a3 2024%F $69% £ 21H: 3088 ~ 3098 ¢ OPER2E) ZeE
EANZELTAERER SCIENCE CHINA PRESS
CrossMark

& click for updates

{1158 B 8738 SR R SV AT Sh NS AR A I TRt

1,2 s 2 2%
2k, BT, MR

L. EFEFRERAIFEBE, JEAT 102413;
2. JEHTALAS LRI 2= B2 e, JEat 102206
* X ZA A, E-mail: bhsun@buaa.edu.cn

2024-03-10 Wik, 2024-04-03 &[0, 2024-04-07 4%, 2024-04-11 MLERR K& F
[ % B R RR 42 (12325506, 11922501)%EH)

% EREHTO~2000E EH A FAEIOSMEFE . P THREETHp-%). X&p-BWFEE N EFHF
BT &S R BHRA, e e RALE A RE, SR e mRREERE T HEMLT TS Sty — N EEIHA.
LA RAE T AAF Ep-HERELy-LBREK, WAEARBWEESETREE T, ACAMNTRIR LA L
ABHMI N KRR FLETT £, yIBFRETFAMEERTFEALRERE T, BT AT K,
LB ARG, AKX 8 A KN F £ 4K HiHauser-Feshbach L MR AL T &, 4% 4 78 00 1 2 5 B 0k A o 1 4 R 4
p TN A 2 —. KRBT B Rp-M i e vk, KA T AR WA R, R T I RIIT R AR TAE.

KHtinl R T, TERAR, HE K, -, RN AE

FBRTCEAE T PR ATIB R, YRR
SCAEAE AT T R . TSR,
99% [ FA 4k T 2% AT LA b e TR 3k () R v {23k
()3 A R B30 R TS, A TE *Se
B THe T X 0], 7R R AT B-Fa s ke pa il
Boh R, G sRchp-2 ER R T
Tb-EryC £ KA R . oA MR T e,
B A% W TCHE - R AR i E P TR T B
TEART A, AL T 1ot s-1o B I P A

PN BE 5 gt -3 R R R P A 1 R 37 254
HAEZ10~10065""2 WnE TR, 2T PRk
B2, W) ARG TR 1 7E R R TR 3
T RAERTAFRRBL(p, 7), P TR AZRIT
AR p- R TR, AR (A% 2 L IRIFR o p-3et .
(B, SRR AR, AR M T 2 v e
Ol 4, MRS R RO, O 215 Hiok

M. T TR RN, SR R K SO AT,
B B W e B T R A B AR . SR, 7EIX
FMHIE T, BB RN(y, p)es BT Eak R
PEATAS SRR, PRI 7 AR AR TE R S o 7 A p-#.
METp-Z R IR e, BT Re L L
TR BT R A WA A i e, - 7,
vp-ﬁﬁ[m%]\ y_ﬂ_%%[w,zm\ a-ﬁﬁ[m\ pn-ﬁﬁ[zz]lx‘j
Ty ) BT BEAETR R T I I ETE, TTRER
A= (1437 JT A 35 LR 8 0 B2 (SN P DL Bz Ta 760 748 3 2
(SNIa) My 5 A /502, AT, LTSN TafISN A&
AT, EAR KRR _EASR 32 B AT ANH 2 PE A 520 -
FARGAF T B9AZ SR, A ST R, RV B 2
aEb . AR EREHOE . T AR Bl )t RN LA
AR SO e Gy BT 5 B0 BEHLE . LT HE
PRI A% S O R A SEAHE L, SR ) 2L 25 B 52 -1
S A MR, — IR TR T [ Py 3

Bull, 2024, 69: 3088-3098, doi: 10.1360/TB-2024-0265

SRS R, PE, AMRAE. (KR BEG i TR IR TR A U B S SR T S e . L4 32, 2024, 69: 3088-3098

Cheng H, Pang X, Sun B H. The origin of low-abundance neutron-deficient stable isotopes and the relevant cross section measurements (in Chinese). Chin Sci

© 2024 (PIEREE) Akt

www.scichina.com  csb.scichina.com


https://doi.org/[object XPathResult]
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-0265&amp;domain=pdf&amp;date_stamp=2024-05-24

Pk

S-process

B 1Dy A B o R U (580 1o P B STk, R s B R )
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Figure 2 Solar abundances of p-nuclei in the mass range between "Se
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Figure 5 Schematic of the proton capture reaction
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and the TALY S(dashed line) codes using their default parameters[64]. The

relevant Gamow window for (p, y) is indicated by the shadowed area.

The threshold for 161Dy(p, n)mHo is 1.65 MeV
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The synthesis of the elements beyond iron has been known to be dominated by the rapid neutron capture (r-process) and
slow neutron capture (s-process). Nevertheless, approximately 30 stable, neuron-deficient isotopes between ™Se and 196Hg,
known as the p-nuclei, cannot be synthesized in that way. This is because they are shielded by the valley of f stability,
which cannot be reached by the s-process and r-process flows. The y process, also often referred to as the p-process, was
proposed as one of the most promising candidates for producing the bulk of p-isotopes. The origin of these p-nuclei is
explained by the burning of pre-existing more neutron-rich isotopes in stellar environments of high enough temperature (7
=T /(109 K) =12, 3]), where photodisintegrations of such nuclei can occur. Such temperature conditions are fulfilled in the
oxygen-/neon-rich layers of Type II supernovae (SNII) or in Type la supernovae (SNIa). The yp-process starts with
sequences of (y, n) reactions. Several mass units away from stability, the (y, n) reactions will compete with (y, p) and (y, a)
reactions as well as f-decays, leading to deflections in the y-process path. Nowadays, the contribution of different stellar
sources to the observed distribution of p-nuclei in the solar system is still under debate.

The reliable modeling of the y-process flows typically necessitates the consideration of an extensive network of
approximately two thousand nuclei and thousands of reactions. The largest part of the y-process reaction network lies in the
region of neuron-deficient unstable nuclei, most of the reaction rates are not yet accessible by experiments. The scarcity of
the relevant information makes it mandatory to rely heavily on rate predictions. Such predictions are exclusively based on
the Hauser-Feshbach (HF) statistical model and the various nuclear ingredients required in such a framework. These
nuclear ingredients include the optical model potential (OMP), gamma-ray strength function (GSF), and nuclear level
density (NLD). It is important to test the reliability of these nuclear physics input in the HF model based on the rare
experimental data.

Experimentally, the y-process nucleosynthesis can be studied by the y-induced and proton capture reactions. Under the
stellar conditions relevant to p-nuclei synthesis, all constituents of the stellar plasma, including nuclei, are in thermal
equilibrium. This implies that a fraction of the nuclei will be present in an excited state. Most of the rate measurements
involve the target ground state only, so that a correction factor, called the stellar enhancement factor, has to be applied to the
laboratory data in order to account for the possible contribution of the target excited states to the stellar capture rates.
Owing to the huge effect of the stellar enhancement factor in the case of p-induced reactions, it is preferable to study the
inverse capture reactions on the basis of the reciprocity theorem. There have been various experimental investigations of
charged particle capture reactions. These measurements have been performed with charged particle beams impinging onto
stable or long-lived targets and the cross-sections determined by activation and in-beam y-ray detection techniques. While
successful, these techniques have been limited to long-lived isotopes whose chemical properties allow for a target, typically
isotopically enriched, to be made. To overcome this limitation and expand the experimental scope for capture reaction
measurements, reactions can be performed in inverse kinematics with heavy beams impinging on p or a targets.

In this paper, we review the physical mechanisms of the y-process and the astrophysics of Hauser-Feshbach models. We
introduce the experiment methods and the progress in p-nuclei research, including our recent work on the Dy isotopes.

nuclei, origin of elements, nucleosynthesis, y-process, reaction cross section
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