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Next Steps: proANUBIS

• proANUBIS:  prototype (tracking station element):

• Idea: measure flux in cavern & correlate to ATLAS (Run 3)

1.8 × 1 × 1 m3
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proANUBIS: main frame
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proANUBIS: main frame
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proANUBIS: assembly

@Toby  
#testing 

RPC strip panels
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> 99.5% channels 

pass noise induction test!

proANUBIS: assembly
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proANUBIS: first heartbeat

Finished RPC singlets  
tested last week

@Jon  
#testing  

RPC singlets

Last RPC singlet batch     wired up for tests!



proANUBIS: geometry optimisation

• Tracking and vertexing resolution studies using simulations
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proANUBIS

x 10,000



proANUBIS: geometry optimisation

• Tracking and vertexing resolution studies using simulations
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proANUBIS
2.5 cm

0.
5 

m

Parallel arrangement 
(worst performance)

Offset arrangement 
(best performance)



Location 2022

• Performance goals:

• Commissioning, hit+track efficiency

• Track extrapolation to ATLAS


• Measure tracking efficiency: 



• Identify events with muons  
(triggered by single-  trigger)

• Synchronise ATLAS + proANUBIS


• Physics goals:

• Measure rate of secondaries from 

hadrons interacting with concrete lid

• First handle on probability to see 

hadrons from punch-through jets


ε = μID proANUBIS/μID ATLAS

μ
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proANUBIS 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• Physics goals:

• Reconstruct muons from IP


• Synchronise ATLAS + proANUBIS

• Measure rate of charged hadrons 

from punch-through jets


•  same  as for ?


• also for hadrons from regular jets


• also aligned with  


• Measure rate of  in events w/ 
jets pointing towards proANUBIS

• also for punch-through jets


• Good handle to validate Geant4 
simulations!

→ ϵreco μ

Emiss
T

KL, n
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Next Steps: proANUBIS
• Unique sensitivity to New Physics already for proANUBIS?


• proANUBIS will have a superb resolution on  (velocity) of 0.1%β δβ ≈
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• Probe some uniquely accessible models?


• ATLAS has 


• Charged massive particles with 1 but 
not small enough to be seen by ATLAS

δβ ≈ 2 − 3 %

β ≈

β10 0.5

 (SM LLP)μBSM LLP

Sensitivity  
of ATLAS

Sensitivity of  
proANUBIS Unique 

sensitivity
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Next Steps: proANUBIS
• Unique sensitivity to New Physics already for proANUBIS?


• proANUBIS will have a superb resolution on  (velocity) of 0.1%β δβ ≈
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• Probe some uniquely accessible models?


• ATLAS has 


• Charged massive particles with 1 but 
not small enough to be seen by ATLAS

δβ ≈ 2 − 3 %

β ≈

β10 0.5

 (SM LLP)μBSM LLP

Sensitivity  
of ATLAS

Sensitivity of  
proANUBIS Unique 

sensitivity

Intrigued? 
More details HERE 

we’d love to hear your ideas!→

https://www.hep.phy.cam.ac.uk/~obrandt/anubis/2022_01_29_proANUBIS_BSM_sensitivity.pdf
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ANUBIS: advantages

[1] Recent review: Lee, Ohm, Soffer, Yu, 1810.12602 
[2] Bauer, Heiles, Neubauer, Thamm, 1808.10323

ANUBIS

L
L
P
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• Up to 103 better sensitivity w/r/t current or approved future 
experiments for neutral LLPs at EWK scale with 


• Moderate costs: o(10) MCHF


• Adjacency to ATLAS (and/or CMS):

• ANUBIS can trigger ATLAS (and/or CMS)


• Full picture of the event (unique) 
• Crucial if LLPs produced with SM particles!


• E.g. gauge-med. SUSY, split SUSY, etc. [1]

• E.g. Z+ALPs: , etc. [2]

cτ ≳ 102 m

Z( → ℓℓ)a( → ℓℓ)
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ANUBIS: advantages
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• Up to 103 better sensitivity w/r/t current or approved future 
experiments for neutral LLPs at EWK scale with 


• Moderate costs: o(10) MCHF


• Adjacency to ATLAS (and/or CMS):

• ANUBIS can trigger ATLAS (and/or CMS)


• Full picture of the event (unique) 
• Crucial if LLPs produced with SM particles!


• E.g. gauge-med. SUSY, split SUSY, etc. [1]

• E.g. Z+ALPs: , etc. [2]

cτ ≳ 102 m

Z( → ℓℓ)a( → γγ)

Interested? 
Looking for LLP fans to join  

for proANUBIS commissioning 
for data taking in SX1in 2022 

for 2022 data analysis!



Thank you!
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ANUBIS @Cam:    https://www.hep.phy.cam.ac.uk/ANUBIS    
ANUBIS @CERN:  https://twiki.cern.ch/twiki/bin/view/ANUBIS 

FLF

https://www.hep.phy.cam.ac.uk/ANUBIS
https://twiki.cern.ch/twiki/bin/view/ANUBIS


ANUBIS: sensitivity
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†
H h ! ss, s ! SMSM

ATLAS searched for 
displaced vertices in the 
muon spectrometer.

ATLAS 1811.07370
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Sensitivity study for exotic Higgs decays
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ANUBIS: sensitivity

Sensitivity study for exotic Higgs decays

L = �s
2
H

†
H h ! ss, s ! SMSM

We simulated the signal with 
MadGraph and require the LLP to 
penetrate 1 tracking station

We consider two background 
scenarios:

• optimistic (requiring 4+ events - 

similar to MATHUSLA)

• conservative (requiring 50+ 

events - similar backgr. to ATLAS 
muon spectrometer search)

≥

h

s

s

SM
SM
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ANUBIS: sensitivity

L = �s
2
H

†
H h ! ss, s ! SMSM
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One-ring vs. standard Extended vs. standard
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ANUBIS
50 events

ANUBIS
4 events, 3 ab�1

, 3 ab�1

MATHUSLA

c�
(m
)

c�
(m
)

ATLAS

c� (m)c� (m)

CODEX-b

10x10x10 m
3, 300fb�1

CODEX-b

20x10x10 m
3, 1ab�1

, 36 fb�1

, 3 ab�1200 x 200 x 20 m3 decay volume



ANUBIS: sensitivity

Sensitivity study for Heavy Neutral Leptons (“sterile neutrinos”) 
a) minimal scenario, Seesaw Type-I:

Similar simulation setup:

• Require the LLP to decay within 

fiducial volume

• 3 ab-1 at 14 TeV

• Optimistic scenario considered

• Assume one additional heavy 

lepton, light enough for LHC

22

Hirsch, Wang 2001.04750

mixing with active v heavy neutrinos mixing in active v sector

Similar simulation setup

Fiducial volume



ANUBIS: sensitivity

Sensitivity study for Heavy Neutral Leptons (“sterile neutrinos”) 
a) minimal scenario, Seesaw Type-I:

Similar simulation setup:

• Require the LLP to decay within 

fiducial volume

• 3 ab-1 at 14 TeV

• Optimistic scenario considered

• Assume one additional heavy 

lepton, light enough for LHC

23

Hirsch, Wang 2001.04750

mixing with active v heavy neutrinos mixing in active v sector



ANUBIS: sensitivity
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Hirsch, Wang 2001.04750

mixing with active v heavy neutrinos mixing in active v sector



ANUBIS: sensitivity

Sensitivity study for Heavy Neutral Leptons (“sterile neutrinos”) 
b) minimal left-right symmetric model:


c) gauged U(1)B-L model:

Hirsch, Wang 2001.04750
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+ extra Higgs boson breaking it

b) c)



ANUBIS: sensitivity
Hirsch, Wang 2001.04750
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ANUBIS: sensitivity
de Vries, Reiner, Günther, Wang, Zhou 2010.07035
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ANUBIS: sensitivity
Dreiner, Günther, Wang 2008.07539
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ANUBIS: sensitivity

Sensitivity study for Heavy Neutral Leptons (“sterile neutrinos”) 
b) minimal left-right symmetric model:
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Hirsch, Wang 2001.04750



ANUBIS - other backgrounds
• Background from cosmic ray muons negligible: 

veto using timing and directional requirements


• Non-collision backgrounds negligible: 
ANUBIS is ~orthogonal to the beam line, while non-collision 
backgrounds feature a pronounced boost along the beam line


• Background from thermal neutrons decays negligible: 
too little energy


• Once >2 tracks required for the displaced vertex, any residual 
backgrounds from n, KL are rendered negligible


• Certainly background-free when 2 displaced vertices required: 
- one within ANUBIS for triggering 
- one can be in ANUBIS or anywhere in ATLAS 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Figure 1.     The caverns, access shafts and service tunnels that surrounds the ATLAS experimental 
cavern (UX15). 

 

 
Figure 2.     Cross section of the ATLAS experimental hall UX15, the electronics cavern USA15 and 
the US15 hall. 
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