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| Physics of As
1. What is As?

As : Strange Quark Spin Component in the Nucleon

"Nucleon spin sum rule”
"Nucleon spin”

—(Mﬁsﬂdeﬁt&ﬂbafk&@deﬂ + L,

As can be nzeasured through
- Elastic Scattering

As =G (0" =0)
- Deep Inlelastic Scattering
As = [As(x,Q° = o)dx

0
- Inclusive DIS ~-0.1
- Semi-Inclusive DIS ~ 0
As is the open question!
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| Physics of As

2. How to measure As? 5

Neutrino NC Elastic Scattering
Clean, Theoretically Robust Method

ex) BNL E734
p— o

As = Gjl (Q2 — O) =—0.15+0.09 0 05 Bz G4 05 08 10 1z 14

Q¢ [(Gevsig)®)
L. A. Ahrens et al.
(Phys.Rev.D 35(1987)785)
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- no error from FS, and Fs, - correct form factor error

- large systematics (flux, FINeSSE - better experimental approach

- extrapolation from relatively high Q? - extrapolation from smaller Q2
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Il FINeSSE

1. Motivation
Physics
- Measurement of Low E
Neutral Current proton (NCp) elastic scattering and

Charge Current Quasi-Elastic (CCQE) scattering Vv
- Low E (<1GeV) cross section measurement /
V

Experimental Requirement /
- Low E intense neutrino beam p\ o
- active high resolution tracking detector

- good performance for large angle event

low Q? (=2M_T,) and

Polce dlcos o firEtev) / large angle event
A

2.002e-15

1GeV neutrino XS for nucleon knockout from 2C
van der Ventel and Piekarewicz
(Phys.Rev.C69(2004)035501)

- nGrdsagmspteal isatkopgc
liquid scidatedtordetector
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Il FINeSSE

2. Fine-grained Intense Neutrino Scintillator Scattering Experiment

FINeSSE detector

The Vertex Detector

- to precisely track low-energy protons

- (2.56m)3 active liquid scintillator volume
- 19200 (80x80x3) 1.5 mm WLS fibers
on 3cm spacing with 3 orientations

Vertex Detector “Scibath”
fiber orientation

The Muon Rangestack
- to track and measure the energy of muons

Read out PMT
and front-end
electronics
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Il FINeSSE

3. FINeSSE physics
FINeSSE “Scibath”

simulation 2
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Il Scibath pilot detector beam test
1. Pilot type detector

1-dimension, 30 WLS fibers array in the liquid scintillator

> e

Fiber and MAPMT coupling

——

I

Read out by
16¢ch. MAPMT
(H8711)

Prototype “Scibath” have been
P tested by using 200MeV proton

beam at Indiana University
MAPMT Cyclotron Facility (IUCF),

Radiation Effect Research
< 1 Program (RERP)
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Il Scibath pilot detector beam test

Blue-Green fibe 4,
Liquid scinitillat 0
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Data resolution
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FR.081 : A 3D Liquid Scintillator Neutrino Detector
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IV As measurement

~ ﬂ T I I | : _____ l T | T T | :

1. Experimental erroe ool ccat R
As is measured from [ - reconstructed ]
R,(NCp/CCQE) 2000 - NCp -, events i
RN NSRS S NI eSS 5 ) SESEA

Efficiency is high  06p fiducial . .
GeV-?region : |
0.2 = T e, n

Experimental error O o02f E
can be extrapolated 20475 £ E
by using dipole " oisE -
parameterization for 0125 E
Q2 dependence 3 E
0'1_1 IR ST O NN N SO L T L

0 0.2 0.4 0.6 0.8 1 1.2

Q* (GeV?)

O(As) = £0.025(stat + sys)
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IV As measurement arrer el o A
2. Form factor error l l

> 1 | I I I I"",J I /I// | I I I I I I I I //- ]
& ¢ Y 7 ’/Mf1/00+0 yé/ -
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F1S and FZS 09 _’/I 1 1 | | | | /‘i///l/ | I’I, | | | | | |
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>~ 0.1 N I Y F|1S - qoli\oosl U —
Form factor = R \ ' \ S
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errors Ol 005 | 0 0.05 0.1
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FINeSSE, As Measurement

through neutrino scattering
Sonvhenpn

. As is a\Rreeerysgirgreakiaterest to the
Communlty BG.10 Measurement of the

Polarization of the Strange-quark
Sea in the Proton (HERMES)

lI. FINeSSE can measuré As with

theoretically,clean ancHgbuit method
y A

I I I ] F INI _ SSE”TS @ w CaGpI Qtlrgng?e-lr:ess form

a lotMN € AS YRGB oW 34 PRE CISIOHttors of the proton (GO)
"ThAPAC considers

. sics of this exper
Neu rlnf@np ng Whlle dee elastic Scatter gij%gnge quark
prhapkyoufanyedr atentioht iy rucleon

trange quarks e proton isoscalar axzal form factor
can only be uniquely obtained by such a measurement."
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| Physics of As
1. What is As?

AS
— Strange Quark Spin Component in the Nucleon
(AX|aI Charge of Strange Quark)
— Q = () limit of the Nucleon Neutral Current Weak Axial Vector
IsoScalar Form Factor (cl:an be measured by elastic scattering)

z GF 2 Mt ] ol
i), p) =—(ﬁ) Apuy,yu-dy,yd-sy,ysp)
G 1 |sosip|n
-~ 73 [ # -G ©y, 7+ 6@ )
isovector isoscalar

As = G'(Q* =0)
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| Physics of As
1. What is As”?

AS
— Strange Quark Spin Component in the Nucleon
—’Q = 0 [imit of the 1st moment of polarized strange quark PDF

gl(xaQ ) = EzquQ(XDQ )

As =}AS(X,Q2 = 0)dlx

G(O" =0) = As = [As(x, 0 = 0)dx

this sum rule is the connection between
Elastic Scattering (ES) experiment
and
Deep Inelastic Scattering (DIS) experiment

Teppei Katori, Indiana University, DNP 05 Fall meeting, Maui, Sept. 21, 05



| Physics of As

2. How to measure As?

Inclusive DIS e

ex) SMC
“Spin Crisis”

0.04 g
| .o

+

[r\ % :'ﬂ 0.02 B
15/ \: 0 |

(Phys.Rev.D58(1998)112002)

1 1
rl = fgl (_x)d_x = ;E equAq(x)dx Spin Muon Collaboration
0 0

=1|4Au+1Ad+1AS] _013 |As=-0.12+0.06
219 9 9
QCD fit
SU(3),assumption
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| Physics of As

2. How to measure As?

Semi-Inclusive DIS
ex) HERMES ,

e — % :e

As = [As(x)dx

x=0.023

As = +0.03 + 0.03(staz) = 0.01(sys) | |

no extrapolation to x=0 and x=1

01 |

;:.:.:.:j.:.:i:.:_{;_:.]}:.:.*,.:.:_ S

0.03 0.1 x 0.6

HERMES Collaboration
(Phys.Rev.Lett. 92(2004)012005)
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| Physics of As

vy Vi
2. How to measure As? W
p— o

Neutrino ES
Clean, Theoretically Robust Method
Llewellyn-Smith formalism for Neutral Current Elastic Scattering

z 2 ,~2 2
d02 _M G2F AZ(Q2)iBZ(Q2)(S_;4)+CZ(Q2)(S_1:)
dQ ¥ 7 M M
2 2 2 2 2 2
AZ(Q2)=AQ42{ 1+4§\242 (Gi)z—(l—ﬁlz (Flz)2+4f42(1—4f42 (F22>2+AQ42[EZF§]}

2
BZ(0) - %{Gi (FF + F)]
iInformation about As

2
c* (%) - H(Gi P 2 (FZZ)Z} /

1 1
G{(Q) =% GI"(©Q) - GL(Q)
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| Physics of As o

2. How to measure As?
Neutrino ES

ex) BNL E734
As =G (Q" =0)=-0.15+0.09
Ahrens et al.('87)

with taking account form factor
uncertainties from Fs, ,Fs,and M,

2 [em 2iGevie ]

10

v o \
: it

Flux Averaged do/dQ
o
—
}
&
=
o~
| ! A

As=G(Q*=0)=-0.21+0.10+0.10&

Garveyetal.(93) ., . ]
with Parity Violating electron (PVe) e ey
scattering experiment data (from HAPPEX) L A Anrens et al.

G’ (O° =0.5GeV?)=-0.09+0.05 (Phys.Rev.D 35(1987)785)
Pate ('04)
- low statistics - higher statistics

- large systematies—— FINeSSE - better tracking system
- extrapolation from relatively high Q2 - extrapolation from smaller Q2
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Il FINeSSE

1. Motivation

/ Beam

\F

gmented 1Sotropic liquid

scintillator detector
s¢igmented liquid
engionadiadiaty dietectior
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Il Scibath pilot detector beam test

Beam test —T1le o oo o o P
setup, e 1R
RERP@IUCF 3 ST - P
e e ® trigger2 trigger1
Light Yield
Detected light is the integration of all light from £t ', 3
proton in the detector 3 Typical ADC >
% — spectrum —
< - ]

W p e s

5| b) _
MAPMT / : -
< I -IIJI/I\T\\Lllllllll—

172p.e.ffiber for near tracks with 200MeV proton | ° 0 0 B0 100

adc channel
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Il Scibath pilot detector beam test

3. Position resolution

Position Resolution
All fibers' information is used to calculate single particle tracks 2cm
(unlike segmented tracking detector)

MAPMT g T .
e R Coordinate
ool TE0ATEM position l
< ] A 500 i resolution g
- |sop o sspsmponnsg. Euuay L2 LR TRV P R PO N PR (o ]

0 P s 2.5 0 2.5 5
> ) reconstructed y-intercept (cm)
r > g lsm I_ T T I T T T T ] T T T T I T T _L
: - Angular i
. »r . 1000 — " —
Coordinate Position Resolution I position ]
0.44cm 500 resolution |
Angular Position Resolution e Wi 4 ¢

5.6° 0.5

reconstructed y-slope
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Il Scibath pilot detector beam test

4. Non-WLS liquid scintillator
Trick of Non-Wave Length Shifting liquid scintillator

We remove the Wave Length Shifter (secondary scinctillator) from liquid scintillator
and make Non-WLS liquid scintillator, and replace fiber from Blue-Green fiber to UV-
Blue fiber, for better goordinate resolution and higher light output

s_econdh\ /

. (B P
AUNER/ =iEit '”atorw) primary scintillator &) , P
O = O

P P

M M

T T
traditional scheme of light transportation new scheme
p—~>UV—+Blue> Greer» PMT p—»UV-Blue> PMT
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Il Scibath pilot detector beam test

4. Non-WLS liquid scintillator
Trick of Non-Wave Length Shifting liquid scintillator

We remove the Wave Length Shifter (secondary scintillator) from liquid scintillator

and make Non-WLS liquid scintillator, and replace fiber from Blue-Green fiber to UV-
Blue fiber, for better coordinate resolution and higher light output

T/ p

<

>

P P
M M
T T
traditional scheme of light transportation new scheme
p ¥V Blae Green PMT p +JV Blue PMT

(1) Non-WLS liquid scintillator has shorter attenuation length
—hicely localize light output

(2) Non-WLS liquid scintillator has locally higher light output
—~Bigher amount of light to the nearest fiber

(3) UV-Blue fiber sends blue light to MAPMT
—higher quantum efficiency

(4) UV process is faster

(5) UV light is less reflective
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Il Scibath pilot detector beam test
4. Non-WLS liquid scintillator

BCS-517H 0.5

(usual lig. scinti.) [

0
1
BCF-91A 0.5
(Blue-Green fiber)
0
0.2

quantum
efficiency 01

of H8711

I_IIIIIIIIIII

1_

IIllll_l

—lllllllllllllllll

300

400

500

600

wavelength (nm)

105

1 0.5

1
0.5

0
1

0
1

b)

— s

)
llllllFIIlll

Illlllllll_ llllllllll__lllllllll

300 400 500

600

wavelength (nm)

EJ-321L-NS
(Non-WLS liq.
scinti.)

BCF-99(1)
(UV-Blue fiber)

BCF-99(2)
(UV-Green fiber)
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Il Scibath pilot detector beam test
5. Scan plot

Blue-Green fiber scan plot data

@ i E— [ I S [ [ _;
MAPMT E 16 = 7 3 =
g ME =
= 12 —
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Il Scibath pilot detector beam test
6. Second beam test

Blue-Green fiber scan plot data

MAPMT

I ©
calibrated light output (PE)
R E O

S
LR A RN G )

o 8 3%
; Sz Sl NG WL S
o) - - s =
. C_1 - 11 1 ] | N (] | - | S [ | | I 11 1 111 1
o ‘ beam y-position (cm)
o UV-Blue fiber scan plot data
UV-Blue fiber makes sharper - MASEEERREASAEY TAL" SALF RRRE

and narrower peak than
Blue-Green fiber

calibrated light output (PE)
)

better light localization

7
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- .,_,7'_"'f" =T anl .;_-:;—- — B ; ~ e =
- = e G R o g~ S g
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C Bor R8¢ 28
0C A e L1 1 111 L1 1

better position resolution

o
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Il Scibath pilot detector beam test

/. Non-WLS scintillator position resolution
Monte Carlo Comparison

events

events

:IIIIIIIIIIIIIIIIIII

400 £ a) Coordinatg
3005 r=0.39 cm § fesolution3
200 E
100 £ .
OEI'”'IL-"I"I||||||-
D2 0025 5
y-intercept, recon. (cm)
:llllllllll*llllllllll_
g -
600 :_ a)=0.22cm e
400 b
200 E 2
0:||111|11M
D2 00025 5

y-intercept, recon. (cm)

400

300 F
1 20

100

0-1

800

1 600
1400

200

_IIIIIIIIIIIII_

1 Blue-Green fiber resolution

~X2 better resolution

31 UV-Blue fiber resolution

b) Angular 3
- 0=0.12 resolutior
1 a
0.5 0 0.5
y-slope, recon.
| l | O [ | | | F P o | I |
- d) :
— 0=0.050
By |
0.5

y-slope, recon.

combination of
UV-Blue fiber
and
Non-WLS Liquid Scintillator
gives
better position resolution!




IV As measurement

1. Neutrino beam

Neutrino beam requirement

- intense

- Low E (<1GeV)

- short high E tail

so candidate places are
- FNAL Booster

- BNL AGS

- JPARC

&, /’ﬂ

e
ST

4
v R == ACS to RHIC line (ATR)

g-2 muon ; L
storsge ring . v
i

\\ "‘ "
aRATN, Baoster T4 b e —
,@(\% By { N— \‘_ = Experimental
R : TAr
s

e : 3 :
Tandem 1o ¥ Tancem Van da Graaff

Booster line (TB) o

-’>\\ B gy
ol e

130
10 i FNAL Booster
neutrino beam flux
at 100m location

(/GeVlyr/cm?)

0 1 2 3(GeV)

- We are working our proposal to BNL

- response about our Lol from BNL

"The PAC considers the physics of this experiment
compelling. While deep inelastic scattering provides
tantalizing information about the spin carried by the
strange quarks, the proton isoscalar axial form
factor can only be uniquely obtained by such a
measurement."”
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IV AS measurement

2. Experimental error

FINeSSE ratio scheme

|deally speaking, we want to measure Vi

14
vertlo measure U0 o(NGp) !
R (NCp/ NCn) = ( ) = .~ [non-zero As
o(vn —vn ) .
. >@<’n o(NCn) |,

but this is difficult, so instead, we measure,

R (NCp/CCQE) = ;7((5 : ZZ))

ratio of NC and CC cancel out neutrino flux uncertainty

Experimental error can be

extrapolated from MC by using S(As) = £0.025(stat + sys)
dipole parameterization for Q2

dependence
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IV AS measurement

2. Nuclear effect

Since low Q2 form factor dependence is crucial for As
extraction, nuclear effect is the serious problem

R (NCp/CCQE) = g((v‘f : Z;))

- ratio of NC and CC cancel out neutrino flux uncertainty and
nuclear effect uncertainty (relatively model independent)

5(As) = £0.005
Maieron and Alberico (NuFact '03)

- Nuclear effect may be extracted from A(e,e'p) data
Martinez et al. ('05)

- N_ucle_ar _effect can be cancelled out by using 2 different H/C
ratio scintillator Saito (Pacific Spin '05)
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Il Scibath pilot detector beam test
4. Some additional work

Dirt neutron background
neutron is the most notorious background, because

miss ID of neutrino-neutron NCE dilutes the effect of

A s for neutrino-proton NCE 'Soip'”
VA T=1 2 s 2
JA e_GA (Q )}/M}/5T+GA(Q )}/M}/s
p 6 £ the dirt isovector isoscalar
conrtiguration o e di .
neutr%n background dirt neutron background rate
o s
dirt{25m°) iy s o
R . =
\ nE Booster
room(3m"°) os ! J[
Y ai{limmcma} 5 e sl & t
eam OE
de ector(z.sl“\ ) B ot IO?’! g IOLI g l0F6 — l&B = .Il e 1?2 —— 1?4—I = 1F6 == 1?8 = G‘ev’z
]jntillatorﬂ 032cm 3} F1NeSE neutron background per NC dctv:xtcr];vcnt -
- (- : - S Sk £ Breiies 10083
R [ "'n.\\‘“qh 305_ Mean 0.5427
o ¢
/ B Ny ;5 _ ALLCHAN 9197 NuMI
x ‘\\\ Z_- L |+.+.+|*.*.+.+[’.+.'.+|+.+. T I .+. NN A

NuM1 neutron background per NC detecxtor event

—— High energy beam (=NuMI) has more dirt neutron
background than low energy beam (=Booster)



Il Scibath pilot detector beam test

4. Some additional work
FINeSSE fiducial cut for FINeSSE - MiniBooNE coincidence

FINeSSE - MiniBooNE coincidence has an issue about parallax. Some fiducial cut for
FINeSSE may be helpful to reject large angled neutrino which only pass through

FINeSSE
MiniBooNE vs FINeSSE radius /

150 i
10 1000 FINeSSE MiniBooNE
Vp MEBE-R vs F-R

Neutrinos only pass
through FINeSSE

FINeSEim)
& 8

0

3

FINeSEim)
& 8

o

0 T 200 400 | 600 1000
B 25m decay pipe ‘.’" MEB-R vs F-R for 25mabs

MiniBooNE radius

I

. . . ' . L —]
~This fiducial cut doesn't work very well since — -

the beam pipe has a finite (~1m) radius decay pipe N SSE\k./NE\
e MiniBo




Il Scibath pilot detector beam test

4. Some additional works

Cosmic muon measurement

cosmic muon spectra is o fiber 1
measured for the calibration ; T
of Scibath pilot detector

data-MC comparison

Cosmic muon test setup
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—> Cosmic muon spectrum is well described by MC
which is designed for the proton beam test



Il Scibath pilot detector beam test
4. Some additional work

Track finding algorithm

Hough transformation (track fitting) need some “track
finding” algorithm to maximize its power.

matrix inversion technique is the one appealing method.
However matrix which we arf interested in is 6400X6400

Inversion of Symmetric Block Toeplitz (SBT) matrix
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in principle, we can use
same process for full size

FINeSSE scibath detector
(in progress)



