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Motivations
°Li/H abundances in MPHS

-9 T T T T T T T T T T T T T T T L T T T

e T ITQ_dders:(2003)

observed abundance ~ - 11
Asplund et al. 2004
Lambert 2004

Asplund et al. 2006

log (°Li/H), log (Li/H)

Log(BBN abundance) = - 14

GCR production
Vangioni-Flam, Cassé & Audouze (2000)
Mercer et al. (2001)
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OUTLINE

Motivation : Li6 abundance
e BBN
 Non-thermal production

A Cosmological perspective
e Hierarchical model and Poplll stars
* Main successes

CCR production

* CR ejection spectrum
e LiBeB production

e Gamma ray flux

Conclusion
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Primordial
Nucleosynthesis:

A link between
theoretical BBN
(blue curves)
and

observed abundances

(green area)
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°[i production

(]

107 Qgh
= NO... OR MAY BE : = L g j =
New measures for SBBN D (a,y)°Li \ Li /
(Hammache et al. 2010) RN ~——————— N
Modification to SBBN ot L Y »
(Jedamzik et al., Kawasaky, Pospelov... Ellis et al.) - 3

10-]2 :F ?:

- MAY BE : - Mgy, 6L g E

Shocks during galaxy formation 0" b ) =

(Suzuki & Inoue 2002) =2 S

10-14 _ al

CCR - IGM interaction AL
(Montmerle 1977 ; Rollinde et al. 2005, 2006, 2008) 10" ' T S S o

1 2 3 4 5 6 7 8 910

Nucleosynthesis in a Cosmological context 10"

Hammache et al. 2010

1 Additional constraints :
Be, B; T(z) ; Ig ; CNO ; reionisation
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COSMOLOGICAL CONTEXT
A UNIFORM HIERARCHICAL MODEL



Formation of the first

x—y plane ] 0.1 Gyr
(z~30)

(Massive) Stars

Observation of halo stars

Abundances (H, Fe, C, O, Si...)

Greif, Johnson,
Bromm al. 07 10.2 Gyr

See also Wise & Abel, 2007 ; O’Shea et al 20007 ; Smith et al. 2008;
|
Johnson et al. 2007 ; Yoshida et al. 2007 i
.|

Formation of low mass stars

' HK-HES surveys (Beers et al.1992) ; Hamburg-ESO survey (Christlieb et al. 2002)

{ ESO-LP “First Stars” (Cayrel et al. 2004) ; Frebel ; Aoki ; Cohen ; Norris...




Different modes of Star Formation

(Greif, Johnson,
Bromm al. 07)

< Mass >

Pop Ill.1 I
/
/
/

Pop I P 4
Pop IIl.2
| |

5 30

. Three modes of star formation
triggered by metallicity

»Very massive Poplll.1 (>100 Msun)
»Massive Poplll.2 (few 10 Msun)

% Popll (1-100 Msun)

_______________________________________________________



ISM — IGM interaction

' 1. Structures follow Press Schechter

Star-forming structures : mini-halos — galaxies

Star for'ma'rios

Metal ejection
—

2. Follow mean IGM /ISM / Sta

Stars

Explosion rate
(SNae, 6RBs...)

Press Schechter
i SFR
IMF
' Yields

Outflows Accretion
(Struct. formation)

. Abundances |
. SNR '

Fques

Ionlzcmo

Neutral gas Ionized gas
n

Recombmcmo
Intergalactic medium (IGM)

| [ Zonizing flux
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Different modes of Star Formation

————————————————————————————————————

. Daigne etal. (2006)
- Rollinde et al. (2009)

We consider : Hoommmemememeeoes o T
13i6'? I1 Oi5 < :0.1?24
« Popl/ll stars Salpeter IMF 0.1-100 L Pop 11/1 ]
M Standard yields (WW95) == Pop Il
- Poplll stars A 3
Salpeter IMF 40-100 M (WW95) x 01 i E
U) 1
10-3 =
 Successfully reproduced : ol B
.+ Baryonic content i : i
'+ SNR = Bl
.+ Chemical enrichment of IGM / ISM |
. » Reionisation : 10 3

redshift
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Reionization constraints

Time (Gyr)
1 13.6® t 0.5 0.1024
» ] 1k Pop 11/1 _
0.8 - —: Pop I/l only ] E B Pop 111
- —:Pop Il + 11/ 1 r
0.6 - i, 0.1 =
s [ } -
0.4 - ] L ;
L ] 0.01 3 ‘.":\U uppper limit reionisation
0.2 I — =
A " ] E i |
0.8 | ' e B 100 [ E
B 1 1 ! ] N 3 I
I S
N
= 0.15 = 10+ | E
. : N
[ - N
o o] - E \
§ ol :Ij% e o e e - 1075 =
2 = - E 3
B = ]
© 0.05 - ,
- 10-8 | I =
- - C l 1 1 1 1 l 1 1 1 1 Ji [
oL | Ll | T R I 0 10 L 30
0 5 10 15 20 25 30 redshift
z
Dunkley et al. (2009) - WMAPS5
Gradual and consistent with a 2
_ st_eps model
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Specificity of Ultra-Metal Poor Stars

Dans VS Fe/H
[T T ' | T . y
Dtrans |
' Log(10I¢H1+0.3 x 1O[O’H])
| g
Low-mass criterium : I *%
' Dyne > -3.5 ' — <
: ' -
" (Bromm & Loeb, 2003 ; Pl ¢—j$t
. Santoro & Shull, 2006 = Pl & 4*%
Frebel et al. 2007) fﬁ}*
---------------------------------------- - %u
| +4
] ! | 1
-6 -4 -2
[Fed]
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Nucleosynthesis of Poplll stars

Carbon-rich Extremly Metal Poor Stars

Dyans VS Fe/H

If C-EMPs (HMP and UMP) B

are cosmologically significant,

Their abundance pattern cannot be ,-2f s /

explained without massive stars ST @ ,%;”P/

(> 10 Msun and < 100 Msun) ’ /%1
Very massive stars (> 200 Msun) do not modlfy
“abundances s 4.

: -4 -2
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Constraints on cosmological SFR

Time (Gyr)
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LiBeB AND CCRs



CCR ejection and outflows

CR source spectra Propagation

dQc o _|p7YeHe if E > 8 GeV /n
dp p~YcNo otherwise

Vp,He = 3; Yeno = 1.5

Based on observed Galactic spectrum
Maurin et al. 2004 ; Horandel et al. 2007

CNO Abundances

F = if_ nism 'f_ niGM
®p nismH NiGM,H

Based on model of Daigne et al.
And abundance pattern (Meyer et al. 1998)

F=nf

fie = fre = 0.08

1 : Poplll 40-100 Msun
2b : Poplll > 250 Msun (black hole)

1 0+0 T T T T T T T T T T T

————— : Model 1
——— : Model 2b

10

Relative abundances in IGM and CRs

10—10

redshift,z
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A solution to °Li abundance
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log (n(Be)/n(H)).log (n(B)/n(H))

Be, B and D abundances (1)

Vangioni et al. 2000

- Observation of BeB « Fe/H
. =>» Additional primary
process (LEC ; CNO + p)

Existence of a PIE ?

[ Fe/H ]

9B /Hypps~ 10711 (Primas et al. 1999 ;)

9Be /Hypys~ 10713 (Primas et al. 2000 ; [Fe/H]=-3.3)
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Be. B and D abundances (1)

Most recent SBBN computation with
~ 400 reactions

Coc et al. 2011, in preparation

SBBN of LiBeB does not explain a
possible PIE

9B /Hypys~ 10711 (Primas et al. 1999)

°Be/Hypys~ 10713 (Primas et al. 2000 )
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Be, B and D abundances (2)

PIE

SimpLIFIED DescripTioN oF Cross Sections Usep
Model 1 Model 2b

IN THE APPROXIMATE CALCULATION rotal
————— —— : CRs
UE}' E; E, —o— : Outflow
i+j—X (mbarm)  (GeV nucleon ') (GeV nucleon )
o+ He =% Lin, 20 0.01 0.02
ptH—=D... 1 0.4 0.8
p+He =D o 12 0.05 oo -y
p+C—Be.. 6 1.0 o e
p+0 —=?Beonn, 5 0.05 o0 s
pt+tC—=B.. 90 0.015 00
ptO—=B. .. 50 0.04 00
1% o 20
D/Hccr ~3.11071% « 2107 (O’Meara et al. 2006) il z

°Be/Hccr (z = 3) ~ 107129/7133 ~ 10713 (Primas et
al. 2000)
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Be, B and D abundances (2)

SimpLIFIED DescripTioN oF Cross Sections Usep
IN THE APPROXIMATE CALCULATION

f:rf:}’ Ey Ey
i+j—X (mbarmm)  (GeV nucleon™')  (GeV nucleon ')
a+He —=%Li.n....... 20 0.01 0.02
p+H =D 1 0.4 0.8
pt+He =D 12 0.05 o0
p+C—="Beunn, 6 1.0 00
p+0 —=?Beonn, 5 0.05 o0
P+C =B 90 0.015 00
P+O =B 50 0.04 00

D/Hccr ~3.11071% « 2107 (O’Meara et al. 2006)

°Be/Hccr (z = 3) ~ 107129/7133 ~ 10713 (Primas et

al. 2000)

9B /Heeg (z = 3) ~ 107119/7122 < 107115 (Primas
et al. 1999)
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Yy —ray flux
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Data from Strong et al. 2004, 2007
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CONCLUSION

CCRs production by interaction with IGM in a cosmological context

* Explains a possible plateau for °Be, B and °Li

 under-produces D and ”Li as compared to primordial abundances
* Under-produces y ray flux as compared to observed EGBR

Early Poplll episod

* Explains the CNO abundance of a few known MPHS to date

* |s consistent with other cosmological constraints

e Requires inputs from CRs expert (ejection, confinment at high redshift)

The observed abundances of °Be, B and °Li

* Constrain the SFR evolution at high redshift

* Constrain the shape of CCR spectrum (source and propagation)
* Has to be confirmed !!



