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Understanding of Neutrino Sector

1 Pontecorvo-Maki-Nakagawa-Sakata mixing
matrix (leptonic version of CKM matrix)
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Unknown (1-3) sector

] Current status

: id,
(0.7 0.7 (<0.2y~" S0
Uyws|~[0.5 0.5 0.7 | sin6;5<0.2,
0.5 0.5 0.7 o totally unknown CPV phase

Next important step is to measure 6,,

cf. finite value of sin“26,, indicates the possibility of
CPV phase 6, measurement in the future
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Experimental limits for (1-3) sector

J Experimental upper limit obtained by CHOOZ
reactor experiment:
Sin‘20,; 0.2 @ Am?,=2><10 sev?

,
am’ (ev)

! R =1.01+ 2.8%(stat)}+2.7%(syst)

Fl
I

_"’e 2V, (disappearance expgrimenf)

//// //’“

4 M. Apollonio !?t. -ﬁl.,I Eur.l:l'hyl‘s.‘,. C27 (2003) 331-374

] 0.1 0.2 03 4 0.5 0.6 0.7 U.S‘ 0.9 I 1
sin“(28)

http://www.ifi.unicamp.br/~lenews05/talks/KerretDoubleChooz.pdf
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Measurement of 8., using by reactor

d Neutrinos from reactor

=

tLons)
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by B-decay
» Usual 1GW reactor emits
6><10%° ¥, /sec

» Neutrino energy spectrum
determined by spallation
products data with 2.5%
accuracy

» Neutrino absorption by
proton

V. tp —e*+n (E.=E -1.8MeV)
e*+e” - 2y (0.511MeV)
E.iqna=E, — 0.8MeV>1.0MeV

[ St 20100

signal
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How to measure the 6,

J Disappearance v, from reactor
P(V, - v,)=1-5in?2 6, ,5in*(Am? ,L/4E)+0O(10%) (as Am,,~solarv )
cf. E=4MeV and sin26,,=0.1

Measure this small deficit.
Due to Am?;,<AM?y, 43,
this is almost pure 6,
measurement

Ve — VT Ve = VH
_____ 1_? ) sin?6 15=0.1 >
0.8 ,
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Need 1% accuracy
for the measument

1~2km for KamLAND

reactor v,
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6,5 projects

1 —— nttp:Twww.ifi.unicamp.br/~Tene05/talks/Freedman_DeyaBay.ppt

Angra dos Reis , Brasil Young Gwang, Korea

CeteCion room

F 4
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Summary for &, project

) Characteristics

merit demerit sensitivity
» Double-Chooz old tunnel (realistic), L mightshort  0.02@c,
know how systematic error? ~0.6% 5yrs
> KASKA largest reactor, small ~ man power? 0.015@c,,
detector, know how budget? ~0.5% 3yrs
» Braidwood large and movable security? <0.01
detector (cross calib.)  expensive? shape-+cnt.
» Daya-bay cheep construction budget? ~0.01
cost (tunnel etc)
» Angra ? Funding?
» Young Gwang ? ?
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KASKA experiment

J Kashiwazaki —Kariwa

nuclear power station

» Largest power in the
world (24.3GW)

> 7 reactors in two cluster

http://www.jp.wikipedia.org
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CHOOz
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KASKA collaboration list

Niigata University: N.Tamura, M.Tanimoto, H.Miyata, H.Nakano
T.Kawasaki, M.Katsumata, R.Watanabe, T.lwabuchi, M.Sasaki,
M.Aoki, K.Sakai

Tohoku University: F.Suekane, Y.Sakamoto, Y.Tsuchiya

Tokyo Metropolitan University: T.Sumiyoshi, H.Minakata, O.Yasuda ,

T.Matsumoto, K.Sakuma, T.Nakagawa
Tokyo Institute of Technology: M.Kuze, K.Nitta, H.Furuta, J.Maeda

Kobe University: T.Hara

KEK: N.Ishihara, H.Sugiyama
Okayama University: M.Sakuda

Miyaqgi University of Education: Y.Fukuda

Hiroshima Institute of Technology: Y.Nagasaka [ i |
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Geometry of KASKA experiment

] Location of detectors

Reactor and Detector Locations Far detector iS moved to Out_
mo| fo side of reactor area, so that the
e base line could be set at 1.6

“o ~ 1.8km
300 |- #24414NEAR-A Detector |—|
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Relative Position (m)

|
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2436w |0](0](0 ~o.’87km
0000
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Multi Eeactors 150m

\ -0 8ton

VY —detectors
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How to detect anti-v,

1 Absorption by proton via inverse -decay
V,+tp - n+e’

N\
et +e - 2y (E=Ev—-0.8MeV)

n+Gd - Gd’ +vs (XE ~8MeV)

P Cf. KamLAND has no Gd in LS
d n+p - d+y(2.2MeV)

7 (0.511MeV)

prompt signal

Delayed coincidence can

Delayedsignal .- """ 0 PR g
PR drastically reduce the
L, o 2B packground
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Detector under the ground

. Shaft hole
d Aim:
To reduce cosmic ray 6¢cm
backgrounds R .
d _ b current design
d Measure actual cosmic- /i Near : ~100Hz
ray BG '
Y y - Far : ~10Hz
E:(::m S — Lead .
2 | _ . | shield Plastic
E | | | 1 / Scintillators | | [, g
1|:||=f?E ] : | |
'. ! : ! ! | ! vl .
| - o e %?;EE
s | «,I, | . | i Ln: AN
.. i i i i ! h @ \\\
Depth (m) YOrometet detector hall
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KASKA Detector

More buffer 1] B
Less oil & Less cost ..

Lisii]

v detector Gd-LS (11.5m°)"
=9.2ton (p=0.8) | |

Cosmic ray
tracker

»~catcher LS (7Ocmt)\3 .

Buffer Oil(115cmt) —i 10”"PMT*300, (13"*150)

+2"PMT*50

\

Water \

Acrylic vessel

T
& Stainless steel tank

Fe shield(10cm?) |- —F—

\ Fe tank(1cm?)
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Expected sensitivity for KASKA

Expected event rate : 50,000/3years @ far detector

1,200,000events/3years @ near detector precise reactor-v science

90% CL Sensitivity (rate only) 0
£ o e Gy ~ 0.9%
T (2.8% @CHOOZ)
o -
. I ! \. I SK Am’
“ S 0]
e 1.E-03 \:\ RS Gsyso<1 ¢
S =l coorm 2.7%@CHO0Z
e N
\\:_:'--. i _ i
PNIHe—sys=1% If o, achieves 0.5%,
0.01 0.10 1.00
sin“20,;
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Why 6,, with reactor

J Accelerator long-base line experiment : v, appearance

(V= Ve)
»J-PARC =SK(T2K) has sin220,, from v, appearance
sensitivity sin°26,;<0.006 ' 0% C.L sensitiviies
with 5yrs opr. 5
»KASKA has sin¢26,,~0.02 |
Conflict them?

3 No:v, v, appearance v EEE ._;,;;;22313}; e
experiment can not measure _ ﬁ**ﬁﬁﬁ“ |
pure 6,, (v, disappearance e e smze
experiment can do it)
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6,5, measurement by reactor

J Reactor experiment as clean lab.

2 2
Pee zl_sinZ Sin2 AmBl L —COS4 913$in2 29128in2 Am21 L
4E AE
= —

1%

—

0(10-3)

A\

v, — V. disappearance experiment

Measurement rate (deviated from 1/r° dependence) and
spectral distortion

Multi-detectors
O(1km) base-line : no matter effect

7 -

http://www.ifi.unicamp.br/~lene05/talks/Freedman DeyaBay.ppt

A\

vV V¥V
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6,5, measurement by accelerator

 Intrinsic ambiguity (CP phase)

P('V,u — vy ) = sin” 26,, sin” 6,, T 7 Am, SH} 20, sin 26, sin 20,.

2 Amj;

wlsinz 2913(1 + ) -1<s1mod<1
here, S|n2(Am231L/4E) 1

> v, — Ve appearance

Munakata, Sugiyma, Yasuda
Phys.Rev.D68(2003)033017

0.07
Pue has ambiguity
due to Ssinod 0.05
,fﬂ 04
» 0O(100-1000km)
long-baseline : 00
0.01
matter effect 0
0 002 004 006 008 0.1 012 ) {2}2194
Sin“20,,
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6,5, measurement by accelerator

d Intrinsic ambiguity 2 (6,; degeneracy)

2 .
P('v“ — v, ) = sin” 261; 7 A, 311‘; 20, sin 20, , sin 20, sin 6
| 2 Amy

sin” 26,{=(1+/1-sin’ 26,

I sin%26,,=0.95 then sin?6,,=0.61 or 0.39

//

0.07
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)
=1
o 0.04

0.03
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SenSitiVTfYﬂO 002 004 006 008 01 %IlﬁZZ{]Hll_;

Munakata, Sugiyma, Yasuda
Phys.Rev.D68(2003)033017
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6,5, measurement by reactor and accelerator

J Both experiments are complementary
» Both results complete physics issue

: sin” 6,; =
JI-PARC 1039
. ) 07 : £
Measurement @ - # If accuracy
N 1s good enough
P(’V v ) 0.04 => |SiIl($, |
H . 0.03
0.02 2
0.01 - — ; ~ | Reactor
0 =

0 002 004 006 008 01 012 014 :\-"I'SEISUI'G‘IDGIH

sin ~ 291 ;
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R&D for KASKA project

J R&D budgets have been approved In
JFY2004~2005 sl

Boring study at near-B site [l
Prototype detector |
Electronics development | L
LS developments (another budget 2005 2006)
Detector and Shaft hole design study
Cosmic-ray detector development (2005-2006)

Y VYV VYV VY VY
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Possible schedule

JFY 2005 2006 2007 2008

JEV) 2004
1EE

[
e—

. o

reparalion

N-A - >

||||||||||||| ---+—
N = B Detecton Installtion --+—

Far

Cost ? : JFY2005 Budget request ~$30M
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Other reactor 6;; experiment

D DOU ble CH OOZ http://www.ifi.unicamp.br/~lenews05/programws05.html/talks/StatusDoubleChooz Angra.pdf.gz
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Concept of Double Chooz experiment

d v, disappearance

8.4GW Chooz
PWR stations Near detector Far detector

» Tuned sensitivity by optimal base line and 10t for
far detector (sin“26,,~ 0.018 @1.35km , 0.02 @
1.1-1.7km assuming Am?,,=2.8><10-eV? + 3years)
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Expected sensitivity

J 10t far detector

Am=, =72 107 eV?: cos8, , = 0.8; sinB, = 0.23

AMbg = 2.8 107 eV, AM3z=3.2 10

3
oV’

08 | |
N
0.& I
C 04 I
;|
02 f e
. i | .
io! 10° 103 104 10°
L/E [E‘"'-"I-E] 2l DC 10 tons
o b 10x 00 —— |
> sin?26,,~0.02 @ 1.1-1.7km
assuming Am?,,=2.8><103eV: oo
+ 3year L |
> Flat sensitivity for 100tons, oo ¥/ |
bUt B GMD.S I-aridetectur dislantg te reactor (in Iim} °
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Improve of Chooz

J Statistical error (o= 2.7% @ Chooz)

_ CHOOZ Double- Chanz
6.77 102“ H/m3 6.82 107 H/m?

Data taking period

CHOOZ-tar : 60 000/3 y
o
CHo0Z.ear 2 10/

0.4%

J Systematic error (o, = 2.8% @ Chooz)

Sys
> tWO Identlcal dEteCtor Chooz  Double-Chooz
Reactor cross section 1.9 9%
make Number of protons 0.5 % 0.2 %
= Detector efficiency 1.5 % 0.0 %
» Dead time ~50% @ near  Reactor pover 07%  —
Energy per fission 0.6 % —
detector ...
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dwood

Bral

Imental site

1 Exper

Makeup/Elowdown Corridor

e ———— e A — i, . —

Braidwood Nuclear Station

Graphic Scale (fect)

/Stefanskil.ppt
27

Elevation (m)
180

=
=l

Maquoleta Shale

Weak Interactions and Neutrinos
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Detector of Braidwood

J Fiducial volume : 5.2m =
radIUS Wltf] Gd'LS | Shielding

Veto

Buffer volume : 7m Detectors
radius with mineral oil

1000 8"PMT with 25%
coverage

Movable detector (direct
cross calibration)

Identify and veto the few |
shower producing muons
which produce the
neutrons and spallation
products

—

NRRHRAR A RN D R AREA i

http://www.ifi.unicamp.br/~lenews05/talks/Stefanskil.ppt
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Uncertainty and Sensitivity of Braidwood

D S e n S I t I V I ty http://www.ifi.unicamp.br/~lenews05/talks/Stefanskil.ppt
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B0 i ShureOnly Basline
| = Shapet+Counting, Baseline
oo ShapetCounting, Phase 1T
L1 111 I 1 1 1 11111 1 | ™
z ) -1
10 10 10

1
sin"28
Sensitivity to sin’26,, at 90% CL vs Am’ =

D U n Ce itai nty Source of Uncertainty %

Near to Far Detector Relative

» Calibrate near/far eff. vol... Normalization 0.6

. Far Detector Statistics 0.2
> M U Itl = I ayer Veto Near Detector Statistics 0.04
Backgrounds 0.5
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Cost estimation and schedule for Braidwood

J Schedule
» 2004: R&D proposal submission.
» 2005: Full proposal submission
» 2007: Project approval; start construction
» 2009: Start data-taking

] Cost
> Estimated 4 detector $18M +$5M = $23M

> Estimated civil construction $34M + $8.5M =
$42.5M

> Total ;: $65.5M
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Daya Bay

J Experiment site

http://www.ifi.unicamp.br/~lenews05/talks/Freedman DeyaBay.ppt

ereref L‘“”:/
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_\__““r’ t peng Daya an

o 727 Pang Wk 3yt

Fingwan ... concept:

Lai T .
aIShZE C'Cheung '}I}I‘n:n

rio soa MR B e _ " »>Minimize correlated BG

ey <t Yugg fhau Lau Wan Oé( Ihﬁ“”lw
S waei i IROSAMEN DAL 3> Jse horizontal tunnel
"Wy Kwai Sha
HONG KQONG ' i LWang i Chau ..
; ' o n, ST » Multi-detectors
ik Uk “Fu Tau Pun chau
g aky Interfaticngl Airport
Tau ko n“rau Tong
e REEDY TOWN e N, R
el Hong Kon
REb, (1818 ft) FMount Collinson
Stanbey Moumrt South
“Fa Peng N hing Sez
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Sensitivity of the Daya Bay

1 Baselines at Daya Bay allow near/far and mid/far

analyS|S Sensitivity of Daya Bay — Chooz Limit
S ' o — Near/Far
- —— Mid/Far

AmZ [x 107 eV]
L2

2.5

»volume: 5>40 tons 2
»shape+rate information
»>reactor systematics
mid/far: 0.2% 1.5
near/far: 0.08%
>3 years of running
(cores 5+6 turn on after 2 |

years) 1072 10™

—

Sin’(20,,)
http://www.ifi.unicamp.br/~lenews05/talks/Freedman DeyaBay.ppt
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Schedule and status of Daya Bay

J Schedule

>

Summer 2005 completed geological survey

» 2006 begin civil construction
» Early 2007 complete tunnels and underground
laboratories for near site

» 2007 construction of tunnels for mid- and far site

» 2008 complete tunnels and experimental halls

» 2008/2009 begin data taking with all facilities operation
J Status

» (Good cooperation from the Daya Bay Nuclear power plant.

» R&D agreement between US and China.

» Have formed a proto-collaboration.

» Two collaboration meetings (Dec 2004 and Jan 2005).

» LOI / proposal in preparation
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summary

J

J
J

Reactor medium base-line experiment could be
complementary with accelerator long base-line
experiment for 6, physics.

Most powerful reactor Kashiwazaki-Kariwa station

(Tokyo Electronic Power Co.) agree with our project.

Collaboration is growing up and welcome to your
participation.

Discussing actual design for 3 identical detector and
ocation for far detector, shaft hall, construction
methods...

Getting R&D fund, need REAL budget!
KASKA will start from JFY 2008, if it’s on schedule
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