LiZ6JRDuiT6UV91b3QcE0fSJPhc="></latexit>

Y
<latexit sha1_base64="IysFqfh16p0FNYBCfkOtdoSRYgI="></latexit>

<latexit sha1_base64="lXHG7JW5gHTSwbGVN7VnzimIpnU="></latexit>

⇡/`1

<latexit sha1_base64="dyZj3oh9Z935rtaeNT53Eglhcjg="></latexit>

�

Y’
<latexit sha1_base64="eROTyCNsMN1jswWVOTxIJaphTps="></latexit>

M’
<latexit sha1_base64="jMhYpZxzDq084uzFlcJGxO9XRhk="></latexit>

<latexit sha1_base64="iatjSbzGZpBytrCkMKS18Ri8bPY="></latexit>

Vg < 0 when negative refraction

<latexit sha1_base64="uk5Wy5Ilg90U3T4szcxeueQCbyM="></latexit>

⇢s(!) < 0, ⇢a(!) > 0

[Marigo, Maurel et Pham, submitted, 2022]




