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Abstract

This paper investigates the problem of perfect state transfer on extended neighborhood
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corona graphs. For the construction of extended neighborhood corona graphs, we

present a sufficient condition related to graph parameters such that there is no perfect

state transfer on the extended neighborhood corona graph G ∗H. Through concrete

examples, we verify the validity of this condition and demonstrate classes of graphs

that do not admit perfect state transfer. This result provides a theoretical criterion for

the feasibility of state transfer between nodes in quantum networks based on corona

graph structures.
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ëY�mþfir´£ããþþf�üz�Ä��."1998c§Farhi ÚGutmann [1]ÄgJ

Ñ¦^jÝ
5£ããþ�ëY�mþfir"éu�½ãG§PÙ��Ý
�AG§KG þ�ë

Y�mþfird±ejÝ
L«µ

UAG
(t) := exp(−itAG),
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Ù¥t ∈ R§i =
√
−1"ãþ��{�D4VgdChristandl �< [2] u2004cÄgÚ\"¡ãG 3

Ùüº:u Úv �mu)�{�D4§e�3��t ¦�

exp(−itAG)eu = γev,

Ù¥|γ| = 1§γ ∈ C",
§2012cGodsil [3] �Ñãþ�{�D44�¾�"Óc§Godsil [4] J

Ñ
ãþ`�D4�Vg§���{�D4�tµ/ª"éuãG 9Ùü�ØÓº:u Úv§eé

?¿ε > 0§�3,���t ¦�

|exp(−itAG)|uv > 1− ε,

K¡G 3u Úv �m�3`�D4"
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)ãö�´ãØ¥�a­��ã�E�{§Cc5�2�A^uþf�D4�ïÄ¥"

ÏL)ã9Ù�«CN§ïÄö�±XÚ/�EÚ©ÛäkA½�D45��ãa"~X§

Ackelsberg� [5] ïÄ
)ãþ�þf�D4§�E
|±�{�D4Ú`�D4�ãa¶Zhang

� [6] ïÄ
�)ãþ��D4§y²
3,
^�e�)ãØ�3�{�D4§¿�E
;�

�{�D4��3`�D4�ãx¶Wang� [7] ïÄ
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2. ý��£

Äk�Ñe©ò^��ÎÒ"PJm,n �¤k��þ�1�m× n Ý
¶�m = n �{P�Jm"

In L«n �ü Ý
§jm L«¤k©þ�1�m ���þ"A> Ú‖A‖ ©OL«Ý
A �=�Ú
îAp��ê"�ãG kn �º:§Ù��Ý
�AG§^enu L«º:u �A��þ£IOÄ�

þ¤§3Ø�· �{P�eu"

ãG �ÌSpec(G) �AG �A���õ­8§SpecA(G) L«¤kpÉA���¤�8Ü"d

Ì½n§AG �©)�

AG =

d∑
r=0

λrFλr
,
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Ù¥λr �A��§Fλr
�éAλr �A�ÝK"´�

∑d
r=0 Fλr

= In§�F
2
λr

= Fλr
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��=£
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UAG
(t) =

∞∑
k=0

(−i)kAkGt
k

k!
=
∞∑
k=0

(−i)k
(∑d

r=0 λ
k
rFλr

)
tk

k!
=

d∑
r=0

exp(−itλr)Fλr
. (1)

º:u �A��| suppG(u) ´�¦�Fλeu 6= 0 �@
A��λ �8Ü"eéuG �z�A

��λ§þkFλeu = ±Fλev§K¡º:u �v r�Ì"PS+£éA/S−¤�¦Fλeu = Fλev£éA

/Fλeu = −Fλev¤�A��8Ü"
½n2.1. (Coutinho [10]) �G ´��÷v|V (G)| ≥ 2 �ã§u, v ´G �º:"KG ¥u Úv �m

u)�{�D4��=�±e^�¤áµ

(a) º:u Úv ´r�Ì�§=éG �z�A��λ§�A�A�ÝK÷vFλeu = ±Fλev"

(b) A��| suppG(u) =d�ê½�g�ê�¤"äN/§éz�A��λ ∈ suppG(u)§�3

��Ã²�Ïf�ê∆ ±9�êa, bλ ¦�

λ =
1

2

(
a+ bλ

√
∆
)
.

(c) é?¿A��λ ∈ suppG(u)§

λ ∈ S+ ⇐⇒ λ0 − λ
g
√

∆
∈ 2Z � λ ∈ S− ⇐⇒ λ0 − λ

g
√

∆
∈ 2Z + 1,

Ù¥λ0 ´G �Ì�»§�g = gcd
({

λ0−λ√
∆

: λ ∈ suppG(u)
})
"

d	§eþã^�¤á§Kk±e(Øµ

(i) �3�������mτ0 ¦�u Úv �mu)�{�D4§�

τ0 =
π

g
√

∆
.

(ii) �{�D4u)��mτ ´τ0 �Ûê�§=�3,��êk ≥ 0 ¦�τ = (2k + 1)τ0"

(iii) �{�D4�� �γ = e−iτλ0"

Ún2.1. (Li � [8]) �G ´n �º:þ�ëÏr-�Kã§�÷vr ≥ 2"-v �G �?¿��º:"

(i) eG ����ã§KA��| ���÷v|suppG(v)| ≥ 3¶

(ii) eG ���ã§KA��| ���÷v|suppG(v)| = 2"

3. ÿÐ�)ã��{�D4©Û

3.1. ÿÐ�)ã�Ì©)

�G ÚH ´ü�ã§Ù¥V (G) = {v1, v2, . . . , vn}§|V (H)| = m"�ãG kn �º:§Ù��
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λ1 > λ2 > · · · > λd1 ,

éA�­ê©O�r1, r2, . . . , rd1"�ãH km �º:§Ù��Ý
AH �pÉA��U4~^Sü

��

µ1 > µ2 > · · · > µd2 ,

éA�­ê©O�s1, s2, . . . , sd2"ãG �H �ÿÐ�)ã§P�G ∗H§Ùº:8Ú��'X½Â
Xeµ

º:8µ

V (G ∗H) = {(v, 0) | v ∈ V (G)} ∪ {(vi, w) | vi ∈ V (G), w ∈ V (H)},

Ù¥(v, 0) L«ãG �º:v ��§(vi, w) L«éAuG �1i �º:vi �@�°H ¥�º:w"

��'Xµ éu?¿ü�º:(vi, w) Ú(vj , u)£#Nw ½u �0¤§§���'XXe

(vi, w) ∼ (vj , u)⇐⇒



w = u = 0 �vi ∼ vj 3G, ½

i = j �w, u ∈ V (H) �w ∼ u 3H, ½

vi ∼ vj 3G, ½

vi ∼ vj 3G �w = 0, u ∈ V (H).

AO/§�vi �vj ���§1i °H ¥�¤kº:�1j °H ¥�¤kº:üü�ë§�1i °H

¥�¤kº:��G �º:vj �ë£é¡/§1j °H ¥�¤kº:��G �º:vi �ë¤"

½n3.1 (Chandrashekar�< [11]). �G ´n �º:�ã§H ´m �º:�r-�Kã"KÿÐ�

)ãG ∗H ���Ìd±eüÜ©�¤µ

(a) éuH �z�A��µi (i = 2, 3, . . . ,m)§µi ´G ∗H �A��§�­ê�n¶

(b) éuG �z�A��λi (i = 1, 2, . . . , n)§

λi(m+ 1) + r ±
√

(λi(m+ 1) + r)2 − 4rλi
2

´G ∗H �A��"

½n3.2. �G ´n �º:�ã§H ´m �º:�r-�KëÏã"KÿÐ�)ãG ∗H ���Ý

�A��9éA�A�ÝKXeµ

(a) éuH �z�A��µ 6= r§êµ ´G ∗H �A��,éA�A�ÝK�

Fµ =

(
In ⊗ Fµ(H) 0

0 0

)
, µ ∈ Spec(H) \ {r}
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Ù¥In �n �ü Ý
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(b) éuG �z�A��λ§

λ± =
λ(m+ 1) + r ±

√
(λ(m+ 1) + r)2 − 4rλ

2

´G ∗H �A��§éA�A�ÝK�

Fλ± =
1

m+
(

mλ
λ±−λ

)2

 Fλ(G)⊗ Jm mλ
λ±−λFλ(G)⊗ jm

mλ
λ±−λFλ(G)⊗ j>m m2λ2

(λ±−λ)2
Fλ(G)



y². Äk§éÿÐ�)ãG ∗H �º:?1·�IP§¦Ù��Ý
äkXe©¬/ª [11]µ

AG∗H =

(
In ⊗AH +AG ⊗ Jm AG ⊗ jm

AG ⊗ j>m AG

)
,

Ù¥Jm ��1Ý
§jm ��1��þ"

duH ´r-�Kã§Ù��Ý
AH kA��r éA�A��þ
1√
m

jm§Ù{A��µ 6= r é

A�A��þ�jm ��"�H �éAuµ �IOzA��þy£÷vAHy = µy �y ⊥ jm¤"éz

�i ∈ {1, . . . , n}§�E�þ

Yi =

(
ei ⊗ y

0

)
,

Ù¥ei ´Rn �IOÄ�þ"��O���

AG∗HYi = µYi,

�ù
�þ*d���5�"éA�A�ÝK�

Fµ =

(
In ⊗ Fµ(H) 0

0 0

)
, µ ∈ Spec(H) \ {r}

Ù¥Fµ(H) ´H éAuµ �A�ÝK"

�ÄXe/ª��þ

X± =

(
x⊗ jm
mλ
λ±−λx

)
,

�\A��§AG∗HX± = λ±X±¤á§2�âA�ÝK�½Â��

Fλ± =
1

m+
(

mλ
λ±−λ

)2

 Fλ(G)⊗ Jm mλ
λ±−λFλ(G)⊗ jm

mλ
λ±−λFλ(G)⊗ j>m m2λ2

(λ±−λ)2
Fλ(G)


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3.2. �{�D4�Ø�35

Ún3.1. é?¿u ∈ V (G§º:(u, 0) �A�| �¹uº:(u, v) �.Ê.dA��| 8§

=supp(u, 0) ⊆ supp(u, v)§Ù¥v ´V (H) ¥�?¿º:"

y². ·��±l½n3.2¥�A�ÝKá���"

½n3.3. �G ´n �º:�k-�KëÏ�ã§H ´m �º:�r-�KëÏã"�

√
(k(m+ 1) + r)2 − 4rk

Ø��ê�§KÿÐ�)ãG ∗H ¥Ø�3�{�D4"

y². ·�y3|^�y{5`²A�| ¥�A��Ø÷v½n2.1¤�¦�Ñ´�ê½´�g

�ê�^�5Ä½�{�D4�u)"dÚn3.1��§·��I��Äsupp(u, 0)�A�| "Ä

k§·��Ä�supp(u, 0)¥�A��Ñ��ê��¹§Ï�k ´G �Ì�»§¤±�½3G �¤

k:�A�| �¥§Ïdk± áusupp(u, 0)§@ok+ + k− =
√

(k(m+ 1) + r)2 − 4rk ��ê§

gñ"

y3�ÄA�| ¥��Ñ��g�ê��¹§dÚn2.1��§3A�| ¥Ø
k�	§�

���3��A��λ 6= k,@ok±Úλ± Ñáusupp(u, 0)"5¿�

(λ+ − λ)(λ− − λ) = −λ2m

Ø�-λ+�
a+b+

√
∆

2
, -λ−�

a+b−
√

∆
2

,�\þª��

(
a+ b+

√
∆

2
− λ

)(
a+ b−

√
∆

2
− λ

)
=
(a

2
− λ
)2

+
1

2

(a
2
− λ
)

(b+ + b−)
√

∆ +
1

4
b+b−∆

= −λ2m

5¿�
√

∆ ´Ãnê§
λ ��ê§¤±þª��¤áK7L÷va
2
− λ = 0 ½öb+ + b− = 0"

�a
2
− λ = 0 �§5¿�a = 2λ§K|suppG(u)| = 1§gñ"�b+ + b− = 0 �§��a = λ+ + λ− =

λ(m+ 1) + r§Ón½�|suppG(u)| = 1 gñ"�y.§Ø�3�{�D4"

~3.1. -G �3 �C3§��ã§d�n = 3§k = 2"-H �ü�:���ãK2§d�m = 2§

r = 1"²O��� √
(k(m+ 1) + r)2 − 4rk =

√
41,

Ø��ê§u´3C3 �K2 ��)ãpØ�3�{�D4"
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