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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.

aNNOTACIQ

zINOWXEW ‘.m., cOKUR w.a. mODELI N = 2 SUPERGRAWITACII, OSNOWANNYE NA NESIMME-
TRIˆESKIH KWATERNIONNYH MNOGOOBRAZIQH. II. kALIBROWOˆNYE WZAIMODEJSTWIQ: pREPRINT

ifw— 96-23. – pROTWINO, 1996. – 14 S., BIBLIOGR.: 8.

w “TOJ RABOTE MY PRODOLVAEM NA[E ISSLEDOWANIE MODELEJ N = 2 SUPERGRAWITACII,
W KOTORYH SKALQRNYE POLQ GIPERMULXTIPLETOW PARAMETRIZU@T NESIMMETRIˆESKIE KWATER-

NIONNYE MNOGOOBRAZIQ. iSPOLXZUQ REZULXTATY PREDYDU]EJ RABOTY, W KOTOROJ MY DALI

QWNOE POSTROENIE LAGRANVIANOW I SUPERPREOBRAZOWANIJ, I IZWESTNYE GLOBALXNYE SIMME-

TRII LAGRANVIANOW, MY RASSMATRIWAEM ZDESX WKL@ˆENIE KALIBROWOˆNOGO WZAIMODEJSTWIQ.
mY POKAZYWAEM, ˆTO W “TOM TIPE MODELEJ OKAZYWAETSQ WOZMOVNYM IMETX SPONTANNOE NARU-

[ENIE SUPERSIMMETRII S DWUMQ PROIZWOLXNYMI MAS[TABAMI I BEZ KOSMOLOGIˆESKOGO ˆLENA.
bOLEE TOGO, TAKOE NARU[ENIE MOVET PRIWODITX K GENERACII @KAWSKIH WZAIMODEJSTWIJ SKA-
LQRNYH I SPINORNYH POLEJ GIPERMULXTIPLETOW, KOTORYE OTSUTSTWU@T W DRUGIH IZWESTNYH

MODELQH.
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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)/O(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 eµr, gravitini Ψµi, i = 1, 2, Majorana spinors ρi, scalar fields
ϕ̂, π̂, and (m + 2) vector multiplets {AM

µ ,ΘM
i ,ZM = XM + γ5YM}, M = 1, 2, ...m+ 2,
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gMN = (−−,+...+). It 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
O(2, m)/O(2) ⊗ O(m):

Z̄ · Z = −2, Z · Z = 0, Z ·Θi = Z̄ ·Θi = 0. (1)

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 (Z̄∂µZ) playing
the role of a gauge field. Covariant derivatives for scalar fields Z and Z̄ look like

Dµ = ∂µ ±
1

2
(Z̄∂µZ), (2)

where covariant derivative DµZ has the sign ”+” and DµZ̄ has the sign ”-”.
In the given notations the Lagrangian of interaction looks as follows:

LF =
i

2
εµνρσΨ̄µiγ5γνDρΨσi +

i

2
ρ̄iD̂ρi +

i

2
Θ̄iD̂Θi −

+eϕ̂/
√
2
{
1

4
εijΨ̄µi(Z(Aµν − γ5Ã

µν))Ψνj +
1

4
Θ̄iγµ(σA)Ψµi+

+
i

4
√
2
ρ̄iγµ(Z(σA))Ψµi +

εij

8

[
2
√
2ρ̄i(σA)Θj + Θ̄i

M(Z(σA))Θj
M
]}

−1

2
εijΘ̄i

MγµγνDνZMΨµj −
1

2
εijρ̄iγ

µγν(∂νϕ̂+ γ5e
−
√
2ϕ̂∂νπ̂)Ψµj (3)

LB = −1

2
R − 1

4
e
√
2ϕ̂
[
Aµν

2 + 2(Z · Aµν)(Z̄ · Aµν)
]
− π̂

2
√
2
(A · Ã) +

+
1

2
(∂µϕ̂)

2 +
1

2
e−2

√
2ϕ̂(∂µπ̂)

2 +
1

2
DµZADµZ̄A. (4)

Derivatives of the spinor fields have the following form:

Dµηi = DG
µ ηi −

1

4
(Z̄∂µZ)ηi +

1

2
√
2
e−
√
2ϕ̂γ5∂µπ̂ηi,

Dµρi = DG
µ ρi +

1

4
(Z̄∂µZ)ρi +

3

2
√
2
e−
√
2ϕ̂γ5∂µπ̂ρi, (5)

DµΘi = DG
µΘi −

1

4
(Z̄∂µZ)Θi −

1

2
√
2
e−
√
2ϕ̂γ5∂µπ̂Θi,

and the derivative of the field Ψµi is the same as for ηi.
Supertransformation laws look like

δΘM
i = −1

2
eϕ̂/
√
2
{
(σA)M +

1

2
Z̄M(Z(σA)) +

1

2
ZM(Z̄(σA))

}
ηi − iεijD̂ZMηi,

δρi = − 1

2
√
2
eϕ̂/
√
2Z(σA)ηi − iεijγ

µ(∂µϕ̂+ γ5e
−
√
2ϕ̂∂µπ̂)ηi,

2



δΨµi = 2Dµηi +
i

4
εije

ϕ̂/
√
2Z̄(σA)ηi δπ̂ = e

√
2ϕ̂εij(ρ̄iγ5ηj),

δXA = εij(Θ̄i
Aηj) δYA = εij(Θ̄i

Aγ5ηj) δϕ̂ = εij(ρ̄iηj),

δAA
µ = e−ϕ̂/

√
2

{
εij(Ψ̄µiZAηj) + i(Θ̄A

i γµη
i)− i√

2
(ρ̄iγµZAηi)

}
. (6)

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 (Λα, Ym)
Ȧ

and (Σα, Z
m)Ä, Ȧ = 1, ..., p, Ä = 1, ..., q, α = 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 eµr, gravitini Ψµi,
i = 1, 2, fermionic fields χaα, a = 1, 2, 3, 4, and bosonic fields yma and π[mn]. The fields πmn

will enter the Lagrangian through a derivative only, whereas yma will realize the nonlinear
σ-model GL(4, R)/O(4).

Let us denote y−1ma as yma, so that ymay
na = δnm.

We shall need four matrices (τ a)iα and their conjugate ones (τ̄ a)αi satisfying the con-
dition:

τ aτ̄ b + τ bτ̄ a = 2δabI, (7)

for which we shall use the following explicit representation τ = {I, &σ}, τ̄ = {I,−&σ}, where
&σ are the Pauli matrices. Let us introduce also six matrices:

Σab =
1

2
(τ aτ̄ b − τ bτ̄ a), Σab =

1

2
εabcdΣcd. (8)

Recall, since in our representation for spinors the matrix γ5 plays the role of an imaginary
unit, then, e.g.,

γµ(τ
a)iα = (τ̄ a)αiγµ, γµ(Σ

ab)i
j = −(Σab)ijγµ. (9)

The Lagrangian of the interaction of the hidden sector with Y- and Z-multiplets have
the following form:

LF =
i

2
εµνρσΨ̄µiγ5γνDρΨσi +

i

2
χ̄aαD̂χaα +

i

2
Λ̄αD̂Λα +

i

2
Σ̄αD̂Σα −

−1

2
χ̄aαγ

µγν(S+ν + Pν)ab(τ̄
b)αiΨµi −

1

2
Σ̄αγ

µγν∂νZ
myma(τ̄

a)αiΨµi −

−1

2
Λ̄αγ

µγν
√
∆∂νYmy

ma(τ̄ a)αiΨµi −
i

2
χ̄aαγ

µ(S−µ − Pµ)abχ
b
α +
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+iΣ̄αγ
µ∂µZ

mymaχ
a
α −

i

2
Λ̄αγ

µ
√
∆∂µYmy

maχaα +

+
i

2
Λ̄αγ

µ∂µYmy
mb(Σab)α

βχaβ, (10)

LB = −1

2
R +

1

2
(S+µab)

2 +
1

2
(Pµab)

2 +
1

2
gmn∂µZ

m∂µZ
n +

∆

2
gmn∂µYm∂µYn, (11)

where we have denoted:

Pµab = yma(∂µπ
mn +

1

2
Zm

↔
∂µ Z

n +
1

4
εmnpqYp

↔
∂µ Yq)ynb,

S±µab =
1

2
(∂µymay

mb ± ymb∂µy
ma) (12)

and the D-derivatives of the fermionic fields look like:

Dµ = DG
µ ±

1

4
(S−µ + Pµ)abΣ

ab (13)

with the sign ”-” for the derivatives of the parameter η and gravitino Ψµ and the sign
”+” for all other fermion fields derivatives.

Corresponding supertransformation laws have the following form:

δΨµi = 2Dµηi δχaα = −iγµ(S+µ + Pµ)ab(τ̄
b)αiηi,

δyma = ymb(χ̄
b
α(τ̄

a)αiηi), δπmn =
1

2
{ymaynb − ymbyna}(χ̄aα(τ̄ b)αiηi),

δΛα = −iγµ
√
∆∂µYmy

ma(τ̄ a)αiηi, δYm =
1√
∆
yma(Λ̄α(τ̄

a)αiηi),

δΣα = −iγµ∂µZmyma(τ̄
a)αiηi, δZm = yma(Σ̄α(τ̄

a)αiηi) (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:

∆LF =
eϕ̂/
√
2

8
εαβ

{
(χ̄aαZ̄M (σA)Mχbβ)+

+ (Λ̄αZ̄M (σA)MΛβ) + (Σ̄αZ̄M(σA)MΣβ)
}
. (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

4
(Z̄∂µZ)−

1

2
√
2
e−
√
2ϕ̂γ5∂µπ̂ (16)

and derivatives (5) of the fields ρi and ΘM
i acquire the following additional terms (analo-

gously to the ones in (13)):
1

4
(S−µ + Pµ)ab(Σ

ab)i
j . (17)
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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 πmn: π → π + Λ. 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:

∂µY
Ȧ
m → ∂µY

Ȧ
m − AM

µ (TM)ȦḂY Ḃ
m , ∂µZ

mÄ → ∂µZ
mÄ −AM

µ (TM)ÄB̈ZmB̈ ,

∂µZM → ∂µZM − fMNKAµ
NZK , ∂µΘi

M → ∂µΘi
M − fMNKAµ

NΘi
K ,

∂µπ
mn → ∂µπ

mn −AM
µ (MM)mn. (18)

In order to restore the invariance of the Lagrangian under the supertransformations,
one has to add the following terms to the Lagrangian

L′F = e−ϕ̂/
√
2

{
−1

4
Ψ̄µiσ

µνεij(ZR)ab(Σ
ab)j

kΨνk +
i

2
√
2
Ψ̄µiγ

µ(Z̄R)ab(Σ
ab)i

jρj−

− i

2
Ψ̄µiγ

µRab(Σ
ab)i

jΘj − iΨ̄µiγ
µεij(τ̄

a)αj(Z̄R)abχ
b
α −

− i

2
Ψ̄µiγ

µ
√
∆Y Ȧ

m Z̄ȦḂyma(τ a)iαεαβΛḂβ −
i

2
Ψ̄µiγ

µZmÄZ̄ÄB̈yma(τ a)iαεαβΣB̈β

+
1√
2
ρ̄iε

ijRab(Σ
ab)j

kΘk −
√
2ρ̄i(Z̄R)ab(τ̄

a)αiχbα −
1

4
Θ̄i

Mεij(ZR)Σj
kΘk

M −

− 1√
2
ρ̄i
√
∆Y Ȧ

m Z̄ȦḂyma(τ̄ a)αiΛḂα −
1√
2
ρ̄iZ

mÄZ̄ÄB̈yma(τ̄ a)αiΣB̈α +

+2Θ̄iRab(τ̄
a)αiχbα − χ̄aαε

αβ(Z̄)abχbβ −
1

2
χ̄aαε

αβ(Z̄R)bc(Σ
bc)β

γχaγ +

+Θ̄M
i

√
∆Y Ȧ

m (TM)ȦḂyma(τ̄ a)αiΛḂα + Θ̄M
i ZmÄ(TM)ÄB̈yma(τ̄

a)αiΣB̈α +

+
1

4
Σ̄α(Z̄R)ab(Σ

ab)β
αεβγΣγ −

1

4
Λ̄α(Z̄R)ab(Σ

ab)β
αεβγΛγ −

− 1

2
fMNK

(
i

2
Ψ̄µiγ

µZNZ̄KΘM
i − εijΘ̄M

i ZNΘK
j +

1√
2
εijΘ̄M

i ZNZ̄Kρj
)}

, (19)

L′B = e−ϕ̂
√
2
{
−2(Z̄R)ab(ZR)ab − Rab(Rab +

1

2
εabcdRcd)+

+
∆

2
gmnYmZ̄ZYn +

1

2
gmnZ

mZ̄ZZn +
1

8
e−ϕ̂

√
2(fMNKZN Z̄K)2

}
(20)

and to the supertransformation laws, respectively,

δ′Ψµi =
i

2
e−ϕ̂/

√
2γµε

ij(ZR)ab(Σ
ab)j

kηk,

5



δ′χaα = −2e−ϕ̂/
√
2(ZR)ab(τ

b)iαε
ijηj ,

δ′ρi = − 1√
2
e−ϕ̂/

√
2(ZR)ab(Σ

ab)i
jηj ,

δ′ΛȦα = −e−ϕ̂/
√
2εαβ
√
∆ZȦḂY Ḃ

m yma(τ̄ a)βiηi,

δ′ΣÄα = −e−ϕ̂/
√
2εαβZÄB̈ZmB̈yma(τ̄

a)βiηi,

δ′Θi = e−ϕ̂/
√
2{R+

1

2
Z(Z̄R)

1

2
Z̄(ZR)}ab(Σab)ijηj +

+
1

2
e−ϕ̂/

√
2fMNKZNZ̄Kηi, (21)

where

RM
ab = yma{

1

2
(MM)mn +

1

2
ZmTMZn +

1

4
εmnpqYpT

MYq}ynb. (22)

Now one can investigate minimum of the potential V = −L′B defined above. Without
losing the generality one can always choose:

< yma >= δma, < ZM >= (1, i, 0, ..., 0). (23)

In this case the potential has the minimum at < Ym >=< Zm >= 0 and one can easily
calculate the value of the potential at the minimum:

V0 =
1

4
MM
ab {MM

ab −
1

2
εabcdM

M
cd }, (24)

where M = 1, 2. If the matrices MM
ab 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 M1

12 = M1
34 = m1, M

2
14 = M2

23 = m2 and
the other parameters equal zero. In this case diagonalized gravitino mass matrix has the
form:

M ik = εij < (ZR)ab > (Σab)j
k ∼

(
m1 +m2 0

0 m1 −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 (Σab)α

β are anti-self-dual and
spinors Λα and Σα do not acquire masses because of a vanishing of the expression <

(Z̄R)ab > (Σab)α
β. Scalar fields Ym and Zm also remain massless, which can be seen

taking into account that the generators (MM )mn, (TM)ȦḂ and (TM)ÄB̈ are nontrivial
only when M = 1, 2, M = 3, ..., 3 + p and 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.
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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 eµr, gravitini Ψµi,
fermions λia and χi, where i = 1, 2 and a = 1, 2, 3, and bosonic fields yma, ϕ, π

[mn], lm

and πm, where m = 1, 2, 3. There are three sets of hypermultiplets interacting with the
hidden sector: (Ωi, Xm, Z)A, (Λi, Ym, Y )Ȧ and (Σi, Zm, Z)Ä, which we will call X-, Y - and
Z-multiplets, correspondingly, and it turns out to be necessary to introduce γ-matrices
ΓAȦÄ 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:

LF =
i

2
εµνρσΨ̄µiγ5γνDρΨσi +

i

2
λ̄iaD̂λia +

i

2
χ̄iD̂χi +

+
i

2
Ω̄iD̂Ωi +

i

2
Λ̄iD̂Λi +

i

2
Σ̄iD̂Σi −

−1

2
χ̄iγµγν

{
∂νϕδi

j − 2eϕQa+
ν τ ai

j
}
Ψµj −

−1

2
λ̄iaγ

µγν
{
(S+ν + Pν)abτ

b
i
j + 2eϕQa−

ν δi
j
}
Ψµj −

−1

2
Ψ̄µiγ

νγµ
{
eϕDνXδi

j + yma∂νX
mτ aj

i
}
Ωj −

−1

2
eϕ/2Ψ̄µiγ

νγµ(Vν)i
jΛj − 1

2
eϕ/2Ψ̄µiγ

νγµ(Wν)i
jΣj +

+
i

2
(S−µ + Pµ)ab(λ̄

i
aγµλ

i
b) + 2ieϕQa−

µ (λ̄iaγµχ
i)−

−(λ̄iaγµΩi)yma∂µXm − i(χ̄iγµΩi)eϕDµX −

− i

2
eϕ/2χ̄iγµ(Vµ)i

jΛj − i

2
eϕ/2χ̄iγµ(Wµ)i

jΣj −

− i

2
eϕ/2λ̄iaγ

µτ aj
i(Vµ)k

jΛk +
i

2
eϕ/2λ̄iaγ

µτ aj
i(Wµ)k

jΣk −

− i

2
eϕ/2ΓAȦÄΩ̄iAγµ(Vµ)j

iΣjÄ +
i

2
eϕ/2ΓAȦÄΩ̄iAγµ(Wµ)j

iΛjȦ −

− i

2
ΓAȦÄΛ̄iȦγµ

{
eϕDµX

Aδj
i − ∂µX

mAymaτ
a
j
i
}
ΣjÄ. (26)

The conventions in this Lagrangian are the following:

Pµab = yma

{
∂µπ

mn +
1

2
(Xm

↔
∂µ X

n)
}
ynb,

S±µab =
1

2
[yma∂µymb ± ymb∂µyma], Qa±

µ = ymaL
m
µ ±

1

4
ymaUµm,

Uµm = ∂µπm + (Y Ȧ
m

↔
∂µ Y

Ȧ)− 1

2
εmnk(Z

nÄ
↔
∂µ Z

kÄ),
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DµX
A = ∂µX

A +XmAUµm +
1

2
ΓAȦÄ[(Y Ȧ

↔
∂µ Z

Ä) + (Y Ȧ
m

↔
∂µ Z

mÄ)],

Lmµ = ∂µl
m +

1

2
πmnUµn +

1

2
XmADµX

A − 1

4
XmAXnAUµn −

−1

8
εmnk(Y Ȧ

n

↔
∂µ Y

Ȧ
k ) +

1

4
(ZmÄ

↔
∂µ Z

Ä),

(Vµ)i
j =

1√
∆
∂νY δi

j +
√
∆DνYmy

maτ ai
j ,

(Wµ)i
j =

√
∆DµZδi

j +
1√
∆
DµZ

mymaτ
a
i
j ,

DµZ
mÄ = ∂µZ

mÄ + ΓAȦÄXmA∂µY
Ȧ,

DµY
Ȧ
m = ∂µY

Ȧ
m − εmnk[π

nkδȦḂ +
1

2
XnAXkB(ΣAB)ȦḂ]∂µY

Ḃ −

−εmnkXnAΓAȦÄ∂µZ
kÄ,

DµZ
Ä = ∂µZ

Ä + εmnk[π
mnδÄB̈ +

1

2
XmAXnB(ΣAB)ÄB̈]∂µZ

kB̈ −

−XmAΓAȦÄ(∂µY
Ȧ
m − εmnkπ

nk∂µY
Ȧ)−

−1

6
εmnkX

mAXnBXkC(ΓABC)ȦÄ∂µY
Ȧ (27)

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

(Dµ)i
j = DG

µ δ
j
i ±

1

4
εabc(S−µ − Pµ)abτ

c
i
j + eϕQa+

µ τ ai
j . (28)

Here derivatives of Ψµi and ηi have the sign ”-” and derivatives of all the other fermion
fields – the sign ”+”.

The corresponding supertransformations of the fermionic fields are the following:

δΨµi = 2Dµηi δχi = −iγµ
{
∂µϕδi

j − 2eϕQa+
µ τ ai

j
}
ηj,

δλia = −iγµ
{
(S+µ + Pµ)abτ

b
i
j + 2eϕQa−

µ δi
j
}
ηj ,

δΩi = −iγµ
{
eϕDµXδji + yma∂µX

mτ ai
j
}
ηj ,

δΛi = −iγµ(Vµ)ijηj , δΣi = −iγµ(Wµ)i
jηj. (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:

LB =
1

2
(∂µϕ)

2 +
1

2
(S+µab)

2 +
1

2
(Pµab)

2 + 4e2ϕgmnL
n
µL

n
ν +

+
1

4
e2ϕgmnUµmUµn +

1

2
e2ϕ(DµX)2 +

1

2
gmn∂µX

m∂µX
n +

eϕ

2∆
(∂µY )2 +

+eϕ
∆

2
(DµYm)(DµYn)g

mn + eϕ
∆

2
(DµZ)2 +

eϕ

2∆
(DµZ

m)(DµZ
n)gmn, (30)
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where gmn = ymayna and gmn = ymayna. 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:

∆LF =
eϕ̂/
√
2

8
εij
{
(χ̄iZ̄M (σA)Mχj) + (λ̄iaZ̄M(σA)Mλja)+

+ (Ω̄iZ̄M(σA)MΩj) + (Λ̄iZ̄M (σA)MΛj) + (Σ̄iZ̄M(σA)MΣj)
}
. (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

4
(Z̄∂µZ)−

1

2
√
2
e−
√
2ϕ̂γ5∂µπ̂ (32)

and derivatives (5) of the fields ρi and ΘM
i acquire the following additional terms (analo-

gously to the ones in (28)):

1

4
εabc(S−µ − Pµ)abτ

c
i
j + eϕQa+

µ τ ai
j . (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 forW (p, q)-
model, it has just been rewritten in other variables. And it has translations πm → πm+Λm
and lm → lm + Λm as part of its global symmetry group. These translations correspond
to the translation of the field πmn in W (p, q)-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:

δXA = αM1(TM11 )ABXB, δY Ȧ = αM1(ṪM11 )ȦḂY Ḃ, δZÄ = αM1(T̈M11 )ÄB̈ZB̈, (34)

where generators Ṫ1 and T̈1 are connected to generator T1:

(ṪM11 )ȦḂ =
1

4
(TM11 )AB(ΣAB)ȦḂ, (T̈M11 )ÄB̈ =

1

4
(TM11 )AB(ΣAB)ÄB̈. (35)
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The generators T1 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, q, there exists an additional
global symmetry group:

δY Ȧ = αM2(ṪM22 )ȦḂY Ḃ , δZÄ = αM2(T̈M22 )ÄB̈ZB̈ , δXA = 0, (36)

where generators Ṫ2 and T̈2 commute with Γ-matrices:

Ṫ ȦḂ2 (ΓA)ḂÄ − (ΓA)ȦB̈T̈ B̈Ä2 = 0. (37)

The generators Ti have to obey the following commutation relations:

TMii · TNii − (Mi ↔ Ni) = fMiNiKii TKii , (38)

where fMiNiKii are the structure constants of the corresponding symmetry groups and the
indices Mi are the indices of the adjoint representations.

Let us denote these two sets of indices by a general index M : M = {(M1), (M2)},
structure constants of the direct product of these symmetry groups by fMNK and

(ṪM)ȦḂ = {(ṪM11 )ȦḂ, (ṪM22 )ȦḂ}, (T̈M)ÄB̈ = {(T̈M11 )ÄB̈ , (T̈M22 )ÄB̈},
(TM)AB = {(TM11 )AB , 0}. (39)

Then the commutation relations (38) can be rewritten in the general form:

TM · TN − (M ↔ N) = fMNKTK (40)

and relationship (37), taking into account that ΓAΣBC − ΣBCΓA = 2(δABΓC − δACΓB),
can be rewritten in the following form:

(ṪM)ȦḂ(ΓA)ḂÄ − (ΓA)ȦB̈(T̈M)B̈Ä = (TM)AB(ΓB)ȦÄ. (41)

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

∂µZM → ∂µZM − fMNKAµ
NZK , ∂µΘi

M → ∂µΘi
M − fMNKAµ

NΘi
K ,

∂µl
m → ∂µl

m − AM
µ MMm, ∂µπm → ∂µπm − AM

µ NM
m , (42)

∂µX
A → ∂µX

A − AM
µ (TM)ABXB, ∂µΩ

A → ∂µΩ
A − AA

µ (T
M)ABΩB

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:

L′F = e−ϕ̂/
√
2
{
−1

4
Ψ̄µiσ

µνεij(Ra
+ +Ga)τ aj

kΨνk+

+
i

2
√
2
Ψ̄µiγ

µ(R̄a
+ + Ḡa)τ ai

jρj −
i

2
Ψ̄µiγ

µ(RMa
+ +GMa)τ ai

jΘM
j −

− i

2
Ψ̄µiγ

µR̄a
+τ

a
i
jεjkχ

k − i

2
Ψ̄µiγ

µεij(R̄
a
−δj

k − εabcḠbτ cj
k)λka +

+
1√
2
ρ̄iR̄

a
+τ

a
j
iχj − 1√

2
ρ̄i(R̄

a
−δi

j − εabcḠbτ ci
j)λja − χ̄iεijR̄

a
−λ

j
a +

+
1√
2
ρ̄iε

ij(RMa
+ +GMa)τ aj

kΘM
k +

1

4
λ̄iaεij(R̄

b
+ − Ḡb)τ bk

jλka +

+λ̄ia(R
Ma
− δi

j − εabcGMbτ ci
j)ΘM

j −
1

4
Θ̄M
i εij(R

a
+ −Ga)τ aj

kΘM
k +

+
1

4
χ̄iεij(R̄

a
+ − Ḡa)τ ak

jχk − χ̄iRMa
+ τ ai

jΘM
j −

1

2
εabcλ̄iaεijḠ

cλjb +

+
i

2
Ω̄iAγµεij(FXA)jkΨµk +

i

2
Λ̄iȦγµεij(FY Ȧ)jkΨµk +

i

2
Σ̄iÄγµεij(FZÄ)jkΨµk

+
1√
2
Ω̄iA(F̄XA)ijρj +

1√
2
Λ̄iȦ(F̄Y Ȧ)ijρj +

1√
2
Σ̄iÄ(F̄ZÄ)ijρj −

−Ω̄iA(FMA
X )i

jΘM
j − Λ̄iȦ(FMȦ

Y )i
jΘM

j − Σ̄iÄ(FMÄ
Z )i

jΘM
j −

+
1

2
Λ̄iȦ(F̄Y Ȧ)ijεjkχk −

1

2
Λ̄iȦτ ai

j(F̄Y Ȧ)jkεkpλpa − eϕΩ̄iAεijF̄X
Aχj +

+
1

2
Σ̄iÄ(F̄ZÄ)ijεjkχk +

1

2
Σ̄iÄτ ai

j(F̄ZÄ)jkεkpλpa − Ω̄iAεijZ̄ABXmBymaλ
j
a −

−1

2
ΓAȦÄ{Σ̄iÄεij(F̄XA)kjΛkÄ + Λ̄iȦ(F̄ZÄ)ijεjkΩkA − Σ̄jÄ(F̄Y Ä)jiεjkΩkA} −

−1

2
Ω̄iAεijZ̄ABΩjB −

1

2
Λ̄iȦεijZ̄ȦḂΛjḂ −

1

2
Σ̄iÄεijZ̄ÄB̈ΣjB̈ +

+
1

4
(RMa
+ −GMa)(Ω̄iεijZ̄Mτ ak

jΩk) +

+
1

4
(RMa
− −GMa){Λ̄iεijZ̄Mτ ak

jΛk + Σ̄iεijZ̄Mτ ak
jΣk} −

− 1

2
fMNK

(
i

2
Ψ̄µiγ

µZNZ̄KΘM
i − εijΘ̄M

i ZNΘK
j +

1√
2
εijΘ̄M

i ZNZ̄Kρj
)}

, (43)

L′B = −1

2
e−
√
2ϕ̂
{
(RMa
+ +GMa)2 + |Ra

+|2 + |Ra
−|2 + 2|Ga|2 + e2ϕ|FXA|2 −

−gmn(XmZZ̄Xn)− eϕ

∆
(YZZ̄Y ) + ∆eϕgmnFY

Ȧ
mF̄Y

Ȧ
n +∆eϕ|FZÄ|2 +

+
eϕ

∆
gmnFZ

mÄF̄Z
nÄ +

1

8
(fMNKZN Z̄K)2

}
, (44)
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where the following notations are used:

RMa
± = eϕ{yma(AmM + 2πmnBM

n +XmXnBM
n )± ymaBM

m },

AmM = −2MmM +XTMXm − 1

2
XmA{Y ΓAT̈MZ + Y ṪMΓAZ +

+YmΓ
AT̈MZm + YmṪ

MΓAZm}+ 1

2
εmnkYnṪ

MYk + ZT̈MZm,

BM
m = −1

2
NM
m + Y ṪMYm +

1

2
εmnkZ

nT̈MZk,

GM
a =

1

2
εabcymb(X

mTMXn)ync,

(FMA
X )i

j = eϕFMA
X δi

j + (TM)ABXmBymaτ
a
i
j,

(FMȦ
Y )i

j = eϕ/2{ 1√
∆
(TM)ȦḂY Ḃδi

j +
√
∆FMȦ

Ym ymaτ ai
j},

(FMÄ
Z )i

j = eϕ/2{
√
∆FMÄ

Z δi
j +

1√
∆
FMmÄ
Z ymaτ

a
i
j},

FMA
X = (TM)ABXB − 2XmABM

m +
1

2
XmA{Y ΓAT̈MZ + Y ṪMΓAZ +

+YmΓ
AT̈MZm + YmṪ

MΓAZm},
FMmÄ
Z = (TM)ÄB̈ZmB̈ +XmA(ΓA)ȦÄ(TM)ȦḂY Ḃ ,

FMȦ
Ym = (TM)ȦḂY Ḃ

m − εmnk{πnkδȦḂ +
1

2
XnAXkB(ΣAB)ȦḂ}(TM)ḂĊY Ċ −

−εmnkXnA(ΓA)ȦÄ(TM)ÄB̈ZkB̈,

FMÄ
Z = (TM)ÄB̈ZB̈ + εmnk{πmnδÄB̈ +

1

2
XmAXnB(ΣAB)ÄB̈}(TM)B̈C̈ZkC̈ −

−XmA(ΓA)ȦÄ(TM)ȦḂY Ḃ
m + εmnkX

mA(ΓA)ȦB̈{πnkδÄB̈ −

−1

6
XnBXkC(ΣBC)B̈Ä}(TM)ȦḂY Ḃ . (45)

Additional terms to the supertransformation laws are the following:

δ′Ψµi =
i

2
e−ϕ̂/

√
2γµε

ij(Ra
+ +Ga)τ aj

kηk,

δ′χi = −e−ϕ̂/
√
2εij(Ra

+ +Ga)τ aj
kηk,

δ′λia = e−ϕ̂/
√
2εij(Ra

−δj
k − εabcGbτ cj

k)ηk,

δ′ρi = − 1√
2
e−ϕ̂/

√
2(Ra

+ +Ga)τ ai
jηj ,

δ′ΘM
i = e−ϕ̂/

√
2{(RMa

+ +GMa) +
1

2
Z̄M(Ra

+ +Ga) +

+
1

2
ZM (R̄a

+ + Ḡa)}τ aijηj +
1

2
e−ϕ̂/

√
2fMNKZNZ̄Kηi,

δ′ΩiA = −e−ϕ̂/
√
2εij(FXA)jkηk,

δ′ΛiȦ = −e−ϕ̂/
√
2εij(FY Ȧ)jkηk, δ′ΣiÄ = −e−ϕ̂/

√
2εij(FZÄ)jkηk. (46)
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Let us again choose vacuum expectation values of the scalar fields in the following form:
< yma >∼ δma and < ZM >= (1, i, 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: V0 = 2(MMa − 1

4
NM
a )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:

M11 =
1

4
N11 = m1 M22 =

1

4
N22 = m2, (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:

M ij = −1

2
εij < Ra

+ > τ aj
k ∼

(
m1 +m2 0

0 −m1 +m2

)
(48)

in a full correspondence with (25). Scalar fields X1A and X2A acquire masses 2m1 and
2m2 correspondingly, the spinors ΩAi — 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

2
Σ̄iÄΓAȦÄεij(X

mAZ̄MNM
m )ΛjȦ. (49)

Note, that we work in a system where gravitational coupling constant k = 1. The value
of Yukawa couplings above, which is determined by the vacuum expectation value of
Z̄MNM

m , is m1,2/mpl, 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, q) 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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