


θ13 from Reactor Disappearance

P (ν̄e → ν̄e) ≈ 1− sin2 2θ13 sin2 ∆atm

<10%

– Typeset by FoilTEX – 2

P (ν̄e → ν̄e) = 1− cos4 θ13 sin2 2θ12 sin2 ∆21

− sin2 2θ13(cos2 θ12 sin2 ∆31 + sin2 θ12 sin2 ∆32)

P (ν̄e → ν̄e) ≈ 1− sin2 2θ13 sin2

(
δm2

eeL

4E

)
−O(∆2

21)

δm2
ee = cos2 θ12|δm2

31| + sin2 θ12|δm2
32|

– Typeset by FoilTEX – 6

!"#$%&#'$()%*&#'+,%-#&.'(%#".-&/"$+00'+#+.,'

123&45 123&45

678$9&:';9&<'%%9&=3&>?33@A&3?123?

B"$+00'+#+.,'*&==9=CDE9<9!"#$%&'()*+$',&-*%.)$#/'*0%*/0"
123'4$5&64$7&**4$89$:!;;<=$;>?>;?

!
"

!
"

!
"
#$%"&'(

!"#$%&'()*+$',&-*%.)$#/'*0%*/0"
123'4$5&64$7&**4$89$:!;;<=$;>?>;?

!
"

!
"

!
"
#$%"&'(

P (ν̄e → ν̄e) = 1− cos4 θ13 sin2 2θ12 sin2 ∆21

− sin2 2θ13(cos2 θ12 sin2 ∆31 + sin2 θ12 sin2 ∆32)

P (ν̄e → ν̄e) ≈ 1− sin2 2θ13 sin2

(
δm2

eeL

4E

)
−O(∆21)2

δm2
ee = cos2 θ12|δm2

31| + sin2 θ12|δm2
32|

– Typeset by FoilTEX – 6

P (ν̄e → ν̄e) = 1− cos4 θ13 sin2 2θ12 sin2 ∆21

− sin2 2θ13(cos2 θ12 sin2 ∆31 + sin2 θ12 sin2 ∆32)

P (ν̄e → ν̄e) ≈ 1− sin2 2θ13 sin2

(
δm2

eeL

4E

)
−O(∆21)2

δm2
ee = cos2 θ12|δm2

31| + sin2 θ12|δm2
32|

kinematic phase:

∆ij ≡
δm2

ijL

4E

– Typeset by FoilTEX – 6

P (ν̄e → ν̄e) = 1− cos4 θ13 sin2 2θ12 sin2 ∆21

− sin2 2θ13(cos2 θ12 sin2 ∆31 + sin2 θ12 sin2 ∆32)

P (ν̄e → ν̄e) ≈ 1− sin2 2θ13 sin2

(
δm2

eeL

4E

)
−O(∆21)2

δm2
ee = cos2 θ12|δm2

31| + sin2 θ12|δm2
32|

kinematic phase:

∆ij ≡
δm2

ijL

4E

< 0.002

– Typeset by FoilTEX – 6



T.L. (Saclay) - NO-VE 2006 -

One nuclear plant & two detectors

Nuclear reactor

1,2 core(s) ! ON/OFF : ok

! 4 cores !  ON/OFF : no !

Near detector

5-130 tons
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Far detector
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> 300 mwe

 D1 = 0.1-1 km D2 = 1-3 km

"e "e,µ,!

#  Isotropic  "e  flux (uranium & plutonium fission fragments)

#  Detection tag :  "e + p ! e+ + n,  <E>~ 4 MeV,  Threshold ~1.8 MeV

" Disappearance  experiment:
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Figure 18: sin2(2θ13) sensitivity limit for the detectors installation scheduled scenario

There are a number of important observations which can be gleaned from Figure 21. First
of all, assume that Double Chooz starts as planned (solid Double Chooz curves). Then it will
quickly exceed the sin2 2θ13 discovery reach of MINOS and CNGS, especially after the near detector
is online (left panel). It will be the most sensitive experiment until at least 2011 and its sin2 2θ13

discovery potential is remarkable. In some scenarios, like inverted mass hierarchy and specific values
of δCP, the reactor measurement would have the best discovery potential. Note, that even the far
detector of Double Chooz alone would improve the current bounds on sin2 2θ13 considerably down
to 0.04 after 4 years and 0.03 after 10 years at the 90% confidence level. The information gained
by Double Chooz can also be used for a fine-tuning of the running strategy of second generation
superbeams with anti-neutrinos. If a finite value of sin2 2θ13 were established at Double Chooz, the
superbeam experiments could possibly avoid the time consuming (due to lower cross sections) anti-
neutrino running and gain more statistics with neutrinos. The breaking of parameter correlations
and degeneracies could in this case be achieved by the synergy with the Double Chooz experiment.

The Chooz reactor complex even allows for a very interesting upgrade, called Triple Chooz [42].
There exists another underground cavern at roughly the same distance from the reactor cores as
the Double Chooz far detector. A 200 t detector could be constructed there without requiring
significant civil engineering efforts. This upgrade would in principle be equivalent to the Reactor-
II setup described in Reference [3]. Figure 21 shows that it could play a leading role, since its
sensitivity is unrivaled by any of the first generation beam experiments for the next decade and
even the discovery potential is excellent and covers more than 1/2 of the region superbeams can
access. In the case of a value of sin2 2θ13 not too far below the current CHOOZ bound, this might
even lead to the possibility to restrict the CP parameter space at superbeams for large enough
luminosities. The advantage offered by this staged approach compared to other reactor projects

36

They are the most powerful reactor type in operation in the world. One unusual characteristic of
the N4 reactors is their ability to vary their output from 30% to 95% of full power in less than
30 minutes, using the so-called gray control rods in the reactor core. These rods are referred to as
gray because they absorb fewer free neutrons than conventional (“black”) rods. One advantage is
greater thermal homogeneity. A total of 205 fuel assemblies are contained within each reactor core.
The entire reactor vessel is a cylinder 4.27 m tall and 3.47 m diameter. The first reactor started
full-power operation in May 1997, and the second one in September of the same year.

The Double Chooz experiment will employ two almost identical detectors of medium size, each
containing 10.3 cubic meters of liquid scintillator target doped with 0.1% of gadolinium (see Sec-
tion 4). The neutrino laboratory of the first CHOOZ experiment,1 located 1.05 km from the two
cores of the Chooz nuclear plant, will be used again (see Figure 3). This is the main advantage of
this site compared with other locations. We label this site the far detector site or Double Chooz-

Figure 1: Overview of the experiment site.

far. A sketch of the Double Chooz-far detector is shown in Figure 5. The Double Chooz-far site
is shielded by about 300 m.w.e. of 2.8 g/cm3 rock. It is intended to start taking data at Double
Chooz-far at the beginning of 2008.

1For clarity, the first reactor neutrino experiment conducted at the Chooz reactor is herein referred to in uppercase.
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Fig. 2.19. Expected sin2 2θ13 sensitivity at 90% C.L. versus time. The curve is cal-

culated with the assumption of two near sites and one far site with data acquisition

beginning in Dec. 2010. The value of ∆m2
31 is taken to be 2.5 × 10−3 eV2.
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T2K Physics Sensitivity without 2km detectors
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