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EIC@JLab Detector Overview

Full Acceptance 

Full Particle ID 
High resolution tracking in 3 Tesla field, 1m radial volume 

Endcap Hadronic Calorimetry 

Small angle dipole 

GEMC simulation framework:  Options for 
GEANT4 

Fast Monte-Carlo 

But, no Analysis framework in place for EIC yet
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Hadron ID
e-EndCap:    180°–32° < θ < 179° 

pi/K/p up to ~10 GeV/c (e-beam limit) 

Aerogel RICH + TOF 

Barrel     23° < θ < 148° 

pi/K/p up to ~6 GeV/c  

DIRC (1 mrad)  
+ TOF(<50ps) 

i-EndCap   3° < θ < 23° 

pi/K/p up to ~50 GeV/c 

TOF + Dual (Aerogel+CF4) RICH



Lepton ID
e-EndCap:    180°–32° < θ < 179° 

e/pi:   EMCal + Hadron-Blind (Cerenkov) 

Transition Radiation option 

Barrel     23° < θ < 148° 

e/pi:   

EMCal 

DIRC  (0.5<p<1 GeV) 

TRad? 

i-EndCap   3° < θ < 23° 

e/pi:   EMCal (+TRad?) 

mu/pi:  HCal (muon tracker needed?)



LHCb:  PID
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Fig. 1 Side view of the LHCb spectrometer, with the two RICH detectors indicated

describes the performance of the RICH system and also its
alignment and calibration using data. Many LHCb results
have already fully exploited the RICH capabilities [2–5].

The paper is structured as follows: the requirements for
particle identification are discussed in Sect. 1, and a brief
description of the RICH detectors is given in Sect. 2. The
alignment and calibration of the detectors are described in
Sect. 3. Section 4 gives an overview of the software used in
the RICH reconstruction, particle identification and detector
performance, followed in Sect. 5 by the conclusions.

1.1 Requirements for particle identification

The primary role of the RICH system is the identification of
charged hadrons (π , K, p).

One of the major requirements for charged hadron identi-
fication in a flavour-physics experiment is for the reduction
of combinatorial background. Many of the interesting de-
cay modes of b- and c-flavoured hadrons involve hadronic
multibody final states. At hadron colliders like the LHC, the
most abundant produced charged particle is the pion. The
heavy flavour decays of interest typically contain a number
of kaons, pions and protons. It is therefore important in re-
constructing the invariant mass of the decaying particle to
be able to select the charged hadrons of interest in order to
reduce the combinatorial background.

The second major use of the particle identification in-
formation is to distinguish final states of otherwise identi-
cal topology. An example is the two-body hadronic decays,
B → h+h−, where h indicates a charged hadron [6]. In this
case there are many contributions, as illustrated in Fig. 2, in-
cluding B0 → π+π−, B0

s → K+K−, and other decay modes

of the B0, B0
s and "b. A signal extracted using only kine-

matic and vertex-related cuts is a sum over all of the decay
modes of this type (Fig. 2 left), each of which will generally
have a different CP asymmetry. For a precise study of CP-
violating effects, it is crucial to separate the various compo-
nents. This is achieved by exploiting the high efficiency of
the RICH particle identification (Fig. 2 right).

Another application of charged hadron identification is
for an efficient flavour tagging [7]. When studying CP
asymmetries or particle-antiparticle oscillations, knowledge
of the production state of the heavy-flavoured particles
is required. This can be achieved by tagging the parti-
cle/antiparticle state of the accompanying hadron. Heavy-
flavoured particles are predominantly produced in pairs. One
of the most powerful means of tagging the production state
is by identifying charged kaons produced in the b → c → s

cascade decay of the associated particle. Such tagged kaons
(as well as kaons from the b fragmentation when a B0

s is
created), have a soft momentum distribution, with a mean of
about 10 GeV/c. Particle identification down to a few GeV/c
can therefore significantly increase the tagging power of the
experiment.

The typical momentum of the decay products in two-
body b decays is about 50 GeV/c. The requirement of main-
taining a high efficiency for the reconstruction of these de-
cays leads to the need for particle identification up to at least
100 GeV/c. The lower momentum limit of about 2 GeV/c
follows from the need to identify decay products from high
multiplicity B decays and also from the fact that particles
below this momentum will not pass through the dipole mag-
netic field (4 Tm) of the LHCb spectrometer.
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Fig. 17 Kaon identification efficiency and pion misidentification rate
measured on data as a function of track momentum. Two different
! log L(K − π) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 18 Kaon identification efficiency and pion misidentification rate
measured using simulated events as a function of track momentum.
Two different ! log L(K − π) requirements have been imposed on the
samples, resulting in the open and filled marker distributions, respec-
tively

Fig. 19 Proton identification efficiency and pion misidentification rate
measured on data as a function of track momentum. Two different
! log L(p − π) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 20 Proton identification efficiency and kaon misidentification rate
measured on data as a function of track momentum. Two different
! log L(p − K) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 21 Pion misidentification fraction versus kaon identification efficiency as measured in 7 TeV LHCb collisions: (a) as a function of track
multiplicity, and (b) as a function of the number of reconstructed primary vertices. The efficiencies are averaged over all particle momenta

Open symbols: 
High Efficiency, low purity 

Solid symbols: 
Low Efficiency, High purity



Particle Fluxes

0<θ < 40°

40<θ < 90°90<θ < 140°

140<θ < 165°



Short-Term Goals

Apply GEMC acceptance to Open Charm 
events  

Focus on xB > 0.05 

Develop Fast Monte-Carlo parameterizations 
of Tracking Resolution, PID, Acceptance


