Neutrino Oscillations: A Global Ar

XXl Physics in

® Impacto
Collision Bt i M
Zeuthen, June 26, ® Impact of solar neutrino experiments + KamLAND
2003 :

® Conclusions

Based on work done in collaboration with:
E. Lisi, A. Marrone, D. Montanino, A. Palazzo, A.M. Rotunno

Gianluigi Fogli XXIIl Physics in Collisions - Zeuthen, June 26, 2003



Introduction

® We have now compelling evidence that the Hamiltonian c

3x3

kinematical dynamical MSW
mass-mixing term term (in matter)

® We have entered the precision era in the determination of AH, ., and we are

starting to probe the features of AH,,, in matter. In the following we revie
the current status of (kin + dyn) const}/alnts
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Ho!a!lon :

® Mixing parameters:

Vi e A2 inverted hierarchy
V., — +dm?/2 V)  — +dm?/2
Vo wmmmm _5m?[2 Vo e -5mMZ/2
normal hierarchy V; e -AmM?

. & ZI/ZGFNCEV
® Dynamical term (MSW):
‘ o)
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Impact of atmospheric + K2K neutrinos

Am?2

can be basically taken from the
% —

since

- om-<

this also implies no real sensitivity to sign(Am?) or 5.p

Let us anticipate the results of SK + K2K con‘straiﬁfs:

AmM?2 = (2.6 £ 0.4) x 103 V2 new feature:
< _, theseerrors now scale linearly up to ~3c
iN220. R0 = 0.00 (it was not the case prior to K2K and wi
\S'n el —0.05 the older SK data)
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!!! !!!}!!!!! !! !! ! !!! (GLF, E. Lisi, A. Marrone and D. Monta ' )-

v," v, standard oscillations

| SK +K2K |
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1 i - (dof = 2)
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Sin20,, Sin20,,
new:. —p Contains detailed  new analysis of K2K

ana systematic spectrum in 6 bins
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Bounds on AmZ2 for unconstrained sin20
16




K2K theoretical energy spectrum K2K experimental energy spectrum
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Super-Kamiokande (92 kTy) SK data
e, u zenith distributions Best fit (standard oscillations)
normalized to no oscillation Best fit + systematic shifts
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Bounds on sin?20.,, for unconstrained Am?
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Impact of CHOOZ

While atmospheric (SK) and K2K bounds on (Am?
2v approximation, a 3v analysis is mand:

In"pra -.—‘" A
“atmospheri

— -

2 = mi 2 M2 8. 2 o
=min_ | SM AM?2, 0 M
X" crooz. (Am2, 6,.) X chooz ( ._ A, Kok ( 2
ATM, -
K2K -

= %2 (8M?, 045, 043)

This is what is effectively combined with “solar + KamLAND” data that depend on

(6m2, 0,5, 0,3)
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B Jy

6m? (eVv?)

6m? (eV?)

2v active oscillations

10 ’CI rate

F Garate + W-S

tan®19,,
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By combining the four solar experimer

Cl+ Ga + SK + SNO (no CHOOZ)
HH‘ i \\\HH‘ i T T TTTT [ [ [ [[1}

o ol = 9% QUASI
= : E = 99% VACUUM

Moreover, KamLAND :
relatively high values of dm?

!

We are restricted to small region in
the parameter s
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maximal mixing line
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_,solar v data (Cl + Ga +SK + SNO) + CHOOZ
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not easy to see effects 0 0.1 0.2 03 04 05 06 07 08 0.9 1
responsi o <1/2 sin?0,,
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Role of SNO in constraining <P >

SNO data

¢ <P,>~1/3

® prefer

D, (106 cm? s)

\/Q
B

® but current data not compellin:

[ ]
“J

-

Q\Illlllllllllllllllll,l'

<P, >~1/2 yled out ®. (106 cm2 s)
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The KamLAND data
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- ] geo neutrinos
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N
o

151 “bulk” _.-f ™
) \ dm?2 = 6.0 x 10 eV?

dmM2=7.0 x 10° eV?

Rate (counts/0.425 MeV)
o

KamLAND allowe ]
depends on the “bulk-tail” relativ
suppression and might be altered o 1 2 3
by future KamLAND data.

R
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| TheKemANDparamoterspscs

KamLAND data
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| Combiningallsolarcata+cHOOZ

: . KamLAND data
with KamLAND ¢ e
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_ssolar v data (Cl + Ga +SK + SNO) + CHOOZ
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solar v data + CHOOZ + KamLAND
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LMA-I and LMA-II energy spectra
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Matter effects: how to test their presence

We can write the Hamiltonian for solar 2v oscillation

N y——

Let the dynamical (MSW) term be rewrit:tw_» Ve Ams

.

-

exclude 0.y = O (no MSW effect)

heck if the dat
we can check It the data prefer a,., =1 (standard MSW effect)

A similar exercise was made to test the kinematical term in atmospheric v:
rewriting L/E — L En, testif n= -1
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Matter effects and the SNO CC/NC double ratio

SNO CC/NC double ratio
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Bounds on a,,g,, (solar + CHOOZ + KamLAND)
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Solar and reactors 2v analysis: summary

Current LMA sub-structure determined by bulk-tail suppression pattern in
KamLAND spectrum. Some pattern change with higher statistics cannot be
excluded.

Bounds on sin?6,, dominated by solar neutrinos.

Upper bounds on dm? from solar v data alone stronger than - but not as
compelling as - the CHOOZ limit.

Near-future SNO data (CC/NC) decisive to assess upper bound on é6m? and
(related) upper bounds on <P_.> and sin?0,,, as well as to confirm emerging
evidence for matter effects. Higher KamLAND statistics also very important.

In the meantime, a conservative attitude allowing dm? ~ few x 104 eV?, quasi-
maximal mixing, ,<P_..> ~ 1/2, and vanishing matter effects is still admissible
at the ~3c level.
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3v oscillations: (atm.

=3
107 mrre

+ K2K) + CHOOZ + KamLAND
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3v oscillations: solar data only
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3v oscillations: world data (solar + “terrestrial”)
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I

Taking LMA-I as the reference soluti

. 3v parameter bounds from projected A2 (

0 Lol Lo ! T ! AL b by
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Conclusions

® We have entered the precision era in the determination of the parameters
governing the neutrino flavor evolution.

©® Upper and lower bounds exist on the kinematical parameters:
Am? S om? G

—>  concerning the “atmospheric parameters” (Am? and sin?20,,), bounds
are sufficiently strong to allow a meaningful definition of 1o errors
(improvable by K2K)

—> concerning the “solar parameters” (6m? and sin?0,,), the main issue is
the resolution of the LMA-n ambiguity (improvable by KamLAND, SNO)

® Evidence starts to emerge for dynamical MSW effect in the Sun (improvable
by KamLAND, SNO).

® But: P, only upper bound on sin?0,,
e no sensitivity to sign(Am2)

q ngn n
no sensitivity to 6.p
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® Placing a lower bound on sin?0., will be a decisive step to attack the problem of
estimating sign(Am?) and d.p with (far) future experlments completi :
determination of the 3v parameters. -

® Many ideas to test 6,,:

. but thm%ﬁ‘mﬁgcam will require its time:

patience is needed with v Physics!
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