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EAGLE   Ancillary Detectors
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  -   internal conversion electron spectrometer ULESE 
                                                                     J. Perkowski,   - Univ. of Lodz
  -  COULEX    (48 - max.110 PIN-diodes)        
                                           P.J. Napiorkowski, K. Wrzosek-Lipska   HIL UW
 
  -  Devald type Plunger         C. Mihai - IFIN-HH Bucharest,  A. Tucholski 
HIL UW

  -  4π Si-Ball for p,α detection            A. Kordyasz,  HIL UW

  -  Recoil Filter Detector        P. Bednarczyk - IFJ PAN,Kraków

  -  Multiplicity Filter (60 BaF2)



4π Si-Ball
(A. Kordyasz, HIL UW

ULESE        J. Perkowski
University of Lodz Electron SpEctrometer

„The  Munich  chamber” 48 PiN diodes 
  (max. 110)
P. Napiorkowski, K. Wrzosek-Lipska  HIL 
UW

Bucharest -Koln     plunger
C. Michai IFIN-HH, A. Tucholski HIL UW
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Coulomb Excitation of 100Mo
32S scattered at 112O – 154O

 K. Wrzosek-Lipska, et al. 
PRC 86 (2012) 064305
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      Shape evolution of 96-100Mo 
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M. Zielińska et al., Nucl. Phys. A 712 (2002)
K. Wrzosek-Lipska et al., PRC 86 (2012)

• 96Mo: coexistence of the deformed ground state with a spherical 0+
2

• deformation of 0+
2 state is increasing with N; ground state of the Mo isotopes triaxial

•  shape coexistence in 98,100Mo manifested in a different triaxiality of 0+
1 and 0+

2 

Courtesy K. Wrzosek-Lipska



Deformation of 100Mo: theory vs. 
experiment

100Mo
model GBH model GBH

100Mo

GBH - General quadrupole collective Bohr Hamiltonian (5 dimentional Bohr H.)
                                       UMCS Lublin + U. Warsaw

 L. Próchniak, S. G. Rohoziński, J. Phys. G: Nucl. Part. 36 (2009) 123101,
 L. Próchniak Int. J. Mod. Phys. E19 (2010) 705



Courtesy Tomasz Marchlewski
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3 components:
-Even-even core 
-Odd proton 
-Odd neutron hole

We need these angular momentums to be 
perpendicular

(chance to see spontaneous time-reversal 
symmetry breaking)Effect expected in odd-

odd nuclei within A ~ 130 
region

 

 nuclear chirality - Time reversal spontanous symmetry breaking



Lab system

Zakopane 2014 Tomasz 
Marchlewski
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Visible partner 
bands 
with similar 
properties:
-Level energies
Relative transition 
probabilities 
proportional to line 
thickness

124Cs level scheme



Energy separation in 124-128Cs Isotopes around 150-200 keV
lifetime results from the DSA experiments –Warsaw cyclotron 

Partner bands populated in fusion evaporation reaction

configuration

E.Grodner et al.,
128Cs as the best example revealing the chiral symmetry breaking 
phenomenon
Phys. Rev. Lett. 97 (2006) 172501

Chiral partner bands Cs, La

E.Grodner et al.,
Partner bands of 126Cs – first observation of 
chiral EM selection rules
Physics Letters B 703 (2011)



Visible partner bands 
with similar properties:
- Level energies
- Transition 

probabilities
Known lifetimes 
presented 

Relative transition 
probabilities 
proportional to line 
thickness

124Cs level scheme

 

courtesy Tomasz Marchlewski

114Cd (14N, 4n) 124Cs
DSAM,  DCO



Reduced E2 and M1 
transition 
probabilities are the 
same in partner 
bands

T. Marchlewski,..,J. Samorajczyk et 
al.
                                     A. Ph. Pol. 
B46(2015) 689 





        Shape and collectivity of 140Sm
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62

10+
442

751

994

12+

14+

16+

5.2 ns

10+

12+

14+

619
3172

1124

19.4 ns

h11/2
2

?poor understanding
of low-spin structure

need B(E2) and Qs

3211

 N~78 and Z>60: region of 
shape transitions and     
shape coexistence.
 Two complementary 
approaches:
Low–energy Coulomb 
excitation with RIB 
(ISOLDE)

       M. Klintefjord, Univ. of 
Oslo
RDDS lifetime and γ-γ 
angular correlations 
measurement at HIL

           Difficulties for RDDS :
            delayed feeding from 
isomers

two isomeric 10+ states

Courtesy of A. Goergen, Univ. Of Oslo



        RDDS lifetime measurement at HIL

reaction: 124Te(20Ne,4n)140Sm at 82 MeV
(just above Coulomb barrier)

COMPA: entry-state distribution
significant population of low-spin states
 decay path bypassing 10+ isomers

PhD work of F.L. Bello Garrote et al.  
Univ. Oslo 

τ (2+
1) = 9.0(7) ps

B(E2) = 0.21(2) e2b2

2+  0+ transition at forward 
angles 37

gate on flying component
of 715 keV 4+  2+ transition
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shifted
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Courtesy of A. Goergen, Univ. Of Oslo



R.B. Firestone et. al.
PRC 43, 1066 (1991)
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  decay of 140Gd 140Eu 140Sm

 112Cd(32S, p3n)140Eu

   112Cd(32S, 4n)140Gd 
    beam energy of 155 MeV

 HPGe θ angles:  42o, 70o, 110o, 138o, 180o

M. Klintefiord, .. ,J. Samorajczyk et al. 
A.Ph.Pol. B46(2015) 603 



New electron conversion spectrometer  - ULESE

 Test experiment
May 2013

 

University of Łódź

 



ULESE  (University of Lodz an Electron SpEctrometer)

J. Perkowski et al., Rev. Sci. Instr. 85 (2014) 043303

 high efficiency  up to 9% at 300 keV

 good energy resolution   ~ 1% at 500 keV 

 good suppression of delta electrons, 

   positrons, photons emitted from the target

 high efficiency  up to 9% at 300 keV

 good energy resolution   ~ 1% at 500 keV 

 good suppression of delta electrons, 

   positrons, photons emitted from the target

Simulations for electrons at energy of 250 keV





Study of the Kπ = 8- isomers with e-γ spectroscopy 

Motivation:  violation of the 
   K-selection rule (|ΔK| ≥ λ) for 
   electromagnetic transitions. 

 Properties of the decay of the 
   Kπ = 8-  isomeric states in 
   N=74 (130Ba, 132Ce, 134Nd)  
   
Multipolarities taken from  e–γ  and γ–γ

Important role of triaxiality

by D-F model and I(E3(526)/I(E3(798)
triaxiality   γ( 5+)  - γ(6+)  = 4(1) 。
 

J. Perkowski et al., EPJ A 42 (2009) 379
J. Perkowski et al., APP B 43 (2012) 273

K = 8 

K = 0 

E3/M
2

E3

K = 2

E1
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SUMMARY
• > 60 persons in EAGLE collaboration
                from  about 20 Institutions
•    ~ 30 working hard

   Chirality                  -    E. Grodner, T. 
Marchlewski
    COULEX                  -   P. Napiorkowski, K. 
Wrzosek-Lipska
    K-isomers               -   J. Perkowski, J. 
Samorajczyk
    PLUNGER                -  C. Michai, A. Tucholski
    Theory                     -   L. Próchniak
 Data Taking system  -  M. Kowalczyk; W. 
Oklinski 

• Our great mentor       prof. 
Chrystian Droste
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New acquisition module for 4 ACS Ge detectors

 

Michał Kowalczyk – programming (VHDL,C)
Wojtek Okliński -  design + PCB project

 



10 cm
Pb shielding Al  (2.2 μm)

beam

beam

EAGLE: 15 HPGe of 70% efficiency + 
BGO

Chamber: 48 Si PiN diodes (0.5x0.5 mm2) 
at backward angles
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Where is time-reversal?
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