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The LHCb detector
• Originally designed for 𝑏, 𝑐 physics

• Now developed as a general-purpose experiment
• Arising interests on long-lived particles

• Λ EDM, MDM;  BSM particle searches…

• A good-performance track reco. using downstream 
trackers becomes crucial 2

Single-arm & forward spectrometer

JINST 3 (2008) S08005     Int.J.Mod.Phys.A 30 (2015) 07, 1530022

Good tracking/PID/trigger performance for 
particles originating around collision point

Example: arXiv 2101.00928



LHCb track categories
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RICH1

Magnet

RICH2

Long & Downstream track: 

Most widely used for physics analysis

Good spatial & momentum resolution:
Enough hits from 3(2) trackers

Pass central region of 𝐵 field

Cherenkov-based PID info for BKG 
subtraction

• T-track: essential input for long-lifetime particle studies

• Poor track momentum resolution

•
𝛿𝑝

𝑝
= 10~30 % (Long-track @ 1% level)

• No PID information in default LHCb algorithm

BSM particles decaying after TT;  Λ decaying after magnet (EDM, MDM effect visible)

T-stations

How to improve ? 
(Menu of today)

[LHCb unofficial]



RICH information for T-track 
momentum reconstruction
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By Mengzhen Wang et. al.



Motivation
• Cherenkov-based PID:

• Velocity measurement:  𝛽 =
1

𝑛 cos𝜃𝐶

• Momentum from tracking system
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𝜃𝐶: Cherenkov angle

Estimation of mass (PID)
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𝜃𝐶: Cherenkov angle

Estimation of mass (PID)

Exchange the input & output ?



Motivation
• Cherenkov-based PID:

• Velocity measurement:  𝛽 =
1

𝑛 cos𝜃𝐶

• A pre-assigned mass hypothesis

• Resolution using this approach ?
• 𝛿𝜃𝐶~0.7 mrad for RICH2 
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𝜃𝐶: Cherenkov angle

Estimation of momentum

Int.J.Mod.Phys.A 30 (2015) 07, 1530022

𝛿𝑝/𝑝 =
𝑛𝛽2𝐸3

𝑝𝑚2
sin𝜃𝐶𝛿𝜃 T-track 

𝛿𝑝

𝑝
~20%

RICH2 competitive for: 
pions with 𝒑~𝟏𝟎GeV
Protons with 𝒑~𝟔𝟎GeV

𝛿𝑝/𝑝 =
𝑛𝛽2𝐸3

𝑝𝑚2 sin𝜃𝐶𝛿𝜃



LHCb RICH reconstruction
• Basic idea:

• Cannot naively obtain the 𝜃𝐶 value associated with each 
track, only global reconstruction & fits available

Tracks in the event
(kinematic info)

Detector geometryPID hypotheses 
associated with tracks

Expected response of 
each RICH sensor

Detected response of 
each RICH sensor

Poisson likelihood for 
each sensor (combined 
to get a global likelihood)

8



LHCb RICH reconstruction
• The default PID assignment procedure

• Float the PID hypotheses and find out the one resulting 
in the best global RICH likelihood

Tracks in the event
(kinematic info)

Detector geometryPID hypotheses 
associated with tracks

Expected response of 
each RICH sensor

Detected response of 
each RICH sensor

Poisson likelihood for 
each sensor (combined 
to get a global likelihood)

from tracking system, fixed fixedFloat

Iteration to get maximized Likelihood 
(best global PID hypotheses, based on 
which DLL of each particle is assigned)
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What we can do ? (W.I.P.) 
• Scan the momentum value for tracks we have 

interest (T-tracks tagged as LLP decaying products)

Tracks in the event
(kinematic info)

Detector geometryPID hypotheses 
associated with tracks

Expected response of 
each RICH sensor

Detected response of 
each RICH sensor

Poisson likelihood for 
each sensor (combined 
to get a global likelihood)

fixedFloatfrom tracking system, fixed

𝑝 = 𝑝𝑟𝑒𝑐 for most tracks; 𝑝 = 𝑝𝑟𝑒𝑐 ± 𝑖𝜎 for interesting tracks. Scan N points

Iteration to get maximized Likelihood 
for N points of track momentum
Get corresponding global LL & track DLL Take the momentum resulting in best (D)LL ?
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A simplified feasibility study
• MC sample: Run3, Λ𝑐

+ → 𝑝𝐾𝜋−, all raw banks persisted 
(XDIGI)

Tracks in the event
(kinematic info)

Detector geometryPID hypotheses 
associated with tracks

Expected response of 
each RICH sensor

Detected response of 
each RICH sensor

Poisson likelihood for 
each sensor (combined 
to get a global likelihood)

For most tracks, use reconstructed values
2 setting for Λ𝑐

+ decay products
a). Use true Ԧ𝑝;  b). Ԧ𝑝 × 1 + 0.2G , G: standard Gaussian

For a) and b), run separately rich reconstruction algorithm (run3), obtain global rich LL for 
each event, and DLL variables for Λ𝑐

+ decay products. Compare a) and b) distributions

Very simplified version, with many differences w.r.t. our target: based on long 
tracks; make use of both RICH1+2 info; et. al.
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Some impact on ΔLL variables
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• Proton sample:
Distributions when using settings 𝑎) or 𝑏) Variation when changing from 𝑏) to 𝑎)

LHCb unofficial

The true momentum is more likely to result in a larger PID𝑝 variable

PID𝑝 ≡ LLRICH, global 𝑝 hypo − LLRICH, global 𝜋 hypo



Some impact on ΔLL variables
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• Kaon sample:
Distributions when using settings 𝑎) or 𝑏) Variation when changing from 𝑏) to 𝑎)

LHCb unofficial

The true momentum is more likely to result in a larger PID𝐾 variable

PID𝐾 ≡ LLRICH, global 𝐾 hypo − LLRICH, global 𝜋 hypo



Some impact on ΔLL variables
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• Pion sample:
Distributions when using settings 𝑎) or 𝑏) Variation when changing from 𝑏) to 𝑎)

LHCb unofficial

The true momentum is more likely to result in a smaller PID𝐾 variable

PID𝐾 ≡ LLRICH, global 𝐾 hypo − LLRICH, global 𝜋 hypo



Activate T-track PID 
variables
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By Izaac Sanderswood et. al.



PID on T-tracks
• Most T-tracks can also pass 

through RICH2 detector 
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RICH2 is close to T-station

Run3
𝑝，𝜋 (T-track)

• W.I.P. to enable RICH+Calo+Muon joint PID 
information for T-track prototype particles

[LHCb unofficial]



Summary
• Importance of T-tracks is arising for

• Enable an efficient reconstruction on particles with flying 
distance ~𝟕 meters

• Long-lived BSM searches; 𝚲 EDM, MDM measurement

• Efforts are ongoing to improve T-track performance
• Use RICH2 likelihood information to improve T-track 

momentum resolution
• A simplified feasibility study performed

• Variation of  𝑝 hypothesis do impact Rich likelihood

• Next step: Implement the momentum scan and test the 
performance

• Activate PID information on T-tracks
• Preliminary draft ready for Run3 operation

• Feasibility of implementing on Run1-2 under study 17

Stay tuned !



Thank you for your attention !
Any questions or comments ?
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Back up
• Possibility of using RICH2 info as additional input 

for improved precision ? 
LHCb-DP-2014-002

LHCb-DP-2008-001

8 GeV pion 10 GeV pion 12 GeV pion 16 GeV pion 20 GeV pion 24 GeV pion

26.4 mrad 28.4 mrad 29.4 mrad 30.4 mrad 30.8 mrad 31.1 mrad

RICH2 info is promising to help improve T-track momentum resolution, at least in 
some kinematic regions (above RICH threshold but not too high)
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Δ𝑝~20%, Δ𝜃𝐶~1mrad Δ𝑝~20%, Δ𝜃𝐶~0.4 mrad

Δ𝜃𝐶~0.7mrad using RICH2 ?



Back up

• cos𝜃𝐶 =
1

𝑛𝛽
; 𝛽 =

𝑝

𝑝2+𝑚2

• 𝛿𝜃 sin𝜃𝐶 =
1

𝑛𝛽2
𝛿𝛽;  𝛿𝛽 =

𝛿𝑝

𝐸
−

𝑝2𝛿𝑝

𝐸3
=

𝑚2

𝐸3
𝛿𝑝

• 𝛿𝜃 sin𝜃𝐶 =
1

𝑛𝛽2
𝑚2

𝐸3
𝛿𝑝

• 𝛿𝑝 =
𝑛𝛽2𝐸3

𝑚2 sin𝜃𝐶𝛿𝜃
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No significant variation in Global 
RICH likelihood value
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Distributions when using settings 𝑎) or 𝑏) Variation when changing from 𝑎) to 𝑏)

LHCb unofficial
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From Giorgia’s talk
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https://twiki.cern.ch/twiki/bin/view
/LHCb/RICHPicturesAndFigures


