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EDM Hg199

SM CP violation arises from a complex phase in CKM << Current 
experimental reach.  
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198 200[1]

CHALLENGES IN        Hg199

Hg199

            

Experimental measurement : High level density of a heavy odd- A nucleus.

SOLUTION    Information from states in the neighbouring even-even isotopes of        Hg and       Hg 

E2 and E3 strengths                          Constrains present models.
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Maier-Leibnitz Laboratorium of the Ludwig-Maximilians Universität München

From E.T. Rand.

Q3D magnetic spectrograph at MLL

▸ Beam: d 

▸ Beam energy: 22 MeV  

▸ Beam current: 1 Aμ
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SOLID ANGLE
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Q3D acceptance solid angle 

d
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TARGET

From C. Burbadge.

Q3D magnetic spectrograph at MLL

▸ Target:   (thickness ) 

▸ Mounted to a target ladder. 

▸ MLL’s target ladder hold up five target. 

198Hg32S ∼ 40 − 95μg/cm2
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Q3D
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F = qvB = m
v2

R
,

R =
mv
qB

,

Deuterons travel in a circular path:

d
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PARTICLE IDENTICATION
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Optical potential by An and Cai [7]:

( dσ
dΩ )lab

=
Nc

Nt,effNbΩLTDAQLTDET
× 1031 [ mb

sr ]

ELASTIC SCATTERING CROSS SECTIONS

Experimental cross section measurements:
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Solid Angle Coulomb and nuclear matrix elements

EM

0

2

+

+

NUCLEAR



Sally Valbuena WNPPC 15/02/2024

EXPERIMENT DEUTERON INELASTIC SCATTERING 
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DATA COLLECTED FOR   REACTION198Hg(d, d′ )198Hg
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Solid Angle SOLID ANGLE
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ENERGY CALIBRATION 750 keV MB

~1.27 keV per channel
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PEAK FITTING
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Solid Angle Coulomb and nuclear matrix elements
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EDM
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EDM

[2], [3] [4]

SM

▸ Increased electric polarizability: a molecule or an atomic nucleus with octuple collectivity.  
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OPTICAL POTENTIAL PARAMETERS

Optical potential by An and Cai [7]:

Saxon-Woods form factor:
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Edm
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▸ Search for EDM in Atoms with octuple-deformed nuclei 

▸ EDM = 0 if there is invariance under P and T 

▸ d same orientation of I angular momentum,  d 
must change sign the same way under P and T 

                                                                              

d ⟶
P

− d

I ⟶
P

I

d ⟶
T

d

I ⟶
T

− I

All particle and atomic EDMs are odd under P and T symmetry 

[1]

d=qr 

I=rxp

EDM AND CP VIOLATION
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▸ The observable EDM in the electron cloud is induced by the Schiff Moment of the nucleus.  

▸ Schiff Moment   

                                                 

▸ Large nuclear gs EDMs (large Schiff moments)    The action of a P- and T- violating      

                                

▸ In the laboratory frame:    

▸ The most direct ways to measure E2 and E3 matrix              Inelastic scattering.  

                                   

⃗S int =
1

10
[ ⃗O0 −

5
3

⃗d0 ⟨r2⟩ch
]

̂VPT

S ≡ ⟨Sz⟩ = ∑
i≠0

⟨Ψ0 |Sz |Ψi⟩ ⟨Ψ0 | ̂VPT |Ψi⟩
ΔE

+ . . .

S ≈ − 2
I

I + 1
̂Sint

⟨Ψ+ | ̂VPT |Ψ−⟩
ΔE

Schiff Moments

[4]

[3]
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▸WEAK INTERACTION VIOLATES C, P and T transformations.  

▸Charge Conjugation   

▸  CP violation     First observed in the decay of  meson.   K0

CP K0⟩ = K̄0⟩

n⟩ ⟶
C

(−1)1/2+1/2 n̄⟩ = + n̄⟩

p⟩ ⟶
C

(−1)1/2+1/2 p̄⟩ = − p̄⟩

K0
L → {π+ + e− + ν̄e

π− + e+ + νe

,

CP violation - The standard model of elementary particle suggests that when the universe was less than 
10-12 sec old, the condition was ripe for the production of more matter than antimatter with CP violation to 
provide the mechanism for different reaction rate (to produce matter and antimatter).

CP AND IMBALANCE
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From commons.wikimedia.org

▸ WEAK INTERACTION VIOLATES C, P and T transformations.  

▸ Parity    

Violation of Parity     

           decay of      First evidence that confirmed parity nonconservation.60Co

K+ → { π+ + π0

π+ + π− + π+

(x, y, z) ⟶
P

(−x, − y, − z)

β−

C and P Symmetries

http://commons.wikimedia.org
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ELECTROMAGNETIC TRANSITIONS 

▸ E1 transition             

▸     -ray studies 

▸ Higher order transitions                       

B(E1; Ii → If ) =
3

4π
Q2

1(IiKi10 | If Kf )2

B(Eλ; Ii → If ) =
1

2Ii + 1
< Ii | |M(Eλ) | | If Kf >

Reduced transition probabilities in terms of intrinsic moments  

=
2λ + 1

16π
Q2

λ (IiKiλ0 | If Kf )2, Qλ =
3

2λ + 1)πZRλ
0 βλ

γ

▸                E2 and E3 transitions                 Inelastic scattering, Coulomb excitation
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ANGLES  and θCM θLab

cos θcm = cos θlab[x cos θlab + 1 − x2 sin2 θlab] − x

Elastic scattering

Inelastic scattering

x =
mp

mt

x =
mamb

mAmB

1

1 + Q
Ecm

1/2
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COULOMB SCATTERING CROSS SECTION

For spherically symmetric potential:

V(r) ∼ Z1Z2e2

rIn the limit                , the Yukawa potential tends to the Coulomb potentialμ ⟶ 0

In MKSA units:
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TARGET THICKNESS CORRECTION

Nt =
ρt
M

NA
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DIFFERENTIAL CROSS SECTION AS RATIO TO 
RUTHERFORD-FRESCO

RUTHERFORD CROSS SECTION-FRESCO:

Nt,eff = 0.980639890
Nc

( dσ
dΩ )DWBA

( dσ
dΩ )Rutherford

NbΩLTDAQLTDET( dσ
dΩ )Rutherford

( dσ
dΩ )DWBA

( dσ
dΩ )Rutherford

= 1.065.



Sally Valbuena WNPPC 15/02/2024

DETECTOR

[3]


