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* EXL: Exotic Nuclei Studied in Light-lon Induced Reactions at the NESR Storage Ring
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|. Introduction: Direct Reactions with Radioactive Beams in
Inverse Kinematics

s =H &—- 1 1 A7
H - target
classical method of nuclear spectroscopy: beam of exalic ’
= light ion induced direct reactions: (p,p), (p,p'), (d,p), ... ) H H (*X, H) AX

=> to investigate exotic nuclei: inverse kinematics

= important information at low momentum transfer! /proton-
detector

of particular interest:

=> radial shape of nuclei: skin, halo structures
=> doubly magic nuclei: °®Ni, 132Ni

=> parameters of the EOS :

nuclear compressibility, symmetry energy

1y ¢

Heavy-lon

future perspectives at FAIR: Spectrometer

= profit from intensity upgrade (up to 104 !
=> explore new regions of the chart of nuclides
= use new and powerful methods:

Neutrons /
Charged Ejectiles

EXL.: direct reactions at internal storage ring target

= high luminosity even for very low s, Recoil
momentum transfer measurements 4 Detector
) Gasjet | geamin
ACTAR: active Target at R3B Storage Ring
= access to very short life times: T,, < 1 sec
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|. Introduction: Direct Reactions with Radioactive Beams in
Inverse Kinematics

H - target

classical method of nuclear spectroscopy: beam of exotic

nuclei AX
= light ion induced direct reactions: (p,p), (p,p'), (d,p), .. > H 'H ("X, H) AX

=> to investigate exotic nuclei: inverse kinematics

= important information at low momentum transfer! /proton-
detector

of particular interest:

=> radial shape of nuclei: skin, halo structures
=> doubly magic nuclei: %6Ni, 132Ni

=> parameters of the EOS :

nuclear compressibility, symmetry energy

future perspectives at FAIR:

= profit from intensity upgrade (up to 10% !V XY
=> explore new regions of the chart of nuclides drift
= use new and powerful methods: chamber

EXL: direct reactions at internal storage ring target

I heavy reaction

=> high luminosity even for very low
momentum transfer measurements

ACTAR: active Target at R3B
= access to very short life times: T,,, £ 1 sec active target-
First Experiments already performed detector

I product

light particle
detector




Nuclear Physics with Radioactive Beams
at the Present GSI Facility

The Present GSI Accelerator Facilities:

SIS
L
UNILAC: universal linear accelerator  [BE5II e
all ions (1H "'238U) .@ transfer channel - L FRS
E =3- 20 MeV/u - - |
SIS: heavy ion synchrotron | Sl e "iiiill b
E =100 - 2000 MeV/u = e (1 C
: : — — ESR
ESR:  experimental storage ring = ErYy - >
beam cooling = O / i |/
iti experimental hall i v I
=> excellent beam qualities UNILAC oMoV . _ |
FRS: fragment separator g

projectile fragmentation, fission
=> secondary radioactive beams experimental hall |
with energies E = 100 — 1000 MeV/u (up t0 2000 MeV/u) [+ =)

|
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The Present Radioactive Beam Facility at GSI ?
LK)

\-

o

FRS: In-Flight Separator & High-Resolution Spectrometer

ALADIN 3 LAND
PRODUCTION TARGET  Secondary Beam Branches \@, &

JRNRY

’ 6
/ o
/
, SIS
'\ ’ ; Y
S “/ ; “l 1. Decay Spectroscopy, Reactions,
Se w7 High-Resolution Particle-y Measurements

2. Masses, Lifetimes, Isomeric Beams,
Direct Reactions

" 3. Reactions Studies (Complete Kinematics)
il . Active Target IKAR

2 20

82




Perspectives at the Future International Facility FAIR

Future facility N\

SIS 100/300

<= Rare-Isotope
Production Target

Antiproton
Production Target

FRS
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FAIR: Facility Characteristics
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Future facility

SIS 100/300

y —
f UNILAC - g
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Y S 4 -t ¢ 7
W ’ .\ “q P
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Y R gt ’
A \\/‘\\m v -~y \-
AN . / T s Rare-|sotope
; ‘/.4’4 Production Target
P
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Antiproton
Production Target

*Cooled beams
*Rapidly cycling superconducting magnets

« 10'?/s; 1.5-2 GeV/u; 238U28*

» Factor 100-1000 over present in intensity
« 2(4)x10"3/s 30 GeV protons

« 1010/s 23873+ yp to 35 GeV/u

» up to 90 GeV protons

*Antiprotons 3 - 30 GeV

*Radioactive beams
e — A collider

«10"" stored and cooled 0.8 - 14.5
GeV antiprotons




reqgions of interest:
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Nuclear Physics with Radioactive Béams .
Physics Questions to be Adressed

= towards the driplines for

physics interest:

medium heavy and heavy
nuclei

known exotic nuclei

unknown exotic
pathways of stellar
nucleosynthesis

matter distributions (halo, skin...)

single-particle structure evolution (new magic numbers,
new shell gaps, spetroscopic factors)

NN correlations, pairing and clusterization phenomena

new collective modes (different deformations for p and n,
giant resonance strength)

parameters of the nuclear equation of state
in-medium interactions in asymetric and low-density matter

astrophysical r and rp processes, understanding of supernovae



Light-lon Induced Direct Reactions

® clastic scattering (p,p), (a,a), ...
nuclear matter distribution p(r), skins, halo structures

® inelastic scattering (p,p’), (a,a’), ...
giant resonances, deformation parameters, B(E2) values, transition densities

® charge exchange reactions (p,n), (3He,t), (d, 2He), ...
Gamow-Teller strength

® transfer reactions (p,d), (p,t), (p, 3He), (d,p), ...
single particle structure, spectroscopic factors
spectroscopy beyond the driplines
neutron pair correlations
neutron (proton) capture cross sections

® knock-out reactions (p,2p), (p,pn), (p,p *He)...
ground state configurations, nucleon momentum distributions, cluster correlations
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Nuclear Physics with Radioactive Beams at FAIR: NUSTAR
NUclear STructure, Astrophysics and Reactlons

_—
I High intensity primary beams | from SIS 100 (e.g. 1012 238U / sec at 1 GeV/u)

8

----------------- 1 | II Superconducting
large acceptance
Fragmentseparator

X

III Three experimental areas ‘

=l
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1 1
T T

Low-Energy
Cave

Transmission [%]
8 8 8 8

Optimized for
efficient transport
of fission products

g/
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Reactions with Relativistic Radioactive Beams at FAIR |

\'a .

 R3B: Reactions with Relativistic Radioactive Beams
= High Energy Branch

e EXL: EXotic Nuclei Studied in Light-lon Induced
Reactions at the NESR Storage Ring

= Ring Branch

 ELISe: ELectron lon Scattering in a

Storage Ring e-A Collider
= Ring Branch



The setup

Large-
acceptance
dipole

~_/ /

Tracking detectors:
AE, x, y, ToF, Bp

\IIIHIIIN

High-resolution measurement
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l. Direct Reactions at Internal Targets of Storage Rings |

pus -

RIB NESR
Collector Ring (740 MEXQUC'eOn) Electron cooling
Bunch rotation SUPER-FRS Continuous accumulation
Fast stochastic cooling % Internal gas jet targets

NESR
4 “onz Aamd <
N 100 m
RESR

Deceleration (1T/s) to 100 - 400 MeV/nucleon
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The EXL Project: EXotic Nuclei Studied in Light-lon 1!}
Induced Reactions at the NESR Storage Ring Sl

L™
4 )

Heavy-lon
Spectrometer RIB‘s from the
Electron Super-FRS
cooler
LR =T a0,
§ R
[3
2

— Neutrons / il N ES R

- Charged Ejectiles

& \EXL
i, Recoil ".,

/"A " Detector B
Gas jet

Beam in
. DStorage Ring

Design goals:
® Universality: applicable to a wide class of reactions
® High energy resolution and high angular resolution
® | arge solid angle acceptance
® Specially dedicated for low q measurements

with high luminosity (> 102° cm2 s)

Detection systems for:
® Target recoils and gammas (p,a,n,y)

® Forward ejectiles (p,n)
® Beam-like heavy ions




Light-lon Induced Direct Reactions
at Low Momentum Transfer

® clastic scattering (p,p), (o,a), ...
nuclear matter distribution p (r), skins, halo structures

® inelastic scattering (p,p’), (o,a’), ...
deformation parameters, B(E2) values, transition densities, giant resonances

® transfer reactions (p,d), (p.t), (p, 3He), (d,p), ...
single particle structure, spectroscopic factors, spectroscopy beyond the driplines,
neutron pair correlations, neutron (proton) capture cross sections

® charge exchange reactions (p,n), (3He.,t), (d, 2He), ...
Gamow-Teller strength

® knock-out reactions (p,2p), (p,pn), (p,p *He)...
ground state configurations, nucleon momentum distributions

for almost all cases: Speciality of EXL:

region of low momentum transfer measurements at very low momentum transfer
contains most important information

=> complementary to R3B !!!
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Experiments to be Performed at Very Low Momentum Transfer — &
Some Selected Examples
A -
® Investigation of Nuclear Matter Distributions:
= halo, skin structure
=> probe in-medium interactions at extreme isospin (almost pure neutron matter)
=> in combination with electron scattering ( ELISe project @ FAIR ):
separate neutron/proton content of nuclear matter (deduce neutron skins )
method: elastic proton scattering = at low q: high sensitivity to nuclear periphery




Proposed Experiments at FAIR
S

\
\!

T
-
. ¢ — -. -_— ¢ - P—
, - I ‘
i - T L T

® investigation of nuclear matter distributions along isotopic chains
towards proton/neutron asymmetric matter
® investigation of the same nuclei by (e,e) (ELISe) and (p,p) (EXL) scattering
= separate neutron/proton content of nuclear matter
= unambiguous and “model independent” determination
of size and radial shape of neutron skins (halos)

theoretical prediction: P.-G. Reinhard

. a 0.6 T T ! ! I ! T T
example: Sn isotopes = Sn isotopes
at the nuclear surface: o _
almost pure neutron matter o o4l a,, ~ 38 MeV :
= probg Isospin de.pen.dence Qf | NL.Z '
effective in-medium interactions | NL3 _
= sensitivity to the asymmetry energy 02 - :
(volume and surface term!) _ P fa,, ~32MeV
- / SkI4
0 / SkM* -
- L | L é L | |
0 20 /I\ 40 60
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Experiments to be Performed at Very Low Momentum Transfer —
Some Selected Examples

® Investigation of Nuclear Matter Distributions:
= halo, skin structure
=> probe in-medium interactions at extreme isospin (almost pure neutron matter)
=> in combination with electron scattering ( ELISe project @ FAIR ):
separate neutron/proton content of nuclear matter (deduce neutron skins )

method: elastic proton scattering = at low q: high sensitivity to nuclear periphery

® |Investigation of the Giant Monopole Resonance:
=> gives access to nuclear compressibility = key parameters of the EOS

= new collective modes (breathing mode of neutron skin)
method: inelastic a scattering at low g
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The Collective Response of the Nucleus: Giant Reébnances g

Ui

0 (1/m%) o (1/m%)

8.16
8.14
4 8.12
8.1
8.08
8.86
8.84

= M. Itoh

0 (/i) 0 (1/md)
8.16
8.14

'+ 8,12
8.1
8.68
8.06
8.84
8,82
)
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b Investigation of the Giant Monopole Resonance
§ fus in Doubly Magic Nuclei by Inelastic a-Scattering

A

AR T H HEH oo e, | AN

® GMR gives access to nuclear compressibility K, (Z,N) ~ py? d%(E/A) / dp? |
= key parameter of EOS

® investigation of isotopic chains arround 32Sn, %Ni, ... with high 6 = (N-Z)/A
= disentangle different contributions to
Ky = Ko + Kt A? + K, ((N-Z)/A) + ...

sym
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Experiments to be Performed at Very Low Momentum Transfer — &

Some Selected Examples
2o A

® Investigation of Nuclear Matter Distributions:
= halo, skin structure
=> probe in-medium interactions at extreme isospin (almost pure neutron matter)
=> in combination with electron scattering ( ELISe project @ FAIR ):
separate neutron/proton content of nuclear matter (deduce neutron skins )

method: elastic proton scattering = at low q: high sensitivity to nuclear periphery

® |Investigation of the Giant Monopole Resonance:
=> gives access to nuclear compressibility = key parameters of the EOS

= new collective modes (breathing mode of neutron skin)
method: inelastic a scattering at low g

® Investigation of Gamow-Teller Transitions:
=> weak interaction rates for N = Z waiting point nuclei in the rp-process
=> electron capture rates in the presupernova evolution (core collaps)
method: (3He,t), (d,?He) charge exchange reactions at low g
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Kinematical Conditions for Light-lon Induced
Direct Reactipns in Inverse Kinemati‘cs-_

] ’ y
N ’ y
BN [ e &
Ja.
'Y /\ -
s g i =

b ' ! l—I::ZSnl(p, p) E=740 MeViu, E* = 0 MeV ° required beam energies:
| 0 ciw comneozmy | E =200 ... 740 MeV/u
100 o =20 e eammene e o 1 (except for transfer reactions)
[ —ZBe(’He, t) E=400 MeV/u, E* = 0 MeV .
- P ey Eomve oomv | Tequired targets: "*H, °4He
= 0y, = 10° * most important information in
g ' region of low momentum transfer
- — low recoil energies of
recoil particles
=> need thin targets for sufficient
angular and energy resolution
(OL,OL‘) 20 l 40 60 l 80 100 l 120 l 140 l 160

B (420) (5 1)
(3He, t)



X ]
Advantage of Storage Rings for
Direct Reactions in Inverse Kinematics

e , wamn i :

® |ow threshold and high resolution due to: beam cooling, thin target (10'4-101> cm-2)
® gain of luminosity due to: continuous beam accumulation and recirculation
® |low background due to: pure, windowless '2H,, 3*He, etc. targets

® experiments with isomeric beams

Experiments at very low momentum transfer can only be performed at EXL
(except with active targets, but with substantial lower luminosity)
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External Target Versus Internal Target

o . | AN

Luminosity
R3B EXL
( for 1.5 mrad resolution ) (106*pps)
100 1 —————rry —————rry —3 1E28 1328,
E < EXL only EXL — 1045 ..
0 10 — CH, target + R3B 1E27
g \ — liH, target
3 1k 1 1E26
= s f
‘.G_J' NE LH2 i 134Gn..
% S O1F CH, { 1E25
= S - 5
x ; .27
X 1E-3F- -~ 1E23
g r —

— ' e ' ' et ' 1E22
1 10 Ep,MeV 100

1E-4



u \‘.',-,\,
“— sl \
—— 10cm
Si DSSD = AE, X,y

300 um thick, spatial resolution
better than 500 um in x and vy,
AE =30 keV (FWHM)

« gasjet target

B thin window foil

N Thin Si DSSD = tracking
B scintillator hodoscope . . .
for y-rays and fast recoils <100 um tthk, spatlal resolution

P better than 100 um in x and y,
| region A AE =30 keV (FWHM)

[ region B

Il regionC Si(Li) = E

9 mm thick, large area
100 x 100 mm?,
AE =50 keV (FWHM)

region D

[ regionE

CslI crystals = E,y
High efficiency, high resolution, 20
cm thick
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- 11.2. Recent Experiments and Future Perspectlves
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Proposal E105:

Start up of part of the EXL physics program:

Feasibility Studies and First Experiments with RIB's
at the ESR Storage Ring

Intermediate Solution to Overcome the Limitations of the
MSYV (First Phase of FAIR):

Task Force established




é Proposal E105: Feasibility Studies
"y and First Experiments with RIB's at the ESR Storage Ring

1) 4 <
spemallv designed scattering

e | ATy CISSS

| i

reactions with 8Ni:

chamber for the ESR:
T T ] '; [ T T T 7T

B 'AN 4 |-'.
T e |

proof of principles and feasibility studies:

® UHYV capability of detector setup

® background conditions in ESR environment
at the internal target

® |ow energy threshold

® beam and target performance

reactions with °6Ni:

56Ni: doubly magic nucleus!!
® (p,p) reactions: nuclear matter distribution
® (a,a’) reactions: giant resonances (GMR)
EOS parameters (nucl. compressibility)
® (°He,t) reactions: Gamow-Teller
matrix elements, important for astrophys.




Theorectical Predictions

1
I
Q L
— T : £ _
simulated data ———— a'
104 3 Rims=4.5fm ] S 10" =
R =44fm --ooeev ; S =
ers =43 fm . 104 E C
g10°F o 0 e
fhamh i - = LAB
G [ = ]03 § einverse [deg]
E 5 [ (p!p) on 56NI § 10° =
10 E =400 MeV/u o c _ 1025 ,,,,,,,,,, (a,0) on 56N
| A 3 E =200 MeV/u
101 1 1 1 1 — 1 |§a 10_ ........
88 86 84 82 80 78 g S S
O}p [deg] I 1;_
L R R N L A
6™ [deg]
4 days with L = 10%° cm sec™ 14 days with L = 10%° cm sec™
recoil energies: 1 — 45 MeV recoil energies: 200 — 700 keV

needed: |large solid angle detectors with low threshold and large dynamic range




uonisod 1981

Circumference 108 m

Maximum Bending Power 10 T.m

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
Frequency Span 0.8 — 5 MHz

" Torr

Vacuum Operational 10

Bakable to 300° C

Beam Diagnosis 12 Position Monitors
1 DC Transformer
1 fast Transformer
1 Profile Harp
1 Faraday Cup

1 Beam Scraper

SY4 wouy suol



UHV Capability of the EXL Silicon Array: ‘
Concept: using DSSD s as high vacuum barrier

* Differential pumping proposed to separate (N)ESR vacuum
from EXL instrumentation (cabling, FEE, other detectors)

. 1x10 mbar

v,
—
SSDs

Space for other DSSDs, Si(Li), FEE
and cabling

L
~1x10" “mbar §
3\ NS

CABLING

Inner shell of DSSDs on support frame
forms (bakeable) vacuum barrier

B. Streicher et al., Nucl. Instr. Meth. A654 (2011) 604
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cooling tubes . :
spring-pin

connector

!
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B

1t DSSD
& Si(Li)s

DSSD: 128x64 strips, (6%6
cm?, 285 um thick

. Si(Li): 8 pads, (8x4) cm?,
6.5 mm thick

. active vacuum barrier

. moveable aperture to
improve angular resolution
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{/al Experimental Concept for the E105 Experiment

» Ultra-high vacuum side

”fmr

ll/ll////
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Experimental Setup at the ESR 1"

24l
-

Scattering Chamber mounted
at the Internal Target of the ESR

.....

challenge:
UHYV capable and bakeable
DSSD and Si(Li) detectors
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Preparation of the Stored Radioactive *°Ni Beam ) ?Q

Wik

FRS: In-Flight Separator & High-Resolution Spectrometer

ALADIN LAND
PRODUCT'ON\TARGET Secondary Beam Branches \@, &
/ o \. . -
’
“*:
. SIS
\ /i el EXL prototype setup
. .

_ A Direct Reactions with stored RIB's
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by
Preparation of the Stored Radioactive *°Ni Beam -
Wik -

FRS: fragmentation of 600 MeV/u °8Ni beam
injection to ESR: 7 x 104 %6 Ni per injection
stochastic cooling, bunching and stacking (60 injections):
: : b ft
4.8 x 106N in the rng rf gzg?ogiti%rn injected beam
50 . .
+ recorded DC current transformer data vacuum chamber
—linear fit to the data P
40 e®®
20 .’7{7'7’._.,9.9.-'3 .
- | 2 electron cooled beam after
.:_,J,,.o.?-*" intense stack stochastic precooling
10 PPy ,
ettt \injecﬁons not recorded target profile
0 +— ; : : . T
0 500 1000 1500 2000 2500 el ,;“'"& *1
g a0} i“‘ T
luminosity: H, target: 2 x 10"3 cm2 £
5 5 f *
= L =2x10% cm2 sec’ e N
R
(reduced by aperture) B R R R S I R R

Beam position [mm]

o=3.78mm xy =058 mm



25.10. 2012:

First Nuclear Reaction
Experiment with Stored
Radioactive Beam!!!!

energy in keV

6000

2000 3000 4000

1000

5000

"\ |
S J
DSSD#1, . _
56Ni(p,p)36Ni
400MeV/u
56N| P, p)

E=400 MeV/u §




*Ni(p,p), E

= 400 MeV/u Response of Individual Detectors

— DD
o O
LBl \llllllll

Wy L

"
TP

— DN W
O O O O

energy in MeV

— DD W s 010
0 - |l:‘l

M. v. Schmid

lab angle in degree




**Ni(p,p), E

=400 MeV/u Reconstructed Energy

45 - | | -

40 |
35 [
% 30
= :
8 25¢
? 20 |
= i
15 |
10

5 C = :__—:—;;! = f;__

= _-El et 3__:': I__f,_i

82 80

lab angle in degree
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lab angle in degree
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First Results with Radioactive Beam

N

~A J W) P 3 I [V
Y ST T H W H T -4: | AR

0 MeV/u Identification of Inelastic Scattering

*Ni(p,p’), E =40

35 ' = A\ __ = - - __:f : _if:: ; _—;{:_—f

30 | T d QS } - e F T
gr WO = F L
= [ e\ - - -Z=- = g T =
2. A S
5 | ONi{psp)-_ = - -

Sl e~ -1 excited-state at 2:7 MgV

S =L = = = == == ==

82 80 18
lab angle in degree

oo I
00)

86

(00)
=



First Results with Radioactive Beam

: y N e
" " /
4 L 4
™ / 3 '
4 ¢ J - _
s
=
¢
Q4
>
4
?
7%
A
Lo
A
’ P

10° |

10% |

counts

10" |

88 36 84 82 80 18

lab angle in degree
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56Ni(

10° |

counts

10% |

p,p), E =400 MeV/u Angular Distribution

L

- - l=_
= =
= - -
- = = =
o -]
===

!

W Wy

I ; | ) | I
II‘I ‘|III|I" MIIJH ! "
|Il Ill

88

86

84 82
lab angle in degree



56N|(p P), E 400 MeV/u Angular Distribution
Cross Section fitted using the Glauber Theory

T T T T T T T T T T T T T T T T T

» Density Parametrization: E
* Symmetrized Fermi (SF) ]

\ :
\ » RMS matter radius: \_
N Rm = (3.51 £ 0.025% £ 0.19%) fm 1
/

do/dt [mb/(GeV/c)4]
)

o o0l 002 '0.03'2' 004 005 006
1 [(GeV/c)T]

M. v. Schmid et al., to be published



pm(r) [fm™]

Qo .

First Results with Radioactive 'Beam

5 ﬁ |
- H_'-"l ok I

......................................

M. v. Schmid et al., to be published

comparison with
theoretical predictions:

Rmatter(fm]

present work 3.51(10)

H. Lenske et al. 3.66
Phys. Lett. B 647
(2007) 82

K. Oyamatsu et al. 3.54
Progr.Theor. Phys.
109 (2003) 631
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B &£ |

iter Radii in Ni Isotopes

R, [fm]

Alkhazovetal. [2] o
HFB calculations, Lenske etal. [4] o

this work ————

56
[4] G.D. Alkhazov et al., Physics Letiers B 67, 40
[5] H. Lenske, Physics Letters B 647, 82-87 (2007)

58 60 62 64 66
Mass Number A
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First Results with Radioactive Beam

—

*Ni(p,p), E = 400 MeV/u Angular Distribution
Cross Section fitted using the Glauber Theory

» Density Parametrization: E
* Symmetrized Fermi (SF) ]

\ :

N\ » RMS matter radius: \_

A\ Ry, = (3.51 +£0.025%" £+ 0.1%%) fm  :
/

do/dt [mb/(GeV/c)?]
)

10 3
0 0.01 0.02

003 004 0.05 0.06
t[(GeV/c)T]

to be performed: analysis with Sum-of Gaussians density parametrization
= more model independent results
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Comparison with External Target Experiment [’Q "1”
J’ N

X!

56 = m .
G. Kraus, P. Egelhof, C. Fischer, H. Geissel, A. Himmler, F. Nickel, G. Miinzenberg, W. Schwab, and A. Weiss Sa m e N I I nte n S Ity

Gesellschaft fiir Schwerionenforschung, D-64220 Darmstadt, Germany .
eroner ‘ " as for ESR experiment

J. Friese, A. Gillitzer, H.J. Korner, and M. Peter
Technische Universitit Miinchen, D-85748 Garching, Germany

VOLUME 73, NUMBER 13 PHYSICAL REVIEW LETTERS 26 SEPTEMBER 1994

Proton Inelastic Scattering on 5°Ni in Inverse Kinematics

W.F. Henning and J. P. Schiffer
Argonne National Laboratory, Argonne, Illinois 60439

J.V. Kratz T T T T T T T 10 E T T T
University of Mainz, D-55099 Mainz, Germany 20 p(56N| P') sNit _ 3 N p (ﬁNi p,) 56Ni* 7]
’ + '
L. Chulkov, M. Golovkov, and A. Ogloblin 25t DATA - 10 :L'_ Elab= 101 MeViu 3
L. V. Kurchatov Institute, Moscow, Russia 2+ 2t —
20 — 10 =
B. A. Brown = 3
Michigan State University, East Lansing, Michigan 4882 15 I 10 :_ _.:
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Investigation of the Giant Monopole Resonance in %8Ni

stored scattered
reaction: 58Ni on He target

energy: 100 MeV/u
target: 8 X102 /cm3

detectors: DSSD
®Lab = 270 = 380

PIN diodes
®Lab = 0.20 = 10




Investigation of the Giant Monopole Resonance in *Ni

. o
a'A z . N

i
%8Ni(a,a’), E = 100 MeV/u
:_ * ISGMR
§ ., ISGDR
i | | | | | | | I | | | I | | | I | | | | |
0 20 40 . 60 80 100
0, ar [deg]

challenge: detect and identify very low energy recoils

e |
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Investigation of the Giant Monopole Resonance in *Ni

Al & B

58Ni(a,a’), E = 100 MeV/u, O, = 37 deg

Counts
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Investigation of the Giant Monopole Resonance in *Ni

58Ni(a,a’), E = 100 MeV/u, O, = 37 deg
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Investigation of the Giant Monopole Resonance in *Ni

comparison with theoretical prediction:

s I L;\‘

data
preliminary

d’6/dQ dE [mb/sr MeV ]

ISGMR

et

PR IS S B ST e PN

15 20 25 30 35

Excitation Energy [MeV]

Cross section do/dQ (mb/sr)

10*

10°

« ®Ni(a, o) at 100 MeV/u, exp. data

58

Ni(a, o') at 100 MeV/u, theor. calculations_;

centroid [MeV] EWSR [%]

22.2*1.5 86*"7; present data

21.5:{3}@33 ?41:1122 PRC 61, 067307 (2000) data down to
20.8+%, 8513, PRC 73, 014314 (2006) ©. <1deg!
22.0 108 RPA calculation [3] cm

J. C. Zamora et al., to be published

[3] G. Caold et al, Comput. Phys. Commun. 184 (2013)



Counts /100 kel

d*a/dQdE [mbisr MeV]
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Investigation of the Isoscalar Dipole Resonance in 8N

‘ Strip # 1

1in' ST 30 a0 50 50
Excitation Energy [MeV]

n : (f{\‘ll‘a'a‘"q

E |SGDR H Q\-e\‘*

I mﬁmw

10 5630 a0 B0 60

Excitation Energy [MeV]

. | | LN
‘;Il;

et

Centroid [MeV]

33.9(5) present data
34.1(3) PRC 73, 014314 (2006)
30.8757  Phys. Lett. B 637, 43 (2006)

RMS-width [MeV]

7.1(6) present data
8.3(2) PRC 73, 014314 (2006)




uture Perspectives
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short term perspectives:

® (a,a’) on °6Ni = investigate ISGMR and ISGDR
=> investigate the compressibility of nuclear matter



/ Future Perspectives

short term perspectives:

® (a,a’) on °°Ni = investigate ISGMR and ISGDR

needs upgrade of detector setup
and readout (ASICS)

® (3He,t) on *®Ni = investigate Gamow — Teller strength
needs upgrade of internal target

® transfer reactions at Cryring (GSI) and TSR@ISOLDE (CERN)
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long term perspectives (EXL @ FAIR):

® still first priority:
EXL at the NESR (full performance of EXL)

from
SUPER-FRS




Future Perspectives

long term perspectives (EXL @ FAIR):

® for first phase of FAIR:
transfer line from SUPER-FRS / CR to the ESR

SIS100/300

_—— Rare Isotope N

Production Target ‘
/ Super-FRS

:};// leNA(
Vo ¢

Antiproton
Production Target

Plasma Physics
Atomic Physics

® very recently:
task force established
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lll. Direct Reactions with Active Targets &1:‘11’?

X, Y
Active Target: Target = Detector it

chamber

he avy reaction

I product =

: light particle .
active target- detector magnetic
detector spectrom.

= advantage:
* low threshold
* high detection efficiency (rel. thick target)

= well suited as alternative technique to EXL for:
* short lifetimes (T < 1 sec)
* low RIB intensities (< 104 sec™)



l11.1. Experimental Concept:
The TPC-lonization Chamber IKAR as Active Target

| A7
(provided by PNPI St. Petersburg)
detection principle:
H_-target = detector for recoil protons (from elastic scattering)
Frisch-grid ~anodes A o _sources
e g § g o0 g =@
Be- = - -y
window | I 0
—>E+H _______ ol H ______ 'M'_)m_'
"Li-beam 1 1 p| 1e I
fromFRS | [ ! I W | ! -
{0 B s H ®§ H ®§
operating conditions: T athodes—
H,-pressure: 10 atm

entrance window: 0.5 mm Berylium
target thickness: 30 mg/cm? (6 independent sections)

beam rate: < 10%/sec

but: method limited to Z < 6!



- Detection Principle of IKAR

-
SIS

potential
electrode

T
R I cathode

-15 kV
anode B

|
|
|
+10 kV :
|

anode A I |

100 |-

80 |

60 |

current, arbitrary units

40 |

|
| i
3 zv\o\\@_ ?
| llLi
| 15 20
I| time, |s
[
|
|
|
[
|

=

HLi- projectile

from pulse analysis:
integral = recoil energy Ty (AEg,u = 90 KeV)

risetime = recoil angle 65  (AOgyy = 0.6°)

2cm Start = vertexpointZ,  (AZgyyy =110 um)
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I11.2. Small Angle Elastic Proton Scattering

- a Tool to Study the Radial Shape of Exotic Nuclei

The radial shape and size of nuclei is a basic nuclear property !
=> 0of high interest for nuclear structure physics

p(r)

<r2>1/2

e
r

observables: nuclear charge distribution:  p_,(r), <r,,>>"? = leptonic probes

nuclear matter distribution:  p,(r), <r,>>"2 = hadronic probes

method: intermediate energy elastic proton scattering

= well established method for determination of nuclear matter
distributions (of stable nuclei)

= what about exotic nuclei?
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ds/da (mb/sr

Elastic Proton Scattering at Intermediate Energies g

—V\

. ] HWY

around 1 GeV/u B ~3

-3

. N

well established method to investigate nuclear matter distributions
of stable nuclei (see G. Alkhazov et al., Phys. Rep. 42 (1978) 89)

measured cross sections deduced nuclear matter
R distributions
\ 103; ""\
AR A
B\ )
. i)
L \ 1
e \, pa 0
F \1_/"\, \.\‘QDZ E,,
¢\ £
\ .
E Pb \{f’\ § 16t
{m\!‘ .\‘(-m ’
Lo
— \L/\Q \f\(’j)d}\
) '\ 10*
; -
4 6 a@CMm 12 4 16°

with radioactive beams = application to exotic nuclei
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Halo-Nuclei — a New Phenomenon
of the Structure of Nuclei

ML

extremely neutron-rich nuclei: stable nuclei:

neutron halo neutrons and protons equally distributed
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Intermediate Energy Elastic Proton Scattering
- a Tool to Study the Radial Shape of Halo Nuclei

A7
aim: guantitative information on the nuclear matter distributions
method: intermediate energy (700 — 1000 MeV) elastic proton scattering

of special interest: light isotopes with halo-structure: ®He, 8He, "Li, “Be, 8B, 17C(?)

for low momentum transfer:

high sensitivity on the halo structure
=> determination of matter radii

=> determination of the radial shape of the
nuclear matter distribution
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~ Sensitivity of Elastic Proton Scatterlng on the

Radial Shape of the Nuclear Matter Distribution
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p'"Li, E = 700 MeV

Rp=30fm
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p'Li, E = 700 MeV
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The Present Radioactive Beam Facility at GSI Q
LK

FRS: In-Flight Separator & High-Resolution Spectrometer

ALADIN 3 LAND

PRODUCTION TARGET  Secondary Beam Branches \Q, E/
e )|

SR

’ 6§
g o
4
“ SIS
1
\ ;= S
‘.,\ /,/ - 1. Decay Spectroscopy, Reactions,
A - High-Resolution Particle-y Measurements

» Lo 2. Masses, Lifetimes, Isomeric Beams,
Direct Reactions

] 3. Reactions Studies (Complete Kinematics)
; g Active Target IKAR

28 = 82




L4 BN
Investigation of Nuclear Matter Density Distributions of
Halo Nuclei by Elastic Proton Scattering

Experimental Setup: Active Target IKAR and Aladin Magnet

%ALADIN

\\

o % SCINTILLATOR WALL
- o~ ™ a i
o / TKAR a B T
nea &= =| ‘ \ w,\,g | 2B
Libeam | | || N Lo | A Y
Rl IINE R R AR . e
| Il U
\ 1n atm H, 7 h
|
_ _
ML
] a "L
target + recoil detector: IKAR } = Tg, 0g, £y
trajectory-reconstruction: PC 1-4 (Multiwire proportional chambers)}=> Og
beam identification: S 1-3, Veto (plastic scintillators) }: AE, TOF, trigger_

ALADIN-magnet
+ position sensitive scintillator wall

discrimination of

=~ projectile breakup



The IKAR Experimental Setup J’Q
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Investigation of Nuclear Matter Density Distributions of Halo

Nuclei by Elastic Proton Scattering at Low Momentum Transfer
_ L

S. R. Neumaier et al.,Nucl. Phys. A 712 (2002) 247
G. D. Alkhazov et al., Nucl. Phys. A 712 (2002) 269
P. Egelhof et al., Eur. Phys. J. A 15 (2002) 27
A. Dobrovolsky et al., Nucl. Phys. A766 (2006) 1

[

10

—
=
o
|

p "He E=678 MeV

do/dt, mbAGeVic)®
(V]

=]

" p''Li E=697 MeV

do/dt, mb/(GeVic)
b4
<]

p°Li E=703 MeV

L 1 L L 1 1 L L 1
0 0.01 0.02 0.03 0.04 0.05 0.01 0.02 0.03 0.04 0.05

—t, (GeVref 1, (GeVie)
Ocm = 12° Ocm = 16°

all experimental data are well described by Glauber calculations
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* Glauber multiple-scattering theory for calculation of cross sections:
— use measured free pp, pn-cross sections as input (in medium effects negligible)
— fold with nucleon density distribution

— take into account multiple scattering (all terms!) (small for region of nuclear halo!)

 variation of the nucleon density distribution:

a) phenomenological parametrizations (point matter densities):

G: 1 Gaussian

SF: Symmetrized Fermi

GG: 2 Gaussians

GO: Gaussian + Harmonic Oscillator

b) “model independent” analysis:

SOG: Sum Of Gaussians
(standard method for electron scattering data:
|. Sick, Nucl. Phys. A 218 (1974) 509)
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Investigation of Nuclear Matter Density Distributions of Halo
Nuclei by Elastic Proton Scattering at Low Momentum Transfer

L
10° : : T T T T T T T 10°
nuclear matter
distributions: o '
E " 8He matter | ‘E A "Li matter 3
f’f i “He fﬁ il
10 10
8He core
Oy s 4 s 6 7 8 & 10 10% 2 4 6 8 10
r [fm] r [fm]
paljcﬁli_ear matter nucleus R ater fM Reorer fM R0 fM
B ‘He 1.49 (3) -- -
SHe 2.53(8) 1.55 (15) 3.22 (14)
9Li 2.44 (6) -- --
ML 3.71 (20) 2.53 (3) 6.85 (58)

® extended neutron distribution in 8He and 'Li obtained
® size of core, halo and total matter distribution determined with high accuracy

® the picture of a °Li (*He) core + 2 (4) valence neutron-structure
is confirmed for "'Li and °He
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* needs input on proton (charge) distributions

=> use data from laser spectroscopy (isotope shift measurements):
for 6He: L.-B. Wang et al., PRL 93, 142501 (2004)
for 891Li:  R. Sanchez et al., PRL 96, 033002 (2006)
M. Puchalski et al., PRL 97, 1330016 (2006)

e neutron radius:

e neutron skin size: _



Summary of all Data on Nuclear Radii

nucleus R, fm R fm R fm Rp*, fm R, fm 6np, fm

m’ core’ halo’

6He 245(10) 1.88(12) 3.31(28) 1.91(2) 260(7) 0.69(7)

8L 2.50 (6) - - 215(3)  2.69(9) 0.54 (10)
oLi 2.44 (6) - - 206 (4) 2.61(9) 0.55(10)
1L 3.71(20) 253(3) 6.85(58) 2.33(4)  3.75(15) 1.42(16)

* R, from laser spectroscopy, unfolded from proton charge radius



Recent Results on Halo Structures
in Exotic Be, B, and C Isotopes E

* two experiments with primary >C and 80O beams were successfully performed

e data on 12Be and15C, @Nere taken: S.llieva et al., S. Tang et al.

candidates for halo nuclei

one-neutron halo

o
0 |
proton halo N '
C / 19¢ 22¢
B
Be
Li
He 6He
four-neutron halo

four-neutron halo two-neutron halo
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differential cross section:

10“1,......,.: 10°

GG ——
14Be ga - _______
Y 0 107 SF oo
> 10 X
g pf“Be, E =703 MeV o 102
T p"Be, E =704 MeV =10° ttor
10° .
E 10-4
100200 o0l o002z 003 o004 005 10°° '
: : : : ' : 0 2 4 6 8 10 12
-t, (GeV/e) r, fm
S. llieva et al., results for Be: R ater = 3-25+£0.04 £ 0.11 fm
Nucl. Phys. A 875 (2012) 8 R.. =265%0.02%0.11fm

» 14Be exhibits a pronounced core-halo structure

* the picture of a '?Be-core + 2 valence neutron structure is confirmed
* the present data favour a relatively large s-wave component

( see |. Thompson et. al, Phys. Rev. C53 (1996) 708 )
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differential cross section:

do/dt, mb/(GeV/e)®

Elastic Proton Scattering from “Be

'N

deduced nuclear matter distribution:

\&...

0"
i

x10

-
=}
%

p"'Be, E =703 MeV

Ju—
S
-
T

p“Be, E =704 MeV

10° 3

" 1 " 1 " 1 " 1 e
0.00 0.01 0.02 0.03 0.04 0.05
-t, (GeV/e)®

results for ?Be: | R
R

core

matter

=2.71+0.03 £ 0.06 fm
=2.17 £0.02 £ 0.09 fm

e 12Be exhibits an extended matter distribution

» the contribution of (sd) intruder states is confirmed
( see |I. Thompson et al., Phys. Rev. C53 (1996) 703 )




12Be matter

10'4 N 14Be core

* the free ?Be nucleus exhibits a different structure as compared to the

core in '“Be
= may be explained by different shell occupation of last 2 neutrons (p or sd)



Elastic Proton Scattering from '7C

differential cross section:

107

10° |

do/dt, mb/(GeV/c)?
o = =)
w B [6)]

—
o
[\S]

deduced nGcIear matter distribution:

-

to be published

, ] 10°
experiment data +——e—
GO s
GH 5
GO 10
17 56
P C, E =700 MeV/u
\ ® 10
,\ .
i -
"'*u‘“‘m 10
1*‘».,.‘“‘.
i e, 108
preliminary ! vy
fi‘FirFi.ﬁ~ E
1 , l , i 10710
0 0.01 0.02 0.03 0.04 0.05
-, (GeV/c)?
S. Tang et. al
g i results for '7C:

" preliminary !

GG matter
GG core
GO matter
GO core
GH ——

SG

17C

R =2.70%0.02 £ 0.10 fm

matter

 for 17C no evidence for an extended matter distribution (or halo structure) is observed

e indication for dominant d-wafe contribution
* in agreement with A. Ozawa et al., Nucl. Phys. A691 (2001)599: R, = 2.72 (0,04) fm

* partly in disagreement with C. Wu et al., Nucl. Phys. A739(2004)3



R

differential cross section:

10°

10* |

p'B, E =703 MeV

o), fm

do/dt, mb/(GeV/c)®

102 s 1 s 1 s 1 L 1 s
0.00 0.01 0.02 0.03 0.04 0.05

-t, (GeV/c)®

« for the first time a proton halo was investigated f\ t')”9|est)i|9th all,
* the halo structure of 8B was confirmed O be publishe

* the deduced matter radius R, = 2.60 + 0.04 £ 0.20 fm is in agreement with
previous results and theoretical predictions (R, = 2.4 -2.6 fm)

* relevance for the astrophysical S(E) factor for the "Be(p,y)®B reaction ?
=> to be investigated !!!
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The IKAR-Collaboration
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F. Aksouh, G.D. Alkhazov, M.N. Andronenko, L. Chulkov, A.V. Dobrovolsky,
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S.R. Neumaier, C. Nociforo, C. Scheidenberger, L. Sergeev, D.M. Seliverstov,
H. Simon, S. Tang, N.A. Timofeev, A.A. Vorobyov, V. Volkov, H. Weick,
V.I. Yatsoura, A. Zhdanov

Gesellschaft fur Schwerionenforschung, Darmstadt, Germany
Petersburg Nuclear Physics Institute, Gatchina, Russia
Kurchatov Institute, Moscow, Russia
Institut fur Kernchemie, Universitat Mainz, Germany
Institut fur Kernphysik, TU Darmstadt, Darmstadt, Germany






' Future Perspectives @ FAIR: )
i R3B: Reactions with Relativistic Radioactive Beam —3 (A
LY - A HEH Jaor — Lol N\ VESESSSE.

Developments and Challenges Large-acceptance measurement 3B

y-rays Large-
Exotic beam from Neutrons  5cceptance RC VS TA S O
Sup er-FRS Protons dipole

Neutrons |

\//

Tracking detectors:
AE, x, v, ToF, Bp

\HN

High-resolution measurement

] petstnd
1 wactrode
. I L 15K
uow[ o ] ctrece Frischgnd acdes  Mam g .sources
L i
cenn ] L |
[ n I i
) window |
o prepea EE b pS !

measurement of recoils in reactions with low-
momentum transfer o
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- Modified version of IKAR chamber
- Beam shielding anode & 2 cm

- Gas - H,, D,, *He, “He, CH,, Ar

- Pressure — up to 25 bar

Effective target length — 40 cm S N
Effective target thickness — 4*1022 cm- =
Luminosity (I =104 s-1) — 4*1026 cm-2s-1

E (max) =15 MeV, t ., =0.03 (GeVic)? (H,, 25 bar)

A TDR is presently prepared.




V. Conclusions |
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For the First Time (World Wide) a Nuclear Reaction Experiment with Stored
Radioactive Beams was successfully performed. .

A number of Important Physics Questions can be only addressed with the
EXL Technique which is up to date World Wide unique.

The Active Target Technique is well suited for addressing very short lived
nuclei, not accessible by EXL.

Elastic Proton Scattering at Intermediate Energies is a powerful tool to study
nuclear matter distributions in nuclei. The combination with data on the
charge distribution allows to investigate the Size of Neutron Skins.

The Future Facility NUSTAR@ FAIR will allow to reach Unexplored Regions
in the Chart of Nuclei, where New and Exciting Phenomena are expected.

EXL@FAIR and ACTAR@FAIR have a Large Potential for Nuclear Structure
and Nuclear Astrophysics.
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External Target Versus Internal Target

o . | AN

Luminosity
R3B EXL
( for 1.5 mrad resolution ) (106*pps)
100 1 —————rry —————rry —3 1E28 1328,
E < EXL only EXL — 1045 ..
0 10 — CH, target + R3B 1E27
g \ — liH, target
3 1k 1 1E26
= s f
‘.G_J' NE LH2 i 134Gn..
% S O1F CH, { 1E25
= S - 5
x ; .27
X 1E-3F- -~ 1E23
g r —

— ' e ' ' et ' 1E22
1 10 Ep,MeV 100

1E-4
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A \
. Investigation of Gamow-Teller
Transitions by Charge Exchange Reactions
=== “H lax — | ¥

GT strength can be extracted from charge exchange reactions, i.e. (3He,t), (d,?He), etc.
for E = 100 MeV/u: do/dQdE (0°) = S(E,) * B(GT)

= important for several astrophysical scenarios:

® weak interaction rates for N = Z waiting point nuclei in the rp-process
("2Kr, 76Sn, 80Zn, Mo, 88Ru, °2Pd, etc.)

® clectron capture rates in the presupernova evolution (core collaps)
early phase:
all radioactive isotopes within 5-60Co, 56-61Nj, 54-58\In, 54-59F¢

later phase:

e + (N,Z) & (N+1, Z-1) + v, in equilibrium = neutron-rich Kr, Ge isotopes



Specifications of the Silicon Detectors for EXL
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* low threshold < 40 keV
(= constraints on thickness of entrance windows)

* high energy resolution < 20 keV
* pitch size =2 0.5 mm

* active area 65 X 65 mm?

* large dynamic range: 100 keV to 50 MeV
* readout of energy, time, PSA??

* self triggering

* moderate count rates

* UHV (HV) compatibility ( partly)




—
woian

Pulse-Shape Discrimination with DSSD‘s‘

L

test with p, d, “*He from

Strip & Interstrip Strip (stopped

25

2
25 10°
12C + 12C @ 70 MeV. ]
. ;20 %
TU Munich g v Bl ]
515 §
Z élo [ -
10 o
3 10' g
g g Mo L -
0 100 0 & " I RATCTR S
0 5 10 15 20 25 0 5 10 15 20
Energy p-side [MeV] Energy p-side [MeV]
o 110
_ 100
) i 2
£ 5
S 2 90
z : X SR N 80 [ . .
M. von Schmid et al. = [ il :
NIMA629 (2011)197 . ", el
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System Integration
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Specifications of the Silicon Detectors for EXL

Angular O Detector | Active area | Thickness Distance Pitch Number Number
region [deg] type [mm?] [mm] from target | [mm] of of
[cm] detectors | channels
A 89-80 | DSSD 87 x 87 0.3 59 0.1 20 34800
Si(Li) 87 x 87 9 60 - 20 180
B 80-75 | DSSD 50 x 87 0.3 50 0.1 20 27400
Si(Li) 50 x 87 9 52 - 20 180
Si(Li) 50 x 87 9 54 - 20 180
Si(Li) 50 x 87 9 56 - 20 180
C 75-45 | DSSD 87 x 87 0.1 50 0.1 60 104400
DSSD 87 x 87 0.3 60 0.1 60 34800
D 45-10 [ DSSD 87 x 87 0.1 49 0.1 60 104400
DSSD 87 x 87 0.3 39 0.1 80 139200
Si(Li) 87 x 87 9 60 80 720
E 170 - DSSD 50 x 50 0.3 25 0.5 60 6000
120 Si(Li) 50 x 50 5 26 - 60 240
E 120 - DSSD 87 x 87 0.3 59 0.1 60 104400
91 Si(Li) 87 x 87 5 60 - 60 540
Total DSSD 420 555400
ola Si(Li) 280 2220

{




SFRS yield estimate

K.H. Schmidt et al., Jan. 2001
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[I.2. Recent Experiments and Future Perspectives »'sg’} '
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Proposal E105:
Start up of part of the EXL physics program with *®Ni

Spokespersons: N. Kalantar (KVI), P. Egelhof (GSI)
GSI contact: H. Weick (GSI)

for the EXL collaboration




l11.1. Experimental Concept:
The TPC-lonization Chamber IKAR as Active Target

| A7
(provided by PNPI St. Petersburg)
detection principle:
H_-target = detector for recoil protons (from elastic scattering)
Frisch-grid ~anodes A o _sources
e g § g o0 g =@
Be- = - -y
window | I 0
—>E+H _______ ol H ______ 'M'_)m_'
"Li-beam 1 1 p| 1e I
fromFRS | [ ! I W | ! -
{0 B s H ®§ H ®§
operating conditions: T athodes—
H,-pressure: 10 atm

entrance window: 0.5 mm Berylium
target thickness: 30 mg/cm? (6 independent sections)

beam rate: < 10%/sec

but: method limited to Z < 6!



- Detection Principle of IKAR
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HLi- projectile

from pulse analysis:
integral = recoil energy Ty (AEg,u = 90 KeV)

risetime = recoil angle 65  (AOgyy = 0.6°)

2cm Start = vertexpointZ,  (AZgyyy =110 um)
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ds/da (mb/sr

Elastic Proton Scattering at Intermediate Energies g
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around 1 GeV/u B ~3
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well established method to investigate nuclear matter distributions
of stable nuclei (see G. Alkhazov et al., Phys. Rep. 42 (1978) 89)

measured cross sections deduced nuclear matter
R distributions
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with radioactive beams = application to exotic nuclei
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Halo-Nuclei — a New Phenomenon
of the Structure of Nuclei

ML

extremely neutron-rich nuclei: stable nuclei:

neutron halo neutrons and protons equally distributed
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Determination of Neutron Radii and Neutron Skin Sizes

f
v
\ \ v "
- N | A T
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* needs input on proton (charge) distributions

=> use data from laser spectroscopy (isotope shift measurements):
for 6He: L.-B. Wang et al., PRL 93, 142501 (2004)
for 891Li:  R. Sanchez et al., PRL 96, 033002 (2006)
M. Puchalski et al., PRL 97, 1330016 (2006)

e neutron radius:

e neutron skin size: _




Summary of all Data on Nuclear Radii

nucleus R, fm R fm R fm Rp*, fm R, fm 6np, fm

m’ core’ halo’

6He 245(10) 1.88(12) 3.31(28) 1.91(2) 260(7) 0.69(7)

8L 2.50 (6) - - 215(3)  2.69(9) 0.54 (10)
oLi 2.44 (6) - - 206 (4) 2.61(9) 0.55(10)
1L 3.71(20) 253(3) 6.85(58) 2.33(4)  3.75(15) 1.42(16)

* R, from laser spectroscopy, unfolded from proton charge radius
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Application of an Active Target for (a,a’y)
(proposed by D. Savran)

S

PDR in inelastic a scattering experiments .
T — EMMI

Problems in (a.a):

= Separation from other excitations, no selectivity to
E1 in the excitation

Signhature: Strong decay to the ground state

Coincident y-decay detection:

= Selection of decays to the ground state

= Selectivity to E1

T.D. Poelhekken et al., Phys. Lett. B 278 (1992) 423
D. Savran et al., Nucl. Instr. and Meth. A 564 (2006) 267

Movember 4th 2010 | Deniz Savran | ExtreMe Matter Institute ==



Application of an Active Target for
(proposed by D. Savran)

SeRtopRtais .
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Existing chamber at PSI CALIFA y-detector

Geometrically fits into CALIFA

recent test run successful



