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The E2 Nuclear Resonance Effect

When an atomic de-excitation energy is closely matched by
a nuclear excitation energy, a resonance condition occurs,
which produces an attenuation of some of the atomic x-ray
lines from a resonant versus a hormal isotope target.

Kaonic atom formation

n =~ -n,, where u is the reduced mass, m, the electron mass and
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n, is the principal quantum number of the outermost electron shell
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MOLYBDENUM OFFERS A UNIQUE OPPORTUNITY TO
INVESTIGATE THE STRONG K~ — N INTERACTION
WITH NUCLEAR RESONANCES
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The E2 Nuclear Resonance effect is a mixing of the atomic
states due to the electrical quadrupole excitations of
nuclear rotational states.

Quanto-mechanically, the effect mixes (n,1,0%) levels with (n’, 1
— 2,2%) levels producing a wave function which contains a small

24Mo (6,5)+(4,3) 798.8 24.8 M _ _ _ _
.~ admixture of excited nucleus-deexcited atom wavefunctions:

2Mo 778 (6,5)+(4,3) 798.5 25.2 655 2843 76 1711 .

%Mo 787.4 (6,5)+(4,3) 798.2 255 655 2843 756 1711 Y =+1—|a|2¢d(n, 0" +apn’, l—-22")

199Mo 535.5 (6,5)+(4,3) 797.9 25.8 655 2843 76 1712 ,

.. (n,1,2%|H,y|n',1 — 2,07) _ _

aaRu 832.3 (6,5)+(4,3) 874.9 29.8 6->5 3121 7-6 1879 . where a =+ and HQ IS the electric

1226 1140.2 (6,5)+(4,3) 1105.8 70.4 65 4035 756 2431 Emizty = Emioh

"eBa 1426.0 (6,5)+(4.3) 1346.3 1261 6-5 5057 7-6 3054 quadrupole interaction between the hadron and the nucleus.

%BHg 411.8 (8,7)+(7,5) 406.1 7.8 857 4032 98  276.1
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In kaonic 28Mo, the energy difference between 6h and 4f levels, ' " . . .
7982 keV, is very nearly equal to the nuclear excitation energy Xt The nuclear absorption rate Increases very dra5|c_ally (by a factor
of 787.4 keV. v ' of several hundred) for each unit decrease of orbital angular

1 momentum; thus for a decrease of Al = 2, the factor may be around
105,

A very small admixture coefficient a (typically 1%) can mean a
significant induced width!
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» Isotope of 72Mo, in which the resonance doesn’t occur, can be
used as reference to measure the attenuations.
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A significant weakening/attenuation of corresponding
hadronic x-ray line and any lower lines can be observed.
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X-rays measurable with High Purity Ge detectors (HPGe)
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3.1. Detection unit GCD-30185 characteristics

/' WHY INVESTIGATE NUCLEAR RESONANCE

Ll = Parameter Value EFFECTS IN KAONIC MOLYBDENUM?
IOW energy kaons (p 127 Mev/c) . s b | Relative efficiency (with respect to 3" x 3" Nal detector and Co-60 308 1. To measure shift and width of the n = 4
' i : . — ! source mounted 25 ¢cm above the detector) at 1.33 MeV y-photon . .
N v BSI HPGe detector with | e level, not accessible by kaonic cascade,
't | QR transistor reset preamplifier {TRP). e 122keV G investigating deeply bound kaonic atoms.
/ Bt o 477.6keV W\
= ‘,,!l#~¢ — 2, i t : .!40():\ | .
e s ettt i i T ot 1850 £ 30 ¢\ 2. The measurement of the atten uatlon o
- L}— S e | TR | ‘,'[7)1::1'\\:;;:;p:{r;z[m:: time constant = 6 usec | | CoeffICIentS In ?l,jll‘,MO, 4‘4‘1\40’ 4‘4‘1\40 and 100
TN i <19 could provide fundamental mformatlon on
—_— o FW.02MFWHM | <265 . .
| 4. \pulnl Broadening of FWHM up to 100,000 counts/sec for 1.33 Mey \ <8 % kaon -N UCIeUS StrOng Intera Ctlon "
| ‘5. Peak position shifi - 0.018 % . . -
| PR — 3. Isotope effects in the level shift and width
I | 6. eak to Compton ratio, not worse \ 58: 1 _ _
A | [nergy range of detector operation \ 40 keV - 3 MeV WOUId reveal Slgn Of Changes 11 the nUCIear .
lllll | 8. Material of mput window ’ Al penphery When palr Of neutrons are added ;
HPGe active detector ;‘), A(.’ooling time ‘ < 8 hours to the Iighest isotOpe (ZiMO) .
diameter ~60 mm, 10. | Liquid nitrogen holding time in Dewar vessel ‘ > 15 days
SIDDHARTA-Z height ~60 mm. r , war volur . . . .
GE DETECTOR R L :,)c e L_» 4. To study nuclear distribution in ;5Mo,
reamplifier (built - in detector capsule) with cooled FET and transistor reset preamplifier o _ _ _ _
% 2 | | | . providing important details to investigate
o o Preamphfier power supply 1s 12 V with 9 pm connector compatible with NIM -
_ M Data acquisiion: e i S i neutrinoless double beta (0vBB) and two-
€ I K- ® X-rays p ana|og electronics e TTL .\ltg_'lml [‘0 shut dt.)\\'l] the HV: - detector warm -0V - detector cold: +35V neutrlno double beta decay (Zvﬁﬁ)
‘ /;no TARGET o fast pulse digitizer o HVINHIDI - O
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