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majority produced through 
-induced photodisintegration
via (,n), (,p) and (,)  

→ thousands of reactions 
(90% on radioactive nuclei)

→ experimental data
needed

→ esp. for theoretical 
        calculations!
→ very promising 
        approach at ESR

less than 200 in lab
(http://www.kadonis.org/pprocess/index.php)
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Pilot experiment: 96Ru(p,)97Rh

Beamtime 2008 

primary beam

product

reaction

gas jet
 target

electron cooler



Zuzana Slavkovská: Astrophysics with storage ringsMarch 14, 2018

Pilot experiment: 96Ru(p,)97Rh

Experimental method:

1. fully stripped isotopes 
injected into ESR at 100 AMeV

2. beam decelerated and 
cooled to < 10 AMeV
 
3. activation of gas jet target 

4. detection by position-sensitive 
detectors  

primary beam

product

reaction

gas jet
 target

electron cooler
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Pilot experiment: 96Ru(p,)97Rh
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Pilot experiment: 96Ru(p,)97Rh

DSSSD (Double Sided Silicon               
Strip Detectors)

16 x 16 strips
5 x 5 cm²
not UHV compatible

position sensitive
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Pilot experiment: 96Ru(p,)97Rh

 
 

inside dipole

DSSSDs

primary beam

product

Our energies: 9, 10 and 11 AMeV
                      → (p,γ) the weakest channel according to TALYS 
 

energy loss  
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Pilot experiment: 96Ru(p,)97Rh

 
 

DSSSDs
product

B. Mei et al. 2015 PRC 92, 035803
 

(p,γ)

GEANT4: peaks from different channels can be disentangled 
clear signature of (p,) reaction after subtraction of background
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Pilot experiment: 96Ru(p,)97Rh

 
 

DSSSDs
product Conclusion:

3 new data points for theory 
input

validation of theoretical 
models

→ principle succesfully tested

Mei et al., PRC 92 (2015) 
035803
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primary beam

product

gas jet
 target

electron cooler

Improvements:
1. position at the end of 1st dipole 
    (larger angular acceptance) 

 

Beamtime 2016: 124Xe(p,)125Cs

reaction

ESR
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Beamtime 2016: 124Xe(p,)125Cs

primary beam

product

movable detector arm

exact positioning of detector (step motor)

fast and fine-tunable system

Improvements:
1. position at the end of 1st dipole 
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DSSSDs
product

Improvements:
1. position at the end of 1st dipole 
     
2. one DSSSD (closer to primary beam)

 
   

 

Beamtime 2016: 124Xe(p,)125Cs
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DSSSDs
product

Improvements:
1. position at the end of 1st dipole  
     
2. one DSSSD 

3. UHV compatible detectors
 → lower energies

 
   

 

14

Beamtime 2016: 124Xe(p,)125Cs
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Beamtime and results: 124Xe(p,)125Cs

primary beam

productinside dipole
primary beam

product

(p,

Gamow
window

96Ru(p,)97Rh

Mei et al., PRC 92 (2015) 035803

124Xe(p,)125Cs

beamtime ESR: June 13th – 28th, 2016: measurement: (p,) at 5 different energies 
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Beamtime and results: 124Xe(p,)125Cs

beamtime ESR: June 13th – 28th, 2016

Conditions:

fill cycle: ~1 min: stored 124Xe ions per pulse: 5*106

frequency:  500 kHz

ring vacuum:   5*10-11 mbar

gas target density: up to 1014 /cm2

→ beam lifetime (7 AMeV): 2.5 s
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Beamtime and results: 124Xe(p,)125Cs

 (p,) expected ~4 cm from primary beam (MOCADI ion optical calculations)                      
                     
-> finding beam using the detector 

stored
beam

2.5 cm

1 cm 3 cm
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Beamtime and results: 124Xe(p,)125Cs

 (p,) expected ~4 cm from primary beam (MOCADI ion optical calculations)                      
                     
-> finding beam using the detector 

stored
beam

2.5 cm

1 cm 3 cm3 cm

(p,g) at 7 AMeV
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Beamtime and results: 124Xe(p,)125Cs

1st (p,) measurement at 7 AMeV, 32.5 h with jet ON
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Beamtime and results: 124Xe(p,)125Cs

1st (p,) measurement at 7 AMeV, 32.5 h with jet ON
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1 cm

Beamtime and results: 124Xe(p,)125Cs

3 cm

3 cm1 cm

1st (p,) measurement at 7 AMeV

 

                                             

                                         

(p,g)

Rutherford 
scattering
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Beamtime and results: 124Xe(p,)125Cs

Comparison to measurement at 7 AMeV without gas jet 

 

                                             

                                         

11h of beam32h of beam
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Beamtime and results: 124Xe(p,)125Cs
8 MeV/u6 MeV/u7 MeV/u

6.7 MeV/u 5.5 MeV/u
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Beamtime and results: 124Xe(p,)125Cs
8 MeV/u6 MeV/u7 MeV/u

6.7 MeV/u 5.5 MeV/u

(p,n)

8 AMeV
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primary beam

product

gas jet
 target

electron cooler

ESR

Beamtime and results: 124Xe(p,)125Cs

Also important: X-ray detectors

 

ESR
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Beamtime and results: 124Xe(p,)125Cs

Also important: X-ray detectors

at target: large xs for EC

   (reliably known quantity)

   

characteristic X-ray emission

of radiative component at target

→ used for normalization 
primary beam

product

gas jet
 target

electron cooler

ESR
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Beamtime and results: 124Xe(p,)125Cs
Also important: X-ray detectors

product

inside dipole
primary beam

product
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Beamtime and results: 124Xe(p,)125Cs
      REC: fast projectile ion captures a bound e- from target atom → x-ray emission    

      K-REC: REC into K shell of Xe
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Beamtime and results: 124Xe(p,)125Cs



Zuzana Slavkovská: Astrophysics with storage ringsMarch 14, 2018

+

Beamtime and results: 124Xe(p,)125Cs



Zuzana Slavkovská: Astrophysics with storage ringsMarch 14, 2018

                           
next step: cross section determination: 

+

theory: 

                           
analysis in progress

σ p , γ

N p ,γ

N K−REC

ϵK−REC

dσ K−REC

dΩ
ΔΩ

Beamtime and results: 124Xe(p,)125Cs

=
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Summary

124Xe(p,)125Cs

7 MeV/u       6 MeV/u         8 MeV/u         
 6.7 MeV/u        5.5 MeV/u

(p,

Gamow
window

96Ru(p,)97Rh
124Xe(p,)125Cs
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