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Outlines

• A brief review of mono-X searches

• Gravitino phenomenology at colliders

• Monophoton+missing energy at the ILC 
and LHC
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Review of 
mono-X searches

at colliders
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Review of mono-X searches at colliders
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Gravitino phenomenology
at colliders
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Gravitinos

• Spin-3/2 superpartners of gravitons in local 
supersymmetric extensions to the Standard 
Model (Supergravity).

• If SUSY breaks spontaneously, gravitinos 
absorb massless spin-1/2 goldstinos and 
become massive by the super-Higgs 
mechanism.
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• SU(2)xU(1) gauge symmetry

➡  spontaneously broken

     (spin)
----- +1

----- 0 (Goldstone boson)
          
----- -1      BEH mechanism
                        W, Z bosons

➡  discovered in 1983

➡  established the EW theory

• Local supersymmetry

➡  spontaneously broken
     (spin)
----- +3/2

----- +1/2
               (Goldstino)
----- -1/2 
       super-Higgs mechanism
----- -3/2    Massive gravitinos

➡  discover in 201? (??)

➡  establish supergravity !!

EW to Supergravity
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Mass of the gravitino

• related to the SUSY breaking scale as well 
as the Planck scale 

• This implies that the gravitino can take a 
wide range of mass, depending on the SUSY 
breaking scale, from eV up to scales beyond 
TeV, and provide rich phenomenology in 
particle physics as well as in cosmology.
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Collider phenomenology for a gravitino LSP

• The low-scale SUSY breaking can naturally happen in gauge-mediated 
SUSY breaking scenarios, where the gravitino is often the LSP and 
can play an important role even for collider signatures.

• The phenomenology depends so much on what the NLSP is.

- In the minimal model of gauge mediation, the lightest neutralino 
and the lighter stau are often the NLSP.

- A chargino, sneutrino, gluino, and squark can also be NLSP in, e.g., 
general gauge mediation models, split SUSY models, ... 

- The different NLSP gives different mono-X signals.

➡  A simulation tool for gravitinos is needed for systematic analyses. 
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• ...



Production mechanisms of gravitinos at colliders:
e.g. gluino NLSP
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Gluino pair production with the prompt decay 
of the gluino into a gravitino and a gluon gives 
dijet plus missing energy signature.

Gluino gravitino associated production with the 
prompt decay of the gluino gives 
monojet plus missing energy signature. 

For a light gravitino:
two processes contribute to jets + /ET

When the gravitino is very light,

direct production in association with

gluinos (squarks) becomes considerable.

At LO, we obtain monojet + /ET signal.

Figure 2. Schematic diagrams for pp → partons+G̃G̃. In the first row the leading gluino-gravitino
(red) and gluino-pair (black) diagrams are sorted. The diagrams are ordered with the number of
additional QCD partons in rows, while with the total parton multiplicity in columns.

To combine the two approaches avoiding double counting, one needs an appropriate

merging procedure. Several multi-jet merging algorithms have been proposed (see also [? ]):

the CKKW-based method [? ? ], the MLM scheme [? ? ], the pseudo-shower algorithm [?

], and the shower-kT scheme [? ].

In our analysis we make use of the shower-kT scheme, which is based on event rejection,

as implemented in MadGraph [? ? ] for fixed-order ME generation and interfaced to

Pythia6.4 [? ] for PS and hadronization. In this scheme, ME multi-parton events are

generated with a minimum separation, Qcut and pTmin , between final-state partons (ij) and

between final- and initial-state partons (iB) characterized by the kT jet measure:

d2ij = min(p2Ti
, p2Tj

)∆R2
ij > Q2

cut, d2iB = p2Ti
> p2Tmin

, (3.1)

with ∆R2
ij = 2[cosh(ηi − ηj) − cos(φi − φj)], where pTi , ηi and φi are the transverse

momentum, pseudorapidity and azimuth of particle i [? ]. The renormalization scale for

αs for each QCD emission vertex is set to the kT value, while the factorization scale for

the parton densities and the renormalization scale for the hard 2→2 process is given by the
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Taking into account initial/final state radiation, 
this process gives also dijet plus missing energy.
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Gluino-pair production cross section 
is independent of the gravitino mass. 

(χ̃→ G̃γ)G̃ (28)

G̃G̃ + γ (29)

G̃G̃ (30)

mφ = 1 TeV (31)

mχ̃ = 500GeV (32)

E � mφ,χ̃ (33)

γγ → G̃G̃ (34)

iMgauge = +
g2E2

8m2

W

(1 + cos θ) + terms independent of E and O(
m2

W

E2
)

iMH = − g2E2

8m2

W

(1 + cos θ) + terms independent of E and O(
m2

E2
)

iMsum = − g2

8(1 + cos θ)
�
− 4

m2

h

m2

W

(1− cos θ) +
2
cw

(3 + cos θ)
�

+O(
m2

E2
)

m2

h ≈ (100 GeV)2 � ∆m2

h,rad (35)

�µ
L ∼

E

mW
(36)

σ(G̃G̃) ∼ 1
F 4
∼ 1

m4

3/2

(37)

mG̃ (GeV) (38)
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Jet plus missing energy
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The signal could be 
standard model background

or new physics signal:

pp→ jZ → jνν̃ (1)

e+e− → G̃G̃ (2)

qq̄ → G̃G̃ (3)

γγ → G̃G̃ (4)

gg → G̃G̃ (5)

gq → G̃G̃q (6)

m3/2 ∼ O(10−13 − 10−12 GeV) (7)

m3/2 = 2× 10−13 GeV (8)

MG̃ ∼ −
E4

(MplmG̃)2
(9)

θ (10)

θ̄ (11)

x (12)

1

massive gravitons,
neutralino,
gravitino,
...
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Topology Models pTj

p p → j X
LED (X=ADD graviton)

Unparticle (X=unparticle)
soft

p p → j X X
SUSY1 (X=gravitino)

DM (X=WIMP)
soft

p p → (Y→jX) X
SUSY2 (X=gravitino, 
Y=gluino/squarks)

hard
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Lagrangian (TH) ⇔ Data (EXP)

FeynRules

MadGraph5_aMC@NLO
(Herwig, Pythia)

Delphes

MadAnalysis5

UFO model file

StdHep event file

LHCO event file
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1-min MadGraph5_aMC@NLO tutorial
./bin/mg5_aMC
>import model mssm-sgld
>generate e+ e- > gld gld a
>output
>launch

☜ Start the MG5_aMC shell
☜ Import the model
☜ Generate the process
☜  Write the code
☜ Generate the LO/NLO events 
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Monophoton+missing energy at the ILC

KM, Oexl [1402.3223]
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Monophoton+missing energy at the ILC

KM, Oexl [1402.3223]
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Monophoton+missing energy at the LHC

Maltoni, Martini, KM, Oexl [in progress]

./bin/mg5_aMC
>import model mssm-sgld
>generate p p > gld gld a
>output
>launch
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Summary

• Gravitinos can provide rich phenomenology 
in particle physics as well as in cosmology, 
and especially play an important role in 
collider signatures, especially mono-X 
signals, when it is the LSP. The 
phenomenology depends on what the 
NLSP is.

• The gravitino-related tools have been 
intensively developed for the last few 
years, and are ready for gravitino pheno!


