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Körte alak és EDM
• A végcélunk alapállapotú objektumok EDM-jének mérése

• A Standard Modell tesztelése, és QCD CP-sértés 
keresése, antianyag kérdés magyarázata (Sakharov-
feltételek)

• Semleges objektumok EDM mérése könnyű

• Az elektronfelhő viszont leárnyékolja szinte teljesen

• A megmaradó EDM körte alakú atommagok esetén sokkal 
jelentősebb



Neutron and Atomic EDM moment  
      Static Electric Dipole Moment implies CP-violation 
 

 
 
 
 
 
 
 
 

N. Ramsey E. Purcell 

Parity violation 

Time reversal invariance 
violation   CP violation 

  
J 

J 

J 

See also talk by M Viviani, A Knecht 



I

EDM Searches

Quark
EDM

Electron
EDM

QCD

Nuclear
Theory

Atomic
Theory

Neutron
n

Diamagnetic
Atoms

Hg, Xe, Rn

Paramagnetic
Atoms

Tl,Cs, Fr

Quark
Chromo-EDM

Molecules
PbO, YbF, TlF

Atomic
Theory

Atomic
Theory

QCD

Fundamental Theory − SUSY, Strings

Nuclear Physics Atomic Physics Molecular Physics



2015

2014



n(eutron)EDM mérése



Probing the electron EDM 

System	 Group	 Limit	 C.L.	 Value	 Year	
205Tl	 Berkeley	 1.6	×	10−27	 90%	 6.9(7.4)	×	10−28	 2002	

YbF	 Imperial	 10.5	×	10−28	 90	 −2.4(5.7)(1.5)	×	10−28	 2011	

ThO	 ACME	 8.7	×	10−29	 90	 −2.1(3.7)(2.5)	×	10−29	 2014	

e	

•  Schiff ’s theorem overcome by relativity (electric and magnetic fields mix) 

•  So for light systems large suppression 
•  But for heavy systems we can even enhance the EDM ! 
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Paramágneses anyagok, vagyis nyílt elektronhéj!
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related to Q3 P,T-violating n-n interaction,etc 

energy splitting of parity doublet 

Schiff moment: 

Octupole enhanced atomic EDM moment 

See, e.g. 
WC Haxton & EM Henley 
PRL 51 (1983) 1937 
VV Flaumbaum & VG Zelevinsky 
PRC 68 (2003) 035502 
J Dobaczewski & J Engel 
PRL 94 (2005) 232502 
J Ellis, JS Lee & A Pilaftsis 
JHEP 02 (2011) 045 

Measured in 220Rn, 
224,226Ra 

(but not odd-A nuclei) 

Measured in 223,225Ra  
(but not odd-A Rn) 

Schiff moment enhanced by ~ 3 orders of 
magnitude in pear-shaped nuclei 

See also talk by F Recchia 

körte alak!

erős CP és CT sértés?

Semleges atom EDMje ∝

Diamágneses anyagok, vagyis zárt elektronhéj!
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Qn meghatározása

220Rn (Z 5 86, N 5 134) and 224Ra (Z 5 88, N 5 136) ions were pro-
duced by spallation in a thick uranium carbide target bombarded by
,1013 protons s21 at 1.4 GeV from the CERN PS Booster. The ions
were post-accelerated in REX-ISOLDE to an energy of 2.82 or 2.83 MeV
per nucleon and bombarded secondary targets of 60Ni, 112Cd or 114Cd,
and 120Sn of thickness approximately 2 mg cm22 with an intensity of
about 3 3 105 ions s21 and 7 3 105 ions s21 for Rn and Ra, respectively
(Methods). The targets were chosen to give differing electromagnetic
excitation (Ni, Z 5 28 versus Sn, Z 5 50; see Fig. 1) and, in the case of
Cd, to provide a cross-check to the excitation of a target whose matrix
elements are well known and can be measured in these experiments.

The c-rays emitted following the excitation of the target and pro-
jectile nuclei were detected in MINIBALL25, an array of 24 high-purity
germanium detectors, each with six-fold segmentation and arranged
in eight triple-clusters. The scattered projectiles and target recoils,
distinguished by their differing dependence of energy with angle mea-
sured in the laboratory frame-of-reference, were detected in a highly
segmented silicon detector26. Representative spectra for 220Rn and
224Ra, for which the c-ray energy is corrected for Doppler shift assum-
ing emission from the scattered projectile, are shown in Fig. 1. Here
events were accumulated only if the target recoil was detected in

coincidence with c-rays within a 600-ns time window; these data were
corrected for random events. The energy level schemes for 220Rn and
224Ra are shown in Fig. 2.

The spectra reveal strong population of the ground-state band
of positive-parity states, excited by direct and multiple E2 Coulomb
excitation, and substantial population of the octupole band of negative-
parity states, excited by E3 excitation. The yields of the observed c-ray
transitions detected in MINIBALL were measured for two ranges of
recoil angles of the target nucleus (28u–38u and 38u–52u for 220Rn; 24u–
40u and 40u–54u for 224Ra) for each of the three targets, and combined
with existing spectroscopic data (lifetimes of low-lying states27,28 and
their c-ray branching ratios7,29,30) to provide input to the Coulomb-
excitation analysis code GOSIA31 (Methods). The separation of angu-
lar ranges increased sensitivity in the measurement by varying the
relative excitation probabilities. For 220Rn, 34 independent data points
determined 22 free parameters (16 matrix elements and 1 normaliza-
tion constant for each combination of target and recoil angle range)
whereas for 224Ra, 57 data points determined 23 free parameters (17
matrix elements). The analysis was also carried out for 220Rn indepen-
dently of the previously measured lifetime of the Ip 5 21 state (t21)27,
and for 224Ra independently of t41 (ref. 28); here I is the total angular

Table 1 | Values of matrix elements measured in the present experiment
Matrix element 220Rn 224Ra

,I9 || El || I. | m.e. |
(e fml)

B(El)#
(WU)

| m.e. |
(e fml)

B(El)#
(WU)

,01 || E1 || 12. ,0.10 ,1.5 3 1023 ,0.018 ,5 3 1025

,21 || E1 || 12. ,0.13 ,3 3 1023 ,0.03 ,1.3 3 1024

,21 || E1 || 32. ,0.18 ,2 3 1023 0.026 6 0.005 3:9z1:7
{1:4|10{5

,41 || E1 || 52. 0.028 6 0.009 3:0z2
{1:6|10{5 0.030 6 0.010 4z3

{2|10{5

,61 || E1 || 72. ,1.3 ,0.5 ,0.10 ,3 3 1024

,01 || E2 || 21. 137 6 4 48 6 3 199 6 3 98 6 3

,12 || E2 || 32. 180 6 60 60z50
{30

230 6 11 93 6 9

,21 || E2 || 41. 212 6 4 63 6 3 315 6 6 137 6 5

,32 || E2 || 52. 220 6 150 60z100
{50

410 6 60 190 6 60

,41 || E2 || 61. 274 6 14 73 6 8 405 6 15 156 6 12

,61 || E2 || 81. 500 6 60 180 6 60

,01 || E2 || 21
c. 32 6 7 2.6 6 1.1 23 6 4 1.3 6 0.5

,01 || E3 || 32. 810 6 50 33 6 4 940 6 30 42 6 3

,21 || E3 || 12. ,2,600 ,760 1,370 6 140 210 6 40

,21 || E3 || 32. ,5,300 ,1,400 ,4,000 ,600

,21 || E3 || 52. 1,700 6 400 90 6 50 1,410 6 190 61 6 17

The experimental measurements for the absolute values of the matrix elements, | m.e. |, and the reduced transition probabilities, B(El), are given here. The values of B(El) for electromagnetic decay (#) are derived
from the matrix elements and are given in single particle units (Weisskopf units, WU) . The uncertainties include the 1s statistical error from the fit (x2 1 1 type) and systematic contributions—beam energy and
target thickness uncertainties, deorientation, beam spot effects, and so on. The upper limits correspond to 3s.
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Figure 3 | The values of the E2 and E3 intrinsic moments, Ql(I, I9).
a, b, These values are derived from the matrix elements using the relation
I’h j Elj j Ij i~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(2I’z1)(2lz1)=16p

p
I’ð 0l0jI0ÞQl for 220Rn (a) and 224Ra

(b). Here I’h j Elj j Ij i is the matrix element between states of angular momenta

I and I9 defined in the text and I’ð 0l0jI0Þ is a Clebsch-Gordon coefficient. The
dashed lines have the value of the weighted mean for each Ql, the error bars are
61s.d.
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• Az átmeneti mátrix elemei mérhető mennyiségek, 
meghatározzák a különböző gamma-átmenetek valószínűségét 
-> ezeket kell kísérletileg megmérni a Qn-ek meghatározásához

220Rn (Z 5 86, N 5 134) and 224Ra (Z 5 88, N 5 136) ions were pro-
duced by spallation in a thick uranium carbide target bombarded by
,1013 protons s21 at 1.4 GeV from the CERN PS Booster. The ions
were post-accelerated in REX-ISOLDE to an energy of 2.82 or 2.83 MeV
per nucleon and bombarded secondary targets of 60Ni, 112Cd or 114Cd,
and 120Sn of thickness approximately 2 mg cm22 with an intensity of
about 3 3 105 ions s21 and 7 3 105 ions s21 for Rn and Ra, respectively
(Methods). The targets were chosen to give differing electromagnetic
excitation (Ni, Z 5 28 versus Sn, Z 5 50; see Fig. 1) and, in the case of
Cd, to provide a cross-check to the excitation of a target whose matrix
elements are well known and can be measured in these experiments.

The c-rays emitted following the excitation of the target and pro-
jectile nuclei were detected in MINIBALL25, an array of 24 high-purity
germanium detectors, each with six-fold segmentation and arranged
in eight triple-clusters. The scattered projectiles and target recoils,
distinguished by their differing dependence of energy with angle mea-
sured in the laboratory frame-of-reference, were detected in a highly
segmented silicon detector26. Representative spectra for 220Rn and
224Ra, for which the c-ray energy is corrected for Doppler shift assum-
ing emission from the scattered projectile, are shown in Fig. 1. Here
events were accumulated only if the target recoil was detected in

coincidence with c-rays within a 600-ns time window; these data were
corrected for random events. The energy level schemes for 220Rn and
224Ra are shown in Fig. 2.
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transitions detected in MINIBALL were measured for two ranges of
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40u and 40u–54u for 224Ra) for each of the three targets, and combined
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lar ranges increased sensitivity in the measurement by varying the
relative excitation probabilities. For 220Rn, 34 independent data points
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The experimental measurements for the absolute values of the matrix elements, | m.e. |, and the reduced transition probabilities, B(El), are given here. The values of B(El) for electromagnetic decay (#) are derived
from the matrix elements and are given in single particle units (Weisskopf units, WU) . The uncertainties include the 1s statistical error from the fit (x2 1 1 type) and systematic contributions—beam energy and
target thickness uncertainties, deorientation, beam spot effects, and so on. The upper limits correspond to 3s.
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Qn meghatározása

220Rn (Z 5 86, N 5 134) and 224Ra (Z 5 88, N 5 136) ions were pro-
duced by spallation in a thick uranium carbide target bombarded by
,1013 protons s21 at 1.4 GeV from the CERN PS Booster. The ions
were post-accelerated in REX-ISOLDE to an energy of 2.82 or 2.83 MeV
per nucleon and bombarded secondary targets of 60Ni, 112Cd or 114Cd,
and 120Sn of thickness approximately 2 mg cm22 with an intensity of
about 3 3 105 ions s21 and 7 3 105 ions s21 for Rn and Ra, respectively
(Methods). The targets were chosen to give differing electromagnetic
excitation (Ni, Z 5 28 versus Sn, Z 5 50; see Fig. 1) and, in the case of
Cd, to provide a cross-check to the excitation of a target whose matrix
elements are well known and can be measured in these experiments.

The c-rays emitted following the excitation of the target and pro-
jectile nuclei were detected in MINIBALL25, an array of 24 high-purity
germanium detectors, each with six-fold segmentation and arranged
in eight triple-clusters. The scattered projectiles and target recoils,
distinguished by their differing dependence of energy with angle mea-
sured in the laboratory frame-of-reference, were detected in a highly
segmented silicon detector26. Representative spectra for 220Rn and
224Ra, for which the c-ray energy is corrected for Doppler shift assum-
ing emission from the scattered projectile, are shown in Fig. 1. Here
events were accumulated only if the target recoil was detected in

coincidence with c-rays within a 600-ns time window; these data were
corrected for random events. The energy level schemes for 220Rn and
224Ra are shown in Fig. 2.

The spectra reveal strong population of the ground-state band
of positive-parity states, excited by direct and multiple E2 Coulomb
excitation, and substantial population of the octupole band of negative-
parity states, excited by E3 excitation. The yields of the observed c-ray
transitions detected in MINIBALL were measured for two ranges of
recoil angles of the target nucleus (28u–38u and 38u–52u for 220Rn; 24u–
40u and 40u–54u for 224Ra) for each of the three targets, and combined
with existing spectroscopic data (lifetimes of low-lying states27,28 and
their c-ray branching ratios7,29,30) to provide input to the Coulomb-
excitation analysis code GOSIA31 (Methods). The separation of angu-
lar ranges increased sensitivity in the measurement by varying the
relative excitation probabilities. For 220Rn, 34 independent data points
determined 22 free parameters (16 matrix elements and 1 normaliza-
tion constant for each combination of target and recoil angle range)
whereas for 224Ra, 57 data points determined 23 free parameters (17
matrix elements). The analysis was also carried out for 220Rn indepen-
dently of the previously measured lifetime of the Ip 5 21 state (t21)27,
and for 224Ra independently of t41 (ref. 28); here I is the total angular
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The experimental measurements for the absolute values of the matrix elements, | m.e. |, and the reduced transition probabilities, B(El), are given here. The values of B(El) for electromagnetic decay (#) are derived
from the matrix elements and are given in single particle units (Weisskopf units, WU) . The uncertainties include the 1s statistical error from the fit (x2 1 1 type) and systematic contributions—beam energy and
target thickness uncertainties, deorientation, beam spot effects, and so on. The upper limits correspond to 3s.
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I’h j Elj j Ij i~
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(b). Here I’h j Elj j Ij i is the matrix element between states of angular momenta

I and I9 defined in the text and I’ð 0l0jI0Þ is a Clebsch-Gordon coefficient. The
dashed lines have the value of the weighted mean for each Ql, the error bars are
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{30

230 6 11 93 6 9

,21 || E2 || 41. 212 6 4 63 6 3 315 6 6 137 6 5

,32 || E2 || 52. 220 6 150 60z100
{50

410 6 60 190 6 60

,41 || E2 || 61. 274 6 14 73 6 8 405 6 15 156 6 12

,61 || E2 || 81. 500 6 60 180 6 60

,01 || E2 || 21
c. 32 6 7 2.6 6 1.1 23 6 4 1.3 6 0.5

,01 || E3 || 32. 810 6 50 33 6 4 940 6 30 42 6 3

,21 || E3 || 12. ,2,600 ,760 1,370 6 140 210 6 40

,21 || E3 || 32. ,5,300 ,1,400 ,4,000 ,600

,21 || E3 || 52. 1,700 6 400 90 6 50 1,410 6 190 61 6 17

The experimental measurements for the absolute values of the matrix elements, | m.e. |, and the reduced transition probabilities, B(El), are given here. The values of B(El) for electromagnetic decay (#) are derived
from the matrix elements and are given in single particle units (Weisskopf units, WU) . The uncertainties include the 1s statistical error from the fit (x2 1 1 type) and systematic contributions—beam energy and
target thickness uncertainties, deorientation, beam spot effects, and so on. The upper limits correspond to 3s.
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Figure 3 | The values of the E2 and E3 intrinsic moments, Ql(I, I9).
a, b, These values are derived from the matrix elements using the relation
I’h j Elj j Ij i~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(2I’z1)(2lz1)=16p

p
I’ð 0l0jI0ÞQl for 220Rn (a) and 224Ra

(b). Here I’h j Elj j Ij i is the matrix element between states of angular momenta

I and I9 defined in the text and I’ð 0l0jI0Þ is a Clebsch-Gordon coefficient. The
dashed lines have the value of the weighted mean for each Ql, the error bars are
61s.d.
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A kísérleti módszer
• Radioaktív ionnyalábot hoznak létre, viszonylag 

alacsony energián (néhány MeV/nukleon)

• Nehézelem fix céltárgyon gerjesztik az 
atommagokat  
(Coulomb-gerjesztés, n(virtuális foton) ∝ Z2)

• Az alapállapotba való visszatéréskor az 
átmeneteknek megfelelő fotonokat bocsájt ki az 
izotóp



60Ni target 
120Sn target 

224Ra beam 

g-ray spectrum taken  
with MINIBALL & REX-ISOLDE 

224Ra 

Coulomb excitation of 224Ra beam 



octupole 
vibrational 

LP Gaffney et al 
Nature 497 (2013) 199  

radioactive 
beams 

radioactive 
targets 

(1993) 

E2 and E3 moments for heavy nuclei 

 
The Higgs boson was small beer. Exploring the 
properties of the fruit-shaped nucleus could finally 
reveal the reason for our existence. 



Magok töltéseloszlása

momentum of the state and p is its parity. (For 224Ra the previously
measured value of t21 cannot be determined independently as the
21 R 01 transition is contaminated with the Ra X-rays.) In both cases
the fitted matrix elements for the 21 R 01 E2 transition (220Rn) and
for the 41 R 21 E2 transition (224Ra) were found to agree, within the
experimental uncertainties, with the values obtained using the lifetime
measurements.

The measured E1, E2 and E3 matrix elements for 220Rn and 224Ra
are given in Table 1. The values of the intrinsic moments, Ql, are given
in Fig. 3. These are determined from the experimental values of the
reduced matrix element between two states having angular momenta
I and I9 induced to undergo a transition by the electromagnetic oper-
ator El, ,I9jjEljjI., assuming the validity of the rotational model22.
Here l 5 1,2,3 refers to E1, E2, E3 respectively. For the E2 and E3 matrix
elements, the measured values are all consistent with the geo metric
predictions expected from a rotating, deformed distribution of electric
charge, although these data do not distinguish whether the negative-
parity states arise from the projection of a quadrupole-octupole de-
formed shape or from an octupole oscillation of a quadrupole shape32.
Table 2 compares the experimental values of Ql derived from the
matrix elements connecting the lowest states for nuclei near Z 5 88
and N 5 134 measured by Coulomb excitation. It is striking that while
the E2 moment increases by a factor of 6 between 208Pb and 234U, the E3
moment changes by only 50% in the entire mass region. Nevertheless,
the larger Q3 values for 224Ra and 226Ra indicate an enhancement in
octupole collectivity that is consistent with an onset of octupole
deformation inthis mass region. On the other hand, 220Rn has similar
octupole strength to 208Pb, 230,232Th and 234U, consistent with it being
an octu pole vibrator. In the case of a vibrator, the coupling of an
octupole phonon to the ground state rotational band will give zero
values for matrix elements such as ,12jjE3jj41., because an aligned
octupole phonon would couple the 41 state to a 72 state. Although the
present experiment does not have sensitivity to this quantity, this
effect has been observed for 148Nd in the Z < 56, N < 88 octupole
region33, while for 226Ra the intrinsic moment derived from the
measured ,12jjE3jj41. is similar to that derived from the value
of ,01jjE3jj32. (ref. 23). The deduced shapes of 220Rn and 224Ra
are presented in Fig. 4. Here the values of quadrupole and octupole

deformation b2 and b3 were extracted from the dependence of the
measured Q2 and Q3 on the generalized nuclear shape34.

The conclusions drawn from the present measurements are also
consistent with suggestions from the systematic studies of energy
levels7 (relative alignment of the negative-parity band to the positive-
parity band) that the even–even isotopes 218–222Rn and 220Ra have
vibrational behaviour while 222–228Ra have octupole-deformed char-
acter (see figures 12 and 13 in ref. 7). For odd-mass 219Ra there is no
evidence35 for parity doubling, whereas for 221Ra a parity doublet of
states with I 5 5/2 separated by 103.6 keV has been observed36. In the
Ba–Nd region with Z < 56 and N < 88, where the octupole states arise
from vibrational coupling to the ground-state band, the evidence for
parity doubling of the ground state arising from reflection asymmetry
is inconclusive37,38. This suggests that the parity doubling condition
that leads to enhancement of the Schiff moment15 is unlikely to be met
in 219,221Rn. On the other hand 223,225Ra, having parity doublets sepa-
rated by ,50 keV (ref. 21), will have large enhancement of their Schiff
moments.

The values of Ql, deduced from the measured transition matrix
elements, are plotted in Fig. 5 as a function of N. The anomalously low
value of Q1 for 224Ra, measured here for the first time, has been noted
elsewhere9,13,39. The measured Q1 and Q2 values are in good agreement
with recent theoretical calculations of the generator-coordinate exten-
sion of the Gogny Hartree–Fock–Bogoliubov (HFB) self-consistent
mean field theory16, particularly using the D1M parameterization40.
However, as remarked earlier, the trend of the experimental data is
that the values of Q3 decrease from a peak near 226Ra with decreasing
N (or A), which is in marked contrast to the predictions of the cluster
model calculations17. It is also at variance with the Gogny HFB mean-
field predictions of a maximum for 224Ra (ref. 16). It should be noted,
however, that relativistic mean field calculations14 predict that the
maximum value of Q3 occurs for radium isotopes between A 5 226
and 230, depending on the parameterization, and Skyrme Hartree–
Fock calculations15 predict that 226Ra has the largest octupole defor-
mation. Both predictions are consistent with our data. We cannot
completely eliminate the possibility that there are unobserved coupl-
ings from the ground state to higher-lying 32 states that should be
added (without energy weighting) to the observed coupling to the

Table 2 | The values of the E2 and E3 intrinsic moments, Ql

Ql Nucleus

208Pb 220Rn 224Ra 226Ra 230Th 232Th 234U

Q2 (e fm2) 179 6 4 (ref. 44) 434 6 14 632 6 10 717 6 3 (ref. 23) 900 6 6 (ref. 45) 932 6 5 (ref. 46) 1,047 6 5 (ref. 45)
Q3 (e fm3) 2,100 6 20 (ref. 44) 2,180 6 130 2,520 6 90 2,890 6 80 (ref. 23) 2140 6 100 (ref. 47) 1970 6 100 (ref. 48) 2,060 6 120 (ref. 47)

Values of Ql given here are derived from the matrix elements (seeFig. 3 legend) connecting the lowest-lying states in nuclei near Z 5 88 and N 5 134. The values for 220Rn and 224Ra are taken from the present work.

–8 –6 –4 –2 0 2 4 6 8
z (fm)

–8

–6

–4

–2

0

2

4

6

8

x 
(fm

)

a
220Rn

–8 –6 –4 –2 0 2 4 6 8
–8

–6

–4

–2

0

2

4

6

8b
224Raβ2 = 0.119

β3 = 0.095
β4 = 0.002

x 
(fm

)

z (fm)

β2 = 0.154
β3 = 0.097
β4 = 0.080

Figure 4 | Graphical representation of the shapes of 220Rn and 224Ra.
a, 220Rn; b, 224Ra. Panel a depicts vibrational motion about symmetry between
the surface shown and the red outline, whereas b depicts static deformation in

the intrinsic frame. Theoretical values of b4 are taken from ref. 10. The colour
scale, blue to red, represents the y-values of the surface. The nuclear shape does
not change under rotation about the z axis.
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related to Q3 P,T-violating n-n interaction,etc 

energy splitting of parity doublet 

Schiff moment: 

Octupole enhanced atomic EDM moment 

See, e.g. 
WC Haxton & EM Henley 
PRL 51 (1983) 1937 
VV Flaumbaum & VG Zelevinsky 
PRC 68 (2003) 035502 
J Dobaczewski & J Engel 
PRL 94 (2005) 232502 
J Ellis, JS Lee & A Pilaftsis 
JHEP 02 (2011) 045 

Measured in 220Rn, 
224,226Ra 

(but not odd-A nuclei) 

Measured in 223,225Ra  
(but not odd-A Rn) 

Schiff moment enhanced by ~ 3 orders of 
magnitude in pear-shaped nuclei 

See also talk by F Recchia 

körte alak!

erős CP és CT sértés?

Semleges atom EDMje ∝



JD Singh 
Mazurian Lakes, Piaski, Sept 2017 



Hogyan tovább?
• Körte alakú magú atomok EDM mérése, neutron és 

elektron EDM mérések nagyobb precizitással

• Nem zérus EDM következményei

1. kísérleti bizonyíték BSM-re nagy eséllyel!

2. nem paritás sajátállapotban van az alapállapota 
egy részecskének!

Köszönöm a figyelmet!


