
Inelastic neutron scattering studies of 132,134Xe:  
Elucidating structure in a transitional region 
and possible interferences for 0νββ searches
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Nuclear Shape Transitions

F. Iachello, Phys. Rev. Lett. 85, 3580 (2000).

1st proposed example:  134Ba

R. F. Casten and N. V. Zamfir, Phys. Rev. Lett. 85, 3584 (2000).
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Identifying E(5)

• Predicted level scheme, relative B(E2)s

F. Iachello, Phys. Rev. Lett.  85, 3580 (2000).
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Do the Xe nuclei exhibit E(5) behavior?

• E(𝟒𝟏
+)/E(𝟐𝟏

+)=2.0-2.5

• 2 0+ states E(𝟎+ )/E(𝟐𝟏
+)= 3-4

• 𝟎𝟐
+ → 𝟐𝟏

+ and 𝟎𝟑
+ → 𝟐𝟐

+

R. M. Clark, et al. Phys. Rev. C 69, 064322 (2004).
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E(5)?



University of Kentucky Experiments
• Inelastic neutron scattering ― (n,n'γ)

 Monoenergetic neutrons via 3H(p,n)3He

 Allows determination of:

• Level scheme

• Transition multipolarities

• Multipole mixing ratios

• Level lifetimes by DSAM

• Transition probabilities

• Cross sections

• Solid XeF2 samples of >99.9% 132Xe, 134Xe

 Highly enriched, solid targets not used previously

XeF2 in Teflon® vial



Experimental Setup

Excitation functions
 Vary neutron energy
 Detection angle constant
 Build level scheme 
 Cross sections

Angular distributions
 Constant neutron energy
 Detection angle varied from 

40°-150°
 Transition multipolarities,  

multipole mixing ratios, level 
lifetimes, transition 
probabilities



Level Lifetimes:  Doppler-Shift 
Attenuation Method (DSAM)

T. Belgya, G. Molnár, and S.W. Yates, Nucl. Phys. A607, 43 (1996).
E.E. Peters et al., Phys. Rev. C 88, 024317 (2013).

• Scattered neutron causes 
the nucleus to recoil.

• Emitted γ rays experience a 
Doppler shift.

• Level lifetimes in the 
femtosecond region can be 
determined.

γγ

v


0°180°

τ = 7.6(9) fs

τ = 76(7) fs



DSAM

Not Doppler-

shifted

Completely

Doppler-

shifted

Calculated curve

F()exp 

    







 θ cos

c

v
τF1EθE cm

expγγ

τ = 76 ± 7 fs

K.B. Winterbon, Nucl. 
Phys. A246, 293 (1975).

T. Belgya, G. Molnár, and S. W. Yates, Nucl. Phys. A607, 43 (1996).



132Xe 0+ States
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134Xe 0+ States

3040

1863

𝟎𝟑
+

𝟐𝟐
+

2566

847

𝟎𝟐
+

𝟐𝟏
+

2389

1614

𝟎𝟑
+

𝟐𝟐
+

1636

847

𝟎𝟐
+

𝟐𝟏
+

E(5) Expt.

13

34

<18

<3

4066 𝟐+

11 𝟐+



Do the Xe nuclei exhibit E(5) behavior?

• E(𝟒𝟏
+)/E(𝟐𝟏

+)=2.00-2.50

• 2 0+ states 3-4 times E(𝟐𝟏
+)

• 𝟎𝟐
+ → 𝟐𝟏

+ and 𝟎𝟑
+ → 𝟐𝟐

+

R. M. Clark, et al. Phys. Rev. C 69, 064322 (2004).
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Structure Summary

• Neither 132Xe nor 134Xe fits the E(5) description.

• Transitional nuclei continue to be difficult to 
describe.
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Experimental Signature of 0νββ
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136Xe

Qββ=2458 keV

136Ba
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S. Cebrián et al., J. Phys. G: Nucl. Part. Phys. 40 (2013) 125203 

2νββ
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• EXO-200:  

– 200 kg of Xe (l) 

• 80.6% enriched in 136Xe (remaining 19.4% is 134Xe)

– Q-value: 2457.83  ± 0.37 keV

2012 JINST 7 P05010 PRL 109, 032505 (2012)
Pictures from R. Neilson TIPP 2011 and
http://www-project.slac.stanford.edu/exo/



EXO Resolution

228Th 2615 keV

FWHM ≈ 100 keV

PRL 109, 032505 (2012)



Calculated Neutron Backgrounds

M.J. Carson et al.  Astroparticle Physics 21 (2004) 667–687

Muon-induced
neutrons

U & Th



134Xe(n,n'γ)  Background?
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New Level!



2485-keV Gamma Ray
bg

𝝈𝜸 ≈ 10 mb

Q-value: 2458 keV

Neutron energy – 2.7 MeV
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136Xe: Three levels in the region
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