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Introduction

✤ Charged particle identification is a strong tool for high energy 
physics!

✤ Detection of charged particle might be introduced many places and 
text books!

✤ Particle identification will be introduced!

✤ muon : charged lepton!

✤ KL : neutral hadron!

✤ Neutron measurement as background



Muon

✤ Important particle for physics analysis!

✤ In B-factory!

✤ B → J/ψKS, J/ψ → μ
+
μ

-
!

✤ B → D
(*)
μν!

✤ BB → μμXY!

✤ B → μν!

✤ B → K
(*)
μμ!

✤ τ → μγ!

✤ Tag B
0
 or anti-B

0
 for ICPV analysis in B-factory



✤ Tag heavy quarks ( t → bμν, b → cμν,  c → sμν)!

!

!

!

✤ W decay from Higgs decay (H0 → WW* → μν+jet )!

!

!



Muon system in Experiments
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Life time of particle

life time ( cτ detect!

c
h
a
r
g
e
d

electron - - directly
muon 2.20×10 659 directly
π 2.60×10 7.80 directly
K 1.24×10 3.712 directly

proton -! - directly
D 1.04×10 312×10 decay product!
tau 291×10 87.1×10 decay product!

n
e
u
t
r
a
l

γ - - directly
π 8.52×10 25.5×10 γγ!

!K 0.895×10 2.68×10 π
K 5.12×10 15.34 hadronic interaction
Λ 2.63×10 7.89×10 pπ

Ξ 2.90×10 8.71×10 decay product!



✤ detectable particle!

✤ charged : electron, muon, pion, Kaon or proton!

✤ neutral : γ, KL!

✤ others : reconstruct by decay products!

✤ Ks → π+π-, D0 → K-π+, π0 → γγ



Conceptual Configuration

✤ Muon system is located outermost(collider) or lower stream(fixed target) of detectors.!

✤ Necessary to cover large area!

✤ Even though rough segmentation, number of channel is large!

!

!

!

!



Muon detection (Belle)
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2. extrapolate tracks to outer detector!
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PID
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20 cm

BELLE

pxy > 0.6 GeV/c!
to reach 2nd layer of muon system!
(pxy : momentum in x-y plane)!
otherwise, muon system can!
not be used.!
For the track of pxy < 0.6 GeV/c,!
dE/dx(CDC)  is used, but poor!
separation power.

x

y

Magnetic field : make curvature!
to measure momentum(in x-y plane).!
lower momentum tracks are curled up

example of track(pxy = 0.6)



✤ After tracking detector, heavy material is exist  i.e. Calorimeter, 
Solenoid Magnet and muon system structure!

✤ large scattering angle is expected : directions between before 
and after heavy material is different!

✤ In many cases, muon system is built in flux return iron!

✤ direction of magnetic field is opposite that of inside of 
solenoid magnet.!

✤ inside of solenoid magnet : almost uniform both 
magnitude and direction!

✤ outside of solenoid : not uniform!

✤ simple extrapolation can not work in muon system



✤ Kalman filter like extrapolation!

1. extrapolate track parameter to the innermost layer of KLM and search hit point within 
search area!

2. update track parameter arrowing to make “kink” at the Calorimeter (kink point can be 
updated)!

3. extrapolate track parameter to the next layer and search hit point !

search area is depend on material in front of the next layer!

if there is no hit point in the next layer, extrapolate one more layer!

4. repeat step 2 & 3 until outer most layer!

5. a set of hit points are formed!

!

!

!
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Muon identification

✤ Final state particle : electron, muon, pion, kaon, proton!

✤ muon? or others(pion, kaon, proton, electron)?!

✤ PID methods : dE/dx, ToF, Cherenkov, TRD etc.!

✤ rough ratio  e : μ : π : K : p ~ O(1) : O(1) : O(10) : O(1) : O(0.1)!

✤ all charged tracks are assumed to be pion, among them select as electron ,muon, 
kaon or proton!

✤ pion is the most significant background!

✤ e : electromagnetic shower, dE/dx!

✤ K : Cherenkov, dE/dx, ToF



✤ muon 105.6 MeV/c2, pion 139.6 MeV/c2!

✤ similar mass : PID methods in previous page are not powerful for 
μ/π separation!

✤ Cherenkov : only narrow momentum region!

✤ dE/dx : very low momentum region!

✤ ToF : almost no hope!

✤ difference : lepton or hadron → interaction with heavy material!

✤ Range!

✤ scattering!

✤ To measure range and scattering, heavy material and sampling 
detector are the best combination



Range

✤ passing through length in (heavy) material of the charged particle!

✤ If the charged particle losses its energy only by electromagnetic interaction (i.e. 
lepton), range is defined by integrating dE/dx equation!

✤ electron : make electromagnetic shower!

✤ muon : pass through material without making shower       (<1 TeV)!

✤ hadron : hadronic interaction, 1 interaction length ~ 17 cm!

✤ pion : pass length < that of muon!

!material ρ
cm

radiation length interaction length Range (cm)

X x λ x 0.5 GeV/ 0.7 GeV/c 1.0 GeV/ 1.5 GeV/

Fe 7.874 13.8 1.8 132 16.8 31.0 46.9 69.7 106.0



✤ Difference of the range is defined as!

✤ ∆R = expected as muon - measured!

!

!

!

✤ χ2/N = Σ(hit point - expected point)2/σ2/N!

✤ to be valid, N > 1.!

✤ to evaluate lateral scattering!

!

✤ tracks penetrates muon system → only χ2/N is used
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✤ Probability Density Functions of ∆R and χ2/N → muon likelihood is 
calculated!

!

!

!

!

!

✤ some amount of pion(kaon) can has high muon likelihood →  not 
completely remove pion(kaon). muon efficiency and pion(kaon) mis-
identification are trade-off relation.!

✤ i.e. muon is selected by applying Muon_likelihood > 0.9. Pions or 
kaons has possibility to be selected as muon candidate.
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✤ example of efficiency and mis-identification!

✤ loose cut : high efficiency & high fake rate(mis-identification)!

✤ tight cut : slightly lower efficiency & low fake rate!

!

!

!

!

!

!
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Trigger system



Why trigger is necessary?

✤ If data transfer time is zero and we have infinite data storage, trigger system is not 
necessary.!

✤ signal can be selected at offline from saved data which includes background. And 
we need huge CPU power.!

✤ In actually, data transfer takes time and data storage is limited.!

✤ background rejection at online level!

✤ Level-1 : hardware!

✤ HLT : software!

✤ Trigger decision should be done within O(1) μs : limited by memory size of DAQ 
system



Muon Trigger

✤ muon system is located outermost place of the detector!

✤ to reach muon system, high transverse momentum (pt) is 
necessary!

✤ high-pt muon : feature of heavy quark decay!

✤ muon as decay product of new particle or signal of Higgs decay!

✤ events including muons should be recorded as much as 
possible



L1 ~ 2.5 μs

L2 ~ 40 ms

EF ~ 4 s

Latency : time costed by decision logic and delay time in cable

ATLAS





periodically by a sample clock of 16 MHz: Fig. 118
shows the TSF cells for the CDC superlayers. The
numbers of wires in a TSF cell are 17 for the
innermost superlayer and 11 for outer superlayers,
as shown in Figs. 118(a) and (b), respectively. In
the order of the increasing superlayer radius, the
numbers of TSF cells are 64, 96, 144, 192, 240, and
288. The TSF cells in the innermost superlayer are
very important for rejecting tracks that originate
away from the interaction point and the MLU
pattern for these layers must be determined with
special care.

The TSF-cell outputs are logically ORed in a
superlayer to form track finder (TF) wedges.
Fig. 119 shows one of 64 TF wedges. The number
of TSF cells to be ORed depends on the pt

threshold chosen. The hit patterns of the TF
wedges are fed into the next MLU stage. The
second-stage MLU provides several output bits for
different track categories according to patterns:

* short track (track in the three innermost trigger
layers, ptX200 MeV=c) or

* full track (track which goes through all CDC
trigger layers, ptX300 MeV=c).

The output signals from the 64 TF wedges are
fed into the next stage to determine an event
topology:

* counting of the number of short and full tracks,
* determination of the maximum opening angle

between tracks, and
* recognition of back-to-back track topologies.

The conditions are under software control and
have considerable flexibility. The topology signals
are sent to GDL.

Figs. 120 and 121 show the efficiency of short
and full tracks as a function of pt and y obtained
from beam data samples, respectively. The effi-
ciency drops at pt ¼ 0:2 and 0:3 GeV=c for the
short and full tracks, respectively, as designed. The
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Fig. 117. The Level-1 trigger system for the Belle detector.
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Fig. 118. CDC track segment finder (TSF) cells for (a) inner-
most superlayer and (b) outer superlayers.
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Belle Muon Trigger

✤ One of Sources of Level-1 trigger!

✤ To select interesting events : ex. J/ψ → μμ !

✤ ~2% level inefficiency!

✤ Redundancy is guaranteed by Track trigger for muon inclusive events!

✤ purity is not so important!

✤ efficiency!

✤ Background might be rejected by Track trigger!

✤ note : to reconstruct muon, tracking information should be exist



superlayers are not used as trigger layers. When
both trigger layers have coincidental hits, a trigger
signal is made. Trigger signals from 4 sectors of
each part are ORed separately and then sent to
GDL.

Thus, the KLM trigger system makes three
types of trigger signals; barrel, end-cap forward,
and end-cap backward.

11.4.3. Trigger efficiency
Since the KLM trigger and hit information are

not required in m-pair event selection criteria, the
KLM trigger efficiency was studied using m-pair
event samples. Fig. 134 shows track by track
trigger efficiencies as functions of cos y; f; and
run number.
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superlayers are not used as trigger layers. When
both trigger layers have coincidental hits, a trigger
signal is made. Trigger signals from 4 sectors of
each part are ORed separately and then sent to
GDL.

Thus, the KLM trigger system makes three
types of trigger signals; barrel, end-cap forward,
and end-cap backward.

11.4.3. Trigger efficiency
Since the KLM trigger and hit information are

not required in m-pair event selection criteria, the
KLM trigger efficiency was studied using m-pair
event samples. Fig. 134 shows track by track
trigger efficiencies as functions of cos y; f; and
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KL detection (Belle)

✤ KL : neutral hadron, life time ~50 ns, cτ ~15 m!

✤ KL escapes detector if we wait KL decay!

✤ hadronic interactions between KL and materials 
(Calorimeter or iron yoke)



✤ muon system is also used as KL detector!

✤ In front of muon system, calorimeter exists!

✤ CsI(Tl) : ρ = 4.51 g/cm3, X0 = 1.86 cm, λI = 39.3 cm!

✤ 30 cm CsI(Tl) → 16.1X0, 0.76λI!

✤ How to detect KL!

✤ signals in calorimeter or muon system!

✤ define KL direction!

✤ not associated with charged track



✤ KL + Fe → hadronic shower (charged particle)!

✤ signals in KLM are combined if those are located within 5° opening 
angle from interaction point(I.P.). I.P. is regarded as origin of KL!

✤ this process is repeated until there is no signal within 5° opening 
angle → KLM cluster!

!

!

!

!

✤ If the opening angle between KLM cluster and calorimeter cluster of 
E > 0.16 GeV, this cluster is accosted with the KLM cluster

l ess th a n
5 d e gre e

E d e p>0.16 G e V

x
xxxKLM

E C L

d ire c tio n

IP IP

x x
x x

KL c a n d id a t e



✤ When the KLM cluster only, 2 or more KLM layer 
have signals to eliminate background!

✤ direction of the KLM cluster is direction of the KL 
candidates!

✤ If the calorimeter cluster is associated, direction of 
the calorimeter cluster is direction of the KL 
candidates



✤ charged track is extrapolated to the KLM and make 
straight line between extrapolated point and IP.!

✤ If the opening angle between KLM cluster and this 
line is greater than 15°, this cluster is neutral cluster.!

!

!

!
Reconstructed!

KL cluster



✤ KL detection efficiency in KLM !

!

!

!

!

!

✤ comparison with MonteCarlo simulation (histogram)!

✤ red : data, lower than M.C.!

✤ KL : mainly used for sin2φ1 measurements!

✤ veto for B → D(*)τν
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other hand, a vertex reconstructed using two or more
tracks is characterized by a more robust goodness-of-
fit indicator. In the previous analysis [7], the value of
χ2 of the vertex calculated solely along the z direction
was used. This is now replaced by h, the value of χ2

in three-dimensional space calculated using the charged
tracks without using the interaction-region profile’s con-
straint [15]. A detailed MC study indicates that h is a
superior indicator of the vertex goodness-of-fit because it
is less sensitive to the specific B decay mode; in particu-
lar, h shows a smaller mode dependence for the vertices
reconstructed from B → J/ψX and B → D(∗)X decays,
which are used as control samples to determine the ver-
tex resolution parameters. In the multiple-track vertex
case, h < 50 and σz < 200 µm are required. For candi-
date events in which both B vertices are reconstructed,
we retain only those events where the B vertices satisfy
|∆t| < 70 ps for further analysis.

For the candidate events in which both flavor tag-
ging and vertex reconstruction succeed, the signal yield
and purity for each mode are obtained from an un-
binned maximum-likelihood fit to the two-dimensional
∆E − Mbc distribution for fCP modes with a K0

S me-
son, and to the p∗B distribution for J/ψK0

L. The back-
ground mainly comes from BB̄ events in which one of
the B meson decays into a final state containing a cor-
rectly reconstructed J/ψ, i.e., the B → J/ψX process.
In order to determine this background distribution, a
B → J/ψX MC sample corresponding to 100 times the
integrated luminosity of data is used. An estimate of
other combinatorial backgrounds is obtained from the
Mℓ+ℓ− sideband. For CP -odd modes, the signal dis-
tribution is modeled with a Gaussian function in Mbc

and a double Gaussian function in ∆E. The fits to
determine signal yields for these modes are performed
in the region 5.2 GeV/c2 < Mbc < 5.3 GeV/c2 and
−0.1 GeV < ∆E < 0.2 GeV. The p∗B signal shape for
J/ψK0

L is determined from MC events. The requirement
p∗B < 2.0 GeV/c is used in the fit to estimate the signal
yield as well as the contribution of three categories of
background: those with a real (those that are correctly
reconstructed) J/ψ and a real K0

L, those with a real J/ψ
and a fake K0

L (those that are incorrectly reconstructed
from electronic noise or electro-magnetic showers), and
events with a fake J/ψ (those that are background com-
binations). The Mbc distribution for a stringent ∆E re-
quirement (|∆E| < 40 MeV for J/ψK0

S , |∆E| < 30 MeV
for ψ(2S)K0

S and |∆E| < 25 MeV for χc1K0
S) as well as

the p∗B distribution for J/ψK0
L candidates are shown in

Fig. 1. We require 5.27 GeV/c2 < Mbc < 5.29 GeV/c2

for fCP modes with a K0
S and 0.20 GeV/c < p∗B <

0.45 GeV/c for J/ψK0
L for the fit to the CP violation

parameters. For the candidates passing all the criteria
mentioned above, the signal yield and purity are esti-
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TABLE I: CP eigenvalue (ξf ), signal yield (Nsig) and purity
for each B0

→ fCP mode.

Decay mode ξf Nsig Purity (%)

J/ψK0
S −1 12649±114 97

ψ(2S)(ℓ+ℓ−)K0
S −1 904± 31 92

ψ(2S)(J/ψπ+π−)K0
S −1 1067± 33 90

χc1K0
S −1 940± 33 86

J/ψK0
L +1 10040±154 63

for the signal distribution, Psig(∆t;Sf ,Af , q, wl,∆wl), is
given by Eq. (1), fixing τB0 and ∆md at their world
average values [16] and including modifications to take
the effect of incorrect flavor assignment (parameterized
by wl and ∆wl) into account. The distribution is con-
volved with the proper-time interval resolution function,
Rsig(∆t), formed by convolving four components: the de-
tector resolutions for zCP and ztag, the shift of the ztag
vertex position due to secondary tracks from charmed
particle decays, and the kinematic approximation that
the B mesons are at rest in the CM frame [17]. Because
we now use h to characterize the vertex goodness-of-fit,
each of these resolution function components in Ref. [17]
is reformulated as a function of h and σz .

Using the Mbc sideband events, the background PDF,
Pbkg(∆t), for each of the CP -odd modes is modeled as
a sum of exponential and prompt components, and is
convolved with Rbkg(∆t) expressed as a double Gaussian
function. In the J/ψK0

L mode, there are CP violating
modes among the B → J/ψX backgrounds, which are
included in the background PDF. The ∆t PDFs for the
remaining B → J/ψX and other combinatorial back-
grounds are estimated from the corresponding large MC
sample and Mℓ+ℓ− sideband events, respectively. The
construction of these PDFs follows the same procedure

B0 → (cc)KS B0 → J/ψKL

4

other hand, a vertex reconstructed using two or more
tracks is characterized by a more robust goodness-of-
fit indicator. In the previous analysis [7], the value of
χ2 of the vertex calculated solely along the z direction
was used. This is now replaced by h, the value of χ2

in three-dimensional space calculated using the charged
tracks without using the interaction-region profile’s con-
straint [15]. A detailed MC study indicates that h is a
superior indicator of the vertex goodness-of-fit because it
is less sensitive to the specific B decay mode; in particu-
lar, h shows a smaller mode dependence for the vertices
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background: those with a real (those that are correctly
reconstructed) J/ψ and a real K0

L, those with a real J/ψ
and a fake K0

L (those that are incorrectly reconstructed
from electronic noise or electro-magnetic showers), and
events with a fake J/ψ (those that are background com-
binations). The Mbc distribution for a stringent ∆E re-
quirement (|∆E| < 40 MeV for J/ψK0

S , |∆E| < 30 MeV
for ψ(2S)K0
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0
S (magenta); the superimposed curve (red) shows the

combined fit result for all these modes. (b) p∗B distribution of
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TABLE I: CP eigenvalue (ξf ), signal yield (Nsig) and purity
for each B0

→ fCP mode.

Decay mode ξf Nsig Purity (%)

J/ψK0
S −1 12649±114 97

ψ(2S)(ℓ+ℓ−)K0
S −1 904± 31 92

ψ(2S)(J/ψπ+π−)K0
S −1 1067± 33 90

χc1K0
S −1 940± 33 86

J/ψK0
L +1 10040±154 63

for the signal distribution, Psig(∆t;Sf ,Af , q, wl,∆wl), is
given by Eq. (1), fixing τB0 and ∆md at their world
average values [16] and including modifications to take
the effect of incorrect flavor assignment (parameterized
by wl and ∆wl) into account. The distribution is con-
volved with the proper-time interval resolution function,
Rsig(∆t), formed by convolving four components: the de-
tector resolutions for zCP and ztag, the shift of the ztag
vertex position due to secondary tracks from charmed
particle decays, and the kinematic approximation that
the B mesons are at rest in the CM frame [17]. Because
we now use h to characterize the vertex goodness-of-fit,
each of these resolution function components in Ref. [17]
is reformulated as a function of h and σz .

Using the Mbc sideband events, the background PDF,
Pbkg(∆t), for each of the CP -odd modes is modeled as
a sum of exponential and prompt components, and is
convolved with Rbkg(∆t) expressed as a double Gaussian
function. In the J/ψK0

L mode, there are CP violating
modes among the B → J/ψX backgrounds, which are
included in the background PDF. The ∆t PDFs for the
remaining B → J/ψX and other combinatorial back-
grounds are estimated from the corresponding large MC
sample and Mℓ+ℓ− sideband events, respectively. The
construction of these PDFs follows the same procedure
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Neutron (Belle)

✤ Neutron in Decay processes is not used for physics 
analysis!

✤ In Belle exp., neutron background study was carried 
out to understand background source and also for 
future project



Motivation

✤ Beginning of Belle, background was unexpectedly high 
level!

✤ At first, γ ray was thought as background!

✤ lead shield was set!

✤ possibility of neutron was also checked!

✤ Because efficiency of detector for the KLM is strongly 
depend on hit rate



Identify or understand sources of the background!
is very important

Barrel Endcap

forward : black
backward : red

forward : black
backward : red

Figure 32: Dependence of RPC superlayer e�ciency on ambient hit rate (left for barrel, right
for endcap).

decade of operation). This upgrade would be a major disruption that involves the rollout of
the Belle II detector and the temporary dismantling of the SuperKEKB accelerator near the
interaction point, so it could be considered only in conjunction with a six-month shutdown
for an anticipated replacement or upgrade of the vertexing detectors. This full barrel KLM
upgrade would have to be fully planned and executed well in advance (by at least two years)
of the installation time so that the newly fabricated detector modules would be stored in the
detector hall and available for installation at the start of the extended shutdown.

5.3.4 Barrel KLM Modules

Two rectangular detector modules are placed in each octant of the Belle II barrel KLM
(Fig 35). Within each module, two orthogonal layers of scintillator strips are placed inside
an aluminum frame made of extruded U-channels. The module dimensions and strip counts
are given in Table 5.3.4. The module is enclosed by a protective aluminum sheath. There is
almost no magnetic field within each barrel module since the interleaved iron plates of the
barrel yoke confine the solenoid’s return field to their unsaturated interior.

Photons from each scintillator strip (Fig. 36) are collected by an embedded wavelength-
shifting optical fiber and detected by a Multi-Pixel Photon Counter (MPPC)—an avalanche
photodiode operated in Geiger mode (Fig. 37). The MPPC, which is immune to a magnetic
field of up to 1.5T, is glued directly to the scintillator strip at one end of the WLS fiber.
The fiber’s other end is mirrored. No intermediary clear optical fibers are used. the detector
module, with 15 channels per card and a voltage gain of roughly 10, provide power at ⇠ 70V
to each MPPC (externally tunable per MPPC) and deliver the preamplified MPPC signal to
the front-end readout electronics (FEE; see Fig. 27) mounted on the periphery of the magnet
yoke. For each detector module, seven pairs of twist-n-flat ribbon cables, each between 6
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Efficiency of the KLM detector vs hit rate

Barrel was made by U.S. glass!
Endcap was made by Japan glass

cosmic ray!
~0.01 Hz/cm2



Made with OpenOffice.org 2

1. Introduction
Background hits : both HER, LER is ON

concrete shield lead shield
It seems there are two background sources!
- upstream of beam!
- around beam pipe near the detector

Result of background measurement
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Figure 10.6: Experimental-number dependence of the muon detection efficiency in Belle for the
whole KLM, the forward endcap, the barrel, and the backward endcap.

of hits within a cluster that is associated with a KL meson is a poor measure of the incident
energy. Therefore, this cluster gives only the direction of the KL candidate. The resolution is
3◦ for KLM-only candidates or 1.5◦ for KLM+ECL candidates. The KL detection efficiency
rises almost linearly with momentum from zero at 0GeV/c to a plateau of 80% at 3GeV/c; it
is nearly flat in polar angle within the detector’s acceptance.

10.4 Backgrounds in the endcap RPCs

Since muon identification requires hit information from the KLM, the muon identification effi-
ciency is a good monitor of KLM performance. The long-term history of the muon identification
efficiency in Belle is shown in Fig.10.6. The efficiency for the barrel RPCs is stable, while that
for the endcap RPCs shows a gradual degradation.
Due to the intrinsic dead time associated with the recovery of the RPC electric field near
a discharge, the particle detection efficiency depends on the ambient hit rate per unit area.
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muon identification efficiency vs time

rate was increased by time

neutron background shield was installed

It is confirmed that!
main background is neutron



✤ Background source!

✤ beam-gas : ∝ beam current(I) × vacuum(V)!

✤ Touschek : density of beam bunch, ∝ I2!

✤ radiative Bhabha : ∝ luminosity(L)!

✤ also depend on location of accelerator components!

✤ mechanism of neutron background!

✤ 10~30 MeV photon from bremsstrahlung of electron!

✤ giant photonuclear resonance reaction  (γ, n)!

✤ more higher energy photon, photonpion production is increase



✤ Estimated hit rate and efficiency!

✤ only extrapolation with some assumption!

✤ with modification for barrel KLM!

!

!

!

!

✤ In Belle II, part of Belle KLM will be used for barrel part

Barrel item extrapolation modification

L00
rate(Hz/cm 7.5 7.5

efficiency 0.38 1.0

L01
rate(Hz/cm 4.0 2.7

efficiency 0.67 1.0

L02
rate(Hz/cm 2.0 0.9

efficiency 0.83 0.93

Replaced by!
Scintillator



Detector for muon system

✤ Located at the outermost of the detector system!

✤ Sampling!

✤ Covers large area and many layers!

✤ Detector cost should be lower!

✤ semi-conductor or cristal can not be used!

✤ semi-conductor is too fine to use as muon detector



✤ To cover large area and many layers with reasonable 
number of channel electronics!

✤ streamer tube!

✤ RPC(streamer mode or avalanche mode)!

✤ Thin Gap Chamber!

✤ etc.!

✤ Gaseous detector is the candidate!

✤ cheap, easy to make for large area



Resistive Plate Chamber (RPC)

✤ One of gaseous detector!

✤ Developed by R. Santonico et al.(NIM 187(1981). 377)!

✤ streamer mode(earlier) → avalanche mode(later)!

✤ gap between Resistive Plates are filled by gas!

✤ Resistive Plate!

✤ Bakelite → Glass!

✤ Thinner gap makes excellent timing resolution (~20 ps) : ToF application
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Figure 10.2: Exploded cross-section of an RPC superlayer.

Figure 10.3: Two-dimensional efficiency map in an endcap superlayer module, with efficiency
proportional to the size of a box, for (a) only the five top-layer RPCs, (b) only the five bottom-
layer RPCs, and (c) all ten RPCs.
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Figure 10.4: Left: top view of a barrel RPC, showing the internal spacers and service ports.
Right: isometric view of one octant of a barrel superlayer, with two side-by-side modules above
an iron flux-return plate.

Figure 10.5: Left: top and side view of an endcap RPC, showing the internal spacers and service
ports. Right: cutaway isometric view of an endcap superlayer module.

helium chimney (Fig. 10.1), where the modules are shorter by 0.63m. Each full-size module
weighs an average of 110 kg. The two RPCs in a module are placed so that the gas-gap spacers
do not overlap geometrically. In each module, there are 48 pickup strips to measure z (or,
equivalently, θ) and 36 (48) pickup strips in layers 0–6 (7–14) to measure φ. Each strip is
roughly 5 cm wide; this matches the scale of multiple scattering of a muon passing through the
iron.
The area of a wedge-shaped endcap RPC is about 1.26m2, with a slightly smaller area for two
out of ten RPCs placed in a module to avoid geometric overlap of the RPC borders in the two
planes. In each module, there are 48 coaxial-arc cathode strips of width 3.6 cm to measure θ
and 96 radial-trapezoid cathode strips of average width 3.3 cm to measure φ. There are no
termination resistors on these strips. Gas, high voltage and signal lines penetrate the module
frame at one of its outer corners. There are dead regions of a few centimeters’ width at the
radial borders of each module (Fig. 10.3).
The spatial resolution of a superlayer is 1.1 cm (one standard deviation) when either one or two
adjacent cathode strips fire, and rises to 1.7 cm for the infrequent case where three strips fire
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helium chimney (Fig. 10.1), where the modules are shorter by 0.63m. Each full-size module
weighs an average of 110 kg. The two RPCs in a module are placed so that the gas-gap spacers
do not overlap geometrically. In each module, there are 48 pickup strips to measure z (or,
equivalently, θ) and 36 (48) pickup strips in layers 0–6 (7–14) to measure φ. Each strip is
roughly 5 cm wide; this matches the scale of multiple scattering of a muon passing through the
iron.
The area of a wedge-shaped endcap RPC is about 1.26m2, with a slightly smaller area for two
out of ten RPCs placed in a module to avoid geometric overlap of the RPC borders in the two
planes. In each module, there are 48 coaxial-arc cathode strips of width 3.6 cm to measure θ
and 96 radial-trapezoid cathode strips of average width 3.3 cm to measure φ. There are no
termination resistors on these strips. Gas, high voltage and signal lines penetrate the module
frame at one of its outer corners. There are dead regions of a few centimeters’ width at the
radial borders of each module (Fig. 10.3).
The spatial resolution of a superlayer is 1.1 cm (one standard deviation) when either one or two
adjacent cathode strips fire, and rises to 1.7 cm for the infrequent case where three strips fire
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Resistive plate

Resistive plate

(1) passing charged!
particle
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✤ RPC (streamer mode)!

✤ Merit!

✤ rather good timing resolution σt ~ 2 ns!

✤ better position resolution σx ~ cm!

✤ cost effective!

✤ easy to make for the large area!

✤ Demerit!

✤ long dead time!

✤ can not measure energy loss of the particle



Summary

✤ Muon detection and identification is explained!

✤ Muon is important player for analysis and tagging!

✤ Also muon triggering is explained!

✤ for efficiently data acquisition, muon trigger is helpful!

✤ because of outermost location, muon system is affected by 
background from accelerator!

✤ keeping high efficiency is import ant issue


