Spectrometer — particle identification
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Solar abundances of elements
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open questions:

e Why is Fe more common
than Au ?

» Why do the heavy elements
exist and how are they
produced?

 Can we explain the solar
abundances of the elements?
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The chart of nuclides

Nucleosynthesis in the r-process
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Radioactive lon Beams at GSI
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FRagment Separator at GSI

in-flight A and Z selection

energy resolution: ~ 1 GeV
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Rare Isotope Selection at FRS: Bp — AE — Bp selection
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Production, Separation, Identification
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Production, Separation, Identification
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Experimental set-up for y-ray spectroscopy
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The astrophysical r-process “path’
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Assumption of a N=82 shell quenching leads to a considerable
improvement in the global abundance fit in r-process calculations !
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Reaction with Relativistic Radioactive Beams — R3B
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Large Area Neutron Detector
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Dipole strength distribution of %Ni
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Synthesis of heavy elements
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eparatorfor eavy on roducts (SHIP)
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eparator for eavy on roducts (SHIP)

» Fusion products are slower than scattered or
transfer particles

ven = [mp/(my +me)] - vp
e.q.v, = 103% - vey = 2.2%

» E- and B-field are perpendicular to each other

5 _m-v
P = e q

- _m-v2
p = e q

Fmag= el = Ftor =0

electric deflectors: £330 kV  dipole magnets: 0.7 T max
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eparator for eavy on roducts (SHIP)

» The choice of E and B determines the
transmitted velocity

» The rejected beam will be stopped on a cooled
Cu plate
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SHIP — stop detector

b
(J
N
a (AE signal)
H HW ||‘|| ”i
1F|;l' oy |!|'|I'u1 SHE will be measured in a pixel
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Wait for the emission of an a-particle
(or B-particle)
correlation method: implantation and

area: 27-87mm2, thickness: 0.3mm, 16 strips decay event in the same pixel
energy resolution AE=18-20 keV @ E,> 6MeV (cooling 260K)

position resolution Ax=0.3mm (FWHM)

» position sensitive Silicon detector determines
the position an energy of SHE and a, B, ...
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Synthesis and identification of heavy elements with SHIP
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Synthesis and identification of heavy elements with SHIP
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Cherenkov Radiation Threshold Detection - The Kaon Spectrometer

TOF Start Mwpc 2 MWPC 3
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Cherenkov Radiation Threshold Detection - The Kaon Spectrometer

TOF Start mMwpc 2 MWPC3

\ f P Experimental task is to identify the kaons in a
A === E large background of protons and pions.
grwic= pt,m*,K* rate: ~10000/1000/1

Target

Large-Angle ' % Time-of-flight (ToF) measurement

Hodoscope  Quadrupole
% Cherenkov detectors
1) lucite (n = 1.49,8 = 0.67) and water (n = 1.34,8 > 0.75)
i.e. above the velocity of protons for p < 0.8 GeV' /c and
p < 1 GeV /c respectively

2) silica aerogel (n = 1.05, 8 = 0.95) allows separation of pions
and kaons

Small-Angle
Hodoscope

Large-Angle
Hodoscope

Quadrupole
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Cherenkov Radiation Threshold Detection - The Kaon Spectrometer

TOF Start Mwpc 2 MWPC 3

\\ { ,, Experimental task is to identify the kaons in a
G 7K b = b large background of protons and pions.
__ [— p+,7'[+,K+ rate: ~10000/1000/1

Target

Large-Angle S % Time-of-flight (ToF) measurement

Hodoscope Quadrupole

7 «» Cherenkov detectors
_ \? 1) lucite (n = 1.49,8 = 0.67) and water (n = 1.34,8 > 0.75)
i.e. above the velocity of protons for p < 0.8 GeV /c and
o 3 p < 1GeV/c respectively
2) silica aerogel (n = 1.05, 8 = 0.95) allows separation of pions
and kaons

The signal from the plastic ToF-wall in coincidence with

1
P

C+C 1.8AGeV

N 10 R the first Cherenkov row and in anti-coincidence with the
g 10 second one can thus be used as a kaon trigger for
T 10" momenta above 500 MeV /c.
Z s
T 10
* %
210
L ¥
= 10
- The green spectrum is measured with a trigger on charged particles without ToF.
10 The red one is measured with the ToF trigger.
10 o - % 3 The black spectrum is measured with the kaon trigger.
m/Z [GeV/c?]
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