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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.

scintillation counters, respectively. Scintillation light from each counter
was transported to the PMT by an optical fiber bundle.

TagF had the role to identify the energy of the recoil electron. The use
of TagB in coincidence with TagF was primarily to select recoil electrons
after photon emission at the radiator from other sources of background
such as Mø ller scattered electrons and secondary particles from the hit
of electrons on the beam duct. The timing information of TagF and TagB
was recorded by a TDCmodule (CAEN V775). The charge information of
TagB signal was recorded by a charge-to-digital converter (QDC) module
(CAEN V792) to enable time walk correction to obtain a better timing
selection. The tagger system was capable of tagged photon energies over
a range of 0.8–1.1 GeV with an accuracy of ±10 MeV on the produced
photon beam [27].

Calibration of the tagging detectors resulted in a correlation between
the tagger segment number and the energy of a photon incident on the
target; therefore, it provided information on the photon energy and
the number of photons. The photon energy is deduced from energy
conservation as follows:

E� = Ee * Ee® * Erecoil, (1)

where E� is the energy of the photon, Ee is the energy of the electron
in the STB ring, Ee® is the energy of the electron as measured in the
tagging system, and Erecoil is the recoil energy of the radiator nucleus
of bremsstrahlung. Because the recoil energy is negligibly small, we
assumed Erecoil = 0. In addition to that method, the kinematically
complete measurement of �+d ô p+p+⇡* was successfully established
as a method of calibrating the photon tagging system [28].

The lead–glass Cherenkov (LG) counter was used to measure the
number of photons that passed through the spectrometer, which is
equivalent to the approximate number that reached the target. The lead
glass was SF5, which was provided by OHARA Optical Glass Mfg. Ltd.
(now, OHARA INC.). The tagging efficiency for each TagF was evaluated
as the number of photons detected by the LG counter divided by the
number of photons detected by TagF. The photon beam intensity was
kept at a few hertz predominantly owing to the counting rate capability
of the LG counter and to reduce the probability of coincidences between
the LG counter and the tagger. In principle, this should have no effect
on the measured efficiency. The tagging efficiency was 75–80% over the
TagF counters. The LG counter was prepared for the FOREST detector,
and the performance study is described in Ref. [29].

4.2. Sweep magnet

A large number of e+e* pairs created upstream from the photon beam
was substantially reduced by the sweep magnet (B = 1.1 T at I = 300 A).
In front of the sweep magnet, there was a collimator comprised of five
lead blocks (250 mm thickness in total) to reduce the beam halo. The
collimator aperture was 10 mm ø. The sweep magnet, being located
before the main spectrometer, efficiently suppressed the background
contribution to the data and improved the DAQ rate.

However, electrons and positrons from upstream were not com-
pletely removed by the sweep magnet, and thus two sets of EV counters
were placed upstream of NKS2 at the same height of the photon beams
in order to reject them in the trigger (see Section 2.4).

4.3. Beam profile monitor

A high-speed beam profile monitor (HSBPM) was composed of two
layers of scintillating fiber bundles. Each layer had 16 scintillating fibers
(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].

4.4. Electron beam structure

A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.

The flat-top and waiting times could be changed upon user request
and were limited by power consumption. The time for ramping both up
and down was established at 1.4 s. Typically, the DF was approximately
75% at the period of 53 s and the flat top of 40 s.

96

Set up

Beam Position Monitor

Detector to monitor beam position & size
for use in spectrometer calibration

Hypernucleus experiment at ELPH

2021/10/28 Status Report  - Mainz Meeting  - Ryoko Kino 2

< Tagged Photon Beam >
• size : 𝜙~1 cm
• energy: 0.73 – 1.25 GeV
• rate : ~MHz

↓ Beam profile by the instant camera 
that has been adopted in the past
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Basic Design of BPM
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OpAmp: AD8000
Amplifies analog signal about 20 times

Comparator: LTC6754
TOT circuit: Output as LVDS signal
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Beam Test in July 2021

• Stable operation in a magnetic field (~ 0.3T)

• Separation of actual photon and background

• Beam fluctuation monitoring

Conducted BPM first operation using tagged photon beams at ELPH.

Installed at the entrance of 
the sweep magnet, the most 
upstream of the beam.

It was confirmed that these are possible.

Ø Sampling rate: Can be monitored in 1ms

Ø Total count rate: ~ MHz
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Beam Position and Size
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Check the time dependence of 
beam center position (𝜇) and size (𝜎).

The hit distribution(/s) is plotted on the histograms in the 
horizontal and vertical directions, and determined by fitting.
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Time dependence: Beam position
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[1]T. Ishikawa, et al., Nucl. Instr. and Meth. A 811 (2016) 124–132 
[2] F. Hinode, et al., in: Proc. of 2005 PAC 2458;

#11 1st spill

Gravity direction: No major fluctuation.
Horizontal direction: Moves about 0.4 mm toward the outer 

circumference of the beam.

It has been reported that the center position of the 
photon beam moves in the direction opposite to 
the movement of the Radiator [1] [2].

Gravity direction
Horizontal direction
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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.

scintillation counters, respectively. Scintillation light from each counter
was transported to the PMT by an optical fiber bundle.

TagF had the role to identify the energy of the recoil electron. The use
of TagB in coincidence with TagF was primarily to select recoil electrons
after photon emission at the radiator from other sources of background
such as Mø ller scattered electrons and secondary particles from the hit
of electrons on the beam duct. The timing information of TagF and TagB
was recorded by a TDCmodule (CAEN V775). The charge information of
TagB signal was recorded by a charge-to-digital converter (QDC) module
(CAEN V792) to enable time walk correction to obtain a better timing
selection. The tagger system was capable of tagged photon energies over
a range of 0.8–1.1 GeV with an accuracy of ±10 MeV on the produced
photon beam [27].

Calibration of the tagging detectors resulted in a correlation between
the tagger segment number and the energy of a photon incident on the
target; therefore, it provided information on the photon energy and
the number of photons. The photon energy is deduced from energy
conservation as follows:

E� = Ee * Ee® * Erecoil, (1)

where E� is the energy of the photon, Ee is the energy of the electron
in the STB ring, Ee® is the energy of the electron as measured in the
tagging system, and Erecoil is the recoil energy of the radiator nucleus
of bremsstrahlung. Because the recoil energy is negligibly small, we
assumed Erecoil = 0. In addition to that method, the kinematically
complete measurement of �+d ô p+p+⇡* was successfully established
as a method of calibrating the photon tagging system [28].

The lead–glass Cherenkov (LG) counter was used to measure the
number of photons that passed through the spectrometer, which is
equivalent to the approximate number that reached the target. The lead
glass was SF5, which was provided by OHARA Optical Glass Mfg. Ltd.
(now, OHARA INC.). The tagging efficiency for each TagF was evaluated
as the number of photons detected by the LG counter divided by the
number of photons detected by TagF. The photon beam intensity was
kept at a few hertz predominantly owing to the counting rate capability
of the LG counter and to reduce the probability of coincidences between
the LG counter and the tagger. In principle, this should have no effect
on the measured efficiency. The tagging efficiency was 75–80% over the
TagF counters. The LG counter was prepared for the FOREST detector,
and the performance study is described in Ref. [29].

4.2. Sweep magnet

A large number of e+e* pairs created upstream from the photon beam
was substantially reduced by the sweep magnet (B = 1.1 T at I = 300 A).
In front of the sweep magnet, there was a collimator comprised of five
lead blocks (250 mm thickness in total) to reduce the beam halo. The
collimator aperture was 10 mm ø. The sweep magnet, being located
before the main spectrometer, efficiently suppressed the background
contribution to the data and improved the DAQ rate.

However, electrons and positrons from upstream were not com-
pletely removed by the sweep magnet, and thus two sets of EV counters
were placed upstream of NKS2 at the same height of the photon beams
in order to reject them in the trigger (see Section 2.4).

4.3. Beam profile monitor

A high-speed beam profile monitor (HSBPM) was composed of two
layers of scintillating fiber bundles. Each layer had 16 scintillating fibers
(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].

4.4. Electron beam structure

A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.

The flat-top and waiting times could be changed upon user request
and were limited by power consumption. The time for ramping both up
and down was established at 1.4 s. Typically, the DF was approximately
75% at the period of 53 s and the flat top of 40 s.
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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.

scintillation counters, respectively. Scintillation light from each counter
was transported to the PMT by an optical fiber bundle.

TagF had the role to identify the energy of the recoil electron. The use
of TagB in coincidence with TagF was primarily to select recoil electrons
after photon emission at the radiator from other sources of background
such as Mø ller scattered electrons and secondary particles from the hit
of electrons on the beam duct. The timing information of TagF and TagB
was recorded by a TDCmodule (CAEN V775). The charge information of
TagB signal was recorded by a charge-to-digital converter (QDC) module
(CAEN V792) to enable time walk correction to obtain a better timing
selection. The tagger system was capable of tagged photon energies over
a range of 0.8–1.1 GeV with an accuracy of ±10 MeV on the produced
photon beam [27].

Calibration of the tagging detectors resulted in a correlation between
the tagger segment number and the energy of a photon incident on the
target; therefore, it provided information on the photon energy and
the number of photons. The photon energy is deduced from energy
conservation as follows:

E� = Ee * Ee® * Erecoil, (1)

where E� is the energy of the photon, Ee is the energy of the electron
in the STB ring, Ee® is the energy of the electron as measured in the
tagging system, and Erecoil is the recoil energy of the radiator nucleus
of bremsstrahlung. Because the recoil energy is negligibly small, we
assumed Erecoil = 0. In addition to that method, the kinematically
complete measurement of �+d ô p+p+⇡* was successfully established
as a method of calibrating the photon tagging system [28].

The lead–glass Cherenkov (LG) counter was used to measure the
number of photons that passed through the spectrometer, which is
equivalent to the approximate number that reached the target. The lead
glass was SF5, which was provided by OHARA Optical Glass Mfg. Ltd.
(now, OHARA INC.). The tagging efficiency for each TagF was evaluated
as the number of photons detected by the LG counter divided by the
number of photons detected by TagF. The photon beam intensity was
kept at a few hertz predominantly owing to the counting rate capability
of the LG counter and to reduce the probability of coincidences between
the LG counter and the tagger. In principle, this should have no effect
on the measured efficiency. The tagging efficiency was 75–80% over the
TagF counters. The LG counter was prepared for the FOREST detector,
and the performance study is described in Ref. [29].

4.2. Sweep magnet

A large number of e+e* pairs created upstream from the photon beam
was substantially reduced by the sweep magnet (B = 1.1 T at I = 300 A).
In front of the sweep magnet, there was a collimator comprised of five
lead blocks (250 mm thickness in total) to reduce the beam halo. The
collimator aperture was 10 mm ø. The sweep magnet, being located
before the main spectrometer, efficiently suppressed the background
contribution to the data and improved the DAQ rate.

However, electrons and positrons from upstream were not com-
pletely removed by the sweep magnet, and thus two sets of EV counters
were placed upstream of NKS2 at the same height of the photon beams
in order to reject them in the trigger (see Section 2.4).

4.3. Beam profile monitor

A high-speed beam profile monitor (HSBPM) was composed of two
layers of scintillating fiber bundles. Each layer had 16 scintillating fibers
(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].

4.4. Electron beam structure

A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.

The flat-top and waiting times could be changed upon user request
and were limited by power consumption. The time for ramping both up
and down was established at 1.4 s. Typically, the DF was approximately
75% at the period of 53 s and the flat top of 40 s.
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Time dependence: Beam Size
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[3]T. Muto, PASJ2015 WEP003 

#11 3rd spill
Beam size (ave.):

Gravity direction σ = 1.70 mm 
Horizontal direction σ = 1.56 mm

Beam size increases significantly within a spill.

Gravity direction
Horizontal direction → Consistent with the theoretical beam 

size [3] predicted.
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Rate Study

MPPC bias voltage：56 V

Fit function：𝑦 = !!"
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Fit parameter：

(χ2/NDF = 0.48)

The fitting of the non-paralyzed counting correction function was performed in consideration of the dead time.

• Rate at beam current 6 mA: ~ 23 MHz

• Saturation is visible in the beam current region 
above 4 mA, however, beam profiling is possible.
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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.

scintillation counters, respectively. Scintillation light from each counter
was transported to the PMT by an optical fiber bundle.

TagF had the role to identify the energy of the recoil electron. The use
of TagB in coincidence with TagF was primarily to select recoil electrons
after photon emission at the radiator from other sources of background
such as Mø ller scattered electrons and secondary particles from the hit
of electrons on the beam duct. The timing information of TagF and TagB
was recorded by a TDCmodule (CAEN V775). The charge information of
TagB signal was recorded by a charge-to-digital converter (QDC) module
(CAEN V792) to enable time walk correction to obtain a better timing
selection. The tagger system was capable of tagged photon energies over
a range of 0.8–1.1 GeV with an accuracy of ±10 MeV on the produced
photon beam [27].

Calibration of the tagging detectors resulted in a correlation between
the tagger segment number and the energy of a photon incident on the
target; therefore, it provided information on the photon energy and
the number of photons. The photon energy is deduced from energy
conservation as follows:

E� = Ee * Ee® * Erecoil, (1)

where E� is the energy of the photon, Ee is the energy of the electron
in the STB ring, Ee® is the energy of the electron as measured in the
tagging system, and Erecoil is the recoil energy of the radiator nucleus
of bremsstrahlung. Because the recoil energy is negligibly small, we
assumed Erecoil = 0. In addition to that method, the kinematically
complete measurement of �+d ô p+p+⇡* was successfully established
as a method of calibrating the photon tagging system [28].

The lead–glass Cherenkov (LG) counter was used to measure the
number of photons that passed through the spectrometer, which is
equivalent to the approximate number that reached the target. The lead
glass was SF5, which was provided by OHARA Optical Glass Mfg. Ltd.
(now, OHARA INC.). The tagging efficiency for each TagF was evaluated
as the number of photons detected by the LG counter divided by the
number of photons detected by TagF. The photon beam intensity was
kept at a few hertz predominantly owing to the counting rate capability
of the LG counter and to reduce the probability of coincidences between
the LG counter and the tagger. In principle, this should have no effect
on the measured efficiency. The tagging efficiency was 75–80% over the
TagF counters. The LG counter was prepared for the FOREST detector,
and the performance study is described in Ref. [29].

4.2. Sweep magnet

A large number of e+e* pairs created upstream from the photon beam
was substantially reduced by the sweep magnet (B = 1.1 T at I = 300 A).
In front of the sweep magnet, there was a collimator comprised of five
lead blocks (250 mm thickness in total) to reduce the beam halo. The
collimator aperture was 10 mm ø. The sweep magnet, being located
before the main spectrometer, efficiently suppressed the background
contribution to the data and improved the DAQ rate.

However, electrons and positrons from upstream were not com-
pletely removed by the sweep magnet, and thus two sets of EV counters
were placed upstream of NKS2 at the same height of the photon beams
in order to reject them in the trigger (see Section 2.4).

4.3. Beam profile monitor

A high-speed beam profile monitor (HSBPM) was composed of two
layers of scintillating fiber bundles. Each layer had 16 scintillating fibers
(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].

4.4. Electron beam structure

A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.

The flat-top and waiting times could be changed upon user request
and were limited by power consumption. The time for ramping both up
and down was established at 1.4 s. Typically, the DF was approximately
75% at the period of 53 s and the flat top of 40 s.
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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.

scintillation counters, respectively. Scintillation light from each counter
was transported to the PMT by an optical fiber bundle.

TagF had the role to identify the energy of the recoil electron. The use
of TagB in coincidence with TagF was primarily to select recoil electrons
after photon emission at the radiator from other sources of background
such as Mø ller scattered electrons and secondary particles from the hit
of electrons on the beam duct. The timing information of TagF and TagB
was recorded by a TDCmodule (CAEN V775). The charge information of
TagB signal was recorded by a charge-to-digital converter (QDC) module
(CAEN V792) to enable time walk correction to obtain a better timing
selection. The tagger system was capable of tagged photon energies over
a range of 0.8–1.1 GeV with an accuracy of ±10 MeV on the produced
photon beam [27].

Calibration of the tagging detectors resulted in a correlation between
the tagger segment number and the energy of a photon incident on the
target; therefore, it provided information on the photon energy and
the number of photons. The photon energy is deduced from energy
conservation as follows:

E� = Ee * Ee® * Erecoil, (1)

where E� is the energy of the photon, Ee is the energy of the electron
in the STB ring, Ee® is the energy of the electron as measured in the
tagging system, and Erecoil is the recoil energy of the radiator nucleus
of bremsstrahlung. Because the recoil energy is negligibly small, we
assumed Erecoil = 0. In addition to that method, the kinematically
complete measurement of �+d ô p+p+⇡* was successfully established
as a method of calibrating the photon tagging system [28].

The lead–glass Cherenkov (LG) counter was used to measure the
number of photons that passed through the spectrometer, which is
equivalent to the approximate number that reached the target. The lead
glass was SF5, which was provided by OHARA Optical Glass Mfg. Ltd.
(now, OHARA INC.). The tagging efficiency for each TagF was evaluated
as the number of photons detected by the LG counter divided by the
number of photons detected by TagF. The photon beam intensity was
kept at a few hertz predominantly owing to the counting rate capability
of the LG counter and to reduce the probability of coincidences between
the LG counter and the tagger. In principle, this should have no effect
on the measured efficiency. The tagging efficiency was 75–80% over the
TagF counters. The LG counter was prepared for the FOREST detector,
and the performance study is described in Ref. [29].

4.2. Sweep magnet

A large number of e+e* pairs created upstream from the photon beam
was substantially reduced by the sweep magnet (B = 1.1 T at I = 300 A).
In front of the sweep magnet, there was a collimator comprised of five
lead blocks (250 mm thickness in total) to reduce the beam halo. The
collimator aperture was 10 mm ø. The sweep magnet, being located
before the main spectrometer, efficiently suppressed the background
contribution to the data and improved the DAQ rate.

However, electrons and positrons from upstream were not com-
pletely removed by the sweep magnet, and thus two sets of EV counters
were placed upstream of NKS2 at the same height of the photon beams
in order to reject them in the trigger (see Section 2.4).

4.3. Beam profile monitor

A high-speed beam profile monitor (HSBPM) was composed of two
layers of scintillating fiber bundles. Each layer had 16 scintillating fibers
(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].

4.4. Electron beam structure

A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.

The flat-top and waiting times could be changed upon user request
and were limited by power consumption. The time for ramping both up
and down was established at 1.4 s. Typically, the DF was approximately
75% at the period of 53 s and the flat top of 40 s.
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Fig. 15. Top view of the beamline setup. A lead collimator, sweep magnet, and vacuum chamber were located upstream from the target. A high-speed beam profile monitor (HSBPM)
and a lead–glass Cherenkov counter were placed downstream from the target.
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contribution to the data and improved the DAQ rate.
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(Saint-Gobain, BCF-10SC with black extra mural absorber coating) of
3-mm square cross-section and read out by a 16-ch multianode PMT
(HAMAMATSU Photonics, H6568-10). One bundle was horizontally
aligned, and the other was vertically aligned. They crossed over a
48 ù 48 mm square region to provide two-dimensional hit information
by the coincidence of the vertical and horizontal channels for charged
particles. Charged particles were provided from the photon beams by an
aluminum converter plate having a thickness of 0.1 mm (Ì1 ù 10*3X0).
It also consisted of a pair of trigger counters and a veto counter to
ensure that electrons and positrons converted from photons generated
the trigger. The beam profile was checked by HSBPM when the beam
course was tuned in the experimental period. The detailed information
can be found in Refs. [30,31].
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A typical beam cycle consisted of times of waiting, beam injection,
ramping up, storage (flat top), and ramping down. During the storage
time, the radiator was inserted into an orbit of electrons, and the photon
beams were impinged on the target. The duty factor (DF) was defined
as the ratio of the flat-top time to the period of a single cycle.
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new BPM①

② (③)

new movable stage
new collimator

Scheduled to be held on 
November 22 - 23

• Based on the results of the previous experiment, we will make an actual 
machine that can measure with higher accuracy.

• The beamline is adjusted by measuring at three points.

Replace the current BPM 
with a type using MPPC

photon beam

~3.2 m

new BPM①
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Summary

Ø Developed photon Beam Position Monitor (BPM) for hypernucleus photogeneration experiment at ELPH.

Ø Photon Beam Position Monitor (BPM)
• Basic design: Plastic scintillation fiber (kuraray SCSF-78)

Hamamatsu Photonics SiPM (MPPC S13360-1350PE)
By combining with an aluminum photon converter, it is possible to detect a photon beam.

• Readout: TOT circuit based on operation amplifier (AD8000) and comparator (LTC6754)
• DAQ: Streaming TDC (FPGA module (HUL)) can monitor beam position and size in a spill time

Ø Test experiment using tagged photon beam at ELPH, July 2021
• Beam profiling can be done with accuracy Δ𝜇 ≤ 10 µm, Δ 𝜎 ≤ 10 µm
• Data can be collected from beam current to 6 mA
• Under design of an improved version of the actual machine with a smaller material thickness

Ø The next experiment will take place in November 2021.


