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Gauge mediation without gravitino problem by virtue of the QCD anomaly
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We consider the possibility that the Peccei-Quinn charged dynamical supersymmetry breaking (DSB)
mechanism readily accommodates gauge mediation without the gravitino problem. Given a gravitino
of mj,, = O(eV) for the Intriligator-Seiberg-Shih model, an axion, converted from a Nambu-Goldstone
boson, could become a dark matter candidate, while the QCD anomaly and a sizable y value are naturally
generated. We also stress that rather minimal DSB content is sufficient to yield the observed mass of the
lightest Higgs boson, other than the acceptable soft mass of sparticles in the observable sector.
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I. INTRODUCTION

Gauge-mediated supersymmetry (SUSY) breaking [1]
has been recognized as a promising mechanism that
plausibly communicates with the minimal supersymmetric
standard model (MSSM) sector, mainly because the gau-
ginos and sfermions acquire the flavor universal soft mass,
leading to the highly suppressed flavor changing process.
However, the gravitino problem might be unavoidably
encountered; the relic density of the stable gravitino with
1 keV < mj3;,, <1 GeV implies a low reheating temper-
ature, i.e., T < 10° GeV, which seriously conflicts with
the thermal leptogenesis [2—4]. Meanwhile, a lighter
gravitino (m;,, < O(100) eV) serves as warm dark matter
(DM), which might be incompatible with the observed
structure of the Universe that strongly suggests the bottom-
up type of galaxy formation. Regarding this, based on the
cosmic microwave background lensing and cosmic shear,
[5] argued that ms/,, should be smaller than 4.7 eV.
However, for such a case, the gravitino would only account
for the fraction of DM relics [Q3,,h* = O(107?)], which
may exclude the viability of gauge mediation. Moreover,
the lightest Higgs boson is unlikely to receive the mass of
125 GeV, even though the MSSM superparticle could
acquire the soft mass around TeV scale; [6] argued that
the observed Higgs mass could be embodied in the context
of the vector-mediated model.

In this article, considering a more simplified approach,
we revisit the Intriligator-Seiberg-Shih (ISS) model [7]
based on the SU(3) gauge group. We first note that the
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Peccei-Quinn (PQ) symmetry [8—11] should make the
DSB mechanism most naturalized with the aid of R
symmetry, as an unwanted Nambu-Goldstone boson
(NGB) is excluded, which eventually causes the appear-
ance of QCD anomaly through the coupling of the DSB
sector with the Higgs superfields. [12] already argued that
U(1)pqg, despite approximate symmetry [13-15], should
place strict constraints on the DSB superpotential form so
that |0| < 107!° can hold (@ is the theta angle). However,
the p value is too small to be favored by the acceptable
phenomenology.

In contrast, this study shows that, via suitable R charge
assignment, the axion may become a good DM candidate
even for T > 10° GeV. Therein, it follows that m n=0
(eV) and myy (the MSSM soft mass) ~ 1 TeV. We also
address whether the lightest Higgs boson acquires the
desirable mass.

IL. ISS SU(3) MODEL WITH N =4

We attempt to convert an NGB (as noted in [16]) into the
axion by using U(1)pq. Further, via the R charge assign-
ment, ms;, of O(eV) can be achieved, maintaining f,
within the axion window [17-20]. The U(1)pp and R
assignment is given in Table 1, where an anomaly-free Zgg
symmetry is assumed [21].

With a certain super Yang-Mills sector [22], the super-
potential of the relevance is given by
T g ST g,

M3, = M ’
where 4;; is the dimensionless coupling constant. We
subsequently introduce messenger superfields, f;.fi,
and £, f, of 5+ 5 under SU(5)gyr, respectively (without
supposing any fundamental singlet, following [16]).
We assign the charge to each superfield in Table 2.
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TABLE 1. Charge assignment to DSB sector. TABLE II. Charge assignment to messenger and Higgs sector.
o', 0% @ o* fu fi f2 fa H,, H,
U(1)pq -1, 1/3,1/3,1/3 U(1)pq -1, 1 -1, 1 0, -2
Zgr 0, -1, -1, —1 Z3r 2,2 -2, -2 0,0
0.0, 0.0
U(1)pg 1, -1/3, -1/3, -1/3 and the messenger mass is given by [see Eq. (12)]
Zsr 0, -1, -1, -1

Accordingly, the coefficients of the QCD anomaly add up
to 3.
The relevant coupling is given by

4 Ni )i J
WDZ (Vz/%Q fifi+e 0'0 fzfz)

i,j=2 v M
(Trwew,) - 7
— +
K Mil (fof1 + f1f2)
23 N4)2
+ d(Q AQ45Q ) H,H,, (2)
pl

with y;;, €, k, and d denoting the dimensionless coupling
constants as well.

After diagonalizing the mass matrix of Q', Q/, the entire
superpotential is then rewritten in terms of the dual picture,

S“+AZ
4

A . -
+ ZM—N(VﬁjS"flfl + €357 f2f2)

det SiJ

Wawa = EiSijbj -

ij=2
4

+xm(fof 1 + f1f2) +d—=biH,Hy, (3)
pl

where m(=A”/M?)), A~ A,
of unit order. It is understood that Am>A/M p1 18 real and
positive valued. Besides, A’ is the gaugino condensation
scale, and d is supposed to be O(0.1-1) in what follows.
Then, provided that A ~ 8 x 10'7 GeV, m ~ 6 x 10° GeV,
and 1~ 10719, x ~ 10797, for instance, one obtains

and 7};, €;; are expected to be

1

Moty = @Amess ~1 Ter
m2A
m3/2 = 3&@ ~72 eV, (4)
where

6Am>A\?

Apess &2~ 105 GeV, (5)
Mpl * Mipess

A
= —(S") ~ km. 6

We then confirm that the flavor changing process is
highly suppressed owing to mg > 10%m; /2. Moreover,
it follows that

b)) ~vVmA~6x 10" GeV, (7)
lul = O(100-1000) GeV. (8)

Additionally, the messenger loops induce the effective
Kdihler potential of

(o)
32 pl

(lZz] 27/1]’5”|4 |Zz] 2 l]SU|4> (9)
mxzness mrzness

Consequently, the boson component of S¥ receives a
mass of

18042 A \* m2A2
Y w

m2, o~ —— | ——
16kt \ M) M,

which is much larger than the b;, b; loop-induced mass,

1 20\ 2
sm2, —(ﬂm ) . (11)
M,

S = Ton2mA
(The mass of the fermion is discussed later.)

Thus, S¥ should develop the vacuum expectation value
(VEV),

5y BYATR (M
30 A M

= 0(107%) GeV( < %m) (12)

through the scalar potential terms of

y A
V o m2,|s)? — <3/1m3/2n;/[—15” + h.c.>, (13)
P
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where the second term is caused by the SUGRA correction.
Accordingly, via W D det S/ /A, the scalar potential has the
term of

aVVdual a‘/Vdual . 8Wdua1
VD>
o | o | 2| oS
am? (&
2 2mAIS"P =0 (Z(S“><Sff>>s“ +Hec., (14)
plL\,

i,j=2

which slightly shifts S'! from the origin as follows:

= 0(100) GeVv.  (15)

(s ~9 8V3rik\ 2 M,
B 30 A°

Hence, it is deduced that [23]

ANm
|B,4|=dM—5<S”><< ul?, (16)
pl

which implies that the electroweak symmetry remains

unbroken at the messenger scale because of mj; =~mj ~
u d

|u|?. Besides, the stability along the D-flat direction can be
ensured at (H,) = (H,) = 0.

Subsequently, we evaluate the axino and saxion masses.
After the U(1)pq breakdown, by, by are written as follows:
= VmA+35, +ia, + V20a, + 6*Fj ,

by = VmA + s, + ia) +V20a, + *F,.  (17)

The tree-level scalar potential then includes the relevant
81 + 51 2 a + ay

terms,
2:)2mA( N 7 2). (18)

Hence, the axion is (solely) identified by

8W/dual
asl 1

vo|

a; —da

7

a =

(19)

and accordingly, the saxion and the axino could be
expressed as

(20)

respectively [26].
Then, let us examine the fermion mass matrix of interest,
which takes the form of

0 (S VmA
M= (" 0  VmA (21)
VmA VmA 0
that leads to
(S"2 + mA mA VmA(S™)
MM = mA ("2 +mA  VmA(S")
VmA(S™Y  VmA(S') 2mA

(22)

The column and row run b,,b;,S'"" (which denote the
fermion component of the corresponding superfield).
Hence, each mass eigenvalue and state could be given as
follows:

by + by + /23"
~2mA RAJER) .

s, T , ;

(23)

Thus, the axino is found to only acquire the mass of
O(107%%) GeV from the dynamical supersymmetry break-
ing (DSB) sector. Meanwhile, the additional mass should
be generated,

48-8( @ \2Mym2 i
M = Tom <6422> T =0(107) eV, (24)

due to the axino-gluino-gluon interaction of

—iga G Pl (29

where g is the SU(3),,, gauge coupling constant, while
M3 denotes the gluino mass. Eventually, we conclude that
the axino has the mass of O(107%) eV, and hence should be

long lived (or might be stable). At this point, notice that the
thermal relics should be estimated as follows:

Q<S58 x 105 —=2_ ), 26
a ~ X (1 GeV ( )
for Tx > 10° GeV. Here we considered the axino decou-
pling temperature of
2
fa > . (27)

Tdec ~ 109 GeV (m

Thus the axino abundance, even though serving as the
hot DM component, is expected to be of negligible
order [27-30].
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In contrast, the saxion receives a mass of O(0.1-1) MeV
induced by the b;, b; loop, as seen from Eq. (11). Let us
estimate its lifetime. Equation (3) yields the relevant
couplings,

2 2
H 2 2 H -2
LD>—s(|H,|*+|H ») s|H™|*, (28
Lo shy+He =—t i h~+He. (29)
2vVmA 2vVmA

while among the QED interaction are the following terms:

L0, +ieA)H P, K (9, +ieA ).  (30)
Here H‘,ﬁ‘,AM are the charged Higgs, Higgsino, and
photon with e denoting the U(1),, coupling constant.
Hence, we obtain the decay rate into two photons through
H~/h~ loops,

a7
U 712875 mAm,

IT|> ~ 1071 MeV,  (31)

where

M Ay
|ul* + Alzzw m%r + A%W
+log my- + Afw ~log 1 + Ajw

my- >

(32)

and Agw = O(100) GeV is the electroweak symmetry
breaking scale, while m,, my, denote the saxion and the
weak boson mass, respectively. Hence, the saxion decay
should not give rise to large entropy production because
of T, (the saxion decay temperature) ~1 GeV > m;.
To summarize, we deduce that the observed DM relics
should predominantly comprise the axion as f, is close
to 10" GeV.

III. THE OTHER MASS SPECTRUM

We estimate the mass of the other particles in the DSB
sector. The boson component of S'' and (s, +5,)/v/2,
(ay + a,)/+/2 acquire the mass of v/2mA. Further, S', §!,
b, b;, (i =2-4) are addressed as follows. The boson
components have their mass of

VmA ~10'2 GeV, (33)

via (b;) = (b;) = v/mA. On the other hand, the fermions
could form the mixing mass term of

£ VmAS;b; +He.,  VmAbS, +Hc. (34)

The eigenstate is then expressed as

S, +b b, +3,
\/i ’ \/E )

all of which have the mass of \/m

In contrast, the boson components of S/*(j, k =2-4)
have the mass of mg: = O(10°) GeV, as seen from
Eq. (10) [31]. Meanwhile, the fermion components
(denoted $7%) receive the mass of

4

10 A \4/ AA .
loop
AP VR N Sii
My Zl67r2 (M,,l> <K2Mp,>< )

j=2

(35)

= 0(107) GeV (36)

from Eq. (9) [except for the Goldstino approximately

formed by (5?2 4 §% + §*)/1/3]. Besides, an extra mass
could be generated from the following coupling:

A \3 .
W D &irimst (M—z> Sikgimgst,
14

(j ok, l,m, s, t =2-4). (37)

Here, &jims (the dimensionless coupling constant) is
assumed to be of unit order, for simplicity. Eventually,
S/ is expected to have a mass of

A3
mgi = me? + a few factor x [ —— | (S7). (38)
3 M,

At this point, notice that Eq. (37) yields

4
A \3 (Am?AN .
V> ZQ gjklmxs <M—pl> ( M > Sijlm' (39)

pl

We hence require the condition that

A \3 [(Am*A
méjk Z 3§.jklmss <M> ( M >’ (40)

pl pl

so as to avoid the tachyonic /% bosons, which correspond
0 &Ejkimss S 1072, Therefore, it follows that

mge = O(1077) GeV(j # k),
mygjj < 0(10_9) GeV. (41)

S/k is then found to decay into a photon and the Goldstino
(denoted y) or Sii through the messenger loop [Eq. (3)] and
the lifetime is given by

Tk =~ (stk_,” + FSjk_)ijj)_l ~ 10_10—10_95, (42)
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where each decay rate takes the form of

msjk

Dgieyy 2 T30 = |M 2 (43)

v

with

A \2 A Fgi \2
o) @
&n Mpl Mplmmess

where Fg; = Am*A/M 1 (the Goldstino is identified by the
longitudinal mode of the gravitino). Consequently, the relic
abundance of the gravitino or §// is estimated as

0(107%),
O(107%),  (45)

Q)0 = QUL + QN2 —
Qgiih* = Qg,’,’ h? + QN THp2 —
both of which have less cosmological implications. Here,
QT p2 QNTHR? denote thermally and nonthermally pro-
duced relics, respectively, and we suppose that the number
density of §/% to entropy is given by

~ 1073 (46)

at the reheating epoch [32].

IV. ENHANCING THE LIGHTEST HIGGS MASS

We briefly address the enhancement of the lightest Higgs
boson mass. With the stop mass of around 10 TeV, the
observed mass of 125 GeV [33,34] would be apparently
embodied; a class of gauge mediation model with m3;, of
O(eV) generally indicates mg.g of less than a few TeV.
We could, however, consider an alternative source via
another pair of messengers,

lbl

AW =c¢ f3f3

A
hjx—H Sik,
Z kM uf3

Jj.k=2 pl
(o k= 24), (47)

where f3, f3 belong to 545 of SU(5)gyr, Which are
assumed to carry the U(1)pq and Zgg charge of (0,0), (4,4),
respectively. [Note that our analysis still avoids the Landau
pole up to grand unified theory (GUT) scale.] c, hj are the
dimensionless coupling constants. Through S/*, f5, and f;
loops, the extra scalar potential should be generated (the
other source is omitted because it yields only a small
contribution),

4 M2 2
1 M
Ve~ — < log H + M _log )

k=2 6 cut Agul
4
Z =

( 1 Mf++M 1 M >
og og ,
Jk 2 Az A%ut
(48)
where
1 A2
M3 =5 (2 + il o V)
2 J M%z "
1 2 , N 2 n, 2
:l:i mj + |h]k| M—21|Hu| —4m~=m Sjk’
P
(49)
2 1 2 2
Mfizi m2+|h1k| M2 |H|
1 A2
ii\/ (i b - 1 ) - a.
(50)
with m' = |c|mA>/M3, and m? =m™? + m2,, mi=
1][ 1 Sj]\’ 2

m'? +m3jk. Besides, A, denotes some cutoff scale (which

has no significant effect on the following discussion).
Postulated that

A
m' < ‘hjk|M—l<Hu>7 (51)
14

the quartic Higgs coupling should be approximately
reduced to the form of

4

I

jk=2

| ( m2 + |y > A !H |2> 52)
x log ,
|h1k‘2 2 |Hu|2
through the relation that
A
mgie 3> [hj M, (H,), (53)

p

where (H,) = vsinf and v ~ 246 GeV is the Higgs VEV.
Incorporating the contributions from Eq. (52) and the
stop/top quark loop, the lightest Higgs boson receives the
mass of
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3 mf m?
M7, =~ mzcos*2f3 + ——élog( St§p>

my
4,2
Z 1t | ( 1) sin*p

Sjk + |h]k|2 M2 v Slnz/))
log( >

(54)
|2 T v?sin®p
At this stage, noting that Eq. (47) yields
4 2
AN Am N -
V> h;;———H,f;+ H.c., 55)
j; Jjj Mpl Mpl ul 3 (
we require the following condition:
mA5 ) A Am*A
4 |hj M— : (56)
]72

so that f5 and the charged Higgs boson cannot develop
their VEVs. Hence, given |c| = O(1072), for instance,
|hj;| < O(1075) should be entailed. Taking account of
the other radiative correction [35-37], we thus obtain
mpyo =125 GeV for |hy| ~ 1.6-1.7(j # k), tan § ~ 10.

V. DISCUSSION

Let us discuss the (meta) stability of vacuum. The
longevity of the SUSY breaking vacuum should be ensured
owing to the relation of

2
m

, — <A 57

m i, (57)

Moreover, it is verified that

5 3Am2A

mmess > ’
M,

(58)

which should avoid the tachyonic messengers. Accordingly,
there is no local minimum state along the messenger
direction [38].

Further, the PQ symmetry should not be restored after
the inflationary epoch, as long as it is expected that

fa > Tmax = 0(10) ’ TR? (59)

for T = O(10°-10'%) GeV, and consequently, the domain
wall (DW) problem may not be encountered in our
framework. Here T, is the maximal temperature at the
reheating stage.

VI. CONCLUSION

We argued that the ISS gauge mediation could avoid
the gravitino problem, given the PQ charged DSB sector.

Thereby, we first proposed that (b, — b;)/+/2 could be
identified by the axion supermultiplet. This naturally
generates the QCD anomaly and a sizable u value.
Then, we eventually confirmed that the axion should
predominantly account for the DM density instead of the
light gravitino. Further, the lightest Higgs boson is likely to
acquire the desirable mass, owing to several dual singlets
and an additional pair of messengers.

Finally, we have not addressed the Izawa-Yanagida-
Intriligator-Thomas DSB mechanism [39,40] based on
the SU(3) gauge group with Ny =3 [41]. Therein, the
PQ symmetry could appropriately constrain the DSB
superpotential form, such that unwanted NGBs should
be absent [12]. This model might provide m3,, = O(1) eV
and myg ~ 1 TeV for f, = O(10°) GeV, whereas the DW
could appear. Under such circumstances, the DW decay,
possibly entailed by the approximate PQ symmetry, pro-
duces the axion, which may almost saturate the observed
DM density [42,43], although the appearance of appro-
priate U(1)pg violating should be discussed in future
research.
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