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J-Parc E14
• Physics

• Measure the CKM eta 
and probe new physics 
beyond the standard 
model.

• Goals

• Step 1: First observation 
of the decay

• Step 2: Measure BR to 
<10%
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• Status of KEK PS E391a

• Summary of FIFC reports
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Status of KEK PS E391a
Run-2 FULL data sample



KL decays
• We understand

• detector performance

• KL->3pi0 background under KL->2pi0 
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of each other1. The number of ‘‘core neutron multi-!0’’
background events was 0:0!0:7

"0:0 in region (c) and 1:5# 0:7
in region (d). The number of background events caused by
the halo neutrons interacting with the detector material
(CC02) and producing one or more !0 was 0:9# 0:2 in
region (a) and 0:04# 0:04 in region (c). The background
events caused by the core neutrons interacting with the
membrane and producing "’s (‘‘core neutron "’’ events)
was reconstructed around region (c) because the !0 mass
was assumed. For all the events, we recalculated the decay
vertex assuming " mass (Z") and then rejected events
around the membrane in the beam, 525 $ Z"%cm& $
575. The remaining number of ‘‘core neutron "’’ events
was 0:4# 0:2, which was the largest component in region
(c). The background events from K0

L ! !0!0 with two
missing photons was evaluated with MC. The number of
K0

L ! !0!0 background events in the signal region was
0:04# 0:03, where the error includes the MC statistics and
the systematic uncertainties, of which the dominant source
was the mismatch between data and MC in the transverse
shower shape of photon in the CsI calorimeter. Moreover,
the K0

L ! !0!0 background events were the largest com-

ponent in region (g). The total number of background
events in the signal region was estimated to be 0:4!0:7

"0:2 in
region (c) and 1:5# 0:7 in region (d).

We estimated the acceptance of K0
L ! !0# !# decay to be

%0:657# 0:016& ' 10"2 based on cut efficiencies eval-
uated with the real data and MC study. The main compo-
nents of the acceptance loss were the cuts on MB and BA
photon veto detectors. In order to estimate the number of
K0

L decays in this search, we analyzed K0
L ! !0!0 decays.

The invariant mass and the reconstructed decay vertex for
K0

L ! !0!0 are shown in Fig. 4. In the K0
L ! !0!0 signal

region: 0:47 $ M4$%GeV=c2& $ 0:53, and 300 $
Zvtx%cm& $ 500, there were 2081 K0

L ! !0!0 events after
subtracting 30 K0

L ! !0!0!0 background events. Based
on the MC study, we estimated that the acceptance of
K0

L ! !0!0 decay was 1:41' 10"3.
The different final states between the signal and normal-

ization modes caused systematic uncertainties in the single
event sensitivity. We assigned the total systematic uncer-
tainty in the single event sensitivity to be #7:0%. The large
sources of systematic uncertainty came from the mismatch
between data and MC in the transverse shower shape of the
photon (4%) and the energy distribution in MB (4.2%).

With the K0
L ! !0!0 branching ratio, %8:83# 0:08& '

10"4 [14], we estimated the number of K0
L decays to be

%1:67# 0:04%stat&& ' 109. The single event sensitivity was
%9:11# 0:20%stat& # 0:64%syst&& ' 10"8. Since we observed
no events in the signal region, we set a new upper limit
on the branching ratio of K0

L ! !0# !# to be <2:1' 10"7

at the 90% confidence level based on the Poisson statistics.
This represents an improvement of a factor of 2.8 over the
current limit [5].

We are grateful to the operating crew of the KEK 12-
GeV proton synchrotron for their successful beam opera-
tion during the experiment. We express our sincere thanks
to Professors H. Sugawara, Y. Totsuka, M. Kobayashi, and
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FIG. 3 (color online). Zvtx versus PT with all the event selec-
tion cuts. The number of observed (total expected background)
events are shown. The expected number of background events
was consistent with the observed number of events for all the
regions.
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FIG. 4 (color online). Distribution of the invariant mass (left)
and the decay vertex (right) for the K0

L ! !0!0 decays. In the
top plot, the dots show the data and the histogram shows the MC.
The bottom plot shows the ratio of the data to the MC.

1For each selection cut in the cut-2, we examined the ratio of
the number of events passing the cut to the number of events
failing the cut. The ratio for the cluster energy cut was 0:79#
0:12 with the cut-1 and 0:73# 0:03 without the cut-1. The ratio
for the cluster hit position cut was %5:1# 2:6& ' 10"2 with the
cut-1 and %5:2# 0:6& ' 10"2 without the cut-1.
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with multiple CPUs. The electronics and data acquisition
system is briefly described elsewhere [7,11].

In the offline analysis, we first looked for photons in the
CsI calorimeter. Each cluster of energy deposits was re-
quired to have the transverse shower shape consistent with
a single electromagnetic shower. The effective energy
threshold of each cluster was 10 MeV. We assumed that
the two photons came from a !0 decay, and reconstructed
Zvtx requiring the two photon invariant mass to have the !0

mass.
We selected events with exactly two photons hitting the

CsI calorimeter and applied selection criteria (cuts) to
suppress background events. In Run-1, the downstream
membrane was partially hanging in the beam by error, at
z ! 550 cm. This produced a large number of background
events because neutrons in the beam core struck the mem-
brane and produced secondary !0’s. If multiple !0’s were
produced at the membrane, and two photons from different
!0’s were detected (‘‘core neutron multi-!0’’ event), it
became a serious background event because we were not
able to reconstruct Zvtx correctly and these events were
distributed in the fiducial region. On the other hand, these
events had extra photons in the final state, and thus can be
suppressed by detecting those extra photons.

In order to suppress events involving extra photons, we
required energy deposit in each photon veto detector to be
less than the threshold listed in Table I. The rejection
power of the photon veto was evaluated with four-photon
event samples from K0

L ! !0!0 ! 4" and K0
L !

!0!0!0 ! 6" with two missing photons. Figure 2 shows
the invariant mass of four photons, M4", after applying all

the cuts on the photon veto detectors. With all the photon
veto cuts, the ratio of the number of K0

L ! !0!0 events in
0:45 " M4"#GeV=c2$ " 0:55 to the number of K0

L !
!0!0!0 events in M4"#GeV=c2$ " 0:45 improved by a
factor of 11. This improvement was consistent with the
expectation of GEANT-3 based [13] Monte Carlo simula-
tion (MC) within 18%.

From the MC study, we found that the ‘‘core neutron
multi-!0’’ events had low PT and were populated at the
downstream Zvtx region. In order to minimize the number
of such background events, we used this characteristic
and required a parameter, # % PT#GeV=c$ & 8:0'
10&4 #GeV=c ( cm$ ' Zvtx#cm$ #Zvtx < 525 cm$, to be
larger than &0:225 GeV=c. Another cut, PT )
0:12 GeV=c, was applied to suppress K0

L ! "" back-
ground and ! ! !0n background, whose maximum PT
is 0:109 GeV=c. The upper boundary on PT was deter-
mined to be PT " 0:24 GeV=c from the kinematical limit
of the K0

L ! !0$ "$ decay (Pmax ! 0:231 GeV=c), allow-
ing for the smearing effect due to detector resolutions.

After applying all the selection cuts, we estimated the
number of remaining background events in the eight
PT-Zvtx regions with the signal regions (c) and (d) as shown
in Fig. 3. Except for the regions (a), (c), and (g), the
dominant background source was the ‘‘core neutron
multi-!0’’ event. We evaluated the number of ‘‘core neu-
tron multi-!0’’ events using a relational expression with
two independent selection cuts: Nbkg ! N0 '
#cut-1 rejection$ ' #cut-2 rejection$, where ‘‘cut-1’’ is a
set of cuts on CV, MB, CC03, CC04, CC06 and CC07,
‘‘cut-2’’ is a set of cuts on the cluster energy and the cluster
hit position, and N0 is the number of events with all
the selection cuts except for the cut-1 and the cut-2.
We checked that (i) #97* 3$% of the N0 was the ‘‘core
neutron multi-!0’’ events even without the cut-1 and
cut-2, and (ii) the cut-1 and the cut-2 were independent

TABLE I. List of the thresholds applied to the photon veto
detectors. EQ is the total light yield in the BA quartz layers, and
ES is the total energy deposit in the BA scintillator layers. The
signal efficiency for a cut A, "A, is the ratio of the number of
events with all cuts to the number of events with all cuts except
for the cut A. We estimated "A using MC K0

L ! !0$ "$ events
except for the cut on BA. For BA, we first evaluated "A for K0

L !
!0!0 and K0

L ! !0!0!0 decays using real data, which were
0:638* 0:022#stat$ and 0:658* 0:022#stat$, respectively, and then
assigned the average as "A for K0

L ! !0$ "$ signal.

Detector Threshold "A Detector Threshold "A

CC02 4 MeV 1.0 CC06 5 MeV 0.98
CC03 1.5 MeV 0.98 CC07 50 MeV 0.99
CC04 3 MeV 0.98 FB 2 MeV 0.91

Detector Threshold "A

CsI 3 MeV for the CsI crystals which do not belong
to the photon clusters

0.78

MB 1 MeV for the inner modules, and 0.5 MeV
for the outer modules

0.60

BA 0.5 MIP for EQ, and EQ=ES ) 10 0.65
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FIG. 2. Distribution of the invariant mass of four photons,
M4", with the cuts on the photon veto detectors and the shower
shape of photons in the CsI calorimeter. The dots show data, the
open solid histogram shows total MC, the closed solid histogram
shows K0

L ! !0!0 MC and the hatched histogram shows K0
L !

!0!0!0 MC.
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Kaon Mass with All Cuts
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Halo neutron 
background

• Run 2 full data 
sample
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• ~1 event based on 
bifurcation study

Halo n bkg from 
downstream
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Halo n bkg 
from upstream
• Use special run w/ Al plate 

in beam, and used its z 
shape

• 2.3±0.3 events w/new z cut
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Sensitivity
• single event sensitivity 

~ 1.54 x 10-8 for Run 2

z(cm)
290 300 310 320 330 340

0.02

0.04

0.06

0.08

0.1

0.12

0.14

-6
10!

z(cm)
290 300 310 320 330 340
13

14

15

16

17

18

19

-9
10!

●exp.ed SES ▼exp.ed U.L. by FC method

Pt
(G
eV
/c
)

0

2

4

6

8

10

12

14

16

18

20

22

200 250 300 350 400 450 500 550 600
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

z-vertex(cm)



η background?
• η (m=548MeV/c2)→γγ (BR=40%)

• halo neutron + charged veto around the 
beam produces η?

3.2. DETECTOR ELEMENT 25

3.2 Detector element

3.2.1 Overview

As mentioned in Section 2.3, we measured photon energies and positions by an electromagnetic
calorimeter and detected all the extra particles by a hermetic detector system.

Figure 3.5 shows an overview of the E391a detector. KL’s decayed in the vacuum decay
region of 10−5 Pa. We put most of the detector components inside a vacuum vessel to avoid
any absorption of photons and charged particles.

The electromagnetic calorimeter was placed at the downstream end of the decay region
to detect two photon energies and positions. Other detector components were used to detect
photons that did not hit the calorimeter. The decay region was covered by Main Barrel (MB).
The upstream of the decay region was covered by Front Barrel (FB) and Collar-Counter-02
(CC02) to suppress background events from KL’s decaying upstream of the decay region. To
detect photons going parallel to the beam and through the beam hole, we placed CC03, CC04,
CC05, CC06 and CC07 perpendicular to the beam axis. These detectors were surrounding the
beam holes. Back Anti (BA) was placed at the end of beam in oder to detect photons going
through the beam hole and undetected by other detectors. To detect charged particles, three
charged veto detectors: CV, BCV and BHCV were set.

Total length of the detector system was 10 m. Table 3.2 lists positions, dimensions, brief
configurations and the number of readouts of each detector element.

We defined the E391a coordinate system. The −→z was according to the beam direction.
Our reference point in the z-axis was the front surface of FB. The −→y was the vertically upward
direction of the system. The −→x satisfied the relation of the right-hand system, i.e. −→x = −→y ×−→z .

Figure 3.5: An overview of the E391a detector. KL’s enter from the left side.

3.2.2 Electromagnetic calorimeter

We used an array of CsI crystals as an electromagnetic calorimeter. As shown in Fig. 3.6,
the electromagnetic calorimeter was in a circular shape and 1.9 m in diameter. There was

Reconstructed z vertex



without R-z cut to 
enhance eta

• #events in low PT region agrees within <2
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J-Parc E14

Another background is π0 production from beam neutrons interacting
with residual gas in the decay region. In order to suppress this background,
the decay volume is evacuated to 10−5 Pa, as was obtained in E391a by
separating the detector and the decay region with a thin film.

Figure 14: Schematic view of detector setup.

4.3.1 Calorimeter

The electromagnetic calorimeter measures the positions and energies of pho-
tons to reconstruct π0 in the K0

L → π0νν decay. In the E391a experiment,
the Calorimeter was made of 576 pure CsI crystals. Each crystal was 7.0×7.0
cm2 and 30-cm long (16 X0) [59].

For the experiment at J-PARC, we plan to replace these crystals with the
pure CsI crystals used in the calorimeter of the Fermilab KTeV experiment.
The crystals, called “KTeV CsI crystals” hereafter, are smaller in the cross
section and longer in the beam direction (50 cm, 27 X0) than the crystals in
E391a, which ensures us much better performance in the new experiment.
Figure 15 shows the layout of the new Calorimeter, which then consists of
2576 crystals. These crystals are of two sizes, 2.5 × 2.5 × 50 cm3 for the
central region (2240 blocks), and 5.0×5.0×50 cm3 for the outer region (336
blocks) of the Calorimeter.

The reasons for replacing the calorimeter are as follows.

• Reduce the probability of missing photons due to fused clusters.
If two photons hit the Calorimeter close to each other, the generated
showers will overlap and be misidentified as a single photon. Figure 16
shows an event display for two photons that enter the CsI Calorimeter
with 6-cm separation. By using the KTeV CsI crystals, two photons

28

• Improved beamline

• CsI: 7x7x30 ==> 2.5x2.5x50 cm3

• Waveform digitization for rates and cost

• Upgraded veto counters



E14 Basic Strategies

1. Suppress and control backgrounds based on 
the E391a experience 

1.1. Halo neutron backgrounds

1.2. KL backgrounds

2. Make detector capable of handling high rates



E14 Strategy 1.1
Suppress halo neutron bkg

1. Reduce beam halo; 

1. halo n/KL = halo n/core n (< 10-5)

               x core n / KL (<10)



FIFC: Beamline

6 Design of the beamline

Figure 10 shows the overall beamline layout. In order to share the T1
target with other secondary beamlines, the collimation system of the neutral
beamline starts at 6.5m downstream from the target. Since there are many
materials, in particular for the K1.1 beamline, we have to check carefully
the effects of them.

Figure 10: Plan view of the overall beamline layout for Step 1.

16



1 design chosen by 
quick MC
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Figure 8: Quick GEANT4 simulations with various collimator configura-
tions. Left: the location of the target and collimators, in mm, with X in the
ordinate and Z in the abscissa; the red and blue lines are guides to their loca-
tion and collimators’ shape . Right: the neutron profile at Z = 21.0m from
the target; the red and blue histograms represents the neutrons scattered at
Col#1 and Col#2, respectively.
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Geant4 simulation for 
halo neutrons

7.3 Halo neutrons

The blue histogram in Fig. 33 is based on 107 neutrons. In order to confirm
the ratio of halo to core neutrons and understand the energy spectrum of halo
neutrons, 108 neutrons were used to bombard the collimator with GEANT4.
The distributions obtained with the ”truncated” momentum spectrum were
corrected for by using the differences between the momentum spectrums at
Z = 21m with and without the truncation.
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Figure 35: Neutron profiles at Z = 21m (left) and at Z = 23.5m (right)
from the target.

The neutron radial profiles at Z = 21m (left) and at Z = 23.5m (where
the CC02 calorimeter is located, right), are shown in Fig. 35. The horizontal
axis in these plots is extended to the radius R of 20 cm. In the right plot the
neutron density at R = 7cm, which corresponds to the inner radius of CC02,
is 10−5 to the core-neutron density. Figure 36 shows the energy distribution
of neutrons more than 7cm away from the beamline at Z = 23.5m. The
halo neutrons hitting the CC02 counters (7 < R < 31.25cm) has a peak at
around 2GeV/c. The halo neutrons hitting the counters further outside of
CC02 are dominated by low energy (< 1GeV) neutrons.

The number of halo neutrons for 2×1014 protons on the target is 2×104,
which is 1.4×10−4 to the core neutrons with kinetic energies above 0.1 GeV.
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CC02

x10-5

• 2x104 halo neutrons/pulse (2E14)
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core n / KL

• n / K ~ 7 (Tn > 1GeV); << 40@E391a 

due to large targeting angle (16deg)

through Z = 21m. The γ absorber reduces the photons by a factor 80, and
other materials reduce them further by a factor 6.
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Figure 34: Momentum spectrum (left) and profile (right) of photons pass-
ing through Z = 21m. The histograms are made for the conditions with:
no material in the beam (black), the γ absorber only (red), and the full
geometry (blue).

Table 3 summarizes the numbers of KL’s, neutrons and photons in the
beam core at Z = 21m, for 2 × 1014 protons on the target, obtained by
the GEANT4 simulation. The kaon and neutron fluxs are reduced by half
from the proposal [1], mostly because of the K1.1 duct. The unnecessary
reduction in the kaon rate should be minimized. The n/K ratio is
achieved to be 7 for the neutrons with kinetic energies above 1 GeV.

particles detailed simulation proposal [1]
KL 4.6 × 106 8.1 × 106

n (En > 0.1GeV) 1.4 × 108 3.4 × 108

n (En > 1.0GeV) 3.0 × 107 6.9 × 107

γ (> 2MeV) 0.9 × 108 4.5 × 108

γ (> 10MeV) 1.3 × 107 6.1 × 107

γ (> 100MeV) < 106 < 106

Table 3: Numbers of particles in the beam for 2×1014 protons on the target.
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K1.1 duct

• 5mm thick SUS beam duct for K1.1 does not 
affect the halo, but reduces the K and n by 
x1/2.

• Thinner window is necessary
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Figure 32: Momentum distribution of neutrons passing through Z = 21m,
made for the conditions with the full geometry (blue).
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Figure 33: ”Truncated” momentum spectrum (left) and profile (right) of
neutrons passing through Z = 21m. The histograms are made for the con-
ditions with: no material in the beam (black), the γ absorber only (red),
and the full geometry (blue).
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E14 Strategy 1.1
Suppress halo neutron bkg

1. Reduce beam halo; halo/core < 10-5

2. Reduce pi0 and eta production

1. Lower neutron momentum

E391a E14

neutrons that 
produced eta



E14 Strategy 1.1
Suppress halo neutron bkg

1. Reduce beam halo; halo/core < 10-5

2. Reduce pi0 and eta production

3. Detect halo neutron interaction and veto

1. Neutron Collar Counter (segmented CsI)

Another background is π0 production from beam neutrons interacting
with residual gas in the decay region. In order to suppress this background,
the decay volume is evacuated to 10−5 Pa, as was obtained in E391a by
separating the detector and the decay region with a thin film.

Figure 14: Schematic view of detector setup.

4.3.1 Calorimeter

The electromagnetic calorimeter measures the positions and energies of pho-
tons to reconstruct π0 in the K0

L → π0νν decay. In the E391a experiment,
the Calorimeter was made of 576 pure CsI crystals. Each crystal was 7.0×7.0
cm2 and 30-cm long (16 X0) [59].

For the experiment at J-PARC, we plan to replace these crystals with the
pure CsI crystals used in the calorimeter of the Fermilab KTeV experiment.
The crystals, called “KTeV CsI crystals” hereafter, are smaller in the cross
section and longer in the beam direction (50 cm, 27 X0) than the crystals in
E391a, which ensures us much better performance in the new experiment.
Figure 15 shows the layout of the new Calorimeter, which then consists of
2576 crystals. These crystals are of two sizes, 2.5 × 2.5 × 50 cm3 for the
central region (2240 blocks), and 5.0×5.0×50 cm3 for the outer region (336
blocks) of the Calorimeter.

The reasons for replacing the calorimeter are as follows.

• Reduce the probability of missing photons due to fused clusters.
If two photons hit the Calorimeter close to each other, the generated
showers will overlap and be misidentified as a single photon. Figure 16
shows an event display for two photons that enter the CsI Calorimeter
with 6-cm separation. By using the KTeV CsI crystals, two photons
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Figure 20: Schematic layout of NCC2. Along the beam direction, it consists
of front, inner, barrel, and rear modules. In the φ-direction, it is divided
into 8 modules.

Figure 21: Schematic R-φ (left) and R-Z (right) view of the NCC2 bar-
rel part. The light from each module is read by wavelength-shifting fibers
(WLSF), glued on the outer side of each R layer.

Figure 22: Schematic R-φ (left) and R-Z (right) view of the NCC2 rear part.
The light output is read by WLSF on the outer circumference.
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NCC

• Suppresses and vetoes pi0 bkg

point. The probability that the π0 events, produced in CC02/NCC2, fall
into the signal region depends on the distance from the generation point
to the edge of the signal box. The probability function is assumed to be
given by Fig. 43. The final background events are found to be 0.06 events
and 0.001 events in the cases of CC02 and NCC2, respectively. The ratio of
these two numbers (1/60) is considered to be an additional reduction factor
achieved with NCC2, though the result is based on small statistics. We
would like to stress here that, although the advantage of NCC2 is evident,
we need more careful studies in order to estimate an accurate reduction
factor, including the effects of other particles associated with π0 as well as
the effects of other veto counters. Table 10 summarizes our study.
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Figure 41: The source position of remaining events in case of CC02 (left) and
NCC2 (right). The downstream end of NCC/CC02 is located at Z=270 cm,
and the radius of the bore is 8 cm.
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Figure 42: The reconstructed Z position when π0-s are generated at specific
Z position (Z=280.5 cm), obtained by Monte Carlo simulation. The response
tail is dominated by the shower leakage of the calorimeter.
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Figure 43: The integrated probability of wrong reconstruction as a function
of the deviation between true and reconstructed Z vertex.

Table 10: Summary of “CC02 background” candidates. “After veto” rep-
resents remaining events after rejecting events with more than 1 MeV in
CC02/NCC2. “In the signal box” are calculated by using the probability,
shown in Fig. 43, as described in the text.

Counter Generated π0 in CAL After veto In the signal box
CC02 108 6964 55 0.06
NCC2 108 869 2 0.001
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NCC

• can measure halo neutron profile and energy 
spectrum
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Figure 44: Neutron tagging efficiency as a function of neutron energy En

(left), and of radial position R (right). In each plot, the black (red) points
show the results by the E-cut (R-cut). Since the inner radius of NCC2 is
80 mm, the efficiency starts there in the right plot.

Table 11: Summary of neutron tagging by NCC2. εn and εK indicate effi-
ciency for neutrons and for KL events, respectively. KL contaminations are
calculated assuming same halo-to-core neutron ratio as in E391a.

Cut set εn εK Ratio (εn/εK) KL contamination
E-cut 6.3% 0.1% 63 5.4%
R-cut 2.9% 0.08% 37 9.2%
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Figure 44: Neutron tagging efficiency as a function of neutron energy En

(left), and of radial position R (right). In each plot, the black (red) points
show the results by the E-cut (R-cut). Since the inner radius of NCC2 is
80 mm, the efficiency starts there in the right plot.

Table 11: Summary of neutron tagging by NCC2. εn and εK indicate effi-
ciency for neutrons and for KL events, respectively. KL contaminations are
calculated assuming same halo-to-core neutron ratio as in E391a.

Cut set εn εK Ratio (εn/εK) KL contamination
E-cut 6.3% 0.1% 63 5.4%
R-cut 2.9% 0.08% 37 9.2%
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E14 Strategy 1.1
Suppress halo neutron bkg

1. Reduce beam halo; halo/core < 10-5

2. Reduce pi0 and eta production

3. Detect halo neutron interaction and veto

4. Localize background by better calorimeter 
resolutions



KTeV CsI Calorimeter

• 30cm -> 50cm

• reduces energy 
response tail due to 
shower leakage

• 7cm -> 2.5cm square

• position resolution 
5mm -->1mm KTeV CsI

Halo neutron 
background at CC02

E391a CsI



Halo neutron 
background at E14

• With

• halo neutron / KL = 5x10-3 (E391a:0.33)

• low halo neutron momentum

• CsI resolution

• CC02 bkg 0.07 evts

• eta bkg <O(1) evts, under study



E14 Strategy 1.2
Suppress KL background
1. Identify fused 

photon clusters

2. Better veto, 
especially in the 
beamline γKL

MB

CsI

BA

γ

γ
γ

• detection inefficiency によるもの
• fusion によるもの
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A) KL!"0##

B) KL!2"0  , 2! missing

C) KL!2"0

D)KL!3"0   , 2! missing

CsI

calorimeter

!

!

hit close to another

hit in the CsI

Nreal = 2

Nrec = 1

Study of C) and D)

Study of A) and B)

“photon missing” の理解
（この実験の中で一番重要）

Fusion

4 photon eventを解析して見積もる



KTeV CsI

• Ownership is 
transferred from FNAL 
to Univ. Chicago

• Engineer+technician are 
preparing for unstacking

• Will start 
disassembling / shipping 
in August 2007

• Will test CsI and PMTs 
at Osaka



CsI PMT base
Requirements

Minimize the heat and the number of 
vacuum feed through

Low noise (<0.5mV)

Studying Cockcroft-Walton base

~0.1W, low voltage DC power

ZEUS base shows good 
performance

Start designing CW base for KTeV 
tubes with Matsusada and HPK
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E14 Strategy 1.2
Suppress KL background
• Longer CsI => suppress punch through

• New photon veto in the beam

3.5 Downstream veto counters

In order to detect extra particles in KL decay which escape from the beam
hole, several veto counters are placed downstream of the main calorime-
ter. Figure 17 shows the downstream part of the E14 detector. One collar
counter (CC04) are placed just behind the calorimeter inside the vacuum,
and additional two counters (CC05, CC06) follow after the vacuum tank. At
the downstream end of the E14 detector, Beam Hole Charged Veto (BHCV)
and Beam Hole Photon Veto (BHPV) counters are located in the neutral
beamline.

Figure 17: Downstream part of the E14 detector.

3.5.1 Downstream collar counters (CC04–CC06)

Downstream counters, CC04-CC06, cover the aperture between the beam
hole of the CsI calorimeter and BHPV. The particles after decay on fiducial
volume can hit the inner surface of the beam hole of CC03 or adjacent
counters, but escape from the veto system because the total radiation length
along the path is not enough. Such ”edge” effects should be recovered by
a set of downstream counters. The CC04 counter is installed just after
the CsI calorimeter. The counter could be large enough and stay close
to CC03, but shower leakage from the rear end of the calorimeter might
leave a false veto signal in CC04. This counter should not be so large and
stay far from the calorimeter; another way is to increase the veto threshold
of CC04, which leads to degradation of photon detection efficiency. Such
optimization of the geometrical size, distance from the calorimeter and veto
threshold was performed for the E391a experiment. In E14, the thickness of
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Beam

Figure 19: Schematic side view of the BHPV arrangement.

Detailed description of BHPV structure The aerogel array has a
cross section of 30 cm by 30 cm, a thickness of 5 cm, and the refractive index
of 1.03. These modules are lined up in 25 layers along the beam direction,
each of which is placed 35 cm apart as shown in Fig. 19. The total length
and thickness of the BHPV are 8.75 meters and 8.9 X0, respectively. This
configuration enables us to select events that have their shower development
in the forward direction, and thus reduce the sensitivity to neutrons. The
parameters of the BHPV are summarized in Table 2.

Table 2: Base parameters of the BHPV. The parameters of each module and
the whole system are listed separately across the double line in the table.

Items Parameters
size of module 30 cm (H) by 30 cm (V)
Pb converter 2-mm thick
aerogel refractive index=1.03

30 cm (H) by 30 cm (V)
10-mm-thick×5 tiles

main mirror flat, 45◦ degree inclined
light funnel Winston cone

(din=30 cm, dout=12 cm)
photomultiplier Hamamatsu R1250 (5-inch)
number of modules 25
layer spacing 35 cm
size in beam direction 875 cm
radiation length 8.9 X0

Expected performance In order to estimate the BHPV performance,
we performed a GEANT3-based simulation. Detailed description of the
studies are found in the proposal. We summarize the estimated BHPV
performance in Table 3. Here, a hit is defined as a module in which four
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Beam Hole 
Photon Veto

• Insensitive to neutrons: 
0.2% @ 2GeV/c

• 10-3 photon detection 
inefficiency @>1GeV

• false hit rate : 2MHz

• Proven by prototype 
beam tests

as schematically shown in Fig. 17. In reality, it is located behind a wall of
iron blocks, which is 1 m thick and has an beam hole of 20 cm by 20 cm.

Basic design The BHPV is designed on a new concept of photon de-
tection. One feature utilizes Čerenkov radiation to detect electrons and
positrons produced by an electromagnetic shower. This feature enables us
to be blind to heavy (and thus slow) particles, which are expected to be the
main products in neutron interactions. The other feature is to use direc-
tional information. Photons to be caught and vetoed come from the fiducial
region 6 m or more upstream through a narrow beam hole, and thus their
electromagnetic showers are spread over in the forward direction. On the
other hand, secondary particles from neutron interactions tend to go isotrop-
ically. Thus, neutron signals can be reduced further, without losing photon
efficiency, by requiring shower development along the beam direction.

Based on this concept, the BHPV is designed to be an array of Pb-
Aerogel counters. Figure 18 shows the schematic view of the BHPV module.
Each module is composed of 2-mm-thick lead as a photon converter, a stack
of aerogel tiles as a Čerenkov radiator, a light-collection system of a mirror
and a Winston cone, and a 5-inch photomultiplier tube. In order to identify
a genuine signal when it is smeared by accidental hits, 500-MHz waveform
digitizers are used in the readout, as described in Section 3.3.

mirror

Winston−type funnel

5 inch PMT

Aerogel 5cm
Pb 2mm

30cm Beam

Figure 18: Schematic view of the BHPV module (left) and the picture of
the prototype (right).
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KL bkg @E14

• KL->2pi0 : 3.65

• KL->pi+pi-pi0 : 0.93

• KL->pi e nu : 0.01

• KL -> 2 gamma : negligible



E14 Basic Strategies

1. Suppress and control backgrounds based on 
the E391a experience 

2. Make detector capable of handling high rates

2.1. BHPV in beam

2.2. Waveform digitization



E14 Strategy 2.2 
Waveform digitization

• ~3000 (CsI) + ~1000 (others) channels

• Deadtime-less for 250kHz trigger

• Record waveform to isolate a pulse on earlier tail

• 0.3MeV ~ 2GeV, 14bit, 1ns resolution

• and affordable



solution = Gaussian filter 
+ 125MHz 14bit FADC
• Δt <0.5ns for E>10MeV

Figure 10: Results of a study of two pulse separation.

Figure 11: Oscilloscope trace at the input (yellow; top) and output (purple;
bottom) of the Gaussian filter. The input is a signal from a 5mm plastic
scintillator with a minimum ionizing particle passing through. The output
is shown with a ×10 amplification.
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Double pulse resolution

• Can separate >20ns 
apart 5:1 pulses

• More studies 
underway

filter

200MeV + 40MeV 10MeV + 2MeV



Schedule/Priorities
1. Construct KL beamline and study it in Jan.-

Feb. 2009.  Should understand halo neutrons

2. Build the CsI calorimeter

3. Mass production of waveform digitizer

4. Main Barrel upgrade, and close vacuum tank

5. Upgrade downstream veto

6. Upgrade upstream veto



Beamline

• Make sure that the 
beamline performs as 
designed.

• Should minimize 
radiation work.  The 
collimator should be 
installed before the 
beam comes
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6 Design of the beamline

Figure 10 shows the overall beamline layout. In order to share the T1
target with other secondary beamlines, the collimation system of the neutral
beamline starts at 6.5m downstream from the target. Since there are many
materials, in particular for the K1.1 beamline, we have to check carefully
the effects of them.

Figure 10: Plan view of the overall beamline layout for Step 1.
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Schedule
2007 2008 2009 2010 2011

beamline

CsI
tests

ship

stacking

Readout
designing

mass production
MainBarrel

BHPV
vacuum

Beam
survey

CsI
comm. 1st run 2nd run



Budget
sum 2007 2008 2009 2010 2011

sum 62790 5870 18620 27340 9960 1000
beamline 16330 2830 5400 8100

CsI 5900 700 4300 900
readout 14840 1700 2180 9660 1300

veto 11520 5340 6180
others 9300 40 300 1400 7560

RA,travel 4900 600 1100 1100 1100 1000

Unit: 104 yen~$100



Funding scenario

sum 2007 2008 2009 2010 2011
sum 62870 6120 18430 27390 9950 980

Tokutei 27870 5620 10930 6890 3450 980
US/J 2000 500 1000 500
KEK 22000 3000 16000 3000
DOE 9000 3000 3000 3000

G.in Aid 2000 500 1000 500

Unit: 104 yen~$100

Amounts in yellow are allocated



Manpower

9 Human resource

Table 9 lists the manpower we have (+ expect) for the E14 experiment, from
15 institutions in 6 countries.

Table 9: Manpower for the J-Parc E14 experiment. The number of peo-
ple are shown for physicists (excluding students) and graduate students.
Technicians and engineers are counted in units of man-year in Full-Time
Equivalent (FTE). The number in parenthesis show the number of people
we expect to have in the future.

Institution #Physicists #students technicians
(+#in future) (+ #in future) & engineers (FTE)

Arizona State Univ. 1 0 (+1) 0
Univ. of Chicago 2 2 1.5

Chonbuk National Univ. 1 1 (+1) 0
JINR 3 2 (+2) 0
KEK 4 0 0

Kyoto Univ. 3 4 (+4) 0
Michigan Univ. 1 (+1) 0 (+1) 1∼3

NDA 2 0 0
National Taiwan Univ. 1 2 (+1) 0.25

Osaka Univ. 2 4 (+4) 0
Pusan National Univ. 1 2 0.5

Saga Univ. 2 4 0
Univ. of Seoul 3 2 0

Tbilisi State Univ. 2 0?? 0??
Yamagata Univ. 3 2 (+2) 0

Sum 31 (+1) 25 (+14) 3∼6
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Many young people



Institution 
Responsibilities

Table 5: Institution responsibilities
Institution tasks
KEK Beamline, detector construction, MB upgrade
Kyoto Beam hole Photon and Charged vetoes, NCC2, between CsI

PMT and FADC, software, ...
Osaka CsI & PMT test, calibration system, readout, etc., event

builder
Yamagata Charged veto, MB upgrade, neutron counters for beam sur-

vey
Saga CC03, beamline construction
NDA CV, CC03
Chicago Readout electronics, trigger, etc.
Michigan Trigger/DAQ, CsI PMT base
Arizona State Beamline MC, software
JINR CC04, CC05, CC06, calibration, structural analysis
U.Seoul, CNU beam survey
Pusan CV, CC03
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We ask for a Stage 2 
Approval in July

• Reasons

• Stage 2 Approval is required for starting 
rad certification process

• CsI’s may not be shipped without Stage 2 
Approval (Email from Y.Wah)

• Funding request to DOE in one month 
needs Stage 2 Approval

• Postponing Stage 2 may harm foreign 
collaborators



Summary

• E391a is very close to opening the box

• Preparations for beamline and detector are 
going well

• We want to do beam survey in Feb. 2009

• We request a Stage 2 Approval


