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e inclusion of N/ = 2 matter



). Introduction

e basic mechanism: { _Q,Sgg(x)} = 2(0”)ad5ijT7T(az) - (am)adCij
: C’,L-j: not a VEV but follows simply from the algebra.

- permitted by the Jacobi id. constraints.
- not modify the SUSY algebra on the elementary fields.

The model:

e N =2 U(N) gauge group. (cf. U(1) case Antoniadis-Partouche-Taylor in 1995)
e In V=1 language &° = (A% ¢* F%), Ve = (v2, 6\ D?)

e noncanonical kinetic term from the Kahler ptl and gauged .

e three parameter e, m and &

The model predicts:
90°rot.

o C.) =4mér "3 4mérs The scalar ptl VEV (V) = 72mé = 2|m¢|
e . Half of the supercharges annihilates the vacuum while the remaining half takes
00 ~ |mé&| [ d*x matrix elements.

.. Partial Breaking of Extended SUSY is a Reality.



I1). Original A/ = 2 Strategy and Our Model

a )\a, a wa L ap—1
e () ()

R57(71£)9R_1 = 5?(;’:_95) so that 0 = 55;5)95(5) follows from R57(71£)QS(§)R_1 =0

e Kahler: kinetic term for A
L = / d*0d*0 K (9, %), K = %(cpaf‘a — OUF,),

1 .
e U(N) gauging Lr = /d29d29_F, I' = [/ doe2®’ (ka_ka)vc@cl
0

vd—ya

. vV
e gauge kinetic action L2 = —%/d%?TabWaWb +cc. , W, = —ZDDe_VDaeV

esuperpotential Ly = /d20 W (®) + c.c. Fayet-lliopoulos D-term Lp = f/dQQdQQVO = v

The total action L =Lx+Lr+ L2+ Lw +Lp
e Impose R invariance. —ﬁng*é’CTabﬁd*W — %ng*(‘?CWgad*yb — %aaabw,

The solution W = eAY + mFo, Tup = Fup



I11). Transformation Laws and Analysis of Vacua

Doublet of fermions \,* = < za ) & parameters n; = ( n ) .
72 1

BAS = (07" + V(0™ ) DA + i - D) Sy — oy £ AT A
D* = D" —V2¢" 9 (EA™ + MF).
fermion bilinears

E = (0, —e, &), M=(0, —m, 0),

The scalar potential of the model, V = —L is
1 1 1, ~x =
Y = g <§@a@b + £26%69 + aawab*w*) = ggbC@b@c + §gbCDb . D,
e £ .
(Fiih) = _Q(E F /LE) = —2( ; the vac. condition
_ 98
(g5 = F2=,



V). Partially Broken Supersymmetry

and Gauge Symmetry Breaking

6 (2N = iy 2.
65 = o

e N = 2 supersymmetry is spontaneously broken to N' = 1 and we obtain the

Nambu-Goldstone fermion %(AO + V) associated with the overall U(1) part.

e The diagonal entries \! of ((A)) belong to k — 2 complex roots of the vac. cond.

These define a grouping of N eigenvalues into k — 2 sets and hence determine a
k—2

breaking pattern of U(N) gauge symmetry into a product gauge group HU(Ni) with

=1



e the table

V). Mass Spectrum

A mass

, _ o, 3, - - - for unbroken generators
index labelling a, b, --- =
W, v, - - - for broken generators
field mass label # of polarization states
vl |5 C 3(N® — du)
%(AO‘ + ) 0 A 2dy
%(AO‘ F9%) | Im{g“ N Foaadl | B 2dy,
A |%fﬁz>\2| C 4(N? = dy)
A (m (g™ {Foaa | B 2dy,
1 p)
PuAr |5 i C N* — dy
e N =1 supermultiplet
B ma C mass
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VI1). Manifestly V' = 2 Supersymmetric Form

in Harmonic Superspace

N = 2 harmonic superspace R4|8><S2 in the analytlc basis.
(a4, 0%, 6%, up) = (2™ = 20" 0™ ufuy,, 00uy, 0'uy, uy)
S2 =SU(2)/U(1) is parametrized by harmonic variables (u;,u;) € SU(2) .
o V*HtH(x4,0F,07 ut) = VITT%,: unconstrained N' = 2 vector superfield .
o W =—1(D")*V~~ with D} = 52 the curvature superfield

oV =" [dv;--- dvn(—(i):+1‘)/(++(v)> (V++EL”)”> is (in Wess-Zumino gauge)
uTv vl v2 vy
W = —ivV2A—20'X;1+66"D;;+016™" 0 vy + - - -

e Sy = [at [(DY'F* (W)~ (D)F(W)]

e The electric FI term whose effect is to shift the dual auxiliary field by an imaginary
constant, D47 — D%’ = D7 + 8iel75¢.

Se = /dudg“(_4)5++v++ + c.c. = /d4aj§”DU + c.c. =TT = f”u}ru}r :
e The magnetic Fl term SYM is obtained by shifting the auxiliary field D%, by an
imaginary constant, D*'/ — D"’U = DY 1 44¢1 68

Sy + SYM = ~ /d4x( V2PF(W) +cc.  where W = Wips —.psa, .



e The total action Syyp = Sy + Se + S;%M is N/ = 2 supersymmetric.
cf. §,D'; =6,D',
e The vacuum is determined by the scalar potential

L, — A a : 2 3
— 59 bDf| D, | + Gap® ok + 4Z(§A + gA)(gé - gé)

D2| = gD = =2 [(6* + €60 + (65 + €5) Foal] -

e The shift of D induces spontaneous breaking of N' =2 SUSY to N = 1.

e By using SU(2), may choose ¢4 + &5 = (0,—m,0), £ + &4 = (0, —e, &) with real
constants m, e and £. Then the vacuum condition is solved as (F;;) = —2(% £i).



VIl). U(N) Gauge Model with Hypermultiplets

g (x4,0",0%,uT); N =2 hypermultiplet . ( w hypermultiplets as well in our paper.)
The gauged action is

S, = — dudg‘(_4)q:2)++q+“ . Dttgtr = Dttgtr vt ) gt

and DTF = u—Hau_I — 2i0T0™07 0, + 6+aag—a + (§+d8§_a.

e Physical fields and SU(2) doublet complex scalar f! and SU(2) singlet Wey! spinors
1 and k.

o The U(N) isometry with the Killing potential Q17 = if\ (T,)*, 7" has been
gauged.

e The electric FI term is as before.

e Sy +S,+5,+5P=(Sv+S5,+5,) ‘
That is

S = Sy M + /d% 2007 (Epry — Eprs), QY = ifi (to) " f" .

D—D

The additional f,-dependent term overcomes the difficulty [Partouche-Pioline’97,
lvanov-Zupnik'97] in coupling fundamental hypermultiplets.

e The total action is Sqcp = Sy + Sq + Sq + S. + S;%CD.



e The scalar potential

1 : - -
= 39 D"| DY)+ gu®* D +2i(€ + " (€p — €)1y
T (AA+ ALY 1+ f(AA + AA) S 17
DU = o (64 8+ €0+ €0) Tt OF + O] L O = Ol
require |, . = Coulomb phase
(A%) #

e N = 2 supersymmetry is spontaneously broken to N’ = 1.



VIIl). Perspectives

o explore the Higgs phase and connection with A/ = 2 sugra and the super Higgs
effect.

o model with a more general hyperkahler manifold (with U(N) isometry).
o comparison with breaking by the superpotential, namely e, m, £ v.s. A.

o string theory origin and applications to phenomenology.



