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Gauge mediation: successes

W ! X !! c, "X #= M + ! 2FFigure 7.5: MSSM scalar squared masses in gauge-mediated supersymmetry breaking models arise in
leading order from these two-loop Feynman graphs. The heavydashed lines are messenger scalars, the
solid lines are messenger fermions, the wavy lines are ordinary Standard Model gauge bosons, and the
solid lines with wavy lines superimposed are the MSSM gauginos.

a signiÞcantly stronger condition than eq. (6.4.5). Again,eqs. (7.7.14) and (7.7.15) should be applied at
an RG scale equal to the average mass of the messenger Þelds running in the loops. However, evolving
the RG equations down to the electroweak scale generates non-zero au , ad , and ae proportional to the
corresponding Yukawa matrices and the non-zero gaugino masses, as indicated in section 6.5. These
will only be large for the third-family squarks and sleptons, in the approximation of eq. (6.1.2). The
parameter b may also be taken to vanish near the messenger scale, but thisis quite model-dependent,
and in any caseb will be non-zero when it is RG-evolved to the electroweak scale. In practice, b can be
Þxed in terms of the other parameters by the requirement of correct electroweak symmetry breaking,
as discussed below in section 8.1.

Because the gaugino masses arise atone-loop order and the scalar squared-mass contributions
appear at two-loop order, both eq. (7.7.12) and (7.7.14) correspond to the estimate eq. (7.4.3) for
msoft , with M mess ! yI "S#. Equations (7.7.12) and (7.7.14) hold in the limit of small "FS#/y I "S#2,
corresponding to mass splittings within each messenger supermultiplet that are small compared to the
overall messenger mass scale. The sub-leading correctionsin an expansion in "FS#/y I "S#2 turn out
[163]-[165] to be quite small unless there are very large messenger mass splittings.

The model we have described so far is often called the minimalmodel of gauge-mediated supersym-
metry breaking. Let us now generalize it to a more complicated messenger sector. Suppose thatq,q
and ! , ! are replaced by a collection of messengers! I , ! I with a superpotential

Wmess =
!

I

yI S! I ! I . (7.7.16)

The bar is used to indicate that the left-handed chiral superÞelds! I transform as the complex conjugate
representations of the left-handed chiral superÞelds! I . Together they are said to form a Òvector-likeÓ
(real) representation of the Standard Model gauge group. Asbefore, the fermionic components of each
pair ! I and ! I pair up to get squared masses|yI "S#|2 and their scalar partners mix to get squared
masses|yI "S#|2 ± | yI "FS#|. The MSSM gaugino mass parameters induced are now

M a =
" a

4#
"

!

I

na(I ) (a = 1 , 2, 3) (7.7.17)

wherena(I ) is the Dynkin index for each ! I + ! I , in a normalization wheren3 = 1 for a 3+ 3 of SU(3)C

and n2 = 1 for a pair of doublets of SU(2)L . For U(1)Y , one hasn1 = 6Y 2/ 5 for each messenger pair
with weak hypercharges± Y. In computing n1 one must remember to add up the contributions for each
component of anSU(3)C or SU(2)L multiplet. So, for example, (n1, n2, n3) = (2 / 5, 0, 1) for q + q and
(n1, n2, n3) = (3 / 5, 1, 0) for ! + ! . Thus the total is

"
I (n1, n2, n3) = (1 , 1, 1) for the minimal model,
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Gaux = SU(3) F ! U(1)B! L ! U(1)H
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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The  Auxiliary Group



The auxiliary group
All anomaly-free* global symmetries of the MSSM !

in limit of vanishing Yukawas
* with respect to SM

WMSSM = ! u ucQH u ! ! ddcQH d ! ! eecLH d + µH H u H d

Global symmetries with                          : ! u = ! d = ! e = 0

U(1)B

U(1)L

baryon number U(3)5 ßavor symmetry

(3 generations, 5 matter superÞelds)

lepton number ÒHiggs symmetryÓ

is the anomaly-free subgroup

Gaux = SU(3) F ! U(1)B ! L ! U(1)H

U(1)H
qH u = ! qH d

Gaux



The role of      

(for models that address this, see [Arvanitaki et al,  2013; 1210.0555] )
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Figure 7.5: MSSM scalar squared masses in gauge-mediated supersymmetry breaking models arise in
leading order from these two-loop Feynman graphs. The heavydashed lines are messenger scalars, the
solid lines are messenger fermions, the wavy lines are ordinary Standard Model gauge bosons, and the
solid lines with wavy lines superimposed are the MSSM gauginos.

a signiÞcantly stronger condition than eq. (6.4.5). Again,eqs. (7.7.14) and (7.7.15) should be applied at
an RG scale equal to the average mass of the messenger Þelds running in the loops. However, evolving
the RG equations down to the electroweak scale generates non-zero au , ad , and ae proportional to the
corresponding Yukawa matrices and the non-zero gaugino masses, as indicated in section 6.5. These
will only be large for the third-family squarks and sleptons, in the approximation of eq. (6.1.2). The
parameter b may also be taken to vanish near the messenger scale, but thisis quite model-dependent,
and in any caseb will be non-zero when it is RG-evolved to the electroweak scale. In practice, b can be
Þxed in terms of the other parameters by the requirement of correct electroweak symmetry breaking,
as discussed below in section 8.1.

Because the gaugino masses arise atone-loop order and the scalar squared-mass contributions
appear at two-loop order, both eq. (7.7.12) and (7.7.14) correspond to the estimate eq. (7.4.3) for
msoft , with M mess ! yI "S#. Equations (7.7.12) and (7.7.14) hold in the limit of small "FS#/y I "S#2,
corresponding to mass splittings within each messenger supermultiplet that are small compared to the
overall messenger mass scale. The sub-leading correctionsin an expansion in "FS#/y I "S#2 turn out
[163]-[165] to be quite small unless there are very large messenger mass splittings.

The model we have described so far is often called the minimalmodel of gauge-mediated supersym-
metry breaking. Let us now generalize it to a more complicated messenger sector. Suppose thatq,q
and ! , ! are replaced by a collection of messengers! I , ! I with a superpotential

Wmess =
!

I

yI S! I ! I . (7.7.16)

The bar is used to indicate that the left-handed chiral superÞelds! I transform as the complex conjugate
representations of the left-handed chiral superÞelds! I . Together they are said to form a Òvector-likeÓ
(real) representation of the Standard Model gauge group. Asbefore, the fermionic components of each
pair ! I and ! I pair up to get squared masses|yI "S#|2 and their scalar partners mix to get squared
masses|yI "S#|2 ± | yI "FS#|. The MSSM gaugino mass parameters induced are now

M a =
" a

4#
"

!

I

na(I ) (a = 1 , 2, 3) (7.7.17)

wherena(I ) is the Dynkin index for each ! I + ! I , in a normalization wheren3 = 1 for a 3+ 3 of SU(3)C

and n2 = 1 for a pair of doublets of SU(2)L . For U(1)Y , one hasn1 = 6Y 2/ 5 for each messenger pair
with weak hypercharges± Y. In computing n1 one must remember to add up the contributions for each
component of anSU(3)C or SU(2)L multiplet. So, for example, (n1, n2, n3) = (2 / 5, 0, 1) for q + q and
(n1, n2, n3) = (3 / 5, 1, 0) for ! + ! . Thus the total is

"
I (n1, n2, n3) = (1 , 1, 1) for the minimal model,
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Figure 7.5: MSSM scalar squared masses in gauge-mediated supersymmetry breaking models arise in
leading order from these two-loop Feynman graphs. The heavydashed lines are messenger scalars, the
solid lines are messenger fermions, the wavy lines are ordinary Standard Model gauge bosons, and the
solid lines with wavy lines superimposed are the MSSM gauginos.

a signiÞcantly stronger condition than eq. (6.4.5). Again,eqs. (7.7.14) and (7.7.15) should be applied at
an RG scale equal to the average mass of the messenger Þelds running in the loops. However, evolving
the RG equations down to the electroweak scale generates non-zero au , ad , and ae proportional to the
corresponding Yukawa matrices and the non-zero gaugino masses, as indicated in section 6.5. These
will only be large for the third-family squarks and sleptons, in the approximation of eq. (6.1.2). The
parameter b may also be taken to vanish near the messenger scale, but thisis quite model-dependent,
and in any caseb will be non-zero when it is RG-evolved to the electroweak scale. In practice, b can be
Þxed in terms of the other parameters by the requirement of correct electroweak symmetry breaking,
as discussed below in section 8.1.

Because the gaugino masses arise atone-loop order and the scalar squared-mass contributions
appear at two-loop order, both eq. (7.7.12) and (7.7.14) correspond to the estimate eq. (7.4.3) for
msoft , with M mess ! yI "S#. Equations (7.7.12) and (7.7.14) hold in the limit of small "FS#/y I "S#2,
corresponding to mass splittings within each messenger supermultiplet that are small compared to the
overall messenger mass scale. The sub-leading correctionsin an expansion in "FS#/y I "S#2 turn out
[163]-[165] to be quite small unless there are very large messenger mass splittings.
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pair ! I and ! I pair up to get squared masses|yI "S#|2 and their scalar partners mix to get squared
masses|yI "S#|2 ± | yI "FS#|. The MSSM gaugino mass parameters induced are now
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wherena(I ) is the Dynkin index for each ! I + ! I , in a normalization wheren3 = 1 for a 3+ 3 of SU(3)C

and n2 = 1 for a pair of doublets of SU(2)L . For U(1)Y , one hasn1 = 6Y 2/ 5 for each messenger pair
with weak hypercharges± Y. In computing n1 one must remember to add up the contributions for each
component of anSU(3)C or SU(2)L multiplet. So, for example, (n1, n2, n3) = (2 / 5, 0, 1) for q + q and
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W ! X !! c, "X #= M + ! 2F

Ordinary gauge mediation:!
integrate out     ,

Higgsed gauge mediation: !
integrate out     too!

M !
2 ! X †X , M V

2 ! M2
V + 2g2q2qq†q

Analytic continuation 
Example: single chiral superÞeld    ,!

charge     under new spontaneously broken U(1)
q

U(1) vector superÞeld mass

[Giudice, Rattazzi, 1998; hep-ph/9706540]

qq

[Craig, McCullough, Thaler, 2012; 1201.2179, 1203.1622]
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FIG. 1: The two-loop vacuum diagram contributing to scalar soft masses. The propagators for the messenger superÞelds are in
the upper half and depend on the messenger mass-squared|M ! |2 = X   X . The vector superÞeld propagator on the lower line
is a function of the (analytically-continued) mass-squared M V

2 = M 2
V + 2 q2

q g!2q  q which depends on the Higgsing superÞelds
and the background visible-sector superÞelds.

The two-loop e! ective K¬ahler potential is a function of the messenger masses|M ! |2 and the vector superÞeld mass
M V

2. Both of the these quantities can be expressed as full superÞelds

|M ! |2 ! X   X , M V
2 ! M 2

V + 2q2
qg!2q  q, (2)

where we have included the visible sector Þeldsq as a background spurion in the vector mass. This technique for
accounting for X and q is reminiscent of analytic continuation into superspace [50, 51], and has the same restriction
that we only capture the leading e! ects in F/M .

To calculate the sfermion soft masses, we simply need to identify terms in the e! ective K¬ahler potential that depend
on both X   X and q  q. Examining the two-loop result from Ref. [53], there exists only one such term,

K 2L = " 2q2
! g!2I (|M ! |2, |M ! |2, M V

2), (3)

where

I (|M ! |2, |M ! |2, M V
2) =

!
dD p dD q

(2! )2D µ2(D " 4)

1
p2 + |M ! |2

1
(p + q)2 + |M ! |2

1

q2 + M V
2 . (4)

This function is commonplace in two-loop vacuum calculations and corresponds to the scalar loop shown in Fig. 1.
In D = 4 dimensions, this integral involves various divergences and subdivergences which must be appropriately
regulated. For the purposes of extracting sfermion soft masses, though, the physics of the regulator is irrelevant, since
SUSY in the ultraviolet (UV) ensures Þnite sfermion soft masses. We can therefore take the integral calculated using,
say, minimal subtraction [54] and then expand in superspace.

Discarding terms that do not contribute to the Þnal scalar masses, Eq. (3) contains4

K 2L #
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"
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#
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"
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#
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$
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M V
2

|M ! |2
. (5)

The dependence on the renormalization scaleµ will drop out when we extract the soft masses. Integral expressions
for the function " (! ) appear in Ref. [54]. We can express" (! ) directly using dilogarithms as

" (! ) =
%

! (! " 4)
&
2" (2) + log 2 (! ) + 4Li 2 [" ! ]

'
with ! =

( )
"
4 +

)
"
4 " 1

* " 2

. (6)

To Þnd the Þnal expression for the sfermion soft masses, we simply need to expand Eq. (5) to Þrst order in|q|2 and
integrate over superspace. The resulting two-loop sfermion masses are

+m2
q = q2

qq2
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(
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2!

* 2 ,
,
,
,

F
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,
,
,
,

2

f ($), $ !
M 2

V

M 2 , (7)

4 Such discarded terms include single-logarithmic terms (which are scheme-dependent at two loops) and Þnite terms, which may be
absorbed by a redeÞnition of couplings.
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Varying    gives different phenomenology!
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Squarks/sleptons:

Higgs sector:

(all formulas evaluated at effective messenger scale min{M,MV} ) 
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Benchmark spectra



Flavored benchmark

¥Large       gives stops and 
sbottoms lighter by a 
factor of  ~6!

¥Gluino decay goes like          
so decays to 3rd-gen 
quarks are 64 times as 
likely!!

¥Light Higgsinos and 
largeish          possible by 
tuning messenger scale 
(not speciÞc to AGMSB)

tan !
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Benchmark Low Scale High Scale Flavored B � L superWIMP

M e↵ [GeV] 1010 1015 1010 1010 6 ⇥ 1012

F/M [GeV] 2 ⇥ 105 4 ⇥ 105 1 ⇥ 105 4 ⇥ 105 1 ⇥ 106
p

C(! ) ↵F 0.9 0.9 2.5 — 0.6

�F 0.1 0.1 260 — 0.1

p
�

↵B! L — — — 3.0 0.8

�B! L — — — 0.1 0.1

q
�

↵H 0.9 0.9 0.4 0.6 0.6

�H 0.1 0.1 0.1 0.02 0.0125

tan � 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8p
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m3/2 [GeV] 1.5 ⇥ 10! 3 300 7.6 ⇥ 10! 4 6.8 ⇥ 10! 3 1.9

Table 2 . Parameters for five auxiliary gauge mediation benchmark points: “Low Scale” with a low
messenger mass, “High Scale” with a large messenger mass, “Flavored” with non-negligible split-
tings between the third-generation and first-two-generation scalars, “B � L” which employs only the
U(1)B�L ⇥U(1)H gauge groups, and a “superWIMP” scenario which can accommodate gravitino dark
matter. In SoftSUSY, tan � is an input which sets the Higgsino mass µH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan �, all of these values are specified at the e↵ective messenger scale M

e↵

= min{ M, M V }
described in Sec. 2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor of G

aux

has its own �, each soft term should really be run down from
its corresponding e↵ective messenger scale. However, since none of our benchmarks feature vastly
di↵erent values of �, the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e↵ective messenger scales) is small and does not significantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-

trum, we present five benchmark points which result in a Higgs mass of approximately 126

GeV. The messenger scale parameters for these benchmarks are given in Table 2. The RG

evolution to the weak scale is performed using SoftSUSY 3.3.8 [46], modified to allow the

auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-

trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the

subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24It may well be the case that the operating accuracy of SoftSUSY is less than the fine-tuning required

to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the

hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough

to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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q
�

↵H 0.9 0.9 0.4 0.6 0.6

�H 0.1 0.1 0.1 0.02 0.0125

tan � 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8p
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m3/2 [GeV] 1.5 ⇥ 10! 3 300 7.6 ⇥ 10! 4 6.8 ⇥ 10! 3 1.9

Table 2 . Parameters for five auxiliary gauge mediation benchmark points: “Low Scale” with a low
messenger mass, “High Scale” with a large messenger mass, “Flavored” with non-negligible split-
tings between the third-generation and first-two-generation scalars, “B � L” which employs only the
U(1)B�L ⇥U(1)H gauge groups, and a “superWIMP” scenario which can accommodate gravitino dark
matter. In SoftSUSY, tan � is an input which sets the Higgsino mass µH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan �, all of these values are specified at the e↵ective messenger scale M

e↵

= min{ M, M V }
described in Sec. 2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor of G

aux

has its own �, each soft term should really be run down from
its corresponding e↵ective messenger scale. However, since none of our benchmarks feature vastly
di↵erent values of �, the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e↵ective messenger scales) is small and does not significantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-

trum, we present five benchmark points which result in a Higgs mass of approximately 126

GeV. The messenger scale parameters for these benchmarks are given in Table 2. The RG

evolution to the weak scale is performed using SoftSUSY 3.3.8 [46], modified to allow the

auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-

trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the

subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24It may well be the case that the operating accuracy of SoftSUSY is less than the fine-tuning required

to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the

hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough

to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the

hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough

to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M & 100 TeV. This in turn places the sfermion
mass scale at aboutem2 & (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on↵H and not ↵F or ↵B ! L , but to ensure the vacuum does not break color
we must have em2

H . em2

3

(see Sec.4.4 and Sec.6). The gravitino mass m
3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di↵er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ . Our models avoid this second type of tuning, with only the Þrst type of tuning
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Outlook
¥If supersymmetry is realized, LHC seems to 

be pointing us toward mini-split. Need 
explicit, concrete models!!

¥Auxiliary gauge mediation is a good place 
to start. Some interesting and unusual 
phenomenology (can even get acceptable 
spectrum with a single U(1)!)!

¥Along the way, applied useful techniques, 
including Higgsed gauge mediation and 
another way to generate B-terms at 
messenger scale (contrary to lore)
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Incorporating ßavor

S Þelds are ßavor spurions:

W !
1

⇤2
u

S�
HSuH uQU c +

1

⇤2
d

S+
HSdH dQD c

Note:         now spontaneously broken. In particular,

hS⌥
H Su,d i
! 2

u,d
= �u,d

Gaux

Also cancel anomalies 

SU(3)F ! SU(2)F ! "
large 3rd-gen.!

Yukawa heavy ßavor bosons
suppressed 3rd-gen. 

masses

First two generations stay heavy and degenerate (U(3) not anomaly-free)
(Original motivation of [Craig, McCullough, Thaler, 2012; 1203.1622]: natural SUSY spectrum)



Field content and reps

SU(3)C SU(2)L U(1)Y SU(3)F U(1)B ! L U(1)H

Q 3 2 1/ 6 3 1/ 3 Ñ
U c 3 Ñ ! 2/ 3 3 ! 1/ 3 Ñ
D c 3 Ñ 1/ 3 3 ! 1/ 3 Ñ
L Ñ 2 ! 1/ 2 3 ! 1 Ñ
E c Ñ Ñ 1 3 1 Ñ
H u Ñ 2 1/ 2 Ñ Ñ 1
H d Ñ 2 ! 1/ 2 Ñ Ñ ! 1
N c

F Ñ Ñ Ñ 3 Ñ Ñ
N c

B ! L Ñ Ñ Ñ Ñ 1 Ñ
Su Ñ Ñ Ñ 6 Ñ Ñ
Sd Ñ Ñ Ñ 6 Ñ Ñ

S±
B ! L Ñ Ñ Ñ Ñ ± 2 Ñ
S±

H Ñ Ñ Ñ Ñ Ñ ± 1
! / ! c Ñ Ñ Ñ C(! ) ± p! ± q!

! i ! S ! W ! Y ! F ! B ! L ! H

Table 1 . Representations underGtotal " GSM # Gaux of the MSSM superÞelds and additional super-
Þelds required for anomaly cancellation and the generation of Yukawa couplings. The notationC(! )
means that the messenger! lives in a representation with Dynkin index C(! ). Also shown are the
coupling constants ! i = g2

i / 4" for the various groups.

needed to cancel anomalies withinGaux itself. An example of a fully anomaly-free spectrum
is given in Table 1, motivated by the states needed below to breakGaux and generate Yukawa
couplings.

4.2 Flavor Boson Mass Spectrum

In order to calculate soft terms, we need to know some details about the breaking ofGaux

at the auxiliary scale. While a complete model of Yukawa coupling generation is beyond the
scope of this work, we do need to choose a speciÞc Þeld content and vacuum expectation value
(vev) structure to know the auxiliary gauge boson mass spectrum. Following Ref. [25] and
summarized in Table1, we assume that the only sources of SU(3)F breaking are ÞeldsSu and
Sd (both transforming as a 6 under SU(3)F ), which get vevs along aD-ßat direction as to
not break SUSY. The ÞeldsS±

B ! L (S±
H ) are responsible for breaking U(1)B ! L (U(1) H ). The

additional right-handed neutrino Þelds N c
F and N c

B ! L ensure that all SU(3)F and U(1)B ! L

anomalies cancel, respectively.18

There are a number of di! erent options for how to generate the SM Yukawa couplings.
For pedagogical purposes, we will choose a structure that allows us to clearly delineate the

18 Assigning charges± 2 to S±
B ! L allows N c

B ! L to get a Majorana mass when S!
B ! L gets a vev. However,

a complete model of ßavor needs additional Þeld content beyond those in Table 1, including a 6 to give a
Majorana mass to N c

F and a 6 to generate the lepton Yukawas. See Ref. [25] for further discussion.
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K 2L � �2q2! g2

!
dDp dDq

(2! )2Dµ2(D�4)

1

p2 + |M ! |2
1

(p+ q)2 + |M ! |2
1

q2 + M V
2

Do loop integral, isolate coefÞcient of       :

3

FIG. 1: The two-loop vacuum diagram contributing to scalar soft masses. The propagators for the messenger superÞelds are in
the upper half and depend on the messenger mass-squared|M ! |2 = X   X . The vector superÞeld propagator on the lower line
is a function of the (analytically-continued) mass-squared M V

2 = M 2
V + 2 q2

q g!2q  q which depends on the Higgsing superÞelds
and the background visible-sector superÞelds.

The two-loop e! ective K¬ahler potential is a function of the messenger masses|M ! |2 and the vector superÞeld mass
M V

2. Both of the these quantities can be expressed as full superÞelds

|M ! |2 ! X   X , M V
2 ! M 2

V + 2q2
qg!2q  q, (2)

where we have included the visible sector Þeldsq as a background spurion in the vector mass. This technique for
accounting for X and q is reminiscent of analytic continuation into superspace [50, 51], and has the same restriction
that we only capture the leading e! ects in F/M .

To calculate the sfermion soft masses, we simply need to identify terms in the e! ective K¬ahler potential that depend
on both X   X and q  q. Examining the two-loop result from Ref. [53], there exists only one such term,

K 2L = " 2q2
! g!2I (|M ! |2, |M ! |2, M V

2), (3)

where

I (|M ! |2, |M ! |2, M V
2) =

!
dD p dD q

(2! )2D µ2(D " 4)

1
p2 + |M ! |2

1
(p + q)2 + |M ! |2

1

q2 + M V
2 . (4)

This function is commonplace in two-loop vacuum calculations and corresponds to the scalar loop shown in Fig. 1.
In D = 4 dimensions, this integral involves various divergences and subdivergences which must be appropriately
regulated. For the purposes of extracting sfermion soft masses, though, the physics of the regulator is irrelevant, since
SUSY in the ultraviolet (UV) ensures Þnite sfermion soft masses. We can therefore take the integral calculated using,
say, minimal subtraction [54] and then expand in superspace.

Discarding terms that do not contribute to the Þnal scalar masses, Eq. (3) contains4

K 2L #
q2

! g!2

(4! )4 |M ! |2
"

2! log(! ) log
"

|M ! |2

µ 2

#
+ ( ! + 2) log 2

"
|M ! |2

µ 2

#
+ " (! )

$
, ! !

M V
2

|M ! |2
. (5)

The dependence on the renormalization scaleµ will drop out when we extract the soft masses. Integral expressions
for the function " (! ) appear in Ref. [54]. We can express" (! ) directly using dilogarithms as

" (! ) =
%

! (! " 4)
&
2" (2) + log 2 (! ) + 4Li 2 [" ! ]

'
with ! =

( )
"
4 +

)
"
4 " 1

* " 2

. (6)

To Þnd the Þnal expression for the sfermion soft masses, we simply need to expand Eq. (5) to Þrst order in|q|2 and
integrate over superspace. The resulting two-loop sfermion masses are

+m2
q = q2

qq2
!

(
#!

2!

* 2 ,
,
,
,

F
M

,
,
,
,

2

f ($), $ !
M 2

V

M 2 , (7)

4 Such discarded terms include single-logarithmic terms (which are scheme-dependent at two loops) and Þnite terms, which may be
absorbed by a redeÞnition of couplings.

Higgsed gauge mediation 

parameterizes Higgsing scale

M V

M !

M !

Note: analytic continuation gives only lowest order result in F/M

|q|2

! = M 2
V /M 2

K 2L ! " q2
! q2

q
! 2

(2" )2

!

h(#)
"

F
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$2 +
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M   $
2
#

+ f (#)

$
$
$
$

F
M

$
$
$
$

2

$2$
2
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|q|2

M 2
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Gaugino masses

Field rescaling is anomalous, shifts kinetic term:

Same as !
for A-terms!

Simple and predictive framework:  all soft terms given to 
lowest order by two functions,        and       .    f (! ) h(! )

Suppose     has hypercharge Y = 1

!
d2! f W ! W ! !

!
d2!

"
f "

1
8" 2 logZq (µ)

#
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hypercharge!
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superÞeld

For gauginos, 3-loop result from 2-loop effective potential 
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Aside:  A- and B-terms in  
ordinary gauge mediation
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Figure 4. Generation of Bµ at two loops from gauginos and messengers. The diagram for A-
terms is analogous, except with the Higgsino mass µH replaced by a scalar vertex. The two-loop
calculation performed here includes all orders in F/M2, however the perturbative mass insertions for
the messengers have been depicted here to demonstrate the chirality flips required for the generation
of the lowest-order term. The red arrows show the momentum routing.

the upper messenger loop gives the last factor in the loop integral of Eq. (A.2). This finite

integral can be evaluated by the usual method of Feynman parameters, giving

Bµ = 2µHq2!
↵2

H

(2⇡)2
F

M
h̃ (, �) , (A.3)

where  = F/M2, � = MV /M , and

h̃(, �) =

!
1

0

dw

!
1

0

dx

!
1! x

0

dy
2(1 ! w)

w(1 + (x ! y)) ! (1 ! w)((x + y)2 ! (x + y))�
. (A.4)

Making the change of variables u = x + y, v = x ! y, two of the Feynman integrals can be

evaluated analytically, giving

h̃(, �) =
1



!
1

0

du

"

Li
2

#
1 +

1 ! u

u(u ! 1)�

$
! Li

2

#
1 +

1 + u

u(u ! 1)�

$
(A.5)

+
�u2(u ! 1) log

%
1! ! 2u2

u2

(1! u)2" 2

&
! 2(�(u ! u2) + 2u2 ! 1) tanh! 1(u)

u22 ! (1 ! (u ! u2)�)2

'

.

For  = 0, one can perform the u integral analytically to show that h̃(0, �) matches precisely

with h(�) given in Eq. (2.6). The A-terms lead to the same loop integrals and functional form

for h̃(, �).

A.2 Results in Standard Gauge Mediation

To make contact with results from standard gauge mediation, the A- and B-terms must

be determined for an unbroken mediating gauge group. In this case, the internal gauginos
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Higgsed GMSB in the  
unbroken limit

Standard lore:  ÒA-terms vanish at the messenger scaleÓ

Not quite! lim
! ! 0

h(! ) = 1 ! log !

Higgsed gauge mediation:
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Log captures familiar RG running, but there remains a 
Þnite 2-loop piece even for 

For an unbroken gauge group,  

µ = M

MV ! 0, � ! µ2/M 2

Same result w/component-Þeld Feynman!
diagram calculation and 2-loop       ,  DR

! = M 2
V /M 2

Higgsed GMSB in the  
unbroken limit

lim
! ! 0
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IR !
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Threshold effects

A(µ) =
! ln Zq (X , X   , µ)

! ln X

!
!
!
!
X = M

F
M

NNLO for scalars, but LO for A-terms!

[Giudice, Rattazzi, 1998; !
hep-ph/9706540]

[Arkani-Hamed, Giudice, Luty, Rattazzi, 
1998; !

hep-ph/9803290]
ln Zq =

! µ X

µ 0

dµ!

µ! ! !
q (µ!) +

! µ

µ X

dµ!

µ! ! q (µ!) + O
"

" (X )2

16#2

#

Formalism of Higgsed gauge mediation contains 2-loop 
threshold effects in ordinary GMSB!



Benchmark spectra: overview
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Low/high scale benchmarks

¥Small       means ßavor 
splitting almost entirely 
due to RG running!

¥All scalars out of LHC 
reach!

¥Heavy Higgsinos, need 
smallish          for 
correct Higgs mass!

¥Generic mini-split !
collider signatures:
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning

Ð 18 Ð

Benchmark Low Scale High Scale Flavored B ! L superWIMP

M e! [GeV] 1010 1015 1010 1010 6 " 1012

F/M [GeV] 2 " 105 4 " 105 1 " 105 4 " 105 1 " 106
!

C(! ) ! F 0.9 0.9 2.5 Ñ 0.6
"F 0.1 0.1 260 Ñ 0.1

p" ! B ! L Ñ Ñ Ñ 3.0 0.8
"B ! L Ñ Ñ Ñ 0.1 0.1
q" ! H 0.9 0.9 0.4 0.6 0.6

"H 0.1 0.1 0.1 0.02 0.0125
tan # 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8!
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m3/ 2 [GeV] 1.5 " 10! 3 300 7.6 " 10! 4 6.8 " 10! 3 1.9

Table 2 . Parameters for Þve auxiliary gauge mediation benchmark points: ÒLow ScaleÓ with a low
messenger mass, ÒHigh ScaleÓ with a large messenger mass, ÒFlavoredÓ with non-negligible split-
tings between the third-generation and Þrst-two-generation scalars, ÒB ! LÓ which employs only the
U(1)B ! L " U(1)H gauge groups, and a ÒsuperWIMPÓ scenario which can accommodate gravitino dark
matter. In SoftSUSY , tan # is an input which sets the Higgsino massµH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan #, all of these values are speciÞed at the e! ective messenger scaleM e! = min { M, M V }
described in Sec.2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor ofGaux has its own " , each soft term should really be run down from
its corresponding e! ective messenger scale. However, since none of our benchmarks feature vastly
di! erent values of" , the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e! ective messenger scales) is small and does not signiÞcantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-
trum, we present Þve benchmark points which result in a Higgs mass of approximately 126
GeV. The messenger scale parameters for these benchmarks are given in Table2. The RG
evolution to the weak scale is performed usingSoftSUSY 3.3.8 [46], modiÞed to allow the
auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-
trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the
subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24 It may well be the case that the operating accuracy of SoftSUSY is less than the Þne-tuning required
to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the
hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough
to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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B-L benchmark

¥Turn off SU(3)F, mediate 
with U(1)H and U(1)B-L 
alone!

¥Sleptons ~3 times heavier 
than squarks from B-L 
charge!

¥Unconventional gaugino 
hierarchy

Benchmark Low Scale High Scale Flavored B � L superWIMP

M e↵ [GeV] 1010 1015 1010 1010 6 ⇥ 1012

F/M [GeV] 2 ⇥ 105 4 ⇥ 105 1 ⇥ 105 4 ⇥ 105 1 ⇥ 106
p

C(! ) ↵F 0.9 0.9 2.5 — 0.6

�F 0.1 0.1 260 — 0.1

p
�

↵B! L — — — 3.0 0.8

�B! L — — — 0.1 0.1

q
�

↵H 0.9 0.9 0.4 0.6 0.6

�H 0.1 0.1 0.1 0.02 0.0125

tan � 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8p
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m3/2 [GeV] 1.5 ⇥ 10! 3 300 7.6 ⇥ 10! 4 6.8 ⇥ 10! 3 1.9

Table 2 . Parameters for five auxiliary gauge mediation benchmark points: “Low Scale” with a low
messenger mass, “High Scale” with a large messenger mass, “Flavored” with non-negligible split-
tings between the third-generation and first-two-generation scalars, “B � L” which employs only the
U(1)B�L ⇥U(1)H gauge groups, and a “superWIMP” scenario which can accommodate gravitino dark
matter. In SoftSUSY, tan � is an input which sets the Higgsino mass µH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan �, all of these values are specified at the e↵ective messenger scale M

e↵

= min{ M, M V }
described in Sec. 2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor of G

aux

has its own �, each soft term should really be run down from
its corresponding e↵ective messenger scale. However, since none of our benchmarks feature vastly
di↵erent values of �, the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e↵ective messenger scales) is small and does not significantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-

trum, we present five benchmark points which result in a Higgs mass of approximately 126

GeV. The messenger scale parameters for these benchmarks are given in Table 2. The RG

evolution to the weak scale is performed using SoftSUSY 3.3.8 [46], modified to allow the

auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-

trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the

subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24It may well be the case that the operating accuracy of SoftSUSY is less than the fine-tuning required

to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the

hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough

to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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Figure 2 . Weak scale spectra for the Þve benchmark points speciÞed in Table2 and described in the
text. Each benchmark is split into four columns depicting (from left to right) Higgs sector scalars,
inos, squarks, and sleptons. In the third and fourth columns, third generation scalars are shown in
dotted lines and Þrst two generations in solid lines.

masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios
where the lightest SUSY particle (LSP) is a gravitino [47Ð49]. For the auxiliary gauge cou-
plings to remain perturbative, this requires F/M ! 100 TeV. This in turn places the sfermion
mass scale at about!m2 ! (104 GeV)2, which is precisely the required scale for a 126 GeV
Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since
they depend only on! H and not ! F or ! B ! L , but to ensure the vacuum does not break color
we must have !m2

H " !m2
3 (see Sec.4.4 and Sec.6). The gravitino mass m3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino
decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di ! er-
ent types of tunings which one must be aware of. The Þrst tuning, which is widely appreciated,
is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-
troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge
mediation, the Higgsino massµH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to
precise values in order for the model to be viable. This is the case, for example, if typical model
parameters lead to color-breaking vacua or if the model generically leads to inappropriate
values forBµ. Our models avoid this second type of tuning, with only the Þrst type of tuning
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masses to be above 1.5 TeV, to ensure consistency with current collider bounds for scenarios

where the lightest SUSY particle (LSP) is a gravitino [47–49]. For the auxiliary gauge cou-

plings to remain perturbative, this requires F/M & 100 TeV. This in turn places the sfermion

mass scale at about em2 & (104 GeV)2, which is precisely the required scale for a 126 GeV

Higgs [6]. The Higgs soft masses are independent from the squark and slepton masses, since

they depend only on ! H and not ! F or ! B ! L , but to ensure the vacuum does not break color

we must have em2

H . em2

3

(see Sec. 4.4 and Sec. 6). The gravitino mass m
3/ 2 should be taken

as a lower bound, since its mass could be lifted with multiple SUSY breaking [50] or gravitino

decoupling [51, 52].

As previously mentioned in the introduction, in any mini-split model there are two di! er-

ent types of tunings which one must be aware of. The first tuning, which is widely appreciated,

is the tuning of the Higgs sector parameters necessary to obtain a hierarchy between the elec-

troweak symmetry breaking scale and the scalar soft masses. In the case of auxiliary gauge

mediation, the Higgsino mass µH is a free parameter which can be tuned for this purpose.

The second tuning, not often discussed, is when one has to tune model parameters to

precise values in order for the model to be viable. This is the case, for example, if typical model

parameters lead to color-breaking vacua or if the model generically leads to inappropriate

values for Bµ . Our models avoid this second type of tuning, with only the first type of tuning
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Benchmark Low Scale High Scale Flavored B ! L superWIMP

M e! [GeV] 1010 1015 1010 1010 6 " 1012

F/M [GeV] 2 " 105 4 " 105 1 " 105 4 " 105 1 " 106
!

C(! ) ! F 0.9 0.9 2.5 Ñ 0.6
"F 0.1 0.1 260 Ñ 0.1

p" ! B ! L Ñ Ñ Ñ 3.0 0.8
"B ! L Ñ Ñ Ñ 0.1 0.1
q" ! H 0.9 0.9 0.4 0.6 0.6

"H 0.1 0.1 0.1 0.02 0.0125
tan # 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8!
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m3/ 2 [GeV] 1.5 " 10! 3 300 7.6 " 10! 4 6.8 " 10! 3 1.9

Table 2 . Parameters for Þve auxiliary gauge mediation benchmark points: ÒLow ScaleÓ with a low
messenger mass, ÒHigh ScaleÓ with a large messenger mass, ÒFlavoredÓ with non-negligible split-
tings between the third-generation and Þrst-two-generation scalars, ÒB ! LÓ which employs only the
U(1)B ! L " U(1)H gauge groups, and a ÒsuperWIMPÓ scenario which can accommodate gravitino dark
matter. In SoftSUSY , tan # is an input which sets the Higgsino massµH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan #, all of these values are speciÞed at the e! ective messenger scaleM e! = min { M, M V }
described in Sec.2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor ofGaux has its own " , each soft term should really be run down from
its corresponding e! ective messenger scale. However, since none of our benchmarks feature vastly
di! erent values of" , the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e! ective messenger scales) is small and does not signiÞcantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-
trum, we present Þve benchmark points which result in a Higgs mass of approximately 126
GeV. The messenger scale parameters for these benchmarks are given in Table2. The RG
evolution to the weak scale is performed usingSoftSUSY 3.3.8 [46], modiÞed to allow the
auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-
trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the
subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24 It may well be the case that the operating accuracy of SoftSUSY is less than the Þne-tuning required
to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the
hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough
to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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U(1)X benchmark

Benchmark Minimal Model

M e! [GeV] 1010

F/M [GeV] 7 ! 105

q" ! X 3.0
"X 0.04

tan # 3.045
µH [TeV] 51.5!
Bµ [TeV] 88.3

m3/ 2 [GeV] 5.3 ! 10! 3

Table 3 . Parameters for the minimal
auxiliary gauge mediation model with
a single U(1)X gauge symmetry with
lepton, quark, and Higgs chargesql =
1 and qq = qH = 1 / 3.
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Figure 3 . Particle spectra for the minimal U(1) X

auxiliary gauge mediation model. Conventions
follow Fig. 2. Due to the B " L nature of the
squark and slepton charges the sleptons are a fac-
tor # 3 more massive than squarks. The wino
is the heaviest of the gauginos due to the large
three-loop contributions involving sleptons. The
gluino and bino happen to be close in mass for
this benchmark.

7 Conclusions

Naturalness has long been a guiding principle for constructing models of weak scale SUSY, but
the observed Higgs boson at 126 GeV raises the possibility that some tuning of parameters
might be necessary for successful electroweak symmetry breaking. In this light, mini-split
SUSY is an attractive scenario, and we have shown that a spectrum of heavy sfermions
with light gauginos automatically arises in gauge mediation by the auxiliary group Gaux =
SU(3)F ! U(1)B ! L ! U(1)H . The key ingredient is the U(1)H symmetry acting on the Higgs
doublets, which generates the appropriate Higgs sector soft parameters (includingBµ) such
that only a single parameter needs to be tuned to have a viable spectrum.

The phenomenology of auxiliary gauge mediation shares many of the same features as
generic mini-split models, with a few unique features. The U(1)H factor raises the masses
of the bino and wino compared to standard scenarios, leading to lighter gluinos within phe-
nomenological reach. If SU(3)F is present with " a ! 1, then the third-generation sfermions
are lighter than those of the Þrst two generations, leading to gluino decays with top- and
bottom-rich cascade decays. Mediation with the U(1)B ! L factor gives much larger masses
to sleptons than squarks, and auxiliary gauge mediation with the full auxiliary group can
give rise to superWIMP gravitino dark matter. Finally, we have shown that auxiliary gauge
mediation with a single abelian group U(1)B ! L + kH can reproduce the gross features of a
mini-split spectrum with the correct Higgs mass.
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U(1)X ! B " L + kH ! U(1)B " L " U(1)H

Take k = 1/3:

Mini-split spectrum through a single U(1)!

(just a coincidence,!
not generic)



C(! ) (SU(3)F ), p! (U(1)B! L), q! (U(1)H )¥    has charges!

¥Independent Higgsing scale for each factor:!
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factor
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RGEÕs for 3rd gen. and Higgs
Assuming small ßavor splitting, RGE entirely controlled by
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Flavor structures
Suppose SU(3)F breaking generates SM Yukawas:

Original motivation of gauging SU(3)F (Òßavor mediationÓ, 1201.2179 and 1203.1622) was 
to generate natural SUSY spectrum, with light stops: here just an added feature 

!Su " =

!

"
vu1 0 0
0 vu2 0
0 0 vu3

#

$ , !Sd " = VCKM

!

"
vd1 0 0
0 vd2 0
0 0 vu3

#

$ V T
CKM

(vu3/vu2 = mt/mc, etc.)

Breaking pattern is                                 :SU(3)F ! SU(2)F ! "

M 2
V [! SU(3)F / SU(2)F ] " 4!" F v2

u3 { 2.67, 1.02, 1.00, 1.00, 0.99}

M 2
V [! SU(2)F ] " 4!" F v2

u3 { 11.0, 5.60, 5.55} # 10! 5

large 3rd-gen.!
Yukawa heavy ßavor bosons

vu3

suppressed 3rd-gen. 
soft mass



Benchmark parameters
Benchmark Low Scale High Scale Flavored B � L superWIMP

M
e↵

[GeV] 1010 1015 1010 1010 6 ⇥ 1012

F/M [GeV] 2 ⇥ 105 4 ⇥ 105 1 ⇥ 105 4 ⇥ 105 1 ⇥ 106p
C(�) ↵F 0.9 0.9 2.5 — 0.6

�F 0.1 0.1 260 — 0.1

p
�

↵B�L — — — 3.0 0.8

�B�L — — — 0.1 0.1

q
�

↵H 0.9 0.9 0.4 0.6 0.6

�H 0.1 0.1 0.1 0.02 0.0125

tan � 4.469 4.396 20.05 4.552 3.95

µH [TeV] 11.9 36.9 0.8 34.7 45.8p
Bµ [TeV] 18.3 45.6 1.5 35.4 67.3

m
3/2 [GeV] 1.5 ⇥ 10�3 300 7.6 ⇥ 10�4 6.8 ⇥ 10�3 1.9

Table 2. Parameters for five auxiliary gauge mediation benchmark points: “Low Scale” with a low
messenger mass, “High Scale” with a large messenger mass, “Flavored” with non-negligible split-
tings between the third-generation and first-two-generation scalars, “B � L” which employs only the
U(1)B�L ⇥U(1)H gauge groups, and a “superWIMP” scenario which can accommodate gravitino dark
matter. In SoftSUSY, tan � is an input which sets the Higgsino mass µH after solving for electroweak
breaking conditions. The Higgs mass is 126 GeV for each benchmark, consistent with LHC results.
Except for tan �, all of these values are specified at the e↵ective messenger scale M

e↵

= min{M, MV }
described in Sec. 2.2 and set the UV boundary condition for RG evolution to the weak scale. For
benchmarks where each factor of G

aux

has its own �, each soft term should really be run down from
its corresponding e↵ective messenger scale. However, since none of our benchmarks feature vastly
di↵erent values of �, the error incurred by taking a single messenger scale for all soft terms (here taken
to be the minimum of the various e↵ective messenger scales) is small and does not significantly change
the phenomenology.

5 Benchmark Scenarios

As proof of principle that auxiliary gauge mediation can generate a realistic mini-split spec-

trum, we present five benchmark points which result in a Higgs mass of approximately 126

GeV. The messenger scale parameters for these benchmarks are given in Table 2. The RG

evolution to the weak scale is performed using SoftSUSY 3.3.8 [46], modified to allow the

auxiliary gauge mediation boundary conditions at the messenger scale, and the resulting spec-

trum is shown in Fig. 2.24 Phenomenological discussions of the benchmarks appear in the

subsequent subsections.

In all of the benchmarks, the overall scale of the spectrum is set by requiring the gluino

24 It may well be the case that the operating accuracy of SoftSUSY is less than the fine-tuning required

to achieve the electroweak symmetry breaking conditions and that additional uncertainty arises through the

hierarchical RG thresholds. However, we expect that the true physical spectrum is likely to be close enough

to the spectrum given by SoftSUSY for the practical purpose of demonstrating the features of this setup.
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