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モジュール0と3のフラックスを適当に規格
化して差を取ってみる。

→フラックスで1~3GeVがメイン
22011年4月2日土曜日



Neutrino Energy[GeV]
0 2 4 6 8 10 12 14 16 18 20

]2
cm

-3
8

To
ta

l c
ro

ss
ec

io
n 

[1
0

0
2
4
6
8

10
12
14
16
18
20

numu Fe

numu CH

Cross-section (NEUT)

→ 先ほどの差のピークは高エネルギー側による。
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CC contamination
• イベントセレクション後にどの程度の

CC反応の割合になるか。

→ ほぼCC反応を選んできている。
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Figure 3.10: Number of active planes of selected events(left) and data/MC
(right)
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Figure 3.11: Vertex position in x-direction of selected events (left) and data/MC
(right)
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Figure 3.12: Vertex position in y-direction of selected events (left) and data/MC
(right)
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Figure 3.18: Angular resolution of the track
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Figure 3.19: Neutrino event selection efficiency
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Efficiency

→ CCに対して1GeV付近でも悪くない感度
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Nobs(DATA)

module 29,30 31 32 33 33 34
number of

selected events 0 1054 1548 5956 4119 5425 6962
1 1526 2033 7827 5432 7122 9520
2 1875 2476 9360 6492 8555 11622
3 1882 2570 10133 6795 9078 12191
4 1831 2459 9627 6636 8683 11651
5 1524 2176 7876 5421 7217 9588
6 1058 1585 5837 4172 5421 7285
7 1229 1717 6636 4509 5826 8100
8 1588 2187 8351 5819 7620 10270
9 1884 2562 9770 6632 8766 11946
10 1949 2681 10305 6987 9373 12473
11 1908 2520 9771 6713 8897 11871
12 1561 2133 8146 5512 7193 9822
13 1218 1659 6263 4327 5815 7734

correction factor 0 -1.6 -1.6 -2.6 -2.3 -2.2 -2.2
1 -2.1 -2.1 -2.2 -1.9 -2.0 -2.0
2 -2.0 -2.0 -2.0 -1.7 -1.7 -1.7
3 -2.3 -2.3 -2.2 -1.9 -1.8 -1.8
4 -1.7 -1.7 -1.7 -1.4 -1.4 -1.3
5 -1.8 -1.8 -1.8 -1.5 -1.4 -1.3
6 -2.4 -2.4 -2.8 -2.5 -2.4 -2.3
7 -2.7 -2.7 -2.5 -3.5 -3.3 -3.1
8 -2.2 -2.2 -2.0 -3.0 -2.8 -2.6
9 -2.1 -2.1 -2.7 -4.1 -3.8 -3.6
10 -4.2 -4.2 -4.1 -5.4 -5.2 -5.0
11 -1.9 -1.9 -1.8 -2.9 -2.7 -2.6
12 -4.8 -4.8 -4.6 -6.1 -5.9 -5.8
13 -2.4 -2.4 -2.4 -3.3 -3.1 -2.9

corrected number of
selected events 0 1072 1574 6117 4218 5550 7118

1 1559 2077 8001 5540 7264 9711
2 1913 2526 9551 6606 8703 11822
3 1926 2630 10366 6928 9248 12411
4 1862 2501 9790 6731 8805 11808
5 1551 2215 8018 5503 7319 9685
6 1084 1623 6005 4281 5554 7457
7 1263 1765 6803 4674 6024 8360
8 1623 2236 8516 5998 7834 10540
9 1924 2616 10036 6909 9106 12386
10 2035 2800 10744 7386 9884 13131
11 1945 2569 9949 6913 9141 12181
12 1639 2240 8542 5873 7646 10425
13 1249 1701 6414 4473 5999 7968

Table 4.3: Correction factors
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Correctした後の数を使用.
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DATA/MC
• Normalization factor = 13.5/14.7

• MC (flux 10d tuned-v2)

• mod0 : 7.126e5 

• mod3 : 1.249e6

• mod3-mod0*normalization = 5.95e5 /1e21POT = 5.95 e-2/1e14 POT

• DATA (Run29~34 : total pot = 3.26e19)

• mod0 : 25649

• mod3 : 43509

• mod3-mod0*normalization = 19954 /3.26e19POT = 6.12 e-2/1e14POT

DATA/MC(NEUT) = 1.029
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SciBooNE

SciBooNE

SciBooNE

1

CC inclusive 
cross section

First measurement of CC-
inclusive cross section on 
carbon in the 1 GeV region
NEUT and NUANCE based 
cross-section are 
consistent.
Covers up to ~ 3 GeV.
Consistent with MINOS,  
NOMAD and old BNL 
bubble chamber 
(deuterium) measurements 
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5.2. RESULTS AND DISCUSSIONS 68

Table 5.5: νµ CC inclusive interaction rate normalization factors to NEUT and NUANCE pre-
dictions. The size of the full systematic errors are also shown.

Energy region νµ CC rate normalization factor
(GeV) NEUT NUANCE

0.25 - 0.50 1.04± 0.20 1.65± 0.22
0.50 - 0.75 1.03± 0.11 1.31± 0.11
0.75 - 1.00 1.23± 0.08 1.36± 0.08
1.00 - 1.25 1.29± 0.10 1.38± 0.09
1.25 - 1.75 1.19± 0.11 1.36± 0.12

1.75 - 0.79± 0.08 0.90± 0.09

is canceled, and the remaining differences are, in principle, due to the source (b). The cross section
per nucleon on polystyrene target (C8H8) at each energy region is calculated as

σi = fi· < σpred
CC >i=

fi · N pred
i · Pi

�i · T · Φi
, (5.9)

where i is the index of the energy regions used for the spectrum fit (see Table 5.1), < σpred
CC >i

is the predicted flux averaged CC interaction cross section per nucleon, N pred
i is the number of

selected events predicted by the MC simulation, Pi is the CC inclusive purity, �i is the CC inclusive
efficiency, Ti is the number of nucleons in the SciBar fiducial volume, and Φi is the muon neutrino
flux per unit area.

Figure 5.17 show the extracted cross sections plotted with the original predictions from NEUT
and NUANCE. In addition to the errors on Pi/�i as estimated for the rate measurements, we also
estimate the errors on Φi from the category (i) in the table. In the plot, we separately show the
errors of fi and the quadrature sum of fi, Pi, �i and Φi errors. We confirm that the differences
of the extracted CC interaction cross sections between NEUT and NUANCE are within the errors
of fi. Therefore, the effect of source (b) is small and covered by the systematic uncertainty. The
difference of the rate normalization factors is mostly caused by the cross section difference itself
(source (a)).

The obtained cross section values and their errors are summarized in Table ??. The uncertainty
is about 10% at 0.75 < Eν < 1.0 GeV, where the CC interaction rate is maximum, and is about
30% for the lowest energy region.

Table 5.6: Energy dependent CC inclusive cross section per nucleon on a polystyrene target
(C8H8). Results based on NEUT and NUANCE based predictions are separately shown.

Energy region Mean Energy Total νµ flux νµ CC inclusive cross section (cm2/nucleon)
(GeV) (GeV) (νµ/cm2) NEUT based NUANCE based

0.25 - 0.50 0.38 (4.31± 0.81)× 1011 (2.76± 0.75)× 10−39 (3.40± 0.96)× 10−39

0.50 - 0.75 0.62 (5.09± 0.37)× 1011 (5.80± 0.75)× 10−39 (6.39± 0.81)× 10−39

0.75 - 1.00 0.87 (4.18± 0.26)× 1011 (1.03± 0.10)× 10−38 (1.01± 0.09)× 10−38

1.00 - 1.25 1.11 (2.63± 0.23)× 1011 (1.38± 0.17)× 10−38 (1.29± 0.15)× 10−38

1.25 - 1.75 1.43 (1.90± 0.27)× 1011 (1.62± 0.29)× 10−38 (1.56± 0.28)× 10−38

1.75 - 2.47 (0.62± 0.12)× 1011 (1.74± 0.38)× 10−38 (1.66± 0.37)× 10−38

T: number of  target nucleon
Φ: total flux
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* BNL result assume CCQE 
model to constrain the flux

The result published in          
Phys. Rev. D 83, 012005 (2001)

Cross-section comparison
• もし、今回の差が1~3GeVのCCニュート
リノをえらんできているとすると、
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