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» Charge changing cross section (CCCS) :

20
A
The total probability of removing at least one Z
proton from the projectile nucleus in the 2
collision with the target nucleus. N=Z Y, N
>

High precision CCCS measurements
> Facilities: HIRFL/GSI/RIKEN/RCNP
» Nuclear region: p and sd shell

> Target: H/C target

> Energy: <1GeV/nucleon

> To extract charge radii

» Studying nuclear reaction mechanism

» Studying mirror nuclei/nuclear matter
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Nuclear dissociation

O Direct charged removal

O Charged particle evaporation (CPE)

on C target : 5-20%
on H target : 20-50%

J.W. Zhao, B.H.Sun and I. Tanihata et al., PLB 847 (2023) 138269.

J. C. Zhang, B.H.Sun and I. Tanihata, et al., .Sci. Bull. 69 (2024) 1647-1652.
M. Tanaka, M. Takechi and A. Homma et al., Phys. Rev. C 106 (2022) 014617.

Electromagnetic dissociation

f‘ On heavy target : considered or not?
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J Electromagnetic dissociation (EMD) process
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Weizsacker-William (WW) approximation

Giant resonance /
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4 Virtual photons of target :
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® Photonuclear cross section of projectile:
(v. p)/(y, n)/(y. abs)...

€ EMD cross section of projectile:

oce = fN(Ev) GY(EY) dE,
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J The development of EMD experiments
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H. H. Heckman et al., Phys. Rev. Lett. 37 (1976) 56-59.
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J Heavy lon Research Facility at Lanzhou (HIRFL) (

Separated Sector Sector Focusing
Cyclotron(SSC) + = Cycll%t:\(/l)n\(/?FC)
~ " ) w . e u

100 meviu STRERGCL ViU

Cooler Storage:

Rings(CSRm)
~1000 MeV/u

-
v" lons range: from hydrogen to uranium
v Beam energy: 2.8 GeV for protons, 1GeV/nucleon for heavy ions
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J Experiment and Data analysis

> 2.767 (2) g/cm? C target
370 MeV/nucleon

> 3.797 (3) g/cm?Pb target
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J NN estimation
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Charged particle removal

> Evaporation (¢, " —

Removed neutron

™
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a - Evaporated proton

Excited State

Target First step: Neutron removal Second step: Proton evaporation

Projectile

normalized by
2 O_in = Op — O ) Glauber model

i
PP, p(E) - we(E)dE
Gaimard-Schmidt (GS) Gemini+ +

J.W. Zhao, B.H.Sun and I. Tanihata et al., Phys.Lett. B 847 (2023) 138269.
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» The dominant transitions in the EM process are E1 and E2.
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J Result & Disscussion

180 + natC 106 02(19) 8702  863(21)
180+ natph 378 3169 169 9.2(49) 33472 3386(137)
? » Considering these three components, the experimental
Charged particle removal data is reproduced.
@ é s 9 . > The CPE contributes 12.3% and 5% to CCCS of 80 on C
J Excited state Evaporated proton and Pb ta rget, respectively.
» The proportion of EMD in CCCS is less than 1%.
@ — @ ° » These imply that Pb target may be more suitable to
Giant resonance/ charged particle emission ~ €Xtract charge radii.

Quasi-deuteron/ ...
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J EMD estimation of heavier nuclei
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€ Summary

> CPE contributes 12.3% (C target) and 5% (Pb target) to CCCS of 30 at around 370 MeV/nucleon.
> EM proportion is less than 1% in CCCS of different projectiles on C targets at 1 GeV/nucleon.

> In the case of 1°7Au of CCCS on Pb target at 300 and 900 MeV/nucleon, the EMD is 6.7% and
10.5%, respectively.

€ Outlook

> Improve experimental precision to further refine model.

> Attempt to measure CPE or EMD to verify the correctness of the conjecture.
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Thanks!
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