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- depending on SUSY breaking scale: wide mass range  
   possible
- couplings 

light gravitino interesting for collider studies

The gravitino

m3/2 ⇠ M2
SUSY

MPl

                   

spin 3/2 superpartner of the graviton
unbroken SUSY:  massless
   broken SUSY:  massive via super-higgs mechanism
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-  lightest SUSY particle = gravitino, 
-  next-to-lightest SUSY particle = gluino, 
-  R-parity conservation
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study collider signature        information about gravitino
                      mass
                      SUSY breaking scale

Goal

Setup: simplified SUSY model
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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:

d2
ij = min(p2

Ti
, p2

Tj
) �R2

ij > Q2
cut, d2

iB = p2
Ti

> p2
Tmin

, (3.1)

with �R2
ij = 2[cosh(⇥i � ⇥j) � cos(⇤i � ⇤j)], where pTi , ⇥i and ⇤i are the transverse

momentum, pseudorapidity and azimuth of particle i [? ]. The renormalization scale for
�s 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
transverse mass of the particles produced in the central process. The ME-level events are
then passed to Pythia and showered using the pT -ordered shower, and Pythia reports the
scale QPS

hardest of the hardest emission in the shower. For lower parton-multiplicity samples
an event is rejected if QPS

hardest > Qcut, while for the highest multiplicity sample an event
is rejected if QPS

hardest > QME
softest, the scale of the softest ME parton in the event. See more

details in [? ].

3.1 Physics parameters and observables

Throughout the present study, we consider a gluino with mass mg̃ = 800 GeV, which lies
above the exclusion limit for certain simplified SUSY models or general gauge mediation
models [? ? ], and conduct analyses for the LHC at

⇤
s = 14 TeV. All the left- and right-

handed squarks are fixed at 3 TeV. The corresponding LO gluino-pair production cross

– 6 –
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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.
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], 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:

d2
ij = min(p2

Ti
, p2

Tj
) �R2

ij > Q2
cut, d2

iB = p2
Ti

> p2
Tmin

, (3.1)

with �R2
ij = 2[cosh(⇥i � ⇥j) � cos(⇤i � ⇤j)], where pTi , ⇥i and ⇤i are the transverse

momentum, pseudorapidity and azimuth of particle i [? ]. The renormalization scale for
�s 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
transverse mass of the particles produced in the central process. The ME-level events are
then passed to Pythia and showered using the pT -ordered shower, and Pythia reports the
scale QPS

hardest of the hardest emission in the shower. For lower parton-multiplicity samples
an event is rejected if QPS

hardest > Qcut, while for the highest multiplicity sample an event
is rejected if QPS

hardest > QME
softest, the scale of the softest ME parton in the event. See more

details in [? ].

3.1 Physics parameters and observables

Throughout the present study, we consider a gluino with mass mg̃ = 800 GeV, which lies
above the exclusion limit for certain simplified SUSY models or general gauge mediation
models [? ? ], and conduct analyses for the LHC at

⇤
s = 14 TeV. All the left- and right-

handed squarks are fixed at 3 TeV. The corresponding LO gluino-pair production cross

– 6 –

.m3/2 ⇥
(MSUSY)2

Mpl
. (1)

m3/2 ⇥ 10�13GeV (2)

m3/2 = 1 · 10�13GeV (3)

m3/2 = 3 · 10�13GeV (4)

m3/2 = 9 · 10�13GeV (5)

jets + /ET (6)

.pmin
T . (7)

pp⇤ g̃G̃⇤ gG̃G̃ (8)

pp⇤ g̃g̃ ⇤ ggG̃G̃ (9)

pp⇤ partons + G̃G̃ (10)

.⇤ gG̃G̃. (11)

pp⇤ jets + /ET (12)

.g̃ ⇤ G̃g. (13)

.pp⇤ jets + (Z ⇤ ��̄) . (14)

.Pmiss
T > 500 GeV ⌅ /ET > 500 GeV. (15)

1

The signal

.m3/2 ⇥
(MSUSY)2

Mpl
. (1)

m3/2 ⇥ 10�13GeV (2)

m3/2 = 1 · 10�13GeV (3)

m3/2 = 3 · 10�13GeV (4)

m3/2 = 9 · 10�13GeV (5)

jets + /ET (6)

.pmin
T . (7)

pp⇤ g̃G̃⇤ gG̃G̃ (8)

pp⇤ g̃g̃ ⇤ ggG̃G̃ (9)

.⇤ gG̃G̃. (10)

.pp⇤ jets + /ET . (11)

.g̃ ⇤ G̃g. (12)

.pp⇤ jets + (Z ⇤ ��̄) . (13)

.Pmiss
T > 500 GeV ⌅ /ET > 500 GeV. (14)

.mg̃ = 800 GeV. (15)

1

.m3/2 ⇥
(MSUSY)2

Mpl
. (1)

m3/2 ⇥ 10�13GeV (2)

m3/2 = 1 · 10�13GeV (3)

m3/2 = 3 · 10�13GeV (4)

m3/2 = 9 · 10�13GeV (5)

jets + /ET (6)

.pmin
T . (7)

pp⇤ g̃G̃⇤ gG̃G̃ (8)

pp⇤ g̃g̃ ⇤ ggG̃G̃ (9)

.⇤ gG̃G̃. (10)

.pp⇤ jets + /ET . (11)

.g̃ ⇤ G̃g. (12)

.pp⇤ jets + (Z ⇤ ��̄) . (13)

.Pmiss
T > 500 GeV ⌅ /ET > 500 GeV. (14)

.mg̃ = 800 GeV. (15)

1

�(pp� g̃G̃) ⇥ 1
m2

3/2

(16)

.HT =
X

|pjets
T |. (17)

.pp�. (18)

L = 100 fb�1 (19)

.mf ⇤= ms. (20)

2

 independent of  
gravitino mass

.m3/2 ⇥
(MSUSY)2

Mpl
. (1)

m3/2 ⇥ 10�13GeV (2)

m3/2 = 1 · 10�13GeV (3)

m3/2 = 3 · 10�13GeV (4)

m3/2 = 9 · 10�13GeV (5)

jets + /ET (6)

.pmin
T . (7)

pp⇤ g̃G̃⇤ gG̃G̃ (8)

pp⇤ g̃g̃ ⇤ ggG̃G̃ (9)

.⇤ gG̃G̃. (10)

.pp⇤ jets + /ET . (11)

.g̃ ⇤ G̃g. (12)

.pp⇤ jets + (Z ⇤ ��̄) . (13)

.Pmiss
T > 500 GeV ⌅ /ET > 500 GeV. (14)

.mg̃ = 800 GeV. (15)

1



- distributions differ for the different gravitino masses
- signal and background are of the same order

   information about gravitino mass  
   and hence SUSY breaking scale 

Results
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- signal and background are of the same 
order

- distributions differ for the different 
gravitino masses

- LHC might be able to explore our 
parameter space

	 	 information about gravitino and 
	 	 gluino masses!

Theoretical background

Supersymmetry and the gravitino
In local supersymmetric theories (supergravity):
Gravitino is spin 3/2 superpartner of graviton.

unbroken SUSY: 	gravitino is massless.
broken SUSY:	 	 gravitino absorbs goldstino and becomes
	 	 	 	 	 	 	 massive (Super-Higgs mechanism).

	 	 Gravitino mass is directly related to SUSY breaking scale!
	 	 Low SUSY breaking: light gravitino!
 
The simplified model

Light gravitino production in association with gluinos at the LHC
Bettina Oexl, in collaboration with P. de Aquino (KUL/UCL), F. Maltoni (UCL), K. Mawatari (VUB)
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- R-parity conservation

- LSP = very light gravitino

- NLSP = gluino

-  all other SUSY particles too heavy  
   to be produced on shell

SUSY particles are produced in   
pairs, lightest SUSY particle (LSP)
is stable

gives missing energy signal
 	
decays directly 
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Matrix element / Parton shower merging

particle collision with high 
center of mass energy:

processes with additional
QCD radiation are very likely

	 	 consider also contributions 
          beyond leading order!

   Signal contains two kinds of jets:
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- hard and well separated jets
  (from decay of the gluino and
  QCD radiation)

  well treated by fixed order   
  matrix- element approach 

- soft and/or collinear jets
  (from QCD radiation)

  correctly described by a 
  parton shower approach 

combine both approaches and 
avoid double counting

=
Matrix element / Parton-shower 

merging

- different merging schemes exist
- we make use of the “shower-kT-scheme”
   based on event rejection
   implemented into MadGraph and
   interfaced to PYTHIA
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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:
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ij > Q2
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, (3.1)

with �R2
ij = 2[cosh(⇥i � ⇥j) � cos(⇤i � ⇤j)], where pTi , ⇥i and ⇤i are the transverse

momentum, pseudorapidity and azimuth of particle i [? ]. The renormalization scale for
�s 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
transverse mass of the particles produced in the central process. The ME-level events are
then passed to Pythia and showered using the pT -ordered shower, and Pythia reports the
scale QPS

hardest of the hardest emission in the shower. For lower parton-multiplicity samples
an event is rejected if QPS

hardest > Qcut, while for the highest multiplicity sample an event
is rejected if QPS

hardest > QME
softest, the scale of the softest ME parton in the event. See more

details in [? ].

3.1 Physics parameters and observables

Throughout the present study, we consider a gluino with mass mg̃ = 800 GeV, which lies
above the exclusion limit for certain simplified SUSY models or general gauge mediation
models [? ? ], and conduct analyses for the LHC at

⇤
s = 14 TeV. All the left- and right-

handed squarks are fixed at 3 TeV. The corresponding LO gluino-pair production cross
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Background reduction

we consider the standard model Z+jets background:

	 	 it is mainly located in the 
	 	 low energy region!

	 	 in order to find an effective
	 	 cut to curb the background,
	 	 consider the correlation 
	 	 between the p_T of the leading 
	 	 jet and the missing transverse
	 	 energy:
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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:

d2
ij = min(p2

Ti
, p2

Tj
) �R2

ij > Q2
cut, d2

iB = p2
Ti

> p2
Tmin

, (3.1)

with �R2
ij = 2[cosh(⇥i � ⇥j) � cos(⇤i � ⇤j)], where pTi , ⇥i and ⇤i are the transverse

momentum, pseudorapidity and azimuth of particle i [? ]. The renormalization scale for
�s 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
transverse mass of the particles produced in the central process. The ME-level events are
then passed to Pythia and showered using the pT -ordered shower, and Pythia reports the
scale QPS

hardest of the hardest emission in the shower. For lower parton-multiplicity samples
an event is rejected if QPS

hardest > Qcut, while for the highest multiplicity sample an event
is rejected if QPS

hardest > QME
softest, the scale of the softest ME parton in the event. See more

details in [? ].

3.1 Physics parameters and observables

Throughout the present study, we consider a gluino with mass mg̃ = 800 GeV, which lies
above the exclusion limit for certain simplified SUSY models or general gauge mediation
models [? ? ], and conduct analyses for the LHC at

⇤
s = 14 TeV. All the left- and right-

handed squarks are fixed at 3 TeV. The corresponding LO gluino-pair production cross
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Light gravitino production at the LHC
Two production mechanisms contribute 
to the signal:

   gluino-gravitino associated                    gluino-pair production     
   production

	 very sensitive to gravitino  mass!       no gravitino mass dependence!

Simulations

Jets plus missing energy signature 
 
the full signal is the sum of the two contributions:

for different gravitino
masses, we get a very
different signature!
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