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-
Why day-night effect? Why modulation?

e Day-night effect (day-night asymmetry, DNA): flavor composition of
nighttime solar neutrinos # that of daytime solar neutrinos +
regeneration inside the Earth [Carlson, 1986; Baltz, Weneser, 1986]

o Observed for 8B v's at SK [PRL,2014]: Agy ~ 3 — 5%
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@ Extraction of DNA needs a long-term observation ~ integration over
time of the effect, which, actually, depends on the nadir angle ©y(t),
i.e., is modulated
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-
Why day-night effect? Why modulation?

e Day-night effect (day-night asymmetry, DNA): flavor composition of
nighttime solar neutrinos # that of daytime solar neutrinos +
regeneration inside the Earth [Carlson, 1986; Baltz, Weneser, 1986]

o Observed for 8B v's at SK [PRL,2014]: Agy ~ 3 — 5%

@ Extraction of DNA needs a long-term observation ~ integration over
time of the effect, which, actually, depends on the nadir angle ©y(t),
i.e., is modulated

» We probably lose the ‘carrier’ on [dt... Can we ‘receive’ it by ‘smart

demodulation'?
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Oscillations in matter & Earth regeneration [1]

The theory of DNA is quite conventional: for each neutrino trajectory
r = r(x; ©n(t)),

i)\axR(XaXO) = H(X)R(X7X0)a R(X07X0) =1;

2EV(x .
H(x) = (— cos 26g + T(z)) o1 +sin26q o3,

Re e(x, x0) = (vr(x) | ve(x0)) is the flavor evolution matrix (f, f' = e, x)

V(x) = V2Gene(x) is the Wolfenstein potential ne(x) is the electron density
A= 2am?/4E = 7 /lose; Losc ~ 300 km

E is the v energy
sin? 26 ~ 0.86, am? ~ 7.6 x 1075 &V/2

x goes along the v ray
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I
Oscillations in matter & Earth regeneration [2]
iINOKR(x,x0) = {(— cos 26y +

2EV(x)

AmM?

> o1+ sin 26 0’3} R(X,Xo)
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Oscillations in matter & Earth regeneration [2]

2EV(2X)> o1+ sin 26 0'3} R(X,Xo)
Am
In a number of papers [e.g., D'Olivo,1992; D'Olivo et al., 2008; de

Holanda, Wei Liao, Smirnov, 2004], this equation was solved leading to v,
observation probabilities

iIANOLR(x,x0) = { (— cos 20q +

1 1
P.(day) = 5 + 5 cos 205, cos 20,

n—1
11
Pe(night) = 7 + 5 cos 205, {cos 20, +2sin200 » _ 10; cos2at, ;}

j=1
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2EV(2X)> o1+ sin 26 0'3} R(X,Xo)
Am
In a number of papers [e.g., D'Olivo,1992; D'Olivo et al., 2008; de

Holanda, Wei Liao, Smirnov, 2004], this equation was solved leading to v,
observation probabilities
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P.(day) = 5 + 5 cos 205, cos 20,
1 1 n—1
Pe(night) = = + = cos 20s,,,4cos 20, + 2sin 20qy Al cos2a1),
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@ The number of crossed interfaces n changes, depending on ©On(t)
@ The oscillation phases A1), j vary by ~ 2R /losc > T ~» the
observed DNA is a time average of a rapidly oscillating function!

b o
> fF(t)ei)\S(t)dt = AF(to)ei/\s(fo) n F(t)es®)

b
X57(to) s |, T O(A32), X = +o0
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The miracles of the stationary points [1]
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The miracles of the stationary points [1]

oL

b : b
: 2ri , F(t)es®)
F(t)e?(0dt ~ F(tg)e®(®) 4 | §/() =0
JGE N P + S0 S
a
@ The contribution of the stationary point ty is localized, i.e., does not
depend on the observation time window [a, b], unless one gets under

the localization scale 0t s.t. |S(to + dt) — S(to)| ~ 27/

0. Kharlanov (MSU) Modulated day-night effect 23 Apr 2018 5 /15



The miracles of the stationary points [1]

| oL

. 27 :
F(+ 1)\5(t)dt ~ F(+ iAS(to)
JGE S )+

F(#)ers(t) (P
E)\)S’(t) , S'(to) =0

a

@ The contribution of the stationary point ty is localized, i.e., does not
depend on the observation time window [a, b], unless one gets under
the localization scale 0t s.t. |S(to + dt) — S(to)| ~ 27/

@ For the DN effect, [dt ~» [ d¢dr (¢ = season, T = time of day), and
the stationary points occur at midnights for [ d7 and on the two
solstices for [ dg
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@ The contribution of the stationary point ty is localized, i.e., does not
depend on the observation time window [a, b], unless one gets under
the localization scale 6t s.t. |S(to + 0t) — S(to)| ~ 27/ A

@ For the DN effect, [dt ~» [ d¢dr (¢ = season, T = time of day), and
the stationary points occur at midnights for [ d7 and on the two
solstices for [ dg

@ The winter solstice contribution gets considerably augmented for a
tropical detector (x ~ 23.5°) [Aleshin, O.K., Lobanov, PRD2013]
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The miracles of the stationary points [1]

| oL

. 27 :
F(+ 1)\5(t)dt ~ F(+ iAS(to)
JGE S )+

F(#)ers(t) (P
E)\)S’(t) , S'(to) =0

@ The contribution of the stationary point ty is localized, i.e., does not
depend on the observation time window [a, b], unless one gets under
the localization scale 6t s.t. |S(to + 0t) — S(to)| ~ 27/ A

@ For the DN effect, [dt ~» [ d¢dr (¢ = season, T = time of day), and
the stationary points occur at midnights for [ d7 and on the two
solstices for [ dg

@ The winter solstice contribution gets considerably augmented for a
tropical detector (x ~ 23.5°) [Aleshin, O.K., Lobanov, PRD2013]

@ Despite the Sun spends little time shining through the core, for the
localized contribution, it may not be a problem
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The miracles of the stationary points [1]: loc. scales
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The miracles of the stationary points [2]

b
/F(t)ei)‘s(t)dt ~

2mi

F(t)eixs(t)
1)\5(1’0)
357y [ (o)

AS/(t)

s S/(to) =0
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The miracles of the stationary points [2]

b

. b
. i ) F(t)el)\S(t)
F IAS(E) 1 ~ E iAS(to)
/ (t)e dt 57(0) (to)e +
a
So what if I...

’ _
s |0 () =0
» Aha, the observed DNA contains a cumulative and a localized terms.
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The miracles of the stationary points [2]

"l

b b

1 iAS
/F(t)ev‘s(t)dt% iF(to)ei)\S(to)_’_ F(t)e (1)

NS (1) s | S () =0

a

a

» Aha, the observed DNA contains a cumulative and a localized terms.
So what if I...

@ shrink the observation window, or introduce a weight w(t),
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"l

b b

i ixS
/F(t)e”s(t)dt% 2 et o D

NS (1) s | S () =0

a

a

» Aha, the observed DNA contains a cumulative and a localized terms.
So what if I...

@ shrink the observation window, or introduce a weight w(t),
@ introduce a weighted neutrino event number

Nobs
NG = 2 0(r/2 = On(e)) w(t,)?

night —
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The miracles of the stationary points [2]

"l

b b

i ixS
/F(t)e”s(t)dt% 2 et o D
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a

a

» Aha, the observed DNA contains a cumulative and a localized terms.
So what if I...

@ shrink the observation window, or introduce a weight w(t),
@ introduce a weighted neutrino event number

Nobs
NG = 2 0(r/2 = On(e)) w(t,)?

night —

N.B.: the noise of a half-year Nrs;/'g/%t is /2 times higher than that of the
full-year one; the cumulative contribution to Ay, is the same, while the
localized one is multiplied by two! Thus, the SNR got even /2 times

better for the localized DN effect!
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Numerical simulation: definitions

The goal: magpnify solstice/midnight contributions the DNA
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Numerical simulation: definitions

The goal: magpnify solstice/midnight contributions the DNA

2N/ Toight —Naay)

N,E:gzﬁ/ Tnight+ Nday

@ Weighted asymmetry factor Ag:/) =
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Numerical simulation: definitions

The goal: magpnify solstice/midnight contributions the DNA

) _ 2(N,Erg/2,t/Tnight_Nday)

@ Weighted asymmetry factor A((j:’

N,E;gzﬁ/Tnight‘f'Klday
e Weighted solar exposure function €, (©) = X Ik ‘1/(;;1:5(@ (t)—9)
year
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Numerical simulation: definitions

The goal: magpnify solstice/midnight contributions the DNA

) _ 2( n.mg/ht/Tnlght Nday)

@ Weighted asymmetry factor A((j:/

n,ght/Tnlght+Nday
@ Weighted solar exposure function €, (@) = [ Y(;ejfé(@ (t) —9)
1 year

@ “Probabilistic” asymmetry factor (does not depend on detector)
s(w), oy 2[(P(night:E))w—P(day;E)]
Adn (E) —  (P(night;E))w+P(day;E) '
2 P (0:E)c(©)dO

[T cn(@)de

(P, (night; E)),, =
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Numerical simulation: definitions

The goal: magpnify solstice/midnight contributions the DNA

2(N,£img/2,t/Tnight*Nday)
Nr(‘;gzﬁ/Tnight‘f'Nday

e Weighted solar exposure function €, (©) = 1 Ik Vi/(;eglrt(;(@ (t) — ©)
ear
@ “Probabilistic” asymmetry factor (does not d};pend on detector)
AN = S ey
(P,.(night; E)),, = M E)Ew(e)de

fﬂ'/2
0

e For a narrow electron recoil energy bin [T, T +aT], AT — 0,

@ Weighted asymmetry factor A((j';v) =

J &(E)dE a9 ET Py, (E)AY)(E)

J®(E)AE {Ad"ffTT) Paay(E) + W}

AGH(T) ~
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B 0
Numerical simulation:

“probabilistic asymmetry factor”

2 winter months
== full year X 4 hrs around midnight
8

2 w. months X 4 hrs around midnight =5
2 w. months X 2 hrs around midnight
10 11 12

E, MeV

0. Kharlanov (MSU)

» The ‘demodulation’ of “Be neutrinos was studied by loannisian,
Smirnov, and Wyler [PRD2015]
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Numerical simulation: electron recoil signatures

_— x = 36.2 deg, 2 winter months "
gl | ———- x=36.2deg, 2w. months x 2 hrs around midnight ! L A5
----- x = 23.4 deg, 2 winter months noy o B
——— x = 23.4 deg, 2 w. months x 4 hrs around midnight / '\ !
X 4| TTTxE 23.4 deg, 2 w. months x 2 hrs around midnight | -, // ! N 14
Py
-
o3
S
1S

(W)
n,
N

8 10 12
T, MeV
» The high-energy tail is affected; the signature depends strongly on the

latitude
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Numerical simulation: electron recoil signatures

0
i x = 36.2deg, 2winter months x 2hrsaround midnight ;

I A5 [ perfect energy resolution (or(T ') - 0)

x = 36.2deg, 2winter months x 2 hrsaround midnight
an? =7.3x10°ev? IR

5|
,,,,, A:‘Z.Z_:;_gxllg::e\\//; ——  on(T)=01MeVx yT’/10MeV
< 4 am” =8.0x e PR or(T") =L14MeV x /T’ /10MeV
g S
%3 3 B
=}
2 :
g -
& 238
1 1 1 1
0
6 8 10 12 6 8 10 12 0
T, MeV T, MeV

» An ‘interference’ experiment for determining Am??
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Numerical simulation: a (possibly) rhetorical question

| SK ]II‘II!II('I\II ILMA S qrum

(uposcilgted)
8

]

z

X = 36.2deg, 2winter months x 2 hrsaround midnight
an? =7.3x10%ev? s
an? =7.6x10%ev2
anf =8.0x10"°ev? 05

galal
g

A ono(T), %

| IR I B
4 6 8 10 12 14 16 1
E, n MeV
Measured recoll energy spectrum minus the prediction in a no-oscilations scénario
[MB. Smy for Super-Kamiokande Collaboration, Terrestrial Matter Effects from
Solar Neutrino Interactions in Super-Kamiokande, Nucl Part Phys. Proceedings
265, 135 (2015)]

04

» The same ‘wiggly’ signature? Could it be made more statistically
significant by temporal weighting?
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Some conclusions
@ Although oscillatory contributions to the physical effects are usually
oscillations have stationary points

assumed to average out, this may be not quite so if, e.g., the
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Some conclusions

@ Although oscillatory contributions to the physical effects are usually
assumed to average out, this may be not quite so if, e.g., the
oscillations have stationary points

@ The day-night effect has these points around midnights/solstices, and
one can use their localization to amplify their contributions
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Some conclusions

@ Although oscillatory contributions to the physical effects are usually
assumed to average out, this may be not quite so if, e.g., the
oscillations have stationary points

@ The day-night effect has these points around midnights/solstices, and
one can use their localization to amplify their contributions

@ Signatures of these points may be present in the high-energy tails of

the recoil energy distributions and are quite sensitive to the oscillation
parameters
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Thank you for your attention!
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