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RESUMEN

En este trabajo, me propondré formalizar matematicamente la Teoria Cuantica de Campos Relativistas
(TCCR), en escenarios de gravedad y supergravedad cuanticas. Se profundizara principalmente en la
necesidad ineludible de encontrar y determinar simetrias y supersimetrias isométricas y homeomorfas,
esto a proposito de campos de gauge asimétricos y entropicos. La finalidad de este articulo, es dotar a
la TCCR, de un modelo formal que reconcilie la relatividad especial y general con la mecanica cuantica,
desde dos conceptos esenciales, siendo éstos, gravedad y supergravedad cuanticas, y la relacion con sus
consecuencias logicas. Intentaremos aqui, compactar un modelo que permita predecir y detectar el
comportamiento de una particula blanca y oscura respectivamente, asi como sus interacciones con el
supergraviton y el graviton, segin corresponda, esto, cuando existe interferencia gravitonica, pero
quiero en lo principal, describir un modelo de simulaciéon por deformacion del espacio — tiempo
cuantico, cuando interactla, exclusivamente una particula supermasiva o una particula estrella, debido
a la inmensa densidad de su masa y/o energia y entender por tanto, a la gravedad, como una cualidad
propia de las particulas subatomicas cuyo centro de masa — energia es extremo, lo que permite la
distorsion del plano cuantico, a tal punto de hacerlo, en dimensiones altas o en dimensiones sin
desprendimiento y la formacion de materia y energia oscuras, integradas éstas ultimas, con la existencia
de particulas oscuras, en extremo densas, en la que la gravedad, es el inico elemento transdimensional

y multisectorial.
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ABSTRACT

In this work, I will propose to mathematically formalize the Quantum Theory of Relativistic Fields
(TCCR), in quantum gravity and supergravity scenarios. The unavoidable need to find and determine
isometric and homeomorphic symmetries and supersymmetries will be deepened, this with regard to
asymmetric and entropic gauge fields. The purpose of this article is to provide the TCCR with a formal
model that reconciles special and general relativity with quantum mechanics, from two essential
concepts, these being, quantum gravity and supergravity, and the relationship with their logical
consequences. We will try here to compact a model that allows predicting and detecting the behavior of
a white and dark particle respectively, as well as their interactions with the supergraviton and the
graviton, as appropriate, this, when there is gravitonic interference, but I want to describe a simulation
model by deformation of quantum space-time, when it interacts, exclusively, a supermassive particle or
a star particle, due to the immense density of its mass and/or energy and therefore understand gravity
as a quality of subatomic particles whose center of mass-energy is extreme, which allows the distortion
of the quantum plane, to the point of doing so, in high dimensions or in dimensions without detachment
and the formation of dark matter and energy, The latter are integrated with the existence of dark,

extremely dense particles, in which gravity is the only transdimensional and multisectoral element.
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INTRODUCCION

La Teoria Cuantica de Campos Relativistas, plantea algunas hipdtesis teodricas, las mismas que seran
abordadas en este trabajo, entre ecllas, la existencia de particulas supermasivas y particulas estrella
respectivamente, la existencia de agujeros negros a escala cuantica, la existencia de ondas cuanticas
gravitacionales por colapso de una particula estrella u oscura o por colision de dos particulas con centros
de masa y/o energia extremadamente densos, pero sobre todo, la supergravedad y gravedad cuanticas,
entendidas como un fendmeno de distorsion y deformacion del espacio — tiempo cuantico, por
interaccion de las antes referidas particulas, con o sin intervencion gravitonica y en un marco de dualidad
holografica y simetrias de gauge compactas e isométricas. El objetivo de este trabajo es cuantizar los
fenomenos antes referidos, robusteciendo la fisica de particulas que le es inherente a este sistema y por
ende, la aplicacion de la mecénica relativista a la fisica cudntica y viceversa.

RESULTADOS Y DISCUSION.

Retomo el desarrollo matematico desplegado en el volumen I de este manuscrito.

Ecuaciones de campo: Cilculos complementarios.

8(Ds) &6MDs) 8(Ds) 8(Ds) 6(Ds) 6(Ds)
D8D11’D1D8D11’D2D9D10‘DSDSDIOID8D9‘D1D8D9.

Ts S1 (x5 Cij) ® Sa(xks Gij)

1 _ 1 1 1
(x—a)(x—b)_a—b(x—b_x—a)

Feul, =0, D,X|, =0, Ds¥|, =0
Fhvla = O'D6)_()'i-)_()><)?|a = 0, Dﬂ‘_/)la = O‘

pisu(2) - g.

s
V= @ :Rh
i=1

N=n1+.”+ns

x=X1+iX2,dq=A6+iX3

DX

Dx6 0.

DX d

W = Wﬁ' [4, X]




X = x6 ,Jl:;

A
S

Wx = TrgaPexp [§ i(A#fC” + —J'CZY) ds]

X () ~(8 Z:)
0z™
0 zM™
0 ZzMN-2
X(z) ~
0
v = L
ngT
& R GY B
U(N) (1%) U(N) (1%, 0N=F)
Spin(2N + 1) spinor USp(2N)/Zs (%N)
USp(2N) (1) SO(2N +1) | (1,01
Spin(2N) |(anti)chiral spinor|| SO(2N)/Zs (%N)
SO(2N) (1) SO@2N) | (1,081
O(2N) (1) O(2N) | (1,081
SO2N + 1)|USp(2N)|O(2N)|USp(2N Y
Orgr 1/2 0 0 1/2
Oxs 0 1/2 0 1/2
D3-brane charge 1/4 1/4 —1/4 1/4
orientifold 03 03" 03~ 03"
S operation 03" 03~ 03~ 03"
0123456789
N D3looo o
03 |looo o
NS5 |loocoooo
D5 |looo 00O
F1 |o o
]3-5 o o0 00 o0




0123456789
N D3looo o
03 |ooo o
NSH loooooo
D5 |looo o000
D1 |o o
NS5 |o 000 00

11£96(t, z; q) = Trg.[(—l)FqH#tH‘sz,
(@ @oi = 1,(@ i = ]_[ (1 - ag"), (@i = ]_[ (-

(@ Q)eri = 1_[ (1-ag"), (@i = ]—[ (1-q*

(x%; Dn = (x; q)n(x_l; D
(X1, 0 Xk q)n = (xl; q)n o (xk; Q)n

am X ay amA A\
G adj adj adj adj
U(1); n n n+i n+i
U(l)c 0 2 + +
U(l)H 2 0 + +
fugacity | g™ 3126 ¢+t 26 —gntle® —gntlee

3 _
()

0

J3AHM (¢ 5. q) = —
(qitxﬂ q)

k

B CRTIEN.
(W, W), = o ds]_[ 25,(5)
1

q2t‘ze“, q) i=

1
q=gqt=qzt™?

1 -
(f.9) = Gy fff dswa(si 0,069
(e% Do
: (te%; q) o
(t(p,av) q(l’“v); q)w (t(p,aV) q(/l,av)+1; q)m
(PA; PA) = 1_[ t(p,av)+lq(l,av); q)oo(t(”'“v)‘lqa'“v)“; q)oo

a€eR*

WR(S; qt t) =
ae

(p.a¥)+1. (p.a")-1,.
(PoPy) _ [ (104 q) o (P01 0)
(1L1)

(P ) (2,00 (PG D 2,0




(11) = (102 q)  (t# g q),,
7 L @e g, e g .,

HH;}\de:zw(z)(t; ) = ;( @5 ﬁ%{ 1_[ dsl (S]L q>oo

21‘[151 zt—Z j_]l' q)m
3.9
[N =10()  ([@)=(@27 ¢
Nahm ( Q) - 1 5 1 .
(212 @)oo (qt*: q) o
X1, X2,
HHH%dN:ILU(Z)(t, XXy Q) = (% (qg, q)oo (q xp’ q)oo

1 2 /01 5 1 x
(shetsa) (a2e:3bia)_(e35210)

1 3
X1 = q4t,x, = q4t3

1 3
4dN=4U(2 1 3
11, ( )<t, X, = q&t, x, = q4t3; q)

1
4NN=4U(2 1
= HHNahm ¢ )(t; q)gS diM (t'x = q4t; q)

5 A
X1 = q4t’x2 = q4t3

<H”|:|” >4dN74 U(?)(t q)

g
:% q:et 2. fH d% (j )°° (s1+ s2)(s7

27?25”_ (qgt 2s .q)

rsgh).

1 7
X1 = q4t,x2 = q4t3

]HI;lDdN=4 U(2) (t7I1 = q%t.‘ Ty = q%t?’; Q)

- 5
= (T(I,O)T(1,0)>4N(;hjvm ! U(Q)(fEG)IBd HM(t:l‘ = q*t:q),

;v (AN =4U(2 AN =4U(Q2
MaWey Dt:9) = (Ta0T00) e A

W ¥ =13

L, @l e
— 3
(0772 ) (g4 @)

tq)

(@* @)% (@372 )

(0% @)oe (47172 9) oo (0% )
1 7

S (22% 0o (@)oo (0% @)oo (421 7%1 @) (971 @)

3 3
(@4 @)oo (72172 0) 00 (4262 @) 0e (4% 4) 00 (451 @)oo




WV ¥~ ()
(@)so(2t 2 q)uo

(4712 ) (gt 41 q) e

(% @)% (@3 @)
(gt=; q) (@31720) oo (4% 9) o
gt (q%tQ;Q)ooa(q)m(q 0o (1217% @)oo (4% 0o

(@t @)oo (032 Q) (452 @) ( % Qo0 @)oo
gt (q%fgsq)oog(q) (03 D)oo (07172 @)oo (%1 @)oo
(@ oo (17172 Qoo (312 0o (0% Do (075 Qoo

(Wi Wore )4dN' 4U(2)(

k)N q) = (k+1) (@) (2221 )

mh%@ (gt q)oe
3 248, 9,
t > 1 t 3 oo
qr1q ) q2

21
7o 5 (177 129

(mr(k)wf(k))ﬂld N =4 U(Q)(

q)
—2i —144
= (k+1)ZY@(t;q) - t4ZL—z+1 = P [q ﬁ](@:ﬂa

L .
A+1 1+1
— % Z — 3 + ]_ ( q ) 21+1
T - )
- anA
W Wiz ¥ = P =Y
n=1 1 —q 2
::q_%jzzob(Qn—fqu%
n=1
o =Y d*
dln
. _ T
<-|—/1/(k:m)'{/{’,m>4dN—4 U(Q)(q) — Z 17 q'ﬂ,
n=1
i~ 0a(2n) —os(n) »
=q 2; 1 q2.

IV = 4U(3)(t=Q).11(Q)2°fﬁ d§¢ H (j_j.%fj)oo
' Poo /i1 ' '

MN =406 4. ) _ (0)oe (221% @) e (0P @)

1
(0712 @)oo (4% )00 (9715 9) oo




My ™ =Yt 21, 29, 231 9)

(q)3, (qg,q (3L q) (qi—f'q (qi—g'Q) (fﬁ—f'fﬂ (452 @)oo

1

(072 @)%, (071220 (0722 ) o (97 221 0)oo (4712221 0) oo (471222 @) e (P 12221 )

1 3 S
X1 = q4t’x2 = q4t3,x3 = q4—t5

]DI‘IdN:4 ve) (t.rcl = q%t. To = q%t?’,ccg = q%ts; q)

_H;qualfl\rrn 1U(3 (t )I3dHM( mzqit;q)ISdHM(t:fE:q%tB;q).

5 7 k)
X1 = q4t’x2 = q4t3,x3 = q4—t5

(W )4‘“"*” (t:q)

ds pp (359),
3’(q2t 2. q)a fHZTFiSl ph (qgt 2?1:(1,)00

(514 82 +s3)(s7" + 550 +531).

1 3 9
X1 = qat, X, = qat3, x3 = qat®

]I]I%jN:4 ve) (t.:nl = q%t. 29 = q%ta,lg = q%tE‘; q)

= (T1,00/T11.00) )ﬁiﬂﬁ U 1)

« 73d HM(t, = q4t; q)IBd HM(t:m _ qgt; q)ISd HM(t: = qgta; q).

3
(TisooTaom) X =470 ) = (02778 )5 (1 @)oo
’ (4712 )2 (gt 9) e (42 9) o (4315 ¢) o

(W )4dN'_ 1 U(S)( =1 U(3)(t_1 q).

= (T11.00T(100)) Naiun

1 7 9
X1 = q4t,x2 = q4t3,x3 = q4t5

(W W >4dN’ 4U(3)(
_ (@%@ )% 31? U
(q5172:0)2, (a1 ¢) oo q)m(w—ﬁ; 7)oe
g (ff%tg;Q)oo(q)io(q%t*’;g)m(q%tfgéw (7% ool 0 1)oo
(a7 )2, (g @)oo (4717 Q) oo (07175 @) (671 @) o (0*1 @) o

(W WA W) iV =278 o

- (071 Q) (@)% (0712 Doc (a2 @)oc (0% D)oo (a4 1)
- 1 3 5
(@22 0)2 (0% oo (0712 @)oo (03175 0) oo (0% @) (0% D)o

HHic(lN:&lU(N)(t;q):L fH d.sg (ﬁ_;a )'oo

N (g




N 20:-1): g)
Mi}dé«:4U (t:q) = ( 4
ahm ;!1 q2t2k Q)oo

Ad N =4 U(N
M’D ( )(

N (35 q) oo

1 I .
(qth q}oo i#] (qgtgm_j:q)oo

2i-1
X = q—4 t2i-1

McidN 4U(N) (t,:z:i _ q%t%_l;q)

N-1
AN =4U(N 2i—1 o N—i
= Man, (tiq) [[ 2™tz = ¢ q)

(WDW )4-dN 4-U(N)(t )
i@t gt sy )w -
_Mmﬁﬂ_{ 2misi g, (th 22 ) <Z Si) <Z B )

2i—1
=q % t¥¥1i=1,-,N—-1
2N+3

xy=q & t2N-1

ledN 4U(N) ( { _ q lt%*l}Nil,:rN _ qr"“;”taNl;q)
i=1

d N UN
= (Tt 0 T.00- 0 a0 (1)

N-2 N-1
N-1—i
x I | ISd HM = q t?z 1. q) I I I3d HM(f 7= q t?z Q)
=1 =1

(T(lvoz"' ,O)T(l,cl,--- 70));(1311\;]: ! U(N) (t )

IROMCET. (t;r¥1‘2“V mﬁ (g7 126D )
=\ ! ‘
(42125 9) o0 (g% Q) (¢ t”’ Joo iy (@712 q)

(L1000 11,00 0)>4Nith: LU (t:q)

]
_ (@2 (a2% )2 (1 D)o (715 @)
- 1

(@212 0) oo (1% @)oo (47155 @)oo (4% ) oo (P15 1) o
(T(l,o,o,o,o)T(l,o 0.0 0))1%1%1th: * U(Sj( t; f])

(9)2(47¢% )% (%Y ) (0715 ) (0% )

(4712 Q) oo (1% Qoo (475 @)oo (0% €)oo (4215 0) oo (471105 @)




AN =4U(N _
o TN (L g).

WeWg >4dN LU (fS q) = (L0 0110 0)) Nahm

N =
(W)W (1k)>4d ! U(N)(tS q)

1 f d83 (j_;‘q)oo -1
= — eLls)epls s
q21‘ Q]Q)N H ZTTZSZ LL (q%t_gs-.q) ( ) ( )

ex(s) = Z Siy " Siy
15i,<<ig<N

_ i1 o, Y N—k 243 . N
4N =4UN) t{:a %tm—l} {1 — g2 tQJ—l} :
D G =1 U E j=N—k+1 1

4 dN =4 U(N
= <T<1k,0N—k)T(lk,oN—k))?qahm Hu )(t‘t?)

k-1 N k—1
i1 o N—k—i
% HIad HM(t’ - — H 73d HM q24 11‘.2"’1; q)
i=1
k-1 z' E
2i+k+1 : 2i+k+1 .
% HIBd HM(t,.’f —q +4+ t22+k73;q) H ISCI HM(fSL =q +4+ t21+k73; q)
i=1 i
i N—i
% H 73d HM(t '~’+k+1t23+k 3,(;) ‘
i=N—k+1
4dN =4U(N
(T(]_k’{]N—k)T(lk oON— k))Nahm )(t’ )
Nk (qﬂtz(z 1. )oo ﬁ ml a(m—1). @)oo (q 32 2m. e (g mENEES 19m 42N —2k—2. )
CED (@ e an @7 (@UTRMDg) (¢FET N2k g

<T(1,1,0,D)T(1,1,{],0 )iyath_ ! Um( t:q)

(@)% (421% )% (1% Q) e (1% ) (42155 9) o

(022 4)2 (1% )% (6% 0)oc (4517 D)oo (431 0) o (43155 ¢ o

(T11,1000 (11000 3t 2 (t:.9)

()2 (7% )% (1% 9)2 (4215 @)oo (4415 @) o
1 3 5 T
(q2t%; q)% (qt*: q)% (q=21; )m(ff'ff) (212 @) oo (P13 @)oo (q2119: @) oo

_ AN =1Us
(T11,1,0000 7110000 Nemm+~ Ot )

()2 (472 )% (@t )2 (07155 4) oo (4% 0) oo (G211 @) e

-1 5 T
(2% 0)2 (1% )% (1% 0)oo (0% Do (1% D)oo (43 1% 0)oc (4211% ) (41112 1)




/ dN =4U(6
(T1,1,1,000 711,000 Nain O (t: )

3 5 7 El
(9)3 (220% @)% (1 )% (421°% @) (071% 0) e (4717 ) o (921 )
= 5 T
(422%; )2 (1% @)% (4715 )2 (6% D)oo (430 0)oa (P15 )00 (63155 1) oo (4511 ) oo (4112 ¢)

. AN =4U(N) 1.
(W W ™ =" Nt q) = (Tieov-n Tarov—r)Name (74 q).

R={e—gl1l<i#j<N}
P ={g-gl1<i<j<N}

1 N N
=Ez (N—21+ 1)8,:,/1 =Z /11'51'

i=1 i=1

(si/sjpa),,

WAN_1 (S: q t) = i ’
1<i#js<N (tsi/sj’ q)oo

(P, Py) l_[ (t-i+1; q)li—aj(tj_i_lq; q)li—/l,-

Ly ey U502, Dz,
N
(1,1) = (G TR
SRS S0 S Gy

U(N)
<W<1k)Wuk>> ~ (P Pean) _ @0 O,
T BREEY) GOtV "*q; i

t—q
X@) = he = Py + 7= Pay

U(N)
WeWs),  a-gu-my  [a-@a-ah  c-ora-o
m?®  (1-9A-q)A-qt""H)|  1-g2V? (1-tH(1 —qt""2)
H4dN:4 SO(E')(f' Q) _ l (Q)OO % ds (5i§Q)oo ‘
v ’ 2(q2t-2 )0 J 27is (q31-25%1q)

3
rid N =4 USp(2)(t_ ) = (42t q) o
Nahm (g1 @)

() o (g2 @) e (g2 @) e
(42125 q) oo (g2 12025 q) o (q2 120725 )

Iy = e, 1) =

]I]I‘;.)dN:4 USp(2) (t, r = qit; q)

=M (T Mt

— ¢t q).




(H; SpIVrsp>4dN 4 Spin( 3)(t. q)
1 (@ ds — (5%1¢)w

‘ 2+s+s0).
2(q2t72 ) J 2mis (q%f_%i?‘i‘)oo( |
= (T Ty e 5P ”ZQ( )T (2 = gt )

3 5
(T T i =4 USPO 2y ) (oo (2t e (¢71% @)
ahm 1 - 1 :
& e (4712 9) oo (g2 @)oo (1 @)cx

(Hr )4dN_4 S0( 3)(t Q) _ Q'Qt

<1’1’ 11D>4dN 430( )(t,q)

(@ 1 (g3 ) (gl
BT P

é
2

3

1 T
'q)ooJr t_4(q?t2;q)m(qft*2;q)m
3 5 N
2% q)oo (q21% @)oo (9174 @) o

L 2i+3
: (a7¢%a) (a7e )
(W Wy )4—dN 45003) )_Z Cquzt‘” Zl+1 }
k i=0 ( ) (qt 4,

Cri=T(k,i)—T(k,i—1)

O )1

=0

2n
A+x+xH)" = Z T(n, k)x*
k=0

L 2k43
(W) N =1500) 1. ) _ qgt—zk(qﬂgig'lfi) w077 172 0o
5 .
(77 12 @) (g7 @)

]I]I4dN: 4 30(5)( tq)
+

_ 1 q)2 ?{H ds; (st H (SEES;E 7)o (57 S;E Q)oc
8 (q2t=2 27is; (g3t 25 )OO i< (qzt- 255 s;F,q)m(qzt 25fs i

.

3 5
AN =4 USp(4 (212 ¢) o (4215 @) o
]IH4Nahm Pl )(t; Q) -

(g% @)oo (1% @)




MtidN’ 4 USp( 4)(t 1,251 )
+ . + £,
H (qer,q H l(ql’z‘ :E;ﬂq)oo(q:::i Z; )oo .
)2t (03205 ) o (q2PaeT ) (g2 et )

1 3
X1 = q4t’x2 = q4t3

I ¥ =4 75 (t Ty = qTt 2y = q1t*; q)

_ qrid N =4USp(4) t:q) T2 ™M (¢ 2 = q%t; q)°

Nahm
l—3d HM q)ISd HM(t, r— q%tt';; Q)

<T/1vfsp I{p;p)‘ld N =4 Sptn(S)( . q)

di 'e; )00 (S SZFuq OG(S )00
qﬂt 2 fHQ.S : H 1

ot =
TS ( ta 2s; aQ)oo i< (q2t=2s; 'jaQ‘)oo(Q"’t 253‘ 55 ;)0
X (44 2(s) + 853+ s7H +557) 45150+ 8708t 4 syt +s7tsg).

3 3
X1 = q4t, x, = q4t3

]I]I%ﬂN:ﬁi USp(4) (t r = q%t,.fl‘g = qgts'; Q')

= (T, aain IO g )TN = g )T M (1 2 = gt g)

RS
X TN 0 — 3% )T V(1 0 = g% ).

3 T
_ AN =4 USp(4)/Z Doo(q21%: q)2 (4215 ¢)oo
<T(%=%)T(%r%)>;ahm e “(tig) = z 2( : 4 ) 2 )3 8
(0202 @)oo (1% @) e (625 @) oo (6315 ¢) o

S R (¢ )—q“‘(Qt:Q) (42172 @)oo(q317% @)
(4212 q)oe (@74 Qe (PT75 )

MW =5 )

3 5 1 3 7
_ @77 ) (471 ) _|_q%t_z(q?ﬂ;Q)m(qﬁt—Q;q)m(qu_4;q)m(q§f_6§9’)m
(9674 9)oo (P15 @) (4174 0)2 (4712 @) (P51 1)

9,
rz.;(qztg, Do (72672 ) oe (2™ 0)oo (031725 1) (42175 ¢) o

T4 4 ~ 3 12 3,-8 I, 9
(1= )2 (712 @)oo (173 Qoo (47172 0o

(W H>4d N=4 50(5)( tq)

= (WpWephat ¥ =7 (1) — )itV =500 (1g) — I Y =150 (1)




1 _ I,
_qit—Q(Q‘QtQ%Q’) oo (42172 0o (%14 @) (43175 )
_ o .
(=% q)2 (4717 ¢) (q3t 5 4)

W =)

3 5 4]
t_4(q2t T oo (272 @) o (P4 0)ac (2172 4) 0 (02678 ¢) o
. .

(g% q)2 (0712 @)ae (P13 ) (071725 )

]UI‘?\?NZII SO(ZN-!—])(t. q)
+.
55 ()

(55T @) oo(5;
SESE )

%‘H ng, ?, ,q H
2mis; ( qﬂf 2571 q) (g7t 255571 q)malg

00 i<j

+

i
1
2

B QNJV (q t t— 2

k+%t4k—2; ne
(¢t q) oo

T
k=1

]UI‘MN: 4 USp(?N)( )
(02727 q)oo (27271 ¢) e

q)” (277 @)
H o1 (7022507 o (q720F 071 )

=2
qngmi 0o 15

oozl

2i-1
x;=q & t2-1

Mgii\r:z; USp(2N) (t - q 121 q)
N

4d N =4 USp(2N 2i-l g5
= () [[ 2™ (2 = 77 772 g)
i=1
N-1 2N -3 2 .
« HIBd oM t T — q tZt qu)N i H ISd HM(t T = 2 t?i—o—lgq)a;\z(i).
i=1 i=1
N 2N-3
<2>q = ; ay(Dq
(n) — [n]gn— 1] [n—k+1],
k/q [1q[2]q -+ [klq
1-q"
[n]q = 1-¢q
(I({jrsplfvrsp>4d.f\lf =4 Sp’i‘r],{QN + 1)(t q)
j{H dsi  (s759) I (57571 0)oe (57573 D)oo
2” N rpt 2mis; ( q21‘ 2551 0)oe 1oy (0317257571 0)oc (0717257571 1)




N
11
X 1_[(322 +5; %)%

i=1

2i41
x=q % t?li=1,-,N

1111;‘;”“:4 USp(2N) (t —q 2l 2i1, q)
N1 2i—1
_ (T(%g...,%)T(%,._. %)>4Nc;h1\]; 4 USp(2N) /7o (t:q) Hl—ad HM(t:m —q = t?i—lgq)Nfi
i=1
2N-1
% H IBd HM(t:.’f —q thfl;q)a,N_,_l(z):
T T, 4d N = 4 USp(2N) /Lo
( (%1?% (%5'"!;)>Nahm ( q)
Lﬁ"—J 2k+1t4k 2 ) N (qutQ(k 0. q N l_i q2(k+LTJ)+3 (k"'lﬁj)_?‘q)oo
k 144k—4. N
i k=4 gy e (qthk (1% J+1pAk+[5]). )e
[x:=max{n €Z | n < x}
4d N =4 USp(6)/Z
TaspTaadiNaam ()

12
3 5 .
_ (@)oo (@213 2 (621 @)oo (0315 ) e (471 4) (45175 4) o
1 3
721% q) oo (1% ) oo (421%; 4) oo (6% @)oo (P14 @) o (61 Qoo (441721 4)

—

4d N = 4 USp(8)/Z
1)) Nakm PO (1 q)

1
12
5 9 11
_ (tI) (7% 2 (%1 Do (4715 )2 (471 @)oo (02 1 )
=1
(431%5 9)e (91 @)oc (975 0)oc (4% @) (4215 @)oo (6714 @)oo (0117 @)oo (4115 )

<T(1 p1a 0 Thadd >;ihjil=4 USp(lD)/ZQ(t;q)
_ (0)oe (75 %0) % (Pt ) (g3 1% )2,
(G702 @)oo (01" @)oe (4718 @)oo (4% ) o (265 )
(0% 0)oe (471 1) oo (03 )oe (4711 @)oa (a7 1% 1)
(43119 @)oo (%1% @)oo (045 ) oo (011121 0)oc (07116 0) oo (5120 ) 0.

tlS

d N =4 Spin(2N d N =4 USp(2N)/Z:
(WopWiphat N =45V ) = (T 0Ty i = U221 g

R={tg11<i<N}u{teg+gl1<i<j<N}
R* ={g11<i<N}U{gtgl1<i<j<N}




oy (51,0 = ﬂ i), ),
oS (ts* 'q)oo1<1<1<1v (tsilsil’q)

(PA, PA> t2N 2042, q)z/l (t2N Zlq’ q)Z;l
(L1) 1_[ (N2 Q)29 (V7201 q)
(tj_Hl;q) (t] i- 1q' q)/l iy (tZN i—j+2. q)/l oy (tZN i- ]q, q)A oy

x __
(tf_’;Q)/li—A,(t’ ' -, EVTEIL Q)N TG )4,

1<i<jsN

N
CEO A m G

1,1) =
W= gorl | @ a.

Xan(s) = Er(s) + Er_1(s)
3l
£ (S) Z (tN -r+1. t)Zk (tZN_ZT;tZ)Zk (q/t,tZN_ZT_l;tZ)k X
tN T. t)Zk (tZN—ZT—l .tz)Zk (t2 t2N—2T+2.t2)k

r—2k tN T+2k+1 —tN T+2kq tN—‘r+2kq1/2 tN—‘r+2kq1/2 t)

Z (= 1)] (V=2 ;T P(lr 2k= ,)(s e

N 2N
E(slz)= 1_[ A +zs)(1+zsih) = Z Z"E,(s)
i=1 =0

RG]
X@(s) = Er(s) + Eo(s) = Pay(s: 4. ©) +W
tV(t-q)
(X 1) =W(1 1)
N2 (t - q)?

{xay x) = (Pay, Pay) + mﬂ 1)

(PayPwy) (1 =1 —g?*"2)(1 - V)1 — qt*")

11~ A-90-g¥ 21 - g2V )
(WD SO(2N+1) tN_]_(t _ q)
HHSO(2N+1) 11— qt21v—1 ’

WeWoly ®* (11— @) -g?* )1 - M - q?") 22— q)?
HHSO(2N+1) (1 — t)(l — thN—l)Z(l — q2t2N—1) (1 — thN—l)Z )

(W We >so(21v+1).

(W) SO(2N+1) W )so(zzv+1)
]I]ISO(ZN+1) HHSO(2N+1)

(-0 - g — )
T -9 -qP (- )

SO(2N+1)
(W) - {ran 1) =&y, +E
]IH?V?(ZN+1) (1'1) N,r N,r—1

5
P (Err 1) Z ( 1)7- - (tN—‘r‘+l; t)2k (tZN—ZT; tZ)Zk (q/t, tZN—ZT—l; tz)k
Nr: (1‘1) (tN—T; t)Zk (tZN—ZT—lq; t2)2k (tZ‘tZN—2T+2; tz)k

(tN T+2k+1’ —tN T+2kq’ _tN—T+2kq1/2’ tN—T+2kq1/2; t)

=2k .k

X _ t
(IR Ty,




(W(12m+1)>50(21v+1)

. ~ tN-2m (1 — gt2m-1)
SO(2N+1) T {1 — gqt2N-2m-1
(Weemy), d
(W(lzm)>;;)(2N+l) 1 _ t2N—Z‘m+2
SO(2N+1) _ (N-2m+1(] _ (2m
(W(lzm—1)>]v_ t (1 t )
SO(2N+1)
We), _ (- -t
HH;[O(ZN+1) - (1-t3)(1 - thN—l)
SO(2N+1)

(W(13)>N V(-1 =g (1 =)
H}c\;)(zzvn) (1—t2)(1 — qt2N-1)(1 — qt?N-3)
SO(2N+1)

(W(14))N Ottt (1 =g (1 —t*V)(1 -2V 72)
PEMHD T (1 - (1 -t (1 - qe2V (1 — qt2V )

N-1

N
x3(5) = 1_[ A+s)(1+s7) =E(s 1) =2 Z E.(s) + En(s)
i=1 r=0

Spin(2N+1) N—-1
<VVSPVVSP>N -9 € P
[[0CN+D = nrtEnn
N r=0
Spin(2N+1) ,__SO(2N+1
<WSPWSP>N /15 Y @+t =gt
Spin(2N-1) ,_ " SO(2N-1) — qt2N—-1
(WepWp) /5N 1-qt

Spin(2N+1) N—1
(WepWep) T @+ —at)  (—6 DN (g Oy
HH;;)(ZN+1) 11 1— qtz"“ (qt; t2)

LN =1 USp@ I (@) ds (572 ¢)w
¢ Pl ](f; q) = 5 L(_l fQ ‘ ;( -
(g2t q) TS (225521 @) oo
3
- 2t q)
H]Icldj\;r; 450(3)@;(}) _ (q2t=; o
fab (qt*: q)oc
. —1.
I =4500) (4. 0y (¢)s (92 @)oo (g2 ) 0o

1 1 1
(72t @)oo (21221 ) o (¢2 122711 @) o

H]IﬁlDdN:zL S0(3) (t: - q%tr"; q)
_ N =15003)

. \73d HM 1.
Nahm (t; )L (t, 2 = q7t; q).
= ' I (@) ds  (s%g)e (g1t 'sTig)n
M ) = E(q%tl'q) f . :

27is (q31-25%2; )

. .
(qits*;q)oe




()= _74 ds (T2, 10
(s +s71)%

(q31721q)a J 27is (q21-25%2; q).,

D] =

Iy Y =4 596 (tl = q%tg;q)
= 5
= (T Ty s ™ 50 (1, )T M1, 2 = gt ).

3 5

1) (¢21%9)
T T 4d N =4 50(3) t:q) = (@)oo (4217 ) ; .
(T T0)) Nabmn (t:q) (q%tggq)oo(qg;q)co (14 @) o

<T 1))4(1N 4 80(3)( q)

(W) N =2 U8v@) (1 ¢) = Nahm

—2.
. \4d N =4 USp(2)' (3% )
(Wpnr "t q) = gt =
LI/ N +hyp (q2t 4} Q)oo

<W(zk))j‘;‘3 N=4USR) (1 q) = (I’V(k))jl\crlN =1590) (1)

1 2k+3
_ 2 (@259 (q 2 T g)s
o 241 ’
(472 1 @)oo(gl ™ )oc

]I]I4dN=4 Usp(a;)(t, 9)
1 _}‘{H ds;  (522q)m 1 (57571 D)oo (87551 4
8( qzt % 2mis; ( fm 2552 @)oo 1oy (@225 5T q) e (g7t 25T 5T 1 g) e

o0 g9

a 5
N = 4SO(5)( Lq) = (421%; )0 (q21% @)
Nahm " (qt%; @)oo (¢%% )

]IH%dN:4SO(5)(t T, T9;q)

(qrFaT:q)(qe

(% (477 @)
: .
 (gFt2g mU (g2 12 q‘)ooll:!(q?t2 TrT e (02120707 )

1
X, = q2t?,x, = qt*,

Iy =500 (t 11 =2 2y = gt q)

= I~ 500 (G T ™M (1,2 = giesg)?

« 73 HM(t: = q%tg; q)Iad HM(t! = q%ts; q).




<I’1D11 >4dN 4 USp(4)( q)

. 1 fH ds; 32#])00 H (s; : ;F q m(s Q)co
qzt 2 2misi (21725771 @)oo 1y (4717287571 0) (421 25* 10w
X (s1+ s+ 5y +8550).
1
% = q2t,x, = g?t*
]I]I4dN 450(8) (t,:vl = q%tr",:rg = q2t4;q)
= (T T e 20O (1) MM (1, 0 = gt ) T3 M (1,0 = gt )
x TN 3 = git®; ) T2 M (1 2 = gt ).
3 2
4d V=4 50(5) (@ <q5t2;q) <q%t6; q)
(TanTanhyyy GO =77 2 °°
(tﬁtz:q) @t% Do (0% D (33t3 Qo
;T \4dN =4US AN =480(5),,—
e M =P (5 g) = (Tao Tho)Nem (5 q),
3 7
1 (qit‘z;q) (qft‘f’;q)
(WDW“]Y‘ T ) = g (qt=%; q):(q3t‘8;q):
- \4d N =4 USp(4 ; \4d N =4 S0(5
(W) "(tq) = (W) ®t:q).
AN =4USp@Y [, 4d N =4 50(5) .
<118>N+hyp (f, Q) - (11 > (t* Q)
. \AdN =4USp(4),,. 4d N =4 S0(5) .
Uney Wi(t;q) = <WE) Ot; q).
1 j{l—[ ds; Si q)oe H (STSEF @)ools 3[ jEEQ')
~ 2NN q“-’t 2, 2mis; (q3t=2: ﬂ,q)oo i (0317257571 q) oo (g2 5T )
N 1 _
[N =1 SO(2N+1)(t_ )= 1—[ (F+3ttR=2 )
Nahm s q) = (qkt4k: Q)oo

k=1




M;ljdj\f: 1 SO(2N + ”(t, 2i:q)

(2727 @)oo (427271 )

N
(Q)N ]:[ (qmn‘i}‘g)m H

1 1 -
()Y i (2 ) 1y (0310 T ) (PR )

i
x; = qzt*

]I]I%“V24 SO(2N + 1) (t - q%t%'q)

71111;111;\]; 4 80( 2N+1) Hl—sd HM(f = L4
N-1 s 2N -3 s
« 73d HM(t)IE _ q’T_tZz‘—l;q)N—i 73 HM(t:I =g i tzi+3;q)aN(z')7
I I
s 117 \AAN =4 USp(2N),,.
(WWo)ar PV (1 )
F. + :l:.
1 fﬂ dSz 't ,Q) H (5 5 :Q)oo( 3 j:Q)oo
N 1, 9.+ %+
~ VNI qzt -2 2mis; ( qﬂ 2578 )oe 1y (031725557 ) (03 1725F 5T )

X [Z(S”" + s;l)]

i=1

i
x=qzt?,i=1,-,N—1

N
S+1
xy = qz 2N

_ AN-1 N
Iy N =4 SOGN+1) (t {r — ¢3t% }zzl N —q?“tw;q)
d N =4 SO(2N

N-2

N-2
» H THEM(p o qL;lt4i—1;q)N—z‘—1 H TREM(p o q%tmﬂ; )N

i=1 i=1

2N-1 -
% H 73d I—IM(t: = q%t%—l; q).

i=1
T T 4d N =4 SO(2N +1),.
< (1707 :0) (1101 ,D)>Nahm (t1 Q)

3 2N+3 N—2 2k+3
(oo (@78 )2 (077 Y21 g)o (g2 1% q)o

) ,El (g1t q) oo

=1
(7212 @)oo (4% @)oo (1% @)oo (VN THN: @) o




(T00Tao0) im0t q)

3 9
Do (G212 )2 (4715 0) 50 (47129 ¢) o

o 1
(071% @)oo (1% @)oo (0% D)oo (6% @)oo (€112 @)
(Tt1,0,0,0) T(l,o,o,o));c;th: 4500)(1: ¢)

3 5 7 11
(@)oo (4213 )2 (%1% @)oo (g2 @) e (T 1M @) e
= ’
(2121 @)oo (Gt @)oo (% @)oo (42135 @)oo (21125 @) o (45118 @)
(1110000110000 )Xo+ (t:)
3 5 7 ] 13
(@)oo (2% )2 (4215 @)oo (g2 @)oo (g2 @) e (g2 1% @)
1
(478% @)oo (Gt @)oo (4% @)oo (1% Qoo (P12 @)oo (q*11%: 4) 0o (4517 ) oo

(I’I/ II" >4dN— 4 USP(QN)(t q) _ <T(110’___ J{])T(l 07 ,D));dahj:;: 4 SO(QN —+ 1)(t_1; q)

R={#2511<i<Nlu{tetgl1<i<j<N}
R+ ={2£i|1SiSN}U{eiiejllsi<jSN}

N N
p=z (N—i+1)£i,/1=z Ae;
i i=1

i=1

(S+l +1 q)
We (530 8) = l_[( q) [ W
Si 0 1< ’

i<jsN

tN i+2.

(P, P2) sa), (g a),
(L1) 1_[ (V115 q)y, (t” ig; q)a

(t] l+1,Q) (t] i— 1q’q)}L 4, (tzN i—j+3. q)}L " (tZN l—]+1q’ q)li+lj

(tj‘i:Q)/h—/lj(U @G Da-n; NI, (N 2qq)5,45,

1<i<jsN

(t Q)N 1—[ t**1q; 9) oo
(%% @)oo

r

Xan(s) = Ex(s) — Er_3(s)

[TI (qt tZ) (tZN 2r+2j+2. tZ)
Er(s) = (t2 t2)(qtZN-2r+2i+1; ¢2) P(I’ 2’)(S 9t

X)) = E1(s) = Py(s;q t)

1-9a-t")
(X(l)‘x(l)> (P(l)' P(l)) 1-01- tZN D) (1,1),

(WaWg)sPCW (1 — q)(1 —t2M)

T N CECE D)

(Xx(zmy 1) = (Ezpm, 1) — (Eam-2, 1)
(qt; tz)m(tZN_2m+2; tz)m (1 1) _ (qt; tz)m—l(tZN_zm; t2)m—l
() QNI E2)

(1L1)

- (tZ; tZ)m (thN—2m+1: tZ)m




(W 2m )USp @m .42 2N-2m+2. +2 L +2 2N-2m, +2
(1*m) _ (qt;t )m(t it )m _ (qt;t )m—l(t 3t )m—l
HHH;\/[SP(ZN) (tZ’ tZ)m(thN—2m+1: tz)m (tZ, tz)m_l(thN—Zm—l; tz)m—l
USp(2N)
(W2 )) _ (1—qn@ - G )
I O [ T e BN CEOTCEF TR}

A4 V=450 (. 0y — 1 @% ﬁ?n dS; (si's'5 ), (sisf'5a)

1
4(q2t . 27!151 L (th 25t q) (qft‘zs;—rsji;q)

2

3

(s2e%0)
[HAN=4S0() (p. oy o
va (6 = gy

- 2, (axfxf5a) (axixtsa)
]I]I%d N=4 50(4)(1:; q) = 1(‘1) i %
(qftz;q) i<j (qftzxrx,*;q) <q7t2xi—x,.—;q)

1
X, =1,x, = q2t?

1
4d N=450(4 1
10, ( )<t,x1 =1,x, = qztz;q)

2

4d V=4 50(4 1
= My 50 (t; @734 HM (t.x = qit; q)

lIlI‘;ﬁ N=450(4)" (t:q) =

1 (249 j%g ds 5 Dew(=5% Qo
i 1 1
2<+q2t . q) 2mis (tﬁt_zsi;q) <_q§t—25i;q)

o o)

3
(iq?tz:q)
i v=450(4)" t:q) = ©
Nahm &) (£9t*% Qo
dN= - (¢ Do (qx% Qoo (—qx% Qoo
11114D 450(4) (t ;q)=

1 1 1
(siess) () (o)

3 3 3
1 (qftz; q) (qftz; q) (—qftz; q)
HHH4dN=4O(4—)i(t_q) _ ) oo 00
Nahm ' 2 @t Do | @5 Do — (—qt5 Do

4d V=4 Spin(4)
(WspWsp)N q)
_1 (@)% ﬁﬁ ds; Si- ]'q) (SL ]'q)oo
4,1 2
4(q%t‘2;q) 2mis; i<j ( 2t~ 251 s; ,q) (qft‘zs;—'s]-i;q)

X (2 + 515, +s71s3h)

1
X1 = qZ,x, = qt?

HHH%d N=450(4) (

1
t,x1 =q2,x; = th;Q)
>4—d N=450(4)/,

1 5
(t; )34 HM (t,x = qat; q) g3d HM (t,x = qat; q),




2

4d N'=4 50(4)/Z, (q)oo(q%tz;q> (q%tz:q>
raiey) )= P

1
Nahm (qftz: q) (@t% Do (0% Do (@t Do

4d V=4 Spin(4) _
(WepWep) g = <T(%_%)T 11 4

A e T I TP/ /8 sl 1)

>4 dN=450(4)/Z,

Nahm

(WDWD>4dN 450(4)(t' 9

1 2 ds (si'sf5a) (si's%5 )
=2 @z ﬁHZmls 5 e (s +sz+s7t+s71)2
( i

2t-2; i<j (th 25t S ,q) (qft—zs;—rsji;q>

3
X = 1,x, = q2t?

3
4d N'=4 5S0(4 K4
I, ( )(t,xl =1,x, = thz;q)

2
4d N'=4 S0(4) 5
= {Ta0) 710 yahm (t; q)734HM (t.x = q4t; Q)
2, s 2
2 2¢2. 2¢2. )
4dN=450(4), | @z (q £ ) (q 5 o
(T0.0)T1.0) ey t:q) = 3

1
(qftz:q) (0% %%t %

ad N 4504 4d N'=4 S0(4)
(WaWa),, ( )(t qQ = (T(l oTa 0))Nahm O

L)
(W W )4—dN 450(4)(t Q) = (WEIWD>4dN 4SU(2)(t; q)z

(W W )4d]\f =450(4)" )

1 (#3¢Qw #f ds (%5 Do (=% Qoo

=571 .~ W oms7 1 1
Z(J_rqft‘z;q> amts (qit‘zsi;q> (—qft‘zsi: q)

[oe] [oe]
4d N'=4 50(4)~ 3
11 @ (t,x = q2t%; q)

4d N=4S0(4)" 5 5
= (T T wahm (t; @734 HM (t.x = qit; q) g3dHM (t,x = —qat; q)
3 2 5 )
+q; +qg2t~; +g2t?:
4d V=4 50(4)" (14 Dw <_q t 'q>m <_q t ,Q)m
(TayTy)

&G =
Nah 1
o (iqztz:q) (9% Do (X%t Do
(WDW )4dN 40(4) (t; q)
[(W Wo )4dN =450(4)
[m]

(t:q) £ WaWo)y " =W (1, 9)]

4d N=40(4 4dN=40(4), _
(WoWa)y, @* &g = (T(l,O)T(l.O))Nahm t%q)




1 (@)ool @32 @)oe(3 1% )
2 (g712: ) (4% @) (215 0
U U ) P G 87) 8 G ) P G L /)
(@212 0o (0% Do (@ D) (—021210)oc(— 0% D)oo (— 324 )

dN (@]
(TaoTo) N O (tq) =

(Wi )ﬁN:4SO(4)(t; g) = (W )4dN 430(4)(]5?(1)

1 3 5 _
7q%t72(q2t2;®oo(q2t % @) (211 q) o0
_ o5t L ‘

(qt=4q)2 (g3t q)

(g g = s

st kI = 4500, gy ymyAd N = 4.50()
 (grt 92 e mrmval (U] )) (tg)(( H) I (t:q).

1 B
_a(q2t? )2 (2172 )2,
. .
(qt=%q)2(q21%;9)%,

4d N=450(4 4d N=4SU(2
Way = Wy D(t;q) = Wy W)y @ (¢; 9)2,
i [

W ¥ =459 (1 ) = gt

4d =4 S0(4 4d N=4SU_2
(Way - W)y @ (t;q) = Wy~ Way)is @ (t2;¢2),
k k

HH;ﬁN:450(6)(t; Q) = 1 @ (@)% ﬁ%n dsl (si's Sj :‘I) (5 Q)

4(q2t‘ stl L q2t‘25i—sj;q) (qft‘zsi—sj—;q)

3 5
(qftz: q) (@*t* @)oo (qftﬁ; q)

il -
@t% Qoo (qftS; q) (@%t% Qoo

4d N=45S0(6
Nahm ( )(t; q) =

+ F. +. .+,
ItV =450) ¢y (@3 (axi°x; ,q)oo(qxi X ,q)m
D 1

x21x3;q) = 1 3 1 L - 1 .
(qftz;q) i< (thZXz‘X,*:q)oo (thzxrxj—;q)bo

1
X =1,x, = q2t%,x3 = qt*,

4d N'=4 50(6)
11, (

1
t,x, = 1,x, = q2t%, x3 = qt*; q)
3

4d N'=450(6 1
= Hahm ¢ )(t; q)j3d M (t' X = q4t; Q)

3 2 5
x 73d HM (t,x — qzt3; q) 93d HM (t,x — q;ts; q>




HHH;;\;i N=4506)" p, 0y

1 (5T D ff#ﬂ ds; (sf59) (= Sl:Q)w
) 2
S(q%ﬂ;q) ( thZ zms’ qzt‘zsii:q) ( qzt 25 )

(si'sha),, (SL 554),,

i<j (th Zsl s; ,q) (qft‘zsi—sj—; q)

3 5
(qitz: q) (qft": q) (—4%*t% Qoo
rd V=450 (t;q) = P 0

Nahm 3
(q@t* Do (q?t%; Qo (—qztﬁ; q)
HH%d N=4 SO(6)‘(t; D
3 + +
(D% Do (axf5a), (—axi5a),,

1 2 1 j%l_[ 1 1
(qitz;q) (—qitz;q) i=1 (qztzxii;q) (—qztzxii; q)
(axixs q)w(qx;—rx;—“; q)oo

1 _ 1
i<j (qft‘zx;—“xfr; q) (qft‘zx;—rx;—“; q)
[oe] [ee]

1
x; = q2t?, x; = qt*

)4d N'=4 Spin(6)

(Wep W5 t:q

1@y j%gl—[ is [ bt (i),
2msl | (1 - 1

24( i<j (th‘ZSiiSf; q) (qzt‘ZSf—rSf:Q)

X 4+Zsisj+si_1$] +si57 "t +s7's;
i<j

1 3
X1 = q2,x; = qt?,x3 = q2t*

1 3
4d =4 S0(6 = 2
LIS ¢ )<t.x1 =q2,x, = qt?,x3 = q2t%; q)
4d V=4 50(6)/Z,

1 2 3
={Ti111\Tr111 t; q)73d HM (t,x = q4t; q) g3d HM (t,x = q4t3; q)
(322) (322)

4d N'=450(6)/1,

T T t;
ez @%))Nahm @)

3 2 2 24+4 Z 6
(Do (qzt :q) @*t% Do (qzt ;q>

1 3
(qftz:q) (qt":q)w(qftﬁ;q) (2% Do (@3t Qoo

)4d N'=4 Spin(6)

(WepWsp

4d N=4.50(6)/Z,
)> ()]

t; =T T
() <@.%.%> (31




(W|:| W|:| >4d]\f =450(6) (t' q)

1 @ #ﬂ—[ ds, (sisf5a) (s )
27”51 1

24 1
(qzt- iq i<j (th Zsl ; ,q) (qzt‘zs;—rsji;q)m

><(sl+52+s3+s1 + 571 +531)2

1
X1 = 1,X2 = qitz‘x3 = q2t4
A =450() (t,lj 1wy — g2 g — q2t4;q)
. 4d N =4 50(6 1
= (TaonTaoo)Nam Ot q) T ™t 2 = git;q)?
x DM o = qit; T M (1,0 = g1 )T ™M (1,2 = ¢3% ),
4d N'=450(6)

(7'(1,0,0)7"(1,0,0))Nahm ()
3

3 7
(@ (qztz; q) @%*t% Qo (@3t oo (qztﬁ; q)

1 5 5
(qztz;q) (qt“;q)oo(qz:q)oo(qztz:q) (qztf’:q) (@3t% oo

4d N'=450(6)

4d N'=450(6
(WaWao)y, ©t;q) = (T,00) 71,00 ganm

Gat))

(WDW >4dN =450(6)" (tq)

_1 (q)z( T Qoo ff#ﬂ ds; st4q),, sl,q)oo
B 1 stl +

(-
81 2% 2.k
(qztz;q) ( qth 2t S; ,q) ( th sl,q)
(si'sza),, (sl 574),,

i%] (qzt 25t s q) (qit‘zsi—sj—; q)
X (51 + s, +s71+s31)?

1
X, = q2t?,x; = ¢°t*

]I]IglN:zlSO(G)_ (l‘g £y = q%t{@ _ q2t4;q_)

_ _ 14d N = 4 S0(6)~ 1 i

= ({T11.0)T(1,0)) Nahm O M 2 = gt T M (2 = gt )
x Iﬁd HM(t: T = q%t. q)IBd HM(t,l’ — —q%t; q)

« ISd Hl\ri(t: = qgte'j q)Igd HM(t, Tr = q%tsn ‘])1

4d N=450(6)"
(T(I,O)T(I,O) >Nahm &)

3 2 7 3
(q)oo(q?tz;q) (qftG:q> (—qftz:q> —¢*t% Do (—4*t%; oo

1 5 5
(cﬁtz:q) (qt"';q)oo(qz;q)oo(q3t8;q)m(—qt4;q)oo(—qitz;q) (—qftﬁ:q)

(o] [oo)

(WDWD>4dN +0(6)* & q)

[(WDWD)4dN 430(6)(t ) +(W|:|W|:|)4dN 450(6)~ (t; q)]




3, N (1.
(q)w(qzt;q) (qzt;q)
(q2t2 q) (@t* Do (0% Do (@3t?; Do

3 3
(qftz:q) @*t* Do (@t oo (—qftz;q) —*t% Do (=t Do

5 5 5 5
(qt":q)oo(qftz:q) (qft":q) (—qt“:q)oo(—qftz:q) (—q?tﬁ:q)

[oo] o [ee]

4d =4 0(6)* 1
(T(1 00710 0)>Nahm &G = 3

X

4dN=40(6 4dN=40(6)*  _
(WaWg);, ©* (&g = (T(l,O,O)T(l,O,O))Nahm ()]

A4d N = 4506
(W) Otiq) =

(W AN = 4506)( )

H)
3 7
L2 (0713 Q) (22 )% (1™ D)oo (3% @)
1 3 5
(7072 @) oe (074 ) oo (G262 7)o (P15 ¢) o (42176 ) e

- dN =4 50(6
(W ™ =17 t:9)

3 T
(@20 @)oo (Doo(02 7% D)oo (P D)oo (P17 @) (4715 0)
3 3
(gt q)2 (4212 @)oo (42178 @)oo (0% @)oo (1781 ¢) oo

]I]I4d N'=4S0(2N) )

1 @Y dsl (si's’5a), (s ).,
L 1N'( ﬁl_[ 2msl 1

q2t2; i<y (qzt 2si's; ,q) (qft‘zs?sji:q)

1,N
(qZ 2¢2N-2, ) N-1 ( gtk pak-2. q)
00 00

; | |~
(qjtzzv ) 1 (gt

4d =4 SO(2N
Il ahm @t q) =

4d =4 SO(2N
Il M (t; q)

(Q)Io\é (qxl }'q) (qu ];Q)

1 N 1
(qftz;q> i<j (qu X' ,.Q) (qztzx;xj—;q)

-1
X = thz(l_l)

HH;1;1N:4SO(2N) ( _ q = t?(% 1). Q’)
N-1
_ H]I;lqc;hﬁﬂ]:LlSO(QN)(t;q) HIBd HM(t T = q - 1;21 1. q)N—z
i=1
2N -3

X H I3d HM L _q = t2z 1. q)aN(i)




4d N'=4 SO(2N)~ tq)

i
st34) (=i ,q)m

1 @5 (=0 @)er dsi -
q > a4 q ﬁn 21-;5! th'ZSi )oo( qzt‘zs— )

= OoN-1(N _
2w 1)!(q%t_2;q) ( q2t -2,
(sitsfa) (si's )

X
i<j (th 251 S] ,q) (qzt 251 S] ,q)

2k+1
(e q)

N+1

( q 2z t?NZ ) N-1
4dN=4S0(2N)",,  _ ©

Hxam o) = ( 2N, 1_[ (gkt*<; q
q2t ) =1

]I]I%d N=4SO(2N)~ (t:q)
(@O% (=4 Doo (axf5 ), (—axia),,

= N-1 1_[ 1 1
; ) ( 3 ) i=1 <q7t2x;-r;q) <—q§t2x;-r;q)

(thZ; q —qzt%;q
(axfx5q) (axixt5a)

X
1
i<j (th le X; vQ> (‘ﬁt_zxiixji;Q)
[ee) [ee]

i
— 3p2i
x; = qzt

4d N=4 0(2N)* 11 4dw=4aso@N 4d N'=4 SO(2N
CN% (1 q) = 5 [ =N (1 g) £ iy YO (1 )

e
N+l N+1 2k+1
[<q > tzzv—z;q) ( q Z t2N-2 ]N 1 q T pak-2, q)
4d V=4 0(2N)* © ©
1l Nahm () == N * 1_[ (gktk; g
(q?tZN;q> ( qthN q
(W w, >4d]\/ 4-Spm(2N)(t' )
1 @y 7(# 1—[ dsl (sisiia), (sitsisa),,
N-1pJ1| 1 1
T 2NN (th‘ stl L (th 25t ’q) <q2t-25;_rsj¢;q)

1

x%[l;l <s§+si_%>+1;[ (s?—s._%>]2

4d V=4 Spin(2N)
&)

-
-

(WepWs5),,
1 @y f#ﬂ dsl (sisia), (sitsiia),,
N-1p1
~ 2N-IN (q;t_z,q ZﬂlSL i<j (qzt 251 s; ,q) (qit—zsiisji;q)
1”1_1”1_1”1_1”11
<l 1 (s [T (2= [T T (%) -T [ (-5
i=1 i=1 i=1 i=1
P
x; = qzt?0D i =1,... N.
- i i
]I]I;d N'=450(2N) (t, x; = thZ(L—l); q)
= N

4d V=4 S0(2N)/Z, 2i-1
- .
)> G q)n J3dHM (t,x =q* tz’_liq)

2) \27"2

= <T(%’,,,’%)T(l...l

Nahm

2N-3 i+3 an (i)
)

xl_[ j3dHM(tx_q 21,




4d N'=4 S0(2N)/Z,
(t;q)

4d N 4SO(B)/Z2( t:q)

T 33070450 N
3 7 9
B (@)oo (@2 1% )2 (%1% @)oo (43155 0)2 (715 ) o (311 )
- 1
(4212 )0 (014 ) e (4218 0)oo (025 @)oo (314 1) oo (P15 ) o (21125 @) o

4d N =4 SO(10)/Za .
(34440764240 Km0 (G 0)
9 11
_ (@) (471% )% (P14 D)o (455 )2 (%1% 0o (4511 @) (g 7114 )
(421 @)oc (91 @) (4715 @)oo (4% D)oo (%1% @) (4381% ) oo (6314 ) (4115 ) oo (6113 1)

4d V=4 S0(4k)/Z,
)> ()]

Nahm
4d N'=4 SO(4k+2)/Z,

()]

4d V=4 Spin(4k) tq) = <T(1“ 1)T(1 A

{WepWep) SRRV IE
22 22

(W W_>4dN 4 Spin(4k+2) (t:q) =T 11 T 11
(2""'2) (2 )

(o ufh)zldj\f:zlSO(QN)(t_ )

=yl d 1| ’
N-1 I] + =+,
~ 2NN 27”% (q3t=2s7s q)m(q 281 571 q)o
N
. [z(sz- o]
i=1
i-1
=qzt?tVi=1-,N-1
N+1
=q z t?0-D
o N-1
MgﬂN 4 50(2N) (t, {Ii _ qutz(zq)} 1 oy = qN;rl 2(N—1). q)
i=
4d N =4 SO(2N
- (T(LD:‘“:O)T(LO:'“,0)>Na.hm ( )( Q)
_ N-3
« HISdHM(t’r _ t21 q)N 1-|4] HIM HM(t - qm —i= 9t4N i q)m
i i=1
2N -3
2048 2i-1.
" q).

ﬂﬂﬂtzf\rfa;q) H 73d HM(t: r=q1
i=1

X TN 4 — g




<.T(1707"' ,O)T{l,ﬂ,--- 70))1%;15.{1\1;7 ! SO(QN) ( ! Q)

= 2k+1
I V) (q2t2;q)co1—[ 2 )
(@712 ) (0o 1 (gF03E; D
M IN41
(q“f”’ L) (477 1‘2‘” 2 ) (2 V2 ) (g7 V5 g)
N2 g)0 (73 N g) o (q%ﬁﬁ”;q)oo (VAN g)

U

(Ti1000) T1000) Nam 0@ (t:q)
3 i
(@)oo (0202 )2 (63 @)oo (4715 )2 (4215 @)oo (q711; @) oo

= 1

(627 @)oo (9% D)oo (4315 @)oo (0% ) (4314 0o (431%5 @) (4117 )
(T(l,o 0,0,0) (100 0)>?~1(;th 450(10)( t;q)

(@)a (072 @)% (0715 )2 (1% @) o (078% 1) o (4115 o (47 1145 0)

oo (025 @)oo (42155 )2 (475 )oe (421295 €)oo (4518 )

= 1
(q2t2:q) (gt q

dnV= 4d N'=4 SO(2N)

(W|:| W|:| >4 4—50(2N)(t q) = (T(l'o""'o)T(l'o‘m'o))Nahm ( ; q)

(W >4dN 150N (1. o)
N—-1
= L (Q)N 1 ng d.S; 5 39)00( 'Liﬁq}()o
2NHN = 1) (q%t*Q;q)N ! q2t 2 2misi (g i Dol =02 17251 0o
T T N- 2
9 s] q)oe (9 s; 7)o
X H == :F 2 F Z Si T S
i (317257 5T 1) (1257 sT ) | 55
N+1
Xy_1=q 2 t?N72 x; —q2t2‘ i=1,,N-2

N— 2”1 _qN+1t2N 2. q)

i=1

g A =4 S0@N)™ (t (o= it}

: 4d N =4 SO(2N)—
- <T(1 0,--.,0 )T(I 0.- ':D))Nahm ( ) (t:Q)

2N -5
% H THEM G o q AL 2i-1. N2 HHl—sdHM(t -

21 o
—q 7 t*7 )

i=1 Pl
3d HM 2N+1 oON— 3 N3 3d HM 21+3 -
XIT e =g Tt HI t#71g),
4d N =4 SO(2N
(T(1,0,+.0)T(1,0,-,0)) Nahm (2N)~ (t ?)
o 2N4+1 _ N— 2:e+1
_ (@)w(g7t1q)c (g2 N0 H (k2. q)oo
ktrlk OO

(0712 q) oo (0% @)oo (V14N ‘ﬂq -
N _
(=g PN ) oe (¢ t2N Q:Q)oo( TN g)n

X
(qthNQ)(

N+2
SN ) (—q 7 12N )




W= g

== [(W W >4dN 4SO(2N)(t )i(”’DHD)MN 4 SO(2N)~ (,q)].

dN =4 0(2N)*
(L1000 L0100 0) N+ (t54)

L (0)ae(q3 % @)uc(g 5 V81 ) T (¢*F 121 9)c
2 (52 q)o (@2 ) (NN ) LLgmarg)
. [ (gt ) (q”* V20 (g" 5 Y 2 g)

(@ T ) (S q)m(q PN g
(=q= N ) (g% N2 g) e (=7 V2 q)

N—-1

N-1 N+2 .
(=g 2V 21q) (=g t” L)~ T 12N )

+

R - + +
{VLDILD);I?N 4 O(2N) ( ) <T(10’ ,0)/11(10, 0 >;1\](1hNn1 4 O(2N) (t 1:,(]).

R={tg+gl1<i<j<N}
RT ={etg11<i<j<N}

N N
p=) W-Dded=) Az
i=1 i=1

(S+1 +l q)
wp,ia 0 = | |
1

<1<]<1v( i1 "Fl,q) .

joi+1, j-i-1g.

(PLP) 1—[ (%), , (T ga),

= 7. T=in.

(1,1) rhefen 75 D2, (U7 gy p;
(e2N-imi+; q)1i+/1,- (t2N-i=i-1g; q)/l,-+/1,-

(N T @242,V G 300,

N
(CLPA t**1q;9) oo

CHEDES S S G )

(1) =

X () = Er() (LS 7 <N = D,y () + (-1, 1)) = En(s)

r
lzl (q/t; tZ)j(tZN—2r+2j+2; tz)j 1+ tN_r

E.(s) = — — . —— /P25 (5;q, )
T & (t%;12),(qU2N-27+2-1;¢2) | "1 4 (N +2) ( )

X)) = E1(s) = Pyy(s;q B

1-q—gt"HA -tN)(A -2V

(X xw) = (Pay Py) = A=D1 -t — gt 1)1 = g3y L

WaWo)y?® (11— @)1 — gtV )1 - tN)(1 - t2¥-2)

mey - -9 - DA - (- g )’

(X(lzm), 1) = <E2m' 1)
B (q/t; tZ)m(tZN—2m+2; tz)m 1+ tN—Zm

t™(1,1)

- (tZ;tZ)m(thN—Zm—l; tZ)m 14tV




S0(2N)
(W(lzm))N (/6 ) (N2 2) g Nz
]IH;V?(ZN) - (tZ' tZ)m(qtzN—Zm—l; tZ)m 14+tN

W) ™ (= O = M)A + )

A GO [T

2%(5) ——E( |1)+( D" E(s|-1)+= 1_[(51

1_ - _
xa5(s) =BG | 1 +¢ 4) EGs | —1)—51:1[ (s;—s71)
1 DV
XSp(S)Xﬁ(S) = ZE(S | 1) - 7 E(S | —1)

E(s|1)+( D E(sl—l)—z By (s) + = EZM(S)

L - 1) M-1
ZE(S sl-1)= Z Ezm+1(S)
Spin(4M) Spin(4M)  M-1
WepWep),, (WsWsp) (Ezmy1) | 1(Eaw, 1)
HHHSO(4M) - HHSO(4M) _m:0 (1,1) 2 (1,1)
M-
1 (Q/t; t2) (£4M—2m+2, 42 1 4 (2M=2m N
- (tZ tZ) (qt4-M 2m-1. t2) 1 +t2M
=0
1@/6uE 5y 1,
2 (tZ; tZ)M(thM—l; tz)M 1 + t2M
Spin(4M)
WepWip) " =0,

M-1
1._ 1
Y+ X E(sl—l)—z Eansa(5) + 5 Eaea(5)

1._ - _
tEe - s|—1)=m2=0 Ean(S)

(W W )Spm(4M+2) (W_W_)Spln(4M+2) 0
Spln(4-M+2)
]I]I]ISO(4-M+2) - - (1,1)

M
B Z (q/t. tZ)m(t4M—2m+4-; tZ)m 1+ t2M—2m+1 m
- X (tZ; tZ)m(qt4M—2m+1; tZ)m 1+ t2M+1
m=

. dets'l +N—i
X =sis) = o
J

det( A+N=i+1/2 _ 5; (A,-+N—i+1/2))

50(2N+1)
l _ i
det( N-i+1/2 5; (N z+1/2))
(2N+1) - 3 -~
$D
Xsp = 1_[ (SLZ + Si 2>
i=1
AgtN-i+1 —A;—N+i-1
Xusn(ZN) dEt( 5 )

o det(s}v_i” _ Sj—N+i—1)




det( Ai+N— 1+S'—/1,-—N+1)+d t( Ai+N=-i S_—Ai—N+i)

LN j j
A det(s'~ + s7V*)
e 117 (2 L1
S0
0 =g|[1 (o +57) [T (+-57)]
i=1 i=1
e T2 N 7T/t 4
so(2N) _ 2 2 2 2
Xsp _En<si+si )—l_[<si—si )
i=1 i=1

(AB) = (Zl + xZZ - WZ4,,yZZ + Zg + ZZ4)

1 2

7234, 3 A

G
c d
2 1
A21(1;2;34-
( aa 9+a L a) 9;“ — eAuAa 9(1 — :lzuA
—-a F ) )

T(x, 0%,0,u) = 055 (x) + -+ (07)*L(x)

G = (01, ) = 0Cta, ) = ) a6
£=0
(N2 —1)? NG -1
¢ = (2,71—2)4 (d},d3, + 2 perms.) + —— an?)? (d12dz3d34d4q + 2 perms. )

c® = 2(NZ - 1)

@y R(1,2,3,4) X FO (x1, x5, %3,%,) for€ =1

R(1,2,34):= (d1,2d2,3d3,4d4,1(1 -Uv-n+ disd%A)xlz,sx%A +Qe2)+1e4
L
[Ti<icjza xz
FO. = #I 1_[ A5y FO () Xany)
a=1

L!
2 L
FUL) = Cifi( )

L

T(x,0%,0,u) =f d*0 " Lin(x, 0)

n
(7Ce1,07,0,u) TG 03, 0,0) = [ [ 67 i, 02) = Lo, 60)

4

[ [
i=1

4

(T(xq,ug) - T (g, ug))= (Lint(x1,61) ** Lint (x4, 64))

i [GCx.0)




o 9 9 a
4 = yAByCD
T 567 5957 965, 067,

(i,i) = EI]KLXiUXiKL =0

_ 2 <i'j)
xt; = (3 —x) “WnGn
Zi,a
xi — ala(pl
6F - ba

((Xp X;, X3,X4)> = Det(Xy, X7, X3, Xy).

4
gaxn | ] (rar)
a=1

G(x,0) = J’ 166 [Q(X,Y)I«yyxi,x,.))exgj]

4
D4—

fdleqs (X1, X5, X3, Xa))" —R(1234)1_[ x2;

i:l i<j

(l ]) EI]KLX XKL >0

Ixz 0 Ipxa Ipxo
XX X3.X3 = 0 Ipxa I
0 Cy

A2 = €(Xq, X2, X3, Xg 6 0)€(X1, Xp, X3, Xgp%,¥) = s+ 12 +u? — 2(st+tu+us) >0

T, (i,j)>0UA2 >0

218 86 138 137 4700 755 36440 583

23 9 7 12 161 36 161 18
15 155 209 84 127 239 586 323
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ZZ,]

al* =204, + 2A(B + (0, — 0,)C,

2,01

+ (03 - 01)C0'3,01 + (03 - 02)C0'3,02)'
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Xa1Xa2Xa3%q,4 Xa2Xa3%Xq,4%Xa,x Xa,1%Xq,3Xq,4%a,x
2 .2 2 .2 2 .2 2 .2 2 .2 2 .2
X12Xas T X34X7 % — X1 4X5s | X33XTs T X13X5 4 — X1 2X54
* 2 2 2 .2 * 2 2 .2 .2
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.O.( )* = Wd Xq = iZAg(1,2,3,4)

Xa1%Xa2Xa3%Xa4




GOXY) = %Z wtaM* =
+

6V =R(1,2,34) 1_[ x

i<j

((4B)X;) > 0,
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ny = Xk, ny = Exa.cxi,j — Xa,jXcir Ngh = Xic,1-
1
12;34 _ 112;34 2 .2 2 .2 12;34
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’ y-cut 4 : i
3 2
b G
5 4
B-cut
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(B F) = (Z1o +a3Zop —w3las, ysZoo+ Zi13+ 23223).

(W1, Y1, W2, Y2, W3, Y3, X1, X3, X2, Z2).
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stul’ stA%’ utA?’ suA?
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1 z z
112;34, — _ R
E 'A(u—t)<€(z’f)+£(z—1’z-—1>>
1234, _ U t ( z Z )
Ee '_A(u—t)<£(z'f)+u‘S z—1'7-1
1 z zZ t+u
— _ _ 112;34
_2A<g(z'f) g(z—l'z‘—l)) 2 £

. 1
H22'34 +E712;34-:= _p a(Z,Z_)
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Lan‘an—1r""a1 = Z—a Lan—p"'.al‘ an = 0‘1;
Sv n

Ly=1,Ly=log zz,L; =log(1-2)(1—2)

I

7 dz
Goninats @ = [ Gy P = 0,41, Go(2)i= 1
0

a‘n
(=D~
0. 0.,
X (L001,0,..,0 — £2771,0, ...,0)
A e <t ) een) N
L L-1 L-1 L
&(z,2) =2Lo 001,01 — 2L0,01,01,0 — Lo,0,1,101 + Lo01,1,1,0 — 2L0,1,0001 T 2L01,01,00 — £0,1,01,1,0
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z Z
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—2Lo1,1,011 — 2Lo,1,1,1,00 T Lo1,1,1,01 T 4£L1,0,0,01,0 — 2£1,00,01,1 — 2£1,00,1,01 — 2L1,00,1,1,0
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Q% = 2024, + 2A(B + (0, — 6,)Cp 5, + (93 — 01)Coy 5, + (93 — 0:)Co, ),
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Chr =516 + (L% + B 4 2% + L3 + (1) & 34)]

[ 112 B4 | 1234 112 34
2°F

[12:34
Yy’ 2°s’

+3 perms. IS] + [1573% +7 perms.|,]
CE:=[213%% + 115 1 210 + (1,3) © (24)] + (1,2) © (34)

(2) =207 4+ PR 421073 4+ (1,3) © (24)] + (L,2) © (34)
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1l c 1 d | 34 ¢ d a4 1+
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(A,B) = (Z1g+ 21201 —wiZag, wy1Zog+ Zi13+ z1223),

(C.D) = (Z1p+ 9222 —wadoy, Yalop+ Lig+ 22424),

(E,F)=(Z12+ 23722 —w3Za3, 3722+ Z13+ 23723),

(G.H) = (Z11+ 24231 —waZoy, Ysloy+ Z1a+ 24224) .
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2\ (1,3) <> (2,4)
2 1 /1
. 12;34 .
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Ry = halgeq. 150 = Isolys -

s
4x—
StUA/(t — sX)(4uX2 — sX + )
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I7 = Izl ey 113 = 113]io -
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X1,2%X13%X3.4%Xc2Xq,d

2 22 2 22 22 22 22 22 2 22 2 ,
Xg1%X5,2%0,4%c1%63%31%4,2%3,a%a aXa,cXcal\2,3,a,c

A2 = det|x?
Lkl | a.bla,b=i,j,k,z
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X1,2X1,3X23X34%Xq,d
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AT123% L AEI53* 4 11 perms. + AL'%3% 4+ 5 perms. + A2(gh!23* 4 gh3%12)
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+ (S —3u — A)A[E’14;23 + E’23;14-] + (S — 3t — A)A[E113;Z4 + ErZ4;13].

nl2:34
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12,34 _ .2 .2 2 .2 2 .2
ny = X33Xpe T Xb2Xe3 — Xp3Xc 2
12;34 _ .2 .2 .2 2 .2 .2 2 .2 .2 2 .2 .2
ng = X13XpaXac t X53%Xa1Xh,c — X13Xg,2Xb,c ~ Xa,1Xb2%C3

2 2 2 2 2 2 2 2 2
+Xg,1Xp3%Xc2 — Xa3Xp2Xe1 T X1 2X03%p ¢

1234 _ .2 .2 2 .2 2 .2
ny? % = X3 4xG 4 (el axp 3 — xPax7 )
112;34 __ 2 2
ny = Xd1%b4
1112;34

ny

4 .2 2
x1'4_xb’2xd‘3 .




2 1 2 4 /
3
a . a b 1 a |, -
3 4 3 4 9
c d c d 4/ c d
3\
1 2 1 /o
F12;34 G12;34 R12;34
2 / 3 3 | 4 4
2 9 2
1 a b Y7 — a |y 3 — a |l p
4 1 | 1 3
/\c d 9 c | d L c d
3
1 2 |1 2 |1
—12;34 ﬂ,_/[12;34 J12;34
n}2;34 =1
néz;” -1
1234 _ 2 2 2 .2 2 .2
ng = Xp,cX1,4 — Xp1Xca — XpaXca
1234 _ 2 .2 .2 .2
ng = Xp1XcaX13%X2,4
1234 _ 2 .2 2 .2 2 .2
Ng"" = XiXgp t Xg2Xb1 ~ Xa,1%Xb,2
12;34 _ (.2 .2 2 .2 2 .2 2 .2 2 .2 2 .2
ny = (xa,dxl.z ~Xa1Xd2 — xa,Zxd,l) X (xa,dx3,4 — Xg3Xg4 — xa,4xd,3)
1234 _ 2 .2 (.2 .2 2 .2 2 .2
Ny = xa,3xd,4(xa,dxl,2 — Xg1%Xd2 — xa,Zxd,l)
M1234 _ 2 2 2 2 (22 2 2 .2 2 .2 2 22 02 22 a2 .2
Ny = xa,Zxa,3xd,1xd,4(x1,2x3,4 + X{3X54 — x1,4x2,3)/2 — X1,2X1,3X3,4%Xa,2Xd,4%Xa,d-
1234 _ .2 .2 .2 (.2 .2 2 .2
ny = X12%X23%q,d (xb,1x2,4 - xb,2x1,4-)
2 22 22 (42 42 2 .2 2 .2
+X12X53X0 (xl,Zxd,4 — X14%Xq2 — x2,4xd,1)
12;34 _ 2 .2 2 .2 2 .2 a2
ng —(—x1_2x3_4 — X{aX33t+ x1,3x2,4-)xb,c
2 .2 .2 2 .2 .2
+X12Xp3Xca T X34Xp1XC 2
4 3 | 4 2
a
a b c
2 3 2 c d | 2 3 4
c
b d b a d
1 1 1
V12;34 P12;34 Q12;34
12;34 __ 2 4
ny = X2,3%Xa,1"
12,34 _ .2 .2 (22 a2 2 .2 2 02 (42 a2 2 .2
np3 =xZ ol (x7ax2, — x5 3x21)/2 + x2 cxp 1 (xfaxG s + xE3x34) /2
2 .2 .2 .2
—X13X14Xp2Xa,c
1234 __2 .2 2 .2 2 .2
Nnp =Xa,cXq1 t XgaXc1 — XcaXaa
nia'“;“ =x12,3xg,1xc2,dxé,2

12;34

— 2 2 2 2 2 2 2 2 2 2 2 2 2
ngt = (—x72%3 4 — P axF3 + XP3X34)X5 « + X2 oX7 3X2 4 + X347 1X2,




b c 3 2 2
1ﬂ2>(1d2 3l a|lb|4x3|el|ldl|a
4 1 1
4
gT12;34 hh12;34
2
2 2 2
C
3| @ b 4 x 3 4 3| @ b €14 x 3| d| 4
1 d 1 1
1
Jh12:34 gL1234
12;34 _ 2 .2 2
Ngr = X12%Xg3 — X1,3
12;34 _ _4
Mpp = X1,2-
12;34 __ 2 2
ML = X{2X54
12,34 _ .4
Npxg = X1,2-

1234 (,2 .2 2 .4 2 02 22 (42 42 2 .2
ng ™ = (x1,3x1,4x3,4xa,2 +3xf4x33x% 1 (%3 4x2 3 — x3,4—xa,2)) /6

112;34 _ 2 2 .2 2 .2 2,2

ng, = xa,4(x1,2xa,3 —X23%a1 — x1,3xa,2)
1n12;34 __ 2 2 2

ng = Xi2Xa3%Xa,4

1234 _ .2 (.2 .2 2 .2 2 .2
ny = Xab (xa,bxl,z —Xa1Xp2 — xa,sz,l)
112;34 _ 2 .2 .2
nx = Xaq,1%Xb,2Xa,b

112;34 __ 2 .2 2 2 2 2 2 2 2
ny = xl,Zxa,3xb,4(xa,bx1,2 — Xa,1%Xp2 — xa,be,l)'

12;34

— (2 .2 2 .2 2 .2 2 .2 2 .2 2 .2
Ny = (xa,bx1,3 — Xg1Xp3 — xa,sxb,1) X (xa,bxlA- — Xg,1%Xpa — xa,4xb,1)'




1
12;34 _
Ng _E

_x§,4x§,2xc2,1x§,3 + x§_3x§‘1x§_zxé’4 - x12,2x3%,4x§,dx§,c)

"% (—x22xf 4X23x5 ) — X2 1XE 4X23x5 5 + XEoX2 4 X5 3Xh o + X 45 3X2 4 XE
_x12,4x§,3xg,bx3,a - x12,3x22,4-x3,bxc2,d + x12,2x3%,4x§,bxcz,d)

"% (x2 20 4X21X5 3 + X2 1 XE3X20x5 4 — X3 4x23x5 1 %2 + X3 4%21X5 3X5
XT3 4 X5 2Xa p — XE3X2 X5 4 X0 p + X34X22X5 1% )

"% (2 25 3X21XG 4 + X3 3X24X51X0 p — XEoX24XF3X2 p + X3 3X21X5 4 X5

2 2 22 .2 2 2 22 a2 2 22 22 .2
—X1,2Xc,3Xd,4%Xa,b — X1,4%a,2Xd,3%Xb,c ~ x1,3xa,2xd,4xb,c)

1
112;34 _ 2 22 22 22 22 .2 2 22 22 22 a2 o2 2 22 22 22 .2 o2
Ng ) (_x1,4x2,3xa,4xb,2xc,1xa,3 — X1,4%X2,3%0,2Xp,4%Xc,3%Xd,1 — X1,3%X2,4%a,2Xb,4%Xc,3%Xd,1

2 22 02 22 22 2 4 4 2 2 4 4 2 .2 4 4 2 .2
—X{4%X53%Xa3Xp1%Xc2Xd,4 T X14X23Xg,aXbc — X1,4%X23%X4,cXb,d — X1,3%2,4%Xa,cXb,d
2 2 w2 22 22 a2 2 2 22 22 22 a2 2 2 22 22 o2 a2
—X14X23X13%X24Xq,aXb,c — X12X34X14X33%Xq,aXh,c T X12X34%X14X23X4,cXba
5 3
2 2 02 22 a2 a2 2 2 22 22 22 o2 2 2 .2 .2
+x1,2x3,4x1,3x2,4-xa,cxb,d) + 7 X12%5,4%14%2,3%) 4% 3% a,a + 2 (=xfax3sxds
2 .2 .2 2 22 2 22 2 .2 2 2 22 22 a2 o2 2 .2 .2 .2
XpaXcoXdy — X14X33%Xa,1XpaXc3Xa2 T X1 aX23X5 4Xc3Xg1Xqp — X1,4X23X2,4%c1
1

2 .2 2 2 22 22 22 .2 2 .2 22 2 .2 .2 2 2 2 .2
xd,3xa,b) + Z (x1,4-x2,3xaA-xb,Bxc,lxd,Z + X13X34%X5,4%Xp3Xc1%Xa2 t X1 4X23X0,4%h 1
2 .2 2 2 22 22 2 .2 2 2 22 2 .2 .2 2 4 2 22 .2
XepXg3 t X13X54Xq3%XpaXc2Xd,1 — X1,2X34%Xa,1%Xp 4Xc3%Xd2 — X13X24%:3%Xa1%Xa b
2 4 a2 22 22 2 22 02 22 22 .2 4 02 22 22 .2 2 .2 .2
tX13X24Xc1Xa3Xap T X13X14X23Xc4Xq2Xqp t X13X24XcaXa2Xap — X13X14X23
2 .2 .2 4 02 22 22 .2 2 02 22 22 a2 a2 2 2 2 22 .2
XgaXgaXap — X13X24XC2Xq4%Xap T X1 4X23X34Xp 2X01Xg,a — X1,4X2,3X54%Xp 1XC2

3
2 42 02 a2 22 2 .2 2 22 22 22 .2 .2 2 22 22 .2 .2
Xga t X12X14%X53Xp 4Xc3Xg 4 + x1,4x2,3x1,3x2,4xalcxb‘d) + E (—x1,3le4xal4xb’3xc‘2

1
2 402 22 a2 22 22 2 2 2 2 22 .2 .2 2 .2 .2 .2 .2
Xgqt x1,3x1,4x2,3xb,3xc,2xa,d) + 5 (x1,4x2,3xa,4xb,3xc,2xd,l — X14X23X34Xc2Xq 1
2 a2 a2 22 22 22 a2 2 2 .2 .2 .2 .2 2 2 22 .2 .2 .2
Xap — X1,3X24X34Xc2Xq1Xap — X1,3X2,4X34Xc2Xd1Xap — X1,4X23X34%Xc1%d,2Xa b
2 02 22 22 22 o2 4 .2 .2 .2 .2 2 22 22 22 22 o2 4 .2
—X13X34X54XC1Xq2Xap T X14X53X03Xa2Xap T X13X24X14XC3Xq2Xap T X1,4%X53
2 2 .2 2 22 22 22 22 o2 2 22 22 22 o2 o2 2 o4 2 a2 a2
Xc2Xd3Xab — X1,3X2,4X1,4Xc2Xd,3Xap — X1,4X2,3%X24Xp3Xc1Xa,a — X1,3X2,4%Xp,3%Xc,1%Xa,d

2 4 a2 a2 a2 4 2 2 2 .2
—X1,3X2,4Xp3Xc1Xq,d — x1,4x2,3xb,3xc,2xa,d)

1230 1

1
2 2 2 9 2 9 9 9 9 9 9 o9 9 9 9 9
+ 2 (=T 2Th 4T 3T 1 —Tg 1Th 4 Te 3T 0T 2Tg 4T 3T, +T] 4T3 3T, g Th

2 2 2 2 2 2 2 2 2 2 2 2
(=5 4Th 2T 174 3T 375 1Te 2T 94— T1 273 4% dTh.c)

co

9 2 92 9 9 9 9 9 9 9 o 9
—T71 473 3% bTe.d—T1 372 4T g pTe dtT1 273 4T 0 b T e d)

—

9 92 2 9 9 2 92 9 9 2 2 9 | 9 9 9 2

+Z(93@,2%}4%,1%,3‘*’%,1%,3%,2%,4—932,437(;,337(;1,1%,1;"'932,437(:,1%,3%,1;
9 2 92 92 9 9 9 9 | 9 9 o 9

F] 3T 4T 9Ty p—T1 3%2,2Tg 4% pH03.4T 4 2T 1 Tp )

1

9 2 2 9 9 2 2 92 9 9 9 9o | o 9 9 9

+§(%,2%,3%,1%,4+$2,3$c,4~’5d,1%,b—$1,2xc,4$d,3$a,b+$2,3$c,1%,4%,5

2 2

2 2 2 2 2 2 9 2 2 2
—m1,255.:,3%,4%}5—$1,4$a,2$d,3$b,c—xl,sxa,zmd,ﬁb,c)s




1234 1 2 2 .2 2 2 2 2 02 .2 2 2 2 2 .2 .2 .2 2 2
ng = §(—3’1,43?2,3%,4%,2ﬂfc,lld,a—ﬁfl,432,3%,2%,4%,3%,1—31,3%,4%,2%,4%,3%,1

2 2 .2 2 2 2 4 4 .2 2 4 4 .2 2 4 A 2 2
—X 4T 3% 3Th 1Te 2TG 421 472 305 dTh e —T1 472 3T q ¢Thd L1372 4%q cTh d
2 02 .2 2 2 2 2 2 92 9 2 2 2 2 2 9 2 2
—T] 405 3T] 375 4Ty gTh o — T 973 407 4T3 3T gTh T 9T3 417 4T3 3% g T g

3

2 2 .2 2 2 2.,,929 9 9 5 9 9 9 2 2 2
+m1,2m3,411,3532,4%?.:935@)+111,255‘3,45'311433213%,4%,3%,114‘1(—33'11433213%,3

2 2 2 2 2 .2 .2 .2 2 2 2 92 .2 2 2 2 .2 2 2
ThaTe2Tq1—T] 472 374 17h 4T e 3T 2TT] 472 372 4T¢ 374 1T p—71,472 372 4T¢ 1

2 2 2 .2 2 2 2 2 2 .2 2 .2 2 2 2 9 9o o
5'3'd,35'3a,b)+z(m1,43’2,31a,43’b,3ffq1%12‘*‘&31,312,41a,49-’3b,393c,13d,2‘*‘%,4%,3%,4%,1
2,2 2 .2 .2 .2 .2 .2 .2 2 .2 2 92 9 2 4 .2 92 2
Yo oTg 371 373 404 3Th 4T 2731~ F1 273 470, 1Th 476 3%d,2 11,372,400 3741 a b
2 4 .2 2 2 2 02 02 2 2 9 4 2 2 2 9 2 9o 9
T 379 4T 174 3L p LT 307 472 300 4T 20 hT21 372 4T 40 274 p— L1 371 4723

2 2 2 .4 .2 .2 .2 2 2 9 9 9 9 3 9 9 9 9 9

TooTgaTap— L1372 4%02Tq 4T b tT1 472 373 4Th 2T e 100 d—T1,472 373 4Th 17 2
3

2 .2 .2 92 2 2 9 2 .2 .92 .2 2 2 2 2 2 92 9

ma,d+m1,211,412,3%,4%,3%@+ﬁ71,412,3331,3372,437a,c3“fb,d)+§(—ﬂ»1,3$2,4$a,4ib,337c,2

2 .2 .2 .2 2 2 2\, .9 9 9 o9 9 9 9 o 9 9 9
5"30!,1+f~“1,3531,43*72,3%133"@?2%@)+§(3“'1,4%,3%,4%,3%,2%,1—3“'1,432,3~'“33,43“'e,23d,1

2 2 .2 .2 2 .92 2 2 2 9 9 9 9 3 9 3 2 9 9
Tab—T1,3T24T3 4% c2Td 1 a b~ 11,372,473 4 c 2 d 1 a b T1,472,373 4 ¢ 10d 2 a,b

2 2 .2 .2 2 2 4 2 2 2 9 2 2 2 2 2 2 4 2

—TY 303 4T3 475 1T 9% pT L] 473 3% 37 g 9T pTT1 302 47T 405 303 9%y pTT1 4T3 3
2 2 2 2 .2 92 92 92 92 9 32 2 92 2 92 2 4 2 2 2
Lea®d 3L b L1302 4L 480 2Td 3Lg p— L1 422 372 40h 3¢ 100 d—*1 372 4%p 3% 1%a,d

2 4 .2 2 9 4 .2 2 92 9
—$1,3m2,4mb,3$c,11a,d—$1,41"2,3%,3%,2%,(1)
zz=U,(1-2)1-2)=V

2 .2 .2

Fl234,_ Xp,3X1,4X2 4

¢ T2 2 22 22 22 22 22 22 o2 2 o2
Xa,1%a,3%a,4%a,bXb,1%Xb,2%Xb,4%Xb,cXc,2Xc,3%c,4

2 .2
12;34 Xa,cX1,2
HC =

2 o2 22 22 o2 o2 2 v2 22 42 o2 2
Xa,1%a,2Xa,3%a,4%a,bXb,1%Xb,2%Xb,cXc,1%c,2%Xc,3%c4
1 v
&vwe(1+1,1)

c2(c;—1)%2-2¢1(c3+1)%+c5(c, +10) +1

X=X+ 12(c1—¢3)

(X,Y) > (a®X,a%Y)

Y —(cg =Dl = 1)

- (1 — )2

(Cl - 1)(C2 - 1)2 + 4’C1C2
12(c; = D(ez = D

X->X—-

(flalg) = f F(@(1))g(@(0))exp (~S[®])dd

f (Prsn) g (i)
HTMk,k+n(pk: Pk+n)

PkPk+n

My iesn = Uen € I SuppUie/Ii+n) € (0,0) € €% Iy, € My I € My}

[an: am] = (—D)"ndpymerE2

[a%4, a$?] = sinh (&;)sinh (e;)




A
1nst

(e1,€2,0) = (A | A)
a_1|A) = AY2|A) a,|A) = 0,¥n < -2

a_,|A,my) =mAY2|A,my)
a_i|A,my,my) = AY2(mym, — €,6,K)|A, my, my)

(Flg)= f(p)g(p) jf"

TTM(p)

pe ﬁxed points

f2)g(1)

(fIM1z|g) = —
(p1,p2)€ fixed points of M, IT TMy>(p1.p2)

miMi; > My (pLp2) » p EM,
MM, > My (p1,p2) » p2 €M,

f(p3)g(p.)

(fIM23 ° My5|g) =
(p1,02,p3)€E fixed points of My,3 [T TM123(p1, P2, P3)vir

™, ® TM, ® TM,
T (M5 X M3) + T(M; X My3)

My, = [KM3' Q (1) (VKM ® m7)
1 _ 1 _ 1
00900¢ +Pooh — 7 R(D, 1, P, ) — S FF
_ 1 _ 1 _ 1
S, ., F] =5 00690 +$0o¥ — 7R, Y, 1, ) — 5 FF
+%|V|2—1\7V1/;1/;1+ A 1/31/3

8¢ =&p + e
1 R 1 _ _
6F == €eR(p, ) — S €R(P, Y)Y + 0oy — €0
+E¢1V1V]a] - E‘l/]‘VlVJ(?]
6P = —€dgp + EV + €F
59 = —€dyp + €V — €F
8,8 = enLy 838 = ENLy [, 6] = 2€€0,

Ly¢ =V(P) LyF = F'V,V Ly = 'V,V Lyp = PV, V
L % L 0 F
EII) —Elli( od + F)
(f 1g) =f dpdFdypdpexp (—=S[$, ¥, P, F1)f (9 (1), (1)) g(¢(0),1(0))

¢:[0,1] > M, ¢, F € ¢p*TM

60¢=60¢=F=¢=03‘tx0=0,1

¢ =py,),F =0p € fixed points of V
s _
()0

1. .
—E5¢>‘(gik6060 + ViV VIV, )6k




ViVj5¢j =L d¢; 606¢i = 105¢i
() =((7)-(oo30)
(7 4

PRVY). 1

one-loop determinant = 350 = Segi

11
pf(VV) I TM(p)

f(p)g(p) jf"

(flo)= MG

pe ﬁxed points

fO0g(00) _ 1

€162 €162

(flgy=

$1:[0,1] = My 1, Y1, F; € 93TMyihy: [1,2] = My 5,5, F, € ¢3TM,

(¢1(1),92(1)) € My,

(1/;1(1)»1172(1))_€ TM;,

00$1(0) = a01/11(0) =F0)=9.(0)=0
0092(2) = 00Y2(2) = F,(2) =9,(2) =0

(fIMyz]g): = f dgdFdipdipexp (=S[¢, 1,1, FDf ($(2),P(2))g(¢(0),$(0))

M,
M,

¢ = (P, 92) Y = (WP1,92) 1/7 = (1/71'1/72) F=(F,F,)

¢1 = p1 $2 = pp (P1,p2) € My, is a fixed point

1
(p1,p2) € fixed points of M1, H TM12 (pl' pZ)

f(02)91)

(fIM12l9) = T
(p1,p2)€ fixed points of M1, H TMlZ (pl' pZ)

Ty My = My (p,p2) P 1
T5: Myz = My (p1,02) = P2

milpa) = > P a)
(p1,9)€ fixed points of My,

[1 T™;(q)
(”2)*|p1:q) l—I TM (p1 q)l )




M12 = {12 C Il,Supp(Il/IZ) C (0,0) € (CZ IZ € M2,11 € Ml}

H))

(B . Im). (0.
O= (21, 2) [O= (2%, 25) E:<Z1’Z%>

T(0. @) =aw/a+a T |H) =a/e+ e

1

(€1 —é€2)en

1

(€2 —€1)€r

H M2 o) =

(@ Mz ) =

¢1:[0,1] » My ¥y, 1/;_1:F1 € p1TM;
¢2:[1,2] - M, ll’zﬂ/iz'Fz € p;TM,
$3:[2,3] > M3 3,3, F3 € p3TM;

(P1(1), Pp2(1) € My, (P1(1),92(1)) € TMy,

(92(2), 93(2)) € Mys  ($2(2),13(2)) € TMy3
9091(0) = 601/71(0) =F(0)=9.(0)=0
9093(3) = 601/53(3) =FRB)=9:3)=0

M

M,y My =
13

(fIMz3 © My2|g): = f dgdFdpdpexp (—S[¢, ¥, %, FNf ($(3),¥(3))g(#(0),%(0))

¢ = (b1, P2, P3) Y = (WY1, ¥z, b3) 1/; = (1/;1'1/;2:1/;3) F = (F,F,,F;)
1 = p1 2 = P2 b3 = p3 (D1, P2, P3) € Myp3 is a fixed point
Myp3 = (Myp X M3) N (My X My3) © My X My X Mg

1
TM123(P1, 02) P3)

f Bo5bip = —8(LP(1) = —8,(Vp(L)

™, @ TM, @ TM,
T(Myz X M3) + T(My X M3)

T(Myy X M) + T(My X My3) = TM; @ TM, @ TM;

[T TMi23(P1, 02, P3)obs
IT TM123(p1, 02, P3)tan

(fIMz3 © M1z|g) = Z f(@3)g9(1)
(p1,p2,p3)E fixed points of My 3

f(p3)g(p1)
[T TMi23(P1, P20 P3)vir

(f|Mz3 ° M12|g) =
(p1,p2,P3)E€ fixed points of My 53




e N M@
Pl i)l = ol )5 ) Gy 19

_ [T TM,(q) _ z 1
- IT Miz(p1, @) [T M23(q,p3) - [T TMy23(p1, q,p3)
1
L=0,¢0_ ¢ -9, 0 ¢, —¢_0,¢p_+ ER(¢+'¢+'¢_'¢_) +FF

1
01 =5 (9, £ 10,)

¢ (x% x! =2m) = exp ()p(x°,x* = 0)
P (x® xt = 2m) = exp ()., (x° x* = 0)
P_(x%x' = 2m) = exp (6).P_(x°,x* = 0)
F(x% x' = 2m) = exp (¢).F(x% x* = 0)

8¢ =e_y + e

1 1
6F = =5 RWo Y)Y + o e, RW-, Y)Y,

—€-04Y_+€,0_9y
6P, =€_0,¢ +€,F
SY_ =€,0_¢p —€_F

8y,0c, = €4m40_ 8y 8 = €_n_04 [6:,,6. | =0
dop =F =0 and ¢, —p_ = 0P, + 0pP_ =0
-9y, — Fy_.

(f1 g)==J’ dpdFdy.dip_exp (=S[¢, 1+, FDf (¢ (1), ¥1(1))g(4(0), %1 (0))

_ 1 1
V= Y)Y =50 —y)

P40_y + -0 = Yoy + Yoy — i — WP,

(%, ()

0,8¢ = 1,60, 08¢ = 1y5¢,
(1)< lC0) G

—i /’{1




5P, ~ exp ((27;#+je)xl>,n €T

det(0,01)s5p H 2min + Bje U 2sinh (Bje/2)

B f()g(p) _
(f | g) - peﬁX;pOints l-[ 2sinh (TM(p)/Z) - X(f ® g ® \/W)'

(D1, $2) € My, (W + 9L, 9% +2) € TMy,

$1:[0,1] X [0,8] » M,
¢2: [1!2] X [O! ﬁ] d MZ
Vi € $ITMy, 3 € ¢3TM,

Miy(9) = [KM;* ® (m5).(mig ® VKMi,)

6Ay = —€,A,,6A_=—€_21_,

S = —ie A —ie_Ay,

SAy =i (04 + [Ay, dD + €, F,,
SA_=ie (0_¢p +[A_, p]) +e_F_,.
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(EZ [ﬂ ‘E, [ 1]) SL(Z ) 7t=012 (Ez [—11] +E, Ii )

7£=0.12 (Ez [_11] +E, [11 ),rt’=o,1,2 (Ez [:ﬂ + E, [11 )
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7=012 (152 [Z] + B [ﬂ)|(a,,;)=(1,_1).<—1.1>,(—1,—1>
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dimVy,, =1+3x3+3x5 =25,

(a.8)=(1,-1,(-1,1),(-1,-1)

37) (34) _
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numerator = 00761626495031848078719518242427794 21157346629061852
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93696952040388320 81520624654129118171344687480575165
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chyg = Schys

chypy1, Chypyn = Tchyy, (T? — 1)chy,, £ = 8,-+,10
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Dd(z)*”™ (TkzF + - ) dz
¢(62niz) — gq)(z)g—l = ngg—l — ezmk/ka

i =O®eez/pz ie/p

@' (2)

D(2) = P

k
®'22%°(TpzV + +++)dz.,v:= 3 +1>0

(2)"° (/%V + - ) dz

@' ~ (B +--)dz, B €nY
x> A%,z > APz
Spypvi=1{g EPV\]V 1 gyg™ c '}
L, ={a+16 € A | va(p) + | = 0}
S,={a+18 €h |va(p)) +1=v}
Spy pv =U Hy, (W € Wp V Wopr /Wy, | Ad(W)y € 7}
dimHy, = |WL, \ Az V| — [WS, \ A VI
T32 = (A2,D4), Ty 3 = (A3, E6), T 5 = (A5, Eg)

w_ .. b G
~hpre

Awv =A \A, ={a+1511>0,a €A},

y = eqZ

a+l5€S,, a+l5€h,
L, ={a+15 €A |va(p) +1 =0},
S, ={a+15€h |va(p) +1=v}

Lv={66—0{1—a’z—a3—0(4,36—0(2—a’4,36—a1—a’2,36—a’2—a’3
—35+a1+a2,—35+0{2+a3,—65+a1+a2+a3+a4,—36+0{2+a4}

={+(66 —e; —e3), (36 —e; —e,), (36 —e; +e3), (36 —e, +e,)}
96—0(1 —20.’2—0.’3 —a4,66—0{1 —az—a4,66—a2—a3 —a4,35—a1,
S, =438 —ay,a1,36 —a3, =38+ a; + ay + a3, a3, —68 + a; +2a, + az + ay,
—36 + a; + as + Ay, Ay
(W € Wiy \ Wage /W, | Ad(W)y € a + 16,1 > 0}

.31266_“1_“2_“3_“4
ﬂA2=35—0~’2—a4
33236_%_“2

ﬁ4=36—a2—a3




sed=A—(1a")a
Wage = Wiy X Q' = Wiy \ Wagr = QV
byt miap™i €L
tp(@) = & — (a,p)5

th;lmiai(Sy) €Ea+161>0.

my = _5!m2 = _8rm3 = _5'm4- = _5;
my = _4! mp; = _7rm3 = _4'm4- = _4';
my = _3!m2 = _5rm3 = _3'm4- = _3;

L, =t{-46+a, + as +ag,—46 + a, + az + a4, —85 + a, + az + 2a, + as + a,,
—46+az+a,+as,—46+a,+as+ag, =85+ ay +a, + az + ay + as + ag,
-85+ +a,+az+2a,+ a5, —126 + a1 + ay + 2a3 + 2a, + 205 + ag,
—48 + ay + ag + a,},

Sy={ay, 46+ a,+a,+as+ag,—45+a, +az +a, +as,
=88+ a, + az + 2a, + 2a5 + ag, a3, =45 + a3 + a, + as + ag,
Ay, U5, A, —46 + a1 + ay + az + ay,
-8+ a+a,+az+2a,+as+ag,a,—86 +a; +a, +2a3 + 2, + as,
=126+ a1 + ay + 203 + 3, + 205 + g, —46 + ay + az; + a, + as,
4 —a; — 4,80 —ay, —az — s — a5 — 6,86 —a, —az — 204 — as,
48 — a3 — 4,46 — a4 — a5, 46 —as — ag,
168 —a; —2a, — 2a3 —3a, — 205 — 6,80 —a; —ay, — a3 — a4 — A5,
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my = —H6, mg = —83, mg = —111, my = —165, ms = —134, mg = —102, my = —69, mg = —35
my = —96. ma = —82, mg = —110, my = —163, ms = —133, mg = —102, my = —69, mg = —35
myp = =55, mg = —82, mg = —109, myg = =162, my = —132, mg = —101, my; = —69, mg = —35
my1 = —5H5, ma = —81, m3 = —109, my = —161, ms = —131, meg = —100, my = —68, mg = —35
my = —H4, mg = —80, mg = —107, my = —159, mz = —130, mg = —99, my = —67, mg = —34
my — —H4. mo = =79, ma = —106, my = —157, my = —128, mg = —98, my = —67, mg — —34
my = —5H3, mg = =79, mg = —105, my = —156, mg = —127, mg = =97, my = —66, mg = —34
my = —5H3, mg = —T78, mg = —105, my = —155, ms = —126, mg = —96, mr = —65, mg = —33
—65, mg = —33
myp = —5H2, mg = =76, mg = —102, myg = =151, my = —123, mg = =94, my = —64, mg = —33
my = —Hl, mg = =76, m3g = —101, my = —150, ms = —122, mg = —93, mr = —63, mg = —32
my = —50, mo = —T74, m3 = —99, my = —147, ms = —120, mg = —92, my = —63, mg = —32
m1 = =50, ma = =73, m3 = =98, ma = —145, ms = —118, mg = =90, m7y = —61, mg = —31

myp = —48, mg = =71, mg = =95, my = —141, my = —115, mg = =88, my = —60, mg = =31

my = —5H2, mg = —T77, m3g = —103, my = —153, mz = —125, mg = —96, ms

my = —46, mg = —68, m3 = —91, my = —135, ms = —110, mg = —84, my = —57, mg = —29
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11796480(1 + qs)(3 + gs)(5 + gs)
+(288q + 32q? + 8q3)s? + (80q? + 3q3)s> + 7¢q3s*
+M?(~192 + (192 — 288q)s + (288q — 64%)s? + (80q° — 5¢%)s* + 7¢%s*)),

1 Y 1 f
(3 0 1) =(1+ M2) £, (53 05 0),

(a.1) 0N — Y (q.1) .0
fs,?z,z},fz)(s' 0;M) =(1+M Z)fs,?z,z},m(s' 0;0),

1 ~ 1

fe(.?e}.)a (s;0; M) =f6(f6},)¢ (s;0;0),
1 ~ 1

fato o (s 0 81) =0 (50,0,

,1 7 1
@ )q,(s;O;M)= @1 (s;0;0),

£L49(s; 0; M) = (384 + 384¢3

@1 (s;0; M) =

6,{210 (64 + (192 + 96q + 64q3)s

6,(33}, 6,(3,3},0
@l (s;0;M) =f %Y (s;0;0).

6,{2,2,2},0 6,{2,2,2},0

lscaling limit

— similarity — similarity
o o] oo [Faxx
transformation transformation
E—=0
£—0 §—0

Hxxx
Ut 1==23037 =4/
C=0U»—3U%)7)
J3 =%+ ata,J* =at +afata,J - =a
Vi = span{(a™)"|0),n = 0,1, ...}, where a|0) =0

AN =] RI+I®]J,]€{3]*}
VF ® VF = @;’;0 Vj;

AO)|®;) =G + D]e;)
j
|©;) = (af - al)"|00),
Hyxx = Zan=1 hm,m+1
hyy = Z;?o:o Zh(f)P12,j
o  AC)-k(k+1)
P =1Ilkco
J oy JU+1)—k(k+1)

2
A(C) = —(aflr - a;r) a;a, + (aI - aI)(al —ay).
158k
hazlng,mg) = B (e, () + h(n2)) = T22) [k, my +m — k),
n m
In,m) = (aI) (aD 10,0)
Rip(w) = X%y Rj(w)Pyj, with R;(w) = (=1)/**

r'(—j+u) T(1-u)

r(—j-uw) r(1+uw)’




T, = l-[lfn=1 Ram

(Vi)a @ (Vp)L ® - & (Vp)y
I, = (du" log traTa) -

_ d d
L = X502 Prnst (ERm,m+1(u))u=0 + P (ERL,l(u))FO
N = Zanzl a;rnam

Ilpxxx>(N)= lexlsmsxlvsL (ZT[ESN Arexp (i 2?:1 pn(j)xj)) | xl;"'.xN).

Aid= 1,
P+ _gpik g
An =T1sjc<ksn Suax(Pro 1)), S0, K) = — Zmm oy
n(j)>m(k)

| X1, ...’xN) = aj;l a;N|O)®L_
ekl = H1]V=1 Sxxx(pkvpj)'k =1,-,N
Jj*k
o (P
Eqy = XY, €(p;), where €(p;) = 4sin? (7’)
A= Zcot ¥
2702

1 s L Ag—Aj—i
() =7 (T) = S
Fy, = e~J*®log (142¢]7)
B o =3t 5 F.
Fl, = ¢)*®log (1+2¢]%)

Fiz = S5m0 S50 @ ),
UH® =TI28 63 +m) = Theo [£] 09
r=2507AJ?)

Riz = Riz = Fp1RipFrt
I:IXXX = an=1 iim,m+1r with 512 =Py (di:t}?“(u))u:o and EL,L+1 = EL,l-
fl12 = Z?:o Zh(f)ﬁlz,j:

A(O)—k(k+1 T _
Pizj = Fi2P1z,iFi3" = Tlic=o W with A(C) = Fi,A(C)Fr3'.
P

A= Qe +1®J%

A=) Qe +I1Q]",

AN =)' Qe W +IQJ -4 QJ%¢™ +
+28(P+UDHH Q@ (e —e ),

E(W)=W®]I+]I®W,

Vg ® Vp = 63?;0 er

Hyxx = X1 hmmer + S Ty 4S,
Hyxx = QHyxxQ™,

Q= (F12 o FlL)(F23 FZL) ---FL—1,L:

) S = F Q.

Ryt = thm+1ﬂ om=1,..,L—1.
HRRY = Th2 hmaa
AR = Th2 hman

s = QH‘“ﬂk O
[AC-D(x), }}%1)](‘] =0,x €sly,

A™: Y - yEH
AM = (A® DACMD, with AD = A,
ACD = Fy, (ACDERY

Fip.1 = Fi2Fa2y3 - Faz..-1)L

Faz.myn+1 = (A(n_l) ® H)(F)

AUH =P QI+I®J?




(A ® D(F) = Fi3F,s.
Fia.1 = F12(Fi3Fz3) -+ (FlL FL—l,L)-
[ACD ), AR | = Q[AC D (), Hgx |Q7 = 0,x € sy,
[BE=DC0), Axxx] = [A4D 00, AR ] + [B40 (0, hypa] = [A4D (), by ]
[AC=D(x), hypyq] = U[UTTACD (U, by UL, x € 51,
[AC=D(x),hyy,] = 0 x € sl,.

UTTAED(w)U = At=D(w)

~a. = QTaﬂ_l;
Ta = QFaTaﬂ_l(Fa);;'
By =FigFiq
(Fop = Foit - Fait
T, = FaTaQ_l(Fa);z}Q.
[Fap, Feql = 0Va,b,c,d = 1,...,L
{100),110),101),]20),|02), [11)}

/8 g —02 g:’ g; —(A)K'\

0 -2 2 28 28 —4¢
0 0 0 3 -1 =2
0 0 0o -1 3 -2
0 0 0o -2 -2 4
Eigenvalue Momenta Eigenvector
o - |00)
0 0) |10) +|01)
) (0,0) [20) + [02) + |11)
4 (m) [10) —[01)
4 (m,0) [20) —102)
6 (2m/3,47/3) | 3(]20) +]02)) — 6[11)
01 0 0 0 O
00 0 0 0 O
00 0 0 0 O
0 0 0 4 0 O
0 0 0 0 4 0
0 0 0 0 0 6
Eigenvalue (Generalised) eigenvector
0 |00)
1
o F(|20)+|02)+|11))
0 [10) + |01)
4 |10) —[01)
4 |20) —102)
6 3(]20) + |02)) — 6|11) + 6&(|10) + |01)) + £2|00)




1
2—52(|20) +102) +111))

{100),110),101),120),102),|11),130), |03), | 21), [12)}.

0 0 0 & & 0 -6 —68% 0 0
0 2 -2 2§ 28 —4& -38% —-682 0 5¢&
0 —2 2 28 28 —4f& —682 —3§ 582 0
0 0 0 3 -1 -2 4& 28 -8f -2
0 0 0 -1 3 -2 28 48 —28 -8
0 0 0 -2 -2 4 6 68 —28 -2
o0 o o o o 2 -2 _2 1
3 3
o0 0 0 0 0 -2 = -1 -2
0 0 0 0 0 0 -2 -1 5 -2
0 O 0 0 0 0 -1 -2 -2 5
Eigenvalue Momenta Eigenvector
0 (0,0,0) [30) + |03) + |21) + |12)
4 (m,0,0) 3(130) — |03)) +|21) — [12)
6 (2m/3,41/3,0) 3(130) + [03)) — 3(|21) + [12))
22/3 (m,arctan V35,2 — arctan V35) | 5(]30) —[03)) — 15(|21) — |12))
01 0 0 0 0 0 0 0 O
0O 0 0 0 0 0 0 0 0 o
0O 0 01 0 0 0 0 O0 O
0O 0 0 0 0 0 0 0 0 o
0O 0 0 0 4 1 0 0 O0 O
0O 0 0 0 0O 4 0 0 0 O
0O 0 0 0 O 0 4 0 0 O
0O 0 0 0 0O 0 0 6 0 0
0O 0 0 0 O 0 0 0 6 0
0000000002
Eigenvalue (Generalised) eigenvector
0 100)
! 20 02 11
o 28 (120) +102) + |11))
0 [10) + [01)
! 30) 4+ |03) + |21) + |12 +1<320+302+11)
o 4520 y+103) +|21) + |12)) EZl ) 2| y+111)
4 [10) —|01)
1
4 E(3|30>—3|03>+|21)—|12))
4 [20) — |02)
6 3(|20) + |02)) — 6]11) + 6£(|10) + |01)) + £2|00)
6 3(|130) +103)) — 3(|21) + |12)) + 12£(|20) + |02)) +
+&2(110) +101)) — 2£3]00)




22/3

5(130) —[03)) — 15(]|21) — [12)) + 30&(]|20) — |02)) +
+278%(]10) — |01))

1( |20)+ 102) + |11))

2(|20)+|02)+ [11),—= z\2

5 (130) +103) + [21) + [12)) +

23 s‘

EBBO) —3]03) +|21) — [12))

1
2—52(I20) +102) +11))

1,3 3
_<E|20)+E|02>+|“)>'

1
4—S(2(|30) +103) +[21) +|12)) + 3

452 (3130) — 3]03) + |21) — |12)),

& n, 1 (k)
Fialng,np) = Z (_zf)k ( Kk ) (E + n1) [ng,ny — k).
k=0

N
®)ewy = Z Z Y (Fer) | f(r)>'

=0 X(r

| %0)) = 10)®",90)(F0)) = Y0y = ¢

Z = Z !l 55(7‘)) =| X1, X2, ""xT>IT > 0.

X 1<x1S-SxpSL
W (En)}
E(N)Z by (X)) | x(r)) = Z Z iy F)ASS |x(p)> =0,..,N,
) P=T X

L
(@ _ 2 (@)
HXXX hmm+1

m=1

o N2
& k(g - k!

(U@ U717 ) iy ((=/H* @ (),

Yy (Xay s ) = Wiy (X o, X 0 + L), 7 =1, .,N
Y (%) « EVTr =0, N

W) 1) = Y0yl 0" + Z Py (%) Ix)

1=x<L

Eqyh)0)®" = Ay Z ¢(1)(x)lx>

1=sxs<L

Flg) =2¢lhi2, )2 ®J7]

R$;101) = —£[00),
r2110) = £]00).




FI}%?X Z l/)(1)(35)”95) = Z Yay(®) (fla(cliq + ﬁr(clazﬂ) llx} =0,

15x=L 15x=L
Wy = Z ePX||x), E;1y = 4sin? (E) p=2ﬂ n=0,..,L—-1
® » E(1) 2) L ) s .

1<x<L

) = Yol + Y Y@@l + Y Gl )

1sxsL 15x15X,5L

lp(z)(xl, xz) = eip1x1+ipzxz + Sxxx(pz’pl)eip2x1+ip1x2
.o Pj
Ey = €e(py) +€(p2), €(p;) = 4sin? ?]
el = S, (p1,02), €728 = Sy (P2, 1)

(E(z) - HXXX) Z l/)(1)(95)”95) = ﬁ)((;)x Z 1/)(2)(951'xz)”xpxz),

1<xs<L 1<x1<x,<L
(1 7 (2
Eap@l0® = A% > @I +A5, > e Gx)l, ).
1=sx<L 1<sxi<x,<L

A3 110) = —RDj01) = £]00), AD|11) = —3¢]10) — £[01),
R{Y120) = 3¢110) +€101),  AY|02) = £]10) - £|01),

ED= 282 @ U7)% + U2 ® U)Dhyy — 48203 @ Jh, (U3 ® )
+28%h,(0%)? @ U7)? =2 @ ()2

i 3 i 5 )
2|20y = ~5£2100), 202y = 5£2100), 2111y =0

h110) = D101y =0

(B = 2)@y(@) @y + 1) + Pay(x — 1) =
=&[29h2) (6, %) + Py (x + 1L, x + 1)
tPy(x—Lx—1) = 2 (x,x + 1)
—2Y(x — 1,%)],

Ey o) =¢2 Z Yoy (%, x).

1=<x<L
Yyx) = A(l)eik(l)x
(Ey — €(k®)) Aye™ % = e/ ®+PI*[B(py, p2) + Sy (02 1) B (02, P1)]

E(Z)II)(()) = 62(1 + Sxxx(pZ: P1)) ( Z ei(p1+pz)x>

1=x<L

B(pl’pz) =2 —2e"iP1 —piv2 4 el1+p2) + e~ ip1+p2)

W= = ZLTI = —
k p1 + p, (mod2m) o 0,..,L—1

. 2mn
el = g (1, 92)Sxax (P2, P1) = 1= py1 + p, (mod2m) = - "= 0,..,L—1

eip1 — eipz )

A(l) = 45 (1 — 2eip2 4 @i(P1+P2)
262 elP1 — piD2
Yy =0 L

0k e(py) + €(p;) \1 - 2eP2 + i @1+P2)




D Aweltrdrng = 28 ) WGl

1<x<L

elP1+P2) || x)

1=x<L

1<x;=x,<L

1<x<L

(eip1x1+ip2x2 + Sxx (P2, pl)eip2x1+ip1xz) ll2c1, x2)

0 -y = 262L # 0

Hyxx llxy, x2) = €2L|0)®"
FI}%XX ll2cg, x2) = 0
Momenta (Generalised)
elgenvector
- )"
p:ZE”,n:[),...,L—l |\lem)(1)
p1+p2 (mod 27) =7
or |\lem.)(2)
p1=0,ps #0

p1=p2=0 g?lf ‘\I’xm>(2)

|\I}x'm)(2) + 25 ZlgxﬁL 13(2)(:{'3 33)‘1‘)
2L i L
+4(1—§cosp1} (1 +e Pl) |O>®

|\I;xm,)(2) + 26 ZlngL 13(2)(:{': $)‘I‘)

(Generalised)
eigenvector

p1+ p2 (mod 27) =0
with p; # 0,py # 0
rest of py.po

Eigenvalue

100)

3¢z (120) +[02) + [11))

110) + |01)

102 (130) +103) +[21) +[12)) + £ (5 [20) + 5[02) + [11))

[10) — [0

7 (330) = 3]03) +[21) — [12))

|20) — ]02)

3 (120) + [02)) — 6 [11) + 6£ (]10) + |01)) + £2]00)

3([30) 4103)) — 3([21) +[12)) + 12£(|20) + |02)) +
+&% (10} +]01)) — 267 ]00)

5 (|30) — |O‘3)) —15 (|21) — |12)) + 30& (|20) — |02)) +
+27¢2(]10) — [01))

22/3




Eigenvalue Momenta Eigenvector
0 — 100)
0 (0) |10) + \01)
0 (0,0) 20) +|02) + |11)
4 (m) |10) — |01)
4 (7.0) 120) — [02)
6 (2m/3,47w/3) | 3(|20) +1(02)) —6|11)
Eigenvalue (Generalised ) eigenvector
0 00)
0 sez (120) +102) + [11))
0 110) + |01)
4 110) — |01)
4 120) — [02)
6 3(]20) +[02)) — 6|11) + 6£ (]10) + [01)) + £ |00)
Eigenvalue Momenta Eigenvector
0 (0,0,0) 130) + |03) + |21) + |12)
4 (7,0,0) 3(]30) — [03)) + [21) — [12)
6 (27/3,47/3,0) 3(]30) +103)) — 3 (]21) + [12))
22/3 (7, arctan v/35. 27 — arctan/35) | 5 (]30) — [03)) — 15 (|]21) — |12))
Eigenvalue (Generalised)
eigenvector
0 100)
0 gev (120) +102) +11))
0 |10y + ]01)
0 32z ([30) +03) +[21) +[12)) + ¢ (3120) + 5 102) + [11))
4 110) — [01)
4 17 (3130) — 3[03) +[21) — [12))
4 120) — |02)
6 3(]20) +[02)) — 6]11) + 6& (|10) + [01)) + £2]00)
) 3(30) + [03)) — 3 (121) + [12)) + 12€ (120) + [02}) +
+6% (|10) +101)) — 2¢7100)
yys | 0 UB0) ~[03)) = 15 ([21) ~ [12)) + 30¢ (120) — [02)) +
+27£2 (|10) — |01))




Momenta (Generalised)
eigenvector
- 0)°"
p="n=0.....L—1 Waaa) 1)
p1+p2 (mod 27) =7
or |IIJMI)(2)
p1=0.ps #0

pr=p2="0 ElrL ‘\I’xm)@)

p1 + p2 (mod 27) =0
with pp £ 0,pg #£0

|‘I':r:'c:c>(2) + 2§ Zl<:r:<LT‘L 2) x,x)|z)

&L i ®L
Jr4(1 —cosp1) (1 t+e pl) |0>

rest of pq1.po

[s*,57]

III!:cr:c>(2) + 25 Zlg;,;SL w(Q)(Ta m)‘aﬂ)

= _[ng]qr [53’Si] = isi
qu —_ q—TL
(nlq = q—q7t

C=[5%],[53 - 1], - §*S~

Aq(S?’) =S QRI+IRS3
Aq(si—) =S* ® q—S3 + qS3 ®Si

2 (5+m) imymi

S+ = ;O [1+m]glm + 1)(m|

. Z [1+ m]glm)m + 1]
m=0

DF ® DF = @ D].
j=0

Bq(S7)xs) = G+ Dlxj)-
cosh kn
By, = 2sinh "Z <1_[ sinh kn)

£q(C) — [+ 1]4lr]q

0,84(SH]x;) =

P, = - - .
L L+ 1400 — [+ 107
T#]
2sinh (n53)sinh (n53)
A4(0) =en 13( Sinh m “cosh? (g)
2cosh (nS3)cosh (nS3) , (M N . 3
pa— i — — - _ _TIS

it () sinh (2) S¥Sy — SoSF ) e s,

§2 = J,5% > J* +0(q — 1)?




j j
2sinh ncoshkn 21—[1 (i
- —=
st sinh kn k 0.
k=1 k=1

_sinh (4, —4; —n)

SewaOn ) = s
2(cosh? n—1)

cosh n — cosh 24

en(d) =

1 sinh (A +1/2)
@ =718 Goh =/

o0 j
. 1—[ cosh kn
h12 — 2sinh T]Z ( m) Ad%(zf)Pllj
=0

k=1

2 Adgn A (C) — [r + 1]4[r],

F=0 [+ 1]q[j]q —[r+ 1]q[r]q

T#j

®2 n
AdygPizy =

¢
TI—’EU’A_’E/LE_’"E-

hip = iz = ). 2h()Proy
j=0

A=+ Dr
13 G+Dj—0+Dr

r#j

, with A(C) = linaAd‘X’z £4(C)

Praj = M@E/me)

fhz = ﬁ12h121§1_21 4 A(C) = ﬁle(C)ﬁle
ko) = [£S, 800
Fio =1 @1+ EED +0(82) and A(C) = A(C) + EAD(C) + 0(¢2)

(_1)m5n+m
mlin!

AdSE 8@ = ) (807)"8,©(8¢)"

Lo
84(0) > B(C) + nUEA(C) — ACDDe + 0(eD).
£18070,84(0)] +- (807, 80)] + £1807).178(0) - B(E31 + 0(6)
= £U7AC) - ACY3) + 0(e)
U~ ®DAC) ~AQA® ) = [~ AJ%AC)]
Fio =w @ wlF,AW).
Hyxx = AdS" Axxx

AD — ED = Aw®) - (WD @ T+1® wh)

w® = 3

1
]3 — E0.3’]+ — _0.+']— =g~




o~ A%a3,A(C)] =[-03® o7,A(C)].

[Pxz) 1) = Z Wz () | x)

1=sxsL

sinh (A + 17/2)>x

Wz (%) = (sinh A-n/2)

[Wexzdy= M(E/en)® [ Wh,) 1y

1sxsL

(Arxr + etfyy, +0(e) ((;)( > wxxx(x)> 0V + [Weer) + O(e)>
1<x<L

= ( XXX + 0(62)) (( 7])< Z q’xxx(")) |0)®L + |lpxxx>(1) + 0(6)>

1sxsL

0 (%):Iflxxx< Z ‘Pxxx(x)> [0)®L = Exxx< Z ‘{Jxxx(x)) |0)®L

1=x<L 1=x<L

0(50): FIXXXllpxxx)(l) + H)((;)Ze ( ) ( Z q”xxx(x)) |0)®L
1=x<L

= xxxll‘yxxx)u)

|wm>(1)=gig<M(f/en)®L|W§xz>m & )(Z wxxx(x)>|0>®L>

1sx<L

0= Exxx( Z ll"xxx(x)) |0)®L
1=x<L

) eik eikL_l
1=x<L

( Z q’xxx(")) |O)®L|‘yxxx>(l)
1sx<L

|\Pxxx>(l) + a( Z ‘Pxxx(x)> |O)®L, with e”"'L =1

1sx<L

W= D WeasCor, 1)l )
1<x,<x,<L

W (rux,) = <sinh A+ 77/2))"1 (sinh (1, + 77/2))"2
xxz\1 72/ \sinh (A, —n/2))  \sinh (1, —1/2)
sinh (1, — 4, — 1) (sinh (A, + n/2)\™ [sinh (A; + 1/2)\™
sinh (4, — 4; + 1) (sinh Q, - n/2)> (sinh 1 - n/2)>

|lpxxz)(2) - M(f/en)®L|wxxz)(2)
2

= Y el + (D) + )+ () 0

1<x1<x,<L




0(1/62):1:1XXX Z ‘Pxxx(xl,xz)l())@L

1<x;=x,<L

= Exxx Z Worr (X1, X2) |0)®L

1<x;<X,<L

01/ flixx ) Wenlr 1)) + 132)

1<x;<X,<L

= Exxx Z Wox (X1, %2) 1%1) + x2)
1<, <x,<L

. &\?
0(e%): Ayxx |q,xxx)(2)+(ﬁ> z ‘P,Ei)z(xl.xz) |0)®E

1sx,<x,<L

£
+ (5) By ) Yl m)ln) +1x)

1<x,<x,<L

f 2
= Exxx |\Pxxx>(2) + (5) Z ‘ch)z(xl,xz) |0)®L

1<x,<x,s<L

d2

2

\P;Sx)z(xl'xz) = (Elp;xz(xlw x2)>
€=0

hy2|10) = ¢|10) — |01)
1
hy,|01) = g|01) —[10)
1
Hyxz) = (q +5)| x)—l x— 1)—| x + 1)
Adyitey Hxz
QL 1 oL
AdM({)HXXllx) = Hyxzlx) +¢& (q + E - 2) |0)®*.
Ad3l ey Hyxz|x) = Axxx|x) + €€7|0)®E + 0(e?)
I:Ixxx|x> =2lx)—1x— 1)) — x4+ 1).
H, |x)) = £710)®*

B D Wl x)ln) + )

150, Sx,<L

= 2{77 Z lI"xxx(xlixz) |0)®L

1<x,<x,<L

2
W+ (5) (Brcnznm W00, 22 ) [0

(/D e ~(5) D Vel + b

1<x,<x,<L

h (%)2 Z W (X1, %) 0)F

1<x1<x,<L

ethal = Sxx k1, k2), elhal = Saxx (K2, k1)




Wrr (X1, %2) = 0

1<x;<X,<L

Worx (X1, %2) = L(L + 1)

1<x,=X,<L

HXXquJxxx>(2) = _Zsz(L + 1)|0>®L-

0= Eyxx Z Worr (X1, X2)

1<x,=X,<L

Wree G 1)) + 1) = ) dl)la),

1<x,<x,<L 1=<x,<L

L X1
q)(xl) = Z prxx(xlﬁxz) + Z prxx(xZle)

X=X, x,=1

> (206 -G + 1) = 00 — D)lx),

1=x;<L
L-1 X1
D(x; + 1)= Z W1 +1L,x, + 1) + Z Yo (X + 1, + 1)
X2=X1 X,=0
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CONCLUSIONES

En mérito a los resultados obtenidos, se concluye lo que sigue: 1) Las superparticulas, llamadas también
particulas estrella o blancas, son aquellas cuyo centro de masa — energia es extremadamente denso, lo
que le permite deformar el espacio — tiempo cuantico; 2) La deformacion del espacio — tiempo cuantico,
causada en supergravedad, puede ser por intervencion gravitonica o no; de tal suerte que, es endogena,
cuando la superparticula, por su propia masa y energia, deforma el espacio — tiempo cuantico en tanto
que, es exodgena, cuando la superparticula interactiia con el supergraviton o gravitino, lo que ocurre
cuando el campo supergravitonico, permea el espacio — tiempo cudntico repercutido; 3) la deformacion
del espacio — tiempo cuantico en supergravedad, es drastica e intensa, en la medida en que, cuando la
superparticula interactia, deforma el espacio — tiempo cudntico hasta formar un supercurvatura, en la
que, el campo cuantico se vuelve perturbativo, y ésta supercurvatura deviene en la formacion de un
agujero negro cuantico, por la colisién o colapso inminente y previo de la particula estrella o blanca,
formandose consecuentemente, un agujero cuantico de gusano y finalmente, un agujero blanco cuantico,
por la implosion de la singularidad. Téngase en cuenta, la definicién concebida por este autor, respecto

de la singularidad de un agujero negro cuantico. Véanse mis trabajos paralelos en este punto; 4) En

supergravedad, el espacio — tiempo cuantico, se deforma en dimensiones altas, lo que da lugar a la




creacion de superespacios y por ende, supermembranas, entendidas éstas tltimas, como regiones de
dimension disociada; 5) En supergravedad cuantica relativista, la supersimetria se vuelve esencial,
incluso como contrapeso de la antisimetria; 6) En supergravedad, el entorno es eminentemente
entropico, por lo que, el principio de incertidumbre queda ratificado; 7) Las particulas supermasivas,
son aquellas, cuya masa es extremadamente densa, con capacidad por tanto, de deformar el espacio —
tiempo cuantico en términos racionales; 8) La colision de una particula supermasiva, produce agujeros
negros cuanticos o en su defecto, su colapso en entornos cuanticos entrépicos; 9) En gravedad cuantica,
es decir, la deformacion del espacio — tiempo cuantico, al igual que en supergravedad, se produce por
intervencion gravitonica o sin intervencion gravitonica, por lo que, ésta se tiene por exdgena, cuando la
particula supermasiva interactua con el graviton en tanto que, se tiene por enddgena, cuando la propia
particula supermasiva, a razéon de su interaccion, colision o colapso, deforma el espacio — tiempo
cuantico, en ambos casos, pudiendo provocar agujeros negros cuanticos; 9) La simetria se vuelve
esencial en gravedad cudntica, como contrapeso de la simetria; y, 10) Las particulas blancas u oscuras,
para efectos de determinar sus interacciones, matematicamente es posible, a través de la identificacion
de sus osciladores y propagadores arménicos.

Algunas aclaraciones finales a tener en consideracion y aplicar, a propodsito de la Teoria Cuantica de
Campos Relativistas o Curvos (TCCR) propuesta por este autor:

1. En todos los casos, este simbolo 1 serd reemplazado por este simboloto por este simbolo T,

equivaliendo lo mismo.

Simbolo a ser reemplazado. Simbolos de reemplazo.
f f
T

2. En todos los casos, este simbolo F, sera reemplazado por este simbolofo por este simbolo f.

Simbolo a ser reemplazado. Simbolos de reemplazo.

F i
i




3. En todos los casos, se afadird y por ende, se calculara la magnitud§que equivale a un campo de Yang

— Mills y por ende, a la teoria de Yang — Mills en sentido amplio, en relacion a la Teoria Cudntica de

Campos Relativistas propuesta por este autor.

4. Este simbolo * podra usarse como exponente u operador, seglin sea el caso.

Las aclaraciones antes referidas aplican tanto a este trabajo como a todos los trabajos previos y

posteriores publicados por este autor, segiin corresponda.
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