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• Beamline

• Beam survey
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• CsI calorimeter
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• veto counters



Beamline



Beamline Monte Carlo

• Injected neutrons from the target (to study beam halo)

• Increased statistics

• Geant simulation with all the K1.1 magnets

KL 
collimator

γ absorber KL vacuum 
window

magnets for 
K1.1 beam-line

proton
T1 
Target

Cu 
collimator

Be vacuum window
Flange & wall of vacuum 
chamber



Collimators

• Optimized in horizontal and vertical directions separately

• Square beam at the CsI calorimeter

horizontal plane vertical plane



Beam profile

• Achieved sharp edges

• neutron: halo / core 

= 8.5 x 10-5
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Comments on the KL beam
• A 3-cm diameter or square hole in the B1 yoke 

does not disturb the B1 field quality : no problem
• To accommodate a similar size of the KL beam 

path in B2, a special type of window-frame magnet 
will be required : no problem

• Q2 and Q3 will have such a yoke structure to avoid 
the KL beam path : no problem 

B1
B2

Q2
Q3

KL beam

Vacuum vessel

The installation position 
 accuracy of B1 in the vacuum
 vessel will be a few 100 µm.

J. Imazato, 5th PAC (June, 2008)



Effects of K1.1 elements

• Pb absorber (to absorb photons) is 
a major halo neutron source

• K1.1 D1 magnet acts as a shield

E391a/KOTO collaboration meeting13th/Oct/‘08

K1.1 magnet

Pb absorber KL

E391a/KOTO collaboration meeting13th/Oct/‘08

K1.1 magnet

Pb absorber KL

scattering points x at the Cu collimator

E391a/KOTO collaboration meeting13th/Oct/‘08

K1.1 magnet

Pb absorber KL



Effects of K1.1 materials

• neutron halo / core ratio is suppressed by ~30% with K1.1 
materials

With all K1.1 
materials

Without K1.1 
materials

With K1.1-D1 
only

Core n 4.7X108 5.0X108 4.8X108

Halo n (4.0±0.4)X104 (6.3±0.5)X104 (3.8±0.4)X104



Schedule in FY2008

広瀬さん (B.C.)

契約手続き開始

見積競争



We have drawings to be used for discussion 
with engineers



Manufacturing collimators

• Similar to a collimator made for 
a neutron beamline

• Vacuum tight

• 3 months total

• material production + 
annealing : 4 weeks

• machining : 4 weeks

• washing + Ni (or Cr) coating: 
1 week

• welding : <1 week



KL movable stage (upstream-half)



Beamline summary

• Same requests to K1.1 as before

• 30 mm diameter holes for the KL beamline

• <0.2 mm thick vacuum windows

• Fabrication of beamline components will be finished by Mar. 2009

• Installation by September 2009, for the beam survey



Review by FIFC

• Fabrication of main beam-line collimators is delayed. 

Final decision about the shape of the collimator hole (circular or rectangular) yet to be 
made. 

Discussion on fabrication detail has not yet started. No engineering drawings!

• FIFC recommend strongly that the group should fix the final design of the 
collimators, contact a manufacture and start the fabrication as soon as possible.

• In order to complete the construction of KL beam line in the first half of JFY 
2009 on time, the experimental group and facility construction team should 
have close contact and start preparation of beam line elements needed in the 
early days of the construction. 

• FIFC recommends the experimental team to ask for some support by the 
mechanical engineering group to IPNS. 

Started

Will fix by the end of Oct.

Yes

Yes



Beam survey



Beam survey in 2009
• The purpose is to measure:

• KL yield and energy spectrum [Priority 1]

• x3 difference in the yield between FLUKA, Geant3, and 
Geant4

• Core neutron yield [Basic information]

• to confirm n/K ratio (x2 difference between MC packages)

• Halo neutron yield [optional for 2009]

• Conditions:

• 1% of full intensity (a few kW)

• no K1.1 components are required
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4. KL Flux Measurement

• Use KL →π+π-π0

• scintillator + 1cm pitch wave 
length shifting fibers 

• 25x2 E391a CsI crystals

• No magnets
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Core neutron 
flux and spectrum Measurement

• Hadron calorimeter 
(“Cerberus”) used for E391a

Hadron part
4.3λI

EM part
18X0

(4mm Pb + 
3.7mm 

scint)x25

(4mm Fe + 3.7mm 
scint)x25

K0 beam line
Neutral
 Beam

X-Y Stage

    1 cm
(Scinti.)

 6 cm
(Scinti.)

9 cm
(1mm-Pb/5mm-Scinti.)

PT Target

4x5 cm

Primary 
Protons

Figure 15: Schematic view (left) and picture (right) of the beam profile
measurement.

Beam

Light guidePMT

EM part
(18X, 0.7λΙ) Hadron part

(4.3 λΙ)

Pb-4mm/Scinti-3.7mm
               x 25-layer

Fe-4mm/Scinti-3.7mm
          x 25-layer

Charged 
Veto

PMT

0

Figure 16: Schematic view (left) and picture (right) of the hadron calorime-
ter used in the E391a beam survey.
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Cerberus - core neutron detector

• Tested all the phototubes

• Testing with cosmic rays

Photo of cosmic ray test Results of cosmic ray test

Signal of Single PMT

cerberus(1)

ID

Entries

Mean

RMS

        1000000

          22893

  1.238

  1.182

cerberus(1)

ID

Entries

Mean

RMS

        1000000

          26106

  1.253

  1.229

cerberus(1)

ID

Entries

Mean

RMS

        1000000

          25639

  1.382

  1.338
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1: far from PMT

5: near from PMT

3: center of Cerberus 135



Beam test @Tohoku Univ.

Dec.8-12 @Tohoku Univ. LNS (Sendai)

2days: Cerberus, 3days: CC03

electron beam information
(tertiary beam: 1.2GeV/c e-! tagged ! ! e-)

energy: 100-800MeV/c

rate:  < 3000events/spill(~12sec.)

size: FWHM ~50mm"

dE/E ~1% (>200MeV/c)
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“FIFC’s view”

•“No redundancy measurement”

Kinematics just determined by all the measurements other than 
KL mass constraint

Very little tolerance for background hit. Stability against 
background is not clear.

•Independent check/ measurement  of acceptance/ 
efficiency seems important.

•Stability /monitor of primary beam condition (intensity, 
position, time structure …) is essential. Not yet been 
investigated fully. 

Can check tracks with pi0 vertex

See background study results

Will think about it.

Beam monitor exists (Tanaka)



Drawing submitted for rad safety calculation



Detector Preparation Status



CsI Electromagnetic Calorimeter

• Unstacking: 5/8 done

• Unstacking and shipping ~400 
crystals/month

• All the crystals will be unstacked in 
Dec. 2008.

photograph



wrap excessive ESD bag, and insert the glass plate into rubber groove on Al 
angle
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CsI light uniformity tests
Result

●Except for one yellow crystal non-uniformity is less than 5%

●low light yield around the beam hole
●At the middle of Crystal effect of Al mylar is visible

Distance from PMT [cm]

ADC

6

How to measure
●Test by cosmic ray

2.5cm：40 crystal
5cm：20 crystal

μ

◦It takes about 3 hours
◦I can test 2 sets of crystal(120 crystal) in a day
　　　　→1 month or so

7

• Light uniformity test with source: Found 1 yellow crystal with 15% 
drop, but others <5%

• Will test all crystals with cosmic rays (~120 crystals / day)



Readout system

• Low power Cockcroft-Walton base for CsI phototubes in vacuum 
+ preamp to send differential analog signal

• Energy range: 1MeV ~ 1.3GeV;   ~ 1mV/MeV

KOTO collaboration meeting @ KEK   October 2008

A short summary
✓Linearity             ±5%
✓energy range       1MeV - 1.3GeV
- 1.3GeV×80%=1.04GeV > 1GeV
- Linearity±5% × safety factor 4 = 20%
✓more than 1mVp-p/MeV output (S/N)

➡I designed a preamp (in CW base) satisfy these requirements

4

PMT

CW base

amp

HV supply
CsI

signal

vacuum

transmit

VME module
receiver

filter
FADC

CW circuit

Saturday, October 11, 2008

KOTO collaboration meeting @ KEK   October 2008

preamp design

✓power consumption 80mW
✓differential output via 100Ω STP cable
✓1.5mVp-p/MeV output (HV=1500V)
✓Max 2Vp-p (1.3GeV) output
✓Noise 200μVrms
✓offset ±5mV

5
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V+

V-
Shield

TDS 3034B    20 Aug 2008    18:04:59

V+
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Vinput
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Saturday, October 11, 2008

KOTO collaboration meeting @ KEK   October 2008

termination resistor Rt
✓PMT termination resistor Rt amplifies
signal pulse height.
- the decay constant is shorter than gaussian filter
✓Rt=510Ω makes pulse height 
about 6 times larger. (from Rt=50Ω)

6

AD8001
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+
-
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470

Anode
50
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+
-
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TDS 3034B    28 May 2008    20:21:05

Rt=50Ω
131.7mVp-p

TDS 3034B    28 May 2008    20:23:48

Rt=510Ω
817.9mVp-p

pulse height
×6.2

10nsec 10nsec

Saturday, October 11, 2008



KOTO collaboration meeting @ KEK   October 2008

TDS 3034B    4 Sep 2008    15:58:08

Linearity check
✓Non-linearity is less than ±0.2% between 1MeV to 1.3GeV
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Saturday, October 11, 2008

Performance of the CW base + preamp

• Rate dependence < 0.15% up 
to 2Vpp x 100kHz

• Pulse linearity < 0.2% up to 
1.3GeV

KOTO collaboration meeting @ KEK   October 2008

rate effect
✓There is no rate effect
- Condition : 2Vp-p output.
- single counting rate 100kHz
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FADC / Trigger / DAQ system

• Simplified design. FADC, trigger crates connected with 3Gbps 
optical fiber

 Oct 12, 2008  13 Monica Tecchio

New Block Diagram

VRC
FADC’s

PMT Signal’s

Frontend Crates

•

•

•

•

VME Readout
Controller
needed for ADC
debugging and
initialization

F1 fibers

to EVB
switch node

F2 fibers

L2 Crate

Custom backplane

L1 Crate

Local Trigger
Control

Master Control Crate

MACTRIS
Master Control
and Trigger
Supervisor

C1 signals

Controls
FANOUT

 board energy sums: 16 bits/8 ns  16 bits x 16 bits x N sampling



Flash ADC

• 14bit, 125MHz FADC

• Checked basic performance 
in Dec. 2007 at beam test.

• Flash ADC design is almost 
done.

• 2nd version of FADC module 
by December.

• CsI + PMT + FADC with laser 
calibration system at Osaka 
next spring

• 100 channel beam test 
planned in summer 2009.



Veto counters - Main Barrel Veto

• Main Barrel veto counters

• Studying an option to install additional 
layers in inside to veto low energy 
photons [(1mm Pb + 5mm scintillator)x 25 
layers, for example (black dots)]

• to reduce 2pi0 bkg by 25%

Red

Black

Green

Blue

Shiomi-080829
Egamma (MeV)

Inefficiency

270~20



Beam Hole Photon Veto

• Studying to reduce rates by

• segmenting mirrors

• making insensitive to low energy gammas

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

29

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

32
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Summary

• Collimator design will be fixed by the end of October

• Collimators will be made by March 2009

• Detector for beam beam survey are being prepared / tested

• Waiting for an approval for a beam survey in 2009.

• CsI, readout system, veto counter preparations are under way





4. KL Flux Measurement

Assume π0 mass and get z vertex

2 unknowns: π+ and π- momenta

2 equations: 

~1000 reconstructed KL / day with 
1% intensity (2E12 protons/pulse)

Background ~ several events from 
3π0 with Dalitz decays

p+, p−

p+
x + p−x + k1x + k2x = 0

p+
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Performance Of “Cerberus”

Reproduce previous study
0.1 GeV0.5 GeV

5 GeV 10 GeV

We have similar results as the previous study
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Hadron part: visible ratio = 5%, detection efficiency = 60%


