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Joint works with Andreas

e 12 publications with 7 original papers

e from 2001 to 2004 ultra high energy cosmic rays (UHECR)

e from 2015 to 2016 axion physics

It was really a great pleasure to work with Andreas! Thank you!
We wanted to intensify/institutionalize = excellence initiative

| will choose one work from each time period

e Z-burst explanation of UHECRs and neutrino masses

e topological susceptibility at large temperatures
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ultra-high-energy cosmic ray (UHECR):

energy greater than 1 EeV (108 eV) UHEC v

University of Utah's Fly's Eye 1991:
3.2:10%'eV nucleus as a 100 km/h baseball

GZK cutoff-paradox: why do we observe them?
within 50 Mpc they should interact with CMB
One should see a cutoff somewhere below 10%° eV

<l

UHECR neutrinos hitting relic neutrinos Z
Z-burst = UHECR hadrons
scenario depends on the neutrino mass
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Relic neutrinos: decoupled at T=1 MeV and t=1 second

Their predicted number density: 56/cm3 (comparable to CMB)
Z resonance production: vy — Z — hadrons

E/® = M%/2m, = 4.2-10% eV-(1 eV/m,)

decreasing v flux = largest m, needs the smallest E: dominant

We can fit m,, absolute scale, to the observed UHECR spectrum
Result: 0.08 eV < m, < 0.40 eV, similar scale as the mass differences

After over two decades, we still don't know the absolute scale
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The most entertaining research time: Z-burst physics

- 0% L
At least three great successes w E
(a) explain UHECR & the GZK E
cutoff-paradox 3

(b) give an absolute value for m,
(c) prove the existence of relic neutrinos
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2017: instead of the 30 UHECR events, what could have confirmed AGASA

Auger saw only two events = GZK cutoff is there

(Earlier large E/flux results: probably incorrect energy calibration issue)
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Result: b ~ 3 unexpected (DIGA etc. b ~ 8)
for T>2 GeV is larger than DIGA by 7-8 orders of magnitude
one order of magnitude shift for the axion dark matter window

crosses quenched result at 4T, (for quenched X%/4(4 T.)=17 MeV)

= further study is obviously necessary
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Fixed Q simulation: extra acc/rej step at the end of each update, as lattice spacing
decreased the acceptance gets better.
Test in quenched case: pure Wilson action upto 7 - T, and 8 x 643
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standard method: extrapolation using a fit;

integral method,;

Dilute Instanton Gas Approximation:

exponent agrees nicely, but order of magnitude difference in y
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Topological susceptibility at the physical point

very few tOpOIOgy Changes (hard): S. Borsanyi et al. Nature 539 (2016) 69
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absolute lower limit (all DM from misalignment): ma>28(2) peV
assuming 50-99% other (e.g. strings): ma = 50 — 1500 peV



