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Start Counter

GlueX Start Counter (SC)

◇ Innermost detector around LH2 target to define start timing
◇ EJ-200 plastic scintillator, 3 mm thickness, 30 segments, bent shape
◇ 1 side readout, 4 MPPCs (Hamamatsu, S10931-050P) in series connection.
◇ Time resolution was σ ~ 300 ps (sufficient to resolve 4 ns beam bunch)

  

E. Pooser et al. Nuclear Inst. and Methods in 
Physics Research, A 927 (2019) 330–342
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◇ Innermost detector around LH2 target to define start timing
◇ EJ-200 plastic scintillator, 3 mm thickness, 30 segments, bent shape
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SC counter for KLF experiment

◇ Time resolution of SC is important for determination of incident KL momentum
◇ σ ~ 100−150 ps is required for KLF experiment
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followed by capture of a Λ hyperon in the projectile spectator. Hypernuclei

produced in-flight can travel a distance of the order of some 10 cm and then

decay into π−
and forward residues in the case of the two-body mesonic

decay. The produced hypernuclei can be identified with the invariant-mass

spectroscopy technique, by measuring the momentum of the π−
with the

WASA detector and that of the forward residue with high momentum re-

solving power by the FRS. Additional scintillating fiber trackers (UFTs,

MFTs, and DFTs) were installed for measuring all the relevant trajectories

to determine the primary reaction vertex and the decay vertex, which are es-

sential to deduce the lifetime of the hypernuclei. In addition, a start counter

consisting of segmented plastic scintillators was placed at the entrance of

FRS-F2 to define the start timing of the time-of-flight measurements.

55 cm

6 mm

6 mm

37.5 cm

Fig. 3. Pictures of the newly developed plastic scintillators PSB (a), PSFE (left in

Panel b), and PSBE (right in Panel b). Panels (c) and (d) show the circuit boards

with MPPCs (Hamamatsu Photonics, S13360-6050PE) for PSB and for PSFE and

PSBE, respectively.

2.2. Data collection

We have successfully collected data for both experiments performed in

2022. Particle-selective signals provided by the detectors on the FRS side

triggered the whole data acquisition systems, which enabled us to efficiently

accumulate data of the reactions of interest. In the η′-mesic nuclei exper-

iment, we recorded ∼ 1 × 10
7
events of the

12
C(p,d) reaction in a 62-hour

Newly developed PSB at RIKEN S13360-6050PE 

MPPC

    

◇ Developed for better timing and ΔE resolution and particle reconstruction
◇ EJ-230 plastic bar (550 × 38 × 8 mm3)
◇ Readout from both side of plastic with 3x MPPCs S13360-6050PE in series connection
◇ Waveform data recorded by 2.5 GHz digitizer (CAEN-V1742)
  

Design and development : 
R. Sekiya et al., Nucl. Instr. Meth. A 1034 (2022) 166745

Performance in physics runs : 
Y. K. Tanaka et al., Nucl. Instr. Meth. A 1083 (2026) 171065

WASA detector



WASA-FRS Plastic Scintillator Barrel

PSB for for WASA-FRS experiments at GSI (2022)

◇ Stable performance was maintained up to 1.35 MHz per PSB segment
- amplitude reduction < 2%
- no visible width broadening

represents the hit timing measured at the upstream ( j = U) or
downstream ( j = D) MPPCs of the inner (i = 1) or outer (i = 2)
PSB slat. z denotes the longitudinal hit position at the inner PSB
slat, obtained from track fitting. A factor f was introduced to
compensate for the z-position dependence of the defined three
quantities and was determined to be f = 14.8±0.1 ps/mm. Each
of the distributions defined by Equations (1)–(3) exhibits a peak
structure. The width of each peak (�) was extracted by fitting it
with a Gaussian function. All combinations of the two overlap-
ping PSB slats were used for this analysis, with individual time
o↵sets corrected.

The obtained widths (�1UD, �1U2, and �1D2) can be related to
the individual time resolutions of T1U, T1D, and T2 (�1U, �1D,
and �2, respectively) by the following equations:
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Note that �z can be obtained from the track fitting analysis.
Therefore, Equations (4)–(6) can be solved to determine �1U,
�1D, and �2. The time resolution of the inner slat �1 can be
obtained as well by �1 =

q
�2

1U + �
2
1D/2, since the hit time at

the inner slat is defined as T1 = (T1U + T1D)/2.
The QDC response and time resolution were systematically

analyzed as functions of both the count rate and the total num-
ber of irradiating protons. The count-rate dependence was stud-
ied to investigate performance under high-rate conditions, using
scaler information within a time window of [�100, 0] ms rela-
tive to each hit. In contrast, the dependence on the total number
of incident protons was analyzed in order to evaluate possible
radiation damage e↵ects. The total number of protons was de-
termined by integrating the SEETRAM current from the start
of the production measurements. In this experiment, a total of
1.1 ⇥ 1014 protons impinged on the target. Long-term radia-
tion e↵ects were analyzed by dividing the entire data into 11
subsets, each corresponding to 0.1 ⇥ 1014 incident protons.

4. Results and discussions

4.1. Results of QDC analysis
Analyzed peak values of the QDC are presented in Figure 5

to illustrate the dependence on the count rate. Data sets corre-
sponding to ⇠ 20% of the total incident protons were used in
the analysis of the rate dependence. The QDC values are nor-
malized to those obtained at the lowest count rate for each of
the data sets: ⇡+ in the 0.3–0.5 GeV/c range and proton in the
0.5–0.6 GeV/c range. No significant reduction greater than 2%
is observed up to a counting rate of 1.35 ⇥ 106/s. This result
demonstrates a substantial improvement compared to the pro-
totype detector previously reported in Ref. [16], where a visible
drop of approximately 20% was found already at 1 MHz. The
improvement can be attributed to the reduced resistance in the
low-pass filter circuit as well as the use of a more stable power
supply for biasing the MPPCs in the present experiment.
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Figure 5: Normalized QDC values as a function of the counting rate per indi-
vidual PSB slat. The geometric mean of the QDC values from the upstream and
downstream MPPCs was used. The QDC values were normalized to the first
data point, which corresponds to the lowest rate of 5 ⇥ 104 counts/s.

Obtained widths of the QDC peaks are shown as a function
of the count rate in Figure 6. The widths are normalized to the
corresponding QDC peak values under each condition. The ob-
served widths remain stable over the entire range of count rates,
taking values in the range of 0.31–0.36 for the ⇡+ data set and
0.61–0.78 for the proton data set. This also represents a sig-
nificant improvement compared to the results of the prototype
detector [16].
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Figure 6: Relative peak widths (FWHM) of QDC as a function of the counting
rate per individual PSB slat. The geometric mean of the QDC values from the
upstream and downstream MPPCs was used.
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demonstrates a substantial improvement compared to the pro-
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drop of approximately 20% was found already at 1 MHz. The
improvement can be attributed to the reduced resistance in the
low-pass filter circuit as well as the use of a more stable power
supply for biasing the MPPCs in the present experiment.
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supply for biasing the MPPCs in the present experiment.

0.95

1.00

1.05

N
or

m
al

iz
ed

 Q
D

C
 v

al
ue

0.0 0.5 1.0 1.5
610×

Count rate per PSB slat [/s]

0.95

1.00

1.05
π+ (0.3 − 0.5 GeV/c ) 

p  (0.5 − 0.6 GeV/c )

Figure 5: Normalized QDC values as a function of the counting rate per indi-
vidual PSB slat. The geometric mean of the QDC values from the upstream and
downstream MPPCs was used. The QDC values were normalized to the first
data point, which corresponds to the lowest rate of 5 ⇥ 104 counts/s.

Obtained widths of the QDC peaks are shown as a function
of the count rate in Figure 6. The widths are normalized to the
corresponding QDC peak values under each condition. The ob-
served widths remain stable over the entire range of count rates,
taking values in the range of 0.31–0.36 for the ⇡+ data set and
0.61–0.78 for the proton data set. This also represents a sig-
nificant improvement compared to the results of the prototype
detector [16].

610×
0.6

0.7

0.8

0.9

R
el

at
iv

e 
pe

ak
 w

id
th

 (F
W

H
M

)

0.30

0.35

0.40 π+ (0.3 − 0.5 GeV/c ) 

p  (0.5 − 0.6 GeV/c )

0.5 1.5
Count rate per PSB slat [/s]

1.00.0

Figure 6: Relative peak widths (FWHM) of QDC as a function of the counting
rate per individual PSB slat. The geometric mean of the QDC values from the
upstream and downstream MPPCs was used.

5

represents the hit timing measured at the upstream ( j = U) or
downstream ( j = D) MPPCs of the inner (i = 1) or outer (i = 2)
PSB slat. z denotes the longitudinal hit position at the inner PSB
slat, obtained from track fitting. A factor f was introduced to
compensate for the z-position dependence of the defined three
quantities and was determined to be f = 14.8±0.1 ps/mm. Each
of the distributions defined by Equations (1)–(3) exhibits a peak
structure. The width of each peak (�) was extracted by fitting it
with a Gaussian function. All combinations of the two overlap-
ping PSB slats were used for this analysis, with individual time
o↵sets corrected.

The obtained widths (�1UD, �1U2, and �1D2) can be related to
the individual time resolutions of T1U, T1D, and T2 (�1U, �1D,
and �2, respectively) by the following equations:

�2
1UD = �2

1U + �
2
1D + f 2�2

z (4)

�2
1U2 = �2

1U + �
2
2 +

f 2�2
z

4
(5)

�2
1D2 = �2

1D + �
2
2 +

f 2�2
z

4
. (6)

Note that �z can be obtained from the track fitting analysis.
Therefore, Equations (4)–(6) can be solved to determine �1U,
�1D, and �2. The time resolution of the inner slat �1 can be
obtained as well by �1 =

q
�2

1U + �
2
1D/2, since the hit time at

the inner slat is defined as T1 = (T1U + T1D)/2.
The QDC response and time resolution were systematically

analyzed as functions of both the count rate and the total num-
ber of irradiating protons. The count-rate dependence was stud-
ied to investigate performance under high-rate conditions, using
scaler information within a time window of [�100, 0] ms rela-
tive to each hit. In contrast, the dependence on the total number
of incident protons was analyzed in order to evaluate possible
radiation damage e↵ects. The total number of protons was de-
termined by integrating the SEETRAM current from the start
of the production measurements. In this experiment, a total of
1.1 ⇥ 1014 protons impinged on the target. Long-term radia-
tion e↵ects were analyzed by dividing the entire data into 11
subsets, each corresponding to 0.1 ⇥ 1014 incident protons.

4. Results and discussions

4.1. Results of QDC analysis
Analyzed peak values of the QDC are presented in Figure 5

to illustrate the dependence on the count rate. Data sets corre-
sponding to ⇠ 20% of the total incident protons were used in
the analysis of the rate dependence. The QDC values are nor-
malized to those obtained at the lowest count rate for each of
the data sets: ⇡+ in the 0.3–0.5 GeV/c range and proton in the
0.5–0.6 GeV/c range. No significant reduction greater than 2%
is observed up to a counting rate of 1.35 ⇥ 106/s. This result
demonstrates a substantial improvement compared to the pro-
totype detector previously reported in Ref. [16], where a visible
drop of approximately 20% was found already at 1 MHz. The
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◇ Time resolution σ ~ 75 ps for π 
+ (0.3 − 0.5 GeV/c) and σ ~ 45 ps for p (0.5 − 0.6 GeV/c)

◇ Stable performance was maintained up to 1.35 MHz per PSB segment.
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Design of New Start Counter

◇ Plastic Material :  
             - EJ-200 (6 mm thickness) or EJ-212 (3 mm)

https://eljentechnology.com/products/plastic-scintillators/



Design of New Start Counter

◇ Plastic Material :  
             - EJ-200 (6 mm thickness) or EJ-212 (3 mm)
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◇ Dimensions:  
             - 30 segments, trapezoidal cross section 
             - Longitudinal length ~ 80 cm 
             

L ~ 80 cm

E. Pooser et al. Nuclear Inst. and Methods in 
Physics Research, A 927 (2019) 330–342

original GlueX



Design of New Start Counter

◇ Plastic Material :  
             - EJ-200 (6 mm thickness) or EJ-212 (3 mm)
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16.9 mm

6° 6°

3 mm

16.9 mm

6° 6°

長さ = 800 mm長さ = 800 mm

6 mm

16.9 mm

6° 6°

3 mm

16.9 mm

6° 6°

長さ = 800 mm長さ = 800 mm

◇ Dimensions:  
             - 30 segments, trapezoidal cross section 
             - Longitudinal length ~ 80 cm 
             

◇ Readout sensors :  MPPC (SiPM) at both ends of the scintillator
         (For 6 mm-thick plastic) series connection of 2 x MPPCs with an area of 6x6 mm2 

                                                                       Hamamatsu-S13360-6050PE, S13360-6025PE, S14160-6050HS

         (For 3 mm-thick plastic) series connection of 4 x MPPCs with area of 3x3 mm2 

                                                                       Hamamatsu-S13360-3050PE, S13360-3025PE, S14160-3050HS
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followed by capture of a Λ hyperon in the projectile spectator. Hypernuclei

produced in-flight can travel a distance of the order of some 10 cm and then

decay into π−
and forward residues in the case of the two-body mesonic

decay. The produced hypernuclei can be identified with the invariant-mass

spectroscopy technique, by measuring the momentum of the π−
with the

WASA detector and that of the forward residue with high momentum re-

solving power by the FRS. Additional scintillating fiber trackers (UFTs,

MFTs, and DFTs) were installed for measuring all the relevant trajectories

to determine the primary reaction vertex and the decay vertex, which are es-

sential to deduce the lifetime of the hypernuclei. In addition, a start counter

consisting of segmented plastic scintillators was placed at the entrance of

FRS-F2 to define the start timing of the time-of-flight measurements.
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37.5 cm

Fig. 3. Pictures of the newly developed plastic scintillators PSB (a), PSFE (left in

Panel b), and PSBE (right in Panel b). Panels (c) and (d) show the circuit boards
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2.2. Data collection
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events of the
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Development Plan

1.  Radiation tolerance test of various MPPCs with neutron beams at RANS 
    - compare in terms of gain reduction, time resolution, DCR, leak curr. etc.

2.  Performance test of new SC prototype with β source 
    - quick test in a laboratory to check overall system and test time resolution 
    - compare different MPPCs, Scintillator thickness...

3.  Performance test of new SC prototype at KEK PF-AR
    - detailed systematic performance test for nearly MIP particles

4.  Decide details and produce

done

now

2026 autumn

2027



- WASA-PSB performance was satisfactory in a short run of η'-mesic nuclei spectroscopy in 2022
However, radiation damage effect of MPPCs was significant even in 3 days of production run.

Stability of amplitude response

(2) Dependence on integrated number of irradiating beam protons

The long-term trends of the QDC response are shown in Fig-
ure 7 as functions of the total number of protons Np impinging
on the carbon target. Each plot of the QDC values in the up-
per panel is normalized to unity at the extrapolated value for
Np = 0. The QDC value based on the geometric mean de-
creased to 76%, primarily due to the QDC of the downstream
MPPC which dropped to 63–65%. The observed slope of the re-
duction is the same for the ⇡+ (0.3–0.5 MeV/c) and proton (0.5–
0.6 MeV/c) data sets. Since the downstream MPPC is located
closer to the reaction target, this reduction can be attributed to
e↵ects due to radiation damage. In contrast, widths of the QDC
peaks remain stable over the entire irradiation time, as shown
in the lower panel of Figure 7.
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Figure 7: Normalized software QDC values (upper panel) and relative peak
widths (lower panel) as functions of the total number of irradiating protons,
Np. The QDC values were normalized to the extrapolated values at Np = 0.
Error bars are shown for representative points.

The number of irradiating protons can be translated into the
1 MeV neutron-equivalent fluence at each position of the up-
stream and downstream MPPCs. For this estimation, a Monte-
Carlo simulation was performed using the Geant4 frame-
work [35] to first evaluate the energy- and particle-dependent
fluences at the MPPC locations5. The FTFP BERT HP physics
list of the Geant4 was employed [36], which incorporates high-
precision neutron models and cross sections at low energies.
The resulting fluences of neutrons and protons for 109 incident

5Geant4 version 10.6.1 was used in the persent simulation.

protons are shown in Figure 8. Contributions of other particles
such as ⇡± and e± were negligibly small compared to those by
the neutrons and protons. The obtained spectra of all these par-
ticles were then integrated with the corresponding NIEL (Non-
Ionizing Energy Loss) scaling factors in silicon [37] normalized
to the value for 1 MeV neutron [38]. As a result, the 1 MeV
neutron-equivalent fluences per 109 incident protons were esti-
mated to be 3.8 ⇥ 104 cm�2 and 2.3 ⇥ 105 cm�2 at the upstream
and downstream MPPC positions, respectively.
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Figure 8: Simulated non-weighted fluences of protons and neutrons at the loca-
tions of the upstream (U) and downstream (D) MPPCs, assuming 109 incident
protons on a 4 g/cm2 carbon target.

Figure 9 shows the reduction of the QDC values as a func-
tion of the 1 MeV neutron-equivalent fluence. The reductions
observed in the upstream and downstream MPPCs follow a con-
sistent trend in terms of the 1 MeV neutron-equivalent fluence,
indicating that the equivalent fluence serves as a suitable in-
dex to characterize the amplitude reduction of the MPPCs. The
largest reduction observed in the present data is 35–37% at a
total fluence of 2.4 ⇥ 1010 cm�2. This level of degradation is
consistent in magnitude with results reported in Refs. [9, 10].
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Figure 9: Normalized QDC values as a function of the integrated 1 MeV
neutron-equivalent fluence in silicon. The QDC values were normalized in the
same manner as in Figure 7. Error bars are shown for representative points.
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WASA 

?

Radiation tolerance of MPPCs

Y. K. Tanaka et al., Nucl. Instr. Meth. A 1083 (2026) 171065

- As a joint effort with WASA-PSB group, we performed irradiation test to evaluate 
  radiation tolerance of various type of MPPCs



Neutron irradiation test at RIKEN-RANS

7 MeV proton beam
p + 9Be  → n + 9B reactionn



Neutron irradiation test at RIKEN-RANS

3 slots on a table 

3 slots in-beam

ns-pulse laser 

splitter (1 to 7)

PMT as reference

movable stage



Neutron irradiation test at RIKEN-RANS

50μm pitch 25μm pitch

annealing ?Very preliminary Very preliminary

Very preliminary Very preliminary

0.5 0.5

→ confirmed general trend that smaller-pitch MPPC has better tolerance 
     in terms of signal amplitude reduction



Prototype test with β source in laboratory

DAQ
Ref. MPPC

σslat ~ σ(TL - TR) / 2
σL ~ σ(TL - Tref)
σR ~ σ(TR - Tref)σR ~ σ(TR - Tref)σR ~ σ(TR - Tref)

Time resolution evaluation with β source + slit
90Sr: Eend-point = 2.274 MeV

All components 
have been delivered.
→ start measurement 
     in May 2026



Prototype test with e-/e+ beam at KEK

Test beam line with GeV electron (or positron) produced via interaction of 
halo of the e-beam in the KEK-PF/AR ring and an inserted wire target

6.5 GeV KEK-PF/AR

https://wiki.kek.jp/spaces/artbl/pages/124944464/AR+Test+Beam+Line+Home

Available for detector test experiment

AR Test Beam Line at KEK-PF/AR 



Prototype test with e-/e+ beam at KEK

We aim at perform detailed systematic studies of time resolutions for 
    - 3 mm or 6 mm plastic thickness 
    - different MPPCs
    - position dependence (→ estimate time resolution with different lengths)   
    - bias voltage dependence 
    - incident angle dependence 
        ... etc.

We will apply for the test beam time in the next call for 2026 autumn



Summary

◇ We are developing a new SC counter for the KLF experiment,
    aiming to achieve a better time resolution of σ ~ 100 ps, 
    in a joint effort with the WASA-FRS PSB group.

◇ The basic design of the detector has been reported. Further details 
   will be determined based on the results of upcoming prototype tests, 
   as well as the requirements derived from simulation studies. 

◇ Neutron irradiation test of various MPPCs has been performed 
   at RIKEN-RANS in 2026 March. 

◇ We have constructed prototype SC detectors. 
   We will evaluate their time resolutions with β-source in a laboratory first, 
   and then with e-/e+ test beams at KEK-PF/AR.
     → finalize details of the design, and construct the full barrel in 2027


