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KOTO exp.
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® Golden Mode ... Few % fluctuation about imaginary part 1 in CKM matrix

® rare decay

Standard Model predict BR=3x10-!l —
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E391a ex. - 2.6x10 (90% level)
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signal detection in KOTO

Main Barrel
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inefficiency source and MB upgrade

® Gamma inefficiency

Y n
detect punch through leakage photo nuclear sampling effect
® idea for MB upgrade + ~5X,

v

2. add inner barrel

[
(B Cs|
® The upgrade of inside E39Ta T
MB can reduce sampling and E391a MB

photonuclear effect.
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inside upgrade configurations

® Needed length is 3meters

(outer)

......................... E39|3MB(|nner)

® Thickness is limited by geometry of y
into calorimeter. (Max = 23cm at do
stream end)

-if “Pblmm+scinti.5mm’ 5Xo
— |6cm

- need to add structure thickness

3meter
KTeV Cisl 50x50x500 392+ 1500 2.7
E391a Csl 75%x75%300 400—0q. 1200 4.0
Pb+scinti. freex160xfree free free 5.0
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gamma inefficiency for #2110 estimate

® HI2TT10 estimate

|. calc. gamma inefficiency at
each energy and angle in
each detector

2. calc missing possibility at
each 2110 event from
gamma inefficiency

® apply ESI171 result?

- Geant3 didn’t contain
photonuclear (PN) interaction

- PN in Geant4 agree to ES171
exp. !
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) ES171 ex.

NIM A 552 (2005) 263-275 s \

| 200m|
PV

/— LS

10 cm

LS... neutron detector
PV... plastic scinti. veto

LS2

measured detector //

- Csl
- Pb+scinti.
. ‘

2-inch PMT 1%8-inch PMT

undoped Csl 1-1/8" PMT

/

N » 2" PMT
30 cm

Fig. 3. Side and rear views of the undoped-Csl calorimeter (CsI-(I)).
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) PN inefficiency at ES171 (Csl)

° Edep in Csl (PN event) (MC)

Ey~250Mev
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° Ineff‘uency (PN event) (ESI171) —
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100 150 200 250 300 350 400
E, (MeV)

® Inefﬁcienci iPN eventi iMCi

| MeV 5 e-06 3 e-06
5MeV 1.4 ¢e-05 6 e-06
|OMeV 3.9 e-05 1.4 e-05

0 &0

e ESI7I1 and MC are consistent. ?
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PN inefficiency at ES171 (Pb+scinti.)

° Edep in scinti (PN event)(MC) ° Ineff‘aency (PN event) (ESI171) ]
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2
l/ angle dependence in PN

® neutron stop position R in # PN event in
|0A7 gamma incident

5 ; : stopRGenPZ7-10
E ' Entes . 3068511 4o
Mean | 9745 0.5027
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Mean : 97956 +0.5271
RMS | 243
Integral  3.07Se+04
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Inhegrd 3.061e+04
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gamma inefficiency for #2110 estimate

® HI2TT10 estimate

|. calc. gamma inefficiency at

each energy and angle in
each detector

\CTTTINE IR f
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2. calc missing possibility at
each 2110 event from
gamma inefficiency

- gamma inefficiency
— —
o O
A n

® apply ESI171 result?

1 10 10° 10°
incident gamma energy [MeV]

—no need to apply
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# T1011° background

# 2710 BG
R s e S S
b realistic detector Z position
¢ : : : :

sE oo Zeoson
t i i 5 &
RN
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0 5 10 15 20

2piOBG from §§§ :’§E

D D+

other detectors SOa Aad

black : E391aMB+Csl| Xcm to all Z
red : proposalMB+Csl Xcm to all Z

blue : else

® Black shows mainly punch
through effect.

® Red shows sampling or photo
nuclear effect.

Csl thickness (0~15) [cm],
other condition (16~)

18... Csl 7cm(middle z)+5cm(lower z) in real
position,

|9... Pb+scinti in real position,

20... Csl 5cm(middle z)+7cm(lower z) in real
position

~
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# 11110 background

05F
024 E | | | |
o ———— PR T T L4 1
0 15 20
2piOBG from §§§ ;53
other detectors 362 R38R

black : E391aMB+Csl| Xcm to all Z
red : proposalMB+Csl Xcm to all Z

blue : else

® Realistic length detectors show ~0.7
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— next page

Csl thickness (0~15) [cm],
other condition (16~)

~
18... Csl 7cm(middle z)+5cm(lower z) in real

position,

|9... Pb+scinti in real position,

20... Csl 5cm(middle z)+7cm(lower z) in real
position

| 4
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inefficiency comparison (Csl7cm/ Pb+scinti.25)

divide e391p7cm by e391san;
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® Events affected by lack of Csl 102
thickness is not negligible

— should not be thrifty less than -

qodl—iiiiiiiii i g
>X0 1 10 10° E[MeV]

® Photo nuclear or sampling effect of
Xthere are not enough Csl to

satisfy the amount of material. I

Csl seems to be lower than that of

sandwich detector.
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High performance configuration

® for punch through ... need 5Xo
® for low energy (I0MeV~100MeV) ... full active or high sampling ratio

® for back splash & shallow high energy BG ... sampling detector with
good timing resolution is allowable

i e ' '3: | i

i

B R A N N W M ——— 1 N N ———
| U L I
:: :z=3000 : Lo
'z=2800 z=4170 z=5800 z=6148
z=2750

® The thicker “inner” is made, the closer #2pi0 BG come to 0.3 low

limit. But “inner” should have better sampling ratio than “E391aMB
(outer)” (=Pb2mm).

|6
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possible and reasonable to construct

® 5X0 Pb+scinti. simple detector. (possible to add Csl in middle stream in
future.)

old 5Xo sandwich | high performance
2.56%0.19
0.63 + 0.03 0.4+0.0
0.24
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subject from now

® satisefy required timing resolution and light yield

® support structure

Csl calorimete': C d OUt

Front Barrel add New Barrel
Main Barrel

read ou

& Ll
LDIA 1660.0mm DIA A997.0mm
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Summary

® The upgrade of inside E391a MB can reduce 2pi0 BG well.

® (sl shows good performance because of reduction of sampling

and photonuclear effect. But Csl does not saticefy the amount
of material.

® 5XO0 of "Pb+scinti.” reduce #2pi0 BG to 0.63+0.03 from
original 2.8%0.2.

® Csl|&”Pb+scinti.’ hybrid configuration has maximum effect and
#2pi0 BG will be 0.4.

® |tis possible to plan to add Csl to inside of upgraded ”Pb
+scinti.” in the future.

19
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backup

20
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#BG in each threshold at Pb+scinti. 5X0

#2piOBG
x |0 events

e

CC et | X Elb default s 03
10 g an s ansan g assad]  or 0.OMeV
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--------------------------------------------------------------------
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-------------------------------------------------------------------

threshold [MeV]

% acceptance 50% 7E|3 K.
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