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Seta Beam

 /Zuccheli has first proposed the idea of
producing electron (anti)neutrino beams
using the beta—decay of boosted radioactive
ions : the “beta—beam”.

* |n the original scenario, the ions are
produced, collected, accelerated up to
several tens of GeV/nucleon---.

 The neutrino beam Is produced by the
decaying ions, points to a water Cerenkov
detector..
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Nucleosynthesis of Solar System
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http://en.wikipedia.org/wiki/Meteorite
http://en.wikipedia.org/wiki/Melting
http://en.wikipedia.org/wiki/Differentiation

Solar system

10%)

> .
LOGARITHM OR:RELATIVE. ABUNDANCE (Si

Supernovae Model

BIG-BANG

Actinide
o0

AN

232Th (14.05Gy)
238 (4.47 Gy)
|

= ——

;.
100 150
ATOMIC WEIGHT

A

200
SPERNOVA-y PROCESS ?




‘ r—proqe.ss.l_.

Half life
B ctable 2269 1 |zes W 37a g (e |aea ] (405 |41 (423
[ ] Very short
100 |:||:|D 32 33 34 35 jci) a7 jc=] a9 43
B > 100,000 yr NEERETANESN (ESMREL AN R AL
% i %goyﬁa&ﬁg 29[‘:‘]8' 38[‘:‘]8' 31[\']8' 2[\']8' 33[\']8' 34[\']8' 35[\']8' 36[\']8' 3?[\']8'
9 i }Ddda&’s e sl 1a |22a [l | *4la | *=Na
av
] »1hr e 2I[‘»Ie 23le |2%e | 2elle |2 the [*2le
. } 1 [[I_'I_I'l. 14F F 27F ZSF 29F
23 230 240 250 260
m 22N 23N 24N

ZBC 21C 22C

1SB 193
o

Without understanding the exotic nuclei,
" Mission impossible is to trace

the evolution of the universe

in its hadron stage !!

2023-01-10 APCTP, Pohang, Korea



Nucleosynthesis ot Other Stars
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Fig. 5.6. Schematic onion-like structure of a pre-supernova star of 25 solar masses (not to
scale).

The onion-like layers of a massive, evolved star just prior to core collapse.
(Not to scale.)
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Figure 5 | Elemental abundance patterns in galactic halo stars. The plots
show the neutron-capture elemental abundance pattern in the galactic halo
stars C522892-052, BD+17°3248, HD115444, C531082-001 and HD221170
compared with the (scaled) Solar System (SS) r-process abundances (solid
lines). The abundances (with sample deviation error bars) of all of the stars
except CS522892-052 have been displaced downwards for display purposes.
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Abundances in a 15M, Supernova
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Big Bang Nucleosynthesis
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Prediction and Observation by SBBN

SBBN: Parameter is baryon-to-photon ratio n

0.26

1 WMAP Constraint of n
n=(6.14=%0.25) x 10-10 o33
(Spergel et al. 2003) i

0.24

Mass fraction

He/H, D/H
=

"Li/H

Li problem! <=
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FIG. 10.— The "Li/!!B abundance ratio as a function of the mixing an-

gle sin? 2613 Dark and medium shaded regions correspond to normal and
mverted mass hierarchies. respectively. The lightly shaded region mdicates
the ratio obtamned without neutrino oscillattons. Each range 15 drawn using
the results of Models 1. 2. LT, and ST.
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Indirect (Multi—step) Processes

Alp(#),v' (7))A* |, A* — B + outgoing particles.
Alw(m), 1(1))B*, B* — C + outgoing particles
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Direct (One—step) Processes
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Indirect
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ORPA

« The description of an operator, O,, in the QRPA formalism

<QRPA||O, [|@;IM >=[2]") <a] O, [b><0RPA| [c;C,], | o; IM>>

nucled? model independenbpaltéar model dependent part
Quasi-Boson approximation (QBA)

* QRPA ground state =|QRPA>~|BCS> : BCS vacuum

* QRPA excited state =|ow, JM> : 1 or 2 quasi-particle states to the BCS ground state

|0; IM >=Q7," | QRPA >, Q,» | QRPA >=0

Q> DX AL(IM) =Y A (IM)],

phonon operaldt

Qo = Y [X& Ap(IM) =Y.2 AL (IM)]

a<b

o0p3-0187pand o> are the single particle state.



Calculation and Method

« The differential neutrino-nucleus cross section takes the form

do,)  2GZe cos’(6/2)
dg® )~ v2(@, +1) °

where, q=(J, w)

Structure functions
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Direct Processes by Distorted

Wave

Born Approximatio

PHYSICAL REVIEW C 77, 054604 {2008)

i

Effect of strangeness for neutrino (antineutrino) scattering in the quasi-elastic region

K. 5. Kim,"! Myung-Ki Cheoun,™” and Byung Geel Yu'
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Neutrino—nucleus (12C) scattering

The differential cross section is given by

f : _1_|!r"1l.1r —
T g NAd /Eaiuf:;‘.sffﬁ'z/hillﬂpdgp

{'-lr-Tp - '::QTT]E';JLIA i

1 _ZW=
P f?,ei o lvr, Ry, + vr Ry + hvp Ry

My mass of nucleon
M 4_1 : mass of residual nucleus

M, : mass of target nucleus
h : helicity for neutrino (antineutrino)

The recoll factor is given by

Ey E [1 g p]

Jree = — 3
IV Ei_ D
507 M 4 A-1 !

1+
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and corresponding structure functions are given by
RY = |1 R:=|FF)P  R¥=—2Re(J°J*"
Ry = | +]7Y) R, = 2Im(J*J¥")

with

vp Ry = 0} RY + vi R + 0¥ RY

The total cross section

der
a =/{£Tp dTl,
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FIG. 1: (Color online) NC reaction for v by direct process, 1*C(w, "), obtained by integrating the
kinetic energy and summing all possible knocked-out nucleon states for 12C(v, /N reaction [11].
Data points for indirect processes, which is a sum of two cross sections, 2C{p, v )2C* 1B + p
and 1'C + n, come from the SM calenlation [2]. SFO and PSDMEK2 mean two different Hamiltonian

exploited in the calculation.
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FIG. 2: (Color online) CC reaction for v, by direct process, 2C{v., e~ ), obtained by integrating the
kinetic energy and summing all possible knocked-out proton states in the reaction, **C(v., e~ p).
Data points for indirect processes come from the SM ecalenlation for 2Ciy,, e~ ) —=VPN* =1C 4+ p

[2]. Others are same as Fig.1.
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Summary 1

 In this work, we present how to include multipole transitions between
ground and excited states in our QRPA code by using Donnelly's multipole
operator method for nuclear interactions. We showed a preliminary result
obtained by this method, and applied to the v reaction with 2C nuclei.

« We are going to apply our method to another nuclei, Mg and Al series, and
also for medium and heavy nuclei, i.e. Fe, Co and Ni series, and La and Ta
series, which are known to play very important roles in the v and rapid
proton processes for nucleosynthesis.
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Summary 2

« Contribution by Direct processes for BBN nucleosynthesis are smaller 2-4
times than those by Indirect Processes with Final state interactions.

« But, Indirect Processes need to be checked carefully in the aspect of final
state interaction between outgoing particles and residual nuclei. Direct
reaction could be comparable to those by Indirect Processes.

« Abundances of “Li might be changed by the contribution of Direct
Processes. It may lead to different results for the information of neutrino
deduced from the BBN, such as neutrino masses and oscillation parameters.

2023-01-10 APCTP, Pohang, Korea



Thanks for your attention
and

for LOC !l

2023-01-10 APCTP, Pohang, Korea



