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I was asked to give an overview of natural 
supersymmetry. This is a big topic, so I apologize in 
advance for all the important things I won’t have time to 
say, and for not fully referencing all the literature.

For further reading, I’d point you to Nathaniel Craig’s up-
to-date review article at arXiv:1309.0528.



TREE-LEVEL NATURALNESS
There is some model-dependence, e.g. in choosing new 
quartics to lift the Higgs mass or mixing with new singlets/
doublets/triplets. For example, with new  |Hu|4 quartic,

⇣
m2

Hu
+ |µ|2

⌘
� b/t� �m2

Zc2�/2 + �uv
2s2� = 0

⇣
m2

Hd
+ |µ|2

⌘
� bt� +m2

Zc2�/2 = 0

Learn: higgsinos must be light; at large tan beta, heavy 
Higgses (H0,+,-, A0) can be heavy, but at order-one tan beta 
(e.g. NMSSM / λSUSY), naturalness also requires the 
heavy Higgses to be light.



HIGGSINOS
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A natural spectrum should have light higgsinos, but the 
wino and bino might be significantly heavier. It’s important 
to try to directly probe the higgsino states.

Monojet or VBF to tag the event, plus soft leptons from off-
shell Z or W could be useful.
No strong constraints so far. Important to fill in!
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Slightly different masses: split by a dim-5 operator.



1-LOOP NATURALNESS
An Observation

h h
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Consider the diagrams in Fig. 1. We’ve already observed that the one at left is problematic: it’s a
renormalization of an external line, so we don’t want to include it when we compute a loop amplitude. In
shamplitude calculations, it shows up as unpleasant 1

s12...(n�1)
⇥ ⇤ factors in the amplitudes we’re trying

to build the shamplitude out of, which we are currently removing by hand.
The other kind of bubble diagram with one gluon connected at one end is shown on the right in Fig. 1.

It has a two-particle vertex at the other end. As a result, it has the structure:

�
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(⇤2 �m2)((⇤+ k1)2 �m2)
. (1)

Notice that this always contributes 0 to the loop integral: �1 · k1 = 0, and the bubble integral, linear in ⇤µ,
can only be proportional to kµ1 , because all dependence on the other momenta factors out of the integrand.

So, we can in fact drop every diagram with only one gluon connected on one side of a bubble. It’s tempting
to try to inductively turn this into a procedure for generating shamplitudes only from other shamplitudes,
not from amplitudes, but the argument doesn’t work. It would be nice to do something more systematic
than dropping terms by hand. Is there a nice procedure that makes use of this fact?

At least for the 4-point shamplitude, it means computing it directly from Feynman diagrams only involves
summing up nine diagrams (Fig. 2). We can eliminate four of these with a convenient gauge choice.

Four-point loops from Feynman diagrams

If we want to compute the + + ++ amplitude, we can make �i · �j = 0 simply by taking �i =
µ�̃i

hµ ii for all i.

In the + + +� case, we can make �i · �j = 0 by taking �i =
�4�̃i
h4 ii for i = 1, 2, 3 and �4 = �4�̃1

[4 1] . Thus, we can

discard all Feynman diagrams with 4-point (2-scalar 2-gluon) vertices. The remaining diagrams are boxes,
triangles, and the bubble with two particles on each side attached at 3-gluon vertices.

The box diagram is:
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Higgs potential -μ2|H|2+λ|H|4: large quantum corrections 
to the mass2 term. Direct searches constrain them:
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Either the stop is light, or Higgs potential is finely-tuned.

Two stops (LH/RH), one sbottom (LH) should be below 
about 500 - 700 GeV (e.g. 1110.6926 Papucci et al.)



DIRECT STOP LIMITS
ATLAS and CMS are aggressively pursuing the direct 
signatures of naturalness. No hints so far. Could the 
stops be hiding?
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LHC top mass
(5/fb)

173.3± 0.5± 1.3 GeV
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STOPS IN STEALTH SUSY
Unlike the minimal “stealthy stop” scenario,              with 
the stop mass just above the top mass, here we mean a 
cascade through a stealthy “hidden sector.”
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renormalization of an external line, so we don’t want to include it when we compute a loop amplitude. In
shamplitude calculations, it shows up as unpleasant 1
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The other kind of bubble diagram with one gluon connected at one end is shown on the right in Fig. 1.

It has a two-particle vertex at the other end. As a result, it has the structure:
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Figure 1: A schematic of the sectors involved in a general stealth model. Flavor-blind mediation
gives rise to standard MSSM soft SUSY-breaking terms, but the soft terms in the stealth sector are
suppressed relative to this. The MSSM and the stealth sector are weakly coupled, and the size of soft
terms in the stealth sector is suppressed relative to the supersymmetric mass scale of the stealth sector
by a weak-coupling factor.

as the splittings are su�ciently small and the typical multiplicity is low, SUSY can still be

hidden at colliders.)

2.2 Stealth SUSY Is Not Compressed SUSY

It is well-known that, for standard gravity-mediated MSSM spectra, collider signals are more

di�cult to observe as the masses are compressed. For instance, a gluino decaying to a bino

and two quarks, g̃ ! qq̄B̃, is most constrained if the bino is nearly massless, in which case

a significant fraction of the gluino’s energy goes into invisible momentum from the bino. As

the mass splitting is reduced, the typical missing energy in the event is reduced, and limits

from LHC searches grow weaker. Recent discussions of limits on compressed scenarios can

be found in [22]. Superficially, stealth SUSY might sound like a special case of compressed

SUSY: mass splittings are small, missing E
T

is reduced, and limits are weaker. However,

there is a crucial kinematic di↵erence, associated with the fact that in standard compressed

SUSY, the invisible particle is a heavy decay product, whereas in stealth SUSY the invisible

particle is very light. This ensures that the reduced missing E
T

of stealth SUSY is much

more robust against e↵ects like initial state radiation.

To clarify this di↵erence, we will review some basic relativistic kinematics and rules-of-

thumb for hadron collider physics. First, consider the decay of a heavy particle of mass M to

a particle of mass m = M � �M and a massless particle. In the rest frame, the momentum

– 4 –

Inside the hidden sector, 
a near-degeneracy of R-
odd and R-even particles 
(due to approximate 
SUSY) leads to small 
missing momentum.

30



STOPS IN STEALTH SUSY

Some notes on the SHu Hd model

Matthew Reece

Department of Physics, Harvard University, Cambridge, MA 02138, USA
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Figure 1: Stop decay.

One step in this project is to understand bounds on squark/higgsino/singlet and gluino/squark/higgsino/singlet
simplified models. The first part of this step is to understand the mass spectrum and decays for just higgsinos and
the singlino/singlet fields. Among the questions we want to answer are:

• What are the branching ratios for H̃ 0
1 ! S̃+Z and H̃ 0

1 ! S̃+h? (Presumably � is suppressed)?

• Does the charged Higgsino decay as H̃±!W ±⇤H̃ 0
1 , or does it prefer to decay to S̃+W ±? The former is phase-

space suppressed and the latter is suppressed by a small coupling. How small does the coupling have to be
for these to be comparable decay widths?

• Then there’s the analogous question about the heavier neutral Higgsino H̃ 0
2 .

1

In stealth SUSY models, the signal of stops might be tops + 
extra jets (possibly with weak bosons). Also 1st, 2nd gen 
squarks: many-jet events, possibly with weak bosons.

(off shell?)

(Limits already exist by recasting: J. Fan, R. Krall, D. Pinner, MR, J. Ruderman, work in progress)



NATURALNESS AND 
GLUINOS

We need the stop to be relatively light for naturalness of a 
light Higgs. But the stop is itself a scalar field, and can get 
quadratic corrections!

We identify the Higgsino mass with µ. Because we are already taking µ ! 200 GeV, this

translates into a roughly natural wino mass range of

mW̃ ! TeV. (8)

Next, we compute the hypercharge D-term loop contribution to Higgs mass-squared, in

figure 3:

huhu

φi

FIG. 3. Higgs mass correction

This gives rise to a higgs mass correction:
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=
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g′2YiYhu

16π2
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UV −m2

i ln
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UV +m2
i

m2
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)

. (9)

Including both the right-handed sbottom and the down-type higgs, as we do in this

section, ensures that the quadratic divergence cancels, but there is still a residual correction

to the higgs mass. Given that other scalars have already been argued to be relatively light,

we can use this correction to estimate the natural range for the mass of b̃R,

mb̃R
! 3TeV. (10)

Finally, q̃L, t̃R also being relatively light scalars, suffer from their own naturalness problem,

with mass corrections dominated by the diagrams in figure 4:
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FIG. 4. Stop mass correction
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Large corrections come from the gluino, which hence 
should be light (below about 1.5 TeV). As a color octet, 
the gluino has a large production cross section at the LHC.



GLUINOS
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Gluino mass bounds are now above a TeV; e.g., 1.3 TeV if 
gluino decays through stops.
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Direct searches are powerful and exclude much of the 
expected natural parameter space. However, they fail if 
the decay modes change (e.g. stealth, RPV) or the theory 
changes significantly (e.g., Dirac gluinos are less tied to 
naturalness).

Naturalness is all about the Higgs boson, so another 
avenue is open to us: use measured Higgs properties to 
indirectly constrain naturalness. The SM Higgs is not 
natural, so a natural Higgs will always differ from an SM 
Higgs.

INDIRECT CONSTRAINTS



HIGGS COUPLINGS
The Higgs-gluon-gluon and Higgs-photon-photon 
couplings are related to beta function coefficients:

(Shifman et al.)
View mass thresholds in RG as spatially-varying.
In particular, if         depends on the Higgs,                    , 
then we extract an effective coupling:     

M(x) M = M(h(x))

�b

32�2
hGa

µ�G
aµ� ⇥ logM(v)

⇥v

If a particle’s mass increases with larger Higgs VEV, 
contributes with sign of top loop. But mixing can alter the 
sign.



STOPS
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Here                          , the O(g2) parts are D-terms I will 
hereafter ignore, and the key point is that the Higgs 
VEV appears in both diagonal and off-diagonal 
terms.

For large soft masses:
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STOPS
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Things to note:

Minus sign: large mixing 
leads to opposite-sign 

couplings

Small numerator factor 
(for heavy stops): 

decoupling
If the measured correction is small, either stops are heavy, 
or we have fine-tuned the correction:
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LEFT/RIGHT STOP MIXING VS. 
MASS EIGENVALUES

The difference of two physical stop mass2 eigenvalues is a 
sum of two positive definite quantities:

Thus, anywhere in the                     
plane, there is a largest 
consistent Xt (0 on the diagonal.)
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STOP BOUNDS FROM HIGGS
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Fitting data with light stops 
requires a minimum Xt to 
cancel the correction. Part of 
parameter space is simply 
ruled out because this 
minimum is inconsistent with 
the eigenvalues. More space is 
tuned, either to get the Higgs 
coupling right, or the usual 1-
loop Higgs mass tuning.

Even without direct searches, know stop/Higgs 
tuned by factor ~ 5 or more.

higgs mass tuning
higgs coupling tuning
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J. Fan, MR, not yet published

Impact of NnLO K-factors?



HIGGS MEASUREMENTS
One of the most challenging conceivable natural scenarios 
is one in which the top partners do not have QCD color. 
“Folded Supersymmetry” (Burdman, Chacko, Goh, Harnik 
hep-ph/0609152) is an existence proof for such theories.

It can be extremely challenging to directly probe these 
theories. But Folded SUSY top partners still have 
electroweak quantum numbers and affect h→γγ decays. 
An argument just like the one we’ve just considered could 
eventually rule out natural Folded SUSY. But need better 
measurements (ILC? TLEP?).



A “NO-HIDE” THEOREM?
Model builders can build increasingly byzantine 
constructions to hide natural physics from direct searches, 
but anything enforcing naturalness must couple to the Higgs.

4
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FIG. 1: Sample counterterm diagrams that depend on the
Higgs self-energy.

O(0.5%) uncertainty [15]. Thus Higgs boson coupling
measurements can constrain natural new physics for
generic top partners even when they are neutral under

the SM gauge group. To see the relevant e↵ects clearly,
consider the theory of Eq. (3) when all scalar top part-
ners, �i, are gauge singlets. In the limit m� � v, we may
integrate out the �i and express their e↵ects in terms
of an e↵ective Lagrangian below the scale m� involv-
ing only Standard Model fields with appropriate higher-
dimensional operators. At one loop, integrating out the
�i leads to shifts in the wave-function renormalization
and potential of the Higgs doublet H as well as opera-
tors of dimension six and higher. Most of these shifts
and operators are irrelevant from the perspective of low-
energy physics, except for one dimension-six operator in
the e↵ective Lagrangian:

Leff = LSM +
cH
m2

�

✓
1

2
@µ|H|2@µ|H|2

◆
+ . . . (10)

where the ellipses include additional higher-dimensional
operators that are irrelevant for our purposes. Match-
ing to the full theory at the scale m�, we find cH(m�) =
n�|��|2/96⇡2. Although this operator may be exchanged
for a linear combination of other higher-dimensional op-
erators using field redefinitions or classical equations of
motion, the physical e↵ects are unaltered. Below the
scale of electroweak symmetry breaking, Eq. (10) leads
to a shift in the wave-function renormalization of the
physical scalar h as in Eq. (2), with �Zh = 2cHv2/m2

�.
Canonically normalizing h alters its coupling to vectors
and fermions, leading to a measurable correction to, e.g.,
the hZ associated production cross-section

��Zh = �2cH
v2

m2
�

= �n�|��|2
48⇡2

v2

m2
�

. (11)

where we have defined ��Zh as the fractional change in
the associated production cross section relative to the SM
prediction, which by design vanishes for the SM alone.
Since n�|��|2 is required to be large in order to cancel the
top quadratic divergence, this e↵ect may be observable
in precision measurements of �Zh despite arising at one
loop.

While this e↵ective Lagrangian approach makes the
physical e↵ect transparent, naturalness dictates that
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FIG. 2: Scalar top-partner corrections to the Higgs associ-
ated production cross-section at a 250 GeV linear collider as
a function of the top-partner mass m� in the e↵ective the-
ory of naturalness of Eq. (3). Corrections are shown for
n� = 1, .., 6 top partners. Estimates for the measurement
precision of 2.5% [22, 23] and 0.5% [29] are also shown. It
is remarkable that with current precision estimates a large
portion of model-independent parameter space for Higgs nat-
uralness can be probed. In particular, if one compares with
the tuning estimates of Eq. (9), this broadly corresponds to
probing 10% tuned regions for a single scalar top partner and
close to 25% tuned regions for n� = 6 scalar top partners as
in SUSY. Optimistically, if the precision could be improved to
��Zh ⇠ 0.1%, then virtually all parameter space for generic
natural scalar theories with up to ⇠ 10% tunings could be
probed.

m� ⇠ v, and threshold corrections to Eq. (10) may be
large and a complete calculation is required. In the on-
shell renormalization scheme, the Higgs self-energy en-
ters through the counter-term part of the renormalized
e+e� ! hZ amplitude via the diagrams depicted in
Fig. 1. Thus the hG0Z and hZZ vertices receive correc-
tions from the Higgs wave-function renormalization.10

For scalar top partners the Higgs wave-function renor-
malization arises at one loop through scalar trilinear cou-
plings, which gauge invariance relates to the quartic ver-
tices, which are in turn directly relevant for the cancel-
lation of the quadratic divergences in �m2

h.
At one loop the e↵ective theory of naturalness defined

in Eq. (3) leads to a correction to the associated produc-
tion cross-section of the form [15]

��Zh = n�
|��|2v2
8⇡2m2

h

(1 + F (⌧�)) (12)

=
9�2

tm
2
t

2⇡2n�m2
h

(1 + F (⌧�)) (13)

10 See e.g. Ref. [31] for a complete list of SM Feynman rules.

Craig, Englert, McCullough 1305.5251:

Anything that modifies the Higgs wave function 
renormalization (anything coupling to the Higgs) should 
alter the Zh associated production rate. TLEP could rule 
out naturalness at the 10%-tuned level.
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Recently, the ATLAS and CMS collaborations have announced exciting hints for a Standard
Model-like Higgs boson at a mass of � 125 GeV. In this paper, we explore the potential consequences
for the MSSM and low scale SUSY-breaking. As is well-known, a 125 GeV Higgs implies either
extremely heavy stops (& 10 TeV), or near-maximal stop mixing. We review and quantify these
statements, and investigate the implications for models of low-scale SUSY breaking such as gauge
mediation where the A-terms are small at the messenger scale. For such models, we find that either
a gaugino must be superheavy or the NLSP is long-lived. Furthermore, stops will be tachyonic
at high scales. These are very strong restrictions on the mediation of supersymmetry breaking in
the MSSM, and suggest that if the Higgs truly is at 125 GeV, viable models of gauge-mediated
supersymmetry breaking are reduced to small corners of parameter space or must incorporate new
Higgs-sector physics.

I. INTRODUCTION

Recently, intriguing hints of the Standard Model (SM)-
like Higgs boson have been reported by the LHC. The
ATLAS collaboration has presented results in the dipho-
ton [1] and ZZ⇤ ⇧ 4⌘ [2] channels, showing a combined
⇤ 3⇧ excess at mh ⌅ 126 GeV. The CMS collaboration
has also presented results with a weaker ⇤ 2⇧ excess in
the ⇥⇥ channel at mh ⌅ 123 GeV [3] and two events in
the ZZ⇤ channel near the same mass [4]. It is too early
to say whether these preliminary results will grow in sig-
nificance to become a Higgs discovery, but it is not too
early to consider some of the consequences if they do.

The potential discovery of a light Higgs renews the
urgency of the gauge hierarchy problem. Supersymme-
try remains the best-motivated solution to the hierar-
chy problem. Although it has not yet been found at
the LHC, considerable discovery potential still remains
in the parameter space relevant for naturalness [5]. How-
ever, a 125 GeV Higgs places stringent constraints on
supersymmetry, especially in the context of the minimal
supersymmetric standard model (MSSM). In this paper
we will examine these constraints in detail and use this
to study the implications for low-scale SUSY breaking.

In the MSSM, for values of the CP -odd Higgs mass
mA & 200 GeV, there exists a light CP -even Higgs
state in the spectrum with SM-like couplings to the elec-
troweak gauge bosons. The SM-Higgs mass and proper-
ties are dominantly controlled by just a few weak-scale
MSSM parameters: at tree level, mA and tan�, joined at
higher order by the stop masses mt̃1,2 and the stop mix-
ing parameter Xt ⇥ At�µ cot�. At tree-level, the Higgs
mass is bounded above by mZ cos 2�. One-loop correc-
tions from stops are responsible for lifting this bound
to ⇤ 130 GeV [6–10, 12], for a general review, see [13].
Other parameters of the MSSM contribute radiative cor-
rections to the Higgs mass, but in general are highly sub-
dominant to the stop sector. Even with large loop e�ects,

it is noteworthy that 125 GeV is a relatively large Higgs
mass for the MSSM—this fact allows us to constrain the
stop masses and mixing.
In this paper, we will focus on stop masses mt̃ . 5 TeV

which includes the collider relevant region. (We briefly
consider heavier stops in the appendix.) Here fixed-order
Higgs spectrum calculators such as FeynHiggs [14–17],
which implements a broad set of one and two-loop cor-
rections to the physical Higgs mass, should be fairly ac-
curate. Imposing an upper bound on the stop masses
implies stringent bounds on tan� and At, and in partic-
ular requires large mixings among the stops.
FormA . 500 GeV, the SM-like Higgs has an enhanced

coupling to the down-type fermions, leading to an in-
crease in the h ⇧ bb̄ partial width and suppressing the
branching fractions into the main low-mass LHC search
modes, h ⇧ ⇥⇥,WW [18–20]. Since the LHC sees a rate
consistent with SM expectations (albeit with a sizeable
error bar), in this work we take mA = 1 TeV, where all
the Higgs couplings are SM-like. This limit also avoids
constraints from direct searches for H/A ⇧ ⌃⌃ [21–23].
For tan� we will set a benchmark value of 30 and con-
sider a range of values in some cases.

II. IMPLICATIONS FOR WEAK-SCALE MSSM
PARAMETERS

For mt̃ . 5 TeV, a Higgs mass of mh ⌅ 125 GeV
places strong constraints on tan� and the stop parame-
ters. Although we will use FeynHiggs for all the plots in
this section, it is useful to keep in mind the approximate
one-loop formula for the Higgs mass,

m2
h = m2

Zc
2
2�

+
3m4

t

4⌅2v2

�
log

�
M2

S

m2
t

⇥
+

X2
t

M2
S

�
1� X2

t

12M2
S

⇥⇥
(1)

An Observation
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+
h h
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h h

t

Consider the diagrams in Fig. 1. We’ve already observed that the one at left is problematic: it’s a
renormalization of an external line, so we don’t want to include it when we compute a loop amplitude. In
shamplitude calculations, it shows up as unpleasant 1

s12...(n�1)
⇥ ⇤ factors in the amplitudes we’re trying

to build the shamplitude out of, which we are currently removing by hand.
The other kind of bubble diagram with one gluon connected at one end is shown on the right in Fig. 1.

It has a two-particle vertex at the other end. As a result, it has the structure:

�
d4⇤

(2⇥)4
�1µ (2⇤µ + kµ1 ) J(k2, . . . kj) · J(kj+1, . . . kn)

(⇤2 �m2)((⇤+ k1)2 �m2)
. (1)

Notice that this always contributes 0 to the loop integral: �1 · k1 = 0, and the bubble integral, linear in ⇤µ,
can only be proportional to kµ1 , because all dependence on the other momenta factors out of the integrand.

So, we can in fact drop every diagram with only one gluon connected on one side of a bubble. It’s tempting
to try to inductively turn this into a procedure for generating shamplitudes only from other shamplitudes,
not from amplitudes, but the argument doesn’t work. It would be nice to do something more systematic
than dropping terms by hand. Is there a nice procedure that makes use of this fact?

At least for the 4-point shamplitude, it means computing it directly from Feynman diagrams only involves
summing up nine diagrams (Fig. 2). We can eliminate four of these with a convenient gauge choice.

Four-point loops from Feynman diagrams

If we want to compute the + + ++ amplitude, we can make �i · �j = 0 simply by taking �i =
µ�̃i

hµ ii for all i.

In the + + +� case, we can make �i · �j = 0 by taking �i =
�4�̃i
h4 ii for i = 1, 2, 3 and �4 = �4�̃1

[4 1] . Thus, we can

discard all Feynman diagrams with 4-point (2-scalar 2-gluon) vertices. The remaining diagrams are boxes,
triangles, and the bubble with two particles on each side attached at 3-gluon vertices.

1
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MILDLY SPLIT SUSY?
Many scenarios predict scalars heavier (e.g., by a loop 
factor) than gauginos. Tuned EWSB. But, solves most 
of the hierarchy problem (Planck to 100 TeV, e.g.), helps 
flavor/CP problems, keeps gauge coupling unification.
First taken seriously by James Wells: hep-ph/0306127

Yukawa runs relatively strong at the GUT scale, and one would naturally expect significant

threshold corrections.

In pure anomaly mediation, the gaugino masses are widely split, with the gluino roughly

a factor of ten heavier than then wino. This is due to the same accident as the near

cancellation of the one-loop beta function of SU(2) in the MSSM. With a pure GM term

(ignoring soft masses), the Higgsino threshold increases the wino and bino masses such that

the gluino/wino ratio is reduced to roughly a factor of six. An interesting limit occurs

if the Higgses are mildly sequestered from Whid such that Planck-suppressed couplings to

supersymmetry breaking are absent, but the µ-term comes from HuHdW0. In such a limit,

the threshold correction suppresses the wino mass, and in fact at leading order in Bµ/µ2
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FIG. 2. Here we show the Higgs mass predicted as a function of the scalar masses and tan�.

The bands at tan� = 1 and 50 represent the theoretical uncertainty in the top mass and ↵s.

The gaugino spectrum is that predicted by the anomaly mediated contribution with the gravitino

mass m3/2 = 1000 TeV, resulting in an approximate mass for the LSP wino of ⇠ 2.7 � 3 TeV

(which is roughly the mass necessary for a the wino to have the correct cosmological thermal relic

abundance to be all of dark matter [44]). The µ term is fixed to be equal to the scalar mass – this

threshold has a small but non-negligible e↵ect on the Higgs mass relative to the conventional split

supersymmetry spectrum [7, 8]. The A-terms are small.
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The lifetime for such a decay can be quite long, with

c⌧ ⇡ 10�5m
⇣ mq̃

PeV

⌘4
✓
TeV

mg̃

◆5

. (9)

This leads to an interesting immediate observation: the fact that gluinos decay at all

inside the detector will imply a scale within a few orders of magnitude of the gluino mass

scale. Moreover, if the gluino decays promptly, without any displacement, we will already

know that the scalar mass scale is at an energy scale ⇠< 100 TeV, that is at least conceivably

accessible to future accelerators.

While this signal places an upper bound on the next mass scale, there are signals that

can simultaneously place a quick lower bound. In particular, it is possible to imagine that

large flavor violation in the scalar sector could produce clear flavor violation in the gluino

decays (e.g., g̃ ! t̄c). If so, closing the loop generates sizable flavor violating four-fermi

operators ↵2
sq

4/M2
scalar. Even for CP conserving processes, constraints push this scale to [72]

⇠ 103 TeV (⇠ 104 TeV if CP is violated). A combination of a lack of displaced vertices and

large flavor violation in gluino decays could quite narrowly place the next scale of physics,

without ever having observed a single particle close to the heavy scale.

The quark line above can be closed to yield a chromomagnetic dipole operator as well

g3
3

16⇡2

mg̃

m2
q̃

log(mq̃/mg̃)g̃
i
j�

µ⌫ b̃Gj
iµ⌫ . (10)

Such an operator will produce dijet + MET signals, but because their rate is suppressed

by a loop factor, they should be lost in the overall four jet + MET signals of the o↵-shell
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A QUESTION FOR MINI-SPLIT

m
scalar

⇡ m
3/2, m

gaugino

⇡ ↵

4⇡
m

3/2

It’s very plausible that SUSY-breaking happens in such a 
way that:

(e.g. anomaly mediation with no sequestering). But why 
isn’t the world split and natural?

m3/2, mscalar,µ⇠ 10 TeV
l ↵

4⇡
mh, mgaugino⇠ 100 GeV

Unnatural Mini-Split SUSY

m3/2, mscalar,µ, mh⇠ 100 GeV
l ↵

4⇡
mgaugino⇠ 1 GeV

Natural Mini-Split SUSY

Figure 8: Hmm

6

An anthropic argument for living in the world on the left vs 
the right is not obvious. Linked to cosmology? Moduli?



OPINIONS
If naturalness were the right explanation for the weak 
scale, I think we would have seen signs of it by now.

Doesn’t mean naturalness is irrelevant, e.g.:
naturalnessanthropics scalar 

masses(BBN? dark matter?)

If we’re going to rule strict naturalness out---and this is an 
important goal---we should be thorough and careful about 
it, considering even some of the more contrived models. 
Let’s not overlook a discovery due to our preconceptions!

minimal
tuning?
(10 TeV?)
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SUMMARY
Searches for stops & gluinos have put strong bounds on 
natural SUSY.  Higgs coupling measurements are also 
beginning to be important constraints.

Various things I’d like to see more of:
•Strong effort to find Higgsino LSPs.
•Set limits on simplified models with hidden sectors (e.g. 
stealth SUSY).
•On the theory end: can we make a more appealing 
Folded SUSY-like model? How would we search for it?
•If the right answer is unnatural, do we understand why? 
What does this tell us?


