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Minimal Gauge Mediation

Figure 6.3: Contributions to the MSSM gaugino masses
in gauge-mediated supersymmetry breaking models come
from one-loop graphs involving virtual messenger parti-
cles.

B̃, W̃ , g̃

〈FS〉

〈S〉

Replacing S and FS by their VEVs, one finds quadratic mass terms in the potential for the messenger
scalar leptons:

V = |y2〈S〉|2(|!|2 + |!|2) + |y3〈S〉|2(|q|2 + |q|2)
−

(
y2〈FS〉!! + y3〈FS〉qq + c.c.

)
+ quartic terms. (6.49)

The first line in eq. (6.49) represents supersymmetric mass terms that go along with eq. (6.44), while
the second line consists of soft supersymmetry-breaking masses. The complex scalar messengers !, !
thus obtain a squared-mass matrix equal to:( |y2〈S〉|2 −y∗2〈F ∗

S〉
−y2〈FS〉 |y2〈S〉|2

)
(6.50)

with squared mass eigenvalues |y2〈S〉|2 ± |y2〈FS〉|. In just the same way, the scalars q, q get squared
masses |y3〈S〉|2 ± |y3〈FS〉|.

So far, we have found that the effect of supersymmetry breaking is to split each messenger super-
multiplet pair apart:

!, ! : m2
fermions = |y2〈S〉|2 , m2

scalars = |y2〈S〉|2 ± |y2〈FS〉| , (6.51)

q, q : m2
fermions = |y3〈S〉|2 , m2

scalars = |y3〈S〉|2 ± |y3〈FS〉| . (6.52)

The supersymmetry violation apparent in this messenger spectrum for 〈FS〉 $= 0 is communicated to
the MSSM sparticles through radiative corrections. The MSSM gauginos obtain masses from the 1-loop
Feynman diagram shown in Figure 6.3. The scalar and fermion lines in the loop are messenger fields.
Recall that the interaction vertices in Figure 6.3 are of gauge coupling strength even though they do not
involve gauge bosons; compare Figure 3.3g. In this way, gauge-mediation provides that q, q messenger
loops give masses to the gluino and the bino, and !, ! messenger loops give masses to the wino and
bino fields. Computing the 1-loop diagrams, one finds [142] that the resulting MSSM gaugino masses
are given by

Ma =
αa

4π
Λ, (a = 1, 2, 3), (6.53)

in the normalization for αa discussed in section 5.4, where we have introduced a mass parameter

Λ ≡ 〈FS〉/〈S〉 . (6.54)

(Note that if 〈FS〉 were 0, then Λ = 0 and the messenger scalars would be degenerate with their
fermionic superpartners and there would be no contribution to the MSSM gaugino masses.) In contrast,
the corresponding MSSM gauge bosons cannot get a corresponding mass shift, since they are protected
by gauge invariance. So supersymmetry breaking has been successfully communicated to the MSSM
(“visible sector”). To a good approximation, eq. (6.53) holds for the running gaugino masses at an RG
scale Q0 corresponding to the average characteristic mass of the heavy messenger particles, roughly of
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Figure 6.4: MSSM scalar squared masses in gauge-mediated supersymmetry breaking models arise in
leading order from these two-loop Feynman graphs. The heavy dashed 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.

order Mmess ∼ yI〈S〉 for I = 2, 3. The running mass parameters can then be RG-evolved down to the
electroweak scale to predict the physical masses to be measured by future experiments.

The scalars of the MSSM do not get any radiative corrections to their masses at one-loop order.
The leading contribution to their masses comes from the two-loop graphs shown in Figure 6.4, with
the messenger fermions (heavy solid lines) and messenger scalars (heavy dashed lines) and ordinary
gauge bosons and gauginos running around the loops. By computing these graphs, one finds that each
MSSM scalar φi gets a squared mass given by:

m2
φi

= 2Λ2

[(
α3

4π

)2

C3(i) +
(

α2

4π

)2

C2(i) +
(

α1

4π

)2

C1(i)

]
, (6.55)

with the quadratic Casimir invariants Ca(i) as in eqs. (5.27)-(5.30). The squared masses in eq. (6.55)
are positive (fortunately!).

The terms au, ad, ae arise first at two-loop order, and are suppressed by an extra factor of αa/4π
compared to the gaugino masses. So, to a very good approximation one has, at the messenger scale,

au = ad = ae = 0, (6.56)

a significantly stronger condition than eq. (5.19). Again, eqs. (6.55) and (6.56) should be applied at
an RG scale equal to the average mass of the messenger fields 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 5.5. These
will only be large for the third-family squarks and sleptons, in the approximation of eq. (5.2). The
parameter b may also be taken to vanish near the messenger scale, but this is quite model-dependent,
and in any case b will be non-zero when it is RG-evolved to the electroweak scale. In practice, b can be
fixed in terms of the other parameters by the requirement of correct electroweak symmetry breaking,
as discussed below in section 7.1.

Because the gaugino masses arise at one-loop order and the scalar squared-mass contributions
appear at two-loop order, both eq. (6.53) and (6.55) correspond to the estimate eq. (6.27) for msoft, with
Mmess ∼ yI〈S〉. Equations (6.53) and (6.55) hold in the limit of small 〈FS〉/yI〈S〉2, corresponding to
mass splittings within each messenger supermultiplet that are small compared to the overall messenger
mass scale. The sub-leading corrections in an expansion in 〈FS〉/yI〈S〉2 turn out [143] to be quite small
unless there are very large messenger mass splittings.

The model we have described so far is often called the minimal model of gauge-mediated supersym-
metry breaking. Let us now generalize it to a more complicated messenger sector. Suppose that q, q
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F m
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The mu-Problem in MGM

 2) EWSB in MGM demands: 

Therefore it is natural to expect a Dynamical origin to the 
mu-term connected to SUSY Breaking

W = µHDHU

Gauge Mediation requires some extension to explain this. 
Simplest models create a “B-term” that is too large.

 1) Gives mass to Charginos

µ ∼ TeV

m
χ
±

1

> 105GeV



“Little Hierarchy”  in MGM

mẽR
> 73GeV → msq > 750GeV
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Non-Minimal Gauge Mediation

“Squashing” the sparticle spectrum is needed for lighter stops

msq ∼

g
2
3

16π2
Λq

msl ∼
g
2
1

16π2
Λ!

msq

msl
∼

g
2
3

g2
1

(
Λq

Λ!

)
∼ 3

msq

msl
∼

g
2
3

g2
1

(
Λq

Λ!

)
∼ 3

This fits into the broader framework of “General Gauge Mediation”

“two-parameter Model” with Non-Minimal Messengers

Meade, Seiberg, and Shih 08

W = (λ1X1 + λ2X2)φ̃φ

S. Martin 98
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General Soft Masses
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MSSMHidden/Messenger

Csaki, Falkowski, Nomura, Volansky (08)
Meade, Seiberg, Shih (08)
Komargodski, Seiberg (08)

Csaki, Shirman, Terning (07)
Carpenter, Dine, Festuccia, JM (08)

JM (09)More Generally ...



The Gravitino is the LSP in GMSB

Spontaneously Broken global SUSY has a Goldstino: Gα

Combines with the Graviton multiplet and becomes the “gravitino.”

mG =
|F |√
3Mp

E ! mG →

√
|F | = 100 TeV → mG = 1 eV

only the longitudinal mode remains coupled

G̃ρ →

i

mG

√
2

3
∂ρG

γ

G

λ

=
γ

G

λ

= i√
2F

(
(pG · pγ)γµ − "pγpµ

G

)

FIG. 1: The feynman diagrams coming from the Goldstino/vector multiplet interactions in the

limit that the Gravitino massless.

Notes on Gravitino Decay

In this note we discuss in detail the isotropic decay of the NLSP to a Gravitino and

Photon in Gauge Mediation when the Gravitino is the lightest Superpartner. This is a well

known fact mentioned in many papers. We discuss it here for completeness.

A. Decay Rate

Gravitino interactions with a vector multiplet are given by the interaction [kane kribs, FI

etc]

L =
1

8MP
λ̄γρσµνG̃ρFµν + h.c. (1)

The goldstino equivilance theorem allowes one to approximate gravitino interactions by

considering only the longitudinal mode of the Gravitino, its Goldstino component. If E is

the characteristic energy of a process, he transverse degrees of freedom decouple as E
Mp

while

the longitudinal component decouples as E√
m3/2Mp

∼ E√
F
. In the limit where

√
F % Mp, this

approximation is valid, and is very good for low-scale Gauge Mediation when
√

F ∼ 105 GeV.

This goldstino approximation can be made by simply making the replacement: G̃ρ →
i

mG

√
2

3
∂ρG. After making this substitution, the interactions in eq. (1) yields the feynman

diagrams in Fig 1. These graphs represent physically indistinguishable processes and should

both be included in any calculation.

Explicitly, one can write the amplitude for a gaugino decay as

iM =
i√
2F

(
v̄(pλ, sλ)(

m2
λ

2
γν + mλp

ν
G)v(pG, sG) + ū(pG, sG)(

m2
λ

2
γν − mλp

ν
G)v(pλ, sλ)

)
(ε∗ν)

(2)

1

L =
1

8Mp

λ̄γρσµνG̃ρFµν + h.c.
Fayet (76)



Higgs Decays to Neutralinos
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Low-Scale Gauge Mediation



mh0 > 2mχ0

1

Kinematics requires

Minimal Gauge Mediation mχ0

1
> 70 GeV

mχ0

1
> 0 GeVNon-Minimal Gauge Mediation

(Neutralino sector is the MSSM)
Dreiner et. al. (2009)

h0
→ γγ + /ET

M1 =
5

3

α′

4π
Λ



Bounds

χ0
1

χ0
1

h0

G

G

γ

γ

χ0
1

χ0
1

χ0

χ+

G

G

τ
τ

ντ

τ

γ

γ

W+

χ0
1

χ0
1

χ−

χ+

G

G

τ
ντ

ν̄τ

τ

γ

γ

Z

φ

φ

φ

φ

Φ∗
i Φj

6

χ0
1

χ0
1

h0

G

G

γ

γ

χ0
1

χ0
1

χ0

χ+

G

G

τ
τ

ντ

τ

γ

γ

W+

χ0
1

χ0
1

χ−

χ+

G

G

τ
ντ

ν̄τ

τ

γ

γ

Z

φ

φ

φ

φ

Φ∗
i Φj

6

1) Bounds from LEP :

σ(e+e− → γγ + /ET ) < 10−2 pb

BR(Z0
→ γγ + /ET ) < 3 × 10−6

2) Bounds from Tevatron : σ(pp̄ → χχ) < 20 fb

√
s = 209 GeV
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Satisfying Tevatron Bounds

M2, µ >> M1
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Figure 2: Allowed MSSM parameter regions in the µ− tan β plane for which BR(h0 →
χ0

1χ
0
1) > 0.1. The green points satisfy the LEP bounds, while the red points also avoid the

constraints from GMSB searches at the Tevatron.

background. Instead, we simulate signal events while applying cuts and scaling by efficiency
factors to allow for direct comparisons to the backgrounds tabulated in the most recent
published D0/ searches for h0 → γγ ? and GMSB ?. Both searches select events containing
a pair of photons, each with pγ

T > 25 GeV and |η| < 1.1. In addition, the candidate photons
must be isolated and pass a set of photon identification requirements which differ slightly
between the two analyses. The D0/ GMSB analysis also considers cuts on missing transverse
energy ( /ET ) ?.

The scaling factors we apply consist of a K-factor to account for higher-order corrections
to the cross-section, as well as a detection efficiency factor ε. For Higgs production, we choose
the K-factors such that the cross-sections in PYTHIA agree with published NnLO results.
We consider production through gluon fusion (GF) ??, W/Z-associated modes ??, and vector
boson fusion (VBF) ?, and we obtain scaling factors of KGF : KW/Z : KV BF = 4.7 : 1.2 : 1.0.
The K-factor we use for chargino/neutralino production at the Tevatron is Kχ = 1.1 ?.

The efficiency factors ε quoted in Refs. ?? include both the acceptance probability A
that the signal passes the given cuts, as well as the reduced efficiency ε̃ to reconstruct the
fraction of signal events passing the cuts. We assume that these factorize according to

ε = A ε̃. (4)

While the acceptance A clearly depends on the process under study, we assume further that
the reduced efficiency ε̃ is constant for all events that pass the cuts. To extract the reduced

7

gZχ1χ1
∼ ε

2

µ > 250 GeV
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Figure 1: Higgs boson branching fraction into neutralinos h0 → χ0
1χ

0
1 (left) and neutralino

decay length to photon plus gravitino (right) as functions of the neutralino mass. The green
points in both plots are consistent with LEP bounds while the red points are also consistent
with the Tevatron search bounds for neutralinos that decay promptly to photons.

points with BR(h0 → χ0
1χ

0
1) > 0.1 as well as the range of Tevatron production rates. The

constraint imposed on the Higgs branching ratio restricts the set of points appearing in the
µ-tanβ plane. Tevatron bounds require larger µ and tan β. However, lower values of µ and
smaller values of tan β are needed to obtain a significant Higgs-neutralinos coupling. Let
us also point out that our scans include both positive and negative values of µ, but only
positive values generate a significant Higgs branching fraction, greater than 0.1. This arises
because, having fixed M1 > 0, positive µ leads to more Bino-Higgsino mixing. From Fig. ??
we also see that the Tevatron direct production cross-sections of neutralinos and charginos
become unacceptably large for µ ! 250 GeV. This is simply the result of the charginos and
heavier neutralinos derived from the Higgsinos becoming light enough to be produced at the
Tevatron without too much kinematic suppression.

3 Di-photon Searches at the Tevatron

To investigate the prospects for discovering a SM-like Higgs boson at the Tevatron through
neutralino decays leading to prompt photons, we have generated parton-level (but including
initial- and final-state radiation) events in PYTHIA6.4 ? for a particular MSSM sample
point. The parameter values for this point are

M1 = 50 GeV, µ = 300 GeV, tan β = 5.5, mA0 = 1000 GeV, (3)

with all other soft parameter taken as in our previous parameter scans. For these values
we find BR(h0 → χ0

1χ
0
1) " 0.11, mh " 114.7 GeV, mχ0

1
" 46.6 GeV, as well as a total

leading-order chargino/neutralino Tevatron production cross-section of σχ " 7.2 fb. This
point appears to satisfy all current experimental bounds (not including the DM density).

Very significant SM backgrounds to the signals we are interested in come from jets and
electrons mis-identified as photons. We do not attempt to model this detector-dependent

6

BR(h0
→ χ0

1χ
0

1) ∼ 0.1

Higgs Branching Ratio

gh0χ1χ1
∼ ε



0 10 20 30 40 50 60
m
!

1

 (GeV)

0.1

0.2

0.3

0.4

0.5

B
R

( 
h

0
 -

->
 !

1

0
!

1

0
 )

LEP bounds only

LEP  +  "
Tev

 < 20 fb

0 10 20 30 40 50 60
m
!

1

 (GeV)

0.01

0.1

1

c 
# 

 (
cm

)

LEP bounds only

LEP + "
Tev

 < 20 fb

Figure 1: Higgs boson branching fraction into neutralinos h0 → χ0
1χ

0
1 (left) and neutralino

decay length to photon plus gravitino (right) as functions of the neutralino mass. The green
points in both plots are consistent with LEP bounds while the red points are also consistent
with the Tevatron search bounds for neutralinos that decay promptly to photons.

points with BR(h0 → χ0
1χ

0
1) > 0.1 as well as the range of Tevatron production rates. The

constraint imposed on the Higgs branching ratio restricts the set of points appearing in the
µ-tanβ plane. Tevatron bounds require larger µ and tan β. However, lower values of µ and
smaller values of tan β are needed to obtain a significant Higgs-neutralinos coupling. Let
us also point out that our scans include both positive and negative values of µ, but only
positive values generate a significant Higgs branching fraction, greater than 0.1. This arises
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become unacceptably large for µ ! 250 GeV. This is simply the result of the charginos and
heavier neutralinos derived from the Higgsinos becoming light enough to be produced at the
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3 Di-photon Searches at the Tevatron

To investigate the prospects for discovering a SM-like Higgs boson at the Tevatron through
neutralino decays leading to prompt photons, we have generated parton-level (but including
initial- and final-state radiation) events in PYTHIA6.4 ? for a particular MSSM sample
point. The parameter values for this point are

M1 = 50 GeV, µ = 300 GeV, tan β = 5.5, mA0 = 1000 GeV, (3)
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electrons mis-identified as photons. We do not attempt to model this detector-dependent
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Tevatron Higgs Search
BR(h0

→ γγ)SM = 2 × 10−3

σBR < 15(σBR)SM

Can this give 
a signal ?

BR(h0
→ χ1χ1 → γγ + /ET ) = 0.15GMSB :

Tevatron Limits :

(σBR)GMSB = 50(σBR)SM

SM :

Study a parameter point consistent w/ LEP and Tevatron :
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constraint imposed on the Higgs branching ratio restricts the set of points appearing in the
µ-tanβ plane. Tevatron bounds require larger µ and tan β. However, lower values of µ and
smaller values of tan β are needed to obtain a significant Higgs-neutralinos coupling. Let
us also point out that our scans include both positive and negative values of µ, but only
positive values generate a significant Higgs branching fraction, greater than 0.1. This arises
because, having fixed M1 > 0, positive µ leads to more Bino-Higgsino mixing. From Fig. ??
we also see that the Tevatron direct production cross-sections of neutralinos and charginos
become unacceptably large for µ ! 250 GeV. This is simply the result of the charginos and
heavier neutralinos derived from the Higgsinos becoming light enough to be produced at the
Tevatron without too much kinematic suppression.

3 Di-photon Searches at the Tevatron

To investigate the prospects for discovering a SM-like Higgs boson at the Tevatron through
neutralino decays leading to prompt photons, we have generated parton-level (but including
initial- and final-state radiation) events in PYTHIA6.4 ? for a particular MSSM sample
point. The parameter values for this point are

M1 = 50 GeV, µ = 300 GeV, tan β = 5.5, mA0 = 1000 GeV, (3)

with all other soft parameter taken as in our previous parameter scans. For these values
we find BR(h0 → χ0

1χ
0
1) " 0.11, mh " 114.7 GeV, mχ0

1
" 46.6 GeV, as well as a total

leading-order chargino/neutralino Tevatron production cross-section of σχ " 7.2 fb. This
point appears to satisfy all current experimental bounds (not including the DM density).

Very significant SM backgrounds to the signals we are interested in come from jets and
electrons mis-identified as photons. We do not attempt to model this detector-dependent
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Tevatron Search (D0-Higgs-type)

p
γ
T > 25 GeV |η| < 1.1

20 30 40 50 60 70 80 90 100 110 120
m
!!

 (GeV)

10
-3

10
-2

10
-1

10
0

10
1

d
"

 /
 d

m
!!

  
(f

b
/2

.5
G

e
V

)
h

0
 events, BR(h

0
 -> ##)  = 0.11

h
0
 events, MET > 30 GeV

##  events

## events, MET > 30 GeV

Figure 3: Di-photon signal events at the Tevatron from the Higgs boson and
chargino/neutralino cascade decays. The distributions without a /ET cut are scaled by K-
factors and efficiencies to allow for direct comparison with the backgrounds of Ref. [50], while
the distributions with the imposed cut /ET > 30 GeV are scaled to make them comparable
to the backgrounds in Ref. [41].

as considered in the D0/ searches for gauge mediation with prompt photons [41]. Adding
a cut of /ET > 30 GeV to the signal detection requirements described above, we find a
reduction in the h0 → χ0

1χ
0
1 → γγG̃G̃ signal by more than a factor of 2. In comparison,

the SM background is reduced by a much larger factor, as can be seen in Fig. 1 of Ref. [41],
which is based on an integrated luminosity of 1.1 fb−1. For a fiducial integrated luminosity
of 1 fb−1, we find 2.7 signal events with mγγ < 100 GeV relative to an expected background
of 9.8, corresponding to a näıve significance of S/

√
B = 0.86. Scaling up to an integrated

luminosity of 10 fb−1, this yields a significance close to 3, enough for a 95% exclusion and
nearly enough for preliminary evidence. This is comparable to or better than estimates for
the combined Tevatron reach for a SM Higgs boson with mass below mh < 130 GeV, even
with improvements in detection efficiency [56].

Our simple significance estimate based on counting is likely to be degraded once sys-
tematic uncertainties and the small number of total events are factored in. On the other
hand, there is a great deal of shape information we have not used. The di-photon spectrum
from Higgs decays to neutralinos is peaked towards mγγ ∼ 70 GeV, whereas our expectation
is that the SM backgrounds will fall off quickly with mγγ . Therefore modifying the cuts
within the mγγ- /ET plane and fitting to a signal shape in this plane using a two-dimensional
log-likelihood analysis has an excellent chance of improving the signal significance. This
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FIG. 1: The E/T distribution in γγ data with W/Z +γγ back-
ground (hatched histogram), instrumental background with
no genuine E/T : γγ (solid black line) and multi-jet (filled
histogram), and background from processes with genuine
E/T and a misidentified electron (cross-hatched histogram).
The expected E/T distributions if GMSB SUSY events were
present are shown as dotted and dashed lines.

that the number of events with E/T < 12 GeV matches
that in the γγ sample.

The largest physics backgrounds are from Zγγ →
ννγγ and Wγγ → #γγν processes. Contribu-
tions from these backgrounds are estimated as 0.15 ±
0.06 and 0.10 ± 0.04 events, respectively, using
CompHep [16] Monte Carlo simulation, cross-checked
with MadGraph [17]. The contribution of these back-
grounds to the E/T distribution is taken from Monte Carlo
simulation, with number of events normalized to the in-
tegrated luminosity of the data sample.

The E/T distribution for the γγ sample, with contri-
butions from physics background (W/Z + γγ), and in-
strumental background with genuine E/T (processes with
misidentified electrons) and no inherent E/T (γγ and
multi-jet) is given in Fig 1. We also illustrate the
E/T distribution expected from GMSB SUSY for two val-
ues of Λ. The number of observed events, as well as
expected background and signal from GMSB SUSY for
E/T > 30 GeV and > 60 GeV are given in Table I.

The expected GMSB signal efficiency is estimated from
Monte Carlo simulation generated for several points on
the Snowmass Slope (see Table II), covering the neu-
tralino mass range from 170 GeV to 280 GeV. Al-
though χ̃+

1 χ̃−
1 and χ̃±

1 χ̃0
2 processes dominate, we con-

sider all GMSB SUSY production channels. We used
ISAJET 7.58 [18] to determine SUSY interaction eigen-
state masses and couplings. PYTHIA 6.319 [19] is used
to generate the events after determining the sparticle
masses, branching fractions and leading order (LO) pro-
duction cross sections using CTEQ6L1 parton distribu-
tions [20]. The generated events are processed through

a full GEANT-based [21] detector simulation and the
same reconstruction code as used for data. The LO signal
cross sections are scaled to match the next-to-leading or-
der (NLO) prediction using k-factor values (see Table II),
extracted from Ref. [22].

The systematic error on the expected number of signal
events comes from the uncertainties in photon identifi-
cation efficiency (10%), statistics in MC samples (5%),
track veto requirement (3%), and trigger efficiency (4%).
These were obtained using Z → e+e− and Z → e+e−γ
decays in data and in MC simulation. Variation of par-
ton distribution functions and uncertainty in the total
integrated luminosity result in additional 4% and 6.1%
errors in signal yield respectively. The total uncertainty
on the background is dominated by statistics.

As the observed number of events for all values of
E/T is in good agreement with the standard model pre-
diction, we conclude that there is no evidence for GMSB
SUSY in the data. We set limits on the production cross
section by utilizing a likelihood fitter [11] that incorpo-
rates a log-likelihood ratio (LLR) test statistic method.
This method utilizes binned E/T distributions rather than
a single-bin (fully-integrated) value, and therefore ac-
counts for the shapes of the distributions, leading to
greater sensitivity. The value of the confidence level for
the signal CLs is defined as CLs = CLs+b/CLb, where
CLs+b and CLb are the confidence levels for the sig-
nal plus background hypothesis and the background-only
(null) hypothesis, respectively. These confidence levels
are evaluated by integrating corresponding LLR distri-
butions populated by simulating outcomes via Poisson
statistics. Systematic uncertainties are treated as un-
certainties on the expected numbers of signal and back-
ground events, not the outcomes of the limit calculations.
The degrading effects of systematic uncertainties are re-
duced by introducing a maximum likelihood fit to the
missing transverse energy distribution. A separate fit is
performed for both the background-only and signal-plus-
background hypotheses for each data or pseudo-data dis-
tribution.

The limits are shown in Fig. 2 together with expected
signal cross sections. The observed limits are statistically
compatible with the expected limits. The observed upper
limit on the signal cross section is below the prediction
of the Snowmass Slope model for Λ < 91.5 TeV, or in
terms of gaugino masses, mχ̃0

1
< 125 GeV and mχ̃+

1
<

229 GeV. These represent the most stringent limits on
this particular GMSB SUSY model to date.
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Figure 4: Distribution of di-photon events from h0 → χ0
1χ

0
1 in the mγγ- /ET plane subject to

the D0/ photon requirements discussed in the text (pγ
T > 25 GeV, |η| < 1.1, and photon ID).

The z-axis units are fb/(10 GeV)2 after applying the rescalings relevant for the D0/ GMSB
search.

technique would also reduce the sensitivity to systematics. We illustrate the distribution
of di-photon events passing the basic photon identification requirements discussed above
(pγ

T > 25 GeV, |η| < 1.1, and photon identification) in Fig. 4. Our results suggest that this
channel would benefit from further study by the experimental collaborations. Let us also
mention that the CDF GMSB search technique as presented in Ref. [40] is less useful for
finding this Higgs mode since their cut of HT > 200 GeV removes nearly all of this signal.

4 LHC Searches

For a Higgs boson of mass less than 125 GeV, the most promising search mode at the LHC
is inclusive production followed by a decay to di-photons. In the mass region 115 < mh <
125 GeV, both ATLAS and CMS should be able to discover a SM-like Higgs with about
15 fb−1 of data. Here, we attempt to extrapolate these analyses to the broader di-photon
spectrum expected from Higgs decays to unstable neutralino pairs.

The ATLAS inclusive h0 → γγ analysis presented in Ref. [57] requires two well-reconstructed
photons with pγ

T > 40 GeV, 25 GeV and 0 < |η| < 1.37 or 1.52 < |η| < 2.37. The total
detection efficiency for di-photons from a 120 GeV Higgs after applying these cuts (along
with photon ID requirements) is ε " 0.36 in the absence of pile-up. As in our Tevatron
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LHC Search (ATLAS inclusive)
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Figure 5: Photon invariant mass distributions from Higgs decays and GMSB SUSY events
with cuts and efficiencies as in the ATLAS di-photon Higgs analysis (pγ

T > 40, 25 GeV,
|η| < 2.37, and photon identification).

handle to remove backgrounds will be effective for searching for di-photons from h0 → χ0
1χ

0
1.

Other examples include VBF and tt̄h associated production.

One additional strategy that could prove useful is to make use the ability of ATLAS to
reconstruct photon “tracks”. Using the ECAL alone, the primary di-photon vertex can be
identified to within about 1.5 cm along the beam axis [57]. However, a significant fraction of
hard photons interact with material in the trackers and convert to an e+e− pair. A converted
photon can therefore give rise to charged tracks allowing for a very precise determination
of the primary photon vertex position. Estimates in Ref. [57] suggest this determination
could be as good as 5 × 10−3 cm. This is useful in regular Higgs searches for determining
the location of primary interaction vertex. In the case of neutralino decays to gravitinos and
photons in low-scale gauge mediation, vertexing the products of double photon conversions
might allow for a measurement of the neutralino lifetime, even when the neutralino decays
are otherwise “prompt”.

5 Conclusions

Decays of a SM-like Higgs boson to a pair of neutralinos, each of which subsequently decays to
a photon and a gravitino, can arise in generalized gauge-mediated supersymmetric scenarios.
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Future D0 GMSB and CMS               
Searches are sensitive to this decay mode.

CDF GMSB uses                                                                                                                                      
which eliminates most of the signal

Larger pT cuts in ATLAS (              )       
(non-inclusive) searches eliminate the signal.

(W/Z)h0
→ γγ

HT =
∑

i

pi

T + /ET > 200 GeV

p
γ
T > 50 GeV

Experimental Summary



Higgs may have an interesting Decay Channel 
to photons and missing energy.

Realized in Non-Minimal GMSB

Could be visible at Tevatron and LHC 

NMSSM Scenarios                                 
1)                                                  
2)

Conclusions

BR(h0
→ χ1χ1) ∼ 1, small tanβ

χ0

1 → a0
+ G a0

→ bb̄, τ τ̄








