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The standard3ig Bang modelof the PrimordialUniverse
IS very successfuln accountingfor the observedelative
abundancef thelight elements

The only astrophysical input to the Big Bang
Nucleosynthesi$BBN) calculationis the baryon density
of theUniverse whichis now knownprecisely

However, BBN theory fails to predict correctly the
observedabundanceof Li.
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The Cosmological’Li problem
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BBN theoryover predictsthe abundancef
Li by abouta factor ~ 3 and up to five
sigma deviation from observation The
theory usesthe baryon-to-photon ratio s
from measurement®f cosmic microwave
background (WMAP PLANCH.

"Li )
BBN theory using s: - = 512556 x 1071

Observationally extracted: "Li

= 1.58%93% x 10710

Serious discrepancy

Good agreement of BBN predicted

10 107 10° w0® abundances with observations #bk, “He.
n

Observed (predicted) values : bands (lines)

S = ny/n, = 6.104+ 0.058x 10 1 0 For decades, one of the
baryonto-photon ratio Important unresolved problems




Possible Solutions

tried to reconcilethe differenceon the basisof stellar
processingf “Li, it may be destroyedn metatpoor starsthroughdiffusion and
turbulent mixing. Improvementsin observationallyinferred primordial lithium
abundance, found to be very difficult to justify enough destruction

Destructionof mass7 nuclidesthroughinteractionwith WIMP particles,unstable
particlesin the early universethat could haveaffectedBBN. Existenceof ®Be as
a bound nuclide during BBN. Interpretationsassumednuclear reaction rates
knownaccurately

Nuclear physicsaspectsof the primordial lithium problem

In the conditionof BBN, “Li is effectivelydestroyedhrough’L i ( fHe, Sojthat
95% of the primordial ’Li is the by-productof the electroncaptureb-decayof the
primordial ‘Be afterthe cessatiorof nucleosynthesis

Nuclearaspectsnvolve the reactionratesof ’Be production,mainly 3H e (o}/Be
andits destructiorthrough’Be(n,p)’Li, ‘B e ( AHe &hgd’Be(d,p)2U.



Incomplete nuclear physics input for BBN calculations ?

3H e ( UBeha$ an uncertainty of < 5% Broggini JCAP(2012)

Be(n,pYLi, B e ( “He hhye failedo solve the Li anomaly

Damone PRL (2018)
Barbagallo PRL (2016)

Increased mass destruction via novel reaction pathways or by resonant
enhancement of otherwise minor channels.

The'Li discrepancy resolved, if the(d,pfBe*(2)) Q= 16.674 MeV reaction

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

Coc APJ (2004). Q b’

IIMPE (2012)

Proposed’Be destruction mechanism
d+Be °BzY p8Be*

16.490 16.800 16.441

d+ "Be p+ °Be'

Kirsebom PRC (2011)
0.0

-0.185

‘B p+5Be

The’Be + d reaction leads to the 16.8 MeV stateBinwhich decays by proton
emission to dighly excited state in®Be, 16.626MeV above the ground state, which
subsequently breaks up into twparticles.
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EXCITATION IN Be® (McV)
] R o]

COUNTS PER CHANNEL

] E,,=0.6i13MeV,uptoE, =11 MeV in 8Be, protons
detectedor ®Be g.5(0%) and 3.03 MeV(2")

Lacking complete angular distributions, data were
convertedto total crosssectionby multiplying by 4°

and~ 3 to takein to accountcontributionsfrom higher
excitedstatesin ®Be. A constantSfactor~100MeV b
wasadoptedrarker (1972

, Caltech'
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KavanaghNP (1960) - An experiment performed at lower energy found a

T w W % wow 0w % W significantly reduced crossection in the BBN Gamow

- window compared to Park
AnqguloAPJ (2005)
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E., =038 1.23MeV, upto E, = 138 MeV in ®Be.

-Louvainla-Neuve _
[ T-0scK 6 teeee } Observedilso11.4 MeV(4*) higher energylevel
o %,
Gamow S Higher energy states not observed by Kavanagh
window .<:¢¢§°. ¥ ) : :
© ' ¥ contributeabout35% of total S factor. Reactionrateis
o Kavanagh % smallerby afactorof ~2 at1.0-1.23 MeV andby ~ 10 at

e £ e Angulo g.s+3.03 MeV | energiegelevantto BBN.

: a Angulo TotalSfactor _ _
------------------------ The Sfactor at BBN energies was not underestimated

02 04 06 08 1 12 by Parker bubverestimated.
c.m. energy (MeV)



Counts

Other works suggestedsonant enhancementhrough a high lying
resonance state ¥ Cyburt (2005), Chakravorty (2011)

O()Mal I ey PRC (2011)
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PLB (2018)

T ] Supersymmetric guantum mechanics
to study théB resonance

Dutta arXiv (2020)

Deuteron Energy (2 keV/bin)

Scholl PRC (2011)

©® (energy region 16—25 MeV

15. Ex=16050(40) keV
16 Em“ra*gz‘aﬁa’*k”v’“
X c
18. Ex=17076
19. Ex= 17637}7{1\ev RCNP
20. E\ 18650(100) keV

400+

C(E)

y=52

21. Ex=20850(100) keV
1)

200} r (fm)

3800 200 7600 chn

High resolution study diBe(He,tPB
E= 140 MeV/A, the state is strongly excited.

Energy:16.800(10) MeV(5/2") , width: 81(5) keV
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168 189  17.0
2 % E (MeV)

Width 4 = 69 keV

Resonance enerdy,=16.84 MeV (5/2)



Recentwork shows,d + 'Be Y 2U+ p may proceedthroughintermediatestatein
8Be by "Be(d,p¥Be(U )or °Li by B e ( &L,i | )peguenceprin afid e mocr a't
threeparticledecayof the°B compoundsystem

Rijal PRL (2019)

21.92

E., & 02115 MeV, measuredcross sections
dominatedby the ( d , chhAphneltowards which
prior experimentsnostlyinsensitive

218
;J 21.88
T 21.86
E 21.84
= 2182
b
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A new resonancat 0.36(5) MeV observedclaiming
to reduce predicted abundanceof primordial Li.

200

R-matrix analysis 16.8495) MeV(5/2*) statein °B?
Speculation®B resonanceat 16.80 MeV? Scholl(2011)

S-factor (MeV b)

Additional experiments with improved statistics
neededto reducethe uncertainty in the resonance
energy.




Reaction Rate (1:1113.-" mole sec)

FSU19 / CF88

—
-

0.1

GaiMem. S.A.It (2019)
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S-factor (MeV b)
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d + 7Be

® Fsu(19)
= Parker(72)

03

0.4 0.5

Ec.m. (MeV)

No reduction i’Li abundance.

FSU rate uncertain by a
factor of

uncertainty

10, due to
of the

resonance energy Old
BBN d + ’Be rate (CF38)
and Rijal (FSU) ratesare
nearly identical.

Sinceno stateis known in

°B at the proposedii n e w

r e S 0n aanergyo of
16.85 MeV, resolvingsuch

a

major

systematical

uncertaintyis required

There are carefully measured cragstions, but stillBe destruction could be
enhanced by unknown or poorly measured resonanceFo determine fully the
contribution of theéBe(d,pfBe reaction to théLi abundance, it needs to be
measured fofBe excitations around 16 MeV.
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Experiment IS 554 @ [}F%QLD: @\

"

‘Be: E=5MeV/u,|~5x10 pps

Targets:CD( 15 € () 1 5 C&8b)1 mg/cr)

DOC NO. REV. VALIDITY
2093202 ‘ 1.0 CHECK

EEEEEEEE

MEDICIS Collection and Operation report

Collection and Operation Report
High-beta

cryomodules
REPORT ON

MEDICIS EXPERIMENT : ISOLDE IRRADIATION FOR 7BE PRODUCTION
TARGET : 635
ISOTOPE COLLECTED : 7BE
IRRADIATION : 19/10 20H50 - 23/10 10:14 (3.5D) + 4 IRRADIATIONS
COLLECTION : ISOLDE IS554 (16/11 - 21/11)
SPECTROSCOPY : NO
SHIPPING : NO

Scattering Chamber (SEC)

The target(UCx) wasirradiatedwith 0.37 ¢ Aof 1.4 GeV protons from the PSbooster
offline during 3 days The activatedtargetwas then mountedon the GPStargetstation,
heatedandthe ‘Be wasextractedusingthe RILIS laser ion-source andacceleratedising
the HIE-ISOLDE post acceleratar A stripping foil and a dipole before the experimental
stationwasusedto cleanthebeamto 'Be**.
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Experiment IS 554 @ Hmjsm.ai

BB7R

rpe “e

BB7L

Annular S3

The total solid angle coverage of the detectof338% of _ Wl W
, 0 (deg)
4

Charge particle detector setup
1 x S3 annular DSSD (24 x 32 strips, 1000t m) coveringfront angles8° i 25°
5x W1 DSSD(16x 16strips, 601 m) in pentagongeometrycoveringangles4(® i 8(°
2x BB7 DSSD(32x 32 strips, 60{ m and 140t m) at backward angles12/71 165
The W1 and BB7 DSSDsare backedby 1500t m thick unsegmentecbads MSX25MSX40
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Experiment IS 554 @ &Iﬂjﬁ'ltai

g
Measured excitation energy @e from0-22 MeV in the’Be(d,pfBe* 8o
channel, events identified froBavs d plot of protons detected in Ei s
coincidence withU Tparticles. . 52 288 g
P Alietal., PRL (2022) =R
10 g : 22.98 1
BT . i Ao S e i
i @ Y 19.2 MeV. ® 72022051250 )
255 (£
° AR ggo_,gfgf
S 6 185 ol &
g 10° T = 0 Tlizea 1hl
w _Simulations ' phecs Oy |
<4 B B @ B 0 (deg)
: Two distinct bands for higher ik
2 0 -
.. excitations of éBe, one correspondsto /% //
b b v b b L e L s M4 a1
0 50 s (MeV?O 25 30 35 statesl6.63 MeV and16.922MeV, other 7 //

E-E spectrum op, d, 2He, andJ to statesin 17-22 MeV. Earlier works
detected at W1 + MSX25 telescopes‘c’ugg.e stthat 16.63 MeV  state populated

considerably more than 1692 MeV.
Hence,we refer to this doubletas 16.63
MeV.

to S3 were clearly identified from energpergy
correlations of two coincidertparticles at W1,

sE 1 L 1 L 1
25 30

20
Eg (MeV)

The’Be(d,pfBe* events for forward scattered protonf
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Experiment IS 554 @ (}antbi @‘

Ali et al., PRL (2022)

BB7 counts x 2 for clarity.
E vs d for protons
at W1 and BBY7.
Thekinematiclines
for different
excited states of
8Be are shownand

7Be(d,p)88e* the inset showsthe
excitation energy
spectrum of 8Be
from 0-22 MeV.

The energy resolution D660 keV due to beam, target straggling and
detectors,limits the separationof narrowly spacedhigh lying statesat
16.63 and 16.92 MeV, and around 17/ 22 MeV. The errors in cross
sectiongmainly arisefrom statisticaluncertaintiessystematiancertainties
in targetthicknesgD10%) andbeamintensity(D10%).
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