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Motivation
°

Matter and Dark Matter

1) Thermal Leptogenesis as origin of matterno additional ingredients
beyond see-saw mechanism

2) Gravitino Dark Matter:W3/, inevitable prediction of any local
supersymmetric theory Q3/, = Qpm turns gravitino decay problem
into a virtue

1+2) QF),(Tr ~ MI" ~ 10° GeV) = Qow
R
with Mg(mz) ~ 1 TeV andmg,, = O(100 GeV) such that
TmspT > 1 s~ tggn calledNLSP decay problem

= Upper bound on energy released by particle decaystagigr

Way out: Entropy production after NLSP freeze-out? )

TTNSP S MSI nﬁ/z/mglsp
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Reconciliation by Entropy Prodution
[1e]

Entropy Production in Particle Decays after NLSP freeze-out

e overcome BBN bounds by small enough density prior its détay
e NLSP freeze-out densit_ reduced by dilution factoA

nisp
—1pf
insp =A Qn(?sp

many extensions of Standard Model predict late-decaying particles
intrinsic upper bound o\ from leptogenesis

A <10...10° (MT;I:‘/:A-MTé:‘mTQ:ATR)
e maximalA for matter domination after NLSP freeze-out
A ~0.75x 10° ( Mhisp ) (4 Mev)

100 GeV, Tdec
light wino and Higgsino pass BBN bounds allowing,, = 100 GeV,
but not binof

Easiest case sufficient )
7 by [Buchmiiller et al., 06] and [Pradler, Steffen, 07]
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Reconciliation by Entropy Prodution

oce

BBN exclusion plots in the plang x Q,h? vs. 7, with A = 10

Hadronic BBN bounds
my2 = 100GeV with: M, = 2200, M3 = 2200, tanB = 10, sign(p)=1.

EM BBN bounds
Mgz = 100GeV with: M, = 2200, Mg = 2200, tan = 10, sign(p)=1.

10919(Bhaa X Qch?)

logye(Bem * Q;h?)

-6

210 12 3 4567 85 1M ® 2101 23 4567 8 9 0N
logyo(Ty/ sec) logyo(Ty/ sec)

same for bino-wino, wino-Higgsino

details & smallemg,, in [Covi, JH, Roberts, Pokorski, 09], BBN bounds from [Jedamzik, 06
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Reconciliation by Entropy Prodution
°

Requirements on entropy-producing partiglto dilute the NLSP

No. Requirement Comment
i s > to have effect 0f2nisp
ii 75 < IBBN not to spoil BBN
i L2 (75) > 1 0(10) < A < 10
v Te () <1 for standard NLSP freeze-out
V. By nspt. =0 from NLSP decay problem

Vi Bsou,,t. =0  from overproductionS(zg'C’/2 ~ Qpm)
Vi e.g.73p >t compatibility with gravitino dark matter

Viii i) and v)-vii) for by-products. No new problems.

Severe constraints
indeed already without particular interest in entropy production
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and the Strong CP problem
.

Example for an extension of the Standard Model

e Strong CP problem: fine-tuning problem of the Standard Model
— standard solution (PQ mechanism) introduces agion> {a, ¢sax, A}

@ ¢saxandatypical late-decaying particles with interactions suppressed
fa > 6 x 108 GeV (observational bound)

e example scenario with maxima:
fa = 101°GeV,my > 1.2 TeV, ¢,y ~ /TaMpi, Msax = 8.4 GeV
smallerf, and largeimgay giving smallerA allowed as well

e while standard scenaridy(= 1) requires:
fa < 101°GeV,my > 1.2 TeV, dlyy ~ fa, Meax > 1.2 TeV

Saxiongsax can make it )
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Conclusions
°

Conclusions

i) A > 1 can help to reconcile thermal leptogenesis
with gravitino dark matter

i) A ~ 10° reconciles both in the case of wina@/‘o” = 25)
and nggsmo(xm'” 90), but not for bino NLSP.

iii) Severe constraints on entropy-producing particle
— generic for late-decaying particle

iv) Saxion produced in coherent oscillations can make it
— restrictions in any case

The potentially dangerous saxion decays can turn out as a fortune,
solving the a priori unrelated gravitino problem.
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Thank you for your attention!

Hopefully, there are comments/questions?
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