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* Intro to the K2K experiment and motivation for
neutrino cross section measurements

« neutrino interactions
+ description of K2K and the SciBar detector

- description of analysis method

« summary of results and outlook
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The K2K Experiment

Goal: To confirm the
observation of atmospheric

. B I e
K 2 : Spper Kami okande &
' f e i . (Ramioka cho) araki J o

neutrino oscillation using o
accelerator-produced v ATl
neutrinos (Bt (B (SR T

« muon neutrinos w/ average energy 1.3 GeV produced by
accelerator at KEK and detected by a suite of near
detectors

+ neutrinos detected at Super-Kamiokande (SK) 50 kt
water Cherenkov detector 250 km away

« June 1999 — November 2004

+ Final oscillation results published in 2006 [Phys. Rev. D
74, 072003 (2000)]
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Oscillation Signature in K2K

1.27Am? (eV?)L (km))

P(v

W V) = sin2298in2(

E, (GeV)
L = 250 km, probability is
E —dependent 1) measure interaction rate and
’ energy spectrum at near detector

- 8
g7 2) extrapolate to SK
g s 3) measure interaction rate and
g 1 energy spectrum at SK
1l 4) compare SK measurement with
O 5) oscillation signature: deficit of
B muon neutrino interactions and
304 distortion of energy spectrum with
502 respect to extrapolation

0
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Motivation for Cross Section Studies

To measure energy spectrum at SK, sample of single muon
events is used. Energy reconstructed assuming quasi-elastic.

QE: V,n—ouU p

BUT, not all
single muon
events are QE
— many
nonQE
Interactions
contaminate
the sample.

May 24, 2007

P
()]

Reconstructed E  (GeV)

&)

E,m, — %m

2
[

E, =

m, — B, + p, cosb,

- nonQE

:Illl-.- IIIIIII IIlIlIlIIlllIlllllllllllll]llllll]l
0 05 1 15 2 25 3 35 4 45 5
True E  (GeV)

L. Whitehead

To predict energy
spectrum at SK,
need to predict
number of nonQE
Interactions in
single muon
sample.




Motivation for Cross Section Studies

Current and future oscillation experiments planning on
making high statistics measurements of oscillation
parameters.

Systematic errors due to cross section uncertainties are
becoming significant!

-
N

foee e e | Expected oscillation signal for
T s &) e X AE. | many experiments is near 1 GeV
S8t 2o | —Cross section measurements
;% e L especially important in this region.
%, 06 |
204 | T | Significant contributions from
Toal [ f M | quasi-elastic, pion production from

0 L resonance, and DIS.
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Neutrino Interactions

Charged-current (CC)

+ quasi-elastic (QE) vV, n—U p

+ single pion production via resonance excitation (CC11r)
VN-UN N —->N'm

+ deep-inelastic scattering (CCDIS) VvV, N = u X

+ coherent %2&5&%%%'2%] (CC coherent) vV, A—-u ATt

Neutral-current (NC) Interaction type Percent of Total
celastic V,N =>v N Chaifzd;czrfit () 723?%
NCimv, N = N, N> N 'm0 00 o
-DIS v,N-v, X N X o
* coherentm Vv " A—v I ATr NeuSrilE(():ﬂlfint (NC) 28?7(?
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CC Coherent Pion Production

- —|— . .
4 A— U ATT measurement made using SciBar data

Event Selection:
CC, 2 tracks, nonQE-like

e Data
[ ] CC coherentn
[ CC1rm, DIS, NC

Entries / 0.05(GeV/c)?
e

2" track pion-like and forward o N B GG QF

low vertex activity e, .

g° <0.1 GeV? 00 02 04 06 08 1 12
rec g2, (GeV/c)?

(~47% pure)
result is consistent with no CC coherent pion production

upper limit of 0.60 x 10 at 90% confidence level for CC
coherent pion production cross section relative to the total

r ion
CC cross sectio PRL 95, 252301 (2005)
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CC11r Interactions

Single pions via resonance production in CC v, interactions:

vup — pprt (CCpr™) C(C'1.+ Mmeasurement of T’
v,n — u nrt  (CCnr™) modes

V,n — u_p':ro (CCpWO)

1
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Simulated based on model by Rein and Sehgal (1981):
+ Cross section for each yNir final state is calculated as a coherent

superposition of all the possible contributing resonances, W<2 GeV/c?
- phenomenological parameter: axial-vector mass, M, set at 1.1

GeV/c? based on K2K data F, (q2)oc< 1 _q2/Mj)—2
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Other Neutrino Interactions

quasi-elastic and elastic scattering based on Llewellyn Smith
model (1972), parameter M “ = 1.1 GeV/c? (based on K2K data)

Deep inelastic scattering with GRV94 structure functions. We use
the correction to GRV94 proposed by Bodek&Yang which reduces
the cross section for low g°.

NC coherent pion production based on Rein and Sehgal model
with correction by Marteau et al.

single K and n production also simulated based on Rein and
Sehgal resonance model
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Nuclear Interactions

Neutrino interaction with p,n is occurring inside the
nucleus — must consider the effect of the nuclear medium

Relativistic Fermi gas model.

Momentum distribution of nucleons is
flat up to fixed Fermi surface 5 resmpsicex ]
momentum (225 MeV/c for C). Pauli £™ :‘; e e |
exclusion effect is taken into account.

—x—

inela+abs+cex

300 [

cross section for =« +160 (mb)

Interactions of outgoing particles ; % i% 5 %

inside the nucleus: wo f %* e

+ nucleon rescattering 00 f e %

+ pion absorption, inelastic scattering, ) ,..f--:-:,f'-'f—;—i & % % ‘%‘ """ ; a;;;,;";;;g;nge
Charge eXChange 0 100 200 300 + 400 500 600
- delta absorption (in resonance momentum of 1 (Ve

production)
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K2K Neutrino Beam

- e - Decay pipe Horn and target station
T O Su p e r K Near i —————e
detector S
- 12 GeV protons extracted every 2.2sin 1.1 us

“spill”

- protons hit an Al target producing hadrons
(mainly 11's)

- m"'s focused in the forward direction by
magnetic horns

- 'IT+—>p+V” decay in 200 m long decay pipe 1
- beam dump stops all particles except v's

2nd Magnetic Horn

N

1st Magnetic Horn

12 GeV
Protons W
i

- ===l ———
5@. —

ruh
I=250 kA (2 msec)
Production Target

Tli—
[ =250 kA (2 msec)

10.5m (£
) o g
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K2K Neutrino Beam

i
10"k Near Detector
01019 v
= W
9
Em :
T 8-
s 10 v
~ 107 © Y
£ e
=10 %k
22109} Y
= F Vi
0 1 2 3 4 5 6 7 8
E, [GeV]

beam is 97.3% pure muon neutrino

at near detector

mean neutrino energy = 1.3 GeV
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Beam Monitors:

- check intensity, transportation
efficiency, position and profile of
proton beam

- profile of muons that penetrate
the beam dump (p“>5.5 GeV/c) is

monitored

- pion monitor installed
occasionally just past horns to
measure direction, momentum of
pions

— neutrino beam direction is
controlled within +- 1 mrad

L. Whitehead 13




K2K Near Neutrino Detectors

SciFi Detector

SciBar Detector

set of near detectors 300 m

Muon Range Detector

Vv bea i

downstream from target

# water Cherenkov
i Detector !

and energy spectrum of

|||l | to measure direction, flux,

neutrinos before oscillation

1 Ki

oton water Cherenkov detector (1KT): mini Super-K

Scintillating Fiber detector (SciFi): scintillating fibers with water target

Lead Glass calorimeter (LG): for K2K-| only

Scintillating Bar detector (SciBar): scintillator bars, for K2K-II only

Muon Range Detector (MRD): alternating layers of iron and drift tubes
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Extruded Scintillators (15ton)

- 14,848 Scintillating Bars
ORI - material: polystyrene (C_H,)
N, - fully active detector

W - light guided by WLS fibers to 64-
channel MAPMTs

64ch Multi-Anode - volume: 1.7 x 3 x 3 m®(~15 tons)
e - fiducial: 1.35 x 2.6 x 2.6 m® (~9 tons)

- 64 layers along the beam direction
- each layer: x plane and y plane,
- plane is 116 bars

i
Wave-length
shifting fiber

1.7m

Upgrade to near detector - downstream of SciBar is Electron

(replaced a lead glass detector) Catcher (EC) made of lead and
scintillating fibers

Oct. 2003 — Nov. 2004
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SciBar — Bars and WLS Fibers

Charged particle % oor| — Scintilator
Reflective coating E | o
— N\ g 006" scintillator
Scintillator 5 P
g 005 emission
To photo—detector 2 o4} spectrum
WLS fiber == ——* N\ } — 2 ool P

phOtOn m/\ 0.02:
0.01

Primary emission \Secondary emission o— | | , , ,

350 400/1\ 450 500 \5N'5a0vele '?331 (nn$)50

Max emission (420nm)

- rectangular bars: 2.5 x 1.3 x 300 cm?®
- polystyrene (C_H.), TiO, coating Y-11

. . Emission

- 1.8 mm diameter hole for fiber Peste 476nm |
fiber

: : emission
- 1.5 mm diameter WLS fiber T and' |
- Kuraray Y11(200) MS Absorption _ absorption
- polystyrene core, inner cladding of spectrum
acrylic and outer cladding of polyfluor ———2———————
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SciBar - MAPMTs

Hamamatsu H8804 multi-anode PMT

- 64 channels in 8x8 array

- each pixel 2 x 2 mm?

- typical gain 3x10° at ~800V

- bialkali cathode sensitive to wavelengths 300-650 nm

- fibers mounted to PMT face using plastic fixture shown below, 1
fiber per MAPMT pixel

T T S e B G M
r ”n' L L e 1"1 . .._.r ﬂ.—ﬂqﬁ -." L

i - o B e PR, o g e
F3 » T i ‘;. o _'.' . b "_-_ 1 .}P!-.ﬂ'_‘!'
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SciBar - Readout

' Frontend board
Light injection Clear fiber
module B4ch

MAPMT ‘

\

— , VME crate
ey N R :
L [ B ‘ __DAQ module
- VATA f
—— WLS fiber _
_ | (x64) Holder ‘
ntliator ooe Ty
Detector structure VME-PCI bridge
Charge info for each channel Gain Monitoring:
1.2 - 0.9

Timing info for groups of 32
channels

= A Typical Channel :_ +5% 0.8
~E
0.7

—
-
—r

i

: gl o
M“.’. - 'b‘-l":ﬂ%.:..l IWF ;’I“W-.*"J q.“'.; g oh
B B - 5%

O
o

Relative Gain
—k

w I R RN R | IS R R
0 20 40 60 80 100 120 140
Live Time (day)

timing resolution 1.3 ns
noise level 0.3 pe

o
©
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Detector Simulation

Crosstalk in the MAPMT

~3% In neighboring Attenuation length of light in
channels fiber ~350 cm by
nQ/8|nQ/5|nQ/4[nQ/5|nQ/8 measurement

nQ/5|nQ/2| nQ |nQ/2|nQ/5
Q, —asna| a |najpasl  Light yield calibration

nassinarz| e naizZhrsl  measured for each bar ~20
NQ/8InQ/5|nQ/4nQ/5[nQ8 p.€. for MIP

travel time for light in fiber: 16

Scintillator quenching for protons: ns/em

Birks' constant (¢) measured with
SciBar prototype in proton beam

A Evis 1
oC
AE,,. 1+c-dE/dx(expected)

PMT energy resolution of 40%
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Event Reconstruction

Crosstalk correction to both data and MC to reduce the number of hits
from crosstalk before tracking. 1

10000 [,
. 8000 | | Sel}ected @ Data
Hit Threshold: 6000 | < O mc
only hits with > 2 pe are used 4000 I,
2000 | T,
TraCkl ng . photo-electrons

SciBar has TWO 2D views (x-z and y-z)

- Cellular automaton tracking algorithm applied separately to each
view - requires hits in 3 consecutive layers (8 cm — 450 MeV/c for
proton)

- 3D reconstruction by matching z-track edges and timing of 2D tracks

reconstruction efficiency for single track passing through 4 or more
layers (10 cm) is 99%

(efficiency is lower for multiple tracks because of overlapping tracks in
one or both views)
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CC Event Selection

Select CC events by identifying the muon.

- match SciBar track to track or first layer hits in the MRD
(momentum threshold 450 MeV/c)

- SciBar-MRD track is within the spill time and exits SciBar

- set of events where SciBar-MRD matched track is found is the
MRD sample, our CC-enriched sample

- veto events if there is any hit in the first layer to reject incoming
particles

1l A
K2K Fine-Grained -!.‘:- b P
iy .i

K2K Fine-Grained DcIIL { LL :: U EE i; !E

Run 5464 Sgpill 26249 TRGID 1
SEEv 6950 2004 131123326 0
i

Purity of CC
events in
the MRD
sample is
96%

L o L L L A 0 L s et e e A
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Muon Energy Reconstruction

muon energy reconstructed by range of SciBar-MRD track
and expected dE/dx in SciBar, EC, and MRD

_ SciBar EC MRD
E, = ESiBo 4 gPC L )

dE dE
— LSCiB&T(%)SCiBar + LEC(E)EC + Eﬁ/[RD

dE/dx is 2.10 MeV/cm for SciBar and 11.25 MeV/cm for EC

energy deposited in MRD from GEANT3-based range to
energy lookup table, includes the muon mass

Momentum resolution ~ 90 MeV/c
Angular resolution ~ 1.4 degrees

May 24, 2007 L. Whitehead
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upstream edge of SciBar-MRD track is the

Vertex Matching

reconstructed vertex

Vertex matching cut: consider tracks that
are less than 4.8 cm from reconstructed

vertex

(4.8cmis 30inz,>50 in x and y)

| Number of tracks |

Nirack MC

(]
[=]
8

number of events
3
S

3000
2000

1000

May 24, 2007

Il CCprn*
M connt
GCpn®
I ccDIs
I OTHER
* DATA

[ JelelelS

Mean 1.74
RMS 1.004

Integral 1.056e+04

Ntrack data

Mean 1.895
RMS 1.137
Integral 1.055e+04

before vertex

matching

8
number of tracks

9 10

| Number of tracks at vertex |

NtrackAtVix_MC

« 8000 e —
'ﬂ:'; - = CCQE

= CCpm*

..; 7000 M cenrt

" ccpn®

2 6000 M ccois

E W OTHER

= * DATA

after vertex
matching

Mean 1.285
RMS 0.482
Integral 1.056e+04

NtrackAtVitx_data

Mean 1.286
RMS 0.4732
Integral 1.056e+04

number of tracks at vertex
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Vertex Matching

X-View SciBar-MRD Track

Vertex-Matched Tracks

Other Reconstructed Tracks

SciBar-MRD Track
Vertex-Matched Tracks

Y-View

-50
BT 71| EERUELE USRS RTINS SRS SN |+ YT AN N

-150

B

180 200 220 240 260 280 300 320 340 360 380

¥4

(top view)
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Cther Reconstructed Tracks

180 200 220 240 260 280 300 320 340 360 380

Zz

(side view)

L. Whitehead

SciBar-MRD track
IS in red

Before vertex
matching:
4 tracks

After vertex
matching:
1 track

24



Vertex Matching

X-View SciBar-MRD Track Y-View SciBar-MRD Track

Wertex-Matched Tracks

Cther Reconstructed Tracks

Vertex-Matched Tracks
Cther Reconstructed Tracks

100?“mémmmémmm5mm€mmm?mmm5mm€mmm?mm€_mm. 100?wmémmm?mmémmmgmmm;mmgmmmémmémmmé_mm if; ir1 rea(j

Before vertex
matching:
2 tracks

%) I S e T

After vertex
matching:
2 tracks

100 100 .

. NMkitL ABO b

180 200 220 240 260 280 300 320 340 360 380 180 200 220 240 260 280 300 320 340 360 380

z Zz

(top view) (side view)
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QE/nonQE Separation

SciBar-MRD track

cut at 20 degrees

I ccDis
I OTHER
* DATA

------------ p expected proton  QE-like nonQE-like
P track (lf CCQE) A6, e Diheta MC
Mean 31.08
@ IFIMS | 25.8
= ntegral 2721
2nd traCk 2 400 =ggcf+ Dtheta data
“E 350 -CCﬁf I::qasn gg:g:
'E CCpn® Integral  2go2

For 2 track events, divide into
QE-like and nonQE-like based
on direction of second track

Aep = difference in expected

proton direction and observed
2" track direction

100 120 140 160 180
A6, (degrees)

40 60 80
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Particle ID

| Muon Confidence Level |

'E? 700 HPrioN
dE/dx for I(INIIII{]()) f.!ack) Ig; g‘t:gg QE) E " =g?;>;gw
muonS E 500 = DATA
(MIPs) and o
protons -
clearly ol
Se pa rated % 0.1 . 02 03 04 05 06 07 08 o.:‘uc |_1

0 2 4 6 mon Confidence Level |
(MeV/cm) @
For nonQE events, divide into £ w o o
proton-like and pion-like 2 MOTHER
2 = DATA

based on particle ID of
second track

[+)]
[=]

MuCL = muon likelihood
variable based on energy Bt

deposited per plane proton-like | pion-like cut at 0.04
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Analysis Overview

measurement of absolute neutrino flux has large uncertainties
— we measure CC11" cross section relative to the CCQE
cross section

Analysis Strategy:

+ bin the data based on muon kinematic variables

+ perform maximum likelihood fit based on Poisson statistics
« fit gives cross sections of CC1mm" and CCQE in data relative
to nominal MC prediction

+ cross section ratio is extracted from the results of the fit

+ measure both the total cross section ratio for entire neutrino
energy range and the energy-dependent cross section ratio.
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Events Selected for Analysis

Sample Data (# events) MC (# events)
(normalized)
MRD 10561 £+ 103 10561 &+ 17
1-track 7638 £+ 87 7698 + 14
2-track 2822 + 53 2721 + 8.5
2-track QE 1261 & 36 1237 £ 5.8
2-track nonQE pion 750 4+ 27 707 & 4.3
2-track nonQE proton 811 4 28 777 & 4.5
3-track 100 &+ 10 138 = 1.9
4+-track 1.0+ 1.0 4.1 £ 0.3
P 4 1 track T
MIRD sample‘ 2 track of P 4 2" track pion-like
~ nonQE-like
TR ond rack proton-like

May 24, 2007 L. Whitehead
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Events Selected for Analysis

Data and MC divided into samples: 1-track, 2-track QE, 2-

track nonQE pion, and 2-track nonQE proton.

E, Range (GeV)

MC events further divided based on: 0.00-1.35
- interaction type — CCQE, CC11", and background. 1-35-1.72

. 1.72-2.22
true neutrino energy =5 99
Sample CCQE CCpr™ CCnrt CClnY CCDIS Other

Fiducial Volume 32 18 6 5} 9 30
MRD 52 22 6 6 9 5

1-track Y 20 6 6 8 3

2-track QE 78 13 1 3 4 1
2-track nonQE pion 6 41 15 8 24 6
2-track nonQE proton 32 38 3 12 12 3

Data and MC binned in P, Vs. ep bins (0.2 GeV/c, 10° bins)
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Data and Nominal

|p 1 trk before fit| p_data_1irk
b Mean  1.106
I—_ RMS 0.5102
14001 Integral 7638
L p_mc_1trk_ini
B Mean 1.09
1200'-_ RMS 0.4925
- Integral 7699
1000—
r
r
r

3
muon momentum (GeV/c)

p 2 trk nonQE pion before fit
U

4

p_data_ngepi

Mean 0.9669

3
muon momentum (GeV/c)
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RMS 0.4813
Integral 750

p_mc_ngepi_ini

Mean 0.9042
RMS 0.4589
Integral  706.7

4

MC g Momentum

|p}l 2 trk QE before fit

p_data_ge
Mean 1.125

150

100

¥
(=]
||||'|'||||'|'||||'|'||||'|_I—I_

3
muon momentum (GeV/c)

p. 2 trk nonQE proton before fit
L

RMS 0.4759

Integral 1261
p_mc_ge ini

Mean 1.105
RMS 0.4536

Integral 1237

4

p_data_ngepro

Mean 1.027

180

3
muon momentum (GeV/c)

L. Whitehead

RMS 0.4379
Integral 811

p_mc_ngepro_ini

Mean 1.017
RMS 0.4452
777.3

4



Data and Nominal MC uy Angle

[6, 1 trk before fit] q data_lirk |6, 2 trk QE before fit q data_ge

S Mean  25.29 Mean 347

RMS 12.91 RMS 12.46

2500'._ | nteg ral 7638 Integral 1261

B q_mc_Ttrk_ini g_mc_qge_ini

N Mean 24.71 Mean  34.17

2000 RMS 12.84 RMS 118

= Integral 7699 Integral 1237
1500~
1000

70 80 90 70 80 20
muon angle (degrees) muon angle (degrees)

6, 2 trk nonQE pion before fit q_data_nqgepi 6, 2 trk nonQE proton before fit q_data_ngepro

Mean 28.08 Mean 30.51

RMS 13.8 240 RMS 12.76

200 Integral 750 Integral 811

q_mc_ngepi_ini 290 €_mc_ngepro_ini

Mean 27.46 Mean 30.71

RMS 13.48 200 RMS 12.69

Integral  706.7 180 Integral  777.3

160

120
100

3
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

70 80 90 70 80 90
muon angle (degrees) muon angle (degrees)
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Maximum Likelihood Method for Poisson Statistics:

Maximizing the likelihood ratio is equivalent to minimizing
the quantity

ijbs
P=2Y [N N4 Nt e

18

s = sample (1 track, 2 track QE, etc.)
I =Dbinin p, vs. 6LL distribution
N*P = number expected events in bin i,sample s

IS

N°** = number observed events in bin i,sample s

IS
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N*® is a function of the nominal MC and the fitting parameters.

e:x:p — o Z (RCCQENCCQE(PSC) RC’Clﬂ'—I-NC'Chr-i- sc _|_ NBk‘Q‘d

15€ 15¢€ 15€

normal- # CCQE events with E |n\ /

Similarly for
CC11mr+ and
Bkgd events

ization bin e in bin i, sample s
after scaling the

distribution by Psc.
Sum over

bins of true Ev

R “®'"*: reweights CC1x" interactions in E_bin e

RC“9F: reweights CCQE interactions
Psc: muon momentum scaling pu' = pu/Psc
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R“““F is not energy-dependent.

— We are fitting only for the overall normalization of the
CCQE cross section.

Why do we fix the energy-dependency of the CCQE cross
section to the MC prediction?

The shape of CCQE cross section has already been studied
in K2K (using SciFi data, published in 2006), and we
consider uncertainties in the shape as a systematic error.
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Since the MRD sample is a very pure CC sample, we use it
to normalize MC to data.
The normalization condition is:

2 : erp z : obs
Nis T Nis
18 18

I.e. force the total number of expected events to be equal to
the total number of data events.

The normalization factor a enforces the above condition.

a is recalculated at every iteration of the fit using the current
fit parameters and the nominal MC.
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* Note that the background is not fixed. CCQE and CC11r*
are allowed to vary freely, but the total number of events is fixed.
Thus the background also varies (because it is scaled by a).

NBkgd — Ntotal . NC’C’QE o NCClﬂ'+

 The systematic error on the muon momentum scale (Psc)
Is estimated to be 2.7% due to uncertainties in the model used
for MRD energy reconstruction. Psc is a free parameter in the
fit, but it is constrained within its systematic error by the addition
of this term to the fitting function:

(Pse — 1)°

2
Ip,.

FPSC:
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Calculating Cross Section Ratio

O‘%?ig measured value of CC11r*
R, = =c to CCQE cross section ratio

COOE ik, bine
CCln™ CCQE

. MRD1&2e N-MRDl&Q © « R

- N001w+ CCQE MCe
[MCI|MRD1&2,e MRD1&2.e /

From nominal MC . MC

From fitted MC

RCC] m /

o €

e RCCQE RMC,e

prediction
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Fitting Results (E -independent)

Parameter Best Fit Value

P, 0.97440.004 X
RCCCE 0.7644-0.070 x(nominal) 1.24
R§CIT 0.7584-0.139
x2ldof = 228/184 = 1.24
N CCOE
l !
Note that, e.g. ccor Lafter fit) _ X X R
N (nominal ) o (nominal )
NI™ (after fit)
P =0.94
N (nominal)
N (after fit) N (after fit)
CCOE =0.95 —— =1.24
N~ (nominal) N7 (nominal )
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|pu 1 trk after fit|

1400

1200

1000

800

600

|||'|'|||||||'||||'|'|||'|_|

400

2.5 3 3.5 4
muon momentum (GeV/c)

P, 2 trk nonQE pion after fit

180

160

140

25 3 3.5 4
muon momentum (GeV/c)

Data and Best Fit MC y Momentum

|p}1 2 trk QE after fit|

25 3 3.5 4
muon momentum (GeV/c)

p 2 trk nonQE proton after fit
U

25 3 3.5 4
muon momentum (GeV/c)
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Data and Best Fit MC y Angle

(6, 1 trk after fit 6, 2 trk QE after fit|
2500 400

350

||||'|'||||'|'||||

60 70 80 90 10 20 30 40 50 60 70 80 90
muon angle (degrees) muon angle (degrees)

8, 2 trk nonQE pion after fit 0, 2 trk nonQE proton after fit
220 250

200

180 200

160

140
150

100

50

40 50 60 70 80 90 50 60 70 80 90
muon angle (degrees) muon angle (degrees)
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Fitting Results (E -dependent)

CcClm’
Parameter Best Fit Value E (GeV) ]]\\/] CC]H((aﬁel’. ﬁfl )
P 0.977+0.005 v nominal)
ROCQE 0.72540.071 0-1.35 0.71
RGC 0.545-+0.190 1.35-1.72 1.05
RECITT 0.801+0.163 1.72-2.22 0.85
R§CI™ 0.65240.170 >2.22 1.05
RGO 0.79840.207
v?/dof = 227/181 = 1.25 NCCQE (aﬁer ﬁt)
CCOE : =0.95
N~ (nominal)
X
cx(nominal):1'31 N *(after fit) _ 1131
N (nominal)

May 24, 2007 L. Whitehead 42




Systematic Errors

* Nuclear effects: consider uncertainty in model for pion inelastic
scattering (+-30%), pion absorption (+-30%), proton rescattering
(+-10%), and Fermi surface momentum (+- 5 MeV/c)

+ Detector simulation: uncertainty in model for crosstalk
(+-0.0025), PMT resolution (+-10%), and scintillator quenching
(+-0.0023)

+ Reconstruction: uncertainty in hit threshold (+-15%) and angular
resolution (+-0.009)

- Neutrino Interaction Model: uncertainty in M “* (+-0.1 GeV/c?,

shape only), Bodek/Yang correction to DIS structure functions
(+-30%)

* Neutrino Energy Spectrum Measurement: +- 10 for seven
neutrino energy bins
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Inclusive vs. Exclusive

We can measure both the inclusive (CC11r") and
exclusive (CCp1r’) cross section ratios.

Method to measure exclusive cross section Is same

except that CCntr™ events are considered part of the
background.

| present the final results of both measurements here.

May 24, 2007 L. Whitehead
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Cross Section Results

Energy Range

Cross Section Ratio

001w+

(GeV) Re = —UCOQE
>0.00 0.735+0.194(fit) 10953 (nucl) T 078 (syst)
0.00-1.35  [0.40340.173(fit) F0-957 (nucl) 72-228 (syst)
1.35-1.72  [1.023+0.281(fit) T 972 (nucl) 75197 (syst)
1.72-2.22  |1.006=0.334(fit) 9210 (nucl) F0- 225 (syst)
>92.22 1.44440.470(fit) T0 587 (nucl) 7o 523 (syst)

Energy Range

Cross Section Ratio

JCCpfr+
(GeV) Re = T@E
O¢
>0.00 0.55640.145(fit) 5079 (nucl) 9959 (syst)
0.00-1.35 0.331i0.151(ﬁt)$§é (nucl)iﬁ‘_%éz(syst)
1.35-1.72 0.760+0.206(fit) T5 965 (nucl) 7o 196 (syst)
1.72-2.22  [0.7110.238(fit) T 152 (nucl) 7298 (syst)
>2.22 0.846+0. 319(ﬁt)f8'(1)§:?, (nucl) T30 (syst)
May 24, 2007 L. Whitehead
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Comparison to Model

| Scepr/Occa (€xclusive) | [ Scctn/Sccae (inclusive) |
.222- 222_
g E - 5 FE
né - | ® SciBar "g - | ® SciBar
218 218
‘g . 4 MC ‘g . A MC
0 1.6 ni16—
8 814
cl4r o144
Q C o C
1.2 1.2
1= 1=
0.8 0.8 +
0.6 + 0.6
0.4F 0.4
0.2 0.2
S N SR SR SR S B B SR SR
% 1 2 3 4 5 % 1 2 3 4 5
E, (GeV) E, (GeV)
Occpr Occae (€XClUsive) [ occ /Occae (inclusive) |
22.2_ 22.2_
T 2:_ : T 2:_ :
® 2E| e SciBar = “E|® SciBar
G4 64 aC
z18E 4 MC z 18E [ 4 MmC
® 1.6 ® 1.6
» . F o F .
o014 o014
o - (&} o A
1.2 1.2
1= 1=
0.8 0.8
0.6 0.6
0.4F f 0.4F ?
0.2 0.2
:I 1 L L ] 1 L 1 L I 'S L 1 1 l L L 1 1 I 1 Il L A I :l L L L I 1 1 A1 L I L L |l L l 1 L L 1 I L L L A1 I
0o 1 2 3 2 5 O 1 2 3 3 5
E, (GeV) E, (GeV)
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Comparison to Other Experiments

Occpr Occae (€Xclusive) Ccein Oceqe (INClusive)
022¢ o22r
s E S b :
< “E|® SciBar £ 2F|® SciBar
2 1.8 21.8F
% 18| 4 ANL = 18E | a4 ANL
B 1.6 » 1.6F
wn  E|° GGM o -
0 - -
014 o114
& F L2 BNL S E o
1.2 1.2
1 1=
L ]
0.8F . & 0.8F
0.4H A } 0.4 +
° =
02 0.2~
0: I'*F_&_‘ L l 1 L il L I L L 1 1 l 1 1 1 1 I 1 1 1 1 I D: I'-*-' 1 1 l 1 1 il L I 1 L 1 1 l il L 1 il I 1 1 1 1 I
0 1 2 3 4 5 0 1 2 3 4 5
E, (GeV) E, (GeV)

ANL: Argonne 12 foot bubble chamber, hydrogen and deuterium
target, peak neutrino energy 0.5 GeV

GGM: CERN bubble chamber, propane-freon target, neutrino
energy < 10 GeV

BNL: Brookhaven 7 foot bubble chamber, deuterium target, mean
neutrino energy 1.6 GeV

NOTE: SciBar data points have been scaled to take into account the fact that
our target material (C_H,) has more protons than neutrons.
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Verification by Independent Analysis

There were actually two independent analyses done using SciBar
data to measure the inclusive and exclusive CC11m" to CCQE cross
section ratios. Used same sample of events, but different method.

Results are consistent.

Occpr/ Oceqe (€XClUSIiVe) Geei Occqe (INclusive)
o 2.2 o 2.2C
T _k @ .k
E 25 A Main Analysis E 2: A Main Analysis
21.8] ® Crosscheck Analysis 21.8] @ Crosscheck Analysis
Q Q
? 1.6 ? 1.6
[/] = w0 -
o, F o F [y
o114 1.4
c r o E
1.2 121 A
1 1=
0.8 0.8
0.6 0.6 l
0.4 l 0.4F
0.2 0.2
= [ B C e - L Ll L
% 1 2 5 % 1 2 5
E, (GeV) E, (GeV)
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e we measured the inclusive and exclusive

CC111" to CCQE cross section ratio in neutrino

interactions with carbon using data from the
K2K-SciBar detector

* results of this analysis are consistent with the

MC prediction and previous experimental
measurements

* this measurement provides a valuable cross-
check in a region with few measurements
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* Paper presenting these results is currently in
the process of K2K internal review, will be

submitted for pub
 Will be more resu

data: CC multi 1,

ication by end of summer

ts coming from K2K-SciBar
M ==, CC°

e SciBar detector has been moved to Fermilab
and will be used in the SciBoone experiment for
neutrino cross section measurements

May 24, 2007
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Measured Energy Spectrum

Data from all near detectorsis ¢ ¢ — —

. 5 035 no weighting
used to measure the neutrino F . w/ weighting
energy spectrum in 8 energy £ ¢ :

bins.

0.2

0.15

Then the predicted energy
spectrum from the beam-MC is
reweighted to match the

0.1

0.05F

measurement. °

E, (GeV) Weighting factor

- . 0.00-0.50 1.657

Error of the reweighting factors 050.0.75 o7

and correlation among them is 0.75-1.00 1.154

. : 1.00-1.50 =1

considered as a systematic 500900 0011

error. 2.00-2.50 1.069

2.50-3.00 1.152

>3.00 1.260
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Particle ID — Muon Confidence Level

M dE/d : : :
dilth(.) r(]from X Confidence level that a particle is a muon for
cosmic rays) i" plane (CL):
v e fraction of events in the muon dE/dx

s —— = distribution above the observed (dE/dx) for

S0s CL, the particle traversing the i plane

2 as a function of

02| (dE/dx).

0 dE/dx
To get MuCL.: muon = proton

(MRD track) %3pq track QE)

- let Cl. be independent random variables with

uniform p.d.f

- let CL be the random variable defined by
CL=lCL

- MuCL is the c.d.f. for CL |
 InTIC L)
MuCL = HOL@-xzj( nlCL:) 0 2 vem

; (MeV/cm)
q!
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CC11mr" Events (MC)

Neutrino Energy (E ),v N— u Nx* Enu_Npi
v Mean 1.511
2 [ RMS 0.559
S - Integral 3.839e+05
230000—
-— -
G -
B -
25000
E o
= L
c -
20000
15000
- Momentum Transfer (Q%),v N — p N+ Q2 Npi
10000 Mean 0.4152
: 2 = RMS 0.2515
. 85000 Integral 3.811e405
5000 s r
- e -
C %0000(
u_lll I.III.III.JI.III.IIIJIIIIII.III.II I""IIIII B :
o 05 1 15 2 25 3 35 4 45 5 Eso00F
E, (GeV) 2 000:
20000
15000
10000
5000
D-I.I.IIIIIIII]I.I.IIIIIIII]I.]I.IIIIII

0 02 04 06 08 1 12 14 16 18 2
Q* (GeV?)
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CC11mr" Events (MC)

Pion Momentum (p.),vN—p N7+ Ppi_Npi
T Mean 0.4113
RMS 0.2595
?0000: Integral 3.157e+05
> -
70000
[+] L
= -
%ooon_—
= C
= -
50000
40000}
30000 [ Pion Angle (8,),vN — u N+ | Qpi_Npi
- Mean 60.2
| — RMS 35.56
20000: 'E'QDOOD: Integral 3.157e+05
C 218000
10000 - -
- 16000
O_I.I.II.IIIIIII IIIIIIIIIIIIIIIIIIIII B :
0 0.5 1 1.5 2 2.5 3 35 4 ol
p_(GeVic) §4000 o
12000
10000
8000
6000}
4000
2000F
D:IJIIlII.III]IIIII.II]IIIII.III]IIIII.
0 20 40 60 80 100 120 140 160 180

6, (degrees)
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M Momentum vs. Angle (MC)

Muon Momentum (p ) vs. Angle (6,),v N — " N PmuVSQmu_Npi Muon Momentum (p ) vs. Angle (6,),vn— ' p PmuVSQmu_QE
K Mean x 36.88 w Mean x 35.19
T 4 - . Meany  0.7901 T 4 - - Mean y 1.051
= - . RMS x 21.15 S - . RMS x 2056
G 35E - - RMSy 05082 3 355 - . RMSy 05205
:::-. E - - + | Integral 3.47e+05 ";;_ C o - . Integral 4.754e+05
N CCIAm N CCQE
: = = - : = = -
25F= = - 25F= = - .
- =3 = = = — = -
L & — = - e I | = -
e =3 = - 2o O &= -
o == s I e R = 1 = -
1500/ [ 1 3 = - 1.5 | 1 = =
11 53 = - e | |1 = -
o - [ 1 [ = - = I 1O = -
F= I = = - - Tea 3] C 13 = -
- [ Cl1a = = = I | I 1Cd = =
os5= [ [ I IC_J1C31 3 0.5 - = 0O 3 C3OC ]I I —
- = = [ ] | ] | |1 | 1 ]| ] - - = = = = o 3 /3 3
0-l=IlIlglllglllglllglllglllmlllglllml 0-l-lllll-lllll-lllll-llIII-JIIII-IIIII-IIIII=IIlllnll
0 10 20 30 40 50 60 7n 2|0 an n 1n 20 2n 40 50 60 70 80 90
Muon Momentum (pu) vs. Angle (8,) (Background) PmuvSQmu_Bkgd 6_(degrees)
Mean x .7
< 4 - . Mean y 0.7207
= - . - RMS x 20.94
S 35F - - RMSy 0.492
= e - - Integral 2.274e+05
& b
3 o = - IE‘I‘JE’(j
C - o -
25F-= = = .
. = =3 = -
- = | = -
2 — = - -
: i | D — = -
152 3 3 = -
- = — 1 3 = -
L — C = = - :
Te 3 0 =2 = -
- = [ | [ ] O = =
o5—= [ [ I Il 1 =
- = = ] | 11 Il [ ][ ]
P A B = O L o PO L e O L I e Y s e e

!
% 10 20 30 40 50 60
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Fitting: Chi2/nbins

Before fitting 283/184 = 1.54 3:_ Entries 66 . :_ Entries 42
sample % ?/nbins J: £
1-track 113/66 i i —
2-track QE 58/42 h: i
2-track nonQE pion  70/43 g 3
2-track nonQE proton 42/37 '1; '15_
: : |
0.5 os5— | |
for energy- DO:I”1I0]”I2ID””31CI””4I0]I“5]D””6I0“”7[0””810””90 DOEI”1I0““210””3u]0“”4I0““5]O““6Il'.\““710””8]0“”90
I n d e pe n d e nt | binsinfit_ngepro |
I n CI u s Ive flt : 45_ Entries 43 . :g_ Entries 37
After fitting 228/184 = 1.24 i3
sample v ¥nbins 3 —
1-track 76/66 E
2-track QE 51/42
2-track nonQE pion  61/43 E ):
2-track nonQE proton 40/37 i e e s s s T e s s

0 10 20 30 40 50 60 70 80 90
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Fitting Results (Exclusive)

Parameter Best Fit Value X

P;. 0.974+0.003 x(nominal) =1.18
RCOCQE 0.802-+0.062 2

Parameter Best Fit Value

P, 0.975+0.005 X
ROCQE 0.765+0.065 x nominal) >4
RSO 0.57440.223 :
ROC1* 0.83640.179 y2/dof = 228/181 = 1.26
RSCI™ 0.69540.193
R{CT 0.747-+0.247

May 24, 2007 L. Whitehead
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Fitting: Correlation Matrices

INCLUSIVE
P.sc RCCQE Rg’Clﬂ-"‘
P.. 1.000 -0.309 -0.126
RECRE 0309 1.000  0.843
RSO 0126 0.843  1.000
EXCLUSIVE

Psc: RCCQE R(C]J’Clﬂ-"‘

P, 1.000 -0.310  -0.091
RCECQE  _0.310 1.000 0.773
RSC™T 20,091 0.773  1.000

May 24, 2007

RCCQE
CClrn™t
Rg .
CClm
Ry
RCC].?T+

2
CClnt
R3

P
1.000
-0.064
0.248
0.008
0.042
-0.404

P
1.000
-0.054
0.279
0.013
0.039
-0.406

CCQE CClxt CCln™t CcCln™t CcCln™t
R RS RS RS RS

-0.064
1.000
0.795
0.610
0.633
0.565

CCQFE CcClnt
R R¢

-0.054
1.000
0.763
0.557
0.584
0.450

L. Whitehead

0.248
0.795
1.000
0.437
0.679
0.441

0.279
0.763
1.000
0.438
0.670
0.358

0.008
0.610
0.437
1.000
0.291
0.570

CClnt
Ry

0.013
0.557
0.438
1.000
0.302
0.514

0.042
0.633
0.679
0.291
1.000
0.282

0.039
0.584
0.670
0.302
1.000
0.235

-0.404
0.565
0.441
0.570
0.282
1.000

CClnt CClnt
R; R

-0.406
0.450
0.358
0.514
0.235
1.000
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Error Evaluation

Fitting N OR. OR.
Errorin R_ R.(fit) = Z@Pan OPar, i

where E is the error matrix from the fit

For systematic error, a new set of p, Vs Gu histogram

templates are produced for each systematic source (i.e.
Pion absorption +30%,-30%, etc.)

The fitting is done for each set of templates, and a new
value of R_is computed for each set. The systematic

error is just the difference between the new value of R_
and the value computed using the nominal MC.
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Summary of Systematic Errors

Inclusive
Ratio, EV—

independent
CC1im

May 24, 2007

Condition AR,
Detector Simulation
Crosstalk £0.25% +0.042,-0.010
PMT Res. £10% +0.006,-0.017
Birks’ Const. £0.0023 -0.010,40.036
Reconstruction
Threshold +15% +0.022
Angular res. +0.010
Model
MS® £0.1 GeV -0.056,+0.049
Bodek/Yang Corr. £30%  +0.003,-0.018
Neutrino Flux +0.006,-0.028

Nuclear Effects
7 abs. £30%

+0.046,+0.014

7 inel. scat. £30% +0.059,-0.068
proton rescat. +=10% -0.076,+0.004
Fermi mom. +0.012
MC Stats. +0.006
Total Syst. Error -0.126,40.109

L. Whitehead
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Summary of Systematic Errors

Exclusive
Ratio, EV—

independent
CC1im

May 24, 2007

Condition AR,
Detector Simulation
Crosstalk +0.25% +0.045,-0.071
PMT Res. £10% +0.020,-0.032

Birks’ Const. +0.0023 +0.010,+0.030

Reconstruction
Threshold +15% +0.052
Angular res. +0.010
Model
MS® £0.1 GeV -0.039,40.036
Bodek/Yang Corr. +30%  -0.003,-0.009
Neutrino Flux +0.007,-0.028

Nuclear Effects

7 abs. £30% +0.035,+0.055

7 inel. scat. £30% +0.054,-0.057
proton rescat. =10% -0.041,-0.009
Fermi mom. +0.017
MC Stats. +0.005
Total Syst. Error -0.128,40.117

L. Whitehead
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Summary of Systematic Errors

Inclusive Ratio, E —dependent CC1mr”

Condition ARy AR, AR> AR3
Detector Simulation
Crosstalk +0.25% +0.023,40.086 +0.031,-0.079 +0.104,40.075 +0.058,-0.212
PMT Res. £10% -0.007,-0.018 +0.012,-0.026 +0.024,-0.002 -0.010,-0.077
Birks’ Const. +0.0023 +0.009,4-0.042 -0.024,4-0.046 -0.003,40.100 -0.047,-0.131
Reconstruction
Threshold +£15% +0.013 +0.045 +0.014 +0.162
Angular res. +0.015 +0.001 +0.021 +0.023
Model
MSGF £0.1 GeV -0.039,40.015  -0.054,4+0.048  -0.031,40.021  -0.270,+0.276
Bodek/Yang Corr. +30% +0.007,-0.014 +0.006,-0.021 +0.022,-0.030 -0.046,-0.037
Neutrino Flux +0.082,-0.079 +0.061,-0.082 +0.192,-0.162 +0.047.,-0.207
Nuclear Effects
m abs. +30% 4+0.022,40.077 +0.006,-0.053 +0.129,4-0.106 +0.203,-0.052
7 inel. scat. +=30% +0.031,40.018 +0.069,-0.173 +0.155,4-0.032 +0.019,-0.243
proton rescat. +£10% -0.072,40.025 -0.119,-0.019 -0.063,4-0.059 -0.135,-0.080
Fermi mom. +0.004 +0.020 +0.009 +0.035
MC Stats. +0.006 +0.015 +0.017 +0.037
Total Syst. Error -0.118,40.155 -0.259,40.129 -0.182,40.323 -0.543,+40.391
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Summary of Systematic Errors

Exclusive Ratio, E —dependent CC1mr"

Condition ARg ARq AR> ARs3
Detector Simulation
Crosstalk +0.25% +0.044,-0.001 +0.026,-0.124 +0.110,-0.051 +0.045,-0.213
PMT Res. £10% +0.007,-0.040 +0.020,-0.040 +0.037,-0.034 +0.025,-0.086
Birks’ Const. +0.0023 +0.031,40.033 -0.005,40.026 +0.031,4+0.072 +0.006,-0.088
Reconstruction
Threshold =15% +0.029 +0.075 +0.037 +0.199
Angular res. +0.020 +0.002 +0.025 +0.004
Model
MSF +0.1 GeV -0.035,4-0.000  -0.041,4-0.036  -0.022,4-0.013  -0.176,4-0.214
Bodek/Yang Corr. £30% -0.000,-0.006 -0.003,-0.011 +0.003,-0.016 -0.052,-0.017
Neutrino Flux +0.063,-0.072 +0.040,-0.063 +0.147,-0.135 +0.053,-0.163
Nuclear Effects
m abs. +30% -0.004,4-0.110 -0.011,40.005 +0.111,4+0.149 +0.171,4+0.053
7 inel. scat. +30% +0.025,-0.015 +0.065,-0.136 +0.100,4+0.013 +0.064,-0.097
proton rescat. +=10% -0.030,4-0.005 -0.081,-0.025 +0.009,+0.019 -0.057,-0.078
Fermi mom. +0.011 +0.020 +0.021 +0.030
MC Stats. +0.005 +0.012 +0.013 +0.024
Total Syst. Error -0.103,+0.146 -0.233,40.123 -0.159,40.275 -0.421,40.355
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Data Momentum vs. Angle

DATA p vs.0, 1 trkl pvg_data_1trk | DATA p vs.0, 21rk QE | pvq_data_ge
n a Meanx 25.28 b Meanx  34.65
T 4r Meany 1.106 T 4F Meany 1.128
s E RMSx 12,59 ‘;.; C RMS x  11.96
(1] - L
G 35 RMSy 05083 O 35 RMSy 0.4707
‘E - Integral 7638 £ C - Integral 1261
5 C - - 5 Co- -
[ - Q L
E : = — - E : =
ga2sp= = = g 25 = = -
c - 1 — = - c r - — =
o F— 4 = g F O =
E S — - E e e T ===
- ] 3 = - - - - N
15— [ ][] = - 1.5 = [ ] O = -
- — [ 1 == = r = = [ ][] =
= | ] = = - 1= = [ 11 = =
F— [ 1] |  ——— - = = [ | 1 =
- = 1 Il | | 3 = o = — 1] 1 =
05— [ CJ[CJC3 &3 = 0.5 = e = i R R
: = — / — | — = : = = = = [=] =
| PP IS S B P FEETE P T S | PP NI WIS I I PN P S P
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
muon angle (degrees) muon angle (degrees)
DATA p vs. 6, 2 trk nonQE pion pvq_data_nqepi DATA p, vs. 6, 2 trk nonQE proton pvq_data_nqepro
[ Mean x  28.18 [ Mean x  30.41
T 4r Meany 0.9672 T 4 Mean y 1.03
% C RMSx  13.66 % C RMSx  12.41
G 3.5 :’lMSy 0.478 O 35F RMSy 04377
~ C ntegral 750 ~ C - Integral 811
E C E C
=) - =) - =
T 3 - = T 3 -
L] - Q L
E = = E r
g 251 = gas-= =
c o =  — = c o = = =
Q —l = = = [+] - = — = =
E 2-_:| —3 — E 2__=| = — =
Fo T o = e OO0 &= o
15— [ 1 [J o= = 15—= [ 1 [J 43
r—= [ 1[_1C3 = r= [ J1C J1C33 =
== L1 1 3 = == 1 — =
F= I e T o I o | | =
= I I | S F= = [ I J—
05— | | f I |3 = 05F= o= [ [CJ[C Jc=3 =
:I: — | — —= — = o = = = — = =
| PP I ST B I EERI P T | PP I ST B I EERI P T
0 10 20 30 40 50 60 70 80 20 0 10 20 30 40 50 60 70 80 20
muon angle (degrees) muon angle (degrees)

May 24, 2007 L. Whitehead




Nominal MC Momentum vs. Angle

[ MCp, vs. 8, 11trk before fit | pvg_me _ftrk_ini | MC p, vs. 6, 2trk QE before fit | pvq_mc_ge_ini
H Meanx  24.71 H Meanx  34.17
= 4 Mean y 1.09 o 4 Meany 1,105
> C RMSx  12.84 ‘;.; C RMS x 11.8
(1] — L
G 35 RMSy 0.4925 O 35 RMSy 0.4536
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Polystyrene (C_H_) has 56 protons and 48 neutrons.

Need to know the factor by which we can scale the result
down to take this into account.

Inclusive ratio:
o(vp— pw prt)+o(vn — p nrt)

o(vn — u=p)

o(v(CsHg) — pu pr™)
5 o(v(CsHg) — p—prt) + O'(‘Llj(ggHg) — p—nrt) f — (48/56) Sp Sn

o(v(CsHs) — pnm™)
o(v(CsHg) — p—prt) + o(v(CsHg) — p—nrt) f — 09

o(v(CsHg) — p prn) + o(v(CsHg) — p nwt)
o(v(CsHs) — pp)

:fx

Sn

o(v(CsHg) — p prt)

o(v(CsHg) — pup) f — 6/7

~ 560(vp — ppn™)

Exclusive ratio;:  Riosurealezc) =

480 (vn — pu~p)
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