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3.2. The polarised hydrogen gas target
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Figure 3.4.: Schematic view of the storage cell: The open-ended storage cell was made of two pure
aluminium sheets and was constructed as thin as possible (0.075mm) to minimise multi-
ple scattering and bremsstrahlung for particles. It was 400mm long and had an elliptical
cross-sectioned shape of 21.0⇥8.9mm2 determined by a HERA electron beam clearance
of about 20s . Polarised atoms were injected through a feed tube installed perpendicular
to the beam axis and central in the centre of the cell. Wake-field suppressors up- and
downstream of the storage cell provided a smooth transition between the storage cell
and the beam pipe to avoid heating of the target cell by beam wake fields.

was reached. Recombination to hydrogen molecules and depolarisation of the target atoms caused
by wall collisions could be minimised by coating the storage cell with Drifilm and by an additional
thin layer of ice which was produced on the cell’s wall during operation.
The storage cell was surrounded by a magnet generating a holding field transverse to the beam

direction. The holding field in vertical direction provided the quantisation axis for the spin of the
polarised hydrogen atoms in the storage cell and decoupled the spins of electrons and protons. The
magnetic field was limited by the amount of synchrotron radiation generated by the Lorentz force
induced deflection of the beam by the transverse target magnet. For the nominal magnetic field of
297mT a homogeneity of ∆B 6 0.15mT would be required to avoid possible beam-induced nuclear
depolarisation resonances. Due to geometrical constraints a magnet field uniformity in horizontal di-
rection was limited to ∆Bx 6 0.60mT, while in vertical direction and in beam direction an uniformity
of ∆By 6 0.15mT and ∆Bz 6 0.05mT respectively could be achieved. In figure 3.5 a measurement of
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Figure 3.5.: The transverse target magnet: A picture of the magnet is shown in the left panel. In the
right panel the transverse magnet field uniformity measured along the beam axis (z) is
given for the nominal magnet field of B= 297mT.
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3. The HERMES experiment
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Figure 3.3.: Schematic representation of the HERMES polarised hydrogen target consisting of an
atomic beam source (ABS), the storage cell, a Breit-Rabi polarimeter (BRP) and a target
gas analyser (TGA): Molecular hydrogen was dissociated by the discharge tube and was
formed into an intense atomic beam by adiabatic expansion through a cold nozzle and
a set of collimators. The hyperfine states with magnetic electron spin quantum number
m = +1

2 were focused by a system of sextupole magnets while those with m = �1
2

were deflected (Stern-Gerlach separation). High-frequency transitions allowed to attain
nuclear polarisation by exchanging occupation numbers of hyperfine states. The nuclear
spin orientation could be reversed rapidly. A small sample of target atoms was extracted
from the sampling tube for target diagnostics by the BRP and the TGA.

3.2. The polarised hydrogen gas target

For the design of the HERMES experiment the use of polarised solid state targets was excluded.
The areal density of solid state targets would have significantly reduced the lifetime of the HERA
electron beam and thus interfered with the in parallel running of the H1, ZEUS and HERMES
experiments. Instead a polarised gas target [HERMES05a] was installed internal to the HERA
storage ring. Contrary to solid state targets pure gas targets permit highly polarised target samples
without dilution from unpolarised target material and without any background arising from unwanted
scattering at the target material container. Furthermore this technique allowed rapid reversals of the
target spin and therefore provided a substantial reduction of time-dependent systematic uncertainties.
A schematic representation of the HERMES target region is given in figure 3.3: A beam of

nuclear-polarised hydrogen atoms, formed in an atomic beam source, was injected into an open-
ended storage cell, through which the circulating HERA electron beam was passed. Through the
open ends of the storage cell, described in figure 3.4, the target atoms diffused into the storage
ring and were removed by a high-speed differential pumping system. A small sample of the target
atoms was extracted from the cell’s sampling tube for the determination of the target polarisations.
Synchrotron radiation emitted by the electron beam bunches could have heated the storage cell. Thus,
the cell was shielded from synchrotron radiation by a systems of collimators in front of the target
cell.
By injecting polarised atoms into a storage cell the target areal density could be enhanced by about

two orders of magnitude compared to the free atomic beam of a typical polarised jet target. Due to
many wall collisions the interaction probability with the electron beam was enhanced. In addition
the storage cell was cooled to 100K to decrease the thermal velocity of the target atoms. Thus an
target areal density of 1014H-atoms/cm2 and a corresponding luminosity of about 1031H-atoms/cm2
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3.3. The HERMES spectrometer
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Figure 3.6.: Schematic side view of the HERMES spectrometer: Its acceptance spanned the ranges
40< |qvertical| < 140mrad and |qhorizontal| < 170mrad in the scattering angle.

3.3.2. The particle identification system
A very clean separation of the scattered lepton tracks from the hadron tracks is essential for semi-
inclusive measurements of the deep-inelastic scattering process. The particle identification (PID) sys-
tem of the HERMES experiment consisted of a dual-radiator ring imaging Čerenkov detector, a tran-
sition radiation detector (TRD), a preshower scintillation counter and an electromagnetic calorimeter.
The responses of the four different PID detectors (figure 3.7) were combined to suppress the large
background of hadrons arising mainly from photo-production processes:

❑ In the TRD, the electromagnetic radiation emitted by charged particles that cross a boundary
between two dielectric media was detected. The radiated energy is proportional to the Lorentz
factor g of the radiating particles. This allows for the separation of lepton and hadron tracks
due to the much higher Lorentz factors of electrons compared to hadrons of the same energy.
As only a small number of photons is radiated when a particle crosses a boundary, six modules
were combined in order to be able to measure the transition radiation. Each module consisted
of a proportional wire chamber and a preceding radiator with polyethylene fibres. Using solely
the response of the six TRD modules and the truncated mean method, hadrons were rejected
by a factor of more than 100 at an efficiency of about 90%.

❑ A preshower scintillation counter halve consisted of two radiation lengths of lead and a scin-
tillator hodoscope. As leptons in the preshower scintillation counter induce electromagnetic
showers with much higher probability than hadrons, hadrons were suppressed by a factor of
10 at an efficiency of about 95%.

❑ In the calorimeter, the energy of electromagnetic showers developing in the 42⇥10 lead-glass
block array of a calorimeter halve was measured. Unlike hadrons, leptons deposited their
whole energy in the lead-glass blocks of about 18 radiation lengths. A hadron-rejection factor
of 100 was obtained.
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3.3. The HERMES spectrometer
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Fig. 5. A cutaway schematic view of the (top) RICH counter.

A gas control system recirculates the radi-
ator gas through the main volume, keep-
ing the gas at a slight overpressure with
respect to atmosphere. The aerogel radia-
tor is an assembly of tiles configured to fill
the entrance of the detector with an aero-
gel thickness of 5.5 cm. The unoccupied
volume of the detector behind the aerogel
is filled with the gas radiator, C4F10. A
spherical mirror array located at the rear
of the radiator box images the Čerenkov
light cones onto a focal surface located
above (below) the active volume.

The radius of curvature of the mirror ar-
ray is 2.20 m. It was chosen to give a fo-
cal surface location in the accessible re-
gion above (below) the forward region of
the radiator boxes and to provide a de-
tector plane of tractable dimensions. The
optical axis of the array, the perpendicu-
lar to the mirror surface at the center of
the array, is inclined at an angle of 26 de-
grees to the horizon. The photon detector
is located outside of the mirror optical axis
with its axis inclined at an angle of 40 de-
grees to the horizon so as to intercept the
mirror surface at a distance of 90 cm. The

focal length of the mirror is 110 cm. The
boxes are fitted with gas connections and
pressure regulators which provide a con-
tinuous controlled flow of recirculating gas.
An open section of one of the RICH coun-
ters is shown in figure 5.

The size of a useful detector surface was
evaluated by an MC simulation which in-
cluded an early version of the RICH ge-
ometry described above. The simulation
showed that 95% of the centers of the rings
and 90% of all the photons are contained
in a planar surface 60 cm high and 120 cm
wide (0.72 m2 surface area). These dimen-
sions were used as lower limits in the final
design of the photon detector.

The inner walls of the box are blackened to
reduce wall reflections. An array of green
light-emitting diodes (LED) is installed to
provide test and calibration pulses for the
photon detector. They are located on the
face of the mirror, so as to provide an ap-
proximately uniform illumination of the
photon detector surface.

As explained below, most of the useful pho-

6

where kf = tan θ · σθ/
√

N is the RICH de-
tector constant, N is the number of sepa-
rately detected photons, θ is the Čerenkov
angle and σθ the standard deviation of the
reconstructed photon angle distribution. In
the design, nσ = 4.652 was chosen, as it
corresponds to a misidentification of the
particle in 1% of the cases, assuming equal
fluxes for the two particle types, an average
detector response (in yield and resolution)
and no background.

Assuming σθ to be 7 mrad (see tables 3
and 4) it follows from (1) that pmax(π, K)
= 15 GeV requires N for the gas to be
12. This requirement leads to the design
values for pmax given in table 2. In this es-
timate it was assumed that the number of
separately detected photons from the aero-
gel is 10. Figure 3 illustrates the overlap
between the momentum regions for both
radiators. The lightly shaded region indi-
cates where the particle can be identified
based on whether or not a ring is present

aerogel C4F10

kf 5.46 · 10−4 1.07 · 10−4

pmax(π/K) 6.7 GeV 15.0 GeV

pmax(K/p) 11.2 GeV 25.3 GeV

Table 2
Maximum separation momenta pmax.
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Fig. 3. Momentum ranges for hadron sep-
aration in aerogel and C4F10. Between the
dashed lines the hadrons can be separated.

at all. In this region the detector acts like a
threshold Čerenkov. In the darkly shaded
region the identification is based on the av-
erage reconstructed angles. The plot con-
siders each radiator separately, but the PID
algorithms will combine the information
from the two. The momentum region for
which the identification of pions, kaons and
protons is possible is limited by the kaon
threshold momentum for aerogel at 2.0 GeV
and by the maximum separation momen-
tum for π/K separation in C4F10 at 15.0
GeV.

2.2 General Design Parameters

The geometry which was adopted for the
Čerenkov radiators and ring imaging sys-
tems is shown in figure 4 [10]. The body
of the counter is constructed of aluminum,
with entrance and exit windows made of 1
mm thick aluminum. The volume of each
half is approximately 4000 l. The size of
the entrance window is 187.7 cm by 46.4 cm
and the exit window 257.0 cm by 59.0 cm.
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Fig. 4. Basic geometry and radiator con-
figuration for the HERMES dual radiator
RICH (not to scale).
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Figure 3.8.: The RICH detector: A cutaway schematic view of the upper RICH detector is shown in
the left panel, whereas the basic configuration is presented in the right panel. A particle
traversed first a wall of silica aerogel SiO2 and then the detector interior filled with
C4F10. The lightweight focusing mirror was made of resin-coated carbon-fibre surfaces
of optical quality. The photon detector consisted of 1934 photo-multiplier tubes for each
detector half, held in a soft-steel matrix to provide shielding against the residual field of
the spectrometer magnet.
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Fig. 1. Monte Carlo hadron momentum spec-
tra within the HERMES acceptance.

menta is due to the field of the spectrom-
eter magnet, which severely limits the ac-
ceptance at lower momenta. About 95% of
all hadrons in the acceptance are found in
the range of 2.0 to 15.0 GeV. This defines
the momentum range over which clear par-
ticle identification should be provided.

The low end of this range determines the
index of refraction necessary for the aero-
gel. A value of n(λ=633 nm)=1.03 was cho-
sen since it leads to a kaon threshold of
2 GeV. The Čerenkov angles produced by
the combination of this aerogel and the
heavy gas (C4F10) for pions, kaons and pro-
tons are plotted in figure 2 as a function
of particle momentum. The corresponding
threshold momenta are listed in table 1.
All pion momenta within the spectrometer
acceptance are above the pion threshold
momentum for aerogel of 0.6 GeV, 90% of
the kaon and 78% of the proton momenta
are above the kaon threshold of 2.0 GeV.

The high end of the momentum range fixes
the number of photons that must be de-
tected for full hadron separation. The pa-
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aerogel C4F10

n 1.0304 1.00137

βtγt 4.03 19.10

π 0.6 GeV 2.7 GeV

K 2.0 GeV 9.4 GeV

p 3.8 GeV 17.9 GeV

Table 1
Čerenkov light thresholds for pions, kaons and
protons. The index of refraction n is given at
633 nm, βt = 1/n is the threshold velocity
and γt = 1/

√

1 − β2
t .

rameter to be considered is pmax, the max-
imum separation momentum [9]. This is
defined as the maximum momentum for
which the average photon emission angle
of two particle types (with masses m1 and
m2) is separated by a number of standard
deviations nσ :

pmax =

√

√

√

√

m2
2 − m2

1

2kfnσ

(1)

4

Figure 3.9.: Hadron identification using the RICH detector: For charged pions, charged kaons and
protons the momentum dependence p of the Čerenkov cone angle q is given. All pion
momenta within the momentum acceptance of the spectrometer were above the pion
threshold for SiO2 of 0.6GeV, 90% of the kaon and 78% of the proton momenta were
above the kaon threshold of 2.0GeV.
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4.1. The semi-inclusive measurement of the DIS process
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Figure 4.1.: Lepton-hadron separation: The information on the HERMES PID system is combined
into the quantities PID3 and PID5 and the corresponding particle fluxes (log10Φ). Lep-
ton tracks are clearly separated from the large hadronic background according to the
PID3 and PID5 quantities as shown in the left panel using the 2003 data as example.
In the right panel the distribution of particle counts as a function of the total value of
PID3+PID5� log10Φ is given. The dashed vertical lines indicate the chosen limits for
the separation of lepton and hadron tracks.

4.1.5. The hadron identification
Based on the combined PID detector responses hadrons in coincidence with scattered leptons are
identified with an efficiency of 99% and lepton contaminations smaller than 1%. Hadron tracks of
pions, kaons and protons are separated using the RICH PID information (section 3.3.2). For each
track within the momentum range 2–15GeV the most probable hadron type and a corresponding
quality parameter Q defined as

Q= log10
P(most probable hadron type)

P(second most probable hadron type)
(4.4)

was determined based on the direct ray tracing (DRT), the event level (EVT) and the inverse ray
tracing (IRT) reconstruction method. By requiring a positive quality parameter Q semi-inclusive
deep-inelastic scattering events from periods with a bad performance of the RICH detector or incor-
rect reconstructions of the Čerenkov angle were omitted.
The efficiency of the RICH detector and the contamination of the pion, kaon and proton identifica-

tion were evaluated by Monte Carlo simulations of the RICH PID. Thereby the performance of the
RICH detector was parameterised in terms ofP-matrices which related the identified hadron types
to the true hadron types. The elements Ph(htrue) of the P-matrix denote the conditional probability
that a hadron of true type htrue is identified as a particle of type h (or even unidentified as X):

P =

0

BB@

Pp(p) Pp(K) Pp(p)
PK(p) PK(K) PK(p)
Pp(p) Pp(K) Pp(p)
PX(p) PX(K) PX(p)

1

CCA . (4.5)

The momentum dependence of these conditional probabilities for the different reconstruction
methods is presented in figure 4.2. Whereas the charged pion identification has a large efficiency and
the probability to misidentify a kaon or proton as a pion is small over almost the entire momentum
range, for both kaons and protons a strong momentum dependence of the identification efficiencies
is visible in figure 4.2.
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4.1. The semi-inclusive measurement of the DIS process
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Figure 4.1.: Lepton-hadron separation: The information on the HERMES PID system is combined
into the quantities PID3 and PID5 and the corresponding particle fluxes (log10Φ). Lep-
ton tracks are clearly separated from the large hadronic background according to the
PID3 and PID5 quantities as shown in the left panel using the 2003 data as example.
In the right panel the distribution of particle counts as a function of the total value of
PID3+PID5� log10Φ is given. The dashed vertical lines indicate the chosen limits for
the separation of lepton and hadron tracks.

4.1.5. The hadron identification
Based on the combined PID detector responses hadrons in coincidence with scattered leptons are
identified with an efficiency of 99% and lepton contaminations smaller than 1%. Hadron tracks of
pions, kaons and protons are separated using the RICH PID information (section 3.3.2). For each
track within the momentum range 2–15GeV the most probable hadron type and a corresponding
quality parameter Q defined as

Q= log10
P(most probable hadron type)

P(second most probable hadron type)
(4.4)

was determined based on the direct ray tracing (DRT), the event level (EVT) and the inverse ray
tracing (IRT) reconstruction method. By requiring a positive quality parameter Q semi-inclusive
deep-inelastic scattering events from periods with a bad performance of the RICH detector or incor-
rect reconstructions of the Čerenkov angle were omitted.
The efficiency of the RICH detector and the contamination of the pion, kaon and proton identifica-

tion were evaluated by Monte Carlo simulations of the RICH PID. Thereby the performance of the
RICH detector was parameterised in terms ofP-matrices which related the identified hadron types
to the true hadron types. The elements Ph(htrue) of the P-matrix denote the conditional probability
that a hadron of true type htrue is identified as a particle of type h (or even unidentified as X):
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The momentum dependence of these conditional probabilities for the different reconstruction
methods is presented in figure 4.2. Whereas the charged pion identification has a large efficiency and
the probability to misidentify a kaon or proton as a pion is small over almost the entire momentum
range, for both kaons and protons a strong momentum dependence of the identification efficiencies
is visible in figure 4.2.
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4.1. The semi-inclusive measurement of the DIS process
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Figure 4.1.: Lepton-hadron separation: The information on the HERMES PID system is combined
into the quantities PID3 and PID5 and the corresponding particle fluxes (log10Φ). Lep-
ton tracks are clearly separated from the large hadronic background according to the
PID3 and PID5 quantities as shown in the left panel using the 2003 data as example.
In the right panel the distribution of particle counts as a function of the total value of
PID3+PID5� log10Φ is given. The dashed vertical lines indicate the chosen limits for
the separation of lepton and hadron tracks.

4.1.5. The hadron identification
Based on the combined PID detector responses hadrons in coincidence with scattered leptons are
identified with an efficiency of 99% and lepton contaminations smaller than 1%. Hadron tracks of
pions, kaons and protons are separated using the RICH PID information (section 3.3.2). For each
track within the momentum range 2–15GeV the most probable hadron type and a corresponding
quality parameter Q defined as

Q= log10
P(most probable hadron type)

P(second most probable hadron type)
(4.4)

was determined based on the direct ray tracing (DRT), the event level (EVT) and the inverse ray
tracing (IRT) reconstruction method. By requiring a positive quality parameter Q semi-inclusive
deep-inelastic scattering events from periods with a bad performance of the RICH detector or incor-
rect reconstructions of the Čerenkov angle were omitted.
The efficiency of the RICH detector and the contamination of the pion, kaon and proton identifica-

tion were evaluated by Monte Carlo simulations of the RICH PID. Thereby the performance of the
RICH detector was parameterised in terms ofP-matrices which related the identified hadron types
to the true hadron types. The elements Ph(htrue) of the P-matrix denote the conditional probability
that a hadron of true type htrue is identified as a particle of type h (or even unidentified as X):
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The momentum dependence of these conditional probabilities for the different reconstruction
methods is presented in figure 4.2. Whereas the charged pion identification has a large efficiency and
the probability to misidentify a kaon or proton as a pion is small over almost the entire momentum
range, for both kaons and protons a strong momentum dependence of the identification efficiencies
is visible in figure 4.2.
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Figure 4.1.: Lepton-hadron separation: The information on the HERMES PID system is combined
into the quantities PID3 and PID5 and the corresponding particle fluxes (log10Φ). Lep-
ton tracks are clearly separated from the large hadronic background according to the
PID3 and PID5 quantities as shown in the left panel using the 2003 data as example.
In the right panel the distribution of particle counts as a function of the total value of
PID3+PID5� log10Φ is given. The dashed vertical lines indicate the chosen limits for
the separation of lepton and hadron tracks.

4.1.5. The hadron identification
Based on the combined PID detector responses hadrons in coincidence with scattered leptons are
identified with an efficiency of 99% and lepton contaminations smaller than 1%. Hadron tracks of
pions, kaons and protons are separated using the RICH PID information (section 3.3.2). For each
track within the momentum range 2–15GeV the most probable hadron type and a corresponding
quality parameter Q defined as

Q= log10
P(most probable hadron type)

P(second most probable hadron type)
(4.4)

was determined based on the direct ray tracing (DRT), the event level (EVT) and the inverse ray
tracing (IRT) reconstruction method. By requiring a positive quality parameter Q semi-inclusive
deep-inelastic scattering events from periods with a bad performance of the RICH detector or incor-
rect reconstructions of the Čerenkov angle were omitted.
The efficiency of the RICH detector and the contamination of the pion, kaon and proton identifica-

tion were evaluated by Monte Carlo simulations of the RICH PID. Thereby the performance of the
RICH detector was parameterised in terms ofP-matrices which related the identified hadron types
to the true hadron types. The elements Ph(htrue) of the P-matrix denote the conditional probability
that a hadron of true type htrue is identified as a particle of type h (or even unidentified as X):
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The momentum dependence of these conditional probabilities for the different reconstruction
methods is presented in figure 4.2. Whereas the charged pion identification has a large efficiency and
the probability to misidentify a kaon or proton as a pion is small over almost the entire momentum
range, for both kaons and protons a strong momentum dependence of the identification efficiencies
is visible in figure 4.2.
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Typical responses of the HERMES PID system: Lepton identification with efficiency up to 99% and a hadron
contamination of less then 1% using combined information: 

Bayesian Approach: 

1

2

3 PID3: TRD
PID5: preshower, calorimeter, and RICH

https://inspirehep.net/literature/471582
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3.3. The HERMES spectrometer
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Fig. 5. A cutaway schematic view of the (top) RICH counter.

A gas control system recirculates the radi-
ator gas through the main volume, keep-
ing the gas at a slight overpressure with
respect to atmosphere. The aerogel radia-
tor is an assembly of tiles configured to fill
the entrance of the detector with an aero-
gel thickness of 5.5 cm. The unoccupied
volume of the detector behind the aerogel
is filled with the gas radiator, C4F10. A
spherical mirror array located at the rear
of the radiator box images the Čerenkov
light cones onto a focal surface located
above (below) the active volume.

The radius of curvature of the mirror ar-
ray is 2.20 m. It was chosen to give a fo-
cal surface location in the accessible re-
gion above (below) the forward region of
the radiator boxes and to provide a de-
tector plane of tractable dimensions. The
optical axis of the array, the perpendicu-
lar to the mirror surface at the center of
the array, is inclined at an angle of 26 de-
grees to the horizon. The photon detector
is located outside of the mirror optical axis
with its axis inclined at an angle of 40 de-
grees to the horizon so as to intercept the
mirror surface at a distance of 90 cm. The

focal length of the mirror is 110 cm. The
boxes are fitted with gas connections and
pressure regulators which provide a con-
tinuous controlled flow of recirculating gas.
An open section of one of the RICH coun-
ters is shown in figure 5.

The size of a useful detector surface was
evaluated by an MC simulation which in-
cluded an early version of the RICH ge-
ometry described above. The simulation
showed that 95% of the centers of the rings
and 90% of all the photons are contained
in a planar surface 60 cm high and 120 cm
wide (0.72 m2 surface area). These dimen-
sions were used as lower limits in the final
design of the photon detector.

The inner walls of the box are blackened to
reduce wall reflections. An array of green
light-emitting diodes (LED) is installed to
provide test and calibration pulses for the
photon detector. They are located on the
face of the mirror, so as to provide an ap-
proximately uniform illumination of the
photon detector surface.

As explained below, most of the useful pho-
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where kf = tan θ · σθ/
√

N is the RICH de-
tector constant, N is the number of sepa-
rately detected photons, θ is the Čerenkov
angle and σθ the standard deviation of the
reconstructed photon angle distribution. In
the design, nσ = 4.652 was chosen, as it
corresponds to a misidentification of the
particle in 1% of the cases, assuming equal
fluxes for the two particle types, an average
detector response (in yield and resolution)
and no background.

Assuming σθ to be 7 mrad (see tables 3
and 4) it follows from (1) that pmax(π, K)
= 15 GeV requires N for the gas to be
12. This requirement leads to the design
values for pmax given in table 2. In this es-
timate it was assumed that the number of
separately detected photons from the aero-
gel is 10. Figure 3 illustrates the overlap
between the momentum regions for both
radiators. The lightly shaded region indi-
cates where the particle can be identified
based on whether or not a ring is present

aerogel C4F10

kf 5.46 · 10−4 1.07 · 10−4

pmax(π/K) 6.7 GeV 15.0 GeV

pmax(K/p) 11.2 GeV 25.3 GeV

Table 2
Maximum separation momenta pmax.

!/K  aerogel

K/p   aerogel

/K  gas!

K/p   gas

effective threshold average angle

GeV10 155

Fig. 3. Momentum ranges for hadron sep-
aration in aerogel and C4F10. Between the
dashed lines the hadrons can be separated.

at all. In this region the detector acts like a
threshold Čerenkov. In the darkly shaded
region the identification is based on the av-
erage reconstructed angles. The plot con-
siders each radiator separately, but the PID
algorithms will combine the information
from the two. The momentum region for
which the identification of pions, kaons and
protons is possible is limited by the kaon
threshold momentum for aerogel at 2.0 GeV
and by the maximum separation momen-
tum for π/K separation in C4F10 at 15.0
GeV.

2.2 General Design Parameters

The geometry which was adopted for the
Čerenkov radiators and ring imaging sys-
tems is shown in figure 4 [10]. The body
of the counter is constructed of aluminum,
with entrance and exit windows made of 1
mm thick aluminum. The volume of each
half is approximately 4000 l. The size of
the entrance window is 187.7 cm by 46.4 cm
and the exit window 257.0 cm by 59.0 cm.

2

C   F
104

Aerogel Tiles

Dry N

PMT plane

Mirror

Aluminum

Lucite

Photons
Particle

Fig. 4. Basic geometry and radiator con-
figuration for the HERMES dual radiator
RICH (not to scale).
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Figure 3.8.: The RICH detector: A cutaway schematic view of the upper RICH detector is shown in
the left panel, whereas the basic configuration is presented in the right panel. A particle
traversed first a wall of silica aerogel SiO2 and then the detector interior filled with
C4F10. The lightweight focusing mirror was made of resin-coated carbon-fibre surfaces
of optical quality. The photon detector consisted of 1934 photo-multiplier tubes for each
detector half, held in a soft-steel matrix to provide shielding against the residual field of
the spectrometer magnet.
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Fig. 1. Monte Carlo hadron momentum spec-
tra within the HERMES acceptance.

menta is due to the field of the spectrom-
eter magnet, which severely limits the ac-
ceptance at lower momenta. About 95% of
all hadrons in the acceptance are found in
the range of 2.0 to 15.0 GeV. This defines
the momentum range over which clear par-
ticle identification should be provided.

The low end of this range determines the
index of refraction necessary for the aero-
gel. A value of n(λ=633 nm)=1.03 was cho-
sen since it leads to a kaon threshold of
2 GeV. The Čerenkov angles produced by
the combination of this aerogel and the
heavy gas (C4F10) for pions, kaons and pro-
tons are plotted in figure 2 as a function
of particle momentum. The corresponding
threshold momenta are listed in table 1.
All pion momenta within the spectrometer
acceptance are above the pion threshold
momentum for aerogel of 0.6 GeV, 90% of
the kaon and 78% of the proton momenta
are above the kaon threshold of 2.0 GeV.

The high end of the momentum range fixes
the number of photons that must be de-
tected for full hadron separation. The pa-
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Fig. 2. The Čerenkov angle θ versus hadron
momentum for the aerogel and C4F10 gas ra-
diators.

aerogel C4F10

n 1.0304 1.00137

βtγt 4.03 19.10

π 0.6 GeV 2.7 GeV

K 2.0 GeV 9.4 GeV

p 3.8 GeV 17.9 GeV

Table 1
Čerenkov light thresholds for pions, kaons and
protons. The index of refraction n is given at
633 nm, βt = 1/n is the threshold velocity
and γt = 1/

√

1 − β2
t .

rameter to be considered is pmax, the max-
imum separation momentum [9]. This is
defined as the maximum momentum for
which the average photon emission angle
of two particle types (with masses m1 and
m2) is separated by a number of standard
deviations nσ :

pmax =

√

√

√

√

m2
2 − m2

1

2kfnσ

(1)

4

Figure 3.9.: Hadron identification using the RICH detector: For charged pions, charged kaons and
protons the momentum dependence p of the Čerenkov cone angle q is given. All pion
momenta within the momentum acceptance of the spectrometer were above the pion
threshold for SiO2 of 0.6GeV, 90% of the kaon and 78% of the proton momenta were
above the kaon threshold of 2.0GeV.
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One hadron track in RICH half 
(58% of all SIDIS events): 

More than one track 
(42% of all SIDIS event):

EVT method for multiple track events: "These [SIDIS] measurement would 
not have been possible without an improved hadron-type identification 
algorithm for the Ring Imaging Cherenkov (RICH) detector. The EVT event-
level algorithm is presented and now is the primary method used at Hermes”

https://inspirehep.net/literature/872161

