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Microscopic picture: GRs are coherent (1p-1h) excitations
Induced by single-particle operators

Microscopic structure of ISGMR & ISGDR
Transition operators:

Constant  Overtone

2h excitation

Spurious  Overtone
C.0.m. motion

3ho excitation (overtone of c.0.m. motion)
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Equation of state (EOS) of nuclear matter

More complex than for infinite neutral liquids
Neutrons and protons with different interactions
Coulomb interaction of protons

1. Governs the collapse and explosion of giant stars
(supernovae)

2. Governs formation of neutron stars (mass, radius, crust)
3. Governs collisions of heavy ions.

4. Important ingredient in the study of nuclear properties.
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120

For the equation of state of symmetric |
nuclear matter at saturation nuclear
density:
dE/A] '
_ p P =Py
and one can derive the incompressibility’ |
of nuclear matter: o

0 0.1 0.2 0.3 0.4 0.5 ‘ 0.6

2d Z(E/A)_ o (1/fmd)
d 2

B 10 _p :IOO

E/A: binding energy per nucleon

p . nuclear density J.P. Blaizot, Phys. Rep. 64, 171 (1980)

po - nuclear density at saturation

& 3 8

E/A (MeV/nucleon)

S
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Isoscalar Excitation Modes of Nuclel

Hydrodynamic models/Giant Resonances
Coherent vibrations of nucleonic fluids in a nucleus.

Compression modes: ISGMR, ISGDR

: : ISGMR (T=0, L=0
In Constrained and Scaling Models: ( )

. m<r2>
ISGDR (T=0, L=1)

K+,
Erseor = Ny| = ——22
ISGDR 3 m<r2>

&= 1S the Fermi energy and the ISGQR (T=0, L=2)

nucleus incompressibility: I . .

— Ky=[r@Eaym ],
(ﬂ = 75 university of
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J.P. Blaizot, Phys. Rep. 64 (1980) 171




Glant resonances

" Macroscopic properties: E,, I'y YoEWSR

" |soscalar giant resonances; compression
modes

ISGMR, ISGDR = Incompressibility,
symmetry energy

Ka =Ky + K fA_ll3 + Ksym((N_Z)/A)Z'l'KCouIZZA_M3
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ISGOR, ISGMR

1 I !
2°°Pb(¢.u')"°’Pb 109 Mev -

Eq= 120 MeV
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< 2%Pb(a,a’) at E,=120 MeV

1200

,;5;% 13.9 MeV § —Z
oo - Y i 4  Large instrumental background
| and nuclear continuum!
IEO(T}I| -
M. N. Harakeh et al., Phys. Rev. Lett. 38, 676 (1977)
200 E, (MeV) 1o.0
: universi f
9 KVI Osaka, Japan; 16-19 November 2015 9 gw / groninggo




de/d8) (mb/sr)

10

[e]})

ZDEPb

EL=120 MeV
E, =10 Mev
100% EWSR

|

(a,a')

=

0
8., deg)

&

KVI

Osaka, Japan; 16-19 November 2015

10

university of
groningen



208Pb(oz,oc’)
| E, =386 MeV —— L=0,T=0
' E =14.5MeV ——  L-1,T=0 | SGMR,ISGDR
10° L=2, T=0
5
5}’ 0% 100 % EWSR
- ;
B i
Fc |
- At E = 14.5 MeV
10 |-
Yo 2‘.5 ; 7‘.5 10
O_ . (degree)
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# Focal Plane Detector

Grand Raiden@
RCNP

(a,0') at E,~ 400
& 200 MeV at
RCNP & KVI,
respectively
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ISGQR at 10.9 MeV

ISGMR at 13.9 MeV

Counts/MeV
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Difference of spectra
0°<0,<3°

0°< 0, <15°
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Multipole decomposition analysis (MDA)

&P 2 calc.
dZO' d?c
9 ) E = a, (E '9c o E
d 2(7 exp .
dOdE (& E) . Experimental cross section
de CaIC.
dOdE (& .o E) : DWBA cross section (unit cross section)

L
a, (E) :EWSR fraction

a. ISGR (L<15)+ IVGDR (through Coulomb excitation)

b. DWBA formalism; single folding = transition potential

oV (r=rlp(r),
Op,(r')

8U, (r,E) = [drap (', E)IV (T =1, p(r') + po (1)

U(r)=[drv(r—rlp(r)per)
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Transition density

= |SGMR Satchler, Nucl. Phys. A472 (1987) 215

WP, (r,E) =—,[3+Tr i]/Oo(r)
dr

. 2 7th?
OCOZ >
mA<r<>E

= |SGDR Harakeh & Dieperink, Phys. Rev. C23 (1981) 2329

yz3 , d 5 , d d?
oo, (r,E) =— 3r° —+10r——<r°>—+¢&(r

dr 3 dr dr?
., 67h? R?
' MAE (11<r*>—(25/3)<r?>? —10s <r?>)

d
+ 41PN

Y

=  Other modes Bohr-Mottelson (BM) model

d
o (r,E)=-5, Jpo(r)

>  LQRL+D? 2mr° <r?% >
(L+2)° mAE <r-*>?

55 — (IBLC)
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do/dQ dE (mb/sr MeV)

do/dQ) dE (mb/sr MeV)
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Uchida et al.,

Phys. Lett. B557 (2003) 12
Phys. Rev. C69 (2004) 051301
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In HF+RPA calculations,

, _
K = 9p2d d(EﬁA) Nuclear matter
B 10 -,0 :po
E/A: binding energy per nucleon K,: Incompressibility

p . nuclear density
po - huclear density at saturation

208pp . K, Is obtained from excitation
energy of ISGMR & ISGDR

K, =0.64K__- 3.5
J.P. Blaizot, NPA591, 435 (1995)

o HF {Gogny)

||||||||
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From GMR data on 2°8Pb and °°Zr,

K.=240+10 MeV [+ 20 MeV]
[See, e.g., G. Colo et al., Phys. Rev. C 70 (2004) 024307]

This number Is consistent
with both ISGMR and ISGDR Data
and
with non-relativistic and relativistic calculations
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Ka= Ko + K A3 + Ksym((N_Z)/A)2+Kcoul Z2A93

K ~ Kot (L + CALE) + K (N - Z)/A) + Ko Z2A

K - Kooyt ZZA3 ~ Ko (1 + cAY3) + K_((N - Z)/A)
~ Constant + K_((N - Z2)/A)?

We use Kqyy = - 5.2 MeV (from Sagawa)

(N - Z)/A
112G — 124Sn: 0.107 — 0.194
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155— =

13 | | | | |
0.08 0.1 0.12 0.14 0.16 0.18
(N-Z)/A

K =—-555+75MeV

D. Patel et al., Phys. Lett. B 718, 447 (2012)

5 77 university of
\(J KVI Osaka, Japan; 16-19 November 2015 25 / groningen



1 ] 1 1 ] I ]
17 - —
®
®
®
A . e
; T A 2 x
— 16 - x °* ) S
> ) < . . b4
= p ' .
~— T » L 2
o |
g‘ ; Thi k E E
— - IS wor > |
£ 154 o Colo 7
A Piekarewicz
v Texas A& M {
¢ \Vretenar
<4 Julich T5
14 | ' I | | I | I
112 114 116 118 120 122 124
A

RPA [K_ =240 MeV]; RRPA FSUGold [K_ = 230 MeV]:
RMF (DD-ME2) [K_, = 240 MeV]; (QTBA) (T5 Skyrme) [K_ = 202 MeV]

\} KVI Osaka, Japan; 16-19 November 2015

university of
groningen




18 . | |
B This work
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E. Khan, PRC 80, 011307(R) (2009)
The Giant Monopole Resonances in Pb isotopes

o ol T T T T

. * o . , @@= E Khan, Phys. Rev. C 80, 057302 (2009).
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Conclusions!

" There has been much progress in understanding
ISGMR & ISGDR macroscopic properties

Systematics: E,, I', Y0EWSR
= K, = 240 MeV
= K, =~ -500 MeV

® Sn and Cd nuclei are softer than 2°¢Pb and °°Zr.
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Challenges with exotic beams

E, = 20 MeV

Nj = Projectile

PN TN T T T T T T T T N T T T T (A S A (A M | OO

10 20 30 40 50 60 70 80 90
Laboratory scattering angle [deg]

_ ] S 10°g
* Inverse kinematics s E, =0 MeV
g 10° E, =30 MeV "
Ni(a,0’)®Ni* | 7 wf g &
- 2 P 0 &
o = Target 5L
> E

[—
=

 Intensity of exotic beams is very low (~10% — 10° pps)
« To get reasonable yields thick target is needed

* \Very low energy (~ sub MeV) recolil particle will not come out
of the thick target
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Nuclear structure studies with

reactions In inverse kinematics

- Possible at FAIR, RIKEN, GANIL, FRIB
(beam energies of 50-100 MeV/u are needed!)

(o,0')
®— & ®*—
“He target
heavy projectile .\ o heavy ejectile
recoiling
o)
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Storage Ring

SY4 wouy suol

Circumference 108 m

X

Maximum Bending Power 10 T.m

Experimental storage ring at GSI
Luminosity: 1026 — 102" cm-s?

Magnets 6 Dipoles, 1.6 Tesla
4 Triplettlenses
4 Duplettlenses

8 Sextupolelenses
Magnet Power Dipole 3.7 kA at 1.6 kV

Field Ramp max. 1 T/s

RF Acceleration 2 Cavities at 5 kV

uonisod 3a81e]

//

Frequency Span 0.8 =5 MHz

Vacuum Operational 10™ Torr

Bakable to 300° C

EPJ Web of Conferences 66, 03093 (2014)

1 DC Transformer

1 fast Transformer
1 Profile Harp
1 Faraday Cup
1 Beam Scraper
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Detection system @ FAIR

Heavy-lon
Spectrometer

Neutrons /
Charged Ejectiles

Beam in
Storage Ring

Figure 1: Schematic view of the EXL detection systems. Left: Set-up built into the NESR storage ring.
Right: Target-recoil detector surrounding the gas-jet targer.

EXL recoll prototype detector has been commissioned
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N
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.IIII|

Simulation

5 rays 8., = 37.5 deg

ISGMR
7

EI}D EDD 4[][] EDD 600 70O 800 900
Recoil Energy [MeV]

(d) Simulation, strip number 31
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Active target

A gas detector where the target gas also acts as a detector

» Good angular coverage

» Effective target thickness can be increased without
much loss of resolution

» Detection of very low energy recoll particle is possible

MAYA active-target detector at GANIL
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Basics of kinematics reconstruction inside MAYA

== charged particle Ancillary 24 T Bra
S - e detectors — 2%;_ dmax I
. ® 3 |
20 Si detectors E 18- i
80 Csl detectors g OF i
R = !
o =
B 0.8 i
20 cm g 0:6; de ]I
N T
Beam 5Ni Frisch Grid 0'3, Q02 b
Anode wires 40 60 80 100 120 140 160
Segmented cathode Distance from the vertex (d) [mm]
500 mbar 25¢
95% He and 5% CF, oF
. : e . . 5
Timing information from Amplification wires = 1F
g 10f
Range — Energy ¢ |
Ny
(SRIM) :
0....\\\\.I...\\.\..I....I
0 500 1000 1500 2000 2500
de —> R3d OZd —> OSd Range [mm]
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3d dimension from timing information of the anode wires
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Kinematics plot
X Ni(a,0')*°Ni*
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% Peak fitting method
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Thank you for your attention
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KVI

1 E 1 1 I
SER
min
A Sw.r -
o s.. |_
“|" 1sospin
diffusion
1 1 1 I
140
L (MeV)
= K =-500 *72 MeV
M. Centelles et al., Phys. Rev. Lett. 102, 122502 (2009)
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S. Brandenburg et al.,
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(a) The three different backgrounds studied. (b) Double-differential cross section after the
background 2 subtraction.
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Excitation energy of *°Ni
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Peak fitting method

Background shape fixed manually (Background 1)
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