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l Introduction to Big Bang model

l Cosmological Lithium Problem

l Study of several relevant reactions 

l Summary





    Hypothesis

l Isotropic and homogeneous

l No convection, no diffusion, no unknown physics

l Pure nucleosynthesis in radiation-dominated expansion

    Prediction

l Main products: D, 3He, 4He, 7Li 

l Cosmic Microwave background (CMB) can be obseved today

Standard BBN Model 



Isotropic

Homogeneous

Evidence to support BBN 

Consistency between predicted 
abundance of D, 4He, 3He and 
their abundance observed today



Is BBN theory perfect?



7Li problem

qNew reaction rates
qNew observational data
q4He, D and 3He match well
q7Li ～3 times discrepancy

WMAP

Courtesy of Prof.  A. Coc



How to address it



Potential solution

qAstrophysics：
(⑴)Lithium depletion exists in halo star
(⑵)Inappropriate target

qNon-standard Model：
(1) Beyond standard model of particle physics
(2) Changing Fundamental Constants 
(3) Nonstandard cosmologies

qNuclear physics:
(1) Uncertainties of nuclear  reactions rates
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lAstrophysical reaction rate
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Facility: A 320 kV Highly-charged Heavy Ions Platform

Providing high intensity low-energy heavy ion beams



2. Contributions from Chinese 
Nuclear physics committee



BBN networkCIAE:  
a bunch of  
reactions 
associated with 
Lithium yield
done by Prof. Z.H. 
Li (dashed arrow)

6Li(n, γ)7Li
7Li(n, γ)8Li
 8Li(n,γ)9Li 
6Li(p, γ)7Be 
6He(p, γ)7Li 
6He(p, n)6Li 
6He(d, n)7Li
8Li(p, γ)9Be 
8Li(p, d)7Li 
8Li(p, t)6Li 
8Li(d, p)9Li 
8Li(d,n)9Be
Z.H. Li ,…,S.Q. HOU  et 
al .,  SCIENCE CHINA 54 
s67 (2011)

7Be(a,g)11C
M. Hartos, … , S.Q. Hou 
Apj  862  62 (2018)  

7Be (n,a) 4He
S. Q. Hou et al., Phys. Rev. C 91, 055802 (2015)
L. Lamia, C. Spitaleri, C. A. Bertulani, S.Q. Hou
Apj  850  175  (2017)

8Li 9Li6Li

9Be

6He

       6Li(p, g) 7Be
J.J. He, …, S.Q. Hou
PLB 725 (2013) 287

8Li(n, g) 9Li
S.Q. Hou  CPL 27 082601 (2010) 



S.Q. Hou et al.  CPL 27 082601 (2010) 

8Li(n, g) 9Li

Z. H. Li et al. PRC 71 052801(R) (2005)

Temperature dependence of the reaction rates 
for 8Li(n, γ )9Li.

Impact of  8Li(n, γ )9Li reaction on Big Bang 
Nucleosynthesis.



6Li(p,g)7Be

Conclusion: the measured S factors decreases below 200 keV, which contradicts 
with all theoretical predictions. A new excited state around 5.8 MeV (1/2+ or 3/2+, 
G≈50 keV) in 7Be is predicted. This work demonstrates the simply extrapolation of 
experiment data to low energy region is unreliable.   No impact on 7Li production

 ( ) ( ) exp 2S E E E 

Phys. Lett. B 725 (2013) 287



7Be(a,g)11C

M. Hartos, … , S.Q. Hou  Apj  862 62 (2018)Also no  impact on 7Li yeild
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（1）

7Be(n,a)4He



This conclusion is confirmed by three 

completely different experimental methods
S.Q. Hou  et al. PRC 91 055802 (2015)
M. Barbagallo et al. PRL 117 152701 (2016)
T. Kawabata et al. PRL 118  052701 (2017)
L. Lamia et al. APJ  850 175 (2017)
C. Pitrou et al. Phys. Rep. 754 1 (2018)

Confirmed by international colleague

Ultimate impact:  leads to a 1.2% increase
 in the final 7Li production.  Hence,  present 
rate even worsens the 7Li problem.





Summary

• BBN is the most successful theory to explain the origin 
of universe

• Cosmological lithium problem is a longstanding 
problem in BBN

• It seems hopeless from perspective of nuclear physics

• Hope to be explored further from other perspective
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已发表的可能解决方案

相关文章发表：
Nature: 2篇，Rev. Mod. Phys.：1篇，PRL: 5篇
ApJ：20余篇，PRC&PRD：几十篇







彭齐亚斯和威尔逊
发现背景光子 强烈
的支持大爆炸理论



宇宙微波背景辐射 
大作为“大爆炸”的“余烬”，宇宙微波背景辐射大约

在“大爆炸”后38万年产生

NASA（美国航空航天局）WMAP卫星得到的宇宙诞生初期的图景
 (Wilkinson Microwave Anisotropy Probe威尔金森微波各向异性探测器，2001年)

ESA（欧州航天局）PLANCK卫星得
到的宇宙诞生初期的图景（2009年）

　　　　　　　　　   宇宙年龄
　　　

　WMAP　   　137.31.2亿年　　　
　PLANCK　  138.130.38亿年（2015）

诺奖（1978年）

彭齐亚斯&R威尔逊

诺奖（2006年）

马瑟&斯穆特



(⑴)   n→p
(2)   1H (n,g)2H
(3)   3He(n,p) 3H
(4)    7Be(n,p) 7Li
(5)    7Li(p,a) 4He
(6)    2H (p,g) 3He
(7)    3H(a,g)7Li
(8)    3He(a,g)7Be
(9)    2H(d,n)3He
(10) 2H(d,p)3H
(11) 3H(d,n)4He
(12) 3He(d,p)4He
(13) 7Be(d,p)24He
(14) 7Li(d,n)24He
(15) 3H (p,g) 4He
(16) 6Li(p,a) 3He
(17) 7Be(n,a) 4He

(18)  2H(a,g)6Li
(19)  3H→3He
(20)  8Li→24He
(21)  6He→6Li
(22)  6Li(n,g) 7Li
(23)  2H(n,g) 3H
(24)  6Li(p,g) 7Be
(25)  6Li(n,a) 3H
(26)  3He(n,g) 4He
(27)  3He(3He,2p)4He
(28)  7Li(n,g) 8Li
(29)  9Be(p,a)6Li
(30)  24He(n,g)9Be
(31)  8Li(p,n)24He
(32)  9Be(p,d)24He
(33)  8Li(n,g) 9Li
(34)  9Li(p,a)6He

Most important
Secondary 
unimportant

Reactions involved in BBN
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lAstrophysical S factor



• 1946-1950, Gamow, a b g:  Origin of  chemical  elements 

• 1949，Fermi and Turkevich： nuclei of  A > 7 do not form in 

significant quantity

• 1964，Peebles, Hoyle & Tayler：Yp～0.25

• 1967，Wagoner, Fowler & Hoyle: perform BBN network calculation for 

the first time





Processes and Sites

Understanding Origins means understanding processes that 
transmute nuclei and the sites where these processes occur.

Smith & Rehm, Annu. Rev. 
Nucl. Part. Sci. 51(2001)91





Providing stable beams and RIBs with energies from MeV/u to GeV/u.

Heavy Ion Research Facility in Lanzhou (HIRFL)  
National Laboratory of Heavy Ion Accelerator in Lanzhou

Major Facility: HIRFL


