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Neutrino Mixing
Phenomenology
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Simple case: two flavor mixing
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simplify:

P(vy = Vy) = | < Ver|Vao > |
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Two flavor mixing (cont’d)

Plrg = ) = | < Vat|Vao > |
= |c®e; + 82€2|2

= (c’e1 + s°ez) - (c°€} + s°€})

Am?
— AL AL 22,9 12 1
¢+ s* 4 ¢*s” - 2 cos( o )
Am?
=1 —sin*(20) sin*(——=2L
sin”(26) sin”( i )
1.27Am?, L
= 1 — sin?(20) sin?( = )

Am? is in the unit of eV?, L in m and E in MeV

Mixing angle determines maximum amplitude
E/L determines where to oscillate
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Two flavor mixing (cont’d)

‘ Probability nu_e > nu_e

m2*L/E)

$in220,,=0.8 i
Am212:8.2 10 eV/? L
assume & 3MeV D8

| i
Mixing angle determines :
maximum amplitude =
E/L determines where to :
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Three flavor mixing

1 C13 s13e” % Cl2  S12
U= Caz 523 1 —3&12 €12
—48
—S23  Co3 —813€™" C13

Cij = COsO;;, S;;=sInY;;, 6 Dirac phase

23: atmospheric 12:solar neutrino
neutrino (superK) (GNO, K, superK, SNO)
sin220,,=1.0 sin%20,,=0.8

AM2,,=2.4 103 e\/?2 Am?2,,=8.2 105 V2

(v, will disappear completely) (Confirmed by KamLand)

13: reactor (Chooz) sin?26,,<0.2
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Three flavor mixing (cont’d)
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v = {f e v
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T/ ¢ 3 3 vy 5 Vs

< V(B)|16(0) >= ociser < vi|vy > 487060 < a|vy > 52563 < vs|vs >
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v, survive probability
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same for anti-neutrino
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Reactor neutrino disappearance

v'Reactor provides anti-nu up Probability nu_e -> nu_e

to 8MeV

v'Detect through CC

vV.+p—oe +n

v'Ev threshold 1.8MeV 0.8
¥ - Double-Chooz

vassume sin°20,,=0.08 =) 4l

v'Ev mean ~ 3-5 MeV

Double-Chooz: 64,
Need two detectors (for 8%
effect here)

KamLand : 6.,

One detector enough (60%) °r
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Ewvents / 0.425 MeV

Compared with KamLand results
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KamLand results: spectrum distortion

No distance information, but can take L,=180km (true L/E smeared)
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KamLand results
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Now experimental detalils

Reactor neutrinos
& detecting technique
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Reactor neutrinos

Nuclear reactors are very intense sources of v, deriving
from beta-decay of the neutron-rich fission fragments

n
* N, °*. . (G. Gratta
N > @ oc Yield :
S > ..H N. .: Nu2004)
P o . 200MeV' | fission
: . e .
n® N, “N, 7 6V, / fission
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How to detect them

A specific signature is provided by the inverse-p reaction

V+p—e +n (KamLand has 1ms window)
7~ 200 us

p+rn—>d+y(2.2 Mel)
(n capture on Gd-LS ~8MeV)

Event tagging by coincidence in time,
space and energy of the neutron capture

E,measurement B =T +7T + (A — Mp) =1
— = — >
10-40 keV 1.8 MeV

Threshold: E>1.8MeV

— only ~1.5 antineutrinos/fission can be detected

Neutrino 2004 New Results from KamLAND 4
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Expected energy spectrum

The v energy spectrum

Reactor v, spectrum (a.u.
L 7 44.10,) Observed spectrum (a.u.)

i

70

40

30

20

v, p—n+e’ Cross
section (10-43 cm?)

10

IlII|IIII|III11!III|IIII|IIII|IIIIiiI

E, (MeV)
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KamLand
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KamLand detector setup

KamLAND:
Kamioka Liquid scintillator
AntiNeutrino Detector

-1 kton liq. Scint. Detector
in the Kamiokande cavern

1325 17" fast PMTs

‘554 20" large area PMTs

34% photocathode coverage

*H,O Cerenkov veto counter

Fiducial volume R=5m
Gratta

u2004)

Neutrino 2004 New Re
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KamLand signal event

resolutions

v’ Energy 6.2% at 1MeV
v'Timing 2-7 ns
v'Position <25cm

efficiency 90%

energy timing
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KamLand background muon event

enter Largest bg: 8He, °Li etc, f decay + neutron emission

timing
Reject 2ms after muon
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Double-Chooz
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Double-Chooz site

Letter of Intent for Double-CHOOZ: Two identical
a search for the mixing angle 63 Near 100-200m
Far 1050m
12.7 m3 Liquid

scintillator loaded
with 0.1%Gd.

hep-ex/0405032

APC, Paris - RAS, Moscow - DAPNIA | Saclay - EKU-Tiibingen -
INFN, Assergi & Milano -MFPIK, Heidelberg, -Insitute Kurchatow, Moscow-
TUM-Miinchen - University of UAquila -Universitat Hamburg
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Detector

scintillator
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Double-Chooz sensitivity on sin?20,,

Systematic uncertainty 0.6% (2.7% Chooz, with 2% from reactor)
Far detector at L=1.05 ki Far detector at L=1.7 kin
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sensitivity between 0.02 and 0.03
after ~3 years (for Am2=2.0 10-3 eV2)
Start 2008, reach 0.05 in 2009 and 0.03 in 2011
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Conclusion

| hope you learned something here...

Xiang Liu, MP1 Minchen April 15, 2005 Page 23



