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Motivation: QCD diagram
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Baryon asymmetry of Universe : b = ?B = (8.60 & 0.06) x 10~ (Planck 2015)

— well measured, but poorly understood...

Tiny, but why so big?

— Baryogenesis, Leptogenesis
Leptogenesis: 1.) Mechanism for creation of lepton asymmetry
2.) Sphaleron processes transfer lepton asymmetry to baryon asymmetry

— lepton asymmetry = baryon asymmetry (i. €. tiny)

Possible caveats?

« sphaleron processes experimentally not confirmed

« suppress sphaleron processes?
(S. Eijima, M. Shaposhnikov 2017; G. Barenboim, W. Park 2017;...)
. create large lepton asymmetry at later times, when sphaleron processes are inefficient

(Affleck-Dine mechanism; active-sterile neutrino oscillations, Barbieri & Dolgov 1991, ...) 2
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Motivation: Lepton asymmetry

Lepton asymmetry = key parameter for origin of matter-antimatter asymmetry

What do we know about the lepton asymmetry of our Universe?

charge neutrality:
— possibly hidden in cosmic neutrino background
— no direct measurement possible (7, = 1.9K)

Any constraints?

L. Oldengott, D. Schwarz 2017;
CMB and BBN: [ < .01 o ’
l — O(O 0 ) Mangano et al. 2012

— could be larger than baryon asymmetry by many orders of magnitude

Agnostic point of view: lepton asymmetry = free parameter for cosmology
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How to compute the cosmic trajectory:

Conservation laws (at 10 MeV < T < 100 GeV)
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Cosmic Trajectory

How to compute the cosmic trajectory:

Conservation laws (at 10 MeV < T < 100 GeV)

1.) Lepton number: [, =ng +1y , =€, U, T

Assume [, =1 (equal flavour asymmetries)
5 conservation laws

S« s — 5 equations
2.) Baryon number: bs = Z Bin 63( -, — 5 chemical potentials:
V4
)
P HLes ML, ML, 5 BB HQ
3.) Electric charge: gs = Z Q. nz/ %Qfé"eb
. e tf@/}
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Cosmic Trajectory

At T > Tqcop

— ideal quark gas (weak, but no strong interactions)

At T K Tocp

— hadron resonance gas, HRG (weak, but no strong interactions)

—thermal and chemical equilibrium:

Net particle densities:

Y >~ 2 _ 2 ! — :
M o / | dEE\/E M X (e(E—M)/T +1  eE+m)/T 4+ 1)

where
T>>‘y “TLQCD
ILLLoz:luVa7 ,LLQ:,LLTF:/’LP_ILLTL7
/’LQ:/’LVQ_ILLOCZILLU_MCZ7 /*LB:/’L’I’L
UB = fu + 244

etc. 5
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And what aboutT' =~ Tqcp”?

— Trick from lattice QCD: Expand around g ~ ()
1
p¥P(T, ) = pP(T,0) + 5 paxan(T)s + O(u?)

2
OpRCP(T,
P 8; 1) ot + O

% (L.

susceptibilities: xqp(T) =

N (Ta :LL) —

= Xba (T)
pn=0

Otta Oy

— calculated on the lattice! (Hor OCD coll. 2012 & 2014)

g las =ng +n,y,
rewrite conservation laws: < bs = UWBXBB T HQXBQ ;
15T HeXQQ T UBXBQ — Zna
e’ 6
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— Looks smooth. No indication for a 1st order transition.
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« The QCD diagram is 5+1 dimensional.

. For non-vanishing lepton asymmetry the cosmic trajectory gets shifted in

the (,LL37 T) plane.

* There is no hint for a first-order transition (assuming equal flavour
asymmetries!).
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