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v The HLMA project in the light of the first KamLAND results
o The Heilbronn site, Germany
o The Boulby site, UK

v |U_3|? measurement/constraint with a new reactor experiment
o In the frame of the HLMA project
o At the maximum of oscillation, D~2 km




Neutrino Mass & Mixing
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KamLAND first results

T. Lasserre
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Can KamLAND disentangle LMA-I & LMA-II if the true solution
~LMA-II ? If yes, which exposure is needed ?
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Coming next: BOREXINO i

Borexino Design
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v’ Located at the LNGS laboratories
v' Main reactors in France, Swizterland, Germany, <L> ~ 800 km
v' 300 tons of pseudocumene (PC), ~30 interactions/year (22 events above 2.6 MeV)
v’ Goals: 1) ’Be solar neutrinos
2) Test MSW-LMA solution with reactors anti-neutrinos > KamLAND confirmation
v Optimum: few 10%< Am?< ~ 4 10 eV?
v Rate analysis only (no shape distorsion expected)
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The HLMA Project Heilronn, Germany

New reactor neutrino project to probe the HLMA region Am2>1.5 10-4 eV?

The Heilbronn salt mine
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Heilbronn detector site: Aerial view
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The ftwo sites are connected by a tunnel



Anti-V,

interaction rate at Heilbronn
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Am

LMA-IT 99% CL

HLMA®@Heilbronn : Am?_, & sin®*20_,

12

I HLMA Heilbronn: 115t 6 y (4000 evts no osc) E_nu >1.8 MeV l I Slmulaflon Of HLMA @Hellbf‘onn (kOChendor‘f)
| | | ' * No background included
» 250 keV bins - 100% efficiency
- Exposure: 115 tons / 3 years (2000 events)
« Sensitivity starts at >~1.5 104 eV?
2 in?2
AmZ Ievz Sin229 | 6(Am sol) 6(3”1 26sol)
so so 10- 10-
>2x10-4 0.8 <5% ~5 %
sin®26,,=08 sin®26,,=0.8
R T N - W
4 at 3.2.1 I [
10 IIIIiIIIIiIIIIlIIIIFIIIII LMA-I LMA-II
5x10-° eV?2 12x10°° eV?
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The Boulby site, England
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BOUBLY: a possible site for HLMA ?

v’ Motivation: LMA-IT 9Am2,, ~ 1.2-2.0 104 eV?
* If LMA-II is the solution = precision of KamLAND ?
* HLMA@Heilbronn > sensibility starts at 1.5e-4 eV2

v' The Boulby mine location
« Existing underground laboratory

- 25 km away for the Hartlepool nuclear plant
(AGR type, yield~40%,3.2 GW,,)

v' Overburning: 1100 m of rocks.
* Muon flux attenuated by 10°

v’ Statistics & 2000 evts / 500 tons PXE / 3 years

* Flux(Hartlepool)/Flux(Total) = 81 %
* 90% of the flux from 5 nuclear plants

v' Discimination power between LMA-I and LMA-II
- Sensitivity starts at Am?,; ~ 1.2 104 eV?
* Discrimination power within the LMA-IT solution

89RC1411

Reactor L (km) | P (GW,,) | F/F,,
Hartlepool 25 3.1 81 %
Heysham 147 5.9 4.5 %
Torness 186 3.1 1.5 %
Graveline 441 17.0 1.5 %
Paluel 526 16.4 1.0 %
Others - - ~10 %

24J2SSD7 L.



HLMA@Boulby : Am?_, & sin®26_,

Bou Iby: 500t 3 y (2000 evts no ose) (8ye 0.05 + averaged)

LMA-IT 99% CL

Simulation of HLMA @Boulby

* No background included

- 250 keV bins - 100% efficiency
* Exposure: 500 tons / 3 years (2000 events)
- Sensitivity starts at >~1.2 104 eV?

5% systematic error included R IR
xl: Fitted value
....... -_)ngmim
comouwrs at 3,2, 1 sigmas : :
I_"I. I N I“”I“”I ----- I1IIII1II ----- 1 “”I ------
0.5 06 0.7 038 0.9 1

sin?(2 0,,)

: O(Am? &(sin%26
Amzsol evz 5'“22950| ( lo_sol) ( 1o sol)

>1.5x10-4 0.8 <5% ~5 %

sin?20,,,= 0.8 sin?26,,,= 0.8
_LL'_

LMA-I LMA-IT
5x10-5 eV?2 12x10-5 eV?
7x10-5 eV? 16x10-5 eV?
9x10-5 eV? 20x10-° eV?2
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HLMA@Heilbronn: outline of the detector

Anti-v, tag:

+ Delayed neutron capture on H, Ex=2.2 MeV
* Prompt (B/y) - Delayed(B/y) = pulse shape discrimination

vV, +p =2 e +n, ~1.8 MeV Threshold

* Prompt e+, E;=1-8 MeV, visible energy Time correlation: T 0 200pisec

Space correlation: < 1m3

2m

* "CTF" like design

* Muon Veto

- Water Buffer

* Pure PXE scintillator
-d=0.99 g/cm3

= P opor=1.4 105 kPa @20°C
- Flash point = 149 °C
- High LY (no Gadolinium)
- Stable
- Excellent PSD
- <1017 gU/qg

- No fiducial volume /

* PMTs coverage ~30%
- 400 pe/MeV

14 m

Detector size used for background simulation, HLMA@Heulbronn
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V., detection free of background

v' Geophysical v,
-From 238U, 232Th daughters - characteristic spectrum - E, < 2.4 MeV
‘Rate: 5-33/year/103! protons (<3% reactor rate for HLMA@Heilbronn, <13% for HLMA@Boulby)

*Measurement @ KamLAND & BOREXINO

v' Background from radioactivity: Goal - rate accidental background < 1/year

‘PMTs: (BOREXINO Scaling), Th-chain: 208T] line @2.6 MeV
@BOREXINO: activity (Th activity = 103 Bq). Ryy1s>D meters = b, < 0.1/year

‘Water shield: (MC simulation): U <102 g/g ,Th <1012 g/g ,K <109 g/g = Rn<~100 mBq/m*
CTF 2 U<10'g/g,Th<104g/g

Trace impurities in liquid scintillator: (MC simulation):U <1013 g/g , Th <1013 g/g , K <10-'2 g/g
CTF Values (NNA) > U <10 g/g, Th<2 106 g/g

v' Background induced by cosmic rays = For HLMA@Heilbronn Only. Deeper = Safer |
-Calculations at Kochendorf site 480 mwe: <E> ~ 72 GeV , ~756 pu/h/m2

‘Dominant Trigger Rate =& 5.6 p/s (115 tons)

‘Background: Production of radioactive nuclei
NA54: Isotope production on 12C target @SPS/CERN, p beam @100/190 GeV

O Single Rate:. dominated by 11C Rate(HLMA)~3500/day = bacc < 1/year
Q Correlated events: B-n cascade, i~few 100ms, Only 8He, °Li, !1Li,
Rate(HLMA)~3000/year, u-n-B-n tag = strong rejection with muon track)

‘Neutrons background induced by p
Q In the water shielding: ~65 n/day/ton - loss < p track loss <~1/10  events

O In the surrounding rocks: Water shielding to be optimized & PSD optimisation

JIISSOT L




Neutrino Mass & Mixing

Sign(Am232) - 913 -0

— _J/
~

LBL

+

V reacteurs

!

sin2(26,,)<0.14 (CHOOZ) = 6,, ?

Hierarchie: sign(Am?;,) ?

3, Violation CP ?




Parameter degeneracy in LBL experiments

LBL v, disappearance gives: sin?(26,3) = 2 solutions : 8,3 & 1/2-6,,
|Am2,5| = 2 solutions mpms or my>m

LBL appearance probability given by:
P(v,— V.) ~ K;sin?(8,3) sin?(2 8;3)
+ K, sin(20,3 ) sin(0;3 ) sign(Am?s,) cos(d)
+ K5 sin(26,3 ) sin(6;5 ) sin (d)

* K;,K5,K3: known constants (within experimental error)
- dependence on sin(26,3), sin(6,3) = 2 solutions
» dependence on sign(Am?;;) = 2 solutions

A

sSin?(2 8;5)

» 0-CP phase can run in [0,21] =» Interval of solutions in general

P(v,~ V,)

|U.312 measurement with reactors

‘Few MeV v, = disappearance experiments

‘Few MeV v, + very short baseline = No matter effect contribution (O(10-*) relative

effect) |U,5|2 2 measurement independent of sign(Am?;3)
- |U_3|2 measurement independent of the 3-CP phase

O. Yasuda's talk
for details

ToJIo55D | 1




Constraint on |U_;|2 & reactor experiment

rFeT - 0 === T T AmMmE LN .
B =1 _: 2|U,33|2(1 - |Ue3|2) (-1 — COS ?;gl ) | Atmospheric (4.1}
_________________ N |
|_1________________A_2_E—
501 = 0l 2015 (1~ con 2727 ) Solr
e i B T e S E o) 3
Interference p-2|U.3|2(1 — |U.3]?) sin® L o — ) 3,
21 (Tl TEe (| S s S S ) 0 iy

In the frame of the HLMA project

|
v If |U]2=0(102) & Am?, < Am2,, - :
and @HLMA baseline ~ 20km !
2 BOTH atmospheric and solar oscillations :
develop without being averaged !

v'2 by-products of the HLMA :
constraint on |U|? & v mass hierarchy ? :
v Exposure of O(1032 protons.year) needed ... |
|

N~—

CLEAN constraint on |U_|? & complementarity with long baseline experiments
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HLMA: constraint on |U_|2

dN/AE (arbitrary units)

dN/dE (arbitrary units)

) T 2 B =

) T < =

AM2_ = 5x10% eV? 5’ Am2_, = 1x104 eVz  “reeeee No-oscillation
S s ‘E 6 . .
g z 2V mixing
Sy
%‘ f — = - 3V mixing & NH
FEe 2 4 P T £ i 3v mixing & IH
E,(MEEV) E(MGV)
ST Am2 = 2x104eV? S Am2, = 3x104 eV ‘HLMA@Heilbronn
¥ : £ 6 5 *Visible energy,
g e * unbinned spectra
: g * No energy resolution
5 z * Am?;,,=2.5 1073 eV?
2, - sin®26,,=0.8
i - |U,5]2 = 0.04
10

E (MeV)

HLMA: v mass hierarchy

2
Sin(0,,) A L

Am250| L Amza’rm L

/"Te;_%) |2 ( l

+2|L

T2 .
Ues|”) coster) ("““" ( oOF
Normal Hierarchy (NH) = sin?(6,,)

ElEenceitenm : {Inver“red Hierarchy (IH) = cos?(8,,)

)

- — COS —/——————
2F ) 2F
(Petcov & Piai, hep-ph/0112074)

Sensitivivity to the mass hierarchy: ~2-4 x 104 eV? if |U,5|2>0(102), for Am? , =2.5 103 eV?
(for HLMA@Heilbronn)
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Constraint on |U_;|2 & reactor experiment

FETT T T AmMmE LN .
B =1 _: 2|U,33|2(1 - |Ue3|2) (-1 — COS ?;gl ) | Atmospheric (4.1}
_________________ N |
|‘1""""""""A'2'L"'
30— IUof")sin* 2605 (1 = cos “ZAZ ) Solar
o e (T Amiil TAmEEN T AR
Tnterference. 12Ul (1= Ul sin* O cos ( ZF87 — SHA% ) —con TBT ),

With short (CHOOZ like) baseline

v’ What is the ultimate reactor experiment
to constraint |U,5|2?

- Distance optimisation
* Near & Far detectors
* Increase statistics

- Decrease systematics

N— -

N
CLEAN constraint on |U_|? & complementarity with long baseline experiments
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Optimal distance reactor-detector VS Am? ;.

1 1
o 15.5% ~1150 me}'ers ~1800 meters : ~2800 meters
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General Concepts

v Near & Far detector concept to compare the anti-v spectra at D,~200-300m & D,~2 km

= Cancellation of uncertainties on the interaction rate (positron spectrum, o(E), burn-up, power)

v' 2 identical detectors large enough to minimize the statistical error
= 40000 events in the far deftector 2 0,,,,~0.5 %
= 20t - 10 6W,,, - @2km - 70% efficiency = ~8000 events.year
* Minimize differences of behavior, calibration, efficiencies
= Possibility to swap the 2 detectors ?

v' Detectors located underground.
» Shielding against muon induced background (minimum 600 mwe)
= Depth needed ? Will depend on the reactor site > possiblity to do ON/OFF subtraction ?

v Nuclear reactor:
= As less reactor core(s) as possible = only 1 near detector
= High thermal power = small detector (especially if one has to dig ...)
= Reactor complex with ON/OFF cycle for efficient background suppression

= Friendly ... to allow us to run an experiment ~300m away from the nuclear core !

2JJ2S5D7] |




Detector concept & experimental challenge

v New (open) working group:
= College de France (from CHOOZ), CEA/Saclay, MPI Heidelberg, TU Munchen, Krasnoyarsk Coll.

* First meeting in December 2002, next coming soon ...

v' Reactor experiment could be cheap & fast only if one shows that Ogys can be reduced to 1%
= Exp: CHOOZ = 2.8%, Bugey = 4.9% to 2.0% with a near detector.
= Project goal: Kr2Det = 0.5 % with a near detector, Kashiwasaki = 0.8 % with a near detector

= Our goal & 1%, BUT IS IT ACHIVABLE ?

v Some identified experimental issues:
= Number of protons in target (~1% in CHOOZ) = needs R&D effort ?

= Energy scale & Detector knowledge = Calibration/Design effort
= Detector differences !

v' Natural detector site:
= CHOOZ ?
= Krasnoyarsk ?
» Some site candidates ...

v' Analysis:
= Rate suppression only = frivial distance optimisation
= Spectrum distortions analysis. Compensate the distance optimisation with rate only
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The Chooz experiment
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- Site: CHOOZ, Ardennes, France

* Reactor: 2 cores, 2x4.2 GWth

* Depth: 300 mwe

* Target: 5 tons of liquid scintillator
(gadolinium loaded)

*<L>=1100 m

- Best constraint,|U |2<0.036

* R =101+ 2.8%(stat) + 2.7%(syst)
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Possibiliy of re-using the CHOOZ site ?

v’ Discussion with the reactor site company already started

v'Statistics to be increased =& ~10-20t target required = detector site cavity at 1100m would
have to be enlarge = it will cost time & money (if it is possible ...)

v’ There exists an underground railway, with a cavity at 400-500 meters (~50-100 meters deep)
that could be used for a hear detector. But a bit too far: suppression~2.4% for |Ue3|2=0.036

v/ Sounds not so promising ...

T. Lasserre



Current best existing site: Krasnoyarsk

V. Martemyanov, L. Mikaelyan, V. Sinev, V. Kopeikin, Y. Kozlov, Russian Research Center “Kurchatov Institute”

Krasnoyarsk reactor underground site: 600 mwe

250 m 1100 m
Detector 1 Detector 2
Kr2Det | T:ﬂ [ T

<

Siberian Taiga (from Europe, 2x5h plane, + 2h drive)

v'Advantages:

- 1 reactor core only
- ON/OFF cycle [50d/ON & 7d/OFF] cycle

- Underground reactor

- Underground cavern (600 mwe) with 2 sites at ~100m and ~1000m

- 2 identical detectors (same overburned)

- Site available now

v Weak points:

- Far detector @1000m only = probably not optimal
- Only 1.6 GWth = 50tons detector for 15kevents/year

2

0]

eV’

-3
[0

A,

]{r'J'

rate
Kn2Det

(expected)

\\

CHOOZ

%

N shah

/|

0.Mm 0.

2

10

sin” 26

Assuming O

ys =05 %

@AM2 4 =2.5103 V2
Rate analysis: |U ;|*<0. 01 (90% C.L)
Shape analysis: |U ;|* < 0.004 (90% C.L)

1.00
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_ 40
Osys" 1%

Forthcoming |U,;|? constraints

Experiment sin?(26,) U ? 0,5 (deg) |U_;|? constraint
CHOOZ (95%C.L.) <0.14 <0.036 <11 -
MINOS <0.06 <0.015 <7.1 ?
ICARUS 5 years <0.04 <0.010 <5.8 20117
OPERA 5 years <0.06 <0.015 <7.1 20117
NUMI-OA 5 years <0.006 <0.0015 <2.3 2012 ?
JHF2K 5 years <0.006 <0.0015 <2.3 20117
Kr2Det (Russia) <0.016 <0.004 <3.6 ?
Kashiwasaki (Jp) <0.013 <0.0033 <33 ?
XXX <0.02 <0.005 <4.1 2009/2010 ?

With a near detector

* When the C.L. are not given, upper limits correspond to 90% C.L
- Am2, = 2.5 103 eV2and sin?(26,,, ) = 1

- 5in?(20,5) = 4 |U512(1-|U_;]?)
* Non exhaustive table ...
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LowNuO3

4™ International Workshop on Low Energy and Solar Neutrinos

May 19 (afternoon) - May 21 (noon), 2003,

organized by the

"Astroparticule & Cosmologie” Laboratory (APC),
Paris, France

{
A\

)‘ -

http://cdfinfo.in2p3.fr/LowNu2003
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HLMA Focus: Solar mixing parameters
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- 2 neutrino mixing

103! protons

No energy resolution

250 keV bins

+ Am2<10* eV? only rate
suppr.

- Optimised for HLMA region|

* High sensitivty to Am?2

sin%206=0.8

fTETETEETE e sin?20=1.0
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By-product 2: V mass hierarchy (1)

Normal Hierarchy (NH) Inverted Hierarchy (IH)
-Mp<mo<ms -M3<mp<m,
-Interference term: sin(6,,) -Permutation 3>1,2->3,1>2
-constraint on |U ;| -Interference term: cos?(6,,)
-constraint on|U,|
2 2 2
+2 U |2(1 U, |2) Sin(0:) (((H ( am aTmL A Ccos A—m a‘rmL |
i S (__13 - S EJ::") 2 _: NS ; . - ; : - _: N ) :
cos*(6;,) 2F 2F 2F
. E (MeW)
e Am =510"eV : ' £ 610
§ st zol oo é.."’*“?"‘r,.‘
= 8 -0.02¢ .
B s \ £-0.04} .?
5 g 2t & __ ;:G—o.os- §
CI? 5 4 \\‘\‘ @ o.08l
N T e
3 E (MeV)
2 2 , . | E(Me'\fl)
= Am =110 eV § geweam, 10
F 4 el 5 0.02 7 R
E’ N & -0.04 ;
B £ 0.08
%’ Z: E“—o.os
Z 1f j : € gl | : i
/ . o1al W' 5 Residuals:
e 1 6 e 10 : (R(2v)- R(3v)) / R(2v)

E (MeV)
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V mass hierarchy (2)

By-product 2
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HLMA: Physics goals & Detector design

I) Accurate measurement of the solar mixing

- Target size scale: ~ 5x1030 protons-year (~100t
- 3(Am2)< 5% & 3(sin?208)< 5% (2 sigmas)

parameters
PXE)

IT) By-product 1: Constraint on |U|

By-product 2: Sensitivity to v mass hierarchy ?

- Target size scale: 1032 protons-year for |U_512~0.01 (KamLAND scale)
- Resolve Am? ;. driven oscillations = Energy resolution oE

\

OFE < A(F) =

a- L7 [MeV]
Il —a- E[MeV]

21 /a = 2.54 - Am?,, [eV?]- Lim]

‘atm

- Energy Resolution = 400 pe/MeV, ~7% o (1MeV)

@20 km

> @3MeV > 3E<0.5 MeV
@4MeV > dE<1.0 MeV

@5MeV > 3E<1.7 MeV

***) Anti-neutrino detection free of background !
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