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Where to look for long-lived particles?

Gligorov et al 1708.09395

Chou et al 1606.06298

Bauer, OB, Lee, Ohm 1909.13022

ANUBIS

Feng, et al 1710.09387

•weakly coupled light 

particles with high 

statistics 

•along the beam axis

•LLPs from the decays 

of heavy states (e.g. 

the Higgs) 

•at large angle, off axis
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ANUBIS: idea

cranes can support up to 270 t

• Existing geometry allows for 

minimal civil engineering costs

• Projective decay volume 

optimises acceptance for 

different lifetimes

• Can be conveniently 

combined with ATLAS

3

IP

18 m



ANUBIS DETECTOR INITIAL PROPOSAL
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IP

18 m



Standard (conservative) 

scenario

Extended scenario1 ring scenario



PERFORMANCE OF THE ATLAS MUON SYSTEM
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ANUBIS layout comparison

extended 

vs. standard

https://arxiv.org/pdf/1909.13022.pdf

1 ring vs. 

standard 

▪ For a given decay 

volume length

○ More solid angle if 

closer to the IP

○ Number of decays  

higher if closer to 

the IP (for shorter 

decay lengths)

https://arxiv.org/pdf/1909.13022.pdf


DETECTOR REQUIREMENTS

 LOW COST PER UNIT SURFACE

 EFFICIENT, HERMETIC & TIME RESOLVED

 GOOD 2D TRACKING ABILITY

 MULTI-HIT RESOLUTION

  TIME OF FLIGHT CAPABILITY

 PRE-SHOWER LAYERS EMBEDDED

 ACTIVE: CLOSE BY EXPERIMENTS INTEGRATING DAQ WITH THE HOST

 HL-LHC LITTLE RESIDUAL TIME FOR DESIGN AND CONSTRUCTION
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 LOW UNIT COST

 HIGHER TIME RESOLUTION

 HIGH EFFICIENCY WITH

THIN GAS GAPS

 HIGH PERFORMANCE

LOW COST, EASY TO READOUT

 CAN BE COMBINED IN

SANDWICH WITH HIGH Z LAYERS FOR PARTICLE ID

Turn key solution 

new generation RPCs 

designed for HL-LHC 

and construction can 

start in time

This applies also to 

CODEX-B which is 

preparing a large 

demonstrator using 

the same technology

(See Vladimir talk)

WHY ATLAS RPCs?



GAS GAP VS. ELECTRONICS

ATLAS FENew design FE with Si transistor

New design FE with Si-Ge transistor

THINNER GAS GAP

•  HIGHER E FIELD  HIGHER CHARGE DENSITY

•  SAME SATURATION WITH LESS CHARGE

•  FASTER PEAKING TIME
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Duration about 3 ns

Duration about 1.7 ns

Duration about 1.0 ns

2mm

1mm

0,5mm

HIGHER ELECTRONICS PERFORMANCE

• CAN EXPLOIT THINNER GAS GAP SMALL & FAST SIGNALS

• CAN WORK AT LOWER GAS GAIN

• COMPATIBLE WITH ECO-FRIENDLY GASES

BIS7 RPC case

Legacy RPC case

R&D RPC case



SINGLET STRUCTURE
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STATE OF THE ART PERFORMANCE WITH 1 MM GAS GAP  
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Efficiency curve all over the singlet surface
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CUTTING COSTS AND SIMPLIFY LAYOUT: DIGITIZATION INSIDE
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∆𝑥1 = Τ𝑣 2∆𝑡 ≈ 1cm

See “5D tracking concept” in RPC2016



INITIAL DETECTOR DESIGN PROPOSAL

STATION STRUCTURE
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Take home message: 

• gamma discrimination is 

possible! 

• Montecarlo studies needed

RPC DISCHARGE CELLS ARE ~0.1X0.1MM^2 SMALL











CONCLUSIONS
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▪ ANUBIS COMBINED WITH ATLAS HAS A COMPETITIVE LLP SEARCH POTENTIAL

▪ NEW GENERATION RPCS IS A PROMISING TECHNOLOGY TO BUILT THE DETECTOR

▪ A TECHNICAL COLLABORATION WITH ATLAS RPC UPGRADE STARTED
▪ PROTOTYPES CAN BE READILY INSTALLED BY CLONING ATLAS PHASE-1 

CHAMBERS

▪ BASE TECHNOLOGY FOR THE FINAL DETECTOR CAN BE TAKEN FROM THE ATLAS 
PHASE-2 CHAMBERS

▪ SPECIFIC LAYOUT FOR ANUBIS TO BE DEFINED BASING ON FINAL PERFORMANCE

REQUIREMENTS

▪ ONE OF THE MAIN DIFFICULTIES IS TO ORGANIZE SUCH A BIG PRODUCTION IN
TIME

▪ OTHER LLP SEARCH EXPERIMENTS ARE BASED ON THE SAME TECHNOLOGY

▪ CERN SHOULD CREATE A LOCAL POOL FOR RPC BASED DETECTOR
CONSTRUCTION


