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Overview of MC

Neutrino Flux A
O &

C target /\j_ﬂé

Detector

response
® Neutrino Flux : [EIX ¥ > U DiZATTDFlux (IEMHE R flux

[SER )
e Neutrino interaction : FluxZ JTICNEUT C/KTOD = a1 —
N/ Rz alb—h.
® Detector response : GEANT4 TR Has = BIR. RAIEALF
CXKDFLYATHER I aLb—b.
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Detector MC : Geometry
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Detector MC : setting

o KUY - ZEXDFEFRICDOWNT
o BRIFE >FESHIRREELRE LR
o BMBICEITERZHRE.
o K :JHDRRICHKEL TEAL(1.34~1.36).
o U I —E(E(1.49)
o EHRTHDREINE - REER(FFFELTET /L (Fresnel formula)

AEIE)

o YV IUNEITIE/RE

LW FREICE ST BNIETET

REY)
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Neutrino interaction MC
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Event display (CCQE) :

w/ FVwater
v:0.54GeV, in FV v:0.56GeV, in Outer (L

Total p.e.=458 Total p.e.=860
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Event display (CCQE) :
w/o FVwater

v:0.56GeV, in Outer (_L71)

FVAAZ IK DY TR WD Ty,
OuterZl D TD LD H

Total p.e.=273
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Total p.e. distribution
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Efficiency (total p.e.>150) to neutrino
mteracted in FV (CC+NC)

T BRI (1) 30cm(Tank- FVFEﬁEEFéﬁ) A TEBRIC
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Efficiency (total p.e.>150) to neutrino
mteracted ln Outer (CC+NC)
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Efficiency vs total p.e. threshold
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(# of remaining Outer events)/(# of
remaining signal(FV events))

(SN)-' [%]
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(# of remaining Outer events)/(# of
remaining signal(FV events))
Total p.e.> 150 71 M D(SN)!' DI X)L F—IK7FMHE.
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00.511.52253354455
Neutrino energy [GeV]

1 Big MC stat. error
1 (Due to low stat.)

At low energy region, (SN)' < 3%
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Observed neutrino energy (CC+NC)
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# of events [/10%2'POT]

CC+NC interaction

generated in FV

Generate Total pe > Efficency
150

#ofevents w/ | 5 43k105 | 1.53E+05 | 0.63
FVwater

#ofevents wio | | gsci0c | | 16E+05 0.60
FVwater

# of events sub. | 490E+04 | 3.70E+04 | 0.76

# of events 5.05E+04 | 3.70E+404 | 0.73

# of events sub =

(# of events w/ water) - (# of events w/o water)
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# of expected events / day

Assume 100kW ~ 7.2el6 POT/hour (lday=24hours)

Use this MC Interactions/day in Obse.rvations/day
Tank in Tank

w/ FVwater 420 /day 264 /day

w/o FVwater 335 /day 200 /day
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Summary of this study

e Total pe.> 150 DAY b ZHWNIE, Outer CKILUL
Jc=a— MU /T DREENERIE—EL

o FVTKRIGUIEZa—hKU/ZEUWSN((SN)' ~3%)
THETEZE 5.

o HNEDRT—I)ZeEhlcBREamDIBREZRDDICHD

SEICDOWT, ESWVWofcbDEZ SN DD

il
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Ay Ia—A>L—Fhk
* INGRDD=a21—hk"'J/E—LBEDDatan 5 BiED 5.
o NTVFIITZITW, EVa2—-ILADLERIERWE
7Y R T R FEESR
® 471800/3.26el9 # of protons at all modules (=2 — kU
JARY K ERFIEREU K 5L,

e INGRIDODOY I Za—AVEBHMER~| EIRET B.

o HiGLLZAHWTCY VY ERhoREI SOV T Ia—
A rZzBEH S - 92.7 muons/hour @1 00kW

o |0RFfE CT~le3 particles, |8 CT~le4 particles.
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MC setting

\
o x> ERMISFTEAD _i
® H@%#F / >

o EE)T RJLF—:450~1450 MeVDE T—HK

o AFAMIE. EDHZXTH >V IEHICFITIC.

o YU LERDELT—HRICHKE.
o YVIJZEEBUIWDHZERLT7OY bk

o FVRAITKHD - KIZULDZED

® Normalization : 927 muons (100kW X |0 hours)
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Sample of event (7K D)

Total # of measured pe = 1148
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Total p.e. (each categories)

Total p.e. (with HIT threshold)
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L - . +
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* - it
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Total p.e. vs (Radius)?
(w/ water in FV)
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Total p.e. vs (Radius)?
(w/o water in FV)
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Total p.e. vs (Radius)?
(w/o water in FV)
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Back up
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Calc # of gen. photons

dehotons
dL

~ 2razsinO(A\; "t — A5 T)

e y:Mass = |06MeV/cN2

* AI,A2 =270,610nm = 2.03,4.6eV (MC used)
e QE = 0.2 (constant)

* Mean coverage = 6.25% (PMT:|64, constant)

Cherenkov threshold (water:n=1.33)

particle [ threshold momentum[MeV/c]

muon 120
pion 159
electron 0.57

proton 1069

Monday, October 18, 2010
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H mom. beta cosO angle ph(i(tag;ms Gen. pe Me;zu N

[MeV/c] [deg] [/cm] [/cm] [/cm]
200 0.884 0.851 31.7 261 52.2 3.26
300 0.943 0.797 37.1 345 68.9 431
400 0.967 0.778 39.0 374 74.8 4.67
500 0.978 0.769 40.0 387 77.5 4.84
600 0.985 0.764 40.2 395 78.9 4.93
700 0.989 0.760 40.5 399 79.8 4.99
800 0.991 0.758 40.7 402 80.4 5.02

30cm path length = expect to measure 98~150 p.e.

Monday, October 18, 2010
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Reflection probability
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Reflection probability

Water :n=1.33,Acrylic n=1.49

Acrylic(n=1 49) — Water(n=1.33) Water(n=1.33) — Acrylic(n=1.49)
r3‘100_"'1""1""1 """""""""""""" 100_'"l""I""I""l""l""l""l""l"'
= 90- Critical angle 90F ]
L0 R ~64° 8 _Rq
s T0: : ERLUS
g 60 1 60 _Rp
S50 1 50
£ 40F 3 40F
2 3 1300
“ 2 120

10¢ 1 10 :
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Angle of incidence [deg] Angle of incidence [deg]

Monday, October 18, 2010 31
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Reflection probability

Air :n=1.00,Acrylic n=1.49

Acrylic (n=1.49) -> Air (n=1.00)
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Total p.e. (CC)

Total pe (with HIT threshold) : CC

535000, | — inTank (w/ water)

ﬁ: 30000; , —— in Outer (w/o water)

?5_‘ 250002— : —— in FV (w/ water)

§ 200002— | ——— in Outer (w/ water)

£ 15000 =

5 10000F oh -

< 5000~ L. e
0:. . e e e T

0 SOO 1000 1500 2000 2500 3000
Total pe
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Total p.e. (NC)

total pe (with HIT threshold) : NC

= 30000

g | — in Tank (w/ water)

:'3 25000;_ —— 1in Outer (w/o0 water)

320000: — in FV (w/ water)

E 15000; —— in Outer (w/ water)

= - -

% 100003_. .

- 5000;— —;
0‘.‘.":—'.—': . %Eé____

500 1000 1500 2000 2500 3000
Total pe

o
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Efficiency vs Threshold total pe
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Efficiency (total p.e.>150) to
signal neutrino

obs obs
Nwzth water Nwzthout water
Efficinecy to sub.

Efficinecy to vu interacted in FV

Efficiency

FVATKRIL U Tc
“—a—hkU/ICHUT,
Energy~0.3GeVH'\5 &)
([CALB QBRI ENER

MWERFF CTE %,

//

.....
)

_}

SeFe HREEE
SVNBN=INES®N

cblll.llll|III|III|III|Illllllllllllllllllj

NI AN R RN AT S A !
11.52253354455
Neutrino energy [GeV]

.ci
N
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Efficiency
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T+ phase space of parents of
neutrino to SK

Phase space of n* at primary interactions
(GFLUKA 30 GeV pon C)

3

. x10°
T 0.4
% : R kA).m For all
© 03 % Covered region .,  NeUtrino
5 e/ | Flux
S 0.2 -6

i

12 16 O
Momentum [GeV/c]
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TT+ phase space of
parents of neutrino to
Mizuche




hpi_ﬁux
n+ : Flux to FV Entries 351468 |,
0.5 H J | | | | Mean x 4.071 |'5
: Meany 0.09779
0.45E RMSx  3.544

Angle to beam direction [rad]

RMSy

0.063

2 4 6 8 10 12 14 16 18 20

Momentum [GeV/c]

7+ : Observed in FV

Angle to beam direction [rad]

hpi_obs
Entries 258734 1
Mean x 5.159

Mean y

RMS x
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0.07952
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0.0482

2 4 6 8 1012141618200
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o
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N SR O N
D = U R U o O TR

. hpi_int
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..J...l...l---|---|---|---|Meanx 4957
Meany 0.08229 jo
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RMSy 0.05035 5

2 4 6 8 1012141618200
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TT+ phase space
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TT+ phase space of

parents of neutrino to
INGRID




7+ : Flux to FV of module

0.5 . ;})0‘5
R Flux

"'35 (select V pos)

Momentum [GeV/c]

7+ : Observed in FV of module

0
"3‘52-_‘_ ~Observation i
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e B B e R m s x10
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= - 120
202.5 & 100
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2 2F
2 0.150
% 0]
< 0.05p

0 2 4 6 8 10 12 14 16 18 20
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TT+ : module 3

(Interaction & Observation®D

feDFEXTBED B AU.)
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7+ : Flux to FV of module 10" 7+ : Interacted in FV of module 105
§ . § 0.5 LA B ELELE LEL L BLELELE BLRLEL BURLELE BLRLEL BLELEL BLELE B 00
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S 04 g | : T
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© U.Of
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E” 1 20
< 0.05 s b < ] 10
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02468101214161820 02468101214161820
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= 0.5g—r———rT——r—rrrreeee ]
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£ 0.45F" .50 +
= = T . [ J
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2 03 :
E (.25
2 0.2p
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< 0.15¢
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< 0.05H :
52 46 8 101214 1618 20 "
Momentum [GeV/c]
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® Analysis selection :

Rock muon info.

® # of active plane >=6 (means to penetrate more 5 Iron

planes)

® p.e./layer > 6.5 (same as neutrino selection)

® Reconstructed vertex is in the first plane.

® Not upstream VETO cut (to select p from the front)

# of aictive plane

250

T | T T
nactpln

200

Entries 471800
Mean 9.007
RMS 1.307

150

100

50

IIII|IIII|IIII|IIII|IIII|X

# of active plane
@AIl modules

cc

2

8 10

# of active plane

100

reconstructed angle

Entries 471800
12.67
8.064

Mean
RMS

Recon. angle
@AIl modules

0 10 20 30 40 50 60 7() 80

Reconstructed angle [deg]

Monday,

October 18, 2010

45



INGRID in-tracking efficiency

tracking inefficiency |

o : : : : :
&.1 4 R x ....................... frenrerssnnnnnnnennrnnan ....................... x .;
Q : : : : :

&12_ ...... — —:: .............................................................................................
:
S T

0.08 _ _
0,06 S S ::__ ____________ . _ __________________

ool

0.02

i E i j i i
% 10 20 30 40 50 60
track angle[deg.]

— ~90% tracking efficiency at low angle.
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Data& MCD % (Radius) 2 COHXED L Z B - FeBRIC, &
MCT—RRICETINTWBIHS.
= MCOMXED AT —)LhDataE ED. - FHEE

uDIKP DB BEEREDEWIC KD HEEDEN
Data MC CiE DG 5.

- BERETORS - BIFENLE DD ENEE
MNZEAL. MCDINT A —5 DHER - FHEE.

Y& D (Radius) 2K F D177 HData & MC THE

ﬁm T \\ " o PMTEpE DEEBEPMTE F o LY 7 ¥4

SHEBOE HBAREDEEHICK>TTZIETYVAHNER
/ ) 2 MCTDZ DISE% Data CHESR.
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Range of | GeV/c neutron

primary interaction z-position (N:1GeV/c) n vertex

700 1T T Entries 30000
600 |- T .................. ................. ....... Mean -20.14

Wy |RMS 43.74
500 | g —— L2 ndf 813778

400 |- ................. ........ -\ p0 686.3 7.1

300 D N 10144 1.4
S e N _______ 10t

200_ ................................................................. o ............ E
100 [ ................. .................. ................. ................. .............................. —

000780 -60 20 20020 20 60 80 100

interaction z-position [cm]
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Total p.e. AN DAIE AIEE/R &

o KDEULSIETORAET, EFSFVATRECRDIE
TZRAETED I ENRFTE 3.

o JIEEMTotal pe. LIFTIE. EBRICZa2—K~J/E—LA
DT—F 2> TWBERIC, AAEETETWVWSDH
Do D T 50N,

o MICTHIETES=IEHULD
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Area p.e.

# of neutrino / Total pe
A

Area 2 Area 4 /

Area 3 Area 5

> >
Vertex-z Area #

B A FDREBDIEBIA ICH B =6,
TROTYZDADIKENE L 135,
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