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Preliminary  BEvelution,of Element,Abundances:intne Universe:-Evolution
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Big Bang Nucleosynthesi®rimordial abundances in BBN
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Big Bang Nucleosynthesiddain Nuclear Reactions for BBN
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We use the BBN code by Kawano [86, 87] with the i half-life = 84 x 107 sec for 9B

Sarkar’s correction [88] to lH{* abundance. R{ ac tion rates
. . SI—} Fall Conference, Noy. , 2022
relating to light nuclel of mass umber 4 < are up-
dated with the JINA REACLIB dehdm 1 1.0 [89]. We

adopt the neutron lifetime of 878.5£0.7514; £0.35y5 5 [90].

[#9] R. H. Cyburt, A. M. Amthor, R. Ferguson, Z. Meisel,

K. Smith, 5. Warren, A.
T. Rauscher, A. Sakharuk, e
189, 240 (20100,

Heger, R. D. Hoffman,
t al., Astrophys. J. Suppl.




Big Bang NucleosynthesisStandard BBN
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KUSAKABE ef al. PHYSICAL REVIEW D 91, 104023 (2015)
5 =-_.—l"'f d*x Sﬂ(gpw qﬁm} (l} The 0-0 component of Eq. (2) then becomes
2
) S Y S
where k= = 8x( is defined, with G Newton’s constant, g, -3 Ef - Ef * 3;-f R =xp. (7)
the metric tgns 1 TS :
and Sy, mﬂd'f Even though Einstein’s general relativity (GR) has successfully passed the observational |’ e
account rad
equation for| tests in the solar system scale, lots of efforts to generalize GR for cosmology have been - 'R =x2p. (8)

with respect

fRu

where f' =
momentum

Here, £, is

related to S,

continued. One of them is to introduce additional higher-order derivative terms due to both
theoretical and phenomenological reasons. For instance, sixth order ROR [1] as well as

fourth order R®R,;, terms [2-7, 17] are considered here with the action
1
5 / d'o7/=g [z (f(R) + BR*Ry + CROR) + Ly, (1)
where f(R) is a polynomial function of the Ricci scalar R
N
f(R)=) AmR'=R+AgR’ +AgR’+.., An=1 Ap=A4, (2)
n=1

Ay, B, C are constants, R is the Ricci tensor. The d’Alembertian of R is R = 9R 0 =
R, where the semicolon denotes covariant derivative, and the matter part Lagrangian is

defined as 0(v/=gLn) = 3v/—97(5)09a- In this paper we follow the Hawking-Ellis [5]

[nergy conservation

(10)

2-2/n .
1, =, with M, =
|[power-law index n
duces to Einstein’s
been analyzed in
b scale factor exist
s model.

D (11)

We assume the spatially flat Friedmann-Lemaitre- U

Robertson-Walker metric, as supposed in the standard
cosmological model,

-

A formulation of this model is given using the same
assumptions as those adopted in Refs. [1.2], as follows.
It is assumed that the matter part is predominantly

ds? = di 2 4 dv? 4 dzg}. (5) contributed by the radiation with p = p/3. In this case,

For matter, on the other hand, we assume a perfect fluid

described by a time-dependent energy density p(f) and solution of the scale factor, i.e.,

pressure p(t),

a(t) 1.

Eq. (9) leads to a relation of p o a~*. Here, we additionally
constrain the model space by assuming the power-law

(12)

%, = diag(p, —p,—p,—p). KSHEP F| Corference’ NOV1§BZWatnd that a = n/2 must be satisfied in order to hold

Eqs. (13) and (14) for any time t. Then we assume a = n/2



CORRECTED CONSTRAINTS ON BIG BANG ...
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FIG. 1 (color online). *He mass fraction ¥, and number
abundance ratios of D, “He, 7Li, and °Li relative to H as a
function of the power-law index of the scale factor @ — 1/2 or the
f(R) function n — 1. Solid curves show calculated results for the
f(R) « R" model. The solid smaller and larger boxes of *He and
D abundances comrespond to the 2o and 4 limits, respectively,
from adopted observational constraints. The dashed box cormre-
sponds to the 26 limits of 'Li abundance. The horizontal lines
with downward arrows of “He and ®Li abundances show
observational upper limits. The result on the vertical line for
a@=1/2 or n =1 is for the SBBN model. Note that the f(R)
function for @ < 1/2 was corrected in this paper so that the
cosmological model connects to the present ACDM model.

result of a changed expansion rate as follows. First, when
the expansion rate is larger, the freeze-out of weak reactions
occurs earlier. The neutron abundance remaining after the
freeze-out is then higher. Second, the time interval between
the freeze-out and the *He synthesis is shorter because of
faster cosmic expansion. Neutron abundances are larger

ause of the above two reasons. Almost all neutrons are

cessed to form “He nuclei at the *He synthesis epoch.
The\*He abundance is therefore larger for larger values of a.
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KSHEP Fall Conference, Nov1gf20920™* < (n—1) S4 x 107°.

\ “1x105 < (@a=1/2) < 5% 107
—2x10° < (n—1)< 1072 (28)

When the 40 limit of D is used, however, more stringent
constraints are derived,

3x10* < (a—1/2)<2x 107
(29)
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Motivation Stellar evolution & nucleosynthesis
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Motivation EXxotic nuclear structures and reactions for nucleosynthe
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