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ThestandardBig Bang modelof thePrimordialUniverse

is very successfulin accountingfor the observedrelative

abundanceof thelight elements.

The only astrophysical input to the Big Bang

Nucleosynthesis(BBN) calculationis thebaryon density

of theUniverse,which is now knownprecisely.

However, BBN theory fails to predict correctly the

observedabundanceof 7Li .
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The Cosmological7Li problem

Observed (predicted) values : bands (lines)

ʂ= nB/nɾ= 6.104 ± 0.058 × 10ī10 

baryon-to-photon ratio

BBN theoryover predictsthe abundanceof
7Li by about a factor ~ 3 and up to five

sigma deviation from observation. The

theory uses the baryon-to-photon ratio ʂ

from measurementsof cosmic microwave

background (WMAP/ PLANCK).

BBN  theory  usingʂ:

Observationally extracted:

Serious discrepancy

Good agreement of BBN predicted 

abundances with observations for 2H, 4He.

For decades, one of the 

important unresolved problems
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Astrophysical solutions tried to reconcilethe differenceon the basisof stellar

processingof 7Li, it may be destroyedin metal-poor starsthroughdiffusion and

turbulent mixing. Improvementsin observationallyinferred primordial lithium

abundance, found to be very difficult to justify enough destruction.
Korn, Nature(2006); Ryan(1999)

Physicsbeyondstandard BBN

Destructionof mass-7 nuclidesthroughinteractionwith WIMP particles,unstable

particlesin theearly universethat couldhaveaffectedBBN. Existenceof 8Be as

a bound nuclide during BBN. Interpretationsassumednuclear reaction rates

knownaccuratelyGoudelis(2016), Coc(2012), Fields(2011), Cyburt(2006)

Nuclear physicsaspectsof the primordial lithium problem

In theconditionof BBN, 7Li is effectivelydestroyedthrough7Li(p,Ŭ)4He, sothat

95% of theprimordial7Li is theby-productof theelectroncaptureɓ-decayof the

primordial7Be afterthecessationof nucleosynthesis.

Nuclearaspectsinvolve thereactionratesof 7Be production,mainly 3He(Ŭ,ɔ)7Be

andits destructionthrough7Be(n,p)7Li , 7Be(n,Ŭ)4He and7Be(d,p)2Ŭ.
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Possible Solutions
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Coc APJ (2004)

IJMPE  (2012) 

3He(Ŭ,ɔ)7Behas an uncertainty of  < 5%
7Be(n,p)7Li , 7Be(n,Ŭ)4He have failedto solve the Li anomaly

Broggini  JCAP(2012)

Damone PRL (2018) 

Barbagallo PRL (2016) 

Incomplete nuclear physics input for BBN calculations ?

The 7Li discrepancy resolved, if the 7Be(d,p)8Be*(2ɻ)  Q = 16.674 MeV reaction 

rate larger by a factor ~ 100, Resonant enhancement in7Be + d?

Proposed 7Be destruction mechanism  

d + 7Be Ÿ 9B Ÿz p + 8Be*

The7Be + d  reaction leads to the 16.8 MeV state in 9B, which decays by proton 

emission to a highly excited state in 8Be, 16.626MeV above the ground state, which 

subsequently breaks up into two Ŭ particles. 

Kirsebom PRC (2011) 

Increased mass-7 destruction via novel reaction pathways or by resonant 

enhancement of otherwise minor channels.



AnguloAPJ (2005)

Gamow 

window                   
Higher energy states not observed by Kavanagh

contributeabout35% of total S factor. Reactionrate is

smallerby a factorof ~2 at 1.0-1.23 MeV andby ~ 10 at

energiesrelevantto BBN.

Louvain-la-Neuve

An experiment performed at lower energy found a 

significantly reduced cross-section in the BBN Gamow 

window compared to Parkerôs estimate. 

Ecm = 0.38, 1.23 MeV, up to Ex = 13.8 MeV in 8Be.

Observedalso11.4 MeV(4+) higher energylevel

Kavanagh

Angulo g.s+3.03 MeV 

Angulo Total Sfactor

TheS factor at BBN energies was not underestimated 

by Parker but overestimated.
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Ecm = 0.6ï1.3 MeV, up to Ex = 11 MeV in 8Be,protons

detectedfor 8Beg.s(0+) and 3.03MeV(2+)

Lacking complete angular distributions, data were

convertedto total crosssectionby multiplying by 4ˊ

and~ 3 to takein to accountcontributionsfrom higher

excitedstatesin 8Be. A constantS factor~ 100MeV b

wasadoptedParker(1972)
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OôMalley PRC (2011)

No evidence for a resonance

Oak Ridge

Scholl PRC (2011)

High resolution study of 9Be(3He,t)9B                  

E= 140 MeV/A, the state is strongly excited.

Energy: 16.800(10) MeV (5/2+) , width: 81(5) keV

Other works suggested resonant enhancementthrough a high lying

resonance state in 9B Cyburt (2005), Chakravorty (2011)

RCNP
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7Be(d,d)     

E(7Be) = 10 MeV
Dutta arXiv (2020)

PLB (2018)

Supersymmetric quantum mechanics

to study the 9B resonance

Resonance energy ER=16.84 MeV (5/2+)

Width  ɻ= 69 keV



Recentwork shows,d + 7Be Ÿ 2Ŭ+ p may proceedthroughintermediatestatein
8Be by 7Be(d,p)8Be(2Ŭ)or 5Li by 7Be(d,Ŭ)5Li(pŬ)sequence,or in a ñdemocraticò

three-particledecayof the9B compoundsystem.

Ecm å0.2ï1.5 MeV, measuredcross sections

dominatedby the (d,Ŭ)channel towards which

prior experimentsmostlyinsensitive.

Rijal PRL (2019)

FSU
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A new resonanceat 0.36(5) MeV observed,claiming

to reducepredicted abundanceof primordial7Li .

R-matrix analysis: 16.849(5) MeV(5/2+) statein 9B?

Speculation: 9B resonanceat16.80MeV? Scholl(2011)

Additional experiments with improved statistics

neededto reducethe uncertainty in the resonance

energy.



Gai Mem. S.A.It (2019)

No reduction in 7Li abundance.
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FSU rate uncertain by a

factor of 10, due to

uncertainty of the

resonance energy. Old

BBN d + 7Be rate (CF88)

and Rijal (FSU) rates are

nearly identical.

Sinceno stateis known in
9B at the proposedñnew

resonanceòenergy of

16.85 MeV, resolvingsuch

a major systematical

uncertaintyis required.

There are carefully measured cross-sections, but still 7Be destruction could be 

enhanced by unknown or poorly measured resonances. To determine fully the 

contribution of the 7Be(d,p)8Be reaction to the 7Li abundance, it needs to be 

measured for 8Be excitations around 16 MeV. 



Experiment IS 554 @

7Be :  E = 5 MeV/u , I ~ 5 x 105 pps

Targets: CD2(15 ɛm), CH2(15 ɛm), 
208Pb (1 mg/cm2)
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Scattering Chamber (SEC)

The target(UCx) was irradiatedwith 0.37 ɛAof 1.4 GeV protons from the PS-booster

offline during 3 days. The activatedtargetwas then mountedon the GPStargetstation,

heatedandthe 7Be wasextractedusingthe RILIS laser ion-source, andacceleratedusing

the HIE-ISOLDE post accelerator. A stripping foil and a dipole before the experimental

stationwasusedto cleanthebeamto 7Be4+.



Experiment IS 554  @
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Charge particle detector setup

1 x S3 annular DSSD (24x 32strips, 1000ʈm) covering front angles8oï25o

5 x W1 DSSD(16x 16strips, 60ʈm) in pentagongeometrycoveringangles40oï80o

2 x BB7 DSSD(32x 32 strips, 60ʈm and 140ʈm) at backward angles127oï165o

The W1 and BB7 DSSDsare backedby 1500ʈm thick unsegmentedpadsMSX25/MSX40

The total solid angle coverage of the detectors is Ḑ32% of 

4ˊ. 



Measured excitation energy of 8Be from 0-22 MeV in the 7Be(d,p)8Be* 

channel, events identified from E vs ɗplot of protons detected in 

coincidence with  Ŭīparticles. 
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Two distinct bands for higher

excitations of 8Be, one correspondsto

states16.63 MeV and16.922MeV, other

to statesin 17-22 MeV. Earlier works

suggestthat 16.63 MeV statepopulated

considerably more than 16.92 MeV.

Hence,we refer to this doubletas 16.63

MeV.

Experiment IS 554 @

The 7Be(d,p)8Be* events for forward scattered protons 

to S3 were clearly identified from energy-energy 

correlations of two coincident Ŭ-particles at W1. 

ȹE-E spectrum of p, d, 3He, and Ŭ, 

detected at W1 + MSX25 telescopes

Ali et al., PRL  (2022)

Simulations Data
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7Be(d,p)8Be*

Experiment IS 554 @

E vs ɗfor protons

at W1 and BB7.

Thekinematiclines

for different

excited states of
8Be are shownand

the inset showsthe

excitation energy

spectrum of 8Be

from 0-22 MeV.

Ali et al.,  PRL (2022)

BB7 counts x 2 for clarity.

The energy resolutionḐ660 keV due to beam, target straggling and

detectors,limits the separationof narrowly spacedhigh lying statesat

16.63 and 16.92 MeV, and around 17ï22 MeV. The errors in cross

sectionsmainly arisefrom statisticaluncertainties,systematicuncertainties

in targetthickness(Ḑ10%) andbeamintensity(Ḑ10%).


