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Is 1t poss1ble to 1mpr0ve our .

ths1c mauvauens

e Vi <v: oscillation hypothesis is dominant for atmospheric v’s
1107 <dm2, <3%107° eV’ «— SK data
but Ve «>vp mixing could still be present at a subdominant level
(sin2(2013) < 0.1 at dm}, =3x107 eV?)

(limited by Chooz results, also SK at a minor extent)

e SK + SNO results (energy spectra, CC rate, day/night effect)
strongly favour the LMA MSW solution to solar neutrino deficit
mass hierarchy =

ain2(00cuys) = Al (1 - Uesl2
(sin%(20cH007) 4 \Uesl2 (1 - 1Ue3l?) AL roBABILITY

(_g'lnz(?‘ei{;tmi.ANI’)) = 4 |Uail2 [U2l2 lupE?E\l T O'F € NERGY TorR

=5 CONSTRAINT TO LARGE Ané VALUES OF

LMA SOLUTION
f
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Is 1t poss1ble to unprove our .

Fhe‘Chooz re«sultw

R = 1.01 + 2.8%(stat) * 2.7%(syst)
M.Apollonio et al., Phys. Lett. B 466 (1999) 415
sin?(2613) £ 0.1 < Ul £0.025

recently confirmed by Palo Verde

R = 1.01 + 2.4%(stat) £ 5.3%(syst)
F. Boehm e al., hep-ex/0107009 "

1
MeV

Sensitivity could be loweredto - § ]

. . ) . LTS - Positron spectrum (Expocled )
sin?(2013) < 10-3 at neutrino factories sl |
(construction to be started in ~2010) 125 |- i "H‘

o | | NEEREY L A
Is it possible to reach an intermediate wl TIHE M
(sin?(2613) ~ 102) step by reactor os |
experiments? B
factor 5 improvement < errors must be ~0.5% ~ °o = ¢ s
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[s it p0831b]e to improve our .

PQSSlblelmm'OVﬁmentS

e systematics

Comparison of neutrino fluxes and spectra at two distances
Li~ 100 m, L2~ |Km
= independent of absolute normalisation (spectra, cross section, power, burn-up)
which contributed at 2% to the overall systematic uncertainty at Chooz

Identical detectors (detection technique, geometrical shape) or as
similar as possible = minimise differences in efficiencies and calibrations.

e statistics

Large volume detectors (target ~50 t) = signal larger by ~10

to be located underground (300 m.w.e) = neutron background suppression

Detector design suited to shield the target from external radioactivity

= accidental background suppression
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Is it possible to 1mpr0ve our .

A Doss1bledetec{®rm

Event signature RACKGROUND
prompt positron signal V.+p—on+te’ n+p >n+p

1
delayed neutron signal (T =180@ ps) n+p—d+y(2.2MeV)

neutron efficiency lower (~50%) than Chooz

55 e LX) Mini version of KamLAND (or Borexino)
| S S & | | 1 50tliquid scintillation target (no Gd-doping)
Yl / N T (A~10m, stable)
)/ S\ o PURITY
1 | 2 Mineral oil buffer (~ 1m thick) U w
. : R A O o S . ] . . . _lq_
- ] - shield against PMT radioactivity Th w0
N\ A L3 Active cosmic veto SNGLE RATE 0\
. NoT 50 STRINGENT
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[s it possible to improve our ...

The Kr2Det project -
Based on L.V.Mikaelyan’s idea

« to be operated by Krasnoyarsk nuclear plant (Russia)
one (over three) reactor still operating, W = 1.6 GWth
ol =250m, L=1100m
« twin detectors (with the possibility to swap their position) = Gsyst ~ 0.5%

e thick rock overburden (600 m.w.e.)

(neutron flux suppressed by a factor ~3 w.r.t. Chooz)

« possibility to measure the background during the reactor stop for refueling

e Guw = 0.5 % could be reached in ~ 3y data taking

but...

plant operating is not guaranteed " GREENPEACE
Russian authorities are strongly / o

65.000 Gulag-prisoncrs staried in 1950 on a direct order of Stalin wo dig

‘ : g pment the biggest underground nuclear complex § orid. The

demanded to stop reactor operations for i " ‘“m%'ﬁ;; g v mo .“,,:’,f::_ e omists of 3.500 oo}
T unde name Mini Chemical ine”. The complex has {

Safety reasons o plum:num ]mclwtion_.n;z t_:pmoenlng hcflﬁy fll:'e the production l; [ﬂwﬂ

- pitrale. Two of the nuclear reactors have been decommissioned in 1992, The
~_opotation to supply the 90,000 inhabitants of the near city of Kransoyarsk-2(
- electrigity and heat.
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[s it pOSSIble to improve our .

A_Qosmblealtematwe |

Chooz2

* Far detector located in the underground site (L2~1000 m, 300 m.w.e.) hosting the
previous experiment = S/N ~ 10

* Near detector placed in a new shallow site (Li~100 m, 40 m.w.e.), to be built on
purpose
K vertical intensity reduced to only 30% of the surface intensity
=> near detector must be smaller (else it would be overwhelmed by cosmic rays!)
=> systematic error could not be better than 1%

5t scintillator target size looks like a reasonable compromise
e signal:
Ry =5R[,,0, =125ev/d, R/ =1250ev/d at full reactor power
* background:
Ry ~ 2 KHz (2 orders of magnitudes larger than at the underground site)

Na ~ 3 times as low as underground F.Boehm et al. PRD 62 (2000) 092005
= neutron flux ¢» ~ 30 times as large as underground
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[s 1t posmble to 1mpr0ve our .

Staus.tleal uneﬁﬁmﬁues

A realistic plant operation frame eactor 1

" reactors operating at full power,  reaop0r —

90% duty cycle

« alternated stop (~ I month) for refueling time
. Full power
During 3 years data taking one collects: _
* 800 d with both reactors ON (“ON” period) - Stop for refueling
S:)N — IUS ev, SION ~ 106 ev ,_a_ RARA4 BARSS Lasas Batas Aanad saats ety sanas Manas by s
: ST ;
« 200 d with one reactors OFF (“OFF” period) % v = Far detector :
SO 2 135%10% ev, SO ~1.25x10%ev ¥ _:
= Ri = (625 £2) ev/d %0 4
R: =(63£0.7)ev/d <€—— ol -;
= Cw= |.1% “ : dj
limited by background subtraction * ;
0

power (GW)’
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[s 1t p0351ble to 1mpr0ve our .

A more optnmstlc ‘scenario

Background measurement could be improved if reactors:
all dala

=

e ramp up/down slowly

e are both OFF for a while
(both conditions were fulfilled at Chooz)

Chooz data

Daily v'Candidates
8 R
I I

With 30 d reactor shutdown
B =(5+0.4)ev/d

= R: = (125 +£0.6) ev/d
= ow=0.5% OK | °

How much does it cost?

1

1 A | i | . 1 i L

6 8 - 10
Reactor Power (GW)

0.05$/kWh #* 8.5GW % 0.3%*24 h=3M$ °
in 1 day
~ 100 M$ in 1 month

M
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Is it possible to improve our ..

Based on the comparison of integral rates at two distances

r @@ — test variable (normalised to 1 in absence of oscillations)

statistics systematics

Use Ay? instead of likelihood ratio for statistic test

(OK in a Gaussian regime)

2 ( mess ntp(&n 8)

L = } sz = x2 - xzmin

'

errors added in quadrature

Apply Feldman-Cousins procedure to determine 90% confidence intervals
in (sin?(20),0m?) for:

* Kr2Det
e Chooz2

e
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Is it possible to improve our ... .

See* (V)

At dm?2 = 3x103eV?

* Kr2Det
sin%(20) < 0.02
e Chooz2
sin?(26) £ 0.04
not much encouraging...
* Chooz
sin?(20) < 0.1

=4 L 1 1 ..'1'|..|'n!l
10 L

192 o

#
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[s it possible to improve our ...

Speetrum test

Based on the comparison of positron spectra at two distances
Improved sensitivity in the “lobe™ regions . e
= more powerful test 8 _ 1 month reactors OFF
Spectra arranged in 16 bins (AE=0.4 MeV) e ] = O = 0.5%
Build statistic as _2 ‘;‘_ t

2 :i ’:mas(Ei)_arcxp(gEi*&n-’g) i ,. l{i!!!!! 3K §{}i}

i=1 O,..(E) o [ |
O, o, o T effects
\ 03 _i..-.l....|'_L..:..|.‘..l....l....i.,..i....

spectra normalisation ~ €Nergy scale
(relative efficiencies,  calioration e+ energy (MeV)

target volumes)

Ay*(ém*,0) = min v2(om*,0,a,8) - Yo  — FC procedure
a.g

’
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Is it possible to improve our .

SDectrumtestsensmquY

1 month reactors OFF S g“ = 0. 57

90% sensitivity contours as
functions of Oa

ora® (eV')

(og neglected) 10" _

At dm2 = 3x10 3 eV?

e Gu=0.5%
sin2(26) < 0.015

e 0u=1.0%
sin2(28) € 0.025

) 10° L
e Go = infinite (shape test)
sin%(20) < 0.04
e Chooz __
sin%(20) < 0.1 ‘°4,d':-":‘:_""" o

| | | sin’(26)
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[s 1t p0551ble to improve our .

~ Spectrum test sen-51t1v1tv ( morereahst@
reactors ON-OFF il Eg; =1.1%

%

©

V.
90% sensitivity contours as "'g
functions of O«

(og neglected) s L

At dm? = 3x103eV?

e Ca=0.5%
sin%(20) < 0.03

e Ca=1.0%
 in%(28) < 0.04

* Ga = infinite (shape test)
sin2(26) < 0.1
» Chooz P ! i

sin%(29)
#
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Is it posmble to unprove our .

............................

Outlookandcenelusmns

e VeV« mixing present at subdominant level in the atmospheric v range
— could influence the solution to the solar v deficit
— to be investigated at future neutrino factories down to sin?(20) < 103
« Sensitivity at reactor experiments could be pushed to sin2(20) < 0.02 if:
_ both detectors were located underground = Gsyu = 0.5%
— background could be measured with reactors OFF = Gsu = 0.5%
one reactor plants are preferred, underground if possible Do they exist?
. Else it is difficult to obtain better than 1% accuracy, both statistics and
systematics
— a factor 2+3 improvement with respect to Chooz

f
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