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Nuclear structure
&  

Physics motivations 
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Why ? 

5 [*] B. Bastin et al., Phys. Rev. Lett. 99, 022503 (2007)

[*]
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The case of Silicon 42Tensor Force [*]

[*] T. Otsuka, Phys. Scr. T152, 014007 (2013)
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The case of Silicon 42Tensor Force [*]

Z=14

[*] T. Otsuka, Phys. Scr. T152, 014007 (2013)
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The case of Silicon 42Tensor Force [*]

Allows more Δ𝐿 = 2 transition
 Quadrupolar excitations
 Deformation

Z=14

N=28

[*] T. Otsuka, Phys. Scr. T152, 014007 (2013)
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The case of Silicon Isotope along N=20 and N=28

B(E2) sensitive to the tensor force

B(E2) : Probability of E2 
(0+ → 2+) transition

[*] R. W. Ibbotson et al.,Phys. Rev. Lett. 80, 208 (1998)

[*]

without tensor

with tensor
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The case of Silicon Isotope along N=20 and N=28

B(E2) sensitive to the tensor force

B(E2) : Probability of E2 
(0+ → 2+) transition

[*] R. W. Ibbotson et al.,Phys. Rev. Lett. 80, 208 (1998)

𝑩 𝑬𝟐 ∝ 𝝈𝑪𝒐𝒖𝒍𝒆𝑿

 Coulomb Excitation experiment  

→Track experimentally B(E2) values (so Tensor Force) 
along Silicon isotopic chain 

[*]

without tensor

with tensor
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Who is guilty of the loss of magicity ? 
Z=14 or N=28 ?

Through B(E2) ⇒ proton (Mp) and neutron (Mn) contribution

B(E2) : proton And neutron contribution
⇒ Need to disentangled both contributions 

Proton inelastic scattering

B E2 = epMp + enMn
2

ep: Proton Effective charge

Mp ∶ Proton Transition Matrix

en: Neutron Effective charge
Mn ∶ Neutron Transition Matrix
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Who is guilty of the loss of magicity ? 
Z=14 or N=28 ?

Through B(E2) ⇒ proton (Mp) and neutron (Mn) contribution

B(E2) : proton And neutron contribution
⇒ Need to disentangled both contributions 

Proton inelastic scattering

Both measurement lead to quantify the ratio 
𝑀𝑛

𝑀𝑝
: 

𝛿𝑝𝑝′ ∝
𝑑𝜎𝑝𝑝′

𝑑𝜃
angular distribution 𝛿𝐶𝑜𝑢𝑙𝑒𝑋 ∝ 𝐵 𝐸2 ∝ 𝜎𝐶𝑜𝑢𝑙𝑒𝑋

B E2 = epMp + enMn
2

ep: Proton Effective charge

Mp ∶ Proton Transition Matrix

en: Neutron Effective charge
Mn ∶ Neutron Transition Matrix

[*] E. Khan, Phys. Rev. C 105, 014306 (2022)

𝑀𝑛

𝑀𝑝
=

1

3

𝛿𝑝𝑝′

𝛿𝐸𝑀
1 +

1

3

𝑁

𝑍
− 1 [*]

One measurement… …an other measurement 

Reaction 𝑝, 𝑝′
CoulEx
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Experimental setup in D6

That’s why “Brochette experiment”…  
1 Beam… 
2 independent measurements 
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Experimental setup in D6

ACTAR-TPC

Beam Refocused 

CoulEx

1st Setup 2nd Setup
Beam

(𝑝, 𝑝′)

T. Roger & A. Cassisa(PhD)

34,36,38𝑆𝑖 𝑝, 𝑝′ 34,36,38𝑆𝑖∗

My PhD analysis 

That’s why “Brochette experiment”…  
1 Beam… 
2 independent measurements 
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Fragments
Production

&
Identification
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LISE Spectrometer 

LISE Target𝟒𝟖𝑪𝒂

∝
𝐴𝑣

𝑄
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LISE Spectrometer 

LISE Target𝟒𝟖𝑪𝒂

∝
𝐴𝑣

𝑄
∝

𝐴3

𝑄2

ToF Δ𝐸
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𝚫𝐄 − 𝐓𝐨𝐅 identification

Exotic area and need high counting rate
⇒ Open in acceptance so in ToF dispersion

S(Z=16)

Si(Z=14)

P(Z=15)

Bρ ∝
Av

Q
→

A v

Q
with v =

d

ToF

∝
𝑍

∝ 𝐴
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𝚫𝐄 − 𝐓𝐨𝐅 identification

Exotic area and need high counting rate
⇒ Open in acceptance so in ToF dispersion

Bρ ∝
Av

Q
→

A v

Q
with v =

d

ToF

CAVIAR correction

38Si

42S

S(Z=16)

Si(Z=14)

P(Z=15)

Counting Rate -
38𝑆𝑖 runs −D3 ∝ 105𝑝𝑝𝑠 − D6 ∝ 8 ∙ 103𝑝𝑝𝑠
36𝑆𝑖 runs −D3 ∝ 106𝑝𝑝𝑠 − D6 ∝ 3 ∙ 104𝑝𝑝𝑠

40S

36Si

𝟑𝟖𝑺𝒊 data

∝ 𝐴

∝
𝑍
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CoulEx as 2nd setup
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CoulEx as 2nd setup

Target : 400 𝑚𝑔. 𝑐𝑚−2 of Gold
𝑩 𝑬𝟐 ∝ 𝝈𝑪𝒐𝒖𝒍𝒆𝑿 ∝

𝑵𝜸(𝜽𝐒𝐜𝐚𝐭𝐭)

𝑵𝑺𝒊𝑵𝑻𝒂𝒓𝒈𝒆𝒕

𝑵𝜸 𝜽𝑺𝒄𝒂𝒕𝒕 = 𝑵𝜸 𝜽𝒛𝒅𝒅 + 𝑵𝜸 𝜽𝑫𝑺𝑺𝑫

Pure CouleX CouleX + Nuclear

𝑵𝜸(𝜽𝑺𝒄𝒂𝒕𝒕)

Target

DSSDs

C
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Zero Degree Detection

…

Plastic

𝑵𝑺𝒊
𝑵𝑻𝒂𝒓𝒈𝒆𝒕

EXOGAM

PARIS

Drift 
Chamber

Ionisation
Chamber

𝐴𝑢
𝑏 ∝

1

𝜃𝑆𝑐𝑎𝑡𝑡
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Preliminary
CoulEx results
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38Si

42S
40S

36Si

Nucleus of interest

𝟑𝟖𝑺𝒊 runs
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38Si

42S
40S

36Si

Nucleus of interest

𝐵 𝐸2 =
284 26 𝑒2𝑓𝑚4

𝐵 𝐸2 =
326 48 𝑒2𝑓𝑚4

[*] B. Longfellow et al.,Phys. Rev. C, 103, 054309  (2021)

[*] [*]

Reference

𝐵 𝐸2, 𝐴𝑆𝑖

𝐵 𝐸2, 𝑅𝑒𝑓
=

𝜎 𝐴𝑆𝑖

𝜎 𝑅𝑒𝑓

𝟑𝟖𝑺𝒊 runs
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Gamma spectrum from EXOGAM : 𝟒𝟎𝑺 in 𝟑𝟔𝑺𝒊 runs

All scattering angles 𝜃𝑆𝑐𝑎𝑡𝑡 considered

40𝑆: 0+ → 2+

𝑁40𝑆 = 258.6 ∙ 106nucleus

Add-Back method
&

Doppler Correction 

𝐸𝛾,𝑅𝑒𝑒𝑙 = 𝐸𝛾,𝑀𝑒𝑠 ×
1 − 𝛽 cos 𝜃

1 − 𝛽2

Δ𝐸

𝐸
𝐹𝑊𝐻𝑀 = 3.8 %
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40𝑆: 0+ → 2+

Cut : 0° < 𝜃𝑆𝑐𝑎𝑡𝑡 < 3.5°

Gamma spectrum from EXOGAM : 𝟒𝟎𝑺 in 𝟑𝟔𝑺𝒊 runs

Cut in order to reduce 
nuclear component and 
keep only pure CoulEx
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36𝑆𝑖 ∶ 0+ → 2+

38𝑆𝑖 ∶ 0+ → 2+

All scattering angles 𝜃𝑆𝑐𝑎𝑡𝑡 considered

Gamma spectrum from EXOGAM : 𝟑𝟔𝑺𝒊 / 𝟑𝟖𝑺𝒊

𝑁38𝑆𝑖 = 62.8 ∙ 106nucleus𝑁36𝑆𝑖 = 173.9 ∙ 106nucleus
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36𝑆𝑖 ∶ 0+ → 2+

38𝑆𝑖 ∶ 0+ → 2+

37𝑆𝑖 ∶ 5/2− → 1/2−

All scattering angles 𝜃𝑆𝑐𝑎𝑡𝑡 considered

35𝑆𝑖 ∶ 7/2− → 3/2−

Gamma spectrum from EXOGAM : 𝟑𝟔𝑺𝒊 / 𝟑𝟖𝑺𝒊

Stripping
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Cut : 0° < 𝜃𝑆𝑐𝑎𝑡𝑡 < 3.5°

Gamma spectrum from EXOGAM : 𝟑𝟔𝑺𝒊 / 𝟑𝟖𝑺𝒊

36𝑆𝑖 ∶ 0+ → 2+
38𝑆𝑖 ∶ 0+ → 2+
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𝟑𝟔𝑺𝒊 − 𝟑𝟖𝑺𝒊 : B(E2) evaluation relative to 𝟒𝟎𝑺 with EXOGAM

𝐵 𝐸2, 𝐴𝑆𝑖

𝐵 𝐸2, 40𝑆
=

𝑁𝛾 𝐴𝑆𝑖 𝑁𝑖𝑛(40𝑆)

𝑁𝑖𝑛( 𝐴𝑆𝑖)𝑁𝛾 40𝑆

without tensor

with tensor
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𝟑𝟔𝑺𝒊 − 𝟑𝟖𝑺𝒊 : B(E2) evaluation relative to 𝟒𝟎𝑺 with EXOGAM

𝐵 𝐸2, 𝐴𝑆𝑖

𝐵 𝐸2, 40𝑆
=

𝑁𝛾 𝐴𝑆𝑖 𝑁𝑖𝑛(40𝑆)

𝑁𝑖𝑛( 𝐴𝑆𝑖)𝑁𝛾 40𝑆

without tensor

with tensor



33

Perspective 

For the moment, 
only EXOGAM analysed

Next steps
• PARIS analysis

• 46𝐴𝑟 runs as reference  
without tensor

with tensor

Reduction of the error bars 
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