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1 Introduction
In this note the method and results of the evaluation of the RICH performance in 2011 and 2012
are presented. The identification and misidentification probabilities of kaons, pions and protons
are evaluated as a function of the entrance angle θ of the RICH and the particle momentum.
The same method was already used in the determination of the RICH efficiency for the 2006
data described in Ref. [1]. A description on the calculation of the likelihood values for the
different particles is explained in Ref. [2].
In previous analysis on the RICH particle identification efficiency, ”exclusive” φ mesons were
used. These are φ meson produced in an exclusive reaction. Therefore, only three particles are
detected in the spectrometer. These are the scattered muon and the two kaons from the decay
of the φ meson. Such events do not represent typical events at COMPASS from deep inelastic
scattering where also more than three particles are detected. Therefore, so called ”inclusive”
φ mesons are used for the analysis. These are φ mesons produced in deep inelastic scattering.
Such events contain not only the scattered muon and the decay kaons from the φ meson but
might also contain additional particles.
At high z, problems were found in the separation between kaons and pions using likelihood
values (see talks at the AM [3, 4]). This problem is not correctly taken into account using K0

mesons. Therefore, a first test on using ρ0 mesons instead is performed in order to determine
the correct values for the identification and misidentification probabilities in this kinematic
region.

1.1 Data selection

For the determination of the RICH efficiency, it is necessary to have a source of events where
the true kind of the particle passing the RICH is known. That kind of events is obtained using
two body particle decays, namely the decay of a K0 into two pions (K0 → π+π−), the φ decay
into two kaons (φ → K+K−), the Λ decay into a pion and a proton (Λ → pπ−). In order to
select such events with such decays, deep inelastic scattering events with a scattered muon are
selected. Therefore, the typical cuts are applied to the data:

1. Exclude bad spills

2. Select best primary vertex with incoming and scattered muon 1

3. Check if primary vertex is inside one of the target cells (PaAlgo::InTarget)

4. Extrapolated track of the incoming muon should cross all target cells (PaAlgo::CrossCells)

5. 0.1 ≤ y ≤ 0.9

Different selection criteria have to be used for K0, Λ and φ decays. In the case of K0 mesons
and Λ baryons, the particles decay by the weak force. Therefore, the decay length is long
enough to produce a secondary vertex, which can be separated from the primary one. The
φ mesons decays by the strong force. This results in a very short decay length and it is not
possible to separate the secondary vertex from the primary one.

1Phast.7.136
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1.1.1 K0 and Λ selection

For K0 mesons the decay into π+ and π− with a branching ration of (69.20 ± 0.05)% [5] and
in the case of Λ and Λ̄ baryons the decay into a proton and a pion with an branching ratio of
(63.9± 0.5)% [5] is used. In both decays the reconstruction of the secondary vertex is possible.
The following cuts are applied to select these decays:

1. Selection of good secondary vertex

• Loop over all vertices

• Vertex is not a primary one

• Exactly two oppositely charged outgoing particles

• The tracks should not be connected to any other primary vertex

• Primary and secondary vertex separated by more than 2σ

2. Select good hadron tracks

• Both particles should not have crossed more than 10 radiation length

• Last measured position (ZLast) behind SM1

• Transverse momentum with respect to the mother particle larger than 23 MeV to
suppress electrons

• Check that the decaying particle is connected to the primary vertex (θ ≤ 0.01)

3. Additional cuts

• ph > 1 GeV/c

• Mass difference smaller than 150 MeV/c2 between the K0/Λ mass and the invariant
mass of the two decay hadrons assuming the correct masses

The same cuts except for the mass cuts are used for K0 and Λ candidates. For the selected
candidates, the RICH likelihoods of the two decay particles are stored for further analysis.
During the first selection step, good secondary vertices are selected with only two outgoing
tracks. In order to ensure that the two tracks belong to this secondary vertex, the vertex is
skipped if a track is assumed to originate from a primary vertex. In addition, the primary and
secondary vertex should be separated from one another. Therefore, the distance between both
should be larger than two times the reconstruction accuracy.
During the second selection step, good hadron tracks are selected. In order to suppress tracks
from muons, tracks which have passed a large amount of material are rejected. In addition, only
tracks with a measured momentum are selected. This is ensured by a last measured position
behind the first spectrometer Magnet. In addition, it is ensured that the K0 meson or Λ
baryon is produced in the primary vertex by comparing the angle θ between their momentum
vector and the vector connecting the primary and secondary vertex. Tracks from electrons
are suppressed by removing particles with low transverse momenta with respect to the mother
particle. This is shown in Figure 1. Here, the transverse momentum of a particle is shown as
a function of the ratio of the longitudinal momentum ratio of two particles:

α =
pL,1 − pL,2
pL,1 + pL,2

. (1)
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Figure 1: Armenteros plot showing the effect of the cut on the transverse momentum, which is
illustrated by a red line.

The three visible arcs are produced by the decay of the K0 mesons and the Λ baryons. The
decay of K0 mesons in two particles with the same mass results in the symmetric arc, whereas
the decay of Λ baryons into two particles with different masses result in the two smaller arcs on
the left and right side. The band at the bottom is produced by electrons from pair production.
These are removed by the cut on the transverse momentum. This is also shown in Figure 2 for
the transverse momentum of the particles from decays of K0 meson or Λ baryon candidates.
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Figure 2: Distribution of the transverse momentum for K0 (left) and Λ (right) candidates. The
orange area corresponds to the removed events.

During the third selection step, events, which will not be used in the later analysis, are removed.
Therefore, a minimal momentum of the particle is required and only a mass range of 150 MeV/c2

around the K0 or Λ mass is selected.
The effect of the cuts on the invariant mass of the K0 and Λ candidates is shown in Figure 3
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in the range of their mass. The strongest reduction is achieved by requiring the production of
the K0 meson or Λ baryons at the primary vertex. In addition, also the effect of the Likelihood
cuts for the particle identification, which are applied later one, is shown.
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Figure 3: Invariant mass for K0 (left) and Λ (right) candidates after the application of various cuts.

1.1.2 φ selection

The φ meson decay length is too short to separate the primary and decay vertex. Therefore,
all outgoing particles from a primary vertex are taken into account for the search of possible φ
mesons. The branching ratio of the decay into two kaons is (48.9± 0.5%) [5].

1. Select possible event with φ mesons

• At least 3 outgoing particles (includes scattered muon)

• Loop over all outgoing particles

• Oppositely charged pairs of hadrons (none is a muon)

2. Select good hadron tracks

• Last measured position behind SM1

• Transverse momentum with respect to the mother particle larger than 23 MeV to
suppress electrons

3. Additional cuts

• 9 GeV/c < p < 55 GeV/c

• Mass difference between the φ mass and the invariant mass of the two hadrons
smaller than 120 MeV/c2 assuming the kaon mass

The selection steps are similar the selection of the K0/Λ candidates. In the first step, primary
vertices with oppositely charged hadron pairs are selected. During the second selection step,
only particles with a measured momentum are kept and possible electrons are removed by
removing particles with a too low transverse momentum. During the third step additional
cuts are applied to remove events, which will not be used in the later analysis. The effect
of the various cuts is shown in Figure 4. The selection of φ meson candidates results in a
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large combinatorial background. During the selection the largest suppression is achieved by
the removal of electrons. By also applying the Likelihood cuts to identify the kaons a large
suppression can be achieved.
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Figure 4: Invariant K+K− mass after the application of various cuts. Also the effect of the identifi-
cation of one kaon is shown.

2 RICH Particle Identification
The goal of the selection is a clean pion and kaon sample. Due to the larger amount of pions
compared to kaons stricter selection cuts are imposed for kaons. The identification of these
particles is done using likelihood cuts. Using the likelihood values, the particle identification
is done by comparing these values with one another. In the simplest case, the highest one
determines the particle type. This method is used in the case of pions. In the case of kaons,
stricter likelihood cuts are applied to suppress misidentified pions. These stricter cuts are
an improvement compared to previous COMPASS analysis and are used in the multiplicity
analysis. The likelihood cuts are listed in Table 1. Also less stricter likelihood cuts are used,
which are listed in Table 2. Similar cuts were used in the analysis of the hadron asymmetries
using 2007 data. A further improvement is the inclusion of protons in the RICH particle
identification efficiency determination.
The RICH particle identification efficiency is studied in the momentum range of 10 GeV/c ≤ p ≤
50 GeV/c. In this range, pions and kaons are emitting Cherenkov light, while up to ∼ 17 GeV
protons are still below the threshold of

pthr,i = mi ·
1√

n2 − 1
, (2)

where n is the refractive index. This is shown in Figure 5 where the reconstructed Cherenkov
angle is shown as a function of the hadron momentum. As the momentum range is restricted
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Table 1: Likelihood cuts for pion, kaon and protons.

pion kaon proton

Momentum p > pπ,thr p > pK,thr p ≤ pp,thr p > pp,thr
Likelihood type i π K bg p

LH(i)/LH(π) — > 1.08 > 1.0 > 1.0
LH(i)/LH(K) > 1.0 — > 1.0 > 1.0
LH(i)/LH(p) > 1.0 > 1.00 — —
LH(i)/LH(bg) > 1.0 > 1.24 — > 1.0

Table 2: Less strict likelihood cuts for pion, kaon and protons.

pion kaon proton

Momentum p > pπ,thr p > pK,thr p ≤ pp,thr p > pp,thr
Likelihood type i π K bg p

LH(i)/LH(π) — > 1.00 > 1.0 > 1.0
LH(i)/LH(K) > 1.0 — > 1.0 > 1.0
LH(i)/LH(p) > 1.0 > 1.00 — —
LH(i)/LH(bg) > 1.0 > 1.07 — > 1.0

to momenta larger than 10 GeV/c, no electron rejection can be performed. In this momentum
range the Cherenkov angle for pions and electrons are too close to one another. Muons can
also be not rejected using likelihood cuts as the Cherenkov angle for muon and pion is too
close to one another. But they are identified using cuts on the radiation length passed by a
particle. The identification of pions, kaons and protons above the momentum threshold is done
by comparing the likelihood values with one another. The likelihood cuts for protons require
its likelihood to be the largest one. These cuts are also given in Table 1. Below the momentum
threshold, protons do not emit Cherenkov light. Therefore, the likelihood values are used to
test whether the detected light is consistent with random noise in the detector (background).
In order to avoid possible problems due to the uncertainty on the reconstructed momentum
or the uncertainty of the refractive index of the RICH gas, a region of ±5 GeV/c around the
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Figure 5: Left: Reconstructed Cherenkov angle as a function of the momentum. Right: Comparison
with the calculated Cherenkov angle for each particle type using the refractive index of the RICH gas.
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proton threshold is used, where both hypothesis are applied for proton identification.

3 Method
The particle identification efficiency of the RICH is studied as a function of the hadron phase
space, which is given by the hadron momentum and the polar angle at the entrance of the
RICH. This was already studied before, for example in References [6] and [7]. The binning
used for this study is similar to a previous analysis described in Reference [1]. A fine binning is
used for the momentum dependence since the Cherenkov effect depends on this variable. For
the dependence on the polar angle, a coarse binning is used, since only a weak dependence is
observed. The binning is given by:

• Momentum p (GeV/c) = (10, 11, 12, 13, 15, 17, 19, 22, 25, 27, 30, 35, 40, 50)

• Angle θ (rad) = (0.0, 0.01, 0.04, 0.12, 0.3)

For each bin, the elements of the efficiency matrixMRICH are determined separately for positive
and negative particles. The elements of this matrix contain the probability for a particle i to
be identified as a particle of type j, for example a pion that is correctly identified as pion or
wrongly as a kaon. The full matrix is given by:

MRICH =

 ε(π → π) ε(π → K) ε(π → p) ε(π → noID)
ε(K → π) ε(K → K) ε(K → p) ε(K → noID)
ε(p→ π) ε(p→ K) ε(p→ p) ε(p→ noID)

 (3)

The different elements are determined by ε(i → j) = N(i → j)/N(i) where N(i) is the total
number of particles i and N(i→ j) is the number of particles i, which are identified as particle
j. These numbers are evaluated using samples, where the particle type is known, as in the case
of the selected decays.
In the case of positive pions, the events from the K0 sample are used where the negative hadron
is identified as a pion using the likelihood cuts shown in Table 1. Therefore, the second particle
has to be a pion too, if the decaying particle was a K0. Using the RICH, the particle type is
determined for the second particle, which results in the number N(π+ → j). An equivalent
procedure is used for positive kaons and protons using the φ and Λ samples.
In order to obtain these numbers for the negative particles, the same samples are used but this
time performing the identification of the positive particle in the first place.
The numbers N(i → j) are extracted using a fit, which is described here for the K0 sample,
where the negative pion is already identified. The events are put into five different groups,
depending on the particle type determined by the RICH:

1. All events (RICH not used for second particle)

2. Events where π+ is identified as π+

3. Events where π+ is identified as K+

4. Events where π+ is identified as p

5. Events where π+ is not identified
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Table 3: Functional form for the description of the the mass spectra for K0, φ and Λ candidates. The
symbol G represents a Gaussian distribution and the symbol BW a Breit-Wigner distribution.

sample signal background

K0 δG(µ, σ1) + (1− δ)G(µ, σ2) 1 + ax+ b(2x2 − 1) + c(4x3 − 3x)
φ BW (µ, σ1)⊗G(µ, σ2) (x− t)n · exp(−a(x− t)) with t = 2 ·mK

Λ δG(µ, σ1) + (1− δ)G(µ, σ2) (x− t)n · exp(−a(x− t)) with t = mp +mπ

For each of these groups, the invariant K0 mass spectra are shown in Figure 6, for example,
and the number of events in the peak and the background are determined by a simultaneous fit
of all five spectra. These spectra are described using two Gaussian distributions with the same
mean for the signal, fSig, and a polynomial to describe the background, fBG. Their expressions
are given in Table 3. The two Gaussian distributions account for the different resolutions of
the two spectrometer stages. The fitted function for each of the groups is given by:

f(x) = NSig · fSig +NBG · fBG , (4)

where NSig is the amount of K0 and NBG the amount of background events. Here, the same
width, σ1 and σ2, of the two Gaussian distributions was used for all five spectra. Also the
ratio δ of the amount of events in both Gaussian distributions is the same. The shape of the
background is the same for all spectra except the one where the pion is identified as a proton.
In this case, a possible background contribution due to decays from Λ baryons decaying in a
pion and an proton can be enriched. This results in a slightly different background shape. The
integral of the background remains a independent parameter in all five cases. In order to ensure
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Figure 6: Mass spectra for K0 candidates with an identified π− for various hypothesis for the second
hadron. The momentum of the positive hadron is in the range of (25 GeV/c2 < p < 27 GeV/c2) and
the angle in the range of (0.01 < θ < 0.04).

that the sum of all efficiencies (ε(π+ → π+) + ε(π+ → K+) + ε(π+ → p) + ε(π+ → noID)) is
100%, an additional constraint is introduced to the fit.

Nall(K0) = Nπ(K0) +NK(K0) +Np(K0) +NnoID(K0) , (5)

where N i(K0) (i = π,K, p, noID) is the number of K0 obtained from the histogram where
the pion is identified as i. This results in 16 free parameters of the fit. The same method is
used in the case of kaons and protons. The main difference between those fits and the one for
the K0 sample is the description of the signal and the background. The functions describing
both are also given in Table 3. Again the parameters describing the shape are the same in
all five spectra and the fit parameters describing the integrals of the functions are used as free
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parameters, except for the parameter of the mass spectrum including all events. This results
in 15 free parameters for the fit of the φ sample and in 15 free parameters for the fit of the Λ
sample.
Examples of the fits performed for the φ and Λ samples are shown in Figures 7 and 8. The
fits show the results for one momentum bin (25 GeV/c2 < p < 27 GeV/c2) and angular bin
(0.01 < θ < 0.04), which was also shown for the K0 sample.
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Figure 7: Mass spectra for φ candidates with an identified K− for various hypothesis for the second
hadron. The momentum of the positive hadron is in the range of (25 GeV/c2 < p < 27 GeV/c2) and
the angle in the range of (0.01 < θ < 0.04).
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Figure 8: Mass spectra for Λ candidates with an identified π− for various hypothesis for the second
hadron. The momentum of the positive hadron is in the range of (25 GeV/c2 < p < 27 GeV/c2) and
the angle in the range of (0.01 < θ < 0.04).

4 Calculation of the efficiencies and uncertainties
The elements of the efficiency matrix MRICH are determined from fitted numbers of signal
events,

ε(i→ j) = N(i→ j)/N(i) . (6)
Here, N(i) is given by the sum of all N(i → j). As the nominator and denominator are
correlated, the uncertainty can be determined via error propagation taking into account the
covariance matrix of the fit,

∆ε =

√√√√ m∑
j=1

(
∂ε

∂N(i→ j)

)2

· uj + 2
m−1∑
j=1

m∑
k=j+1

(
∂ε

∂N(i→ j)

∂ε

∂N(i→ k)
· u(j, k)

)
. (7)

Here, uj are the diagonal elements of the covariance matrix, u(j, k) are the off diagonal elements
and ε is one of the elements of the efficiency matrix. The summations are done over all possible
particle types, which are pion, kaon, proton and no identification in this case.
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5 Results
The result for the RICH particle identification efficiency is shown in Figures 9 to 14 for the
various particles and their charges using the stricter likelihood cuts. In each figure, the momen-
tum dependence for the various angular bins are shown. The weak dependence on the angle as
well as the strong dependence on the momentum especially near the threshold is visible.
The RICH performs a correct identification of pions in more than 95% of the cases for momenta
below 30 GeV/c2 and the probability for a misidentification of a pion as a kaon is below ∼ 1%.
For kaons, near the threshold a strong dependence on the momentum is visible. At higher
momenta the correct identification is given in ∼ 95% of the cases. For protons, the momentum
dependence at the threshold is even stronger. Below the threshold, protons are identified
correctly in about 50% of the cases. Above the threshold, the efficiency rises up to ∼ 95%. For
the future analysis of hadron asymmetries, the inverse of the efficiency matrix will be needed.
Similar results are obtained using the less strict likelihood cuts. These results are shown in
Figures 15 to 20. The correct identification of pions below 30 GeV/c2 is performed in more than
95% of the cases. Due to the less strict likelihood cuts the misidentification of pions as kaons
is a little bit larger but still below 3% for momenta below 30 GeV/c2. For larger momenta a
larger fraction is misidentified as kaons, which got no identification in the case of the stricter
likelihood cuts. For kaons and protons similar results are obtained as in the case of the stricter
cuts. The probability for the correct identification of kaons is a little bit lower than in the case
of the stricter cuts but still above 95%.
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Figure 9: Identification probabilities ε(π+ → j) for positive pions. The results for the different θ bins
are slightly shifted to the right to avoid an overlap.
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Figure 10: Identification probabilities ε(π− → j) for negative pions. The results for the different θ
bins are slightly shifted to the right to avoid an overlap.
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Figure 11: Identification probabilities ε(K+ → j) for positive kaons. The results for the different θ
bins are slightly shifted to the right to avoid an overlap.

13



)cp (GeV/
10 20 30 40 50

)π 
→ -

(k∈

0

0.2

0.4

 < 0.01θ0 < 

 < 0.04θ0.01 < 

 < 0.12θ0.04 < 

 < 0.3θ0.12 < 

(a) Pion
)cp (GeV/

10 20 30 40 50

 k
)

→ -
(k∈

0

0.5

1

 < 0.01θ0 < 

 < 0.04θ0.01 < 

 < 0.12θ0.04 < 

 < 0.3θ0.12 < 

(b) Kaon

)cp (GeV/
10 20 30 40 50

 p
)

→ -
(k∈

0

0.2

0.4

 < 0.01θ0 < 

 < 0.04θ0.01 < 

 < 0.12θ0.04 < 

 < 0.3θ0.12 < 

(c) Proton
)cp (GeV/

10 20 30 40 50

 n
oI

D
)

→ -
(k∈

0

0.2

0.4

 < 0.01θ0 < 

 < 0.04θ0.01 < 

 < 0.12θ0.04 < 

 < 0.3θ0.12 < 

(d) No identification

Figure 12: Identification probabilities ε(K− → j) for negative pions. The results for the different θ
bins are slightly shifted to the right to avoid an overlap.
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Figure 13: Identification probabilities ε(p → j) for protons. The results for the different θ bins are
slightly shifted to the right to avoid an overlap.
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Figure 14: Identification probabilities ε(p̄ → j) for antiprotons. The results for the different θ bins
are slightly shifted to the right to avoid an overlap.
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Figure 15: Identification probabilities ε(π+ → j) for positive pions using the 2007 likelihood cuts. The
results for the different θ bins are slightly shifted to the right to avoid an overlap.
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Figure 16: Identification probabilities ε(π− → j) for negative pions using the 2007 likelihood cuts.
The results for the different θ bins are slightly shifted to the right to avoid an overlap.
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Figure 17: Identification probabilities ε(K+ → j) for positive kaons using the 2007 likelihood cuts.
The results for the different θ bins are slightly shifted to the right to avoid an overlap.
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Figure 18: Identification probabilities ε(K− → j) for negative pions using the 2007 likelihood cuts.
The results for the different θ bins are slightly shifted to the right to avoid an overlap.
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Figure 19: Identification probabilities ε(p→ j) for protons using the 2007 likelihood cuts. The results
for the different θ bins are slightly shifted to the right to avoid an overlap.
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Figure 20: Identification probabilities ε(p̄ → j) for antiprotons using the 2007 likelihood cuts. The
results for the different θ bins are slightly shifted to the right to avoid an overlap.
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6 Problems at high z

Marcin Stolarski discovered in a particular kinematic region (35 GeV < p < 40 GeV, z > 0.7)
that non-linearities exist between the likelihood values for kaons and pions (see e.g. Ref. [3,
4]) in the 2006 data. The effect is shown in Figure 21. Instead of the expected separation
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Figure 21: Likelihood for pions as a function of the likelihood for kaons using 2006 data.

between pions and kaons at LHπ = LHk, pions are found at LHπ < LHk. The amount is
larger for high likelihood values. This behaviour was also found in the 2007 and 2011 data
as shown in Figure 22. For the 2006 data, Marcin Stolarski showed that the probability for
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Figure 22: Likelihood for pions as a function of the likelihood for kaons using 2007 data (left) and
2011 data (right).

the misidentification of pions as kaons differs from the value given in the RICH tables in this
kinematic region using the pT spectra (see Ref. [3]). In order to see if the non-linearities are
taken correctly into account in the RICH tables, the likelihood values for pions and kaons are
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compared using the K0 sample for high momenta and high z. This comparison is shown in
Figure 23. It shows that the problematic kinematic region is not covered by the K0 sample
and therefore the RICH tables are not valid in this kinematic region due to the non-linearities.
In order to obtain the correct values for the RICH tables and to cross check the results from
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Figure 23: Likelihood for pions as a function of the likelihood for kaons using the 2011 K0 sample.

Marcin Stolarski, a different sample for pions is needed. This new sample was obtained using
the ρ0 decay into two pions. This sample contains, in contrast to the K0 sample, events at
high momenta and high z, which cover high likelihood values. The sample also shows the same
behaviour as seen before in the SIDIS sample. The correlation between pion and kaon likelihood
values is shown in Figure 24 for the ρ0 sample in the mass range of the ρ0 at high momenta
and high z.

7 PID using ρ0

In order to calculate the RICH tables at high momenta and high z, a sample of ρ0 candidates
decaying into two charged pions is used. The selection is described in the following.

7.1 Data selection

The ρ0 meson decay length is too short to separate the primary and decay vertex. Therefore,
all outgoing particles from a primary vertex are taken into account for the search of possible
ρ0 mesons. This results in a large combinatorial background like in the case of the selection of
φ mesons. branching ratio of the decay into two pions is ∼ 100% [5].

1. Select possible event with ρ0 mesons

• At least 3 outgoing particles (includes scattered muon)
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Figure 24: Likelihood for pions as a function of the likelihood for kaons using the 2006 ρ0 sample.

• Loop over all outgoing particles
• Oppositely charged pairs of hadrons (none is a muon)

2. Select good hadron tracks

• First measured position in front of SM1
• Last measured position behind SM1
• Skip possible muon candidates with last measured positions> 3300 cm orX/X0 > 10

• Transverse momentum with respect to the mother particle larger than 23 MeV to
suppress electrons
• Good reconstructed track with χ2/NDF < 10

3. Additional cuts

• p > 1 GeV/c

• Mass difference between ρ0 mass and the invariant mass of the two hadrons smaller
than 250 MeV/c2 assuming the pion mass
• Invariant mass of the two hadrons smaller than 1.04 MeV/c2 assuming the kaon mass

in order to suppress φ mesons

The selection steps are similar to the selection of the φ candidates. In the first step, primary
vertices with oppositely charged hadron pairs are selected. During the second selection step,
only particles with a measured momentum are kept and possible electrons are removed by re-
moving particles with a low transverse momentum. Also possible muon candidates are removed.
During the third step, additional cuts are applied to remove events, which will not be used in
the later analysis. Similar to the selection of φ meson candidates, also a large combinatorial
background is obtained.

25



7.2 Results

In order to calculate the RICH efficiencies for the identification or misidentification of pions,
the same method as described before is used (see Section 3). The functional forms used to fit
the various mass spectra are the same ones as used in the case of K0 mesons (see Table 3). In
the case of the misidentification of pions as kaons from the ρ0 sample, an additional background
contribution fromK∗ mesons (K∗ → (Kπ)±, BR (99.900±0.009%) [5]) arises, which can appear
as an additional peak in the ρ0 mass spectra and also moves beneath the ρ0 peak (see e.g. grey
line and shifted peak position in Figure 25c). In order to deal with this additional background
contribution, the amount of K∗ mesons in the ρ0 mass range for the case of a misidentification
of the pion as kaon has to be determined. This is done by an additional fit of the invariant πK
mass spectra (see Figure 25f). This mass spectra is obtained using the same events in which
the second pion is misidentified as an kaon (e.g. the ones in Figure 25c) but instead of using
the pion mass, the kaon mass is assigned to the second particle. The fit of the πK mass spectra
is performed before the simultaneous fit of all ππ mass spectra. In the simultaneous fit, an
additional background contribution is added to the functional form of the background in the
case of a misidentification as a kaon. The additional component is given by a Gaussian, which
accounts for the K∗ mesons (grey line in Figure 25c). The result from such a fit is shown in
Figure 25.
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Figure 25: Mass spectra for ρ0 candidates with an identified π+ for various hypothesis for the second
hadron. The momentum of the negative hadron is in the range of (35 GeV/c2 ≤ p < 40 GeV/c2) and
the angle in the range of (0.01 ≤ θ < 0.04).

In a future analysis, the functional shape of the K∗ background beneath the ρ0 peak has to be
improved as it is not given by a simple Gaussian distribution. Also a preliminary version of the
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fit was developed, in which the fit of the ρ0 and K∗ mass spectra is performed simultaneously.
This simultaneous method still needs further improvements of the model in order to be used
and is not shown in this note.
Using the ρ0 sample and the simple model of an additional Gaussian in the background de-
scription, the z dependence of the RICH efficiency is determined using 2006 data. In this test,
only one particular momentum and angular bin was used, which is given by the momentum
range of 35 GeV/c ≤ p < 40 GeV/c and the angular range of 0.01 ≤ θ < 0.04. In this kine-
matic range, the misidentification probability of a pion as a kaon is (3.2 ± 0.2)%, which was
determined using the K0 sample. Using the ρ0 sample, a z dependence of the misidentification
probability was found. These values are listed in Table 4 for positively and negatively charged
pions. The corresponding fits of the ρ0 mass are shown in Figures 26 to 29. The problem with
the additional background contribution can be seen at large z. Here for example, an additional
background contribution arises beneath the K∗ peak, which results in a worse fit. Also a shift
of the position of the peak in the ρ0 mass spectra for identified kaons is visible.

Table 4: Probability for a correct identification of a pion as a pion and the misidentification probabil-
ities as a kaon using the ρ0 sample (35 GeV/c ≤ p < 40 GeV/c, 0.01 ≤ θ < 0.04).

P (π− → π−) P (π+ → π+) P (π− → K−) P (π+ → K+)

0.1 ≤ z < 0.3 (75.4± 1.5)% (71.6± 1.4)% (2.8± 1.5)% (2.4± 1.3)%
0.3 ≤ z < 0.5 (76.6± 0.4)% (73.7± 1.1)% (5.7± 0.4)% (4.7± 0.4)%
0.5 ≤ z < 0.7 (78.4± 0.2)% (74.0± 0.2)% (6.3± 0.1)% (8.6± 0.1)%
0.7 ≤ z < 1.0 (80.4± 0.2)% (76.8± 0.2)% (4.4± 0.1)% (5.6± 0.1)%
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Figure 26: Mass spectra for ρ0 candidates with an identified π+ for various hypothesis for the second
hadron. The momentum of the negative hadron is in the range of (35 GeV/c2 ≤ p < 40 GeV/c2) and
the angle in the range of (0.01 ≤ θ < 0.04). In addition z is restricted to the range of 0.1 ≤ z < 0.3.
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Figure 27: Mass spectra for ρ0 candidates with an identified π+ for various hypothesis for the second
hadron. The momentum of the negative hadron is in the range of (35 GeV/c2 ≤ p < 40 GeV/c2) and
the angle in the range of (0.01 ≤ θ < 0.04). In addition z is restricted to the range of 0.3 ≤ z < 0.5.
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Figure 28: Mass spectra for ρ0 candidates with an identified π+ for various hypothesis for the second
hadron. The momentum of the negative hadron is in the range of (35 GeV/c2 ≤ p < 40 GeV/c2) and
the angle in the range of (0.01 ≤ θ < 0.04). In addition z is restricted to the range of 0.5 ≤ z < 0.7.
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Figure 29: Mass spectra for ρ0 candidates with an identified π+ for various hypothesis for the second
hadron. The momentum of the negative hadron is in the range of (35 GeV/c2 ≤ p < 40 GeV/c2) and
the angle in the range of (0.01 ≤ θ < 0.04). In addition z is restricted to the range of 0.7 ≤ z < 1.0.
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8 Performance of the RICH detector in 2012
In 2012 a DVCS test run was performed, resulting in five weeks of data taking (W44-W48).
The data can be found at /castor/cern.ch/compass/data/2012/oracle_dst. To determine the
RICH efficiency a K0, Λ0/Λ̄0 and Φ0 sample was selected, following the procedure described in
section 1.1. To determine the probability of identify pions, kaons and protons correctly by the
RICH the method of section 3 is applied.
As mentioned before the efficiencies are mostly depending on the momentum and angle of the
particle crossing the fiducial volume of the detector. The probability is plotted as a function
of the momentum (using the binning mentioned in section 3) for each angle interval. Because
of the smaller dataset in 2012 compared to the dataset of 2011 the the last angle bin cannot
be used, so only three bins are left (0.0, 0.01, 0.04, 0.12 rad). Even then there is no sufficient
amount of statistics to determine the efficiencies properly for momenta larger than 27 GeV/c
in the last angle bin.
In the following the probabilities for identifying each particle (pion, kaon, (anti)proton) as a
pion, kaon or proton and the probability that the particle can not be identified as one of these
are shown in comparison to the results of 2011.

8.1 Comparison of the efficiencies of 2011 to 2012

The figures 30, 31 and 32 show the comparison of the identification probability for negative
charged pions for each angle bin. One can see that there is a good agreement for the full
momentum range and each angle bin. Even for the largest angles they agree very well until
particle momenta of 27 GeV/c. For larger momenta there are too few events in 2012 to do a
proper prediction of the probabilities. One can also observe some deviations e.g. at very small
angles (< 0.01 rad) and high particle momenta (> 35 GeV/c). This deviation is caused by a
few events (< 3 events) for which the uncertainties seems to be underestimated.
Also if one compares the probabilities of the identification of a positive charged pion for 2011
and 2012 one observes (see appendix figures 33, 34 and 35) that there is also a very good
agreement.
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Figure 30: Comparison of the probability to identify negatively charged pions with angles between 0.0
and 0.01 rad for 2011 (red) and 2012 (blue).
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Figure 31: Comparison of the probability to identify negatively charged pions with angles between 0.01
and 0.04 rad for 2011 (red) and 2012 (blue).
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Figure 32: Comparison of the probability to identify negatively charged pions with angles between 0.04
and 0.12 rad for 2011 (red) and 2012 (blue).
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The same is true for identifying negatively and positively charged kaons (see figures 36 - 41 in
the appendix), as well as for antiprotons and protons (see figures 42 - 47 in the appendix). The
efficiencies one gets for the 2012 data are showing a very good agreement with the 2011 data
sample. All deviations are caused by single events. Because of the larger errors it is obvious
that the data sample of the kaons and (anti)protons has even less statistics than the one of the
pions.

8.2 Conclusion

In summary the RICH shows a stable performance during all the years. In 2012 the accuracy
of the determinated efficiencies is limited by the small amount of data, but due to the good
agreement within the errors with the 2011 efficiencies, they can also be used for the extraction
of results from the 2012 data.
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A Tables for the RICH efficiency in 2011 using the strict
LH cuts



Table 5: RICH efficiency tables for π+.

range ε(π+ → π+) ε(π+ → k+) ε(π+ → p) ε(π+ → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.9906± 0.0012 0.00241± 0.00066 0.00123± 0.00055 0.00580± 0.00085
11GeV/c2 ≤ p < 12GeV/c2 0.9878± 0.0015 0.00294± 0.00081 0.00202± 0.00064 0.0072± 0.0010
12GeV/c2 ≤ p < 13GeV/c2 0.9884± 0.0014 0.00428± 0.00094 0.00163± 0.00057 0.00571± 0.00095
13GeV/c2 ≤ p < 15GeV/c2 0.9855± 0.0012 0.00539± 0.00079 0.00214± 0.00049 0.00694± 0.00077
15GeV/c2 ≤ p < 17GeV/c2 0.9868± 0.0013 0.00504± 0.00088 0.00186± 0.00053 0.00635± 0.00078
17GeV/c2 ≤ p < 19GeV/c2 0.9894± 0.0013 0.00374± 0.00086 0.00209± 0.00067 0.00482± 0.00074
19GeV/c2 ≤ p < 22GeV/c2 0.9885± 0.0013 0.00388± 0.00076 0.00395± 0.00079 0.00372± 0.00062
22GeV/c2 ≤ p < 25GeV/c2 0.9858± 0.0016 0.00408± 0.00091 0.00416± 0.00097 0.00593± 0.00084
25GeV/c2 ≤ p < 27GeV/c2 0.9857± 0.0020 0.0032± 0.0011 0.0052± 0.0013 0.0059± 0.0011
27GeV/c2 ≤ p < 30GeV/c2 0.9824± 0.0021 0.00360± 0.00097 0.0013± 0.0012 0.0127± 0.0015
30GeV/c2 ≤ p < 35GeV/c2 0.9655± 0.0023 0.00530± 0.00098 0.0030± 0.0012 0.0262± 0.0018
35GeV/c2 ≤ p < 40GeV/c2 0.9225± 0.0041 0.0108± 0.0016 0.0018± 0.0013 0.0649± 0.0036
40GeV/c2 ≤ p < 50GeV/c2 0.8497± 0.0054 0.0099± 0.0016 0.0087± 0.0017 0.1317± 0.0050

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.98832± 0.00042 0.00451± 0.00027 0.00430± 0.00025 0.00286± 0.00020
11GeV/c2 ≤ p < 12GeV/c2 0.98856± 0.00044 0.00509± 0.00031 0.00390± 0.00025 0.00245± 0.00019
12GeV/c2 ≤ p < 13GeV/c2 0.98907± 0.00045 0.00495± 0.00033 0.00340± 0.00025 0.00258± 0.00020
13GeV/c2 ≤ p < 15GeV/c2 0.98918± 0.00035 0.00503± 0.00025 0.00334± 0.00019 0.00244± 0.00015
15GeV/c2 ≤ p < 17GeV/c2 0.98994± 0.00038 0.00441± 0.00027 0.00321± 0.00021 0.00244± 0.00016
17GeV/c2 ≤ p < 19GeV/c2 0.99165± 0.00041 0.00363± 0.00029 0.00285± 0.00023 0.00187± 0.00017
19GeV/c2 ≤ p < 22GeV/c2 0.99159± 0.00041 0.00250± 0.00024 0.00404± 0.00029 0.00187± 0.00014
22GeV/c2 ≤ p < 25GeV/c2 0.99026± 0.00051 0.00225± 0.00028 0.00420± 0.00037 0.00328± 0.00021
25GeV/c2 ≤ p < 27GeV/c2 0.98595± 0.00079 0.00378± 0.00043 0.00366± 0.00052 0.00661± 0.00041
27GeV/c2 ≤ p < 30GeV/c2 0.97266± 0.00090 0.00673± 0.00046 0.00434± 0.00054 0.01626± 0.00058
30GeV/c2 ≤ p < 35GeV/c2 0.9248± 0.0013 0.01589± 0.00062 0.00317± 0.00048 0.0562± 0.0010
35GeV/c2 ≤ p < 40GeV/c2 0.8195± 0.0023 0.0353± 0.0011 0.00214± 0.00067 0.1431± 0.0020
40GeV/c2 ≤ p < 50GeV/c2 0.6866± 0.0029 0.0464± 0.0013 0.00503± 0.00076 0.2619± 0.0027

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.98097± 0.00046 0.00857± 0.00031 0.00658± 0.00027 0.00387± 0.00020
11GeV/c2 ≤ p < 12GeV/c2 0.97872± 0.00056 0.01114± 0.00041 0.00639± 0.00032 0.00375± 0.00022
12GeV/c2 ≤ p < 13GeV/c2 0.97902± 0.00065 0.01041± 0.00047 0.00660± 0.00037 0.00397± 0.00026
13GeV/c2 ≤ p < 15GeV/c2 0.97957± 0.00057 0.00991± 0.00040 0.00647± 0.00033 0.00405± 0.00023
15GeV/c2 ≤ p < 17GeV/c2 0.97997± 0.00076 0.00871± 0.00052 0.00678± 0.00047 0.00454± 0.00032
17GeV/c2 ≤ p < 19GeV/c2 0.9813± 0.0010 0.00840± 0.00069 0.00692± 0.00067 0.00337± 0.00042
19GeV/c2 ≤ p < 22GeV/c2 0.9823± 0.0013 0.00577± 0.00072 0.0092± 0.0010 0.00273± 0.00039
22GeV/c2 ≤ p < 25GeV/c2 0.9808± 0.0021 0.00525± 0.00099 0.0103± 0.0017 0.00371± 0.00074
25GeV/c2 ≤ p < 27GeV/c2 0.9770± 0.0039 0.0055± 0.0017 0.0083± 0.0029 0.0093± 0.0019
27GeV/c2 ≤ p < 30GeV/c2 0.9609± 0.0048 0.0085± 0.0022 0.0075± 0.0034 0.0231± 0.0027
30GeV/c2 ≤ p < 35GeV/c2 0.8876± 0.0084 0.0357± 0.0047 0.0154± 0.0045 0.0612± 0.0058
35GeV/c2 ≤ p < 40GeV/c2 0.807± 0.017 0.0564± 0.0097 0.0033± 0.0082 0.134± 0.014
40GeV/c2 ≤ p < 50GeV/c2 0.616± 0.039 0.082± 0.016 0.013± 0.016 0.289± 0.036

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.9294± 0.0060 0.0083± 0.0024 0.0589± 0.0054 0.0033± 0.0011
11GeV/c2 ≤ p < 12GeV/c2 0.9342± 0.0074 0.0094± 0.0031 0.0517± 0.0066 0.0047± 0.0020
12GeV/c2 ≤ p < 13GeV/c2 0.927± 0.012 0.0170± 0.0051 0.053± 0.010 0.0032± 0.0028
13GeV/c2 ≤ p < 15GeV/c2 0.907± 0.013 0.0233± 0.0058 0.068± 0.011 0.0021± 0.0024
15GeV/c2 ≤ p < 17GeV/c2 0.936± 0.018 0.0128± 0.0063 0.052± 0.017 0.0± 0.0
17GeV/c2 ≤ p < 19GeV/c2 0.918± 0.030 0.0000± 0.0049 0.071± 0.029 0.0107± 0.0062
19GeV/c2 ≤ p < 22GeV/c2 0.97± 0.11 0.032± 0.019 0.00± 0.11 0.0± 0.0



Table 6: RICH efficiency tables for k+.

range ε(k+ → π+) ε(k+ → k+) ε(k+ → p) ε(k+ → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.438± 0.043 0.443± 0.039 0.050± 0.013 0.069± 0.016
11GeV/c2 ≤ p < 12GeV/c2 0.220± 0.048 0.716± 0.046 0.0140± 0.0072 0.051± 0.013
12GeV/c2 ≤ p < 13GeV/c2 0.170± 0.040 0.777± 0.039 0.0086± 0.0066 0.045± 0.010
13GeV/c2 ≤ p < 15GeV/c2 0.074± 0.026 0.895± 0.026 0.0000± 0.0017 0.0301± 0.0065
15GeV/c2 ≤ p < 17GeV/c2 0.071± 0.022 0.906± 0.022 0.0000± 0.0018 0.0233± 0.0052
17GeV/c2 ≤ p < 19GeV/c2 0.012± 0.023 0.969± 0.023 0.0000± 0.0016 0.0183± 0.0050
19GeV/c2 ≤ p < 22GeV/c2 0.055± 0.017 0.923± 0.017 0.0006± 0.0021 0.0215± 0.0043
22GeV/c2 ≤ p < 25GeV/c2 0.049± 0.022 0.911± 0.022 0.0099± 0.0042 0.0307± 0.0048
25GeV/c2 ≤ p < 27GeV/c2 0.009± 0.021 0.936± 0.022 0.0090± 0.0059 0.0456± 0.0080
27GeV/c2 ≤ p < 30GeV/c2 0.077± 0.018 0.855± 0.020 0.0000± 0.0015 0.0677± 0.0096
30GeV/c2 ≤ p < 35GeV/c2 0.154± 0.015 0.673± 0.016 0.0000± 0.0013 0.174± 0.011
35GeV/c2 ≤ p < 40GeV/c2 0.209± 0.022 0.483± 0.023 0.0000± 0.0017 0.309± 0.020
40GeV/c2 ≤ p < 50GeV/c2 0.358± 0.020 0.218± 0.016 0.0051± 0.0038 0.419± 0.019

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.253± 0.016 0.647± 0.016 0.0239± 0.0032 0.0757± 0.0049
11GeV/c2 ≤ p < 12GeV/c2 0.101± 0.014 0.866± 0.014 0.0072± 0.0023 0.0263± 0.0030
12GeV/c2 ≤ p < 13GeV/c2 0.104± 0.010 0.872± 0.011 0.0091± 0.0021 0.0155± 0.0022
13GeV/c2 ≤ p < 15GeV/c2 0.0271± 0.0080 0.9568± 0.0081 0.0049± 0.0014 0.0112± 0.0013
15GeV/c2 ≤ p < 17GeV/c2 0.0170± 0.0073 0.9692± 0.0074 0.0051± 0.0013 0.0088± 0.0012
17GeV/c2 ≤ p < 19GeV/c2 0.0236± 0.0086 0.9623± 0.0086 0.0075± 0.0013 0.0067± 0.0010
19GeV/c2 ≤ p < 22GeV/c2 0.0075± 0.0061 0.9774± 0.0066 0.0097± 0.0018 0.00540± 0.00076
22GeV/c2 ≤ p < 25GeV/c2 0.0077± 0.0054 0.9765± 0.0057 0.0072± 0.0018 0.00859± 0.00099
25GeV/c2 ≤ p < 27GeV/c2 0.00049± 0.00065 0.9753± 0.0028 0.0112± 0.0022 0.0130± 0.0016
27GeV/c2 ≤ p < 30GeV/c2 0.0138± 0.0051 0.9590± 0.0056 0.0076± 0.0019 0.0196± 0.0018
30GeV/c2 ≤ p < 35GeV/c2 0.0132± 0.0051 0.9340± 0.0059 0.0066± 0.0018 0.0463± 0.0028
35GeV/c2 ≤ p < 40GeV/c2 0.0318± 0.0060 0.8682± 0.0075 0.00033± 0.00065 0.0996± 0.0052
40GeV/c2 ≤ p < 50GeV/c2 0.0738± 0.0062 0.6792± 0.0087 0.0065± 0.0022 0.2405± 0.0076

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.120± 0.012 0.798± 0.012 0.0298± 0.0032 0.0529± 0.0037
11GeV/c2 ≤ p < 12GeV/c2 0.025± 0.014 0.950± 0.014 0.0104± 0.0026 0.0138± 0.0025
12GeV/c2 ≤ p < 13GeV/c2 0.020± 0.013 0.964± 0.013 0.0058± 0.0028 0.0093± 0.0022
13GeV/c2 ≤ p < 15GeV/c2 0.0244± 0.0088 0.9599± 0.0090 0.0079± 0.0021 0.0079± 0.0016
15GeV/c2 ≤ p < 17GeV/c2 0.0239± 0.0099 0.962± 0.010 0.0122± 0.0024 0.0015± 0.0015
17GeV/c2 ≤ p < 19GeV/c2 0.0019± 0.0026 0.9839± 0.0045 0.0075± 0.0030 0.0066± 0.0021
19GeV/c2 ≤ p < 22GeV/c2 0.0295± 0.0090 0.9517± 0.0100 0.0152± 0.0043 0.0036± 0.0014
22GeV/c2 ≤ p < 25GeV/c2 0.0007± 0.0021 0.9888± 0.0073 0.0047± 0.0065 0.0058± 0.0025
25GeV/c2 ≤ p < 27GeV/c2 0.009± 0.026 0.990± 0.027 0.0001± 0.0036 0.0007± 0.0076
27GeV/c2 ≤ p < 30GeV/c2 0.022± 0.023 0.965± 0.025 0.005± 0.010 0.0086± 0.0063
30GeV/c2 ≤ p < 35GeV/c2 0.006± 0.027 0.975± 0.033 0.003± 0.015 0.016± 0.013
35GeV/c2 ≤ p < 40GeV/c2 0.103± 0.051 0.84± 0.11 0.000± 0.016 0.055± 0.085
40GeV/c2 ≤ p < 50GeV/c2 0.089± 0.053 0.68± 0.10 0.031± 0.036 0.197± 0.093

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.000± 0.051 0.955± 0.079 0.039± 0.061 0.006± 0.019
11GeV/c2 ≤ p < 12GeV/c2 0.178± 0.080 0.79± 0.11 0.036± 0.049 0.000± 0.095
12GeV/c2 ≤ p < 13GeV/c2 0.00± 0.13 0.89± 0.15 0.114± 0.095 0.000± 0.011
13GeV/c2 ≤ p < 15GeV/c2 0.00± 0.10 0.84± 0.12 0.126± 0.073 0.032± 0.023
15GeV/c2 ≤ p < 17GeV/c2 0.19± 0.16 0.81± 0.16 0.000± 0.039 0.000± 0.035
17GeV/c2 ≤ p < 19GeV/c2 0.000± 0.080 1.00± 0.17 0.000± 0.077 0.00± 0.12
19GeV/c2 ≤ p < 22GeV/c2 0.000± 0.048 0.80± 0.11 0.20± 0.10 0.0± 0.0



Table 7: RICH efficiency tables for p.

range ε(p→ π+) ε(p→ k+) ε(p→ p) ε(p→ no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.523± 0.028 0.116± 0.017 0.258± 0.024 0.103± 0.017
11GeV/c2 ≤ p < 12GeV/c2 0.476± 0.026 0.168± 0.020 0.280± 0.023 0.076± 0.013
12GeV/c2 ≤ p < 13GeV/c2 0.444± 0.020 0.153± 0.014 0.301± 0.019 0.102± 0.012
13GeV/c2 ≤ p < 15GeV/c2 0.456± 0.011 0.1798± 0.0096 0.267± 0.010 0.0971± 0.0077
15GeV/c2 ≤ p < 17GeV/c2 0.402± 0.011 0.193± 0.011 0.295± 0.012 0.1100± 0.0086
17GeV/c2 ≤ p < 19GeV/c2 0.421± 0.015 0.191± 0.012 0.267± 0.011 0.1211± 0.0097
19GeV/c2 ≤ p < 22GeV/c2 0.296± 0.014 0.1196± 0.0084 0.540± 0.015 0.0443± 0.0061
22GeV/c2 ≤ p < 25GeV/c2 0.144± 0.013 0.0287± 0.0053 0.806± 0.014 0.0210± 0.0043
25GeV/c2 ≤ p < 27GeV/c2 0.137± 0.014 0.0181± 0.0056 0.825± 0.015 0.0199± 0.0056
27GeV/c2 ≤ p < 30GeV/c2 0.068± 0.011 0.0168± 0.0044 0.896± 0.012 0.0191± 0.0044
30GeV/c2 ≤ p < 35GeV/c2 0.0534± 0.0089 0.0196± 0.0040 0.911± 0.010 0.0159± 0.0038
35GeV/c2 ≤ p < 40GeV/c2 0.051± 0.011 0.0245± 0.0054 0.886± 0.012 0.0386± 0.0066
40GeV/c2 ≤ p < 50GeV/c2 0.0533± 0.0084 0.0364± 0.0052 0.831± 0.012 0.0790± 0.0080

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.3508± 0.0099 0.1578± 0.0064 0.3715± 0.0089 0.1199± 0.0057
11GeV/c2 ≤ p < 12GeV/c2 0.3172± 0.0075 0.1914± 0.0055 0.3825± 0.0071 0.1088± 0.0043
12GeV/c2 ≤ p < 13GeV/c2 0.2927± 0.0052 0.1974± 0.0048 0.4113± 0.0055 0.0986± 0.0035
13GeV/c2 ≤ p < 15GeV/c2 0.3079± 0.0031 0.1763± 0.0030 0.4170± 0.0037 0.0988± 0.0023
15GeV/c2 ≤ p < 17GeV/c2 0.3034± 0.0044 0.1982± 0.0031 0.3972± 0.0039 0.1013± 0.0024
17GeV/c2 ≤ p < 19GeV/c2 0.2994± 0.0047 0.1872± 0.0035 0.4168± 0.0046 0.0966± 0.0026
19GeV/c2 ≤ p < 22GeV/c2 0.1644± 0.0035 0.0927± 0.0024 0.7094± 0.0039 0.0334± 0.0014
22GeV/c2 ≤ p < 25GeV/c2 0.0674± 0.0029 0.0302± 0.0016 0.8852± 0.0032 0.0172± 0.0012
25GeV/c2 ≤ p < 27GeV/c2 0.0447± 0.0034 0.0198± 0.0018 0.9240± 0.0040 0.0114± 0.0013
27GeV/c2 ≤ p < 30GeV/c2 0.0331± 0.0030 0.0154± 0.0015 0.9408± 0.0034 0.0106± 0.0011
30GeV/c2 ≤ p < 35GeV/c2 0.0208± 0.0025 0.0120± 0.0012 0.9565± 0.0029 0.0107± 0.0012
35GeV/c2 ≤ p < 40GeV/c2 0.0136± 0.0027 0.0142± 0.0016 0.9601± 0.0035 0.0121± 0.0016
40GeV/c2 ≤ p < 50GeV/c2 0.0131± 0.0026 0.0177± 0.0016 0.9515± 0.0034 0.0176± 0.0020

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.2218± 0.0052 0.2344± 0.0046 0.4322± 0.0048 0.1116± 0.0035
11GeV/c2 ≤ p < 12GeV/c2 0.1879± 0.0051 0.2446± 0.0042 0.4609± 0.0056 0.1066± 0.0031
12GeV/c2 ≤ p < 13GeV/c2 0.1650± 0.0048 0.2332± 0.0038 0.5003± 0.0052 0.1015± 0.0030
13GeV/c2 ≤ p < 15GeV/c2 0.1826± 0.0029 0.1992± 0.0029 0.5202± 0.0036 0.0981± 0.0019
15GeV/c2 ≤ p < 17GeV/c2 0.1894± 0.0035 0.1972± 0.0034 0.5220± 0.0042 0.0913± 0.0024
17GeV/c2 ≤ p < 19GeV/c2 0.1975± 0.0046 0.1844± 0.0043 0.5297± 0.0055 0.0884± 0.0031
19GeV/c2 ≤ p < 22GeV/c2 0.0944± 0.0047 0.0756± 0.0035 0.8090± 0.0059 0.0210± 0.0019
22GeV/c2 ≤ p < 25GeV/c2 0.0303± 0.0043 0.0133± 0.0022 0.9464± 0.0051 0.0100± 0.0020
25GeV/c2 ≤ p < 27GeV/c2 0.0200± 0.0063 0.0105± 0.0031 0.9603± 0.0075 0.0092± 0.0031
27GeV/c2 ≤ p < 30GeV/c2 0.0163± 0.0061 0.0058± 0.0027 0.9657± 0.0074 0.0122± 0.0038
30GeV/c2 ≤ p < 35GeV/c2 0.0210± 0.0091 0.0034± 0.0033 0.959± 0.011 0.0162± 0.0057
35GeV/c2 ≤ p < 40GeV/c2 0.008± 0.017 0.001± 0.018 0.986± 0.026 0.0047± 0.0095
40GeV/c2 ≤ p < 50GeV/c2 0.029± 0.028 0.000± 0.022 0.963± 0.038 0.008± 0.016

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.098± 0.019 0.125± 0.017 0.743± 0.025 0.0348± 0.0093
11GeV/c2 ≤ p < 12GeV/c2 0.122± 0.021 0.105± 0.019 0.722± 0.028 0.051± 0.014
12GeV/c2 ≤ p < 13GeV/c2 0.147± 0.021 0.130± 0.025 0.711± 0.031 0.0117± 0.0076
13GeV/c2 ≤ p < 15GeV/c2 0.071± 0.026 0.093± 0.018 0.754± 0.032 0.081± 0.015
15GeV/c2 ≤ p < 17GeV/c2 0.203± 0.036 0.115± 0.022 0.636± 0.037 0.046± 0.027
17GeV/c2 ≤ p < 19GeV/c2 0.039± 0.036 0.050± 0.029 0.912± 0.043 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.088± 0.080 0.000± 0.015 0.912± 0.081 0.0± 0.0



Table 8: RICH efficiency tables for π−.

range ε(π− → π−) ε(π− → k−) ε(π− → p̄) ε(π− → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.9833± 0.0015 0.00364± 0.00076 0.00228± 0.00062 0.0108± 0.0012
11GeV/c2 ≤ p < 12GeV/c2 0.9776± 0.0018 0.0082± 0.0012 0.00337± 0.00067 0.0108± 0.0012
12GeV/c2 ≤ p < 13GeV/c2 0.9776± 0.0018 0.0095± 0.0013 0.00273± 0.00067 0.0102± 0.0012
13GeV/c2 ≤ p < 15GeV/c2 0.9718± 0.0015 0.0117± 0.0010 0.00440± 0.00065 0.01207± 0.00090
15GeV/c2 ≤ p < 17GeV/c2 0.9691± 0.0017 0.0146± 0.0012 0.00511± 0.00069 0.01115± 0.00098
17GeV/c2 ≤ p < 19GeV/c2 0.9730± 0.0018 0.0103± 0.0012 0.00679± 0.00094 0.0099± 0.0010
19GeV/c2 ≤ p < 22GeV/c2 0.9739± 0.0016 0.00830± 0.00093 0.0091± 0.0010 0.00871± 0.00082
22GeV/c2 ≤ p < 25GeV/c2 0.9743± 0.0018 0.0081± 0.0010 0.0071± 0.0011 0.0105± 0.0011
25GeV/c2 ≤ p < 27GeV/c2 0.9755± 0.0025 0.0077± 0.0015 0.0068± 0.0016 0.0099± 0.0013
27GeV/c2 ≤ p < 30GeV/c2 0.9662± 0.0025 0.0071± 0.0012 0.0085± 0.0014 0.0182± 0.0017
30GeV/c2 ≤ p < 35GeV/c2 0.9422± 0.0027 0.0094± 0.0011 0.0068± 0.0013 0.0417± 0.0022
35GeV/c2 ≤ p < 40GeV/c2 0.8965± 0.0040 0.0136± 0.0015 0.0086± 0.0015 0.0813± 0.0035
40GeV/c2 ≤ p < 50GeV/c2 0.8423± 0.0046 0.0133± 0.0015 0.0067± 0.0014 0.1377± 0.0042

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.98795± 0.00042 0.00494± 0.00028 0.00401± 0.00024 0.00309± 0.00021
11GeV/c2 ≤ p < 12GeV/c2 0.98853± 0.00043 0.00532± 0.00031 0.00352± 0.00023 0.00263± 0.00020
12GeV/c2 ≤ p < 13GeV/c2 0.98764± 0.00046 0.00570± 0.00033 0.00375± 0.00025 0.00291± 0.00020
13GeV/c2 ≤ p < 15GeV/c2 0.98945± 0.00033 0.00495± 0.00024 0.00330± 0.00018 0.00230± 0.00014
15GeV/c2 ≤ p < 17GeV/c2 0.98959± 0.00036 0.00436± 0.00026 0.00374± 0.00021 0.00231± 0.00015
17GeV/c2 ≤ p < 19GeV/c2 0.99095± 0.00039 0.00363± 0.00027 0.00291± 0.00022 0.00251± 0.00017
19GeV/c2 ≤ p < 22GeV/c2 0.99148± 0.00038 0.00279± 0.00023 0.00404± 0.00027 0.00169± 0.00014
22GeV/c2 ≤ p < 25GeV/c2 0.99036± 0.00047 0.00205± 0.00026 0.00401± 0.00033 0.00358± 0.00022
25GeV/c2 ≤ p < 27GeV/c2 0.98687± 0.00072 0.00327± 0.00040 0.00371± 0.00047 0.00614± 0.00039
27GeV/c2 ≤ p < 30GeV/c2 0.97614± 0.00081 0.00671± 0.00044 0.00316± 0.00045 0.01399± 0.00053
30GeV/c2 ≤ p < 35GeV/c2 0.9313± 0.0012 0.01535± 0.00059 0.00278± 0.00043 0.05061± 0.00095
35GeV/c2 ≤ p < 40GeV/c2 0.8310± 0.0022 0.0322± 0.0011 0.00283± 0.00055 0.1339± 0.0020
40GeV/c2 ≤ p < 50GeV/c2 0.6957± 0.0028 0.0444± 0.0013 0.00465± 0.00067 0.2552± 0.0026

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.97817± 0.00047 0.00992± 0.00032 0.00747± 0.00028 0.00443± 0.00020
11GeV/c2 ≤ p < 12GeV/c2 0.97754± 0.00054 0.01142± 0.00039 0.00706± 0.00031 0.00398± 0.00021
12GeV/c2 ≤ p < 13GeV/c2 0.97621± 0.00065 0.01208± 0.00048 0.00760± 0.00037 0.00410± 0.00026
13GeV/c2 ≤ p < 15GeV/c2 0.97735± 0.00056 0.01112± 0.00040 0.00750± 0.00033 0.00403± 0.00022
15GeV/c2 ≤ p < 17GeV/c2 0.97597± 0.00077 0.01063± 0.00053 0.00900± 0.00048 0.00440± 0.00030
17GeV/c2 ≤ p < 19GeV/c2 0.9783± 0.0010 0.00971± 0.00069 0.00811± 0.00067 0.00386± 0.00039
19GeV/c2 ≤ p < 22GeV/c2 0.9777± 0.0013 0.00637± 0.00069 0.01272± 0.00099 0.00324± 0.00041
22GeV/c2 ≤ p < 25GeV/c2 0.9790± 0.0020 0.00637± 0.00099 0.0109± 0.0015 0.00380± 0.00073
25GeV/c2 ≤ p < 27GeV/c2 0.9811± 0.0032 0.0044± 0.0016 0.0095± 0.0024 0.0049± 0.0016
27GeV/c2 ≤ p < 30GeV/c2 0.9630± 0.0044 0.0069± 0.0022 0.0136± 0.0030 0.0165± 0.0025
30GeV/c2 ≤ p < 35GeV/c2 0.9243± 0.0071 0.0193± 0.0036 0.0076± 0.0035 0.0488± 0.0054
35GeV/c2 ≤ p < 40GeV/c2 0.814± 0.017 0.0437± 0.0086 0.0078± 0.0075 0.135± 0.014
40GeV/c2 ≤ p < 50GeV/c2 0.722± 0.033 0.112± 0.020 0.009± 0.014 0.157± 0.027

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.9242± 0.0069 0.0113± 0.0025 0.0586± 0.0049 0.0058± 0.0045
11GeV/c2 ≤ p < 12GeV/c2 0.9456± 0.0070 0.0044± 0.0019 0.0482± 0.0067 0.0018± 0.0011
12GeV/c2 ≤ p < 13GeV/c2 0.907± 0.011 0.0108± 0.0045 0.0770± 0.0097 0.0056± 0.0024
13GeV/c2 ≤ p < 15GeV/c2 0.925± 0.011 0.0099± 0.0040 0.0607± 0.0090 0.0043± 0.0044
15GeV/c2 ≤ p < 17GeV/c2 0.940± 0.013 0.0046± 0.0036 0.055± 0.012 0.0± 0.0
17GeV/c2 ≤ p < 19GeV/c2 0.935± 0.018 0.0108± 0.0072 0.054± 0.017 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.974± 0.017 0.0± 0.0 0.026± 0.017 0.0± 0.0



Table 9: RICH efficiency tables for k−.

range ε(k− → π−) ε(k− → k−) ε(k− → p̄) ε(k− → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.449± 0.041 0.421± 0.035 0.034± 0.011 0.096± 0.017
11GeV/c2 ≤ p < 12GeV/c2 0.290± 0.043 0.640± 0.042 0.0084± 0.0064 0.061± 0.014
12GeV/c2 ≤ p < 13GeV/c2 0.182± 0.046 0.739± 0.044 0.0014± 0.0052 0.077± 0.015
13GeV/c2 ≤ p < 15GeV/c2 0.124± 0.029 0.832± 0.029 0.0056± 0.0041 0.0376± 0.0074
15GeV/c2 ≤ p < 17GeV/c2 0.140± 0.024 0.817± 0.024 0.0133± 0.0043 0.0303± 0.0061
17GeV/c2 ≤ p < 19GeV/c2 0.053± 0.025 0.894± 0.025 0.0129± 0.0042 0.0405± 0.0066
19GeV/c2 ≤ p < 22GeV/c2 0.051± 0.019 0.902± 0.020 0.0229± 0.0046 0.0248± 0.0047
22GeV/c2 ≤ p < 25GeV/c2 0.019± 0.020 0.906± 0.021 0.0224± 0.0058 0.0521± 0.0063
25GeV/c2 ≤ p < 27GeV/c2 0.077± 0.020 0.853± 0.021 0.0021± 0.0050 0.0678± 0.0091
27GeV/c2 ≤ p < 30GeV/c2 0.124± 0.019 0.770± 0.019 0.0052± 0.0045 0.1000± 0.0099
30GeV/c2 ≤ p < 35GeV/c2 0.184± 0.017 0.636± 0.017 0.0083± 0.0037 0.172± 0.011
35GeV/c2 ≤ p < 40GeV/c2 0.276± 0.020 0.464± 0.019 0.0050± 0.0041 0.256± 0.015
40GeV/c2 ≤ p < 50GeV/c2 0.424± 0.017 0.233± 0.013 0.0052± 0.0034 0.337± 0.016

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.240± 0.016 0.644± 0.014 0.0295± 0.0034 0.0872± 0.0051
11GeV/c2 ≤ p < 12GeV/c2 0.116± 0.014 0.845± 0.014 0.0125± 0.0022 0.0257± 0.0027
12GeV/c2 ≤ p < 13GeV/c2 0.066± 0.014 0.908± 0.014 0.0106± 0.0022 0.0154± 0.0023
13GeV/c2 ≤ p < 15GeV/c2 0.038± 0.010 0.942± 0.010 0.0086± 0.0013 0.0111± 0.0013
15GeV/c2 ≤ p < 17GeV/c2 0.0370± 0.0077 0.9489± 0.0077 0.0053± 0.0012 0.0088± 0.0011
17GeV/c2 ≤ p < 19GeV/c2 0.0201± 0.0093 0.9671± 0.0093 0.0068± 0.0013 0.0060± 0.0010
19GeV/c2 ≤ p < 22GeV/c2 0.0110± 0.0060 0.9754± 0.0061 0.0094± 0.0015 0.00422± 0.00069
22GeV/c2 ≤ p < 25GeV/c2 0.00000± 0.00014 0.9847± 0.0019 0.0076± 0.0016 0.00773± 0.00095
25GeV/c2 ≤ p < 27GeV/c2 0.0190± 0.0066 0.9619± 0.0071 0.0095± 0.0021 0.0096± 0.0015
27GeV/c2 ≤ p < 30GeV/c2 0.00000± 0.00021 0.9758± 0.0026 0.0068± 0.0017 0.0174± 0.0019
30GeV/c2 ≤ p < 35GeV/c2 0.0088± 0.0048 0.9425± 0.0055 0.0060± 0.0015 0.0427± 0.0026
35GeV/c2 ≤ p < 40GeV/c2 0.0356± 0.0058 0.8673± 0.0074 0.0080± 0.0019 0.0890± 0.0050
40GeV/c2 ≤ p < 50GeV/c2 0.0510± 0.0081 0.706± 0.010 0.0077± 0.0022 0.2357± 0.0081

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.098± 0.014 0.816± 0.013 0.0277± 0.0030 0.0583± 0.0039
11GeV/c2 ≤ p < 12GeV/c2 0.052± 0.012 0.921± 0.012 0.0146± 0.0022 0.0124± 0.0021
12GeV/c2 ≤ p < 13GeV/c2 0.031± 0.013 0.949± 0.013 0.0092± 0.0024 0.0115± 0.0020
13GeV/c2 ≤ p < 15GeV/c2 0.0000± 0.0037 0.9826± 0.0044 0.0113± 0.0020 0.0060± 0.0014
15GeV/c2 ≤ p < 17GeV/c2 0.00000± 0.00034 0.9829± 0.0026 0.0105± 0.0022 0.0066± 0.0015
17GeV/c2 ≤ p < 19GeV/c2 0.0000± 0.0015 0.9754± 0.0039 0.0165± 0.0029 0.0080± 0.0019
19GeV/c2 ≤ p < 22GeV/c2 0.00000± 0.00058 0.9863± 0.0042 0.0110± 0.0040 0.0027± 0.0012
22GeV/c2 ≤ p < 25GeV/c2 0.0000± 0.0039 0.9858± 0.0075 0.0068± 0.0060 0.0073± 0.0025
25GeV/c2 ≤ p < 27GeV/c2 0.013± 0.026 0.938± 0.027 0.0356± 0.0099 0.0137± 0.0045
27GeV/c2 ≤ p < 30GeV/c2 0.038± 0.023 0.929± 0.026 0.008± 0.011 0.0246± 0.0076
30GeV/c2 ≤ p < 35GeV/c2 0.025± 0.026 0.930± 0.030 0.014± 0.012 0.031± 0.014
35GeV/c2 ≤ p < 40GeV/c2 0.027± 0.050 0.930± 0.061 0.011± 0.024 0.032± 0.031
40GeV/c2 ≤ p < 50GeV/c2 0.22± 0.13 0.57± 0.16 0.111± 0.063 0.09± 0.13

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.204± 0.088 0.79± 0.15 0.000± 0.023 0.01± 0.16
11GeV/c2 ≤ p < 12GeV/c2 0.07± 0.14 0.87± 0.14 0.052± 0.054 0.0000± 0.0093
12GeV/c2 ≤ p < 13GeV/c2 0.32± 0.21 0.61± 0.22 0.035± 0.074 0.045± 0.040
13GeV/c2 ≤ p < 15GeV/c2 0.00± 0.38 0.93± 0.38 0.07± 0.13 0.000± 0.036
15GeV/c2 ≤ p < 17GeV/c2 0.00± 0.12 0.91± 0.15 0.092± 0.096 0.000± 0.042
17GeV/c2 ≤ p < 19GeV/c2 0.14± 0.24 0.74± 0.25 0.000± 0.056 0.122± 0.098
19GeV/c2 ≤ p < 22GeV/c2 0.51± 0.26 0.49± 0.26 0.000± 0.041 0.0± 0.0



Table 10: RICH efficiency tables for p̄.

range ε(p̄→ π−) ε(p̄→ k−) ε(p̄→ p̄) ε(p̄→ no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.618± 0.040 0.069± 0.021 0.238± 0.031 0.076± 0.020
11GeV/c2 ≤ p < 12GeV/c2 0.451± 0.033 0.158± 0.023 0.266± 0.023 0.124± 0.021
12GeV/c2 ≤ p < 13GeV/c2 0.448± 0.030 0.205± 0.024 0.251± 0.025 0.097± 0.017
13GeV/c2 ≤ p < 15GeV/c2 0.453± 0.015 0.179± 0.014 0.264± 0.015 0.104± 0.011
15GeV/c2 ≤ p < 17GeV/c2 0.465± 0.018 0.193± 0.014 0.248± 0.015 0.094± 0.010
17GeV/c2 ≤ p < 19GeV/c2 0.465± 0.021 0.177± 0.015 0.267± 0.018 0.091± 0.011
19GeV/c2 ≤ p < 22GeV/c2 0.295± 0.017 0.113± 0.011 0.529± 0.018 0.0628± 0.0085
22GeV/c2 ≤ p < 25GeV/c2 0.207± 0.016 0.0358± 0.0074 0.725± 0.015 0.0315± 0.0065
25GeV/c2 ≤ p < 27GeV/c2 0.085± 0.019 0.0150± 0.0058 0.882± 0.021 0.0180± 0.0079
27GeV/c2 ≤ p < 30GeV/c2 0.101± 0.016 0.0086± 0.0051 0.867± 0.017 0.0237± 0.0062
30GeV/c2 ≤ p < 35GeV/c2 0.074± 0.011 0.0108± 0.0037 0.907± 0.012 0.0081± 0.0041
35GeV/c2 ≤ p < 40GeV/c2 0.045± 0.013 0.0214± 0.0049 0.898± 0.015 0.0353± 0.0072
40GeV/c2 ≤ p < 50GeV/c2 0.0673± 0.0098 0.0344± 0.0056 0.829± 0.012 0.0695± 0.0077

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.371± 0.014 0.1448± 0.0085 0.387± 0.012 0.0969± 0.0071
11GeV/c2 ≤ p < 12GeV/c2 0.299± 0.011 0.2085± 0.0078 0.3794± 0.0099 0.1136± 0.0060
12GeV/c2 ≤ p < 13GeV/c2 0.2915± 0.0082 0.2003± 0.0057 0.4030± 0.0082 0.1052± 0.0050
13GeV/c2 ≤ p < 15GeV/c2 0.3090± 0.0045 0.1837± 0.0041 0.4104± 0.0050 0.0969± 0.0031
15GeV/c2 ≤ p < 17GeV/c2 0.3149± 0.0090 0.1826± 0.0040 0.4011± 0.0085 0.1013± 0.0031
17GeV/c2 ≤ p < 19GeV/c2 0.3098± 0.0066 0.1851± 0.0046 0.4072± 0.0061 0.0979± 0.0034
19GeV/c2 ≤ p < 22GeV/c2 0.1746± 0.0047 0.0922± 0.0030 0.6974± 0.0052 0.0358± 0.0019
22GeV/c2 ≤ p < 25GeV/c2 0.0736± 0.0043 0.0327± 0.0021 0.8751± 0.0048 0.0186± 0.0015
25GeV/c2 ≤ p < 27GeV/c2 0.0545± 0.0051 0.0219± 0.0023 0.9120± 0.0058 0.0116± 0.0017
27GeV/c2 ≤ p < 30GeV/c2 0.0389± 0.0043 0.0137± 0.0018 0.9343± 0.0048 0.0131± 0.0016
30GeV/c2 ≤ p < 35GeV/c2 0.0180± 0.0035 0.0124± 0.0016 0.9599± 0.0040 0.0097± 0.0014
35GeV/c2 ≤ p < 40GeV/c2 0.0151± 0.0040 0.0142± 0.0020 0.9554± 0.0050 0.0153± 0.0022
40GeV/c2 ≤ p < 50GeV/c2 0.0176± 0.0037 0.0184± 0.0020 0.9439± 0.0048 0.0201± 0.0027

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.2095± 0.0068 0.2232± 0.0063 0.4608± 0.0062 0.1065± 0.0048
11GeV/c2 ≤ p < 12GeV/c2 0.1812± 0.0062 0.2340± 0.0060 0.4754± 0.0072 0.1094± 0.0043
12GeV/c2 ≤ p < 13GeV/c2 0.1560± 0.0055 0.2257± 0.0056 0.5210± 0.0068 0.0972± 0.0040
13GeV/c2 ≤ p < 15GeV/c2 0.1842± 0.0034 0.1886± 0.0038 0.5303± 0.0047 0.0969± 0.0028
15GeV/c2 ≤ p < 17GeV/c2 0.1883± 0.0040 0.1863± 0.0043 0.5310± 0.0054 0.0944± 0.0033
17GeV/c2 ≤ p < 19GeV/c2 0.2031± 0.0065 0.1765± 0.0057 0.5334± 0.0075 0.0870± 0.0042
19GeV/c2 ≤ p < 22GeV/c2 0.0932± 0.0067 0.0722± 0.0044 0.8079± 0.0081 0.0267± 0.0028
22GeV/c2 ≤ p < 25GeV/c2 0.0342± 0.0062 0.0175± 0.0035 0.9330± 0.0074 0.0153± 0.0030
25GeV/c2 ≤ p < 27GeV/c2 0.0152± 0.0090 0.0154± 0.0047 0.958± 0.010 0.0112± 0.0040
27GeV/c2 ≤ p < 30GeV/c2 0.051± 0.011 0.0113± 0.0056 0.929± 0.012 0.0095± 0.0048
30GeV/c2 ≤ p < 35GeV/c2 0.012± 0.013 0.000± 0.015 0.969± 0.022 0.0184± 0.0095
35GeV/c2 ≤ p < 40GeV/c2 0.018± 0.030 0.0000± 0.0040 0.973± 0.033 0.009± 0.014
40GeV/c2 ≤ p < 50GeV/c2 0.063± 0.044 0.013± 0.018 0.925± 0.050 0.000± 0.018

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.045± 0.024 0.083± 0.024 0.836± 0.035 0.037± 0.015
11GeV/c2 ≤ p < 12GeV/c2 0.073± 0.027 0.184± 0.035 0.701± 0.049 0.042± 0.033
12GeV/c2 ≤ p < 13GeV/c2 0.069± 0.034 0.220± 0.050 0.684± 0.055 0.027± 0.016
13GeV/c2 ≤ p < 15GeV/c2 0.076± 0.037 0.102± 0.033 0.815± 0.049 0.007± 0.017
15GeV/c2 ≤ p < 17GeV/c2 0.200± 0.071 0.00± 0.13 0.73± 0.10 0.066± 0.047
17GeV/c2 ≤ p < 19GeV/c2 0.29± 0.15 0.15± 0.11 0.41± 0.14 0.147± 0.044
19GeV/c2 ≤ p < 22GeV/c2 0.34± 0.17 0.0± 0.0 0.66± 0.17 0.0± 0.0



B Tables for the RICH efficiency in 2011 using the 2007
LH cuts



Table 11: RICH efficiency tables for π+.

range ε(π+ → π+) ε(π+ → k+) ε(π+ → p) ε(π+ → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.9906± 0.0012 0.00382± 0.00079 0.00123± 0.00055 0.00435± 0.00072
11GeV/c2 ≤ p < 12GeV/c2 0.9876± 0.0015 0.0054± 0.0010 0.00207± 0.00064 0.00488± 0.00088
12GeV/c2 ≤ p < 13GeV/c2 0.9883± 0.0014 0.0061± 0.0011 0.00163± 0.00057 0.00389± 0.00073
13GeV/c2 ≤ p < 15GeV/c2 0.9855± 0.0012 0.00899± 0.00097 0.00214± 0.00048 0.00333± 0.00055
15GeV/c2 ≤ p < 17GeV/c2 0.9867± 0.0013 0.0077± 0.0010 0.00187± 0.00052 0.00367± 0.00056
17GeV/c2 ≤ p < 19GeV/c2 0.9894± 0.0013 0.0067± 0.0011 0.00209± 0.00067 0.00182± 0.00044
19GeV/c2 ≤ p < 22GeV/c2 0.9884± 0.0013 0.00634± 0.00092 0.00394± 0.00079 0.00128± 0.00036
22GeV/c2 ≤ p < 25GeV/c2 0.9858± 0.0016 0.0086± 0.0012 0.00417± 0.00097 0.00144± 0.00038
25GeV/c2 ≤ p < 27GeV/c2 0.9856± 0.0020 0.0080± 0.0015 0.0052± 0.0013 0.00121± 0.00048
27GeV/c2 ≤ p < 30GeV/c2 0.9825± 0.0021 0.0144± 0.0017 0.0013± 0.0012 0.00178± 0.00056
30GeV/c2 ≤ p < 35GeV/c2 0.9654± 0.0023 0.0306± 0.0020 0.0030± 0.0012 0.00095± 0.00033
35GeV/c2 ≤ p < 40GeV/c2 0.9226± 0.0041 0.0738± 0.0038 0.0018± 0.0013 0.00177± 0.00057
40GeV/c2 ≤ p < 50GeV/c2 0.8496± 0.0054 0.1403± 0.0052 0.0087± 0.0017 0.00141± 0.00057

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.98833± 0.00042 0.00670± 0.00033 0.00430± 0.00025 0.000671± 0.000092
11GeV/c2 ≤ p < 12GeV/c2 0.98859± 0.00044 0.00697± 0.00035 0.00390± 0.00025 0.000537± 0.000080
12GeV/c2 ≤ p < 13GeV/c2 0.98906± 0.00045 0.00714± 0.00037 0.00340± 0.00024 0.000401± 0.000077
13GeV/c2 ≤ p < 15GeV/c2 0.98924± 0.00035 0.00693± 0.00029 0.00334± 0.00019 0.000488± 0.000060
15GeV/c2 ≤ p < 17GeV/c2 0.99000± 0.00038 0.00644± 0.00031 0.00321± 0.00021 0.000344± 0.000059
17GeV/c2 ≤ p < 19GeV/c2 0.99169± 0.00041 0.00524± 0.00033 0.00286± 0.00023 0.000210± 0.000058
19GeV/c2 ≤ p < 22GeV/c2 0.99163± 0.00041 0.00423± 0.00028 0.00404± 0.00029 0.000095± 0.000028
22GeV/c2 ≤ p < 25GeV/c2 0.99034± 0.00052 0.00445± 0.00034 0.00420± 0.00037 0.00101± 0.00012
25GeV/c2 ≤ p < 27GeV/c2 0.98612± 0.00079 0.00916± 0.00057 0.00366± 0.00053 0.00105± 0.00017
27GeV/c2 ≤ p < 30GeV/c2 0.97291± 0.00091 0.02131± 0.00072 0.00434± 0.00054 0.00144± 0.00018
30GeV/c2 ≤ p < 35GeV/c2 0.9249± 0.0013 0.0709± 0.0012 0.00318± 0.00048 0.00103± 0.00015
35GeV/c2 ≤ p < 40GeV/c2 0.8195± 0.0023 0.1777± 0.0023 0.00214± 0.00068 0.00063± 0.00017
40GeV/c2 ≤ p < 50GeV/c2 0.6867± 0.0029 0.3075± 0.0028 0.00503± 0.00076 0.00076± 0.00018

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.98101± 0.00046 0.01165± 0.00036 0.00658± 0.00028 0.000756± 0.000085
11GeV/c2 ≤ p < 12GeV/c2 0.97871± 0.00056 0.01407± 0.00046 0.00639± 0.00032 0.00083± 0.00010
12GeV/c2 ≤ p < 13GeV/c2 0.97903± 0.00066 0.01366± 0.00053 0.00660± 0.00038 0.00070± 0.00011
13GeV/c2 ≤ p < 15GeV/c2 0.97961± 0.00057 0.01322± 0.00046 0.00647± 0.00033 0.000702± 0.000097
15GeV/c2 ≤ p < 17GeV/c2 0.97995± 0.00076 0.01256± 0.00059 0.00678± 0.00047 0.00071± 0.00012
17GeV/c2 ≤ p < 19GeV/c2 0.9814± 0.0010 0.01133± 0.00079 0.00692± 0.00067 0.00034± 0.00015
19GeV/c2 ≤ p < 22GeV/c2 0.9822± 0.0013 0.00856± 0.00082 0.0093± 0.0010 0.000000± 0.000021
22GeV/c2 ≤ p < 25GeV/c2 0.9808± 0.0021 0.0075± 0.0012 0.0103± 0.0017 0.00141± 0.00047
25GeV/c2 ≤ p < 27GeV/c2 0.9771± 0.0039 0.0125± 0.0024 0.0083± 0.0029 0.0021± 0.0010
27GeV/c2 ≤ p < 30GeV/c2 0.9602± 0.0048 0.0295± 0.0035 0.0076± 0.0034 0.00276± 0.00091
30GeV/c2 ≤ p < 35GeV/c2 0.8877± 0.0084 0.0949± 0.0073 0.0154± 0.0045 0.0019± 0.0013
35GeV/c2 ≤ p < 40GeV/c2 0.806± 0.017 0.185± 0.016 0.0034± 0.0082 0.0058± 0.0025
40GeV/c2 ≤ p < 50GeV/c2 0.614± 0.030 0.369± 0.030 0.013± 0.015 0.0031± 0.0030

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.9294± 0.0058 0.0117± 0.0028 0.0589± 0.0051 0.00000± 0.00035
11GeV/c2 ≤ p < 12GeV/c2 0.9348± 0.0074 0.0119± 0.0034 0.0518± 0.0066 0.0015± 0.0015
12GeV/c2 ≤ p < 13GeV/c2 0.927± 0.012 0.0205± 0.0057 0.053± 0.011 0.0± 0.0
13GeV/c2 ≤ p < 15GeV/c2 0.907± 0.012 0.0235± 0.0062 0.068± 0.011 0.0017± 0.0011
15GeV/c2 ≤ p < 17GeV/c2 0.936± 0.018 0.0128± 0.0063 0.052± 0.017 0.0± 0.0
17GeV/c2 ≤ p < 19GeV/c2 0.918± 0.030 0.0107± 0.0098 0.071± 0.029 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.97± 0.11 0.032± 0.019 0.00± 0.11 0.0± 0.0



Table 12: RICH efficiency tables for k+.

range ε(k+ → π+) ε(k+ → k+) ε(k+ → p) ε(k+ → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.443± 0.045 0.487± 0.042 0.048± 0.013 0.0223± 0.0083
11GeV/c2 ≤ p < 12GeV/c2 0.238± 0.070 0.741± 0.069 0.0122± 0.0069 0.0091± 0.0062
12GeV/c2 ≤ p < 13GeV/c2 0.188± 0.039 0.796± 0.039 0.0115± 0.0066 0.0043± 0.0041
13GeV/c2 ≤ p < 15GeV/c2 0.073± 0.026 0.919± 0.026 0.0000± 0.0013 0.0082± 0.0030
15GeV/c2 ≤ p < 17GeV/c2 0.068± 0.042 0.926± 0.042 0.0000± 0.0012 0.0067± 0.0026
17GeV/c2 ≤ p < 19GeV/c2 0.020± 0.023 0.975± 0.023 0.0000± 0.0014 0.0047± 0.0024
19GeV/c2 ≤ p < 22GeV/c2 0.050± 0.019 0.947± 0.019 0.0000± 0.0013 0.0025± 0.0015
22GeV/c2 ≤ p < 25GeV/c2 0.042± 0.018 0.942± 0.018 0.0115± 0.0045 0.0043± 0.0016
25GeV/c2 ≤ p < 27GeV/c2 0.027± 0.025 0.965± 0.025 0.0081± 0.0058 0.0000± 0.0012
27GeV/c2 ≤ p < 30GeV/c2 0.071± 0.019 0.926± 0.019 0.0000± 0.0023 0.0024± 0.0020
30GeV/c2 ≤ p < 35GeV/c2 0.143± 0.015 0.855± 0.015 0.0000± 0.0011 0.0022± 0.0011
35GeV/c2 ≤ p < 40GeV/c2 0.235± 0.023 0.760± 0.023 0.0029± 0.0044 0.0017± 0.0012
40GeV/c2 ≤ p < 50GeV/c2 0.364± 0.034 0.632± 0.034 0.0042± 0.0037 0.0000± 0.0011

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.262± 0.013 0.704± 0.013 0.0243± 0.0032 0.0094± 0.0019
11GeV/c2 ≤ p < 12GeV/c2 0.106± 0.014 0.887± 0.014 0.0069± 0.0024 0.00024± 0.00063
12GeV/c2 ≤ p < 13GeV/c2 0.109± 0.011 0.881± 0.011 0.0095± 0.0020 0.00065± 0.00066
13GeV/c2 ≤ p < 15GeV/c2 0.026± 0.011 0.968± 0.011 0.0052± 0.0014 0.00056± 0.00045
15GeV/c2 ≤ p < 17GeV/c2 0.0205± 0.0077 0.9728± 0.0078 0.0051± 0.0013 0.00158± 0.00044
17GeV/c2 ≤ p < 19GeV/c2 0.0255± 0.0082 0.9661± 0.0082 0.0076± 0.0013 0.00085± 0.00036
19GeV/c2 ≤ p < 22GeV/c2 0.0068± 0.0060 0.9834± 0.0061 0.0098± 0.0016 0.00011± 0.00011
22GeV/c2 ≤ p < 25GeV/c2 0.0067± 0.0054 0.9847± 0.0056 0.0073± 0.0019 0.00129± 0.00038
25GeV/c2 ≤ p < 27GeV/c2 0.0014± 0.0013 0.9858± 0.0027 0.0106± 0.0023 0.00221± 0.00057
27GeV/c2 ≤ p < 30GeV/c2 0.0162± 0.0060 0.9750± 0.0062 0.0070± 0.0019 0.00172± 0.00053
30GeV/c2 ≤ p < 35GeV/c2 0.0154± 0.0056 0.9752± 0.0058 0.0062± 0.0017 0.00314± 0.00054
35GeV/c2 ≤ p < 40GeV/c2 0.0368± 0.0063 0.9608± 0.0066 0.0015± 0.0020 0.00091± 0.00053
40GeV/c2 ≤ p < 50GeV/c2 0.0769± 0.0078 0.9130± 0.0081 0.0085± 0.0024 0.00165± 0.00044

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.126± 0.013 0.837± 0.013 0.0286± 0.0032 0.0077± 0.0015
11GeV/c2 ≤ p < 12GeV/c2 0.026± 0.013 0.961± 0.013 0.0125± 0.0026 0.00123± 0.00090
12GeV/c2 ≤ p < 13GeV/c2 0.017± 0.013 0.976± 0.013 0.0052± 0.0028 0.00131± 0.00092
13GeV/c2 ≤ p < 15GeV/c2 0.0303± 0.0090 0.9604± 0.0092 0.0077± 0.0021 0.00164± 0.00071
15GeV/c2 ≤ p < 17GeV/c2 0.0199± 0.0094 0.9664± 0.0097 0.0131± 0.0025 0.00069± 0.00065
17GeV/c2 ≤ p < 19GeV/c2 0.000± 0.052 0.993± 0.052 0.0075± 0.0033 0.00000± 0.00029
19GeV/c2 ≤ p < 22GeV/c2 0.0300± 0.0096 0.953± 0.010 0.0171± 0.0043 0.000000± 0.000098
22GeV/c2 ≤ p < 25GeV/c2 0.0001± 0.0028 0.9932± 0.0074 0.0067± 0.0067 0.00000± 0.00047
25GeV/c2 ≤ p < 27GeV/c2 0.015± 0.023 0.984± 0.030 0.000± 0.018 0.0018± 0.0021
27GeV/c2 ≤ p < 30GeV/c2 0.016± 0.025 0.977± 0.027 0.0063± 0.0100 0.0005± 0.0017
30GeV/c2 ≤ p < 35GeV/c2 0.013± 0.031 0.979± 0.033 0.007± 0.014 0.0000± 0.0012
35GeV/c2 ≤ p < 40GeV/c2 0.138± 0.054 0.862± 0.055 0.000± 0.012 0.0000± 0.0042
40GeV/c2 ≤ p < 50GeV/c2 0.164± 0.070 0.773± 0.083 0.063± 0.049 0.0± 0.0

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.018± 0.090 0.962± 0.099 0.021± 0.054 0.0000± 0.0024
11GeV/c2 ≤ p < 12GeV/c2 0.168± 0.078 0.808± 0.086 0.024± 0.048 0.0± 0.0
12GeV/c2 ≤ p < 13GeV/c2 0.000± 0.067 0.88± 0.11 0.115± 0.089 0.0000± 0.0086
13GeV/c2 ≤ p < 15GeV/c2 0.00± 0.25 0.88± 0.23 0.117± 0.076 0.0± 0.0
15GeV/c2 ≤ p < 17GeV/c2 0.12± 0.16 0.88± 0.17 0.000± 0.037 0.000± 0.033
17GeV/c2 ≤ p < 19GeV/c2 0.000± 0.080 1.00± 0.17 0.000± 0.078 0.00± 0.12
19GeV/c2 ≤ p < 22GeV/c2 0.000± 0.048 0.80± 0.11 0.20± 0.10 0.0± 0.0



Table 13: RICH efficiency tables for p.

range ε(p→ π+) ε(p→ k+) ε(p→ p) ε(p→ no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.523± 0.028 0.191± 0.021 0.259± 0.024 0.0273± 0.0092
11GeV/c2 ≤ p < 12GeV/c2 0.475± 0.026 0.232± 0.022 0.279± 0.023 0.0139± 0.0060
12GeV/c2 ≤ p < 13GeV/c2 0.443± 0.016 0.241± 0.017 0.300± 0.017 0.0150± 0.0049
13GeV/c2 ≤ p < 15GeV/c2 0.456± 0.013 0.259± 0.012 0.267± 0.012 0.0183± 0.0034
15GeV/c2 ≤ p < 17GeV/c2 0.402± 0.013 0.282± 0.010 0.295± 0.012 0.0211± 0.0042
17GeV/c2 ≤ p < 19GeV/c2 0.421± 0.016 0.297± 0.014 0.267± 0.013 0.0156± 0.0037
19GeV/c2 ≤ p < 22GeV/c2 0.296± 0.014 0.163± 0.011 0.540± 0.015 0.00072± 0.00070
22GeV/c2 ≤ p < 25GeV/c2 0.144± 0.012 0.0445± 0.0063 0.806± 0.012 0.0051± 0.0025
25GeV/c2 ≤ p < 27GeV/c2 0.137± 0.016 0.0338± 0.0074 0.825± 0.017 0.0042± 0.0029
27GeV/c2 ≤ p < 30GeV/c2 0.068± 0.011 0.0342± 0.0060 0.896± 0.012 0.0018± 0.0012
30GeV/c2 ≤ p < 35GeV/c2 0.0534± 0.0085 0.0317± 0.0053 0.9112± 0.0098 0.0037± 0.0015
35GeV/c2 ≤ p < 40GeV/c2 0.051± 0.011 0.0631± 0.0085 0.886± 0.014 0.00000± 0.00042
40GeV/c2 ≤ p < 50GeV/c2 0.0533± 0.0084 0.1130± 0.0086 0.831± 0.010 0.0027± 0.0013

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.3478± 0.0093 0.2520± 0.0078 0.3736± 0.0088 0.0265± 0.0027
11GeV/c2 ≤ p < 12GeV/c2 0.3170± 0.0074 0.2762± 0.0063 0.3827± 0.0070 0.0240± 0.0021
12GeV/c2 ≤ p < 13GeV/c2 0.2927± 0.0059 0.2723± 0.0045 0.4113± 0.0060 0.0238± 0.0018
13GeV/c2 ≤ p < 15GeV/c2 0.3079± 0.0040 0.2545± 0.0035 0.4169± 0.0040 0.0207± 0.0011
15GeV/c2 ≤ p < 17GeV/c2 0.3033± 0.0043 0.2781± 0.0035 0.3973± 0.0037 0.0214± 0.0011
17GeV/c2 ≤ p < 19GeV/c2 0.2992± 0.0047 0.2682± 0.0040 0.4170± 0.0046 0.0155± 0.0010
19GeV/c2 ≤ p < 22GeV/c2 0.1645± 0.0034 0.1256± 0.0025 0.7096± 0.0039 0.00027± 0.00019
22GeV/c2 ≤ p < 25GeV/c2 0.0674± 0.0030 0.0429± 0.0018 0.8855± 0.0035 0.00411± 0.00062
25GeV/c2 ≤ p < 27GeV/c2 0.0447± 0.0034 0.0279± 0.0021 0.9241± 0.0039 0.00324± 0.00075
27GeV/c2 ≤ p < 30GeV/c2 0.0331± 0.0029 0.0221± 0.0017 0.9410± 0.0033 0.00384± 0.00061
30GeV/c2 ≤ p < 35GeV/c2 0.0208± 0.0025 0.0190± 0.0015 0.9560± 0.0029 0.00416± 0.00062
35GeV/c2 ≤ p < 40GeV/c2 0.0136± 0.0027 0.0234± 0.0021 0.9601± 0.0034 0.00292± 0.00062
40GeV/c2 ≤ p < 50GeV/c2 0.0131± 0.0026 0.0330± 0.0024 0.9513± 0.0036 0.00256± 0.00056

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.2218± 0.0051 0.3203± 0.0054 0.4322± 0.0057 0.0257± 0.0018
11GeV/c2 ≤ p < 12GeV/c2 0.1879± 0.0051 0.3290± 0.0044 0.4609± 0.0056 0.0223± 0.0015
12GeV/c2 ≤ p < 13GeV/c2 0.1650± 0.0049 0.3089± 0.0048 0.5003± 0.0052 0.0258± 0.0015
13GeV/c2 ≤ p < 15GeV/c2 0.1827± 0.0029 0.2753± 0.0032 0.5198± 0.0036 0.0222± 0.0010
15GeV/c2 ≤ p < 17GeV/c2 0.1894± 0.0032 0.2698± 0.0034 0.5220± 0.0032 0.0187± 0.0011
17GeV/c2 ≤ p < 19GeV/c2 0.1975± 0.0046 0.2570± 0.0048 0.5297± 0.0055 0.0158± 0.0014
19GeV/c2 ≤ p < 22GeV/c2 0.0925± 0.0044 0.0959± 0.0036 0.8114± 0.0054 0.00028± 0.00027
22GeV/c2 ≤ p < 25GeV/c2 0.0303± 0.0043 0.0183± 0.0026 0.9464± 0.0050 0.0050± 0.0015
25GeV/c2 ≤ p < 27GeV/c2 0.0200± 0.0063 0.0143± 0.0035 0.9605± 0.0075 0.0052± 0.0025
27GeV/c2 ≤ p < 30GeV/c2 0.0163± 0.0062 0.0101± 0.0037 0.9659± 0.0077 0.0077± 0.0029
30GeV/c2 ≤ p < 35GeV/c2 0.0210± 0.0090 0.0138± 0.0053 0.960± 0.011 0.0049± 0.0036
35GeV/c2 ≤ p < 40GeV/c2 0.008± 0.016 0.002± 0.013 0.986± 0.021 0.0038± 0.0047
40GeV/c2 ≤ p < 50GeV/c2 0.029± 0.028 0.000± 0.043 0.965± 0.050 0.0051± 0.0050

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.098± 0.018 0.150± 0.019 0.742± 0.021 0.0095± 0.0047
11GeV/c2 ≤ p < 12GeV/c2 0.122± 0.019 0.153± 0.022 0.722± 0.023 0.0025± 0.0050
12GeV/c2 ≤ p < 13GeV/c2 0.147± 0.022 0.134± 0.024 0.714± 0.026 0.0046± 0.0044
13GeV/c2 ≤ p < 15GeV/c2 0.071± 0.025 0.142± 0.021 0.754± 0.033 0.032± 0.028
15GeV/c2 ≤ p < 17GeV/c2 0.201± 0.038 0.151± 0.031 0.639± 0.044 0.0089± 0.0074
17GeV/c2 ≤ p < 19GeV/c2 0.039± 0.036 0.050± 0.030 0.912± 0.046 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.088± 0.079 0.000± 0.069 0.91± 0.10 0.0± 0.0



Table 14: RICH efficiency tables for π−.

range ε(π− → π−) ε(π− → k−) ε(π− → p̄) ε(π− → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.9836± 0.0015 0.00593± 0.00099 0.00228± 0.00062 0.00819± 0.00098
11GeV/c2 ≤ p < 12GeV/c2 0.9775± 0.0018 0.0127± 0.0014 0.00342± 0.00070 0.00640± 0.00088
12GeV/c2 ≤ p < 13GeV/c2 0.9765± 0.0019 0.0149± 0.0015 0.00288± 0.00070 0.00572± 0.00089
13GeV/c2 ≤ p < 15GeV/c2 0.9720± 0.0015 0.0187± 0.0012 0.00440± 0.00066 0.00483± 0.00056
15GeV/c2 ≤ p < 17GeV/c2 0.9691± 0.0017 0.0216± 0.0014 0.00513± 0.00069 0.00413± 0.00059
17GeV/c2 ≤ p < 19GeV/c2 0.9730± 0.0018 0.0176± 0.0014 0.00679± 0.00094 0.00259± 0.00050
19GeV/c2 ≤ p < 22GeV/c2 0.9738± 0.0016 0.0152± 0.0012 0.0090± 0.0010 0.00197± 0.00038
22GeV/c2 ≤ p < 25GeV/c2 0.9744± 0.0018 0.0164± 0.0014 0.0071± 0.0011 0.00201± 0.00049
25GeV/c2 ≤ p < 27GeV/c2 0.9751± 0.0025 0.0162± 0.0019 0.0068± 0.0016 0.00194± 0.00057
27GeV/c2 ≤ p < 30GeV/c2 0.9665± 0.0025 0.0221± 0.0019 0.0085± 0.0014 0.00286± 0.00065
30GeV/c2 ≤ p < 35GeV/c2 0.9423± 0.0027 0.0482± 0.0024 0.0068± 0.0013 0.00274± 0.00056
35GeV/c2 ≤ p < 40GeV/c2 0.8964± 0.0040 0.0925± 0.0037 0.0086± 0.0015 0.00248± 0.00064
40GeV/c2 ≤ p < 50GeV/c2 0.8423± 0.0046 0.1500± 0.0044 0.0067± 0.0014 0.00093± 0.00038

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.98798± 0.00042 0.00713± 0.00034 0.00401± 0.00024 0.00087± 0.00011
11GeV/c2 ≤ p < 12GeV/c2 0.98859± 0.00043 0.00727± 0.00036 0.00352± 0.00023 0.000617± 0.000092
12GeV/c2 ≤ p < 13GeV/c2 0.98766± 0.00046 0.00811± 0.00038 0.00376± 0.00025 0.000477± 0.000081
13GeV/c2 ≤ p < 15GeV/c2 0.98945± 0.00033 0.00692± 0.00027 0.00330± 0.00018 0.000326± 0.000051
15GeV/c2 ≤ p < 17GeV/c2 0.98963± 0.00036 0.00637± 0.00029 0.00374± 0.00021 0.000256± 0.000049
17GeV/c2 ≤ p < 19GeV/c2 0.99101± 0.00039 0.00590± 0.00032 0.00291± 0.00023 0.000177± 0.000053
19GeV/c2 ≤ p < 22GeV/c2 0.99156± 0.00038 0.00434± 0.00027 0.00404± 0.00027 0.000065± 0.000025
22GeV/c2 ≤ p < 25GeV/c2 0.99054± 0.00047 0.00450± 0.00032 0.00401± 0.00033 0.00095± 0.00012
25GeV/c2 ≤ p < 27GeV/c2 0.98701± 0.00073 0.00760± 0.00052 0.00371± 0.00047 0.00168± 0.00020
27GeV/c2 ≤ p < 30GeV/c2 0.97628± 0.00082 0.01965± 0.00067 0.00316± 0.00045 0.00091± 0.00015
30GeV/c2 ≤ p < 35GeV/c2 0.9314± 0.0012 0.0649± 0.0011 0.00279± 0.00042 0.00095± 0.00015
35GeV/c2 ≤ p < 40GeV/c2 0.8312± 0.0022 0.1647± 0.0022 0.00282± 0.00055 0.00132± 0.00022
40GeV/c2 ≤ p < 50GeV/c2 0.6958± 0.0028 0.2987± 0.0028 0.00466± 0.00068 0.00078± 0.00020

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.97815± 0.00047 0.01351± 0.00037 0.00748± 0.00028 0.000865± 0.000085
11GeV/c2 ≤ p < 12GeV/c2 0.97754± 0.00054 0.01452± 0.00044 0.00706± 0.00032 0.000878± 0.000097
12GeV/c2 ≤ p < 13GeV/c2 0.97623± 0.00065 0.01558± 0.00053 0.00760± 0.00037 0.000588± 0.000096
13GeV/c2 ≤ p < 15GeV/c2 0.97736± 0.00055 0.01440± 0.00044 0.00750± 0.00033 0.000736± 0.000093
15GeV/c2 ≤ p < 17GeV/c2 0.97597± 0.00077 0.01433± 0.00059 0.00900± 0.00048 0.00070± 0.00012
17GeV/c2 ≤ p < 19GeV/c2 0.9783± 0.0010 0.01325± 0.00079 0.00811± 0.00067 0.00034± 0.00013
19GeV/c2 ≤ p < 22GeV/c2 0.9778± 0.0013 0.00941± 0.00080 0.01275± 0.00099 0.000042± 0.000059
22GeV/c2 ≤ p < 25GeV/c2 0.9790± 0.0020 0.0089± 0.0011 0.0109± 0.0015 0.00122± 0.00046
25GeV/c2 ≤ p < 27GeV/c2 0.9812± 0.0032 0.0081± 0.0020 0.0095± 0.0024 0.00115± 0.00100
27GeV/c2 ≤ p < 30GeV/c2 0.9619± 0.0045 0.0221± 0.0032 0.0136± 0.0030 0.0024± 0.0011
30GeV/c2 ≤ p < 35GeV/c2 0.9243± 0.0072 0.0660± 0.0063 0.0076± 0.0035 0.0021± 0.0011
35GeV/c2 ≤ p < 40GeV/c2 0.813± 0.017 0.174± 0.016 0.0077± 0.0075 0.0050± 0.0030
40GeV/c2 ≤ p < 50GeV/c2 0.731± 0.034 0.256± 0.033 0.009± 0.014 0.0040± 0.0037

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.9241± 0.0054 0.0164± 0.0027 0.0586± 0.0048 0.00090± 0.00057
11GeV/c2 ≤ p < 12GeV/c2 0.9457± 0.0073 0.0062± 0.0024 0.0482± 0.0069 0.0± 0.0
12GeV/c2 ≤ p < 13GeV/c2 0.907± 0.011 0.0166± 0.0053 0.0769± 0.0097 0.0000± 0.0010
13GeV/c2 ≤ p < 15GeV/c2 0.9254± 0.0093 0.0128± 0.0040 0.0603± 0.0085 0.00149± 0.00091
15GeV/c2 ≤ p < 17GeV/c2 0.940± 0.013 0.0046± 0.0036 0.055± 0.012 0.0± 0.0
17GeV/c2 ≤ p < 19GeV/c2 0.935± 0.018 0.0108± 0.0072 0.054± 0.017 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.974± 0.017 0.0± 0.0 0.026± 0.017 0.0± 0.0



Table 15: RICH efficiency tables for k−.

range ε(k− → π−) ε(k− → k−) ε(k− → p̄) ε(k− → no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.449± 0.045 0.470± 0.042 0.042± 0.011 0.0384± 0.0097
11GeV/c2 ≤ p < 12GeV/c2 0.278± 0.046 0.707± 0.046 0.0102± 0.0070 0.0048± 0.0063
12GeV/c2 ≤ p < 13GeV/c2 0.187± 0.049 0.804± 0.049 0.0004± 0.0041 0.0081± 0.0075
13GeV/c2 ≤ p < 15GeV/c2 0.132± 0.025 0.856± 0.025 0.0068± 0.0043 0.0054± 0.0039
15GeV/c2 ≤ p < 17GeV/c2 0.143± 0.023 0.842± 0.024 0.0120± 0.0043 0.0032± 0.0029
17GeV/c2 ≤ p < 19GeV/c2 0.038± 0.028 0.941± 0.028 0.0125± 0.0042 0.0091± 0.0034
19GeV/c2 ≤ p < 22GeV/c2 0.053± 0.020 0.923± 0.020 0.0225± 0.0045 0.0015± 0.0014
22GeV/c2 ≤ p < 25GeV/c2 0.017± 0.021 0.955± 0.021 0.0247± 0.0057 0.0030± 0.0022
25GeV/c2 ≤ p < 27GeV/c2 0.079± 0.020 0.911± 0.021 0.0029± 0.0050 0.0064± 0.0030
27GeV/c2 ≤ p < 30GeV/c2 0.133± 0.020 0.856± 0.021 0.0074± 0.0046 0.0036± 0.0025
30GeV/c2 ≤ p < 35GeV/c2 0.202± 0.018 0.785± 0.018 0.0059± 0.0034 0.0072± 0.0020
35GeV/c2 ≤ p < 40GeV/c2 0.300± 0.018 0.687± 0.018 0.0074± 0.0040 0.0059± 0.0021
40GeV/c2 ≤ p < 50GeV/c2 0.457± 0.019 0.537± 0.019 0.0036± 0.0032 0.0024± 0.0015

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.251± 0.015 0.713± 0.015 0.0277± 0.0033 0.0079± 0.0019
11GeV/c2 ≤ p < 12GeV/c2 0.120± 0.015 0.865± 0.014 0.0130± 0.0022 0.00236± 0.00088
12GeV/c2 ≤ p < 13GeV/c2 0.075± 0.014 0.914± 0.014 0.0106± 0.0022 0.00062± 0.00072
13GeV/c2 ≤ p < 15GeV/c2 0.034± 0.010 0.956± 0.010 0.0085± 0.0014 0.00082± 0.00042
15GeV/c2 ≤ p < 17GeV/c2 0.0339± 0.0091 0.9599± 0.0091 0.0050± 0.0012 0.00132± 0.00041
17GeV/c2 ≤ p < 19GeV/c2 0.0167± 0.0079 0.9761± 0.0080 0.0067± 0.0013 0.00042± 0.00035
19GeV/c2 ≤ p < 22GeV/c2 0.0040± 0.0019 0.9870± 0.0024 0.0089± 0.0015 0.00006± 0.00011
22GeV/c2 ≤ p < 25GeV/c2 0.00111± 0.00092 0.9891± 0.0020 0.0082± 0.0017 0.00163± 0.00040
25GeV/c2 ≤ p < 27GeV/c2 0.0202± 0.0069 0.9697± 0.0072 0.0082± 0.0020 0.00181± 0.00065
27GeV/c2 ≤ p < 30GeV/c2 0.00000± 0.00025 0.9911± 0.0021 0.0071± 0.0019 0.00181± 0.00059
30GeV/c2 ≤ p < 35GeV/c2 0.0103± 0.0062 0.9822± 0.0066 0.0055± 0.0016 0.00203± 0.00049
35GeV/c2 ≤ p < 40GeV/c2 0.0397± 0.0064 0.9495± 0.0066 0.0088± 0.0019 0.00192± 0.00058
40GeV/c2 ≤ p < 50GeV/c2 0.0609± 0.0067 0.9294± 0.0070 0.0082± 0.0022 0.00141± 0.00069

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.114± 0.014 0.848± 0.013 0.0283± 0.0030 0.0094± 0.0015
11GeV/c2 ≤ p < 12GeV/c2 0.043± 0.013 0.940± 0.013 0.0154± 0.0023 0.00155± 0.00080
12GeV/c2 ≤ p < 13GeV/c2 0.029± 0.013 0.959± 0.013 0.0090± 0.0025 0.00218± 0.00073
13GeV/c2 ≤ p < 15GeV/c2 0.0000± 0.0035 0.9883± 0.0062 0.0116± 0.0020 0.0001± 0.0046
15GeV/c2 ≤ p < 17GeV/c2 0.00000± 0.00033 0.9889± 0.0023 0.0104± 0.0022 0.00068± 0.00059
17GeV/c2 ≤ p < 19GeV/c2 0.0000± 0.0011 0.9811± 0.0033 0.0173± 0.0030 0.00155± 0.00075
19GeV/c2 ≤ p < 22GeV/c2 0.0000± 0.0040 0.9897± 0.0056 0.0102± 0.0040 0.00014± 0.00022
22GeV/c2 ≤ p < 25GeV/c2 0.0000± 0.0043 0.9844± 0.0080 0.0122± 0.0065 0.0035± 0.0016
25GeV/c2 ≤ p < 27GeV/c2 0.015± 0.022 0.945± 0.024 0.036± 0.010 0.0040± 0.0024
27GeV/c2 ≤ p < 30GeV/c2 0.048± 0.022 0.947± 0.023 0.0046± 0.0088 0.0000± 0.0013
30GeV/c2 ≤ p < 35GeV/c2 0.013± 0.026 0.964± 0.030 0.019± 0.014 0.0043± 0.0045
35GeV/c2 ≤ p < 40GeV/c2 0.042± 0.049 0.951± 0.052 0.007± 0.020 0.0000± 0.0047
40GeV/c2 ≤ p < 50GeV/c2 0.24± 0.13 0.60± 0.14 0.165± 0.074 0.0± 0.0

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.146± 0.085 0.806± 0.086 0.000± 0.023 0.049± 0.024
11GeV/c2 ≤ p < 12GeV/c2 0.08± 0.13 0.89± 0.13 0.028± 0.050 0.000± 0.013
12GeV/c2 ≤ p < 13GeV/c2 0.29± 0.22 0.63± 0.23 0.037± 0.077 0.045± 0.032
13GeV/c2 ≤ p < 15GeV/c2 0.0± 1.1 0.92± 1.00 0.08± 0.16 0.0± 0.0
15GeV/c2 ≤ p < 17GeV/c2 0.00± 0.10 0.92± 0.14 0.083± 0.086 0.000± 0.063
17GeV/c2 ≤ p < 19GeV/c2 0.00± 0.38 0.84± 0.34 0.081± 0.080 0.081± 0.057
19GeV/c2 ≤ p < 22GeV/c2 0.51± 0.26 0.49± 0.26 0.000± 0.041 0.0± 0.0



Table 16: RICH efficiency tables for p̄.

range ε(p̄→ π−) ε(p̄→ k−) ε(p̄→ p̄) ε(p̄→ no ID)

0.00 ≤ θ < 0.01

10GeV/c2 ≤ p < 11GeV/c2 0.618± 0.042 0.121± 0.026 0.238± 0.035 0.023± 0.012
11GeV/c2 ≤ p < 12GeV/c2 0.451± 0.036 0.250± 0.028 0.268± 0.029 0.031± 0.011
12GeV/c2 ≤ p < 13GeV/c2 0.448± 0.023 0.280± 0.024 0.250± 0.023 0.0212± 0.0084
13GeV/c2 ≤ p < 15GeV/c2 0.453± 0.015 0.260± 0.015 0.264± 0.015 0.0226± 0.0054
15GeV/c2 ≤ p < 17GeV/c2 0.465± 0.017 0.262± 0.015 0.248± 0.012 0.0245± 0.0056
17GeV/c2 ≤ p < 19GeV/c2 0.466± 0.021 0.252± 0.017 0.267± 0.018 0.0148± 0.0042
19GeV/c2 ≤ p < 22GeV/c2 0.295± 0.017 0.175± 0.012 0.529± 0.018 0.0005± 0.0012
22GeV/c2 ≤ p < 25GeV/c2 0.207± 0.016 0.0581± 0.0090 0.725± 0.015 0.0093± 0.0030
25GeV/c2 ≤ p < 27GeV/c2 0.086± 0.019 0.0269± 0.0077 0.886± 0.022 0.001± 0.011
27GeV/c2 ≤ p < 30GeV/c2 0.101± 0.016 0.0268± 0.0073 0.866± 0.017 0.0063± 0.0033
30GeV/c2 ≤ p < 35GeV/c2 0.074± 0.012 0.0164± 0.0052 0.908± 0.013 0.0022± 0.0014
35GeV/c2 ≤ p < 40GeV/c2 0.045± 0.013 0.0570± 0.0081 0.897± 0.015 0.0007± 0.0013
40GeV/c2 ≤ p < 50GeV/c2 0.067± 0.010 0.1010± 0.0095 0.829± 0.013 0.0027± 0.0015

0.01 ≤ θ < 0.04

10GeV/c2 ≤ p < 11GeV/c2 0.371± 0.014 0.220± 0.010 0.387± 0.012 0.0215± 0.0035
11GeV/c2 ≤ p < 12GeV/c2 0.299± 0.011 0.2970± 0.0089 0.3792± 0.0097 0.0251± 0.0029
12GeV/c2 ≤ p < 13GeV/c2 0.2915± 0.0068 0.2855± 0.0073 0.4030± 0.0078 0.0200± 0.0023
13GeV/c2 ≤ p < 15GeV/c2 0.3090± 0.0055 0.2620± 0.0048 0.4104± 0.0054 0.0187± 0.0014
15GeV/c2 ≤ p < 17GeV/c2 0.3137± 0.0060 0.2643± 0.0046 0.4024± 0.0052 0.0196± 0.0014
17GeV/c2 ≤ p < 19GeV/c2 0.3098± 0.0066 0.2686± 0.0053 0.4071± 0.0061 0.0144± 0.0014
19GeV/c2 ≤ p < 22GeV/c2 0.1745± 0.0047 0.1274± 0.0035 0.6972± 0.0052 0.00079± 0.00030
22GeV/c2 ≤ p < 25GeV/c2 0.0736± 0.0040 0.0464± 0.0025 0.8752± 0.0046 0.00487± 0.00080
25GeV/c2 ≤ p < 27GeV/c2 0.0546± 0.0050 0.0296± 0.0027 0.9123± 0.0056 0.00358± 0.00099
27GeV/c2 ≤ p < 30GeV/c2 0.0389± 0.0043 0.0215± 0.0021 0.9345± 0.0048 0.0052± 0.0010
30GeV/c2 ≤ p < 35GeV/c2 0.0180± 0.0035 0.0183± 0.0020 0.9601± 0.0040 0.00362± 0.00072
35GeV/c2 ≤ p < 40GeV/c2 0.0151± 0.0040 0.0257± 0.0028 0.9552± 0.0049 0.00396± 0.00099
40GeV/c2 ≤ p < 50GeV/c2 0.0176± 0.0037 0.0371± 0.0033 0.9435± 0.0049 0.00193± 0.00068

0.04 ≤ θ < 0.12

10GeV/c2 ≤ p < 11GeV/c2 0.2096± 0.0067 0.3065± 0.0068 0.4607± 0.0060 0.0232± 0.0024
11GeV/c2 ≤ p < 12GeV/c2 0.1812± 0.0061 0.3208± 0.0066 0.4755± 0.0072 0.0226± 0.0021
12GeV/c2 ≤ p < 13GeV/c2 0.1560± 0.0062 0.3010± 0.0056 0.5210± 0.0068 0.0220± 0.0019
13GeV/c2 ≤ p < 15GeV/c2 0.1842± 0.0040 0.2639± 0.0043 0.5303± 0.0049 0.0216± 0.0014
15GeV/c2 ≤ p < 17GeV/c2 0.1883± 0.0040 0.2585± 0.0049 0.5311± 0.0054 0.0221± 0.0016
17GeV/c2 ≤ p < 19GeV/c2 0.2030± 0.0060 0.2434± 0.0059 0.5332± 0.0056 0.0203± 0.0021
19GeV/c2 ≤ p < 22GeV/c2 0.0935± 0.0059 0.0973± 0.0051 0.8077± 0.0073 0.00149± 0.00054
22GeV/c2 ≤ p < 25GeV/c2 0.0347± 0.0062 0.0253± 0.0040 0.9310± 0.0076 0.0090± 0.0025
25GeV/c2 ≤ p < 27GeV/c2 0.0151± 0.0090 0.0208± 0.0055 0.958± 0.011 0.0060± 0.0030
27GeV/c2 ≤ p < 30GeV/c2 0.051± 0.012 0.0118± 0.0059 0.930± 0.013 0.0078± 0.0041
30GeV/c2 ≤ p < 35GeV/c2 0.012± 0.013 0.0020± 0.0074 0.970± 0.016 0.0159± 0.0070
35GeV/c2 ≤ p < 40GeV/c2 0.018± 0.030 0.0000± 0.0074 0.975± 0.033 0.007± 0.012
40GeV/c2 ≤ p < 50GeV/c2 0.064± 0.044 0.000± 0.053 0.936± 0.068 0.0000± 0.0056

0.12 ≤ θ < 0.30

10GeV/c2 ≤ p < 11GeV/c2 0.045± 0.023 0.110± 0.027 0.836± 0.032 0.0093± 0.0049
11GeV/c2 ≤ p < 12GeV/c2 0.073± 0.027 0.206± 0.043 0.700± 0.049 0.021± 0.020
12GeV/c2 ≤ p < 13GeV/c2 0.069± 0.035 0.220± 0.043 0.684± 0.046 0.027± 0.016
13GeV/c2 ≤ p < 15GeV/c2 0.076± 0.035 0.109± 0.038 0.814± 0.048 0.0± 0.0
15GeV/c2 ≤ p < 17GeV/c2 0.190± 0.069 0.111± 0.056 0.699± 0.081 0.0± 0.0
17GeV/c2 ≤ p < 19GeV/c2 0.29± 0.14 0.30± 0.16 0.41± 0.17 0.0± 0.0
19GeV/c2 ≤ p < 22GeV/c2 0.34± 0.16 0.0± 0.0 0.66± 0.16 0.0± 0.0
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Figure 33: Comparison of the probability to identify positively charged pions with angles between 0.0
and 0.01 rad.
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Figure 34: Comparison of the probability to identify positively charged pions with angles between 0.01
and 0.04 rad.
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Figure 35: Comparison of the probability to identify positively charged pions with angles between 0.04
and 0.12 rad.
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Figure 36: Comparison of the probability to identify negatively charged kaons with angles between 0.0
and 0.01 rad.
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Figure 37: Comparison of the probability to identify negatively charged kaons with angles between
0.01 and 0.04 rad.
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Figure 38: Comparison of the probability to identify negatively charged kaons with angles between
0.04 and 0.12 rad.
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Figure 39: Comparison of the probability to identify positively charged kaons with angles between 0.0
and 0.01 rad.
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Figure 40: Comparison of the probability to identify positively charged kaons with angles between 0.01
and 0.04 rad.
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Figure 41: Comparison of the probability to identify positively charged kaons with angles between 0.04
and 0.12 rad.
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Figure 42: Comparison of the probability to identify antiprotons with angles between 0.0 and 0.01 rad.
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Figure 43: Comparison of the probability to identify antiprotons with angles between 0.01 and 0.04
rad.
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Figure 44: Comparison of the probability to identify antiprotons with angles between 0.04 and 0.12
rad.
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Figure 45: Comparison of the probability to identify protons with angles between 0.0 and 0.01 rad.
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Figure 46: Comparison of the probability to identify protons with angles between 0.01 and 0.04 rad.
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Figure 47: Comparison of the probability to identify protons with angles between 0.04 and 0.12 rad.
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