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m GlobalZxt FEGHE D EHANBFHBMICHENS: G
— H &, BN=-EBFG/HIZxtIE9 % massless
FE 3B-GoldstonerV > (spin0) M ER N B,

m £ELSUSY (Bx#RE) NI NGRYUIE,
Quasi-NG fermion &FEIEHHmassless (spin 1/2)
TTILEAUEEZTED, — NG chiral B2 E18
(Buchmuller-Peccei-Yanagida'87, Ong’83 )

m Kugo-Yanagida 1984

3t from E,/SU(5) x SU(3) x U(1)
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E,SU(5) x SU(3) x U(1)M B i Fh
TIHNS NG chiral multiplets

E, — SU(5) x SU(3) x U(1)

133=(24 +8 + 1) < unbroken generators
+ (10’ 3*)1+(5*!3)2+(5’1)3
+ (10%, 3).4+(5, 3%).,+(5,1)3 > c.c.

Three generations 3 X (10+5%) + 5 + singlet !
ENGRYUIEHEN =4 FDEEL 50 X 2{& (c.c.D™M
ZIFE N B A, NG chiral superfieldsld fr— A D &

Chiral superfield ~#8& %

(SU(5).SUGBy(1)

77)
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m SUSYERDEREE  Kahler ZFkIK
m G—H [ZHESNGRY > DLagrangian: JE#R

%18 based on coset G/IH —CWZIEf

m SUSYERTO IR R :GHNEFE
KahlerZ#{ADi5E —BKMUER

m BKMU Kahler potential D52 £ 4%
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1 SUSYIEfmODEREIE Supersymmetry, Superspace
Superalgebra:

{Qm Q{i} = Qi(a;t)m’?P“

1 1 —1 1
where oy = ] ,01 = 1 ,09 = ; ,03 = -1

(z",0,,09)  pn=0,1,2,3, a,d=1,>2

Superspace:

0, 0% Grassmann SL(2,C) L and R spinors

§'P,  oalt = at gt
90/ — 90(_'_80/
£'Qu+&:Q% : { Oy — 05+ 24
zt — x4+ ifote — icotl
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0
P, = @ =0,
jf/::\li\ SUSY Z#a Qa — % _ Z‘(Uu)(mgx’iaﬂ
~ 0 ‘
Qd = 7%+i93<0}1)ﬁdau

a _;
Da = a7t 7;(0-“’)(11; 9&6
— RIS 067, o

Dy = ——
) 69a
which are anticommutative with Q and Q: {D,Q} = {D,Q} = {D,Q} =

— ié‘j(a”)gda,l

{D,Q} =0. $hbb, &x,0,0)H superfield % & D, % Dy b super-
fields :

5(2(6)@ = (EQ + EQ)(I) — (5Q(€>Ddfb = (EQ + EQ)D(i(l)
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Chiral superfield ¢(z,0,0) <>  Complex variable

Chiral superfield ¢(z,0,0): defined by Dgg(x,6,0) = 0
- AEMIZIZ 0-independent T complex: Noting

Dyy" = D0 =0, for y" = 2" + i0c"0

we see ( p(x): complex scalar field )

o(x,0,0) = o(y) + V200 (y) + 0*F(y)

= o(x) +i(00"0)0,p(z) + i&@QD ()
7

V2
. % D FEHZ anti-chiral superfield ¢(x,0,0): D,¢ =0

o(x,0,0) = o (") + V20U (y") + O*F*(y*) with y™* = 2* — ifo"f

+ V200 (y) 020, ()"0 + 6*F(y)
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SUSY invariant action: for arbitrary functions K(z, z*) and W(z),

/ d'z / 20d%0 K (6, 6), / d%( / 20 W (¢) +c.c.)

(. SUSY ZH#1Q, Q &, 0 DX %% BT 286571%. 9, 1 Hitdil)

The simplest kinetic term:

/ d*0d*0 ¢p = —0"p - 00" — W' Oh + FF* + (t.d.)
Generally,
/ P00 K (6, 0) = gij-(, ") (—8‘% O — iwia“afﬂﬁjv +-
where

K (p,¢")

0t Qi (1)

SUSY theory lives in  Kihler manifold with complex coordinates ¢ !

97;]'*(807 S0*> =
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) gij(¢,¢") = girj+(p, ") =0 (hermitian manifold)
2)  fundamental 2-form 2 = %gij* do' A de’™ is closed :
9gij+ _ g+ and 9gij+ _ 9k~
Dt~ By Opt D
2 Coleman-Wess-Zumino Nonlinear Realization
Coleman, Wess and Zumino, Phys.Rev. 177(1969)2239
Callan, Coleman, Wess and Zumino, Phys.Rev. 177(1969)2247
Global Z MR G DSERHE H 1< A FEMNIC L 72 565
Gg={ SaeH, X;eG-H }
T T

unbroken  broken generators
generators (X8, FEARRIUC BT 2 anti-hermitian1TF) & L TE <
tr (SASB) =0ap, tr (X]XJ) =46y, ftr (SAX]) =0 (2)

massless NG (FEB-Goldstone) &RV &k, SO -4 T X, &
FUBZTBENS, DT, NGRY VIEFEEAD 7 —Yrl(z) TTRL

dQ=0
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K%, % D Lagrangian % B 13— 12 Nonlinear sigma model & FEIX91
1
L= égu(?r)a“w[ 8/,7T‘]

EFEIPND, GAZEWDERD & Z D Lagrangian Z D 72\, PRk
HIFFIBICRB I N TV 20, 20 DAND G Ot 3 IERRIZ I S8
INTV5DT, Nonlinear Realization & F:XI 5,

CWZ D basic variables: € right coset G/H:

U(r) = e™¥, - X =7l(x)X;
G-ZAH
gEGITNL gU(r)=U(x")h(r,g), h(x,g) € H,
This defines the non-linear G-transformation: # — 7’
Ulr) — U()=gU(m)h™ (m,g)

Now try to find Invariant metric and Lagrangian under this transformation.
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Maurer-Cartan 1-form:
w(m) = U Y (n)dU(r) = W (1) X; + wl(7)S4 € G
which transforms
w(x') = U™ (r)dU () = hir, g)U " (m)g~" d(gU(m)h (. ) )
= h(m, glw(m)h™ (7, g) + h(m, g) dh™" (7, g)
Since hdh~! € H, the broken generator part transforms homogeneously:
W!(7) Xy = h(m, g)w! (1) X0 (7, g)
Generally, {w!(7)} splits into some H-irreducible subsets: Then, since

(Y WmX)= Y W(mw(n) (3)

le<ly> Te<ly>

(<ly> 13 MREIFVI1LD X, DIET % H-BEfY 7% subset) is clearly G-
invariant, general G-invariant metric is given by

1 1
ds® = 591.](7r)d7rld7r‘7 =5 g rersw! (m)w! (m) (4)
I

where coefficients x ;- are constant on each H-irreducible pieces.
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3 G/H: Kahler manifold case

e 19y OB
{='} —  {v
(X} = {3, X {Xi}

00 > 01
complex generators ~ X; = (1 0) , X; = <O O)

anti-hermitian generators X} = i(X; + X;)

I
RN
<. O
O S
~_
2
S
2




21

4 Bando-Kuramoto-Maskawa-Uehara Nonlinear Re-
alization
BKMU, Prog. Theor.Phys. 72(1984)313, ibid 72(1984)582

X; Complex brok tors € G¢
X, eG/H X .omp ex bro §11 getlelTa ors
X+ nilpotent matrix € G¢

S, € semi-simple part Hgg,

SaeH —
A { 1Y, € center of H

Complex unbroken subgroup H = { X+, Sq, 1Yo}
NG complex coordinate ¢'(z) <> ¢(x,0,0)
BKMU's Basic variable
sy =N e/
G-Z246 1)
g€ G I gép) = E(Phlp,g), hlp,g) € H

This defines the non-linear G-transformation: ¢ — ¢’

Ep) = &) =g&p) h (v, 9)
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Now try to find Invariant metric and Lagrangian under this transformation.

BKMU 475
1) find H or aset {X;}
2) find projection matrices 7; s.t.
Huy = mHn, (] = mi n} =)

Then, possible Kahler potential is given by

K(¢,0) = Z c;Indet,, (€7(P)E(o))

Proof of Invariance:

In dCtT,(f(QE,)Tg((f)/))
= Indet, (nh (4, 9)¢(d)g" 9&(8) ™ (&, 9)n)
Indet, (nh™"(6, g)n - " (@)E(@)n - nh™ (@, g)n)
In dct,,(if”(dg, 9))+In dct,,(fT(qg)f(¢) +In dCtT/(iL_l(d)a g9))
51,331, (anti-)holomorphic & DT [ d?0d*0 F(¢) =0, &> T
[ d20d0 K (¢, §) \EAZE,

a}g
o, 9
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5 BKMU'’s potential DZEE M
K.Itoh, T.Kugo and H.Kunitomo, Nucl.Phys. B263 (1986),295.

how to find the set {X;} —  invariant complex structu

1)
—  # of free parameters in K (¢, ¢)

2) how to find #;
3) Complete?

TEBL [Borel]:
Let G be compact and semisimple. Then,
G/H : Kahlerian < H is a centralizer of a torus

A. Borel, Proc. Natl.Acad.Sci. 40 (1954) 1147;
A. Borel and F. Hirzebruch, American J. Math. 80 (1958) 458.
Torus = U(1)F  — Y =1, Y, -+, V).
—  H »3Torus & A[#472 maximal subgroup in G

H: centralizer
YRR D F W TIE, Y-charge %0 O generators 1& Sy € H 2342 T

T, fthd broken generators X; € G/H %, 47 non-zero charge % £§2

24

Fo1) ofE X} DEDT ) 1T L TOEA:
(X;, Xp) ~NDIfEOH: 71,

X] —
{X;, Xi}
T 1
negative positive Y -charge
positive, negative 13, roots DHfr & AL, (Y1,Ys, -+, Y}) charges DJIE
PO J5IC X %

#7¢ % complex strucure D AILST D = ordering DHLD T7 D%

_>
LED2) ORE Tn,d RO, I L To%A:

|
RHZ2[] D base vector & H-BERITR 3 22 4 fig :

(=]

yif
| | A H-BEYZER DR 7 R OVIZFE U Y -charge DA y, % £F

Y=
yr ’(/}7‘
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B oy > Yy > - >y, DIHICIERIUL,

0
DD projection n; \&. Hn; = n;Hn, W72, H D generators
H = {X;,S,,iY,}
DI b, XpldY-charge DIEZIER L, S, Y, 3SR VD5,
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REICTERMEICDOWT
Key observation:
Kahler G/H (%, BKMU variable T% CWZ variable C % Goiki Al
BKMU variable :  &(¢) = e? Xi

I
CWZ variable : Ulp,¢*) = ¢ %i e“i*):(i*ebasﬂeicayﬂ
_ 5(()0) . ea-XebSe'ic-Y
UlU =1 (BXO, e fliEE) 2ERT 2 L. alp, ¢),ble, ¢%), c(p, 9*)
1. (o, 0") DBI%E L CTunique lIZIk X %,
72, BKMU & CWZ O G2 2 Hile % & |

(6)

cal@' @) = calip, ") + %(%(% 9) —Vale" g))

7272 Uy Yol g) 1. BRMZEREID h(p, g) = e*XefSeY D% DR T,
ZDORUE. calp, p*) D3Kihler potential DEMBIETH 5 2 L 2R L
TWw3, L2d, #Eix, BKMUDOARK

In det,, (£7(9)&(0))
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TR IN LD DD, T Dy, ") DBIGHEEGTH 2 2 £ H3(6) DA
59 Chbhs, £, —DORBITHR Ly 22T LR, kEETD
calo, ) ZO T T EBHRE 2 L3005,

Maurer-Cartan 1-form % (6) 2 parametrization ® U % i > TFHE§
i,

w=U"dU = w'X; +w" Xp + w"S, + iw"Y, (7)
W' o< de, w' o dyt
L0,
fimed 1

b RN 7% G-AZE 7% metric @ fundamental 2-form 1
Q = gijr (@, " )dp' Adp™ = Z Topmw' AW

ThHAGNS, 2L, o 3. H-BERIR T ETIRER
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Q D3closed dQ = 0D 72 DI w1
T<i> + x<j> = T<f> fOI‘ VLj, k Wlth fijk 7é 0

itz 9 & DAY

ZOME Xz D3, roots oy D linear mapping #5252 2R LTE
D, P> T, BRNR7 PAVODBIEEL T, 245 =v-aTH S, Car-
tan generators H DFFERE A D charge Y = v - H ZEHFTUUL, 2
\. broken generator X; D Y-charge TH 5 : [Y, X;] =z-X;. L2 L.
Tois V3 HBE 2 7 8 — ECEBED» S, Y IZHDcenter IZIE\V>THE
D, Yala=1,-- k) DB THI TS, LEdo>T

firdd 3

G-A% closed fundamental 2-form Q %5 2 2188 v ;- 1,
generator X; DEFD, & % H D central charge 3Y =
ZQU@YQ =" Y@{@O) <7/f %X) VC% 6 . D/, XJ = —ZZZ’<Z'>XZ'




29

(A4 FAFEZ ANTLZDIF., X;DEDY-F ¥ —C %o 809 B
Lhbedrd,)
ER

central charge Y = v - Y ITWE T 2 G-AZE G gij+(p, 0*)
% 5.2 % Kihler potential &

K(p, ") =20 > wacalip, %) = 2ic(p, ¢*)

[e%

Proof)
Y, X)| =~z Xi, [V, Xi] =22 X; WA
Y,w] = —2epn (WX; —w' X)) = tr (V0] A w) = —2rsw' A W'
S = —%tr (VwAw) =—tr(YwAw) =dtr (Yw) (. dw=-wAw)
w=UdU =U"'d,U + U td, U
HE2HDd, DS S, U = &(p) e X5 ZIWAL T, &(p) 1d

K S WD T
tr (YU_ldw*U) = tr (Ye_i(*ye—b'se—a'f( dy (eaf(eb-S) ez‘c.Y)
+tr <Y }/Uz)id;p*ca (1156 tr (Y Y;JL) = v(l’)
= tr (Ye—b'Se—a'X dsﬁ* (ea-Xeb-S)) + Zdy”* (Uacoc>

B, d Mo X L SHfEHZ T oT, YV EERLL Tr 10,
d, ISR LT, U N,U = Uld, U Z VUL, 72 E(p) #5D3
W7 CEFRLSHIR T
tr (Y U'd,U) = —id,(vaca)
L7Dd3> T,
Q = —id(d, — dy)(vaca)
= 2id dyc(p, ¢")
0%(2ic(, ")) , i
T T opop W
Implying

D (2ic(p, "))

gij*(807 W*) = 8(107880*]
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AT S N dp o 7o, 1~ E X VEHOERT 2 L 25
6, fiJ, Y-Fr—2Y = v YZBETL2ERIRZ P Lo =
(v1, -+, vp) DELD J303, #HEMEE (HREREDENST) HIED 5 Kihler
ATV yVET, BT2—ENICREL TS b d,

TR RZ7 P Lo = (v, 0) B EZNUE, BTY-Fr—2Y =0 Y
DMEE 4, KIT broken generators { X7 } D26 ZDY-FEHHEHIE
DA JRF% complex broken generators { X; }ITENRITRE W, 2975 &,
Y, X)) = —2on X; CRE Bz 32 TIE (T, H-BEIESY 1T
) THH. w1 D fundamental 2-form Q= v AW DEZ S
At g FIEEMETH 2, $72. TOFFEZL52 % Kihler R T & v L
D, K =Y, vacalp,¢*) L2 5,

BRENICE 2 X, R ML DREENEREFZEDOEY K ZRD. 0D
RESHEHAEDRBMORESZRD B,

X,DY = (Y1, V) Fr—YDflizy, L T1UE, EOREw . 1d,
Y, Fr—YRI My Do HANOEFr . =y, - v THEA6N5, v
DI AZHEFENCEZ T T, 2 = Y, VTEATZANI K 2o T
BIC0zY>TaICho 5L, GHRVIEEM TR A2 I L2
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K9 %, 3. ZDHA. broken generator X; DY F v — —y, - vD¥EIC
%52 ERERT DT, REX I3 YV Fr—YHDFMFTEIIND)
complex broken generator Tl&7% <, % % T X« &£ MFEA TV 7 generator &
AN Z QLR 6V L2 ERT 2, 2D complex BBIED ANVEZ %
T2, GHRIBEHCIEEMRE &5, L3> T, B 2 EFEMEOER
X, 25X, 0Y Fr—Ly, Mot EXTE LI FETHRESNS,
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Example: K.Itoh, T.Kugo and H.Kunitomo, Prog. Theor.Phys. 75 (1986),386.
Grassmann mfd G/H = SU(l+m+n)/S[U(l) x U(m) x U(n)]
Two central charges (k = 2):
I m n l m n

I nl, L{m1
Y= 0 ;Y= —(l+n)1,
n -1, n ml,

The (real) unbroken and broken generators are

l m n I m n
If SU() If 0o A B
SU(m) €H, A 0 C |egG—H.
n SU(n) n\ B C 0
34
vector in representation space:
If i\ —Yi=n
o= m Y, | —Yi=0 1 larger
n wn T }/1 =—/
Y =Y charge £ #EA 72 & Z D projection operators .7 :
I m n I m n
l ].l l ]-l
m= 0 ) 2 = ]-m )
n 0 n 0

BKMU basic variable:

I m n

if1r 0 0

£(6) = o A+6BBHeCC _ 10
n ¢/B ¢O 1

¢/B = ¢B +¢C¢A.
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Then two independent Kahler potentials are

1
In det,, (£7€) = Indet (1&Aég) ¢4
Ix1 ¢/B

K

In cllxe;u (1+ Pt + (ZB/BQb/B)

1 Q; d_)/ 1 0
Ky = Indet,, (£76) =In  det A 7B A1
2 772(5 5) (I4m)x (I4m) (O 1 qﬁ(‘) jB 9250

1+ oag™ + Pt da+ Plpo”
=1In det 4. T uB e
(I4+m)x (I4+m) (b + ¢C¢ 1+ ¢C¢
= K +1In det (1 + ¢co®)

+1n n(]iXeEq (1 —(1+ Q;C¢C)71(¢A + dc¢'”) x _
o muwmhwmﬁﬂw+%fﬂ

k= 27TdH»ID Grassmann manifold
DETIE, Y Fr—Y 3 2RIGR7 LT
H Y EHHFICKRTE %, broken generators
{A,B,C,A,B,C}DY = (Y,Yo)Fv—%
270y bINEERD L) IC%m 5, v N7
FVZKO X H I EIUE, ZHUTERT S1H
D v DX & % broken generators 23, 4
DYH. {B,A,C} dnegative Y = v - Y
F ¥ — ¥ % £FD complex broken generators T &
%, vDOHIA%Z b LT &£, omplex broken
generators Dt v M, RIT{A,C,B}, XT{C,B, A}, {B,A,C},
{AC,B},{C,B,A}, t%k2%, ZNoPIALEEMEDETTHY,
COMED{C A B}DXy MIAHRETH S Z EPHIATH S Z LI
HEEL 72,

RIZIC, FHICHS YR Y LA THITREZ 52 TP S o 7o ihEE—
KERHERKIEHOEZEZ L ERWE T,




