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K. Tsukada et al., Phys. Rev. Lett. 118 (2017) 262501.
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"The nth-order moment of the nuclear charge density and contribution from the neutrons"
H. Kurasawa and T. Suzuki, Prog. Theor. Exp. Phys. 2019, 113D01.

(r) = pg(r) + p¢()
pe pC re <rpz(point)> = Jrngoint(r) drg

r2) = jrzp (r) dr3
( C> ¢ (Tr%(point)> = ]rngoint(r) dr?

= (rpz(pomt)> + (r2) + (r,f)g + relativistic corr.(spin-orbit terms and ....)

Point proton radius neutron radius
proton radius

(rf) = fr4pc(r) dr3

— (ﬂ?(point)) + 1_30 (rpz(point)><rp2> + 3

Point neutron radius

T

10/ -
( n(point)

N L
)(rnZ)E + relativistic corr.

(T ) exp (r) cate n-cont.(3"d term)  n-skin
(Full rel. calc NL3) (calc) (calc)
8Ca 194.7 fm?* 191.7 fm?* 7.3 fm4(6.9%) 0.06 fm

208ph 117158 fm*  1156.81 fm*  20.254 fm*(1.8%) 0.28 fm



26

‘y (r DB
‘Q

1. EDMELVERSEMEE CAIE > SWLI 250 hnE,

2 BEHERITIHE T, SRE CRaENMZAIE.
> BWLZ 25« TERBEREV\EEE (1/9%)

Low-q region

Fe@) = | e em@7a%r
2 4 6
Nl_@ 2_|_<TC> . _{7) 6 ..
31 4T 1 Ty
(PWIA)
Calculated values
(ré) (r¢) (r8)
8Ca 11.91 194.7 3913 200 0.2 0.4 0.6
H. De Vries et al., Atomic data and nuclear data tables 36 (1987) 495. q [fm_1]
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Si detector lonization
0 = 105-150 deg: chamber

-y G ."”

2Ge beam (GeS+) E = 4 MeV/u
#Se = 6*10"4 pps

BAs < 71072 pps

#Ge = 1*10”4 pps

#Se beam E = 4.5 MeV/u BGe, BEg
¥Br = 92*10°4 pps CD,
#Se = 8*10"3 pps | 430pg/cm?(4um)

I f| r X Q(MeV) Ex (keV) J
‘1472007 0 5/2+ 048:014

ﬁ%a | A\ =
It S o 5. B S|
f \ ?32 :

|| 1.19+£0.07 280+20 1/2+ 05+0.15

I 82Ge(d, p)83Ge Q- SPeCUU"}’ Angular d|stnbut|o[+

Direct measurements of (o, n) reaction in lighter mass region
e.g., 8082Ge, 848Ge, 8580y, 86-90K, 91Rb, 9394Sr(a, n) reactions

Proton number Z

e(a,n) cross sections at T~1-5 GK

e Detect exclusive channels 1n, 2n...

e Energy and angle of neutrons: separate

- zn, Ga, Ge, Se, Br, Kr, Sr, Zr

compound-nucleus, preequilibrium, direct

e(a,a) elastic scattering: alpha OP

45

50 55
Neutron number N

60 65
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