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Proton inelastic scattering

Summary

» Electromagnetic probe: Study of charge
» Hadronic probe: Study of charge and matter

» Matrix elements — transition densities
2 _ . 0+ +
Mp = B(E2; 0gs —27)

» Different deformations for protons and neutrons
:

» Protons inelastic scattering can probe the protons and the neutrons

§ = BR; R = 1.2AY3[fm]
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Bernstein approach

My _ N [Opp  Zbp (pp
M,  Z|éc ' Nb,\ oc

[A. M. Bernstein, V. R. Brown, and V. A. Madsen, Phys. Lett. B103,
255 (1981).]

» For a homogeneous liquid model, M,/M, = N/Z
» Two ways to measure:

» Direct kinematics: Thin target, measure protons
> Inverse kinematics: Thick target, - ray detection

I

Use of radioactive ion %@amsﬁ
a
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Previous results
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SCS neutron-valence nuclei SCS proton-valence nuclei
[A. M. Bernstein, V. R. Brown, and V. A. Madsen, Comments Nucl. Part. Phys. 11, 203 (1983).]
» Systematic behavior of M,,/M, in single closed shell nuclei
» Combining different hadronic probes gives insight in the structure
o 5 = E £ DAl 58
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Use of RIBs
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& 200 [C. M. Campbell, et al., Phys. Lett. B 652, 169 (2007).]
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o » Consistent results

S

» Energies up to 80 MeV/u

[L. A. Riley, et al., Phys. Rev. C 72, 024311 (2005).]

5 =

» Extension to more exotic nuclei
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Shell evolution around Z = 28

For "*Ni:
[00=078+013fm 4,y =104£016 fm
Mo/ M,
=P =14405
z=28 N/Z

[T. Marchi, et. al., PRL 113, 182501 (2014)]
[N. Aoi, et. al., PLB 692, 302 (2010)]
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Shell Evolution And Search for Two-plus
energies At the RIBF (SEASTAR)
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> 2+ spectroscopy using (p,2p) and (p,3p) reactions
> 24 days for data runs, 32.5 days including BigRIPS/ZD tuni[%g
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Experimental setup
0 10 20m
,_ s g,
Primary Target FO F5 F6 Fo F10: ‘U
Dl Fy py Fhagtored [0 o g =
- 8 B a g =) 9‘
BigRIPS
238y @ 345 MeV/u
3 mm thick Beryllium target
Intensity = 12pnA

Energy = 240 MeV/u
MINOS target

10 cm Liquid Hydrogen
TPC not used for (p,p’)

DALI2 array
MINOS: A. Obertelli et al., Eur. Phys. J. A 50, 8 (2014)

186 Nal detectors
DALI: S. Takeuchi et al., Nucl. Inst. Meth. A 763, 596 (2014)

Inelastic scattering of Ni and Zn isotopes off a proton target

:
M. L. Cortés, TU Darmstadt




Introduction Experimental setup Results Summary

Particle identification

) BigRIPS PID ZeroDegree PID
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» Three experimental settings to measure 7%7274Nj and 76:78:807p
» Between 10° — 107 particles for different isotopes in ZeroDegree
» Doppler correction after particle selection and background subtraction
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Doppler corrected spectra
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» Simulated response of DALI2 and a double-exponential fitted
» Exclusive cross section of proton inelastic scattering from the fit
» Error: 6% on DALI2 efficiency and 2% on the target thickness

[m] [l = =

DA 11/18
I

:
Inelastic scattering of Ni and Zn isotopes off a proton target M. L. Cortés, TU Darmstadt




Introduction Experimental setup Results Summary

Cross section and deformation length

" Ni (z=28) —=—

Zn (2=30) —e— |
| » Isomers in °Ni and "8Zn:
1 Lower limits

Cross section (mb)
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2n (Z=30) | » Some energy dependence
1 » Use of DWBA to obtain
| deformation
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Deformation parameter
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» Deformation length calculated with ECIS-97
» Use of KD02 optical potential
» Confirmation of Aoi. et al
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Matrix elements ratio

2.5 ; : : .

Ni (Z=28) —e—
Zn (Z=30) —=&—
Aoi etal. —a— 1

> Single closed shell
behavior is maintained

» Higher neutron
contribution in Ni

» Method is feasible

(M /Mp)/(N/Z)
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Results
25 - » Feasible method, but
Ni (Z=28) —e—
Zn (z=30) —a— large errors
Aoietal. —a— .
9 QRPA @ » Further theoretical
g approach required
o
=3 » Possible future
=3 measurements:
» Use of segmented Ge
ot ‘ ‘ ‘ ‘ ‘ s detectors
43 44 45 46 47 48 49 50 51
Neutron number S. Péru et al., Eur. Phys. J. A 50, 88 (2014)
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Summary

» Proton inelastic scattering in Ni and Zn performed.

» Cross section for the first 27 and 4™ states measured.

» Deformation length obtained using ECIS-97.

» Measurement at energies above 200 MeV /u.

» Contribution of neutrons to the Ni chain and of protons to the Zn chain.

» Proton inelastic scattering data available from the first two SEASTAR
campaigns and further data expected from the third campaign.
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SEASTAR collaboration
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Thank you!
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