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What is “oscillation

Propagation

........ /SRR

The flavour eigenstate is not the same as the mass eigenstate

g

Mixing matrix (Pontecorvo-Maki-Nakagava-Sakata=PMNS)




First ook at
WO neutrino case

L — dist. to the detector
E - neutrino energy

Maximal effect when

sin?{1.27Am?L/E} = 1

Mass slates Weak states
First Second First Second

Vs

______ . v = cosd v, + sin ) v,

v, = —sin?} vV, + cost v,

Distanca, x =ct

I probability that v,, has become v,

I Probability that v, is still v,



Sensitivity to oscillations

'V energy - E and

P(va — Vﬁ) = sin”26 sin’ ( 1'27$m2L) distance L define
v range of sensitivity
E, (MeV) L (m) Range of Am’?
Supernovae <100 >107  |10-1% - 10-20
Solar <14 10U 10-10 22?2
Atmospheric >100 104 -107 10-3-10-4
Reactor <10 <106 10-°
Accelerator - SB | >100 103 10-!
Accelerator - LB | 5100 <106 10-3

Two mass differences and three neutrino types oscillatimg
> full description in 3x3 oscillation matrix,
- studies in many experiments to get full picture....
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,2atmospheric” CHOOZ, ,solar”
SK, K2K, T2K, MINOS DayaBay, SNO, KamLand,

Reno, SK, Borexino

DbiChooz,
T2K

0,=34°%1°

0,, =40°+5 /-2°
6,5 =9.1°£0.6°!
Based on PDG 2012

mixing angles, squared mass differences, CP
violation phase - fundamental parameters of nature

Am3; = (7.62 £0.19) x 107°eV?

Darametrer
forrmd to he momn zers W

Two free parameters for the three Am?’s,
(Am?3,=Am?,;+Am?y,)
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,SSM” - Standard Solar Model (SSM):

SAGE T sundl | Contribution calculated from

® observations in radio-chemical
experiments (counting interactions, nc
time and direction information
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: e First data — Davis experiment
Neutrino deficit
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(Preliminary)

Scattering G
on electrons

vte>v+e /GS:}\ /
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Cherenkov
detector

SK-1 1496day 5.0-20MeV 22.5kt

Here also observed number of neutrinos is too small

Observed about 2 of what was expected

Real size of the Sun only
— Y2 pixel. The smearing is
due to electon scattering

neutrino deficit
....again...



olution — SNO €
( %2 Nobel Prize 2015)

> to 3 reactions
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Here it is seen directly that vV flux is smaller than expected from Solar Model,

but sum over 3 V flavours gives expected flux



; gy Ve needed to make co
<om<4-10""eV
MATTER EFFECTS

- Moddifivation of potential due to
electrons density in matter

o Amzmatter = \/(An’l2 COS 26 - A)2 + (Amz Sin 26)2

KAMLAND - sector 1-2 for anti-neutrinos from reactors
Obs/exp = 0.631 +/- 0.014 (stat)
+/- 0.027 (syst)
Corresponding to
exclusion of non-oscillation at
10.2 o CL

no matter [E
effects !!

Distance to Reactor (m)
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Sector 2-3 - first signal - atmospheric neutrinos

!!servallon O‘ S[I’Oﬂg

UP-DOWN asymmetry
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Compare v, to v,- take ratios to cancel out errors on absolute neutrino fluxes:

g _ (‘u / e)data

R- _0.63820016+0.050| |R =/ Dauws _ g 65899 4 078

highE ~— (M / e)MC -0.028

Too few muon heutrinos observed!

(u/e),.




: : . Plot showing oscillations
inferpretation of the deficit " for muon neutrinos from

of V., after passing the Earth 15} historical publication

P
—_— ] T
VM Vx Not e as we do not rls % +§__.+.\ .
observe access of V, g +
s R S "
So we observe |y —s S | i é o
u T ' o e-like
The neutrino interaction in SK " o plike
is identified by observation

Ll vl s il s il
of a charged lepton . 10 102 10° 10
g P But m, <<m, ,so UE, (km/GeV) L/E

v + N— M_ S if energy 1S too gmall FIG. 4. The ratio of the number of FC data events to FC

to pr‘oduce T,V_IS Monte Carlo events versus reconstructed L/E,. The points

- show the ratio of observed data to MC expectation in the

=+ X not observed absence of oscillations. The dashed lines show the e 2pected

shape for v, < v, at Am* = 2.2 X 107> eV? and sin"26 =

1. The shght L/E, dependence for e-like events is due to
contamination (2-7%) of v, CC interactions.




Present knowledge about 2-3
sector parameters:

Summary of present knowledge: Most precise measurement
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1=80 il el e ezisririe) o

vV, =V,

P, = 1—sin®28,3sin*(1.267TAm3 L/ E),

Energy ~ a few MeV
Distance ~ a few km

® appearance -> long-baseline experiments with v,

beam

== (v, —v,)=sin"26,,sin” 6,, sin” (1 27Am;L ] E)

Leading terms!

Second order terms depend on & and mass hierarchy

Energy ~ a few GeV

Distance ~ a few hundred km ‘




Events/day (bkg. subtracted)

Far / Near(weighted)

Daya Bay, RENO, Double CHOOZ | /¢ #8E&R
most precise measurements of 0,5 s 4
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e-like u-like
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Differences in neutrino vs
antineutrino oscillation probabilities

Changes the contribution from matter
effects

(important for neutrinos travelling through
dense matter e.g through Earth)

Additional source of degeneracies

An unknown hierarchy usually leads to a

Measurement strategies (for LBL): reduced ability to observe CP violation

Looking for appearance
P(VM — ve) Vs. P(Vu %176)

The longer the baseline the better (matter effects!)
Study more than one oscillation maximum to disentangle the effects




Example plot for T2HyperK (~300km)

Leading (013)

P2V ziplel \Vr

In Iong baseline neutrino
experiments

Matter

- Many contributions, for precisions delta=1/2m, NH  sin®2645=0.1
all need to be considered ' ' : : 1 : : - : 5
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more data needed



New analysis
v andv

v —rr T v T -
----- Normal Hierarchy - 68%CL
- —— Normal Hierarchy - 90%CL 1

2 * Best-fit Normal Hierarchy
2 - Inverted Hierarchy - 68%CL -

= Inverted Hierarchy - 90%CL—

* Best-fit Inverted Hierarchy

Likelihood Density

; Only T2K data  §
-1 :
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2 E
3k b, ¢ : . . .
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- sin’(0,)

note change in horizontal sca

«O8 3 N r v
S Normal Hierarchy - 68%CL
2F —— Normal Hierarchy - 90%CL _]

» Best-fit Normal Hierarchy
----- Inverted Hierarchy - 68%CL -
Inverted Hierarchy - 90%CL
» Best-fit Inverted Hierarchy -

T2K + reactor §

Fixed Mass Hierarchy

L =

] 1
0.025 0.03 0.035
sin(0,,)

x107*

' . L . . 1 . . . - r - . . "’ "" . L .
T2K Run1-7b preliminary

T °'°

plep/ elep.

flat dcp prior

First time from single experiment 90% CL

range for CP violation phase

Pointing to value corresponding to CP

violation (0 and = otside 90% limit)

More data needed - T2K Il

Combined fits for all experiments

will come soon (teoretica groups)
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basis of the gauge covariant kinetic equations. The small oscillat
approach provides the dispersion relations which coincide with tha
predicted by the finite-temperature QCD in one-loop approximation.

—> This connection is weak and not natural (only by playing words)

Next try.... Started with popularization:
“Tachyons: Patrticles faster than light”, Postepy Fizyki 32 (1981) 351

and more in this field.....
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E2-83-299

St.Mrgwczynski”

THE PHASE-SPACE OF TACHYONS

Sy
=

1 tachyon-luxon
n&. __________
bradyon-luxon
0. ~+

o 1 2 3 4 @m

Fig.3. The volume of PS I in
CM for tachyon-luxon and
bradyon—-luxon systems

We conclude that it is easy to construct PS that is free
of difficulties discussed in the previous section, however at
the expense of Lorentz invariancy. We accept the view of the
authors of /7/ that "the first major problem to be overcome
in developing a quantum theory of tachyons is in reconciling
the apparent conflict between Lorentz invariancy and need to
have only positive energies capable of being observed to the

theory".




On the ideal gas
i | of tachyons

RAGPHBIX

....... ) HCCAGAOBAHMHA 9

>

® AYGHa e 3+ 0(Z5 tn (/D) for T>m
Vv

E2-83-476 \= 2+ O(T/m); for T <<m.

St.Mréwczynski®*

ON THE IDEAL GAS OF TACHYONS

The specific heat of the idea
gas of tachyons and the gas

of bradyons as a function of
m/Te

e 1982 - 1986 - asystent,
Joint Institut for Nuclear
Research, Dubna, ZSRR




tachyons

:
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for test — run with narrow beam banches,

measure O = ToF, - ToF,




GPS receiver
and timing
system

NATUR

7 210 ruary y 8.3-km

fibre-optic
cable

Possible signal
delay in GPS
connection
(shortens time-
of-flight result)

Fault was found in the delay in GPS connection,

after that v speed < ¢ again

Possible mis-
so present status: timing due to [P ERGA
internal oscillator -” master

(increases time- clock
of-flight result)

no tachyons found experimentaly

(again..)
OPERA detector
timing systems

With best wishes for Stanistaw !l J



