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§1. Introduction

2D Nonlinear Sigma Models (NLoM) have
been interested since they have many
similarities to 4D QCD.

asymptotic freedom, instanton, - - -

Non-perturbative Alialysi; of 2D Nonlinear 1‘
Sigma Models (NLoM) in Large N |

|
AN '

Z = [[dg] expiSnLom(¥), :
¢: Nonlinear Field, SypoM = Eg,fj(ga)&p"atp"

= [[d¢da] expiSnLom(9, 9),
o: Auxiliary Field, ¢: Linearized Field

= [|do] expiSeg.(0)
Y Ser. ~ N (# of ¢)
Z ~ expiSeqg.(0p) (in the large N)
oy is stationary points:

W'aﬂﬂ =10 Gﬂp Equation

(1/N expansion=loop expansion of o)
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Ex.) O(N) model I
Dynamical (Linear) Field: ¢ € N
Auxiliary Field: o € 1 of O(N)

L = 8,60"¢ + o(¢* - a’)
= O(N) symmetry restortion

(dynamical mass generation)
(¢f. Theorem of Coleman-Mermin-Wagner)

The auxiliary field formulation is necessary
for the non-perturbative analysis !

In the literature

e non-SUSY NLoM, O(N) model,
CPN model - Dynamical Gauge Boson.

e N =1 SUSY NLeM, O(N) model (=
hybrid of non-SUSY O(N) model +
Gross-Neveu model) = Dynamical xSB
CP¥ model, Grassmann model etc.

In both the theories, many models are known.
What about the N’ = 2 SUSY NLoM?
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M, Except for CcpN
and Grassmann models, there was no

auxiliary field formulation.
(target space = Kéhler manifold)

Y

Our new results are
Auxiliary Field Formulation of 2D, N = 2

SNLeM on Hermitian Symmetric Spaces

(HSS)
HSS ¢ Kahler coset G/H
Type G/H

Alll; | CPN-T=SU(N)/SU(N —1) x U(1)
Allly| Gy p(C) = U(N)/U(N — M) x U(M)
BDI |QV—2(C) = SO(N)/SO(N —2) x U(1)

CI Sp(N)/U(N)
DIII SO(2N)/U(N)
EIII Eg/SO(10) x U(1)

EVII Eq/Ee x U(1)




]

FD, N = 2 (=dimredof 4D, N = 1))

Supersymmetric Nonlinear Sigma Models
\(SNLeM)

We use the notation of 4D, N’ = 1.
Chira._l superfields: | |
d'(y,0) = ¢'(y) + 0 (y) + 66F" (y)

K (®,®%): Kahler potential
L = [d*0d*§ K(®,dT)
= gijo(p, 9" )Oup'OH* + - -
gij*(@, ¢*) = ;0K (p, ")
target = |[Kahler manifolds| (Zumino)

The construction of SNLoM

1. Supersymmetric Nonlinear Realization
(Bando-Kuramoto-Maskawa-Uehara, Phys. Lett.
138B (1984) 94)

2. Auxiliary Field Formulation (Our results)

F
—
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§2. Auxiliary Field Formulation of SNLeM

Result 1: We formulate all HSS G/H by
the auxiliary field methods.

Result 2: We can perform the path integra-
tion over auxiliary fields ezactly neverthe-
less they are not quadratic.

1.CPN-1 = SU(N)/SU(N —1) x U(1)
(known)

SU(N) x U(1)p gauging

€ (N,1)
V. auxiliary vector superfield

L=][ d40(ev¢f¢ —cV)
cV . Fayet-lIliopoulos term

gauge transformation:
3 Mg eV - oV eitint



2.Gym(C)=U(N)/UNN - M) xU(M)
(known)
UN)xUM) (N > M)
® € (N,M): N x M matrix
V = VAT, M x M matrix valued
auxiliary vector superfields
(T'4 are Lie algebras of U(M))

L=[d (tr (‘I‘t@ev) — ctrV)

3. QV-2(C) = SO(N)/SO(N —2) x U(1)

SO(N) x U(1)p
¢ € (N, 1),
¢o € (1, —2): auxiliary chiral superfield

L=[d"9(e¢'¢—cV)+(/d0 ¢yo” +c.c.)
e Integration over | gives cpN-1,

e Integration over ¢y gives the F-term
constraint ¢~ = 0.

CPN-1 with an F-term constraint ¢~ = 0




4. SO(2N)/U(N)

SO(2N) x U(N)
® € (2N, N, 1),
®q € (1,sym. tensor, —2)
JT = J: rank-2 SO-invariant tensor
L= [d* (tr(®Te") - ctrV)
+(/ d%6 tr (92" J®) + c.c.)

Gon,n with F-term constraints T J® =0

Sp(N) x U(N)
® € (2N,N, 1),
®, € (1, anti-sym. tensor, —2)
JT = — J: rank-2 Sp-invariant tensor
L=/d% (tr(@T®e") — ctrV)
+ ([ d?6 tr (tbgthJ ‘1)) + c.c.)

Gon N With F-term constraints &/ J& = 0
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6. Eg/SO(10) x U(1)

EsxU(l)p
¢€(27,1), ¢o€(27,-2)
[k rank-3 Eg inv. symmetric tensor
L=[d%¢'¢—cV)
+(/d% o'Tijd’ 9" +c.c.)

CPN-1 with constraints I g_,'kﬁbj ¢F =0

! E',’/E(; X U(l)

E; xU(1)p
(b € (56: 1)1 ¢O € (561 _3)
dopg~s: Tank-4 E7 inv. symmetric tensor
L=/d9e"$'¢—cV)
+ ([ d%0 ¢y° aﬂqaﬁf’ﬁ $7¢° + c.c.)

CPN-1 with constraints d,z.50°¢7¢° = 0




§3. Path Integration over Auxiliary Fields
Quantum Legendre transformation

o(z,0,0), ®(x,0,8): vector superfields
[do)expi | d*zd*0 (c® — W (0))|
= exp i [d'zd'0 U(2)]
U(®) = 6(®)P — W(6(P)) (Legendre tr. of W)
& is the stationary path:
0 .
5502~ W(0)lo=s =2 - IW(a) =0
The path integration can be performed exactly!!

[ntegration over (gauge)vector superfields
c=¢e", ®=¢lp, W(o)=clogo =cV
o = f(V) = We can show [do| = [dV/]

/[dV])exp[i | d*zd*d (" ¢lp — c V)]
= exp|i / d*zd*0 clog(¢'9)|

Path integration over V
= Elimination by using eq. of motion




Proof
[ d'6 (c® — W(0))

3De(Ca — W'(Cy)

-%Aa(x«v - W*(Co)xo) — %L(Jh - W"(Co)Xo)
+%C,D¢ - %(xah + XoAe)

+%( MyMg + N;Np — v, - vg)

—1W"(C,)(Mu2 + N, = v,%)

4

1 . e G
+-Wm(cu)[‘(XurX# — XoXo)Mo + (XoXo + XoXo)No

8
1 +2Ua'p (){,a“a“'I iﬂ)]
- 1—6' W”"(Cg)x:rxqriﬂx-d

The path integration coincides with the substitution of
the solution of stationary equations. (Q.E.D.)
Vector superfields:

V(z,8,0)

= C(z) + ibx(z) — ix(z)

+%00[M(z) +iN(z)] - %e‘é[M(z) — iN(z))
—00"0v,(z) + 1000 (z) — 10O (z)
%MED@)
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§4. Conclusion

e We formulated 2D, N' = 2 SNLeM on
Hermitian Symmetric Spaces (HSS) by the
auxiliary field methods.

e We needed two kinds of auxiliary
superfields:
1. auxiliary chiral superfields
=> F-term constraints
2. auxiliary vector superfields
= D-term constraints

e We performed the path integration over
auxiliary superfields ezactly nevertheless

they are not quadratic.

Application

Non-perturbative analysis (large-V') of 2D,
N =2 SNLeM on HSS.

Work in progress in (olldbaiatlon with

K. Higashijima, T. Kimura a,nd M. Tsuzuki
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G/H GC.invariants | superpotentials | constraints | embedding
SO(N-2)xU(1 IL=¢"J¢ dols IL=0 Ccph-1
m\%wwﬂv mﬂmﬁ L' = eq..E.v ioa.ﬁ ) IL'=0 Gan N

SO(10)xU(1 Iy =Tijpd' ¢’ ¢* _....%&a.%ﬁw 0l; =0 Cp*
G |11 = daprsd° P67’ | daprsteP’9'¢’ | 01y =0 | CP%




