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Many successful experiments
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— CHOOZ, M. Apollonio et al., Phys. Lett. B466 (1999) 415.
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— KamLAND, K. Eguchi et al., Phys. Rev. Lett. 90 (2003) 021802.

Proposals for future reactor experiments

— V. Martemyanov, L. Mikaelyan, V. Sinev, V. Kopeikin, Y. Kozlov, hep-ex/0211070.

— H. Minakata, H. Sugiyama, O. Yasuda, K. Inoue, F. Suekane, hep-ph/0211111.

— M. Shaevitz, Talk at NOON 2003, Kanazawa, Japan.

— S. Schonert, T. Lasserre, L. Oberauer, Astropart. Phys. 18 (2003) 565, hep-ex/0203013.
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AN near detector (170m) e, far detector (1700m)

— detectionof . by |7, +p—em +n

- E,=E.+m, —m,
— prompt energy: Eprompt = Ekin + 2me
— prompt positron energy and delayed v from neutron capture

— identical near and a far detectors = look for distortions
e ~ eliminate reactor information / uncertainties (flux, spectrum)
e eliminate x-section errors
e relative precision is easier than absolute precision

— high event rates = use rates and spectral information
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— expand in small quantities

2
. . 9 Am32,L Am2,L .
P.. ~ 1 —gin?20;5 sin® 2281~ 4 (21217 69% 9,5 8in” 201
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1 %4 v

T4E, ~ ﬁ.\M and m:ww M%wa HOlw

— last term negligible for
— atmospheric frequency is dominant

— most important:

e No degeneracies!
e Practically no correlations!
e No matter effects!

= evaluate the potential on event rate basis...
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The setup

— one reactor block (spread of individual reactors negligible)
— far detector at 1.7km , near detector at ~ 170 m
— identical near and far detectors (> 10x more events in the near than in the far detector)

— assume background free measurement Schénert, Lasserre, Oberauer, hep-ex/0203013.

— 62 bins in E,ompt from 1 —7.2MeV, number of events in bin i:

Ni= N \ dB, 0(B,)¢(B,) Pec(E,) [ dE. R(E., E.)

1

— R: energy resolution 5%/+/E. (MeV)
— N o integrated luminosity £

— L = detector mass [t] x thermal reactor power [GW] X running time [y]

12t detector, 7GW thermal power, 5years running time = 400tGWy
250t detector, 7 GW thermal power, 5years running time = 8000t GW y
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sin® 26,3 sensitivity limit
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— AmM3;=2103 eVv?
— AmM3,=3-1073 eV?

—  Am$,=4.1073 eV?
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— absolute normalization error common to both detectors oot ~ few %
e.g., neutrino flux normalization, cross section uncertainty, ...

— relative normalization errors of the two detectors o, < 1%
e.g., error on the fiducial masses,

= effective normalization error for the far detector

—1

9 9 1 1
Ohorm == Orel - 2 T 2
Otot Q.H,&

e.g.: 0ot = 2% and 0.1 = 0.6% —  Onorm =~ 0.8%

— energy calibration uncertainty oca ~ 0.5%

— shape uncertainty of the expected energy spectrum oghape ~ few’
uncorrelated between energy bins, but correlated between detectors

— completely uncorrelated experimental bin-to-bin error ey, < 0.5%
e.g., background uncertainty
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sin?26;3 sensitivity limit
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Luminosity Scaling

. | Chooz Reactor—| Reactor—I|
O norm =00
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0 norm=0.8%
0ca =0.5%
', JHF-SK
‘4
T norm =0%
0 ca =0%
10t 107 10° 10*

Integrated luminosity £ [t:GW-y]

Reactor-1l: Limit depends crucially on o,0rm
Reactor-1I: essentially independent of o,0rm
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Luminosity Scaling
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experimental bin-to-bin error: e.g. back ground uncertainty

a BG of 1% of the signal, known within 10% — 0.1% exp. error

10°
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Breakdown of Systematical Errors

T T T T T T T

0.001
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sin?26:3 sensitivity limit

Reactor—|
Cdlibration
Normalization No cut
Both
Om___mv_.mto: no cut
Normalization
Both O norm=0 cg =00
Cadlibration ]
Normalization with cut
Both
Reactor—||
Cadlibration
Normalization No cut
Both
Calibration No cut
Normalization
Both O norm=0 ¢cg =00
Calibration .
Normalization with cut
Both
0.002 0.003 0.005 0.01 0.02 0.03 0.040.05

Reactor-I:

Oca and cut

not important
Onorm IMportant

Reactor-lIl:

O cal and Onorm
not important
energy cut
some impact
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Real sites may not allow a near detector at 170 m (no-oscillation)=-

' 2% shape error
0.025 |
= No shape error |
= H H
~ 0.02 ]
£ - Reactor-| 2% shape error |
.m 0.015 -
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Near detector position [km]

—P.Huber MM -



The sensitivity to sin” 26,5 at 90% CL
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The Precision of sin®263
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Sensitivity to Am3;>0
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Sengitivity to dcp=+n/2
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e a sensitivity of sin” 265 < 102 seems reachable by reactor neutrino experiments

e near-far detector setup allows the efficient reduction of systematical effects
(over-all normalization, shape uncertainty)

e Reactor-1 (£ ~ 400t GW y)
limit depends sensible on a relative normalization error

Reactor-Il (£ ~ 8000t GW y)
limit is rather independent of the relative normalization error

e energy calibration error has no big effect

e experimental bin-to-bin uncorrelated systematical error
should be < 0.1% for very large experiments (£ ~ 10*t GW y)
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Reactors are highly competitive to first generation superbeams

Sensitivity to sin20;3

Reactor—|
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— superbeam experiments suffer from correlations and degeneracies
... especially for large Am3,
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clean 613 measurement of the reactor resolves degeneracies

e JHF-SK + NuMI©@890km + Reactor-II:
significantly improved sensitivity to the neutrino mass hierarchy

e JHF-SK + Reactor-II:
better sensitivity for leptonic CP violation

Reactor neutrino experiments

— are a very promising option to measure 6,3

— are complementary to the long-baseline program
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Degeneracies in v, — v,

measurement of sin® 26,5 in the v, — Ve channel suffers from
correlations and degeneracies

G.L. Fogli, E. Lisi, Phys. Rev. D54 (1996) 3667; J. Burguet-Castell et al., Nucl. Phys. B608 (2001) 301;
H. Minakata, H. Nunokawa, JHEP 10 (2001) 001; V. Barger, D. Marfatia, K. Whisnant, Phys. Rev. D65
(2002) 073023; Phys. Rev. D66 (2002) 053007; P. Huber, M. Lindner, W. Winter, Nucl. Phys. B645

(2002) 3: Nucl. Phys. B654 (2003) 3.

oscillation probability in vacuum:

Pie =~

H_H

with

20

mwﬁw M%Hw mwﬁw %ww mwﬁw DwH
Qv sin M%Hw sin 0 cos %Hw sin M%Hw sin M%ww mwﬁw pr
Qv sin M%Hw COS 0 COS %Hw sin M%Hw sin M%ww COS DWH mwﬁw pr

a? cos? O3 sin? 20715 sin? Asq,
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Analysis method

e we consider a general three flavour scenario
: 2 2 2
e simulate “data” for fixed “true values” of oscillation parameters

e perform a 6-parameter fit, taking into account correlations and
degenerate solutions

e external information:

assume that Am3,, 612, |Am3,| are known within 10% at 1o
(KamLAND, K2K, MINOS, CNGS)

21
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v2-analysis of reactor experiments with a near and far detector

systematical errors

e normalization error common to both detectors oot ~ few %
e.g., neutrino flux normalization, cross section uncertainty

e uncorrelated normalization errors of the detectors oye1 < 1%
e.g., error on the fiducial masses

e energy calibration uncertainty gca ~ 0.5%

e shape uncertainty of the expected energy spectrum ogpape ~ few’
uncorrelated between energy bins, but correlated between detectors

e completely uncorrelated experimental bin-to-bin error gex, < 0.5%
e.g., background uncertainty
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y2-function

2

5 AMJ>|QMJM Ci 2 @\» .Q.b a 2
Ve ¥ [, (L) + (L) b (=

A—N.F P mXUA Oshape Orel O cal Otot

T/ (613) = (L+a+b" +¢) N (613) +g" M (613)
TN = (Q4+a+b" +¢) N +g" MY
N#(613), NIV : predicted # of events in bin 4 of far and near detector
ON

energy calibration: Eyps — (1 + ¢*)Eops and M = g

r “data”: OF = NF(6%5°) and ON = NV
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y2-function

for oshape < 2% and oexp < 0.1% we can set ¢; = 0exp = 0

T (015,0,b" g )~ OF’ P\ 2 P2
¢ = plfteef sl o () (£)
( )
[(a+5™) NN +gV MM N\2 (N2 N
+ MU 2&2 + AQSHV |_|AQ8_V + Aqﬁoﬁv

effective x? for the far detector:

xwmnMuﬁmm%UM+ Amvﬁm ; vw

P i Ocal Onorm

TF = (14 a) NF(013) + g7 M (613)
for large # of events in the near detector o,¢ > H\)\Z&Zn

-1
9 9 1 1
Ohorm == Orel + 2 T 2
Otot Q.wm_
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Superbeam experiments

v, — Ve appearance using an up-graded conventional v,-beam

JHF-SK NuMI
Y. Itow et al., hep-ex/0106019. | D. Ayres et al., hep-ex/0210005.

beam
baseline 295 km 712 km
target power 0.7T MW 0.4 MW
off-axis angle 2° 0.72°
mean energy 0.76 GeV 2.22 GeV
mean L/E 385 km GeV ™+ 320 km GeV ™1
detector
technology water Cherenkov low-Z calorimeter
fiducial mass 22.5 kt 17 kt
running period 5 years 5 years
events’
signal 138 132
background 23 19
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lat sin? 2613 = 0.1, sin® 2623 = 1, sin? 2012 = 0.8, Am3; =3-10"2eVZ Am3; =5-10"°eVZand §op =0
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