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Likelihood

Lt()t — Lnorm (f )'Lshape (f )'Lsyst (f )

systematics parameters

J= (fcp,anE»J}Fm,fggkafESkafWfnn)

spec
NnQE/QE

Far/near I
egk(efficiency)

SK Enegry scale

Overall Norm Error
For Jun99 and Nov99-

Systematic parameters also treated as fitting parameter.




Normalization term

Lnorm o POZSSO”( obs ? exp (f))

Nobs = N60bs + ]Vllobs=1+55=56

Nexp(H) = Noexp(,Am?,sin?2 0) + Ny (f, Am?,sin?2 6)

6eXp (f Am Sln 29) exp (fn6 > Am Sln 28)

=4.55+ f . (whenno oscillation)
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11exp
Nllexp = Nllexp (f@:anE)fF/N)ﬁallaAmza sin’ 20)
Ny (f,P,) .
N7y Cancellation

Zfd)ifF/Ni 'q)gf(Ei)P(Am2,Sin2 20)- (fJO'zJ) : E;K

=a-(1+ f,,) 2
. > for Pis (E)-(f0,) €5
l,j

[ :energy, j :mode

o normalization factor



Shape term for FC 1Ru

N

29
Lshape = HP((fESk . Ei)ﬂAmzﬂsinz 299f
=1

>P : binned (50MeV) reconstructed Ev distribution for

1Ru1 gen’ed using MC
»Energy scale systematic parameter applied to the observed E, ¢

Total 29 events for Nov99~ data




Systematic constraint term
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XeX
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xexpl—4Af, Ezsk / zaésk )

Af =f-1

Mcp, M_, Mg error matrix of syst. errors.
G- Overall norm. error on Ngg, (=+0.80-0.68 evis)

G,4-0verall norm. err. on N

11exp

O OK Enery scale error (%)

=5.34%)

|

(described later) A



Summary of Nsk for Jun99

4 . 55evt.
+(0.80evt
—0.608evt

Use this error as constant
even for oscillated case

PIMON error dominant
(PMT saturation etc)
- uncorrelated w/ Nov99~

Syst. error (event)

Old | New
Stat 0.07| 0.07| 1.5%
KT 020| 0.20| 4.4%
SK 0.14| 0.14
Flux igég 0.42 ' |
FIN +0.62| +0.62|13.6%|
~0.45| -0.45| 9.9%
NC/CC | 0.01| 0.01
NnQE/QE | +0.02| +0.07 |
—0.04| -0.11]
CT 0.04| 0.04
Total +0.72| +0.80|17.6%
~0.61| -0.68|14.9%




Overall normalization error on Nsk for Nov99~

Errors
(Event)
Central Value Stat 0.280.37%||
76.05evts KT 3.32|4.37%
SK 2.28 | 3.00%
Flux +2.81
KT: dominated _259
by FV error  [F/N +4.26
SK: also. _5 55
NC/CC +0.15
-0.23
nQE/QE| +0.38
—0.61
CT 0.46 | 0.60%
Total +6.53
~7.37

Take errors not
considered in matrix

5.34%



Central values for syst. params

f o and ﬂl OE : fitted center for FD data w/ M ,wgt’ed MC

1 0=-a00 1,3136
2 Boo-="ra0 1, 0205
3 TE0-1000 1,0071
4 1000-1500 1, 0000
b 1500-2000 0, 95487
B 2000-2500 0, 95150
T 2B00-3000 1,1530
B 3000- 1.0726
9 HE 1, 0000
10 non-RE 0, 592556
Center

fosand f| =0
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Error matrix from FD

“sqrt” of error matrix

tREEEEEEds® SORT(FD ERROR MATRIM) () ®kekkssses

11,4455 B,5955  0,9263  2.1190 -4,1593 5,118 -15.0333
-11,4455  [11,9164 | -2.89850 2,679  0,8894  2,7961  2.9715  -7.5033
6.5855 —Z.09880 | 9.1652| _4,6T97  -0.8666  4,5497  2.0828 -4,3123
0,9263 2,6796  A.6v9r [ T.0TIL| =2.121s T.E4200 4,9795  -3,449
2,1180  0,9894 -0,8666 —7,I713 -T.5829 B.16T0  -3.,4059
-4,1593  2.7561  4.5497  T.6420 -T.5e29 [18.7617] -11.1803  -3.0757
5.1186  2,9718  2,0828  4,9295  8,1670 -1IT, -6, 7528
-15,0333  -T7.8033 -4,3128 -3.4496 -3,4089 -3.0797 —B.7020 m
fl 2 3 ) f6 7 f8 nQE/QE

Enlarged



- e m m = om— o=

F/N & SK matrix

- e m m m m— o=

e —

e ———

EREXERREERE SORT (FAR/NEAR ERROR MATRIN) (%) sfsssstsisy

Z.ab06 | —1,649% 0, Q000 0, Q000 (0, Q000 0, Q000
-1.043 i A FE 0, Q00 (1, Q000 0, Q000 0, Q000
(1, 0000 (1, CI0I00) | ] i | d,.ad73 -1.Tenl  —4,0187
(1, 0000 (1, 0000 . IR s s RS
(1, Q000 0,0000 -1,7Ts61 d.00l0  [EEEESE T, 222
(1, 0000 0,0000  -4,0187 RS 72220 PR
0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-

¥REEEEREEF SORT(SK FRROR MATRIM) (%) $ksdsssssss -
2.7000 | 00000 00000  0,0000  0,0000 00000  0,0000
TLO000 [ 4.3000 | 00000 0,0000  0,0000  0,0000 00000
0,0000 O,0000 | 8,8000 | 00000  0,0000  0,0000  0,0000
0,0000  0,0000 TO.0000 | 10,0000 | _0.0000  0,0000  0,0000
0.0000  0,0000  0,0000 —U.0000 | 9,8000 | 0.0000  0,0000
0.0000  0,0000  0,0000  0,0000 OLOOOD | 59,9000 | _0,0000

*~D+DDDD » 0, Q000 hTﬁD+DDDD thDLDDDDb** (1. 0000 (0 4., 0000
0-0.5| |0.5-1| |1-1.5| [1.5-2] |2-2.5] |2.5-] |Egcale
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Summary of systematic errors on total
# of events w/o osc.

Center: 80.1evts | (evts)| (%)

Jun99 +0.8 | +1.00%
Total

(4.55evts) -0.7 | -0.85%

Spectrum +0.4 | +0.56%

-0.5| -0.63%

+0.4 | +0.47%

NQEIQE 59| 1149

Nov99-~ +4.0 | +4.93%

(75.5evts) | Far/Near 41| _5.01%

Norm 4.0 5.03%

+6.1 | +7.62%

Subtotal 53| -6.66%

+6.2 | +7.67%
TOtaI -54 | —6.72%




Exp’'ed E, ¢ spectrum @ SK for 1Ru
estimated by FD measurements

In|t|al 1Ru spectrum w/ all syst. err. incl. Escale

005115225335445l'
Erec(GeV)
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/allspecerr1.ps

Summary of best fit points

sin220| Am?
1Ru sh ly| 1.09 | 3.0
Global H STape Oy
Shape + Norm. | 1.03 | 2.8
. |TRu shape only| 1.00 | 3.0
Phys. R
yS- REION [ohape + Norm. | 1.00 | 2.8

(10-3eV?)
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Best fit 1Ru spectrum & Nsk

T KS test prob: 79%

# of FCFV
fit :54.2
obs. : 56

Very c00d agreement.

15


http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/distributions1.ps

Best fit 1Ru E rec spectrum

ng Normalized by % Normalized by§
P [ area P . area :

T : : 8l -
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* 10}
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/distributions1.ps
http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/distributions2.ps

Supplementary plots

# of rings for FCFV events c080eri fOr JRM £yents
940 : : : ‘2 14
o) | e Null |
. [ = 12 |
= 30 * ‘
P Best fit N |
: 20 8 ’

. E I - i S &
0 1 2 3 4 5 6 = . 0O 01 02 03 04 05 06 07 08 09 1 .
\ . = CoSO, =
rng u ]

Both only Nov99~ data plotted and normalized by area

Red solid: best fit, Blue dashed: null oscillation
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/mring.ps
http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/thtkek.ps

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

ﬂ 40
§ f Un-normalized
: W35 » Data/Hist both Nov99~
30| Null osc.
25 +
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/fcfvevs.ps

Null probabilities

delta log likelihood method

din(L) Probability
Normonly (3.11) 1.27%(2side)
Shapeonly (1.85) 15.7%
N+S 4.96) 0.7%

din(L) calculated from min. in physical region
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Spectrum dlfference for various models

1R E,rec spec for diff. model

220
g |
18 ]
P : > Difference is small comp.
Pl 1 i to statistics
P [7] default model : > Total # has very small dep.
ol (Ma=1.21,nQE20%) | * i
| :  due to cancellation

N4

Results almost independent
of models

2
0[ ““““““““““““““““ H—L i R



http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/compmodel_spec.ps

Allowed regions
normallzatlon only_)___
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont2_norm1.ps

Allowed region (shape only)
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_spec1.ps

ConS|stency btw shape & norm

Norm only

_2P
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-4
O 010203040506070802 1
sSin“206

10

23


http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_normspec.ps
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_all1.ps

Comparison w/ diff. models

i MA=1.21 nQE20%

. Am%(eV?)

) : VS
; : Nominal model
10 -3 Small difference.
LargerM;\ _______________
— 90%

4l —— 99%
o‘did2a304d506a708dg1
sin“20 :

10



http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_comp.wgt5nqemod-wgt24nqe100.all.ps

Comparison btw. diff. methods

10 E
; i Method1
; : wgt’ed average of
\, :-InL for syst. params.
: 2| :
: 10 | ¢ :
;N> ; : Method2
D ; : minimize —InL for syst.
;f:l._.f ';‘“ i params.
: S sl
: <110 Reasonable
' agreement
90% solid:method1
: 0.4 99% dashed:method2 | :
0 0.2 0.4 0.6 0.8 14

sin“20 2


http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_comp.walter-kobayasi.ps

Comparison with SK atm v
........................... 0 .b.s,.e.ry.ati.o.n..............E

90% CL allowed regions of K2K and SK atmv

— L R | ITT[IIT'\lll'lr[[l'l'\]ll[r[l]’]'\Illrrlll'\T]llf

3 : / \_

| G
'3 h\é\SK
10 | K2K(1Ru shape+FCFV#) : FC+PC+upu

4
0 0.1020304050.60.70.8 6.9‘”1
sin“206

10


http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_atm.ps

Comparison with SK atm v
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/cont_atm2.ps

3d plots of AlnL for shape+norm

Just Z range is different
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/lego_all.ps

Parameter scan

0 01 02 03 04 05 06 07 08 09, 1
sin“20
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/axisscan.ps

Shape & Norm both say same Am?

: —~8 ; 3 3 3 3
= | ____Shape+Norm
= 71 Shapeonly | | |
: ___Norm Only | |
el SN N U S S A
51
4|
3|
2|
H
O \4//

0 1 2 3 4 5 6
Am? (10%eV?)
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http://neutrino.kek.jp/internal/official/2002.05.15/osc/figures/axisscan.ps

Summary

Max likelihood w/
— (Nov99~)
— # of FCFV events (Jun99~)
Spectrum measurement by FD first applied.
Best fit
— sin220 = 1.03, Am2=2.8x10-3eV?
— Fit reproduces observed shape and # of FCFV events very well
Null prob by delta likelihood

— Very small model dependence

Allowed regions are drawn.
Am2=1.5~3.9x10-3eV? on sin?26=1 @ 90%CL

— Shape and Number independently gives consistent parameter region
Large contribution of errors

— Far/Near > HARP

— Overall normalization error of Nsk for Nov99~

— SK energy scale




