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We study the Big-Bang Nucleosynthesis (BBN) within the minimal supersymmetric standard
model. We find that we can account for the possible discrepancy of the abundafidebet

tween the observation and the prediction of the big-bang nucleosynthesis by taking the mass
of the neutralino a800GeVand the mass difference between the stau and the neutralino as
(100-120) MeV. We can therefore simultaneously explain the abundance of the dark matter and
that of ’Li by these values of parameters. The lifetime of staus in this scenario is predicted to be
0(100-1000 sec
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Solving the Li problem by long lived stau Masato Yamanaka

1. “Li problem and long lived stau in the MSSM

The theory of Big-Bang Nucleosynthesis (BBN) has been successful in predicting the light-
element abundance in the universe. The recent result of WMAP experiment predidtsaban-
dance to bé.24 x 10710 [1]. This prediction, however, is inconsistent with the observation of
metal-poor stars which implies23x 10719 [2]. The inconsistency is calletLi problem. Al-
though the’Li problem has been studied in a framework of nuclear physics and astrophysics, an
adequate solution has not been confirmed yet.

Another interesting approach fai problem is to consider effects induced by new physics
beyond the Standard Model (SM). We focus on the Minimal Supersymmetric Standard Model
(MSSM) with the conservation of R-parity. We assume the case that the Lightest Supersymmetric
Particle (LSP) is the lightest neutralino (bino-likg)and the Next Lightest Supersymmetric Parti-
cle (NLSP) is the lighter stafl. Thanks to the R-parity conservation, LSP neutralino is stable, and
can be a good dark matter (DM) candidate.

Coannihilation scenario play an important role in the calcu-
lation for the relic abundance of neutralino DBJ|,[which make

it possible for the relic abundance to be consistent with the re{ §iay lifetime
sults of cosmological observations and terrestrial experiments.

The requirement for the coannihilation scenario to work well o

e(s)

10°

and to provide right DM abundance is the small mass differences «

lif

between the NLSP stau and the LSP neutralino. In particular,
we are interesting to the parameter region where the mass dif- "
ferencedmis smaller than the mass of tau lepton. In this case, smGe) ‘
the stau becomes long-lived charged heavy particle due to phase

space suppression in its decdy. [Fig. 1 shows the stau lifetime Figure 1. The lifetime of free
as a function of the mass difference between the stau and tifau as the functions dim. Here
neutralino. As shown in Figl, the stau produced from thermal W€ t@keMzo = 300GeV, 6; =

bath survives until the BBN era. /3, andy; = 0.

2. The destruction of’Li and ’Be in the MSSM

In the BBN era, the long-lived stau can form a bound state with nuclei, and the bound state
provides two type new processéq],[[6]: (1) stau-catalyzed fusion, (2) internal conversion of
stau-nucleus bound state.

2.1 Stau-catalyzed fusion

A nucleus has a Coulomb barrier which prevents the nuclear fusion, while the barrier is weak-
ened when a stau is captured to a state bound to the nucleus. The nuclear fusion is thus promoted
by forming a stau-nucleus bound state. The stau serves as a catalyst and is left out as the fusion pro-
ceeds through. The lifetime of the stau-catalyzed fusion is estimated to be long&isedi]. As
shown later, the time scale of internal conversion process is much smaller than the stau-catalyzed
fusion. Thus stau-catalyzed fusion is subdominant process for solvirfgitpeoblem.

2.2 Internal conversion of stau-nucleus bound state
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The interaction between a stau and a nucleus pro-
ceeds more efficiently when they form a bound state due o
to two reasons: (1) the overlap of the wave functions
of the two becomes large since the stau and particle are
packed in the small space, (2) the small distance betweeh ,,:
the two allows virtual exchange of the hadronic current® -
even if dm < m;. The stau-nucleus bound state decays *°
through the following processes:

7
0.01 0.
3m (Gev)

T+'Be— (T'Be) — ¥+ v¢ + Li, (2.1) ms | e
T+ 7Li — (F'Li) — ¥°+ v + "He, (2.2) \
"He — SHe+n, (2.3) wl

lifetime(s)

®He-+ background particles> 3He,*He,etc,  (2.4)

10°

where the parentheses denote the bound states®Héne
nucleus can also decay irfthi via 8 decay with the life- .

time 817 msec We do not take this process into account "
since this process is much slower than the scattering Pr%igure 2: The lifetimes of internal con-

0.
3m (GeV)

cessi2.4). version processes as the functiordai.

I . Top panel:(T’Be) — X + v¢ + Li, bot-
The evaluated lifetimes of reactiora 1) and 2.2) ton': zanel'((f7Li ))_> ))N((IvriMe We
. T .

are presented in Fi@ as functions obm. There we take 1 am = 300GeV,6; = 11/3, andy; = 0
mgo = 300GeV, 8; = 11/3, andy; = O for both reactions. iy poth figures.

We find that the lifetime of the internal conversion process

is in the order ofl0—3sec The lifetime of stauLi bound state diverges aroudith= my; —Mrge =
11.7MeV, below which the internal conversion is kinematically forbidden.

3. Numerical result

The parameter region that can solve thiproblem is numerically calculated in thém, Yz ro)
plane and presented in Fig. 3. The white region is the parameter space, which is consistent with all
the observational abundance including thafldf/H. The region enclosed by dashed lines is ex-
cluded by the observational abundancéldgf/’Li, and the one enclosed by solid lines are allowed
by those of’Li/H. The thick dotted line is given by the upper bound of the yield value of dark

matterYom = 4.02x 1022( S ) (L) " taking QowM? = 0.1099+ 0.0124(upper bound
of 95% confidence level)1] and mpy = mgo. This line gives the upper bound ¥ ro, since the
supersymmetric particles after their freeze-out consist of not only staus but neutralinos as well in
our scenario.

The qualitative feature of the allowed region is explained from the following physical consid-
eration. First, we note that o > (10-13-10-12) is required so that a sufficient number of bound
state(7 'Be) is formed to destructBe by the internal conversion intfLi. The daughterLi is
broken either by an energetic proton or by the internal converdiéhi) — ¥°+ v; + "He, and
consequentlyLi/H is reduced. Bearing this physical situation in mind, we consider parameter

regions in detail.
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1.dm2 120MeV.
Since the staus decay before they form a bound state 10"
with ’Be, the value ofY; gr is much lower thar1 013

and hence the abundance of neiti@enor ‘Li isre- g,y
duced. Therefore this parameter region is excluded.
2.100MeV<dm< 120MeV.
The staus are just decaying at the formation time of
the bound state. The necessary conditionY;gdr ~

FO

out time Yz
1 Illlujl él L1l

3
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value of Yz ro is sufficiently large. The allowed re-

gion in this area o®m thus bends upward. In this

region, a daughtefiLi from the internal conversion of

(T 'Be) is broken mainly by an energetic proton. 10716 I Y

3. Yf,FO 5 10713, OIOIStau-neutralino mas;)dlifference dm /[GeV] l

In this case, the bound ratio 6fi and’Beare much o

less tharO(1). Therefore, théLi abundance is not ~'9Ure 3 Allowed region in om-Yz ro
plane. The white region is the parameter

reduced sufficiently. This parameter region is thus ex—space, which is consistent with all the obser-

cluded. vational abundance including that @fi /H.
4.YzFo> 10 2 anddm < 100 MeV. The thick dotted line represents the upper
In this regionY;z gr = Yz Fo > 1012 and hence the bound of the yield value of dark matter, and
bound ratio of Beis 1. It means thatBe and con-  hence gives the upper bound¥fro.
sequently’Li are destructed too much. Hence, the
upper-left region is excluded.
5.dm < 100MeVandYz g0 2> 1015,
In this region, the stau lifetime is too long to form a bound sté@fi+e). Then the catalyzed fusion
procesg T *He) +D — SLi + T leads to the overproduction 8fi. Therefore, this parameter region
is excluded.

Excluding all the parameter regions described above, we obtain a small allowed region of
Mgo =~ Mz >~ 300 GeVanddm = (100-120) MeV as presented in Fig. 3, and these values are at the
same time consistent to the coannihilation scenario of the dark matter.

10715

Yield of staus at

Lol

Resonant capture and photo-dissociation included. -
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