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New phenomenology group
at the Vrije U. Brussel

• A 5-year GOA (Geconcentreerde Onderzoeksactie) project 
on “Supersymmetric models and their signatures at the LHC”

• Ben Craps, Alexander Sevrin, Alberto Mariotti (theory)
- F. 9th floor

• Catherine De Clercq, Jorgen D’Hondt (experiment)
- G. 0th and 1st floor

• Fabio Maltoni (pheno) - UCL/CP3

• The main goal of the project is

• to establish a complete chain from fundamental theory to 
experiment.

• to use this chain to study possible signatures of SUSY 
models at the LHC.

• New phenomenology members since last fall

• Kentarou Mawatari (from U. Heidelberg) -Project leader

• Phillip Grajek (from KEK, Japan) -PD

• Bettina Oexl (from U. Tuebingen) -PhD

• Contact to

• http://we.vub.ac.be/dntk/onderzoek/GOAindex.htm

• pheno@vub.ac.be
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VUB pheno activities
• Phenomenological tool oriented:

• Theory oriented:
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Outlines
• Gravitino

- What is a gravitino?

- Mass of the gravitino

• Phenomenology with MG/ME

- HELAS and MadGraph/MadEvent
with gravitino/goldstinos

- The gravitino-goldstino equivalence

• at Colliders

- Collider signatures for a gravitino LSP
with gluino NLSP, neutralino NLSP, slepton NLSP, ...
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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.

5

Friday 6 May 2011



Massive gravitinos
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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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Cosmological constrains 
for the LSP gravitino

• The next-to-lightest SUSY particles (NLSP) may affect the big-ban 
nucleosynthesis (BBN) if their lifetimes are longer than ～0.1 sec.

• The lifetime of the NLSP is approximately proportional to (m3/2)2. 

8

Kawasaki, Kohri, Moroi, Yotsunagi, PRD(2008)
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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 is the NLSP.

- 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, ...  

9
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HELAS and MadGraph/MadEvent 
with gravitinos/goldstinos

• Although the gravitino can play an important role even in collider 
signatures when it is the LSP, there is few Monte Carlo event generators 
which can treat them.

• “HELAS and MadGraph with spin-3/2 particles (gravitinos)”
K. Hagiwara (KEK), K. Mawatari (VUB), Y. Takaesu (KEK); EPJC71(2011) [arXiv:
1010.4255] 

• “HELAS and MadGraph with goldstinos”
K. Mawatari (VUB), Y. Takaesu (KEK); appear in EPJC [arXiv:1101.1289]

‣ We added new HELAS fortran subroutines for massive spin-3/2 
gravitinos and goldstinos and their interactions, and implemented them 
into MadGraph/MadEvent (MG/ME) so that arbitrary amplitudes with 
external gravitinos/goldstinos can be generated automatically. 

‣ MG/ME v4,5 supports spin-0, 1/2, 1, and 2.
[HELAS and MG/ME w/ spin-2 particles by Hagiwara, Kanzaki, Q.Li, KM, EPJC(2008)]
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• The effective interaction Lagrangian:

- The covariant derivative:

- The field-strength tensors for each gauge group:

The effective interaction Lagrangian 
relevant to the gravitino phenomenology
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• In the high energy limit E>>m3/2, the spin-3/2 gravitino field 
can be replaced by the spin-1/2 goldstino as

• The effective interaction Lagrangian in non-derivative form:

- The                    vertex is absent.

- The couplings are proportional to the mass splitting 
inside the supermultiplet.

- The couplings are inversely proportional to the SUSY-
breaking scale through the gravitino mass

The effective interaction Lagrangian
for a goldstino
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Checking our codes
by the goldstino equivalence theorem

• MG/ME w/ gravitinos
[arXiv:1010.4255]

• MG/ME w/ goldstinos
[arXiv:1101.1289]
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The gravitino-goldstino equivalence
• In the region of the small 

gravitino mass, or in the 
high energy region, both 
amplitudes agree well each 
other.

• The longitudinal modes (or 
the goldstino) become 
dominant in the high energy 
region, while the 
contributions from the 
transverse modes do not 
depend on the energy.

• The squared matrix 
elements are proportional 
to (m3/2)-2.

14
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Collider signatures
for a gravitino LSP

1. Gluino NLSP

2. Neutralino NLSP

3. Slepton NLSP

4. Stau NLSP

5. ...

15
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1. Gluino NLSP
• If gluinos are the NLSP and light 

enough, those productions can be 
explored in the early LHC data as 
well as in the Tevatron.

• Associated gravitino productions 
with a gluino (or a squark) lead to 
characteristic signals of monojet 
plus missing energy when a 
produced gluino (squark) promptly 
decays into a gluon (quark) and a 
LSP gravitino.

16

pp→ g̃G̃→ gG̃G̃⇒ jet + /E

* The associated productions for SPS7 and 8 
studied  by Klasen and Pignor (2007) 

Friday 6 May 2011



Associated gravitino productions with a gluino

17

KM, Takaesu [1101.1289]
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Associated gravitino productions with a gluino

• The cross sections of all the 
subprocesses scale with (m3/2)-2.

➡ The lighter gravitinos enhance the 
monojet signals, which can be 
interpreted as the direct lower bound 
for the gravitino mass.
(Note that the dijet signals produced 
through gluino-pair productions do not 
depend on the gravitino mass.)

17
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the heavier squark exchange increases 
the cross section because
                   .

➡ The cross section of the qqbar channel 
can be larger than that of the gg channel 
even for the LHC.

17

g
G̃qq̃

∝ m2
q̃

KM, Takaesu [1101.1289]
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Associated gravitino productions with a squark

• Similar to the gluino 
productions, the heavy 
gluino increases the cross 
section.

18

KM, Takaesu [1101.1289]
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2.1 Neutralino NLSP (mono-photon)

e+e− → χ̃0
1G̃→ γχ̃0

1χ̃
0
1 ⇒ γ + /E

Fayet (1986)
Lopez, Nanopoulos, Zichichi (1996)
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Helicity amplitudes

20

• The overall angular dependence is dictated by the J=1 d-function as 

• The t- and u-amplitudes become dominant as the selectron mass increases.

• The cross sections for λ3=λ4 are very small.

KM, Oexl,Takaesu
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Total cross sections (the collision energy)

21

• The initial-helicity (λ) 
dependent cross section

• The cross section scales with 
(m3/2)-2.

• The threshold excitation is 
σ～β4.

• The ratio of the polarized and 
unpolarized cross sections is 
roughly given by
 

→ neutralino mixing

Friday 6 May 2011



Total cross sections (the neutralino mass)

22

• The cross sections are 
strongly suppressed as 
the neutralino mass is 
approaching the collider 
energy.

• The cross sections are 
quite sensitive to the 
selectron masses, even 
if the collider energy 
cannot reach them.
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Angular distributions

23

• Not only the 
cross section but 
also the angular 
distribution is 
sensitive to the 
selectron masses.
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Single-photon + missing  energy

• The kinematical cuts:

                                           (19)                                            (20)

• The cross section with beam polarizations:

• With beam polarizations, the signal is enhanced, while the background 
coming from the t-channel W-exchange can be reduced. 

24
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Mono-photon distributions (energy)

• The neutralino decays 
into a photon and a 
gravitino is isotropic in 
the neutralino rest frame.

• The range of the energy is

 → neutralino mass

25

m2
χ̃

2
√

s
< Eγ <

√
s

2
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Mono-photon distributions
(angle)

• When β→1, the 
original neutralino 
directions can 
survive.
→ selectron mass

26

Friday 6 May 2011



2. 1 Neutralino NLSP (mono-photon)

• Single photon + missing energy at LEP

‣ The cross section proportional to (m3/2)-2.

27

EPJC38(2005)395
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2.2 Neutralino NLSP (di-photon)

28

Hagiwara, KM, Takaesu
arXiv:1010.4255

Ambrosanio, Kane, Kribs,
Martin, Mrenna, PRD(1996)

• Two-photon + missing energy at LEP
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2.2 Neutralino NLSP (di-photon)

• Two-photon + missing energy at LEP

29

Hagiwara, KM, Takaesu
arXiv:1010.4255

EPJC38(2005)395
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2.2 Neutralino NLSP (di-photon)

• Two-photon + missing energy at LEP

‣ The cross section does not depend on m3/2.

30

EPJC38(2005)395
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2.3 Neutralino NLSP (di-photon) at LHC

31
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2.3 Neutralino NLSP (di-photon) at LHC
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3.1 Selectron NLSP (mono-electron)

e−γ → ẽ−RG̃→ e−G̃G̃⇒ e− + /E
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Total cross sections
with P(hoton)DF

34
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Single-electron + missing  energy

35
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Mono-electron distributions (angle)

36
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4. Stau NLSP

• Radiative stau decays to study the spin-3/2 nature 
of the gravitino
                             vs.

• Photon polarization by means of Stokes 
parameters

• The photon density matrix

Buchmuller, Hamaguchi,
Ratz, Yanagida, PLB(2004)

37
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* Generated by MG/ME with gravitinos.
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spin-3/2 vs. spin-1/2
• cosθ>0: the photon   

bremsstrahlung is dominant, 
and only 1/2 helicities of the 
gravitino are allowed.

• cosθ<0: the neutralino 
propagating amplitudes and 
the 4-point interaction 
amplitude become important.

• cosθ~-1: The left-handed 
photon is only allowed for 
spin-3/2 LSP, i.e. gravitino.

39

P3: the right-left asymmetry 
of circular polarizations;
  P3=1:  right-handed
  P3=-1: left-handed

Hagiwara, KM, Takaesu
arXiv:1010.4255
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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 when 
it is the LSP. The phenomenology really depends on what is the NLSP.

• We (Hagiwara, KM, Takaesu [1010.4255], KM, Takaesu [1101.1289])

- added new HELAS fortran subroutines to calculate helicity amplitudes 
with massive gravitinos/goldstinos.

- coded them in such a way that arbitrary amplitudes with external 
gravitinos/goldstinos can be generated automatically by MadGraph.
(Our implementation was officially supported by MG/MEv4.5, and will be available in 
MG5 soon.)

- tested our codes carefully by using the goldstino equivalence theorem 
as well as the gauge invariance.

• We just started to enjoy “gravitino phenomenology at the LHC” !

40
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back-up
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Wavefunction of
a spin-3/2 particle

• Rarita-Schwinger 
wavefunction

• expressed by using the 
vector boson 
wavefunctions and the 
spinor wavefunctions:

42
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HELAS

• HELicity Amplitude Subroutines

- by H. Murayama, I. Watanabe, K. Hagiwara (1992)

- a set of FORTRAN77 subroutines which enable us 
to compute the helicity amplitudes of an arbitrary 
tree-level Feynman diagram with a simple 
sequence of CALL SUBROUTINE statements.

• e.g., stau_R- > tau- + gravitino

43

iMσ1σ2 = ig ū(p1,σ1) PLγµγν ψµ(p2,σ2) kν
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➡ Reliable tools to 
generate amplitudes 
and to calculate them
automatically are 
needed!
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HELAS

• HELicity Amplitude Subroutine

• e.g., stau1- > tau- + gravitino

46
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MadGraph/MadEvent
• A software that allows you to generate amplitudes and events for any 

process in any model.

- MG by T. Stelzer and W.F. Long (1994)

- ME by F. Maltoni and T. Stelzer (2003)

• Put your process, e.g., p p > go gro (proton+proton > gluino+gravitino)
  ./bin/newprocess

• MG automatically draws all possible Feynman diagrams and writes 
corresponding HELAS codes.

• Set your parameters, e.g., masses, couplings, collider energy, kinematical 
cuts, ...
  ./bin/generate_events

• ME gives you cross sections and distributions. 

47
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