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& /7 [ )EF1R mgs(Main Barrel(MB))

Main Barrel

3.9 1n

—Csl fOYX—%

%E39|a§<%%0>MB€T$U R Eﬂz_%b'tﬁ _
XKEM TR EY Y FL— Y EERE

E391a MB 2.9+0.4 events 3.42+0.02 events
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MB and source of inefficiency

® Gamma inefficiency
|. E391a MB t ~5Xo

B 3 SO ' v
e N
Csl

E391a MB
® Gamma inefficiency

Y n

| N

detect punch through leakage photo nuclear sampling effect
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# T1911% background vs MB thickness

E391a MB 2.9+0 4 events
1.394+0.09 events

proposal MB

test 1.3+0.1 events

incident

- Not many high Ey with
normal incidence.

...........

+ No more thickness

-------------------
--------------------

--------------------------

---------------------------------

4 More improvement? N ................. M M.
—inside?, = Csl? ' '

----------------------------------------------------------------------
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Csl Barrel to reduce Sampling Effect & Photo Nuclear

E391a MB 2.9+0 4 events ”
proposal MB 1.39+0.09 events m
test 1.3+0.1 events

proposal MB
E391a MB

+ 3cm/ECsl
o T101TY background incident position

0.87+0.03 events
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Comparison with MB in propossal

{ Figure from proposal paper
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Effective for both

sampling effect and

photo nuclear reaction

2011E3H25HEEH



An ldea of Csl| Barrel structure

® 3cm thick x 7.5cm wide X 30cm long /crystal

® 80 crystals/2T1T

® if we cover 3meters in z direction, need

800modules (total 400 E391aCsl)

® read out by pmt (or fiber) from one side (?)

add Outer Barrel
Front Barrel

i r
add Csl Barrel = Csl calorimete

Main Barrel
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background & signal loss at Csl barrel
® back ground & back splash Z TR &Y - ~

—
+ Back Splash Photon Effect MB

B v 7 —DiRNIC L Dsignal event D—
ZEhvetoR s icRInZzE U527 F)LAX

X Assumed resolution from detector structure

* inner barrel: op; = Cgi\/Np.c Edep/Np.e. [MeV]
or = C1//Np.e. Edep [ns]
where Np.e. = 10, CEi — 1, CT = 9.0
0~10cm (fixed position in each module)

proposal MB: 0fgo = CEO\/Np.e.Edep/Np.e. [MeV]
where Np . = 13.8,Cg, = 2.8
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Low Energy Y separation

® Eqep / Z in inner barrel (Egep ... a cluster energy sum)

* cutline .....gaussian fit in each Z, threshold = Peak - NO

* Egep on proposal MB < 0.5MeV

 Edep / Z in inner barrel (Zc: 2pi0 BG, 4: piOnunu signal events)

U ST T U SO i R Beeeeiiido. linbarPosZysCSE. log2]. |
E[MeV] i e E[MeV] - et ear |
I Y SRR S “U b f  MeBN X . 49803 . 48,8 .

— 1¢ : : Meany 2.181-0.1078

2000 4000 6000 Z[mm] 2000 4000 6000 Z[mm]
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timing difference (Tinbar-Tcab [ Z in inner barrel)
* Egep on proposal MB < 0.5MeV

e maximum Energy in modules

®  background(Tto1t) Dhit timing & Zposition @ backsplash(TrOVV)U)hlt timing & Zposition

t[ns] t[ns] 3OF  [baboisTime
25 E_ ..... iean x 5035 1 3476 [ 10
20'_ ..... !‘!9.'!.!...5:9.‘.%.9.!@@. 159
<102 15 i ’ ' |
10"
Ceptance 50.., ..........
: P
6000 Z[mm] 3000 2000 6000 Z[mm]
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background & signal loss ratio

e Cut condition in MB w/ CsI Barrel

42-

= S/N 3.5
3k
77 D Sh/SHN) o5

2F
1.5F
1:
0.5F

im
-
7

[O]

original Edep / Z cut T/ Z cut
BkSp loss (%) 31% 14% 1 6%
2 pi0 BG 0.60+002 | I.16+£0.05 | 1.04 +£0.04
accepted piOnunu | 2.36 £0.02 | 298 +£+0.02 | 2.90 + 0.02
S/N 393+£0.17 | 256 +£0.11 | 278 +£0.12
S/\/(S+N) .37 £ 0.0l | 1.46 £ 0.0l .46 + 0.02
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Summary & to do
e MCIC TMBDI&RHRNER % #REE

® Punch-through effect|dBEEMBIC5Xo DYIBE%Z A5 C
& Tbackgroundh' 1/2(C G

o HIFMBORNMHIICCsIZIIZ fcmE. sampling effect® & O
photo-nuclear interactionh* 5 Mbackground T 315

® Energy& AFMUEICX T 5 FEIEHRDIE VD 5 Back-splash
photon background event& EET S Z & T, SA/(S+N)%Z
E

o S, MTEUTKMBEZ M-I detectorZ FF
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Comparlson of Csl with proposal MB
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(both up and down figure) Left: proposal MB, 5

T Right: Csl barrel + proposal MB
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Comparison of Csl with proposal MB

e # 11911° Background

Left: proposal MB,

x10°

Right: Csl barrel + proposal MB
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Inefficiency of Csl Barrel + MB in proposal

Csl Barrel 3cm
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Correction of punch through effect

® Estimate the difference of # backgrounds

- applied punch through probability in Geant4 function to

proposal version inefficiency.

- F(Ey, atomic number, proton number, path length, density)

1 - —black— : KOTO (8=85°) L.
S . ired— :E391a (6=85°) | ;
10° E %”’ 1 Ered+ . KOTO(proposal) i
102 - e : black+ : E39la(proposal)
E ‘ [ -
10‘3- ------- 07 N S
10"4 ------- P7 A IS, o - S S ................. .,
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timing difference

o background(TrOTrO)O) (Tinbar-Tcal ) -Tdise in inner barrel (_E:all modules, F:
maximum E module)

NSRS SO, inbarHtDfTimeWid4]
t[ns] 10°¢ g TR

- : M | Mean -4.533 + 0.02576
s 6933

i integral : 7.243e404
1035 ‘ -
102_ .............. ................

® Dbacksplash(TToVW)D (Tinbar-Teal ) -

mum“;::gmwm lest in inner barre
| it 0w : T [mBarDTmeWO]

:::flean : -8:383 + 0.03846: |
RMS I S6C
Integral.. - . 1.7978+04. |.
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Inefficiency of MB in Proposal (~normal incidence)

® ~ normal incidence

e Low Energy ...sampling effect
 High Energy ... punch through

Y_Inefficiency in each Incident Energy
Inefficiency 1e———7—— 7777 i ------------------------ 5

green: Sampling effect 4¢-

blue: Punch Through

red: Photo Nuclear

pink: Ieakage black: all

E[MeV]

2011E3H25HEEH



Inefficiency of MB in Proposal (shallow incidence)

® Jarge incident angle Y to MB surface

* Low Energy ...sampling effect
* High Energy ... photo nuclear

Y Inefficiency in each Incident Energy

Inefficiency 1¢

green: Sampling effect 10

pink: leakage 10
blue: Punch Through____5,10°§

red: Photo Nuclear 2

black: all
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Inefficiency of Csl Barrel + MB in proposal

Csl Barrel 3cm
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