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Abstract

Tsokur V.A., Zinoviev Yu.M. N = 2 supergravity models based on the nonsymmetric quater-
nionic manifolds. II. Gauge interactions: IHEP Preprint 96-23. — Protvino, 1996. — p. 14, refs.: 8.

In this paper we continue our investigation of the N = 2 supergravity models, where scalar
fields of hypermultiplets parameterize the nonsymmetric quaternionic manifolds. Using the re-
sults of our previous paper, where we have given an explicit construction for the Lagrangians and
the supertransformations and, in-particular, the known global symmetries of the Lagrangians,
we consider here the switching on the gauge interaction. We show that in this type of models
there appears to be possible to have spontaneous supersymmetry breaking with two different
scales and without a cosmological term. Moreover, such a breaking could lead to the generation
of the Yukawa interactions of the scalar and spinor fields from the hypermultiplets which are
absent in other known models.

AuHOTanmsa

Sunosber FO.M., Ilokyp B.A. Momenu N = 2 cymeprpaBuTaiuu, OCHOBAHHBIE Ha HECHMMeE-
TPUIECKUX KBATEPHUOHHBIX MHOroobpasusx. II. KamubpoBounbie B3ammonercTsus: [IpenpuuT
N®BO 96-23. — [Iporsuno, 1996. — 14 c., 6ubmuorp.: 8.

B sToit pabore MBI mpomosmkaeM Haile uccienoBaHme momeiier N = 2 cymeprpaBUTAINH,
B KOTODPBIX CKAaJISIPHBIE IOJIS TUIEPMYJIBLTHUIIETOB TapaMeTPU3YIOT HECUMMETPHUECKNE KBaTep-
HUOHHBIE MHOTOOOpasusa. Vcmomb3yst pe3ybTaThl IPEembIayIiell paboThl, B KOTOPOH MBI HAJIH
sIBHOE IIOCTPOEHWE JIATPAHXKMAHOB U CyIepIpeoOpa3oBaHUil, U M3BECTHBLIE IJI00AJBHBIE CAMMe-
TPUHU JIArPAHXKMAHOB, MBI PACCMAaTPUBAEM 3IIECh BKJIIIOUEHUE KAJIMOPOBOYHOI'O B3aMMONENCTBUS.
Mg oka3bIBaeM, YTO B 9TOM THUIIE MOMIENIE OKA3bIBA€TCA BO3MOXKHBIM UMETEH CIIOHTAHHOE Hapy-
IIEHWE CYTIEPCUMMETPHUN C ABYyMSI IPOM3BOJIBHBIME MaciiTabamu u 6€3 KOCMOJIOTIIECKOTO UJIeHA.
Bonee Toro, Takoe Hapyierne MOXeT IPUBOAUTH K T€HEPAIINN IOKABCKUX B3aMMOMENCTBUN CKa-
JISPHBIX W CIMHOPHBIX MOJIEN TUIIEPMYJIBTHUILIETOB, KOTOPbIE OTCYyTCTBYIOT B IPYIUX W3BECTHBIX
MOTIETISIX.
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Institute for High Energy Physics, 1996



Introduction

In our previous paper [1] we have considered the N = 2 supergravity models where
scalar fields of hypermultiplets parameterize one of two types [2,3] of the non-symmetric
quaternionic manifolds. We have managed to give an explicit construction of the appro-
priate Lagrangians and supertransformations in terms of the usual hypermultiplets. One
of the important general features of these models is the fact that all of them contain as a
common component one of the three possible hidden sectors [4], admitting spontaneous
supersymmetry breaking with two arbitrary scales and without a cosmological term. So,
in this paper we consider the possibility to switch on the gauge interactions in such mod-
els, paying the main attention to the ones which lead to the spontaneous supersymmetry
breaking. For the vector multiplets we choose the well known model with the scalar field
geometry O(2,m)/0O(2) ® O(m). The first reason is that this model appears to be the
natural generalization of the N = 2 hidden sector [5,6] to the case of the arbitrary num-
ber of vector multiplets as it was shown in [4], where the usual symmetric quaternionic
manifolds were investigated. The second one is that such a model arises in the low-energy
limit of four-dimensional superstrings with N = 2 supersymmetry. For completeness we
reproduce all the necessary formulas below. As it was expected, both types of models
do admit the spontaneous supersymmetry breaking with two different scales and without
a cosmological term, in this a number of soft breaking terms arises as a result of this
breaking. As we will show, apart from the mass terms for different scalar and spinor
fields of vector and hypermultiplets, in one type of models the supersymmetry breaking
leads to the appearance of the Yukawa interactions between scalar and spinor fields of
hypermultiplets.

1. Vector multiplets

To describe the interaction of vector multiplets with N=2 supergravity, let us introduce
the following fields: graviton e, gravitini ¥,,, ¢ = 1,2, Majorana spinors p;, scalar fields
¢, 7, and (m + 2) vector multiplets { A}, 0}, ZM = XM 4 ;MY M = 1,2,..m + 2,



gMN = (——, +...4). Tt is not difficult to see that the set of spinor and scalar fields is
superfluous (which is necessary for symmetrical description of graviphotons and matter
vector fields). The following set of constraints corresponds to the model with the geometry

0(2,m)/0(2) @ O(m):

Z.-Z=-2 Z.-Z=0, Z2.0,=2-0,=0. (1)

Y

The number of the physical degrees of freedom is correct only when the theory is
invariant under the local O(2) ~ U(1) transformations, the combination (£0,2) playing
the role of a gauge field. Covariant derivatives for scalar fields Z and Z look like

1 -
D, :8“:|:§(ZGMZ), (2)

% N

where covariant derivative D, Z has the sign "+ and D, Z has the sign
In the given notations the Lagrangian of interaction looks as follows:

i _ T A T~ A
Y 58“”p”‘11ui’75’7qu‘I’ai + 5,51Dl0z‘ + 5611)@1‘ -

. 1 .. = ~ 1-.
+e?l? {Zw‘l’m(z (A — ’ysA“”))\Puj + O (0 At

[

b P AN+ 5 [VEneA)0; + 0 (2eA)e, ]
1 .. 1 g N

—55” @iM'y“'y”D,,ZM\IJMj = 55”,@7“7”(&,@ + 756_‘@“"8,,7%)\Ifm (3)
1 1 5 _ T -

B _ _p_ —pV2 2 . ) _ " (A.
£f = —SR- e PlAL+ 22 Aw)(Z- A 2\/5( A) +

1 1 5 1 _

+5(0u0)* + 5 VH(0,7)° + 5D, 2D, 2N, (4)

Derivatives of the spinor fields have the following form:

1 - 1 _ 5 .
Duni = Dpgni— Z(Z@Z)ﬁﬂrﬁe V20,7,
3
2\/5
D,©; = DS, - 1(28 2)0; — ——e~V?y.0.70;,
iz 2\/_

and the derivative of the field ¥,; is the same as for ;.
Supertransformation laws look like

1 - 5 .
Dupi = Dfﬂri‘z(Z@uZ)PH‘ 6_\@@’75@77,% (5)

1, 12 1 > 5
joM — _§eso/\/5 {(UA)M + §ZM(Z(0A)) - §ZM(Z(0A))} mi —iegDZM;,
1 R .
0pi = ——me?V2Z(g ANy — ieyy" (0,p + e V2P,

22



oPui = 2D,m; + %%ewﬁz(m‘l) ‘ o = 6\&@5”(@%7}]‘)
sX4 = 9(0:%;) V=90 ) 8¢ =< (pm),

5% — e—@/ﬁ{e”‘(@m#m)+z’<ém> f(p’mZAm)}- ©)

2. W(p,q)-model

The W(p,q)-model has been constructed in [1] and here we shall give only a brief
description of it. The main attention will be paid to the switching on a gauge interaction
in this model and to the investigation of the spontaneous supersymmetry breaking and
its consequences.

2.1. Description of the model

To describe W(p q)-model let us introduce two kinds of the hypermultiplets (A, Ym)A
and (24, Z2™4, A =1,...,p, A=1,...,q, « = 1,2 and m = 1,2,3,4, which we call
correspondingly Y- and Z-multiplets. These multiplets interact with a hidden sector that
has been constructed in [4] and contains the following fields: graviton e, gravitini ¥,
i = 1,2, fermionic fields x%, a = 1,2, 3, 4, and bosonic fields ¥, and 7™, The fields 7™
will enter the Lagrangian through a derivative only, whereas ¥,,,, Will realize the nonlinear
o-model GL(4, R)/O(4).

Let us denote y,.L as y™?, so that y,.,y™ = ™.

We shall need four matrices (7%);, and their conjugate ones (7*)* satisfying the con-
dition:

797 4 7P70 = 26%°7 (7)

for which we shall use the following explicit representation 7 = {I, 5}, 7 = {I, —}, where
o are the Pauli matrices. Let us introduce also six matrices:

1 1
Eab — _(Ta7—_b . Tb7—_a)’ Eab — _8abcdzcd. (8)
2 2

Recall, since in our representation for spinors the matrix 5 plays the role of an imaginary

unit, then, e.g., A
Vul(T)ia = (F)* Yu, 'Yu(zab) (Eab) 5V (9)
The Lagrangian of the interaction of the hidden sector with Y- and Z-multiplets have

the following form:

[,]: = %SMVPJ\TJMZ")%’)/VDP\I/UZ‘ + %)_(ZDXZ + %/_\ DAa %i DZa —
1 S v m a\at
_§Xa’y Y (S+ +P )ab( )Oﬂqjm - 520/)/ Y 8 Z yma( ) \Ij
A v ma(=a\oi v —a —
_§Aa’yufy \/ZaVme (T ) \Ijﬂi - §Xa,yu(su - Pu)angz +



_ 7 -
+1807 O 2" Ymaxe, — 5 Rat VAD Yoy XE +
o R O™ ()5, (10)

1 1

1 A
0= Ry (wa) 5 (Pua)’ + 59020, 2" + S g™ YD Yo, (11)

where we have denoted:

1 i 1 o
Pupv = Yma(Opym™ + 2™ 0, Z" + Zem"”q}/}, Oy Yy)Ynb,

2
St = 3 Outhnat™ = Y™ (12)
and the D-derivatives of the fermionic fields look like:
D, =D+~ (S + P)ap 2™ (13)
with the sign ”-” for the derivatives of the parameter n and gravitino ¥, and the sign

"+ for all other fermion fields derivatives.
Corresponding supertransformation laws have the following form:

oW = 2Dym; dXg = —1 (S++P)ab( ) 7717

6yma — ymb(x(l;(i_a)az,rh)’ S — {yma nb ymbyna}(xg(i_b)ai,rh)’
. ma ( —a\od 1 A (=a\ai
0N, = —Z’Y“\/Zauymy (T ) Ni, O0Y, = ﬁyma(Aa(T ) 771‘)’
080 = —V0uZ"Yma(T) "M, 0Z™ = y™(Za(T")"n:) (14)

with the notations defined above.

Now let us consider interaction of W(p,q)-model with the vector multiplets described
in the previous section. It is easy to check that the only additional terms, which appear
in the Lagrangian, are the following:

e@/f
ALT = — P (xaZM (e A)Myh)+
+ (AaZM (0 A)MA) + (SaZM(0A)55) } . (15)

Besides, D-derivatives of the fermionic fields change their form. Derivatives (13) of all
the fermions of W(p,q)-model acquire the following additional terms (analogously to the
ones in (5)):

1, - 1 s .

1(20,2) 775 V20,7 (16)
and derivatives (5) of the fields p; and ©M acquire the following additional terms (analo-
gously to the ones in (13)):

%(s; P (). (7)



2.2. Gauge interaction and symmetry breaking

Our next step will be to switch on the gauge interaction and investigate a possibility
to have a spontaneous supersymmetry breaking and its consequences.

Among the global symmetries of the bosonic Lagrangian there are the translations
of the field 7" m — 7 + A. It has been shown in [4], that for the three out of these
six translations their gauging leads to the spontaneous supersymmetry breaking with a
vanishing cosmological constant. Also, a bosonic Lagrangian of the model is invariant
under the global transformations of the group O(p) ® O(q), which touches the Y- and
Z-sectors, and that allows one to switch on the gauge interaction corresponding to some
subgroup of this group. For that let us make the following substitution in the Lagrangian
and the supertransformation laws:

0. = 04— AMTMABYE g, zmA s 9,7mA — AM(TM)ABZmE
0,ZM — 9,ZM — fMNEp NZE - §5.0M - 9,0M - fMNEA No K
O™ — O™ — Af‘f(MM)m”. (18)
In order to restore the invariance of the Lagrangian under the supertransformations,
one has to add the following terms to the Lagrangian

T - - abs i
ﬁ%wzmab(z ") pi—
_5‘%7 Rop(37)7 05 — i ,i7"ei; (T*)* (Z R)abXe, —

. 1- .
[,/]: = 6_(’0/\/5 {—Z\PM‘UWISU (ZR)ab(Eab)jk\If,,k +

= %\T/m’y“ \/ZYW‘?ZABym“(T“)mga’@Ag — %\Tlmfy“ ZmAZABme(T“)mgaﬁEg

;%mew@“M@k—VZmzm (7Y, — 1O (ZR)S O,

- J5pZAZ Dy, (D +

26, Run ()%, — X2 (Z)ars — 5o (E RS +
@M\/_YA (TM)AByma( a)azAB éyzmA (TM)AByma( a)azzB

Jéza(ZR)CLZ,(zab)ﬁ%ﬂvz7 — ZAa(Z’R)ab(zab)ﬁ%ﬂm7 —

+

pzfyAzAByma( a)ozzAB

1 _ _ o | _
_ §fMNK (%\PW,YMZNZK@iw . 81]@?42N@JK + 7§81]@?42’7N2’7K10j> } ’ (19)

R _ 1
LB = o2 {—2(ZR)ab(ZR)ab — Rop(Rap + 5 EapeaRea) +

A - 1 - 1 _, -
+ S Y ZZY, + g I EET" + ge_“"‘/i( fMNKZNZK)Q} (20)
and to the supertransformation laws, respectively,

P = e Vi (ZR)u(S);



Ixs = —2¢V2(ZR)u(11)iacny,

Tp =~ ER) (),
VAL = e g/ AZAPY By (7) T,
5'2f = —e_@/ﬁeagZABZmByma(%a)’gim,
50, = ¢ VHR L Z(ZR)SE(ZR) ()0 +
—i—%e_@/ﬁfMNKZNZKm, (21)
where
RY = a5 (MY)™ 4 S0 TV 20 4 Ly T, by, (22)
Now one can investigate minimum of the potential V = —L'B defined above. Without

losing the generality one can always choose:
< Yma >= Oma, < 2ZM >=(1,4,0,...,0). (23)

In this case the potential has the minimum at < Y,, >=< Z™ >= 0 and one can easily
calculate the value of the potential at the minimum:

Vo= SMYMY — SeanaM), (24
where M = 1,2. If the matrices MM are self-dual, then we have the spontaneous su-
persymmetry breaking and the cosmological constant vanishes as a result of the gauge
group choice (i. e., which global translations were made to be local ones) and not of a
fine tuning of the parameters. Let us choose M}, = M}, = my, M, = MZ, = my and
the other parameters equal zero. In this case diagonalized gravitino mass matrix has the
form: 0

M* = 0 < (ZR)a > (%), ~ (ml I . m2> . (25)

Unfortunately, the spontaneous symmetry breaking does not generate the masses for
the Y- and Z-sectors. It is easy to check, that matrices (X%),? are anti-self-dual and
spinors A, and ¥, do not acquire masses because of a vanishing of the expression <
(ZR)ay > (2%),°. Scalar fields Y, and Z™ also remain massless, which can be seen
taking into account that the generators (MM)mn (TM)AB and (TM)AB are nontrivial

only when M =1,2, M =3,....,3+pand M =4+p,...,4+ p + q, correspondingly.

3. V(p,q)-model

The N=2 supergravity model with the second general type of nonsymmetric quater-
nionic geometry, a so called V(p,q)-model [2,3], has also been constructed in [1]. Here we
again refrain from a detailed description of it, paying the main attention to the symmetry
breaking in this model.



3.1. Description of the model

The hidden sector of this model is essentially the same as in the previous one, but
in different parameterization. It contains the following fields: graviton e,,, gravitini ¥,
fermions A\! and x*, where i = 1,2 and a = 1,2, 3, and bosonic fields Yua, ©, glmn] - m
and 7, where m = 1,2,3. There are three sets of hypermultiplets interacting with the
hidden sector: (¢, X™, Z)4, (A}, Y,,,Y)* and (X¢, Z™, Z)4, which we will call X-, Y- and
Z-multiplets, correspondingly, and it turns out to be necessary to introduce y-matrices
444 in order to connect fields from different kinds of the multiplets in the Lagrangian.
The X-multiplet carries vector index A of the O(p) group and Y- and Z-multiplets carry
the corresponding spinor indices in full correspondence with [2,3].

The fermionic Lagrangian of the V(p,q)-model has the following form:

[,7: = %5Mupaqlmfy5’y,,Dp\Ifai + %S\Zf))\z + %XZDXZ +
I S S
—DOY + —AN'DAN + =YD —
3 T3 T3
1_. ‘ ‘
_§>_(Z’Y“’YV {&z@fszj _ 26@Q,‘f+7’aﬂ} L
1-. ‘ ‘
_5)‘27“711 {(S:— + Pl/)abTbiJ + 26@@3_5zj} \I/“j —
1 : o
_§\Ijui’yl/’y“ {e@DVXéiJ + ymaameTajz} 0 —
1 - o1 - .
5T ()PN — 5o My A (W)
Lig N i ; a—(Yi i
+§(Su + PM)ab(Aa,YM)\b) + 226@@# (Aa’)/MX ) -
— (N )Y X™ — (V") D, X —
—%ewz)_(i’y“(vu)ij/\j _ %ew/QXi,yu(Wu)ijzj .
—%6“"/ 2N AT (V) AR + %e@/ﬁgfy%aji(wy)kak _
_%e@/2FAAAQiA,YM(VM)jiEjA + %e@/QFAAAQiA,YM(WM)jZ‘AJ‘A _

—%FAAA]\Z‘AW [7D, X A0} — 0, X" ypner®;} T4, (26)

The conventions in this Lagrangian are the following:

1 >
PIJ«ab = Yma {8“7Tmn + §(Xm 8# Xn)} Ynb,

1 ma my a m 1 ma
S;tab = 5['!] 8uymb +y bauyma]? Qui = ymaL“ + Zy Uum?
Upm = Outtm + (Y 0 V) = Semni(27 0 247,



DX = X" 4 X" WUy + STV 9 27 + (Vi3 9 27,

1 1 1
Lp = 0™+ 5n™ Uy + XD, X S = XX, —
_ggmnk(YnA 8“ YkA) + Z(ZmA 8“ ZA),
. 1 . .
(V)i = —=08,Yé7 + VAD, Yy,

VA

. . 1 .
(Wu)zj = \/ZDM25ZJ + ﬁDuzmymaTaiJ)

D“ ZmA — 8uzmA + FAAAXmAauyA’
DMYA — 8“er — Emmk [FnkéAB 4+ _XnAXkB(EAB)AB]auyB _

m 2
- xnA FAAA‘ 8, ZkA’

D, Z* = 0,Z% + cpuiln™6P + %XWAX”B(EAB)AB]@Z‘?B -
_XmATAMA G YA o, Y ) —
_ égmnkaAXnBXkc(FABC)AAGMYA (27)

and D-derivatives for the fermions have the following form:

. . 1 . .
(D) = ijag + ZgabC(S; — P)aT + efQut (28)

% N

Here derivatives of ¥, and n; have the sign and derivatives of all the other fermion
fields — the sign ”+".

The corresponding supertransformations of the fermionic fields are the following:

0 = 2Dy OX' = —in, {0updd — 2e°Q5 Ty,

SN = iyt {(S;L + P a7l + 26“"@2_53} un
5O = —iyt {e“"DMX 67 4 Yma 0 X ™70 } iy
SN = —in"(V)dmy, 0% = —iy" (W) (29)

Here we use the same conventions as in (27) and (28).
The bosonic Lagrangian of the V(p,q)-model has the following form:

1 1 1
[,B - 5(8;190)2 + §(S:ab)2 + §(Puab)2 + 462@9an2L3 +
—|—162(’D mnyr Ty +1 2(,0(D X)Q—i—l 9, Xm0, X" + e¥
2679 YumUun T 5€ " g JmnCu a

2A

+6@§(Duym)(DuYn)g + ewg(DuZ)Q + ﬂ(DuZ )(DMZ )Gmn, (30)

(0.Y)* +



where gmn = YmaYna and g™ = y™*y"™*. We do not give here the corresponding super-
transformations of the bosonic fields, because they are awkward and nonessential for our
considerations.

Now let us consider interaction of the V(p,q)-model with the vector multiplets, de-
scribed in Section I. It is easy to check, that the only additional terms, which appear in
the fermionic Lagrangian, are the following:

e?/V2 A_ ‘ o ‘
ALT = — e {(X2Y (@A) X)) + (N ZM (0 A)MN)+
+ (Y ZM (e AMY) + (M ZM (e AMN) + (S Z2M (e A)MET)} . (31)

Besides, D-derivatives of the fermionic fields change their form. Derivatives (28) of all the
fermions of the V(p,q)-model acquire the following additional terms (analogously to the
ones in (5)):

1, - 1 s

1(20,2) 775 V20,7 (32)
and derivatives (5) of the fields p; and ©M acquire the following additional terms (analo-
gously to the ones in (28)):

1 ‘ ‘
ZgabC(S; — P a7 +e?Qut T (33)

3.2. Gauge interaction and symmetry breaking

To investigate the possibilities of the symmetry breaking, we have to switch on a gauge
interaction in the hidden sector of the model. The hidden sector is the same as for W (p, q)-
model, it has just been rewritten in other variables. And it has translations m,, — 7, +A,,
and [™ — [™ + A™ as part of its global symmetry group. These translations correspond
to the translation of the field 7" in W (p, ¢)-model. And, as it has been shown in the
previous section, by making part of these translations local one can obtain the spontaneous
symmetry breaking with two arbitrary mass scales and vanishing cosmological constant.

In order to learn, if the mass splitting in the X-, Y- and Z-multiplets appear in our
model, we also have to switch on the gauge interaction, which touches the corresponding
sectors. The question, we are interested to answer as well, is: if the Yukawa couplings,
mixing the fields from the different multiplets, appear in the Lagrangian after the sym-
metry breaking.

In general case there are two global symmetries of the sector, including X-,Y- and
Z-multiplets, which do not touch the hidden sector. The first one is the following:

5XA — OéMl (lewl)ABXB’ 5yA — OéMl (T1]\41)AByB’ 5214 — OéMl (T1]\41)ABzB’ (34)

where generators T1 and Tl are connected to generator 77:

(FR)AB = LIMAB(SAPAB, (F)AB = Lo AssanyaE (3)



The generators 77 are chosen to be real, antisymmetric and correspond to some subgroup
of the orthogonal group O(p), where p is the number of the X-multiplets. The fields of
the X-multiplets transform under the vector representation of this group and the fields
of the Y- and Z-multiplets transform under the spinor representation.

As it has been shown in [7,8], depending of the values of p, ¢, there exists an additional
global symmetry group:

oYA = oM (T)R)APY B 574 = oM (TP)ABZE . x4 =, (36)
where generators Tg and Tg commute with I'-matrices:
e e U e (37)
The generators T; have to obey the following commutation relations:

TM TN — (M N;) = fMNsari (38)

(2

M;N;K;

where f; are the structure constants of the corresponding symmetry groups and the

indices M; are the indices of the adjoint representations.
Let us denote these two sets of indices by a general index M: M = {(M), (M)},
structure constants of the direct product of these symmetry groups by fM¥¥ and

(T2 = (@M ()A), (M)A = (TP, (33) 4,
(TP = {(TM")*,0}. (39)

Then the commutation relations (38) can be rewritten in the general form:
™ . TN — (M ¢ N) = fMNETE (40)

and relationship (37), taking into account that I'Y8¢ — RBCTA = 2(§4B1C — §ACTE)
can be rewritten in the following form:

(TM)AB(FA)BA - (FA)AB(TM)BA — (TM)AB(FB)A'A. (41)

Now we can switch on the gauge interaction. For that let us make the following
substitution in the Lagrangian and the supertransformation laws:

O ZM — 9,2 — fMNEANZR 9.0 — 0,0, — fINEA NN,
™ — 0™ — ATMM™ By — O — AN (42)
Xt — 9,X4—ANTMAPXE 9,04 = 5,04 — AN(TM)APQP

and analogous expressions for the fields from Y- and Z-multiplets.
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In order to restore the invariance of the Lagrangian under the supertransformations,
one has to add to the Lagrangian the following terms:

. 1- .
rr — 6—90/\/5 {_Z\I,mo.uugu(Ri + Ga)Tajk\I/yk-i-

_ _ _ . 1 - .
+ U, (RE+ G*)1% pj — §\I/mfy“(Rfa + GM")TaiJ@jw =

1
2v/2

7 = _ . 7 - _ _
_§‘Ijui’Y“R‘iTaiJ5ijk - §‘I’m’7“5z‘j(335jk — eGP TN +

(I a i

1
\/—IOZ +T3 X - \/—IOZ(
ﬁpz RN 4 G RO 4 TRy (R — TN

—. . . 1~
FA(RY 57 — @M )0} — TOMey(RY — G)r° O} +

Ra5] achb C]))\ _XguRaA]

+

FXey(RG — GoYrdxt — YRYTe QM — et RicyGoN] +
+%Qi’4’y“€”(7‘"x‘4)jk%k + %/_\iA’Y“€ij(7:YA)jk‘I’uk + %iiA’Y“éfij(sz)jk‘I’uk
O 0y 4 SR Ay + =S g, -
—QA(FEN e — ]_\iA(}"yA)ij@y - S“’“(f%)ﬁ@y -
+%NA(7:"YA)ij€ijk - %NATaij(ﬁYA)jkgkpAﬁ —e?QMe Fx X +
_i_liizii(ﬁzéi)ijgjkxk + %SiATaij(ﬁZA)jkgkpAZ _ QiAgijZABXmBymaAi _

2

1 L B ‘
—§FAAA{EZA8ij(fXA)kJAkA AZA(fZ ) ]8 kaA EJA(f ) 8JkaA} o

1_. B ‘ 1o 0 I T
_§QZA8ijzABQ]B . §A1A8ijzABA]B . §EZA8ijzABE]B 4
1

+Z(R¥a — GMa) (QiSijZMTakak) —+
1 _. _ . _ _ .
+Z(R¥a — GMG){AZSZ‘jZMTQkJAk -+ EZSijZMTakJEk} —
1 ) — _ L 1 .- _
— §fMNK (%\PMZVMZNZK@iw — SZJ@yZN@JK + 7581]@?42]\72](,0]) } ’ (43)
1 R
£8 = e LR+ GV IRYP + R 420G+ e Fx P -

—gmn (XM ZZX™) — Z(YZZY) + Aefg™ Py A By A 4 Ae?|FLA)P +
e?

S 1] _
+ ngnFZmAFZnA"i‘ g(fMNKZNZK)Q}, (44)
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where the following notations are used:

Ma __
Ry =

AmM

e Yma(A™ + 27 BM 4 X X" BM) £ ymapMy
1 . .
oM™ 4 XTMX™ — 5X”"““{YPATMZ +YTMT4Z +
.. . 1 . ..
+Y, [ATM Zm 1Y, TMTAZ™) + §5m”kYnTMYk +ZTMZ7m™
1 . 1 ..
— 5N A YTt Semu 2" TV 27,
1
§5abcymb(XmTMXn)ync’
ePFUAST 4 (TMYABX™By 793,
ew/z{ﬁ(TM)ABYBW + VAR Ay,
I 1 , .
e(p/2 \/ZFMAéiJ + _FMmA maTaiJ ’
{ Z \/Z Z Y }
1 .. .
(TM)ABXE 9 xmABM | 5X”"““{YPATMZ +YTMI4Z +
+Y,, [ATM Zm 1Y, TMTAZmY,
(TM)ABYW? . 8mnk‘{7rnk6AB 4 §XnAXk'B(EAB)AB}(TM)BC’YC’ .

(TM)ABZB + 8mnk{7rmn5AB + §XmAXnB (EAB)AB}(TM)BCZkC o

_éXnBXkC(EBC)BA‘}(TM)ABYB'.

Additional terms to the supertransformation laws are the following:

5,

5/X'L
5\
) /,Oi

s'eM

(2

5/QiA
6/A1A

v —@ i a a\, -a
— 5@ “"/‘/5%8 R+ GY)T jknk,
= —e_@/ﬁgij(Ri + Ga)Tajk'f]k,
— e—@/\/igij(Rciéjk N 5achb7—cjk)nk’

1 —@ a a\,._.a j
= —Ee (’D/ﬁ(R_f_ +G )T iJ'f]j,
R 1 _
= ¢ VARV + QM)+ DZM(RY G+
1ZM RO 1+ (o aj 1 —@/V2 MNK zN ZK
2T (B + G}t + e f Mis
= —e V2 () oy,

= —6_@/\/§8ij(fYA)jk7]k, 5’y :_6_@/\/§8ij(fZA)jk7]k.
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Let us again choose vacuum expectation values of the scalar fields in the following form:
< Yma >~ Ome and < ZM >= (1,4,0,...,0). In this, the potential has the minimum at
vanishing vacuum expectation values for the fields X, Y and Z, its value at the minimum
being: Vo = 2(MM* — INM)2 where indices M = 1,2, and a = 1,2, 3. One can see from
this formula, that if one makes the following choice of the gauge group:

n_ L 22 _ 1o
M = Z 1 = My M= = ZNQ = My, (47)
all the other parameters being equal to zero, then it is easy to check, that a cosmological
term vanishes.
The gravitino mass matrix takes the form:

(48)

) 1 .. 0
M — —§8U < R(j— >7_ajk ~ <m1+m2 >

0 —mi + me

in a full correspondence with (25). Scalar fields X' and X?4 acquire masses 2m; and
2ms correspondingly, the spinors Q2 — the same masses as the gravitini, while the other
scalar and fermionic fields of X-, Y- and Z-multiplets remain massless. Also, as one
should have expected, all fields of the vector multiplet except the vector ones acquire
masses.

Moreover, it is interesting that for such a vacuum expectation values of the scalar fields
there exist non-trival Yukawa couplings, mixing fields from different hypermultiplets:

1.+ - B .
- 521AFAAA5U(XWAZMN§? JAIA, (49)

Note, that we work in a system where gravitational coupling constant £ = 1. The value
of Yukawa couplings above, which is determined by the vacuum expectation value of
ZMNM 35 my 5/my;, so for such a coupling to be essential one has to have the scale of

N =2 — N = 1 supersymmetry breaking not much below the Plank scale, e.g. of the
order of the grand unification scale.

Conclusion

Thus, in this paper we have considered the possibility to switching on the gauge inter-
action for both types of N = 2 supergravity models, where the scalar fields of the hyper-
multiplets parameterize the nonsymmetric quaternionic manifolds. First of all, we were
interested in the possibility to have the spontaneous supersymmetry breaking without a
cosmological term in these models. As we have shown, for the W (p, ¢) models the pattern
of supersymmetry breaking resembles very much the one for the usual O(4, p)/O(4)®O(p)
quaternionic model. In turn, the spontaneous supersymmetry breaking in the V(p,q)
models leads to a more interesting picture. First, the mass terms are generated for some
of the fields from the hypermultiplets and not for the vector multiplet ones only. Second,
we have shown that as one of the byproducts of supersymmetry breaking one obtains the
Yukawa couplings for the scalar and spinor fields of the hypermultiplets. Such couplings,
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which are absent in the globally supersymmetric N = 2 gauge theories as well as in the
N = 2 supergravity models with the symmetric quaternionic manifolds, could lead to
interesting phenomenological consequences. We have not considered here a possibility to
introduce the nonzero vacuum expectation values for the matter scalar fields along the
flat directions of the potentials, which could give the gauge symmetry breaking, because
we concentrated here on the general properties of these models and have not considered
any specific models. But the results already obtained make these models quite promising
and deserve further study.
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