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c© 1999 £. �.�. �ã¯­¨ª∗����� ��� ��Ǳ��Ǳ����������� ������������� �������������������� � ������� ��Ǳ����������� áá¬ âà¨¢ îâáïD-¬¥à­ë¥ áã¯¥àá¨¬¬¥âà¨ç­ë¥ ª «¨¡à®¢®ç­ë¥ â¥®à¨¨ á ¢®á¥¬ìîáã¯¥à§ àï¤ ¬¨ (D 6 6; N = 8) ¢ à ¬ª å £ à¬®­¨ç¥áª¨å áã¯¥à¯à®áâà ­áâ¢. �ää¥ªÄâ¨¢­®¥  ¡¥«¥¢® ­¨§ª®í­¥à£¥â¨ç¥áª®¥ ¤¥©áâ¢¨¥ ¤«ï D = 5 á®¤¥à¦¨â á¢®¡®¤­ë© ç«¥­ ¨ç«¥­ �¥à­ {� ©¬®­á . �ää¥ªâ¨¢­ë¥ N = 8 áã¯¥à¯®«¥¢ë¥ ¤¥©áâ¢¨ï ¤«ï D 6 4 ¬®Ä£ãâ ¡ëâì ¢ëà ¦¥­ë ç¥à¥§ áã¯¥à¯®â¥­æ¨ «ë, ã¤®¢«¥â¢®àïîé¨¥ áã¯¥à¯®«¥¢ë¬ á¢ï§ï¬¨ (6−D)-¬¥à­ë¬ ãà ¢­¥­¨ï¬ � ¯« á . �¡áã¦¤ ¥âáï à®«ì  «ìâ¥à­ â¨¢­ëå £ à¬®­¨Äç¥áª¨å áâàãªâãà. 1. ���������®­æ¥¯æ¨ï £ à¬®­¨ç¥áª®£® áã¯¥à¯à®áâà ­áâ¢  (HSS) ¡ë«  ¢¯¥à¢ë¥ ¢¢¥¤¥­  ¤«ï ¢­¥Ä¬ áá®¢®£® ®¯¨á ­¨ï ¬ â¥à¨ «ì­ëå, ª «¨¡à®¢®ç­ëå ¨ £à ¢¨â æ¨®­­ëå áã¯¥à¯®«¥¢ëåâ¥®à¨© á D = 4, N4 = 2 áã¯¥àá¨¬¬¥âà¨¥© [1, 2]. HSS-¯®¤å®¤ ¨á¯®«ì§®¢ «áï â ª¦¥ ¤«ï¯®á«¥¤®¢ â¥«ì­®£® ®¯¨á ­¨ï £¨¯¥à¬ã«ìâ¨¯«¥â®¢ ¨ ¢¥ªâ®à­®£® ¬ã«ìâ¨¯«¥â  á D = 6,N6 = 1 áã¯¥àá¨¬¬¥âà¨¥© [3]. �«ï ª« áá¨ä¨ª æ¨¨ íâ¨å ¬®¤¥«¥© ¢ à §«¨ç­ëå à §¬¥à­®áÄâïå ¢¬¥áâ® ç¨á«  á¯¨­®à­ëå ¯à¥¤áâ ¢«¥­¨© ¤«ï áã¯¥à§ àï¤®¢ND ã¤®¡­® ¨á¯®«ì§®¢ âì¯®«­®¥ ç¨á«® áã¯¥à§ àï¤®¢N = 8. �­¨¢¥àá «ì­®áâì £ à¬®­¨ç¥áª¨å áã¯¥à¯à®áâà ­áâ¢á¢ï§ ­  á ¯®áâà®¥­¨¥¬N = 8 ¬®¤¥«¥© ¤«ï à §¬¥à­®áâ¥©D < 6 ¯®áà¥¤áâ¢®¬ à §¬¥à­®©à¥¤ãªæ¨¨. HSS-¤¥©áâ¢¨ï ¤«ï £¨¯¥à¬ã«ìâ¨¯«¥â®¢ q+, ! ¨ ¯à¥¯®â¥­æ¨ «  �­£ {�¨««á V ++ ®¯¨áë¢ îâáï ã­¨¢¥àá «ì­ë¬¨ ä®à¬ã« ¬¨ ¢® ¢á¥å à §¬¥à­®áâïå D 6 6. �¥¬ ­¥¬¥­¥¥N = 8 áã¯¥àá¨¬¬¥âà¨¨ ¨¬¥îâ ­¥ª®â®àë¥ á¯¥æ¨ä¨ç¥áª¨¥ á¢®©áâ¢  ¢ ª ¦¤®© à §Ä¬¥à­®áâ¨, á¢ï§ ­­ë¥ á à §«¨ç¨ï¬¨ ¢ áâàãªâãà¥ £àã¯¯ �®à¥­æ  LD, £àã¯¯ ¬ ªá¨¬ «ìÄ­ëå  ¢â®¬®àä¨§¬®¢ RD ¨ ¬­®¦¥áâ¢ æ¥­âà «ì­ëå § àï¤®¢ ZD. � ç áâ­®áâ¨,  «ìâ¥àÄ­ â¨¢­ë¥ HSS-áâàãªâãàë ¡ë«¨ ­ ©¤¥­ë ¤«ï á«ãç ¥¢ D = 2 [4] ¨ D = 3 [5]. �ë ¡ã¤¥¬¨§ãç âì HSS-ª®­áâàãªæ¨¨ ­¨§ª®í­¥à£¥â¨ç¥áª¨å íää¥ªâ¨¢­ëå ¤¥©áâ¢¨© ¤«ï  ¡¥«¥¢ëåª «¨¡à®¢®ç­ëå áã¯¥à¬ã«ìâ¨¯«¥â®¢ ¢ à §¬¥à­®áâïå D = 1; 2; 3; 5 á ¯®¬®éìî  ­ «¨â¨Äç¥áª®£® ¯à¥¯®â¥­æ¨ «  V ++ ¨ (6−D)-ª®¬¯®­¥­â­®© ­ ¯àï¦¥­­®áâ¨W (V ++), ã¤®¢«¥Äâ¢®àïîé¥© áã¯¥à¯®«¥¢ë¬ á¢ï§ï¬. �­ «®£¨ç­ë¥ ¯à®¡«¥¬ë ®¡áã¦¤ «¨áì à ­¥¥ ¢ à ¬Ä
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����� ��� ��Ǳ��Ǳ���������� � ������������� ������� 325ª å ª®¬¯®­¥­â­®£® ¯®«¥¢®£® ä®à¬ «¨§¬  ¨«¨ ä®à¬ «¨§¬  áN = 4, D = 1; 2; 3 áã¯¥à¯®Ä«ï¬¨ (á¬. [6{9]).�á­®¢­ë¬ à¥§ã«ìâ â®¬ íâ®© à ¡®âë ï¢«ï¥âáï ¯®áâà®¥­¨¥ ¢ ¯®«­®¬N = 8 áã¯¥à¯à®Äáâà ­áâ¢¥ ¤«ï à §¬¥à­®áâ¥©D = 1; 2; 3; 5 ªã«®­®¢áª¨å íää¥ªâ¨¢­ëå ¤¥©áâ¢¨©, ª®â®àë¥á®¤¥à¦ â ¯à®¨§¢¥¤¥­¨¥ £ à¬®­¨ç¥áª¨å á¢ï§­®áâ¥© ¨ áã¯¥à¯®â¥­æ¨ «®¢ fD(W ), ã¤®¢Ä«¥â¢®àïîé¨å (6−D)-¬¥à­ë¬ ãà ¢­¥­¨ï¬ � ¯« á .�§ ¨¬®¤¥©áâ¢¨ï áã¯¥à¯®«¥© á ¢®á¥¬ìî áã¯¥à§ àï¤ ¬¨ ¨¬¥îâ ã­¨¢¥àá «ì­ë¥ ¨ á¯¥Äæ¨ä¨ç¥áª¨¥ á¢®©áâ¢  ¢ à §«¨ç­ëå à §¬¥à­®áâïå, ®¤­ ª® à¥è¥­¨¥ ¡®«ìè¨­áâ¢  £¥®¬¥âÄà¨ç¥áª¨å ¨ ¤¨­ ¬¨ç¥áª¨å ¯à®¡«¥¬ ã¯à®é ¥âáï ¢ HSS-ä®à¬ «¨§¬¥. (6 − D)-¬¥à­ë¥ãà ¢­¥­¨ï � ¯« á  ¤«ï ­¨§ª®í­¥à£¥â¨ç¥áª¨å áã¯¥à¯®â¥­æ¨ «®¢ ¢ëâ¥ª îâ ¨§ ª «¨¡à®Ä¢®ç­®© ¨­¢ à¨ ­â­®áâ¨ ¢ HSS. �¥®à¥¬ë®¡ ®âáãâáâ¢¨¨ ¯¥à¥­®à¬¨à®¢ª¨ á¢ï§ ­ë á ¯®¨áÄª®¬ RD-¨­¢ à¨ ­â­ëå à¥è¥­¨© íâ¨å ãà ¢­¥­¨©. �­ «¨§ ãà ¢­¥­¨© ¤«ï áã¯¥à¯®â¥­æ¨Ä «®¢ á¢ï§ ­ á áãé¥áâ¢®¢ ­¨¥¬  «ìâ¥à­ â¨¢­ëå HSS-áâàãªâãà, ¨á¯®«ì§ãîé¨å à §«¨çÄ­ë¥ â¨¯ë £ à¬®­¨ª ¢ D 6 3, N = 8 â¥®à¨ïå, ª®â®àë¥  ¤¥ª¢ â­® ®âà ¦ îâ á¢®©áâ¢ ¯à¥®¡à §®¢ ­¨© ¤ã «ì­®áâ¨ ¢ íâ¨å ¬®¤¥«ïå.2. ����������� �������� � Ǳ������ ������������� ��Ǳ��Ǳ������������2.1. � áá¬®âà¨¬ ªà âª® £ à¬®­¨ç¥áª®¥ áã¯¥à¯à®áâà ­áâ¢® á D = 5, N = 8 áã¯¥àÄá¨¬¬¥âà¨¥©. �¡é¥¥ 5-¬¥à­®¥ (5D) áã¯¥à¯à®áâà ­áâ¢® ¨¬¥¥â ª®®à¤¨­ âë z = (xm; ��i ),£¤¥m ¨ � { 5-¢¥ªâ®à­ë¥ ¨ 4-á¯¨­®à­ë¥ ¨­¤¥ªáë £àã¯¯ë�®à¥­æ L5=SO(4; 1), á®®â¢¥âÄáâ¢¥­­®,   i { 2-á¯¨­®à­ë© ¨­¤¥ªá £àã¯¯ë  ¢â®¬®àä¨§¬®¢R5=SU(2). �­â¨á¨¬¬¥âà¨çÄ­ë¥ 5D �-¬ âà¨æë (�m)�
 ¨ ¨­¢ à¨ ­â­ ï á¨¬¯«¥ªâ¨ç¥áª ï ¬ âà¨æ  
�� ¬®£ãâ ¡ëâì¢ëà ¦¥­ë ç¥à¥§ ¬ âà¨æë �¥©«ï ¨ "-á¨¬¢®«ë ¢ SL(2; C).�¤®¡­® ¨á¯®«ì§®¢ âì ¡¨á¯¨­®à­ë¥ ¯à¥¤áâ ¢«¥­¨ï 5D ª®®à¤¨­ â¨ ç áâ­ëå¯à®¨§¢®¤Ä­ëå x�� = 12(�m)��xm; @�� = 12(�m)��@m: (1)�á­®¢­ë¥ á®®â­®è¥­¨ï ¬¥¦¤ã á¯¨­®à­ë¬¨ ¯à®¨§¢®¤­ë¬¨ Dk� ¢ ®¡é¥¬ D = 5, N = 8áã¯¥à¯à®áâà ­áâ¢¥ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:
{Dk�; Dl
} = i"kl(@�
 + 12
�
Z); (2)£¤¥ Z { ¢¥é¥áâ¢¥­­ë© æ¥­âà «ì­ë© § àï¤.R5-¨­¢ à¨ ­â­ë¥ ¯à®¥ªæ¨¨ á¯¨­®à­ëå ¯à®¨§¢®¤­ëå D±� = u±i Di� ¨ ª®®à¤¨­ â £ àÄ¬®­¨ç¥áª®£® áã¯¥à¯à®áâà ­áâ¢  � = (xmA ; ��+; ��−) ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë á ¯®¬®éìîSU(2)=U(1)-£ à¬®­¨ª u±i ¯®  ­ «®£¨¨ á â¥¬, ª ª íâ® á¤¥« ­® ¢ à ¡®â¥ [1] (i { 2-á¯¨Ä­®à­ë© ¨­¤¥ªá SU(2) ¨ q = ±1 { U(1)-§ àï¤). �­ «¨â¨ç¥áª¨©  ¡¥«¥¢ ¯à¥¯®â¥­æ¨ «V ++(�; u) ®¯¨áë¢ ¥â 5D ¢¥ªâ®à­ë© áã¯¥à¬ã«ìâ¨¯«¥â, ª®â®àë© ¢ª«îç ¥â ¢¥é¥áâ¢¥­Ä­®¥ áª «ïà­®¥ ¯®«¥ �, ¬ ªá¢¥««®¢áª®¥ ¯®«¥ Am, ¨§®¤ã¡«¥â 4-á¯¨­®à®¢ ��i ¨ ¢á¯®¬®£ Äâ¥«ì­ë© ¨§®âà¨¯«¥âXik. �¥é¥áâ¢¥­­®¥ áª «ïà­®¥ áã¯¥à¯®«¥ íâ®© â¥®à¨¨ ¢ëà ¦ ¥âáï



326 �.�. ��Ǳ���ç¥à¥§ £ à¬®­¨ç¥áªãî á¢ï§­®áâì á U(1)-§ àï¤®¬−2:W = −
i2D+�D+� ∫ du1 V ++(x; u1)(u+u+1 )2 = −2iD(+2)V −−; (3)£¤¥ (u+u+1 )−2 { £ à¬®­¨ç¥áª ï ®¡®¡é¥­­ ï äã­ªæ¨ï [2]. �â¨ áã¯¥à¯®«ï ã¤®¢«¥â¢®àïîâá«¥¤ãîé¨¬ á¢ï§ï¬: D++V −− = D−−V ++; D±±W = 0; (4)D(+2)�� W = 0; D(+2)�� = D+�D+� −

14
��D+�D+� : (5)�¥âàã¤­® ¯®áâà®¨âì ­ ¨¡®«¥¥ ®¡é¥¥ ­¨§ª®í­¥à£¥â¨ç¥áª®¥ U(1)-ª «¨¡à®¢®ç­®¥ ¤¥©-áâ¢¨¥ ¢ ¯®«­®¬D = 5, N = 8 £ à¬®­¨ç¥áª®¬ áã¯¥à¯à®áâà ­áâ¢¥S5 = ∫ d5x d8� du V ++V −−
[g−25 + k5W ]; (6)£¤¥ g5 { ª®­áâ ­â  á¢ï§¨ à §¬¥à­®áâ¨ 1=2,   k5 { ¡¥§à §¬¥à­ ï ª®­áâ ­â  5D ¢§ ¨¬®Ä¤¥©áâ¢¨ï �¥à­ {� ©¬®­á .�¨§ª®í­¥à£¥â¨ç¥áª®¥ D = 4, N = 8 íää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ á®åà ­ï¥â £àã¯¯ã  ¢â®Ä¬®àä¨§¬®¢SU(2) ¨ ­ àãè ¥âUR(1)-á¨¬¬¥âà¨î. �®®â¢¥âáâ¢ãîé¨©D = 4 áã¯¥à¯®â¥­Äæ¨ « f(W;W ) = [F (W )+F (W )] ã¤®¢«¥â¢®àï¥â 2D ãà ¢­¥­¨î� ¯« á , ª®â®à®¥ ¨¬¥¥ââ®«ìª® £®«®¬®àä­ë¥ ¨  ­â¨£®«®¬®àä­ë¥ à¥è¥­¨ï.2.2. �­ «®£¨ç­ ï D = 3, N = 8 ª «¨¡à®¢®ç­ ï â¥®à¨ï ¬®¦¥â ¡ëâì ¯®áâà®¥­  ¢áã¯¥à¯à®áâà ­áâ¢¥ á £àã¯¯®©  ¢â®¬®àä¨§¬®¢ R3 = SUl(2) × SUr(2). � áá¬®âà¨¬ ª®Ä®à¤¨­ âë ®¡é¥£® áã¯¥à¯à®áâà ­áâ¢  z = (x�� ; ��ia), £¤¥ ¨á¯®«ì§ãîâáï ¤¢ãåª®¬¯®­¥­âÄ­ë¥ ¨­¤¥ªáë: (�; �; : : : ) ¤«ï ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© £àã¯¯ë SL(2; R), (i; k; : : : ) ¤«ï£àã¯¯ë SUl(2), (a; b; : : : ) ¤«ï £àã¯¯ë SUr(2). �®®â­®è¥­¨ï ¬¥¦¤ã á¯¨­®à­ë¬¨ ¯à®¨§Ä¢®¤­ë¬¨ ¨¬¥îâ ¢¨¤

{Dka� ; Dlb� } = i"kl"ab@�� + i"kl"��Zab; (7)£¤¥ @�� = @=@x��,   Zab { æ¥­âà «ì­ë¥ § àï¤ë, ª®â®àë¥ ª®¬¬ãâ¨àãîâ á® ¢á¥¬¨ £¥­¥Äà â®à ¬¨, §  ¨áª«îç¥­¨¥¬ £¥­¥à â®à®¢ SUr(2).�ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï u±i ≡ u(±1;0)i ¤«ï £ à¬®­¨ª £àã¯¯ë SUl(2) ¨v(0;±1)a ¤«ï SUr(2)-£ à¬®­¨ª,   â ª¦¥ ®¡®§­ ç¥­¨ï D±±l ¤«ï l-£ à¬®­¨ç¥áª¨å ¯à®¨§Ä¢®¤­ëå ¨ V ±±l ¤«ï l-ä®à¬ë 3D £ à¬®­¨ç¥áª¨å ª «¨¡à®¢®ç­ëå áã¯¥à¯®«¥© [5]. �¡®Ä§­ ç¥­¨ï á ¤¢ã¬ï U(1)-§ àï¤ ¬¨ ¡ã¤ãâ ¯à¨¬¥­ïâìáï ¤«ï ¡¨£ à¬®­¨ç¥áª¨å áã¯¥à¯®«¥©.� «¨¡à®¢®ç­®-ª®¢ à¨ ­â­®¥ SUr(2)-¡¨á¯¨­®à­®¥ áã¯¥à¯®«¥ D = 3, N = 8 ª «¨¡à®Ä¢®ç­®© â¥®à¨¨ á®¤¥à¦¨â á®®â¢¥âáâ¢ãîéãî £ à¬®­¨ç¥áªãî á¢ï§­®áâì [5]Wab = −iD+�aD+b� V −−l ; (8)£¤¥D+b� =u+i Dib� . �â® áã¯¥à¯®«¥ ­¥ § ¢¨á¨â ®â £ à¬®­¨ª ¢  ¡¥«¥¢®¬ á«ãç ¥.



����� ��� ��Ǳ��Ǳ���������� � ������������� ������� 327SL(2; R)×SUl(2)-¨­¢ à¨ ­â­®¥ ªã«®­®¢áª®¥ íää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ ¬®¦¥â ¡ëâì ¢ëÄà ¦¥­® ç¥à¥§ áã¯¥à¯®â¥­æ¨ « f3(Wab):S3 = ∫ d3x d8� du V ++l V −−l f3(W ab): (9)� «¨¡à®¢®ç­ ï ¨­¢ à¨ ­â­®áâì ­ ª« ¤ë¢ ¥â á«¥¤ãîé¥¥ ãá«®¢¨¥ á¢ï§¨:D+c� D+c� f3(Wab) = 0: (10)�â  á¢ï§ì íª¢¨¢ «¥­â­  âà¥å¬¥à­®¬ã ãà ¢­¥­¨î � ¯« á �w3 f3(Wab) = 0; �w3 = @@W ab @@Wab : (11)R3-¨­¢ à¨ ­â­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (11) ¨¬¥¥â ¢¨¤fR3 (w3) = g−23 + k3w−13 ; w3 = √WabWab; (12)£¤¥ g3 { ª®­áâ ­â  á¢ï§¨ à §¬¥à­®áâ¨ d = −1=2,   k3 { ¡¥§à §¬¥à­ ï ª®­áâ ­â  N = 8¢§ ¨¬®¤¥©áâ¢¨ï â¨¯  �¥áá {�ã¬¨­®{�®¢¨ª®¢ {�¨ââ¥­  ¤«ï ¢¥ªâ®à­®£® ¬ã«ìâ¨¯«¥â .�â® ¢§ ¨¬®¤¥©áâ¢¨¥ å®à®è® ®¯à¥¤¥«¥­® ¤«ï ­¥­ã«¥¢ëå §­ ç¥­¨© ¬®¤ã«ï æ¥­âà «ì­ëå§ àï¤®¢ |Z|3 = √ZabZab, ª®£¤  ¥£® à §«®¦¥­¨¥ ¯® Ŵab = Wab − Zab ­¥á¨­£ã«ïà­®.�«¥¤ã¥â ®â¬¥â¨âì, çâ® áã¯¥à¯®«¥¢ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï 3D ¢¥ªâ®à­ëå ¬ã«ìâ¨¯«¥â®¢ á¡¥§à §¬¥à­ë¬¨ ª®­áâ ­â ¬¨ (ç«¥­ë �¥à­ {� ©¬®­á ) ¡ë«¨ ¯®áâà®¥­ë à ­¥¥ ¤«ï á«ãÄç ¥¢N = 4 [10] ¨N = 6 [11, 5].�¢ï§¨ ¤«ï áã¯¥à¯®«ï W ab ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì ª ª  «ìâ¥à­ â¨¢­ãî r- ­ «¨-â¨ç­®áâì á«¥¤ãîé¥© ¯à®¥ªæ¨¨ íâ®£® áã¯¥à¯®«ï ¢ ¡¨£ à¬®­¨ç¥áª®¬ áã¯¥à¯à®áâà ­áâ¢¥:W (0;2) = v(0;1)a v(0;1)b Wab = −iD(2;2)V (−2;0)l (x; u) = −i ∫ duD(−2;2)V (2;0)l (x; u); (13)£¤¥ V (±2;0)l ≡V ±±l ¨D(±2;2) = u(±1;0)i u(±1;0)k v(0;1)a v(0;1)b Dia�Dkb� .3D áã¯¥à¯®â¥­æ¨ « (11) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¨­â¥£à «  ¯® £ à¬®­¨ª ¬ v(0;±1)a :f3(Wab) = ∫ dv F3[W (0;2); v(0;±1)]; (14)£¤¥ F3 { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï á q = (0; 0). �ää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ ¢ ¯®«­®¬ áã¯¥à¯à®Äáâà ­áâ¢¥ (9) ¬®¦­® ¯à¥®¡à §®¢ âì ¢ íª¢¨¢ «¥­â­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¢ r- ­ «¨â¨ç¥áª®¬áã¯¥à¯à®áâà ­áâ¢¥:S3 = ∫ d3xD(0;−4)dv [W (0;2)]2F3[W (0;2); v(0;±1)];D(0;−4) = D(2;−2)D(−2;−2): (15)�¥àª «ì­ ï á¨¬¬¥âà¨ï á¢ï§ë¢ ¥â l-¢¥ªâ®à­ë© ¬ã«ìâ¨¯«¥âW (0;2)(V (2;0)) á r- ­ «¨-â¨ç¥áª¨¬ £¨¯¥à¬ã«ìâ¨¯«¥â®¬ !r.



328 �.�. ��Ǳ���2.3. �¢ã¬¥à­ë¥ (4; 4) áã¯¥à¯®«ï¨ á®®â¢¥âáâ¢ãîé¨¥�-¬®¤¥«¨ ®¡áã¦¤ «¨áì ¤«ï ®¡ë-ç­®£® áã¯¥à¯à®áâà ­áâ¢  ¢ [12, 13] ¨ ¢ à ¬ª å  «ìâ¥à­ â¨¢­ëå £ à¬®­¨ç¥áª¨å áã¯¥àÄ¯à®áâà ­áâ¢ ¢ [4]. � «¨¡à®¢®ç­ ï â¥®à¨ï (4; 4) à áá¬ âà¨¢ « áì ¢ ä®à¬ «¨§¬¥ (2; 2)áã¯¥à¯à®áâà ­áâ¢  [7]. �ë ¡ã¤¥¬ ¨§ãç âì £¥®¬¥âà¨î íâ®© â¥®à¨¨ ¢ à ¬ª å ï¢­® ª®Ä¢ à¨ ­â­®£® £ à¬®­¨ç¥áª®£® ä®à¬ «¨§¬ . � (4; 4) áã¯¥à¯à®áâà ­áâ¢¥ á ª®®à¤¨­ â ¬¨(y; �y; �i�; ��ia) ¡ã¤¥â ¨á¯®«ì§®¢ âìáï £àã¯¯   ¢â®¬®àä¨§¬®¢ R2 = SUc(2) × SUl(2) ×SUr(2) (á®®â¢¥âáâ¢ãîé¨¥ ®¡®§­ ç¥­¨ï á¯¨­®à­ëå ¨­¤¥ªá®¢ ¤«ï íâ¨å £àã¯¯: c { i; k; : : : ;l { �; �; : : : ; r { a; b; : : : ). �«£¥¡à  á¯¨­®à­ëå ¯à®¨§¢®¤­ëå íâ®£® áã¯¥à¯à®áâà ­áâ¢ 
{Dk�; Dl�} = "kl"��@y; (16)
{Dka; Dlb} = "kl"ab �@y; (17)
{Dk�; Dlb} = i"klZ�b (18)¢ª«îç ¥â æ¥­âà «ì­ë¥ § àï¤ë Z�b.�ã¯¥à¯®«¥¢ë¥ á¢ï§¨ ­¥ ¡¥«¥¢®© (4; 4) ª «¨¡à®¢®ç­®© â¥®à¨¨ ¨¬¥îâ ¢¨¤
{∇k�;∇l�} = "kl"��∇y; (19)
{∇ka;∇lb} = "kl"ab∇y; (20)
{∇k�;∇lb} = i"klW�b: (21)� à ¡®â¥ [4] ®¡áã¦¤ îâáï âà¨ â¨¯  £ à¬®­¨ª: u±i = u(±1;0;0) ¤«ï SUc(2)=Uc(1),l(0;±1;0)� ¤«ï SUl(2)=Ul(1) ¨ r(0;0;±1)a ¤«ï SUr(2)=Ur(1) (¢ ­ è¨å ®¡®§­ ç¥­¨ïå). �áÄ­®¢­ë¥ £¥®¬¥âà¨ç¥áª¨¥ áâàãªâãàë ª «¨¡à®¢®ç­®© â¥®à¨¨ á¢ï§ ­ë £« ¢­ë¬ ®¡à §®¬ á£ à¬®­¨ª ¬¨ u±i ¨ á®®â¢¥âáâ¢ãîé¨¬¨  ­ «¨â¨ç¥áª¨¬¨ ª®®à¤¨­ â ¬¨ �c = (yc; �+�) ¨��c = (�yc; ��+a). SO(4)-¢¥ªâ®à­ ï áã¯¥à¯®«¥¢ ï ­ ¯àï¦¥­­®áâì wm ¤«ï 2D  ­ «¨â¨ç¥áÄª®£® ª «¨¡à®¢®ç­®£® ¯à¥¯®â¥­æ¨ «  V ++c (�c; ��c; u) (c-¢¥ªâ®à­ë© ¬ã«ìâ¨¯«¥â) ¬®¦¥â¡ëâì ¯®áâà®¥­  ¯®  ­ «®£¨¨ á® á«ãç ¥¬D = 3:W�b ≡ (�m)�bWm = −iD+�D+b V −−c ; (22)£¤¥ (�m)�b { SO(4)-¬ âà¨æë �¥©«ï. W�b ã¤®¢«¥â¢®àï¥â áã¯¥à¯®«¥¢ë¬ á¢ï§ï¬,  ­ «®Ä£¨ç­ë¬ á¢ï§ï¬ â ª ­ §ë¢ ¥¬®£® â¢¨áâ®¢ ­­®£® ¬ã«ìâ¨¯«¥â  [12].� ¯®«­®¬ (4; 4) áã¯¥à¯à®áâà ­áâ¢¥ ¬®¦­® ¯®áâà®¨âì íää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ U(1)-ª -«¨¡à®¢®ç­®© â¥®à¨¨:S2 = ∫ d2x d8� du V ++c V −−c f2(Wm); (D+)2f2(Wm) = (D+)2f2(Wm) = 0: (23)�¡é¨© (4; 4) áã¯¥à¯®â¥­æ¨ « ã¤®¢«¥â¢®àï¥â 4D ãà ¢­¥­¨î � ¯« á �w4 f2(Wm) = 0; �w4 = @@Wm @@Wm : (24)R2-¨­¢ à¨ ­â­®¥ à¥è¥­¨¥ ¤«ï (4; 4) áã¯¥à¯®â¥­æ¨ «  ®¯à¥¤¥«ï¥âáï ®¤­®§­ ç­®:fR2 (w2) = g−22 + k2w−22 ; w2 = √WmWm: (25)



����� ��� ��Ǳ��Ǳ���������� � ������������� ������� 329�­ «®£¨ç­ ï äã­ªæ¨ï à áá¬ âà¨¢ « áì ¯à¨ ¨§ãç¥­¨¨ R2-¨­¢ à¨ ­â­®£® (2; 2) ªí«¥à®Ä¢  ¯®â¥­æ¨ « D = 2 ª «¨¡à®¢®ç­®© â¥®à¨¨ (4; 4) [7]. �¢­® (4; 4) ª®¢ à¨ ­â­ë© ä®à¬ Ä«¨§¬ £ à¬®­¨ç¥áª®© ª «¨¡à®¢®ç­®© â¥®à¨¨ ã¯à®é ¥â ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë ®¡ ®âÄáãâáâ¢¨¨ ¯¥à¥­®à¬¨à®¢ª¨.�¨£ à¬®­¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ (4; 4) áã¯¥à¯®â¥­æ¨ «  ¥áâ¥áâ¢¥­­® ¤«ï à¥è¥­¨©ãà ¢­¥­¨ï (24)f2(W�a) = ∫ dl dr F2[W (0;1;1); l; r]; W (0;1;1) = l(0;1;0)� r(0;0;1)a W�a; (26)£¤¥ F2 { ¢¥é¥áâ¢¥­­ ï rl- ­ «¨â¨ç¥áª ï äã­ªæ¨ï á ­ã«¥¢ë¬¨ U(1)-§ àï¤ ¬¨.�â  ¯à®¥ªæ¨ï ¢¥ªâ®à­®£® ¬ã«ìâ¨¯«¥â  (22) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ rl- ­ «¨â¨ç­®-áâ¨ ¢ âà¨£ à¬®­¨ç¥áª®¬ áã¯¥à¯à®áâà ­áâ¢¥u(±1;0;0)i l(0;1;0)� Di�W (0;1;1) ≡ D(±1;1;0)W (0;1;1) = 0; (27)u(±1;0;0)i r(0;0;1)a DiaW (0;1;1) ≡ D(±1;0;1)W (0;1;1) = 0 (28)¨ £ à¬®­¨ç¥áª¨¬ ãá«®¢¨ï¬D(±2;0;0)c W (0;1;1) = D(0;2;0)l W (0;1;1) = D(0;0;2)r W (0;1;1) = 0; (29)ª®â®àë¥  ­ «®£¨ç­ë á¢ï§ï¬ ¤«ï áã¯¥à¯®«ï q(1;1), ¯®«ãç¥­­ë¬ ¢ à ¡®â¥ [4] (¢ íâ®¬ ®¡®Ä§­ ç¥­¨¨ ­¥ ãª § ­ Uc(1)-§ àï¤). �â¬¥â¨¬, çâ® ¢¥ªâ®à­ë© ¬ã«ìâ¨¯«¥â W (0;1;1) á®Ä¤¥à¦¨â 2D ¢¥ªâ®à­®¥ ¯®«¥ ¢¬¥áâ® ¢á¯®¬®£ â¥«ì­®© áª «ïà­®© ª®¬¯®­¥­âë áã¯¥à¯®Ä«ï q(1;1).�á¯®«ì§ãï ãà ¢­¥­¨ï (26) ¨ (23), ¬®¦­® ¯®«ãç¨âì á«¥¤ãîé¥¥ íª¢¨¢ «¥­â­®¥ ¯à¥¤Äáâ ¢«¥­¨¥ íää¥ªâ¨¢­®£® (4; 4) ¤¥©áâ¢¨ï ¢ rl- ­ «¨â¨ç¥áª®¬ áã¯¥à¯à®áâà ­áâ¢¥:S2 = ∫ dl dr d2xD(1;−1;0)D(−1;−1;0)D(1;0;−1)
×

×D(−1;0;−1)[W (0;1;1)]2F2[W (0;1;1); l; r]; (30)£¤¥W (0;1;1) = −iD(1;1;0)D(1;0;1)V (−2;0;0) = −i ∫ duD(−1;1;0)D(−1;0;1)V (2;0;0): (31)�¥©áâ¢¨¥ q(1;1) ¬ã«ìâ¨¯«¥â  á  ­ «®£¨ç­®© áâàãªâãà®© (4; 4) �-¬®¤¥«¨ ¯®áâà®¥­®¢ [4]. �â®â ¬ã«ìâ¨¯«¥â ¤ã «¥­ rl- ­ «¨â¨ç¥áª®¬ã ¬ã«ìâ¨¯«¥âã !(±1;∓1).



330 �.�. ��Ǳ���2.4. �¤­®¬¥à­ë¥ �-¬®¤¥«¨ à áá¬ âà¨¢ «¨áì ¢ N = 4 áã¯¥à¯à®áâà ­áâ¢¥ [14, 15].�â® áã¯¥à¯à®áâà ­áâ¢® ¨á¯®«ì§®¢ «®áì â ª¦¥ ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë ®¡ ®âáãâÄáâ¢¨¨ ¯¥à¥­®à¬¨à®¢ª¨ ¢N = 8 ª «¨¡à®¢®ç­®© â¥®à¨¨ [6].�ë ¡ã¤¥¬ à áá¬ âà¨¢ âì D = 1, N = 8 áã¯¥à¯à®áâà ­áâ¢®, ª®â®à®¥ ®á­®¢ ­® ­ £àã¯¯¥  ¢â®¬®àä¨§¬®¢R1 = SUc(2)× Spin(5) ¨ ¨¬¥¥â ª®®à¤¨­ âë (t; ��i ), £¤¥ i { 2-á¯¨Ä­®à­ë©¨­¤¥ªá,  � { 4-á¯¨­®à­ë©¨­¤¥ªá £àã¯¯ëSpin(5) = U Sp(4). �«£¥¡à  á¯¨­®à­ëå¯à®¨§¢®¤­ëå
{Dk�; Dl�} = i"kl
��@t + i"klZ�� (32)¢ª«îç ¥â æ¥­âà «ì­ë¥ § àï¤ë Z��.�¢ï§¨ ¤«ï 1D ¢¥ªâ®à­®£® ¬ã«ìâ¨¯«¥â  á®®â¢¥âáâ¢ãîâ ãá«®¢¨ï¬ ¨­â¥£à¨àã¥¬®áâ¨¤«ï c- ­ «¨â¨ç­®áâ¨. �­ «¨â¨ç¥áª¨¥ 1D ª®®à¤¨­ âë �c = (tc; �+�) ¬®¦­® ®¯à¥¤¥«¨âìç¥à¥§ áâ ­¤ àâ­ë¥ £ à¬®­¨ª¨ u±i ≡u(±1;0;0)i . �¡®§­ ç¥­¨ï ¨  «£¥¡à  £ à¬®­¨§®¢ ­­ëåá¯¨­®à­ëå ¯à®¨§¢®¤­ëåD±� ¯®¤®¡­ë ¤«ï á«ãç ¥¢D = 1 ¨D = 5. �ã¯¥à¯®«¥¢ ï ­ ¯àïÄ¦¥­­®áâì ¤«ï á®®â¢¥âáâ¢ãîé¨å £ à¬®­¨ç¥áª¨å ª «¨¡à®¢®ç­ëå á¢ï§­®áâ¥© V ±±c ¯à¥¤Äáâ ¢«ï¥â á®¡®© 5-¢¥ªâ®àWm (¨«¨ ¡¥áá«¥¤®¢ë© ¡¨á¯¨­®àW��) ¯® ®â­®è¥­¨î ª Spin(5):W�� ≡

12(�m)��Wm = −iD(+2)�� V −−c ; D(+2)W�� = 0; (33)£¤¥ ¨á¯®«ì§®¢ ­ë Spin(5) �-¬ âà¨æë ¨ ®¡®§­ ç¥­¨ï (5).�  ¡¥«¥¢®© ª «¨¡à®¢®ç­®© £àã¯¯¥ ç¥âëà¥ ª®¬¯®­¥­âë íâ®£® ¡¨á¯¨­®à  ï¢«ïîâáïâ¢¨áâ®¢ ­­ë¬¨ áã¯¥à¯®«ï¬¨, ­ ¯à¨¬¥àD±1 W13 = D±3 W13 = 0.�ää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ ¢ ¯®«­®¬ áã¯¥à¯à®áâà ­áâ¢¥D = 1 ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:S1 = ∫ dt d8� du V ++c V −−c f1(Wm): (34)� «¨¡à®¢®ç­ ï¨­¢ à¨ ­â­®áâìS1 íª¢¨¢ «¥­â­  5-¬¥à­®¬ããà ¢­¥­¨î� ¯« á  ¤«ïáã¯¥à¯®â¥­æ¨ «  D(+2) f1(Wm) = 0 −→ �w5 f1(Wm) = 0: (35)R1-¨­¢ à¨ ­â­ë© 1-¬¥à­ë© áã¯¥à¯®â¥­æ¨ «fR1 (w1) = g−21 + k1w−31 (36)¢ëà ¦ ¥âáï ç¥à¥§ ¤«¨­ã 5-¢¥ªâ®à :w1 = (W ��W��)1=2: (37)�â¬¥â¨¬, çâ® ¯®¤®¡­ ï äã­ªæ¨ï ®¯à¥¤¥«ï¥â ªí«¥à®¢ ¯®â¥­æ¨ « D = 1 ª «¨¡à®¢®ç­®©â¥®à¨¨ ¢N = 4 áã¯¥à¯®«¥¢®¬ ä®à¬ «¨§¬¥ [6].�¨£ à¬®­¨ç¥áª ï ª®­áâàãªæ¨ï®¡é¥£® 5D áã¯¥à¯®â¥­æ¨ «  (35) âà¥¡ã¥â ¨á¯®«ì§®¢ Ä­¨ï £ à¬®­¨ª v(0;±1;0)� , v(0;0;±1)� £àã¯¯ëU Sp(4) [16] ¨ á®®â¢¥âáâ¢ãîé¥© £ à¬®­¨ç¥áª®©¯à®¥ªæ¨¨ ¡¨á¯¨­®à­®£® áã¯¥à¯®«ïf1(W��) = ∫ dv F1[W (0;1;1); v�]; (38)W (0;1;1) = v(0;1;0)� v(0;0;1)� W��; (39)
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