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Nucleon systems

1 A o0

proton atomic nuclei neutron star

nheutron = protons + neutrons ~ neutrons
1fm several fm 10km
1.4g/cm?3 (Sun) ~10%g/cm3 >10%g/cm?3

These many body systems are
with different size with two
components, which is governed
by Equation of State of nuclear
matter

Determination of EoS for symmetric and asymmetric matter
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Key words

* [soscalar giant monopole resonance
— cf. Keynote talks in this conferences and others

* Kt (isospin dependence of incompressibility at
saturation density of asymmetric matter)

— can be directly extracted via experiments
— experiment plan of 132Sn(d,d’)
— pilot experiment of 132Xe(d,d’)

* CAT Active target system

— Newly developed for high luminosity exp.
* High luminosity

— (= beam intensity x target thickness)

Sep. 14-18, 2015 COMEXS5, Krakow 3



CENTER for
NucLEAR STupY

E(p, a) = E(Xo, &) + 5[(1 + 3%0)*E" (Ko, )X + - - -

= co() + 2 Ko(a)x> + - - -, (
go(@) = g9 + e.a” + O(a™) = g9 + Ja© + O(a™)
Ko(@) = Ko + K. 2> + O(a™)

= Ko+ (Ksym — 6L — %L) a® + O(a™)

Kooi(1 4+ cAT VW K (N — 2) /AP + KeouZ?A™43,

Measurement of KA by changing asymmetry (N-Z)/A ~ isospin
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Experimental Value of Kt

Ky~ Keo(14+cA Y3 + K [(N — Z)/A]? + KcouZ2A™43,

(a,a) measurement at RCNP ignore the slight change of A1/3
20007 ! 120g fitting a + b (N-Z)?/A? : b = Kt

S
= 2000- , , o - ~| Kt =500 MeV +- 100 MeV
S i Sn % G. C(I)|O, U. Galrg, and HI Saga, EIIDJASQ (20|14) 26
~~
2000 - ; I 120 - 1601 a 1Z124g, ]
g 20007 vl |2 |
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T. Li et al., PRL99 (2007) 162503
Kt~ 500-550 MeV +-100MeV
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Ktau project

K~ K1+ cA” 13) £ K [(N — 2)/AP* + KoowZ2 A3,
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112Sn 124Sn
(0.107)2 (0.194)?
=0.038

S SO S RV S S OO S O S 0 O 2 O 2 1Y)
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Ktau Project

Ky~ Ko(14+cA™ Y3 + K [(N — Z)/A]? + KcouZ2 A3,

=> extend to the unstable nuclei region
{ and other chains

106Sn

(o056}

=0.003

Isotope

cf. Ni isotope chain : M. Vandebrouck et al.

45 40 51 54 S7 60 v 6¢ 69 72
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Ktau Project

132Nd
(0.09)2
—s extend to the unstable 1 | | | =0.008

&= and other chains

5¢ H -
vvvvvv T
|53 (0.056)2 (0.242)2

=0.003 =0.059

O O

132Sn@RIBF
Approved
Doubly magic

1 44

| 38 -
45 48 51 54 57 80 63 66 69 72 75 78 81 84 N

Isotope
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PLAN:
ISGMR IN 132SN VIA (D,D’)
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CNS Active Target (CAT)

 TPCand Si array Tracking is done by fitting
— 0.4 atm. pure > 100 kcps beam injection ROY '
deuterium gas Thickness = 0.1 mg/cm?
— Gas Electron . L
Multiplier (GEM) : = high luminosity
required gain ~ 10 = (p,p’), (d,d'), (a,2")
— 300 um resolution |

achieved
| | |

| 9cm x 9cm,; 0.5mm?t

Convers 2 deg and
> 4 deg. at 14 MeV
by TPC

10cm x 10cm

ThetaCM (deg)
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— E~1kV/cm/atm
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RIBF113 experiment 132Sn(d,d’)

R

at RIBF (in near future)

132Sn

100 MeV/u
>100kcps
(total ~ 1Mcps)

v" Diamond
(0.2 mm)
v MWDC

GOl1S

»
=
o
PN
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v Plastic \\; Diamond
v’ MWDCs MWDCs
v' Degrader 132Sn
100 MeV/u
F5 >100kcps
ﬂ.-f.r’ = “F&]i_‘." E; F6 (total >300kcps)
DndonD
oS —t N W Ny -
O | O J onr=syhe
— =< N O 9 o
o Q
o
TOF-Bp-Bp

luminosity = 10° cps x 102°cm™2 ~ 0.01 mb1s?
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Yield and Error Estimation

Expected strength distributi
Xpected strength aistribution Extraction of Kt

6000 Verv simple > - FE]Ex =13.84
- y P @ r F&]Ex=14.34

- simulation 5] Ex = 14.84

Strength (a.u.)
3
3

- P T T T NN T TR TR SO NN TN SO ST WO NN SN WO TR SO NN SN WY N S N N |
1% ~0.05 01 015 02 025 0.3
(N-Z)/A

00 ‘5‘ — ‘10‘ - ‘1‘5‘ — 20 ‘2‘5‘ — ‘30
Excitation Energy (MeV) => error of Kt can be reduced to 50
10 days w/ 100kcps 132Sn beam (>300kcps MeV from 70 MeV.
in total) = 0.5 MeV difference in E,,;
OEx=1MeV 08¢y = 0.5 deg corresponds to 80 MeV difference

Total cross section is calculated using OM.

Only monopole / spherical Bessel
= dEgyr ~ 0.17 MeV

in Kt
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OPERATION WITH HIGH RATE BEAM
AND 132XE(D,D’)
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Operation with

w/ beam intensity of 10° cps

=> 0(1) mA at last THGEM.

large energy deposit by beam caused
discharge of THGEM

because of too much gain for beam region

=> reduction of effective gain

Fieldcage
Beam \\
N

IMQ S

v I B B R R L I P Y
U e

- v
983M0 = Vap IMQ i) }jg

. ‘>
el Il e - N N Y B

- 2 mm Transfer Field
10MGQ == Vi IMQ — I —————— .
2D = 00D D Cruces

3.3\ .

13.3M2 g Iz m Transfer Field
Yw 7 = o o O e O e Ml 02
30M 1D

1 Rl : IMQ 2 mm ﬂdion Field

- R2 : 30M | — m— — — —_

Readout pad
~y
1mA
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high-intensity beams

segmen

ted THGEM

mesh grid

Segmented THGEM provides better energy
resolution than mesh grid along the beam path.
=> stable with up to the 500-kcps 100-MeV/u
132Xe beam
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132Xe(d,d’) at HIMAC

As a study of nuclear incompressibility in isobars
and test for the high-intensity beam injection

 HIMAC (22th — 25t Jan, 2015)

— 132Xe
 100MeV/u

* 500 kcps

— 10° ppp with 2-sec
extraction

— 3 GEMs with 0.4-
atm deuterium

Synchrotron at Chiba prefecture in Japan
Mainly used for radiotherapy
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HIMAC (22th — 25th Jan, 2015)

— 132Xe
 100MeV/u

* 500 kcps

— 10° ppp with 2-sec
extraction

— Huge number of
delta rays

d>N
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dTdx

B(T) =
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Hit pattern
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132Xe(d,d’) at HIMAC

hPad hHitPatten
50» s 230 &
°F P! n
20 A
: —4
105 ¢
0F K ! 3
F Va A
-IOE- vv '
- . 2
“VAVAVA"
30: e 1
40 a aA

_wwmwm
%540 30 20 10 0 10 20 30 40 50

Cut by pulse height (or charge)
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132Xe(d,d’) at HIMAC

Tracking and accumulate events
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132Xe(d,d)

TAeV
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w/ tracking using charge and drift time
taking the effect of diffusion into account
w/o correction of efficiency

- less than 1/10 of total data

- need to check the uniformity and
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Summary and outlook

 CNS Active Target (CAT) is developed for the measurement of
deuteron (or alpha) inelastic scattering.

— Worked with the high intensity beams up to 500 kcps.
— Achievable luminosity is 0.01 mb-1s-1
« Measurement of 132Xe(d,d’) (and 140) was performed at HIMAC.

— Elastic peak is observed. The excitation energy resolution is 3.8 MeV
FWHM (preliminary).

 ISGMR in 132Sn will be studied via (d,d’) reaction using CAT in near
future.

— Systematic measurement of ISGMR can be performed at RIBF.
* 132Sn, 106Sn, A=132 isobar etc.
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Collaborators

 CAT development

— S. Ota, H. Tokieda, C.S.
Lee, Y.N. Watanabe, R.
Kojima, Y. Aramaki, S.
Michimasa, H. Matsubara,
M. Dozono, M. Takaki,Y.
Kiyokawa, (CNS) J.
Zenihiro (RIKEN)

e with help by

— H. Yamaguchi, K. Yako
(CNS) H. Otsu, T. Uesaka
(RIKEN)

— E. Takada (NIRS)
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 H307 (140)
— CAT developper (left)

— Y. Kubota, T. Nakao, T.
Nichi, Y. Tanaka, K. Okochi,
A. Obertelli, A. Corsi, C.
Santamaria, J. Gibelin, Y.
Matsuda, Y. Maeda

* H307 (132Xe)

— CAT developperY. Maeda,
S. Gotanda, xxx, U. Garg, Y.
Guputa, T. Peach

 RIBF113 (132Sn) to be
done
— S. Ota, U. Garg et al.
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