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Coulomb excitation studies @ iThemba LABS & HIE-ISOLDE
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Nuclear Structure & Nuclear Astrophysics @ UWC

Faculty: Nico Orce, Smaraijit Triambak (1* Research Chair in Nuclear Science)

PhD Students: Bernadette Rebeiro, Nontobeko Khumalo, Nicholas Erasmus, Ntombi Kheswa

MSc Students: Craig Mehl, Luthedo Puthu, Bhivek Singh, Jeremy Makabata, Zandile Makiba,
Sivuyile Xabanisa

Postdocs: Kumar Raju + two additional postdocs in 2015
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% iThemba
9 RF | ABS

National Research Lahuratory for Accelerator
Fggn_datian Based Sciences

Largest Science Faility in the Southern Hemispere (a place of Hope)

Isotope Production, Medical Irradiation, Education and Training, Research. 3 accelerators
(K200 cyclotron, 11 MeV cyclotron and 3MV van de Graaf for Materials Research)
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Separated-Sector Cyclotron Facility
Beam time is shared (Science in the weekend!) Woloomt Hessarr | Lot e ccrpmies
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Recent Innovation @ iThemba LABS

New Physics recently found (no tetrahedral shapes, chiral symmetry,
nuclear collectivity from GDR, Hoyle state, nucleosynthesis of *8La,...)

Broad range of nuclear reactions

K600 high-resolution (FWHM~50 keV) zero-degree spectrometer:
(p.t), (o.a’), (p,p'),"“C(*’Ne,a)*Si

Coulomb excitations (pipe line built)

Lifetime measurements in inverse kinematics

Fusion evaporation and (*He,ny) transfer reactions

Digital Electronics (dead time, higher coincidence rate from 4 kHz to 40 kHz)
New 3 MV Tandetrom (Material Sciences and Nuclear Astrophysics)

Radioactive lon Beam Facility
RIB Demonstrator for B-decay studies funded.

New 70 MV cyclotron (expands research time)?
New ball of clover detectors (GAMKA)?

National Research Labaratory for Accelerator
Foundation | Based Sciences




1 RIB Facility @ iThemba LABS (SPES @ INFN legnaro)
Rob Bark, John Cornell and the Accelerator Group

A successful high-power test of a SiC target performed last May 2014
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| GAMKA: NEP Application submitted August 2014 (R30M)
Supported by 8 Universities + iThemba LABS (ala MINIBALL or TIGRESS)
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New GAMKA Array at iThemba LABS
GAMKA (15 clovers) versus current AFRODITE (8 clovers)

Improvements

@ 7 more detectors will increase the
efficiency by 3.3x for y—y coincidences,
6.6x for y—y—y, etc

@ Asymmetric configuration will broaden
range of measurements

@ We'll deliver New Science (some
complementary science to HIE-
ISOLDE)

GAMKA — Gamma-ray AsyMmetric spectrometer for Knowledge in Africa
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GAMKA: assymetric array at iThemba LABS
How nuclei decay: Transition probabilities, lifetimes, mixing ratios,...
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GAMKA — Gamma-ray AsyMmetric spectrometer for Knowledge in Africa
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GAMKA coupled with other facilities + ancillary detectors atiThemba LABS
GAMKA offers flexibility

Silicon detectors  LEPS, Recoil detector, (LaBr,),...

Neutron detector array
(WAFANA-WAFANA)

RIB Demonstrator
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Nuclear clusters

Pygmy resonance

Potential Energy Surface for Pb
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How nuclei rotate?
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Nuclear Structure Physics
Address fundamental questions related to
nuclear collectivity and move theory forward!
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Experimental set up for Coulomb-excitation studies at iThemba LABS

Nicholas Erasmus, Craig Mehl, Kumar Raju, Jerry Makabata, Mathis Wiedeking, Dinesh Neqi,
Paul Papka, Pete Jones, Smarajit Triambak, Rudolph Nchodu, Elena Lawrie, Ntombi Kheswa

( Pipe line built at iThemba LABS: S3 silicon detectors, flexible chamber, -
feedthrough cables, MPR-32 preamps, gomputers, Geant, Gosia, beam
development, ©%62Nij, °2Ru, °Ne, %4°Ar, 32S proposals

| Particle-gamma coincidence technique
AFRODITE + S3 CD-type SiLi ( [40°, 70°] & [113°, 143°])
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Geant 4.10 Simulations: Rutherford Scattering on S3 detectors
Nicholas Erasmus (MSc)

ks to Alexander Howard (CERN, ETH Zurich)

To be submitted to JINST

2c(*pt,'**Pt*)'?’C* @ 59.7 MeV
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An accurate simulation of elastic peaks provides a cleaner particle-tagging, high-
energy calibration points and the possibility of testing the experimental conditions
including the target thickness, beam energy and linearity of electronic modules.
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First Safe COULEX of °Ne Beams @ iThemba LABS

Successful run Dec 2013 (Craig Mehl)
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Geant Simulations, SimSort, MIDAS, Sortshell, ROOT,
Kinematics, Stopping Powers, Geometry, GOSIA
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First safe COULEX of ®Ne beams @ iThemba LABS
Successful run Dec 2013

1%p(2Ne, “Ne*)"“Pt* @ 73 MeV S(142.6°), = 6.6 fm
194Pt(20Ne, ONe*)!“Pt* @ 95 MeV S(66.8°) =6.9 fm

4 N

g )
10° = \‘ Particle-energy + Charge
= sharing conditions + GOSIA N
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i How atomic nuclei cluster
T | | | ” | ||| Nature (2012)
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Preliminary results (sort-shell & SimSort, P. Papka)
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2C Coulex @ TIGRESS ;@TRI UMF

Kumar Raju (Coulex data analysis)

Particle-energy + Charge sharing conditions + GOSIA
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A Zig Zag of Shape Confusion @ iThemba LABS
Jerry Makabata (first safe Coulex of “°Ar beams running in March 2015)

UNIVERSITY of th
WESTERN CAPE




Other Coulex measurements are in the books (°%°2Ni, '°2Ru),
but require beam development: organometallic chemistry

Ntombi Kheswa (PhD), Nico Orce, Rainer Thomae, Salam Titinchi, Rudolph Nchodu
and the UWC Nuclear Physics Group/iThemba LABS

(P @ Enriched material in powder form is
needed (Rainer Thomae)
IMCH, + Nil) » Ni
M=Na, K @ @ Organometallic chemistry (new
chemistry lab available)
R 4+ 3CI: EEEE— IRuCly

@ |nject enriched compound in the

) O PN DME cds Nt HMI ECR ion source

@ |ots of new beams (Ni, Ru, Pd, Pt,

@ Sm, Mg, etc)

. - 2 RuClsz, Ru, A I
6CzHs Na o= 3 Ru

LN\ @ New Physics (lifetimes in inverse

kinematics, Coulomb excitation,
etc)




New Lifetimes Program @ iThemba LABS
Inverse kinematics (on ®He implanted target) at forward angles (particle-vy)

Bhivek Singh, Smaraijit Triambak, Nico Orce, Bernadette Rebeiro,...

Target Ladder
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Nuclear Physics in the Media
First African-led Experiment in Physics proposed at HIE-ISOLDE (CERN)

ITH TINY BUILDING BLOCKS

UWC drives the first South African-led experiment in physi

CERN thwarted, the young scientist
ranada to the UK, USA and Canada,
here in Cape, th of working with CERN have
ty. Prof Nico Orce of UWC a personal story of his journey,
2 first South Al -le iment in phy:

Looking back

re, CERN is probably the most
exfraordinary research institution in the world. Getting there was our dream. The
that we d was the consent and of a physics profi at
ty of nada in charge of student exchange programs. | sadly
ow th 3
a “gentleman”

Prof Ni

phys! But that was not the end of the story.

CERN, the God Particle and the Big Bang

y lead to advanced technologies - the
nable and safe energy supply

y of humankind. This ] s that the
and Nuclear Astrophysi p at the Uni

South African connection

(_CAMPUS

Issue 10 - November 2013 » For daily updates visit www.uwe.ac.za

INSIDE

LWE Rector UWE studsets Agreat goll
£ rocoives streets CERN's first day
Bl ineenatanal shead in JSE South Alfrican- poge 16
ol honour ik jed exparinant
pege 2 conspetzan page 11

paga § =

Your Source for L News

Science shows off its splendours, and a Nobel laureate

L el

Preoy! oo Do feavoire, Doghi iue ShiTi with siodands #om the DWT SANLS programmer and’ other Socth Afnsan mstamons durnag te 2072 Teskes of

Piuekeat Slrpsics apmicaiom of WS,

UWC heads CERN’s first South Africa-led experiment

F

15 xhepe, moving from roughly dgar-shapsd

| in & mate rugiy o Ve Ve
| W it does thin is mot undeniood, sy
Oree, buk the sudesr shape sffects the
decay properiles of nudied = and thu the
abundance of the alemenis 2 ween .
LWL i B prruarfing e the Srofect
5 Manitet ' I Accel erata

o, S

ctwar Sclancm moe Ma

| I et S| rogramime M,
oy the Nation sl Reas Foundation [MRF|
Students are lechured el of rruciea

— 4 structure pnd muder repctions, and ane
oot af the (SOLOE trakiad 10 CaTy UL ST MaTs U 3% the

Do), whans LWC e propowsd at CERM.

TR, LIWC i, bt already fiisibag 115 frit

CERR: liue expeiiivics at Mhemnba LABS o

Keremeber, and others wil follow shortiy

e ane memterd

ers, this s

e fi

roposal inany fewd
oo oo of the botater

s of thes famois Largs Hadron This WARIEAL L Qommims vy 5o
ILMC} at CERN. Experimental beamn  faciiy of CERW (i st
e ISOLDE 1y B hasd 1o come  Smarin Wil camy o

il eaiby e

fro

il reweanch
heard ‘shape comndrum’ = how nucks change

It Tell te LW ' Profewser Mice Dree thels shispre and how Chis may Ivfuence the weplain Deee




4

) (e’zfm )

-+
01

i

B(E2; 2

Shape Coexistence in °Se
Spherical, Prolate or Oblate?
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J. Ljungvall et al., Phys. Rev. Lett. 100, 102502 (2008)
A. Hurst et al., Phys. Rev. Lett. 98, 072501 (2007)




Mlnlball

104Pd(70Se,"Se) @ 2.94 MeV/u
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Google: 70Se + Peter Butler
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Shape Coexistence in °Se
New Reorientation-effect measurement at HIE-ISOLDE
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Angular distribution will tell us the shape
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Shape Coexistence in °Se
What about the second 2*? No statistics for angular distribution

High excitation energy and 10% ions/s are limiting us
6x improvement at HIE-ISOLDE: higher proton intensity on target and 2 GeV protons

We could still do it, but...
it depends on NNDC lifetime (Heese et al., ~27% uncertainty) and 6=-1.0% !!

~ From B(E2) value (Heese et al. (1986))

P — GOSIA simulation
0 |
&
A
+ -
Al
N
LU
+_m 0.45- . .
(QV - A technical remark: before the delivery
Voo 35_ of the beam the yield of the requested
“ isotope (°Se) has to be tested.
02§ | | | | 3

08060402 0 0204 0608 1
<2} |[E2[[2} > (eb) |




Shape Coexistence in °Se
What about the second 2*? No statistics for angular distribution

Lifetime and mixing-ratio COMPLEMENTARY measurements at iThemba LABS
E.g., ®®Ni("*N,pn) reaction at 39 MeV (Heese et al 1986) to avoid yrast population

- From B(E2) value (Heese et al. (1986))
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Shape Coexistence in °Se
What about the second 2*? We need GAMKA!

Lifetime and mixing-ratio COMPLEMENTARY measurements at iThemba LABS
E.g., ®®Ni("*N,pn) reaction at 39 MeV (Heese et al 1986) to avoid yrast population
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Based Sciences

® iThemba LABS is a vibrant facility with lots of possibilitites
(K600, RIB, Tandetrom, AFRODITE + Ancillary Detectors)

@ We've built a strong Coulomb-excitation program @ iThemba LABS
@ A Lifetime program and GAMKA @ iThemba LABS
@ HIE-ISOLDE full potential: 2°°Pb("°Se,’°Se*)?*Pb* @ 5.5 MeV/u

@ Allows precise measurement (0.1 eb) of <27 || E2 || 27 >
(sperical, prolate or oblate?)

@ Test of state-of-the-art beyond-, relativistic- mean field models
° <27 || E2 || 2; >? Not enough statistics for angular distribution

@ Complete Physics needs stable-ion-beam facilities
! such as iThemba LABS

@ Test of Shape coexistence is possible with combined efforts!
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Tastes of Nuclear Physics @ UWC

John Wood, Berta Rubio, Steve Yates, Andreas Gorgen, David Jenkins, Mark Riley,
Paul-Henri Heenen, Carlos Bertulani, John Sharpey-Schafer, Mathis Wiedekings, Smarajit
Triambak, Nico Orce, etc.




Tastes of Nuclear Physics @ UWC

John Wood, Berta Rubio, Steve Yates, Andreas Gorgen, David Jenkins, Mark Riley,
Paul-Henri Heenen, Carlos Bertulani, John Sharpey-Schafer, Mathis Wiedeking, Smarajit
Triambak, Nico Orce, etc.
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