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Let There Be Light…Neutralinos

• Typically, robust mass bounds on SUSY spectrum:
 

• One interesting exception:  
Bino-like lightest neutralino   -> can evade all collider mass limits! 
 
Cosmology:  
Dark matter bounds would imply: 

 -> unstable  can escape this too!

𝒪 (few 100 GeV) − 𝒪 (few TeV)
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[arXiv:0707.1425]



RPV-SUSY in (Very) Short
• Minimal SUSY superpotential: 

                                              
 
 

• RPV usually put to 0 in MSSM to protect proton!  
But not necessary! Can protect proton in other ways. 

• RPV is equally well-motivated and changes SUSY pheno drastically! 
 
->Most interesting for us, LSP no longer stable:  can be very light, and long-lived! 

WMSSM + WBNV + WLNV

χ̃0
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WBNV =
1
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λ′ ′ ijkŪiD̄jD̄k WLNV =
1
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λijkLiLjĒk + λ′ ijkLiQjD̄k + κiHuLi -> RPV terms

M



Light(-est ) means Photons!χ̃0
1

• The typical  in RPV decays at tree-level: 
 
LQD: e.g.,   
LLE: e.g.,   

• But, if very light, kinematics/dynamic suppression may  
only allow loop-level mode:   
 
 

χ̃0
1

χ̃0
1 → M+ + l−

χ̃0
1 → l+ + l− + ν

χ̃0
1 → γ + ν

∼ M5
χ̃

∼ M3
χ̃

[arXiv:2008.07539]

[arXiv:0812.1594]



Single Photons at FASER
• Production of Neutralino in light meson decays 

• Light, long-lived -> boosted  in  
far-forward region -> FASER, FASER2 ideal

γ

• Single photon signature: 
 
-> See as energy deposit in EM calorimeter: Pre-shower station helps identify 
photon 
-> BG1:  Bremsstrahlung - FASER muon veto 
-> BG2:  cc interactions in detector producing  - with  charged tracks 

μ
ν γ ∼ 𝒪 (10)

[arXiv:2011.04751] & 
thanks to Felix 

Kling!

-> can reject BG with 
high efficiency!!



Simulation with FORESEE

• Forward spectra of SM mesons available at hand 

• Light mesons decay according to  

• Light particles inherit in forward direction: Contains momentum & angular 
distribution of produced Neutralinos 

• Simulate Neutralino decay via model-(in)dependent decay lengths 

• Adjust the detector geometry, the search type & cuts fitting for FASER and FASER2:

Nprod
Mχ̃0

1
= NMτMΓ(M(*)

jk → χ̃0
1 + li)

[arXiv:2105.07077] & 
thanks to Felix Kling and 
Sebastian Trojanowski!



Benchmark Scenarios

• Scenarios can probe different couplings and mass regions 

• Assume RPV coupling for both production and decay 

• FASER can explore open parameter space for RPV-SUSY

2

Scenario M�̃0
1

Production
⇣
�P
ijk

⌘
Decay

�
�D
ijj

�
Current Constraints

B1 30MeV �0
211

�
M = ⇡±,⇡0

�
�0
333 �0

211 < 0.59
⇣

md̃R
1TeV

⌘
,�0

333 < 1.04

B2 200MeV �0
112

⇣
M = K±,K0

L/S

⌘
�322 �0

112 < 0.21
� ms̃R
1TeV

�
,�322 < 0.7

� mµ̃R
1TeV

�

B3 500MeV �0
222

�
M = D±

S

�
�0
222 �0

222 < 1.12

TABLE I: Benchmark scenarios considered in this report. The neutralino is produced through the
rare decay of the meson M via the coupling �P

ijk: M ! �̃0
1 + li (⌫i). The neutralino decay is as in

Eq. (2) via the coupling �D
ijj . On the right we list the current best bounds on the couplings, see

for example [? ].

typically travel a macroscopic distance in the far-forward region before decaying [? ]. Thus FASER
and FASER2 are ideal candidates for probing these models.1

We now briefly discuss the relevant backgrounds for the single photon signature.2 We follow the
arguments made in Ref. [? ], where the same signature has been studied in a di↵erent context. At
FASER, the single photon would be detected as a high-energy deposit in the electromagnetic (EM)
calorimeter. Other objects may also cause such deposits — for instance, neutrinos that interact
deep inside the calorimeter via charged current interactions. In order to di↵erentiate the photon
signal, there will be a pre-shower station in front of the calorimeter, which first converts the photon,
thereby identifying it.

With single photon events identified, there can still be some background caused by Standard
Model particles capable of traversing the O (100m) of rock in front of FASER: muons and neutrinos.
The former can radiate energetic photons through Bremsstrahlung. However, such muon-associated
events can be rejected with very high e�ciency using the veto system in front of FASER [? ].
Neutrinos can also produce energetic photons (among other particles) through their interactions
in the detector. However, typically such processes produce O (10) charged tracks leading to a high
probability that some of these would be visible in the tracker, allowing an e�cient veto. Thus, we
expect negligible background and for the purposes of this study, we will neglect it completely. A
more reliable estimate would require a detailed detector simulation.

1 For rare events, the accompanying neutrino will typically not be detected, even at FASER2.
2 We thank Felix Kling for clarifying comments on this subject.



π±, π0 → χ̃0
1 + X

• Can probe very light Neutralinos 

• Production:  (LQD 211) 

• Decay:  (LQD 333)

λ′ 211

λ′ 333



K±, K0
L/S → χ̃0

1 + X

• Probe existing constraints for wide mass 
range 

• Production:  (LQD 112) 

• Decay:  (LLE 322)

λ′ 112

λ322



D±
s → χ̃0

1 + μ±

• Neutralino can be produced and 
decay via same coupling 

• Production/Decay:  (LQD 222)λ′ 222



• RPV SUSY models provide a possibility of a light neutralino 
can be searched in Far Forward Detectors 

• New search via radiative decay:  

• FASER can already exceed current (collider) bounds on RPV SUSY 

• FASER2 can probe even a wider range of parameter space for a variety of models

γ + ν

Conclusion & Outlook


