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Abstract  
 

Motivated by recent developments in the field of topological superconductors, we show that there is a two 
dimensional Majorana sea (2DMS) on the interface of three dimensional Dirac superconductors (3DDS) with 
singlet symmetry. The 3DDS with s-wave couplings resembles attractive pseudo-scalar interaction in the 
relativistic Dirac theory. In the absence of Zeeman field, there is a topological phase transition in the 
competition between Dirac and superconducting gap which leads to perfect Andreev-Klein transmission. The 
2DMS shows a resonant peak with robust character in the differential conductance of the junction between 
three dimensional Dirac material (3DDM) and 3DDS. Furthermore, 4ð periodic Josephson current in the 
junction of 3DDS/ 3DDM / 3DDS is shown as another sign of Majorana fermions and fermion parity switch. 
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½ÂÌ»�§��Â�u��­�f�»�¶�§��{�Z¿Y�ÂËZ»�ÉZÅ�µZ�eYd�Y.  

 
��¶°�� -�µZ¼fuY �É{Z��Ì£�ÂË�|¿M�[Ze�Z]�Á��a��y�Z]�É{Z��ÂË�|¿M�[Ze�Z]

�¾Ìq��y�Z]Ã�}�{Á�§�ÄËÁY��\�u��] �É��¿Y�ÉY�]0  |��Ã{Y{�½Z�¿�Ã
d�Y .Y�]�µZ¼fuY�Á{�¾ËY��Â¼n»d�Y�¶»Z¯�ÂË�|¿M�[Ze�Z]�Á�d�Y�®Ë��].   

�ÄË��¿�ºÌ¼ e�Z]BTKÊ»�,���Ì¿�Y��µZ�eY�Ê¸Ì�¿Y�¨Ë{�Ê³|À¿Z���½YÂe
{�¯�Ä^�Zv»��Ë��c�Â��Ä][7]:  

2 22
0 , ,( ) ( / ) 1 ( , ) ( , )A n N n

n

G G e h r r 



    
 

    
 

    )�(   

�Ä//¯ ,   �d//Æm��Á�ÊÀÌb//�Y�É�//Ì³ 2
0 /G e h��ÉZ//f¿YÂ¯

d�Y�Ê³|À¿Z�� .�Z]�ÂË�|¿M�[Ze�Z]�\ËY��, ( , )A nr   ��\ËY���Á
�Z]�µZ»�¿�[Ze�Z], ( , )N nr   �Ã|��Ã{Y{�½Z�¿�|¿Y.  

 
� �¶°��- �µZ�eY�®e�Ê¸Ì�¿Y�¨Ë{�Ê³|À¿Z��3DDM/3DDS �\�u��]�Ä¯

d�Y� Ã|�� �ZnÀÆ]�Ê¯Y�Ë{�É��¿Y�¥Z³ .�ÉZÅ�Y{Â¼¿� Ä�Â¼n»{a , b, c, d}�
� �Ë{Z¬»� ÉY�] / 2,3,4,5D   d�Y� Ã|�� º��.��¥Z³� ¾ÌÀr¼Å

��]Y�]�ÊËZ¿Z���]Y5 5 D  .  
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��{�Ê¸Ì�¿Y�¨Ë{�Ê³|À¿Z����¶°��  d�Y�Ã|��Ã{Y{�½Z�¿ .�É��¿Y��{
�Ä¸«�®Ë��¨��É|Ë|�e��Y|¬»�Z]2G0����Â/�u�Ä¿Z�¿�Ä¯�{�Y{�{ÂmÁ

½ÂÌ»�§�ÉZÅ�d�Z¿Y�ÂËZ» .�����ÉZ/Å�f»Y�Za�cY�/ÌÌ¤e�Ä/]�d^/�¿�Ä¸«�¾ËY
��Y��{Â/y�½Z°»�Á��Y|¬»�Á�d�Y�¹ÁZ¬»�ÊËZÌ¼Ì��¶Ì�¿Zfa��Ì�¿�ºf�Ì�

Ê»��¨u�|À¯.  
 ��d¼/�«��{�ºÌf§�³���¿��{�Z»�Ä¯�É| ]��ZfyZ�)[ (��Y���¶°/���

d�Y�Ã|��Ã{Y{�½Z�¿ .������ÉZ¿Z/���]Y�Á{�Ä/¯�½Â/�§�Âm�µZ/�eY�®/Ë
��®ÌaÂ°//�Á�¯Z»��Z//§�¥Ôf//yY�ÉY�Y{�,µZ//�eY�ÉÂ//��Á{�Ê//¯Y�Ë{

�ÊËZ¿Z���]Y
L R   ��|Àf/�Å .�����Ë�eZ/»��Á���Y�Ã{Z¨f/�Y�Z/]
d·Zu�É��¿Y�,{�]Y�e��ÉZÅ�|Ì¬»��{�ÂË�|/¿M��|/u���ÃZ/eÂ¯�µZ/�eY[8] , 

SL  , �Ä¯S��,d�Y�ÊËZ¿Z���]Y�Ä�z�»�µÂ� ��c�Â/��Ä]
Ê»�d�|]��Ë��ËMÀ,|  

  5 2n n Cos    )�                       (            
�Ä¯n���d/�Y�µZ»�¿�d·Zu��{�Ê¿Â�§�Âm�µZ�eY�Ê³|À¿Z��[9] �Á

Ê»�d�|]��Ë��c�Â��Ä]�|ËM:  
1 2 2 2 2cosh ( ) sinh ( ) /n n n nL L       )��              (  

Ä¯ 2 2 2
n D nk     �ÁL��ÄÌuZ¿�µÂ�3DDM�d�Y. 

 
��¶°�� -�d·Zu�É��¿Y��ÂË�|¿M�|Ì¬»�ÉZÅ�Á�ÊËZ¿Z���]Y��Z§�¥ÔfyY�\�u��]

µZ�eY�Ê����Ä¨·Â» .d·Zu�¾ËY��[ÁZÀe�Ã�Á{�ÉY�Y{�ZÅ4ð�|Àf�Å.  
�Ä�]Y��Ê¿Âf¸Ì»ZÅ)� (��Z§�ÌÌ¤e�Ä]�d^�¿2    �d�Y{�ÁZ¿

d·Zu�Ê·Á��Ä�]Y���{�Ä¯�ÂË�|¿M�|Ì¬»�ÉZÅ)� (���ÉY�Y{�|/¿|»M�d/�|]
�[ÁZÀe�Ã�Á{4ð�|Àf�Å .�Ä¯�Êf·Zu��{  ����d/·Zu��/Å�,|/�Z]

¥Z³�½|��Äf�]�®Ë�Z]�ÂË�|¿M�|Ì¬»�Á��nÀ»����Ê¿Â/Ì»�§�Ä/fË�Za��ÌÌ¤e
f�Ì��{|��®Ë�Ã�Y|¿Y�Ä]�ºÊ»�{Â� .{Y| e�¾ËY�]ZÀ], N0 ,�d/·Zu���ÉZ/Å
�|Ì¬»�ÂË�|¿M�Ã|ÀÀ¯�¾ÌÌ e�ºf�Ì��Ê¿ÂÌ»�§�ÄfË�Za|Àf�Å��Ä¯�É�Â��Ä]
��³YN0��|�Z]�kÁ���³Y�Á�{�¯�|ÅYÂy��ÌÌ¤e�Ê¿ÂÌ»�§�ÄfË�Za�|�Z]�{�§
�Za{�¯�|ÅYÂz¿��ÌÌ¤e�ÄfË .Ì¤e�Ê°Ë�Ì§�LZ�À»�Ê¸]M�Ì£��Z»M�Ä]�ÄfË�Za��Ì

½ÂÌ»�§�Ê»�]�Z¿Y�ÂËZ»�ÉZÅ��{{�/³ .����Ä/�]Y���Y�Ã{Z¨f/�Y�Z/])� (��½Z/Ë�m
½ÂÌ»�§�ÉY�]�½Â�§�Âm�Ê»�d�|]��Ë��c�Â��Ä]�Z¿Y�ÂËZ»�ÉZÅ�|ËM:  
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�Ä¯ 5 / 2c n
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I e   
������µZ/�eY��{�½Â/�§�Âm�Ê/¿Y�v]�½Z/Ë�m

d�Y .�������¾Ì/]��Y�Y��Ê¿Â/Ì»�§�Ä/fË�Za�ÉZ/¬]�Ä/¯�ÊËZÅ|/ÀËM�§�[ZÌ£��{
Ê//»�Ê//»�É�//�¯�½Â//�§�Âm�½Z//Ë�m�,|//¿�]���Â//�u�Ä¿Z//�¿�|//¿YÂe

½ÂÌ»�§���°/�Y�Ä^/��Ê¯Y�Ë{�ÉZ¿Z���]Y�t���ÉÁ���]�Z¿Y�ÂËZ»�ÉZÅ��·Z
|�Z]�É| ]�Ä�.  

ÄnÌf¿�É�Ì³  
�Ä¯�ºË{Y{�½Z�¿�Z»����Ä^/��ÊËZ¿Z/���]Y�¥Z/³�Z]�Ê¯Y�Ë{�ÉZ¿Z���]Y�®Ë

�®Ë�Â·ÂaÂe�ÉZ¿Z���]Y�®Ë��·Z°�YÉY{�ÁZ¿�Z]�®Ë�Â·ÂaÂe Z�d�Y .
�É{Z��Ì£�ÂË�|¿M�[Ze�Z]µZ�eY�¥Ôy�]�����Á{�Ê/¯Y�Ë{�Á�É�/¸§�ÉZ/Å

¾Ì§Y�³��Ì�¿�É| ], ºÅ�]�ÄnÌf¿��{�¾Ìb�Y��À¯-{�Y{�{ÂmÁ��Y|» .��{
É��¿Y�d·Zu- �ÂË�|/¿M�[Ze�Z]��¨�- ����Á�{�Y{�{Â/mÁ�¶/»Z¯�¾/ËÔ¯

Ä¸«�ÉY�Y{�µZ�eY�Ê¸Ì�¿Y�¨Ë{�Ê³|À¿Z�����d/]Zi��Z¨e�Y�Z]�ÉY2G0���{
�Ä¯�d�Y��¨��É��¿Y�d/�Y�¹ÁZ¬»�ÊËZÌ¼Ì��¶Ì�¿Zfa��ÌÌ¤e�Ä]�d^�¿ .�

�¾ËY�½Â�§�Âm�½ZË�m�¾ÌÀr¼Å��Ì¿��ZfyZ��É��¯���[ÁZ/Àe�Ã�Á{�Z/]
4ð d�Y�Ê»�ºf�Ì��Ê¿ÂÌ»�§�ÄfË�Za��ÌÌ¤e�Ä]��nÀ»�Ä¯�{Â�.  
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