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What are the questionsWhat are the questions

Creation and existence of life
• what is (anti-)matter

– strings, quarks, gluons, nuclei 
(abundance in 2 dimensional N/Z 
space), atoms, molecules

• standard model of forces 
– electromagnetism, weak interaction, 

strong interaction, gravitation

journey to the big bangjourney to the big bang
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New generation o f observatoriesNew generation o f observatories

ChandraChandra

LOFARLOFAR ConCon --XX

AntaresAntares

XMM NewtonXMM Newton

AnitaAnita
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Energy frontiersEnergy 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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TransientsTransients

RXTE (Strohmayer)

type I X-ray burster

superburster: Bebbosax
(Kuulkers, Heise, Cornelisse)

type II SN1987A AGN
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• Fusion rates in explosive hydrogen burning run through through 
the the rprp process as a b reak ou t from the CNOprocess as a b reak ou t from the CNO cycle

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

• Fusion rates depend on Coulomb repulsionCoulomb repulsion and the 
MaxwellianMaxwellian distributiondistribution of the particle velocities

• R=s (E) E exp(-E/kT)

Explosive hydrogen bu rningExplosive hydrogen bu rning

center-of-mass energy ®

ra
te

 ®
Gamow Gamow windowwindow
temperature &temperature &
exc itation ene rgyexc itation ene rgy
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Reactions in the CNO cyc leReactions in the CNO cyc le

17F16F

18Ne

18F

14O 15O

14N

12C

15N13N T9 = 0.2

T9 = 0.4

19Ne

N

Z

•• 1515O decays to O decays to 1515NN

(known b-decay)

•• 1515O + O + aaaa ÞÞÞÞ 1919Ne* Ne* ÞÞÞÞ 1919Ne + Ne + gggg
(unknown)
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g-decay

a-decay

The capturecapture reaction:reaction: 15O + a Þ 19Ne* Þ 19Ne + g
will be important, if the decaydecay of the of the 4.034.03 MeVMeV level 
runs predominantly throughthrough emiss ionemiss ion of of aaaa..



APP Symposium 
26-Apr-2004

Nuclear and Particle Astrophysics: 
from low to high energies

9
Ad M. van den Berg

How is it don e in reali tyHow is it don e in reali ty

• Take a 21Ne beam from the AGOR cyclotron
• Make a nuclear reaction 21Ne+p Þ 19Ne*+t
• Identify decay of 19Ne* 4.03 MeV

– 19Ne* Þ a + 15O
– 19Ne* Þ g + 19Ne

• Determine partial 
branching
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No break out f rom hot CNO!No break out f rom hot CNO!
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Time till core collapse(sec)

core collapse and type Ia SN

Experiments:

Charge exchange (n,p) (TRIUMF)
(d,2He) 
(t,3He)

Electron density: • Nucleosynthesis
• Dynamics

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

Pre collapse evolution of electron fraction:

Cooling o f SNR’s by
neutrino emiss ion:
E.N.E. van Dalen et al.
Phys. Rev. C67 (2003) 06580710010 110 2103104105106
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(d,(d,22He) as GTHe) as GT++ probe in probe in fpfp shellshell

58Ni(d,2He)58Co E=85A MeV
58Ni(n,p)58Co     E=198 MeV
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Influence of GT 
strength 
distribution
on calculated 
capture rate is 
dramatic,
especially 
at low 
temperatures

HighHigh --resolution data !resolution data !

M. Hagemann et al., 
Phys. Lett. B579 (2004) 251      
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Neutr ino spectrum
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Solar wind and cometsSolar wind and comets

Atomic chargecharge--
transfer reactionstransfer 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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1212C + C + 44He He ®®®® 1616O + O + gggg

4He 8Be
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Step to Step to astroparticleastroparticle phys icsphys ics

UHE and EHEUHE 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 cutoffGZK cutoff

Greisen, Zatsepin and Kuz’min (1966)

interaction with 2.7 K Cosmic Microwave Background 
(CMB), drops ECR below 6´ 1019 eV (through D):

2.7 eKp n p eg p n+ -+ ® + ® + +

2.7
o

Kp pg p+ ® +

2.7K ep p eg + -++ ® +
E(g2.7K ) » 10-3 eV
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CR spectrumCR spectrum

from: Jeffrey Wilkes
UoW

UHEUHE EHEEHE

GZK cut offGZK cut off
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Can we extend L OFAR?Can we extend L OFAR?
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LOFAR as CR or LOFAR as CR or nnnn detectordetector

from: Heino Falcke
KUN, ASTRON
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•• LOPESLOPES (LOLOFAR 
Prototypee SStation, 
Heino Falcke and 
Peter Gorham, 
astro-ph/0207226) 
at KASCADE

•• First coincident First coincident 
events recently events recently 
detecteddetected

• Calibration ?
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SurfaceSurface--based based muonmuon detectordetector

HiResHiRes –– MIA (Utah) MIA (Utah) 
coincidencescoincidences

•• HiResHiRes angular track length, and 
the core distances from MIAMIA

• Average muon density at 600 m 
from the shower core

• Possibility to determine 
chemical compositionchemical composition of 
primary CR?

•• LOFARLOFAR is much more efficient!efficient!
• Extend LOFAR (and later P. 

Auger Observatory?) with 
muonmuon /electron/electron detectors from: T. Abu-Zayyad et al

PRL 84 (2000) 4276
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PAO: Fluorescence + PAO: Fluorescence + 
Charged Particle detectorsCharged Particle detectors
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SalSASalSA (Salt dome Shower Array)(Salt dome Shower Array)

from: Peter Gorham NeSS 2002
““ SaLSASaLSA: probably the most cost: probably the most cost--effective GZK neutrino telescope”effective GZK neutrino telescope”

200 radio antennas 
separated by a 
distance of about 
400 m using 36 at 
least 2 km deep 
boreholes

nnnn

nnnn LOFARLOFAR
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SalSASalSA UHEN DAQUHEN DAQ

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

Technical developmentsTechnical developments: 
• low-noise amplification
• self-triggering
• data-transfer over km distance
• data correlation

Similar toSimilar to: 
LOFAR
KM3NeT
anti-neutrino antenna
(de Meijer NPN 14, 2004)
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from: G.S. Varner et al.,
GEISER readout, 2004

3D borehole 3D borehole 
radar technique ?radar technique ?
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Summary & ConclusionSummary & Conclusion
• Many new observatories
• Strong overlap Astronomy & Physics
• KVI research is going on for several years 
• New physics and technical R&D

–– muonmuon track ingtrack ing
–– expo rt techn iques to e.g. PAOexpo rt techn iques to e.g. PAO
–– salt domes for UHE salt domes for UHE nnnn detectiondetection

• Challenge for (young)(young) scientists and 
technicians

• Creation and existence of life 
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LE stuff many (LE stuff many (youngyoung ) people:) people:
• Århus, Århus University: K. Langanke

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

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

• Darmstadt, IKP: F. F. HofmannHofmann, P. von Neumann-Cosel, A. Richter

• Evanston, NWU: R.E. Segel

• Gent RUG: D. De Frenne, M. HagemannM. Hagemann, J. J. HeyseHeyse, E. Jacobs, A. A. NegretNegret, L. L. 
PopescuPopescu

• Groningen, KVI: AGOR & crew, J.P.M. Beijers, D. D. BodewitsBodewits, E.N.E. van E.N.E. van DalenDalen, BB. . 
DavidsDavids, P. Dendooven, A.E.L. Dieperink, F. F. FleurotFleurot, V.M. V.M. HannenHannen, M.N. Harakeh, R. 
Hoekstra, S. S. HarmsmaHarmsma, M. M. HunyadiHunyadi, M.A. de M.A. de HuuHuu, V.L. V.L. KravchukKravchuk, R.H. Siemssen, 
R.G.E. Timmermans, J.A. Tjon, H.W. Wilschut, H.J. Wörtche

• Groningen, KAI: A.G.G.M. Tielens
• Münster, IKP: C. C. BBääumerumer, D. Frekers, E.E.--W. W. GreweGrewe, P. P. HaefnerHaefner, B.C. JunkB.C. Junk, A. A. KorffKorff, 

S. Rakers
• Orsay, CSNSM: M. de Assunção, 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 stuffThanks 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. Löhner, N. 
Kalantar-Nayestanaki, R.J. de Meijer, J.G. Messchendorp, O. 
Scholten, R.G.E. Timmermans, H.J. Wörtche

• Nijmegen, KUN: J. Kuijpers, C.W.J.P Timmermans

• Tokyo, Metrop. U: M. Chiba
• Utrecht, TNO-NITG: T.T. Kuipers, L. van de Vate


