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why neutrino Lnteractlons now ?
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Neuwtrino cross sectlons

CC vy on Hydrogen or Deuterium
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Neuwtrino cross sectlons

CC vy on target heavier than H or D

~— 0.9

CCQE Carbonf i DR FZITX T

N\




Neuwtrino cross sectlons

CC vy on target heavier than H or D

MiniBooNE, T2K
CQE CarbonfT T DR FIXIC XTI
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Neuwtrino cross sectlons

CC vy on target heavier than H or D

MiniBooNE, T2K
CQE Carbonf i DR FZITX T

K2K T —HF7R 0
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Neuwtrino cross sectlon
C C vI.l C.P. Zeller
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Neutrino tnteractions
K2K(SciBar): CCQE, CC inclusive T1*, TT°
MiniBooNE : CCQE, NC 119
SciBooNE :CC inclusive, CC inclusive 11+

Vu CC cross section
i |
v+in—=u +p CCQE
vV+p—u +p+r’
v+Nn—uw+n+a" |Single TT via resonance
ven—=uw +n+a

v+A—u +A +1* Coherent TT x 10
v+q—=uw +q +X Deep inelastic scattering
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KK experlmewc (1999 ~2004)

Scintillating fiber tracker
| kton detector(H20) SciFi(H20)

First measurement of NCT11° in H2O First measurement of Ma®%in H?O
PLB 619 255(2005) PRD 74, 052002(2006)

SciFi Detector
SciBar Detector
Full

‘@I y-active scintillator st
. Muon Range Detector )
SciBar(CgHs)

1KT

Water Cherenkov .
Detector First search of CC coherent 1T

PRL 95,252301(2005)
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KK new result : CC T+
V+n— u'+n+Tl'+ cross sectionDELZKH B &
Oceri+/OQe VP U +p+TT7 & TuxDARE 2 8 T B
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ANL t consistent MC t consistent

crccm/chE = 0.736+-0.086(fit)+0.076-0.103(nucl.) +0.079-0.073(syst.)
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New KK result

True n° signal (59%)
Composition: Source:

* Prompt n°: 82%; « Single pion from resonances: 45%;
- ° from reinteractions: 11%; » Multi pion from resonances: 49%;
11 decay: 7%,; » DIS: 6%;

1 oo MC signal from single pion _|

479 CC Tro events 7 MC signal from multi pion

59% urit ’ 8%eff° . MC signal from other
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K:ZK. wew result : CC T°
DO == ANLD#5ER & consistent

- W K2K MCinclusive

— O ANL Radencky et al. (single pion)
- [0 ANL Barish et al. (single pion)

- A BNL Kitagaki et al. (single pion)

- ¢ ANL Day et al. + BNL Kitagaki et al
- = K2K MC single pion

- e K2K MC multi pion

i K2K MC DIS+other
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| Single TT via resonance &

E(GeV)

Ocerio/Oe = 0.306 +- 0.023(stat.) + 0.023 - 0.02 [ (syst.)
10% D 15 E e




Coelun | ANLDFER & consistent
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1 Single TT via resonance, 8

E(GeV)

Occro/OQe = 0.306 +- 0.023(stat.) + 0.023 - 0.021(syst.)
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KK new result : CCRE
QEDIEME IIKFICEE |

* Nuclear effects
-Fermi gas modelfFHONTW5

- * Form factor -
- -Vector FFlde- scatteringh 5 K CEFESI N TS ) MO lalon e

-Axial FF[EZZ 1T EIBFE S N TUVRLV(V scat) Q(GeVcy

#fs’?‘“ FA QZ _ gA :‘ & A=1.0 GeV
dipo(le F)F (14 Q2/M3)? oINS

M. =1.2 GeV

this is typically the
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KK new result : CCRE

Pauli Blocking Effect 2 Track=QE samples

q° Suppression

X' /d.of.=8/9
[l No Pauli Blocking

Number of Entries

— 1 MC

] Pauli Blocking

=

%

N
Lo

03 035 0.4 0.45

q° (Gev)*

0.4 0.8 0.8 1 1.2 1.4 1.6 18 2

q° (GeV?)

A = 1.144+-0.077(stat.)+0.078-0.072(syst.)
(FESEBYICworld average(d 1.03GeV & 78> TL\B)
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MiniBooNE v, flux

2 25 3 35 4

V beam : FNAL BNB Cerov tor(Cz)
<E>~0.7GeV IADT—9EH>TWS
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MLWLBOONE new result : CCRE

En; 14000

W = f(k,q, w)T,dE before fit—==

Eio
f(k,g,w) : nucleon phase space density function

Tuv : nucleon tensor |
| after fit /:
non-QE —2,

10000 e

0 01 02 03 04 05 06 07 08 09 1

Ehl(ﬁxed) pz Q*(GeV?)
. ata with statistic error
1.25 GeV . i
Elo(tuned) ~ : ' . )
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MLWLBOONE new result : CCRE

T os
v

da.ta.' M C I"atIO:: i " .:_J'-' ] (a) E.=0.4GeV

(b) E.=0.8GeV

b f r ﬁ 0 S (¢) E,=1.2GeV
erore 1t °H [ S

MA: 1.03GeV y "" ! (e) Q,: 0.6GeV?
X2/dof=795/53 -o: ‘ () Q*=1.0GeV?

QZ/\m_ 3% 15 - M
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Tft L TWSHMED
kinematics H = U
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MLWLBOONE new result : CCRE

data-MC ratio B/ /A~ JGESEE

(b) E,=0.8GeV

befO e ﬁt 4:2’ / ‘,',:' (¢) E,=1.2GeV

(d) Q*=0.2GeV’

Ma=1.03GeV N W o -aionr
X2/d0f=795/53 0: | ,'| (H Q=1.0GeV’

Qi = {FE 5
ThitLTL S DMED data-MC rat?;):::

kinematics B o= L after fit
Ma=1.23GeV

TWLW5 K=1.019

X2/dof=45.1/53
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MLNWLBOONE new result : NCm°
Ve appearance search®DBGIC 7R D 1§ 5 BB NNE

28,600 v NC 110 events
97% purity, 40%error

NC resonance T : = — ¥ D70V, REE~40%
NC coherent T : T — I DD RN, CCHEEINTULVERL., RNEMH>50%
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Coherent TTY fraction = (19.5+-0.27)%
MC prediction = 30%




SclBo0NE experiment (2007~)

Electron-Catcher (EC)
SciBar

K2K TfED N T U\ f=SciBar & ECZ &

MRD %182 D =5 D & on 2 FB Fl
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Energy (GeV)

Muon Range Detector (MRD)




SclBooONE new rcsuLt cC unelustve

SciBar MRD

96%pure CC oer s MRD -t ; 0
Cosmic BG<0.5% stopped event® &

21,431 events

Reconstructed muon m;)mentEEr::m — Reconstructed Muon Angle
<O Data

D(nher

v NC d
— el & CCQE
EV CC resonance CC]Jt res.

o BB ceok \
CClx coh.

CC other

0z 04 bE 08 T 12 T ‘pp}‘éewc," NC 10 20 30 40 50 767 80 90

Other % (ceg)
Reconstructed muon momentum Reconstructed Muon Angle

Data/ M C 1 z = | Entries 21431
& e o 1

Q\Q + 1 21 - +++++++H+++
L — 0.8
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SciBar

Observed

‘AOP

Expected 2™ trac

QE cut Non-QE cut

AB, (2traci)| >

K. Hiraide

Entries 4056

I CCcQE
I cCCinres.
[ ] cCincoh.
B ccother
[ 1 nc

]
[]

v

BG from EC/MRD

. CC unelustve

MuCL : muon confidence level with dE/dx

proton & MIP%Z

| MuCL (2-track sample) |

XA9 B

::

MIP-like

08 0

-
MuCL




SclBOONE new result: cC Tt

AB,>20° && 2nd track PID(u or 11), CC 11"~ 1200 events

K. Hiraide

[E. (2track ;i +1 nonQE)] |@? (2track 1+7 nonQE)|

3 ‘ rec —
o

2
m, E,—m;/2

m,—E +P cos®

K2K®D CC coherent 1T

D 0.2 04096 .o 1 1 u.ag & . == 5 0.6 0. + )
(e DH5EEE & consistent ?

CCQE IEy (2track u+n non()_E)|

CClr res. Q 2
CClxr coh. < |
.

CC other 5;- 1 [
NC : , : 1 @\(@*

1

v e
[_1BG from ECIMRD [

Q' (GeViey
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« K2K, MiniBooNE, SciBooNEDQFRHFfERMNREKRENI
« BEANRER

QE: IREDformalismIiCEDE. MaDfitlET TTF—9 =8BIRT S
DIFZROTREFTLWLWETFILAAKRSDH SN D

Single m via resonance: ZAMRICDOWTIZQELE[E
U. resonance® 5 D2 RIGDEFHRNVRATIEATNDED
BROTHS

Coherent m: =N DRWVWD TR EHE XL
MiniBooNE, SciBooNE®D SiistDERNTFnd



SHEEHDNESTIVWELE




