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What are the questions

Creation and existence of life

e what is (anti-)matter

— strings, quarks, gluons, nuclei
(abundance in 2 dimensional N/Z E :
space), atoms, molecules - 5 & e Tr

 standard model of forces - ..

— electromagnetism, weak interaction,
strong interaction, gravitation

Ak
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journey to the big bang
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New generation of observatories

sl Con-X XMM Newton
Anita
Chandra Antares
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Energy frontiers
 High-energy frontiers

Cosmic microwave background radiation
Dark matter and Dark energy
Inhomogeneous Big Bang

Ultra-relativistic Cosmic Rays and Neutrino’s

 Low-energy frontiers

Nucleosynthesis
Elemental abundances
Fusion processes
Explosive burning
Weak interactions
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Transients

superburster: Bebbosax
(Kuulkers, Heise, Cornelisse)

RXTE (Strohmayer)

type | X-ray burster

type Il SN1987A AGN
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Explosive hydrogen burning

Fusion rates in explosive hydrogen burning run through
the rp process as a break out from the CNO cycle

Model calculations (Schatz JINA/MSU/NSCL) try to explain
measured X-ray spectra

Fusion rates depend on and the
Maxwellian distribution of the particle velocities

R=s(E) E exp(-E/KT)

®
Gamow window =
temperature & -
excitation energy _
center-of-mass energy ®
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Reactions in the CNO cycle

150 decays to °N
(known b-decay) /
50 +ab BNe*b BNe+g | NE 19Ne
(unknown) |
6F | JF | 18F | T,=0.4

140 150
Ay _
Z 3N | 4N | 15N T9=0.2
T12(:
N
>
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“decay

The capture reaction: °O + a b 1®Ne* b 1®Ne + ¢
will be important, if the decay of the 4.03 MeV level
runs predominantly through emission of a.
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How IS it done In reality

Take a “!Ne beam from the AGOR cyclotron
Make a nuclear reaction 2!Ne+p b 19Ne*+t

ldentify decay of 1°Ne* 4.03 MeV
—19Ne* b a + 150

— 19Ne* b g + 19Ne

Determine partial

branching
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No break out from hot CNO!

10°

I | | | I | | | HE
New lower limit for

4 density from B. Davids et al.
< 10 (PRC67 (2003) 012801)
\% Current *O(a,g) rate
2 103 Y with X10 variation
7 ,
o
:F E

10 E /! 7
— /A

H. Schatz

Multizone Nova model RNB6, September 2003, ANL

(Starrfield 2001)

7.
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core collapse and type la SN

Electron density: « Nucleosynthesis
e Dynamics

/E Need e-capture rates on nuclei
(Langanke et al. 2003)

Experiments:
Charge exchange (n,p) (TRIUMF)

, . (d,”He)
Pre collapse evolution of electron fraction: (t,3He)
050 lIIII I |IIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIII_I
i 55F o WW |
I e L 1
048l LMP ]
I . A.Hegeretal. ]
- 61;? Phys. Rev. Lett. -
S 0.46 - ! 86 (2001) 1678 -
: 57Fe :
- Cr e A Cooling of SNR'’s by
0.44 — 53Cr — . . . .
I 1 neutrino emission:
- 1oM — E.N.E. van Dalen et al.
0.42 LUl |IIIIIIII |IIIIIIII |IIIIIIII |IIIIIIII |IIIIIIII |IIIIIIII LLLL
Time till core collapse(sec)
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(d,’He) as GT* probe in fp shell

§ 58Ni(d,2He)58Co E=85A MeV
< — 98Ni(n,p)°>2Co E=198 MeV
Q o
i L S
= — S
E =
— < AT
T s
S -

= =
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E Iz
E g -
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E, (MeV)
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Influence of GT
strength
distribution

on calculated
capture rate Is
dramatic,
especially

at low

temperatures

101t

High-resolution data! 10

M. Hagemann et al.,
Phys. Lett. B579 (2004) 251
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Neutrino spedrum

Sun X-ray image
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Solar wind and comets

Atomic charge-
transfer reactions
In coma of comets;
producing X-rays

D. Bodewits et al.,
ApJ 606, L81 (2004)

ROSAT X-ray satellite
comet Hyakutake
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“C+*He ®1°0 + ¢

F. Fleurot et al., g Ot
submitted to -
Phys. Lett. B 16 O
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Step to astroparticle physics

UHE and EHE

« Cosmic Rays (CR’s)
— elemental abundance
— energy spectrum

 Neutrino’s
— beyond GZK cut off
— not limited by magnetic fields
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GZK cutoft

Greisen, Zatsepin and Kuz’'min (1966)

Interaction with 2.7 K Cosmic Microwave Background
(CMB), drops Eg below 6" 10%° eV (through D):

P+g,« ® n+p*® p+e’ +n—e
P+« ® ptp°

p+g2.7K ® p+e+ +e

E(g.7¢ ) » 10° eV
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CR spectrum
IUHE 1EHE

from: Jeffrey Wilkes
UoW
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Can we extend L OFAR?
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LOFAR as CR or n detector

from: Heino Falcke
KUN, ASTRON
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LOPES (LOFAR
Prototype Station,
Heino Falcke and
Peter Gorham,
astro-ph/0207226)
at KASCADE

First coincident
events recently
detected

Calibration ?
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Surface-based muon detector

HiRes — MIA (Utah)

coincidences

HiRes angular track length, and
the core distances from MIA

Average muon density at 600 m
from the shower core

Possibility to determine
chemical composition of
primary CR?

LOFAR is much more efficient!

Extend LOFAR (and later P.
Auger Observatory?) with
muon/electron detectors
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PAQ: Fluorescence +
Charged Particle detectors
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SalSA (Salt dome Shower Array)
n LOFAR

200 radio antennas

separated by a

distance of about n
400 m using 36 at

least 2 km deep

boreholes

from: Peter Gorham NeSS 2002
“SalLSA: probably the most cost-effective GZK neutrino telescope”
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SalSA UHEN DAQ

from: G.S. Varner et al.,
GEISER readout, 2004

Technical developments: | | Similar to:
LOFAR

* low-noise amplification KM3NeT
o self-triggering anti-neutrino antenna
- data-transfer over km distance (de Meijer NPN 14, 2004)

e data correlation
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from: G.S. Varner et al.,
GEISER readout, 2004

3D borehole
radar technique ?
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Summary & Conclusion

 Many new observatories
o Strong overlap Astronomy & Physics
o KVI research is going on for several years

 New physics and technical R&D
— muon tracking

— export techniques to e.g. PAO
— salt domes for UHE n detection

e Challenge for (young) scientists and
technicians

e Creation and existence of life
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LE stuff many (young ) people:

Arhus, Arhus University: K. Langanke

Argonne, ANL: K.E. Rehm, A.H. Wuosmaa

Barcelona, IEEC: M. Hernanz, G. Martinez-Pinedo, J. José
Belfast, Queen’s U: R.W. McCullough

Darmstadt, IKP: F. Hofmann, P. von Neumann-Cosel, A. Richter
Evanston, NWU: R.E. Segel

Gent RUG: D. De Frenne, M. Hagemann, J. Heyse, E. Jacobs, A. Negret, L.
Popescu

Groningen, KVI: AGOR & crew, J.P.M. Beijers, D. Bodewits, E.N.E. van Dalen, B.
Davids, P. Dendooven, A.E.L. Dieperink, F. Fleurot, V.M. Hannen, M.N. Harakeh, R.
Hoekstra, S. Harmsma, M. Hunyadi, M.A. de Huu, V.L. Kravchuk, R.H. Siemssen,
R.G.E. Timmermans, J.A. Tjon, H.W. Wilschut, H.J. Wértche

Groningen, KAI: A.G.G.M. Tielens

Minster, IKP: C. Baumer, D. Frekers, E.-W. Grewe, P. Haefner, B.C. Junk, A. Korff,
S. Rakers

Orsay, CSNSM: M. de Assuncao, J. Kiener, A. Lefebvre, N. de Séréville, V. Tatischeff
Orsay, IPN: J. Guillot, H. Laurent, A. Willis
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Thanks for talking HE stuff

. Assen, NAM: M. Geluk
. Dwingeloo, ASTRON: H. Butcher, H. Falcke, K. van der Schaaf

. Groningen, KVI: J.C.S. Bacelar, J.P.M. Beijers, A.E.L. Dieperink,
E.R. van der Graaf, M.N. Harakeh, K.P. Jungmann, H. Lohner, N.
Kalantar-Nayestanaki, R.J. de Meijer, J.G. Messchendorp, O.
Scholten, R.G.E. Timmermans, H.J. Wértche

. Nijmegen, KUN: J. Kuijpers, C.W.J.P Timmermans
. Tokyo, Metrop. U: M. Chiba
. Utrecht, TNO-NITG: T.T. Kuipers, L. van de Vate
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