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East Highland: latest pressu

Wednesday, 12 February 2014: dawn to dusk

Forecast issued: 0208 on Wednesday, 12 February 2014 o Printable view

Overview for Wednesday

Mainly dry at first, but snow and blizzards spreading from south. Winds easing and turning
showery this evening.

Hazards Risk Explanation
Blizzards LIl I Through the afternoon above 300m
Heavy snow LI*;I Through the afternoon above 300m
Storm force winds High Gusts over 80mph late morning until late afternoon.
Gales High Until evening, and to low levels this afternoon.

Storm force winds and temperatures well below freezing.
High frostbite risk.

Severe chill effect High

Persistent and extensi
hmr::ogen ane EXTEnsive LI, I Becoming widespread above 600m, occasional to 300m
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Outline

B Some astrophysics
B Some nuclear physics
B Some fairly new techniques

B Some very new techniques
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What are we trying to do?

' Provide experimental measurements and constraints on \i
. relevant nuclear properties®, at relevant energies ]‘

— —— —— — = — — ——

—————— m——3
' Understand the origin of the elements and sources of
} energy driving astrophysical blah blah blah...

* Reaction rates, masses, lifetimes, etc.

B \What are the relevant reactions? <}: That's a whole other talk. ..

B \What are the relevant energies?
@ \What do we actually measure

B How do we perform these measurements?
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The Basics

A The Gamow window

B The particle energies corresponding to the astrophysical burning regime
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The Gamow window
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Reaction Rate

A Convolution of cross
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So what do we need...?

B Cross sections at c.m. energies <few MeV

B Typically reactions are between a nucleus and a...
@ proton, neutron, alpha, gamma
@ Occasionally heavier.
@ Neutrino reactions

@ Reaction products are typically...

@ protons, neutrons, alphas, gammas
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Reactions with unstable isotopes
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By example...

‘Modern’

a "°F(p,a)*O

A '°F(p,y)"®Ne
'Future’

M Storage ring

B Laserplasma

m ERAWAST
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'ESAINTEGRAL

18F is a gamma ray emitter expected
to be seen in nova ejecta
B Reaction rate rate needs to be better

known to estimate & interpret a signal

B Reaction proceeds through
resonances in °Ne
B Measure resonance parameters and

deduce reaction rate

CHANDRA X-RAY
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Mountford et al. PRC (R)
2012 022801(R)
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@ Build in to R-Matrix and estimate

19 : :
Ne cross section at all energies.

B Calculate Reaction rate
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So how do we do this?
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Isotop
I S O L Separator

On Line

ISOL

Transter lon

Production Tube Source
Accelerator

\\

Production Thick,

Beam  Hot Target Post-

Accelerator
Experiment

Radioactive
lon Beam

Isotope / Isobar
Separator

Radioactive beam!
t12 18F 110 m

Excellent beam quality
High purity

‘High’ intensities

Low energies

Limited beam species
(chemistry)

Limited to > ~1s

lifetimes
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Facilities for this expt.

ISOL method, GANIL, France

m Cycloton: 95 MeV/A*°Ne on C
m ECRion source

@ Cyclotron re-acceleration

m 3.9 MeV/A'F

m High energy stripping to generate 9" beam
m 2x10* pps delivered on target

B Foil to degrade beam energy to

requirements
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Set up - really simple

~54.7um CH,

18
3.9MeV/u "°F beam 1mm DSSSD

>

/

~6um Au
Degrader

Beam energy degraded to ~2 MeV/A
Beam stops in target
Protons and alphas detected in DSSD
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A At TRIUMF, Canada

B \World’s largest cyclotron...
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DRAGON

Detector of Recoils And
Gammas Of Nuclear reactions

Inverse kinematics: 8F

beam on windowless o Bee g;':;'a
Target 4 : =k ., 4 " Mognetic

hydrogen gas target ,\;. Wiy o
DRAGON 7 NE =

gammas in BGO array
B Selection of '°Ne recoils
through separator

B Detection of recoils in

end detector

Detection of prompt
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Results...

week endin

PRL 110, 262502 (2013) PHYSICAL REVIEW LETTERS 28 JUNE 2013

Measurement of Radiative Proton Capture on ®F and Implications for Oxygen-Neon Novae

C. Akers,> A.M. Laird,” B.R. Fulton,” C. Ruiz,' D. W. Bardayan,® L. Buchmann,' G. Christian,’
B. Davids,l L. En'kson,4 J. Fallis,l U. Hager,5 D. Hutcheon,l L. Martin,l A.St.J. Murphy,'S
K. Nelson,7 A. Spyrou,8’9 C. Stanford,'o D. O’(tewell,l and A. Rojasl

'TRIUMF, Vancouver, British Columbia V6T 2A3, Canada
2Depanment of Physics, University of York, York YO10 5DD, United Kingdom
*Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
*Pacific Northwest National Laboratory, Richland, Washington 99354, USA
3Colorado School of Mines, Golden, Colorado 80401, USA
®SUPA, School of Physics and Astronomy, The University of Edinburgh, Edinburgh EH9 3JZ, United Kingdom
"McMaster University, Hamilton, Ontario L8S 4L8, Canada
®National Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
°Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824, USA

University of Waterloo, Waterloo, Ontario N2L 3G1, Canada
(Received 21 January 2013; published 28 June 2013)
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Results...

PRL 110, 262502 (2013)

PHYSICAL REVIEW LETTERS

week endin
28 JUNE 2013

Measurement of Radiative Proton Capture on '¥F and Implications for Oxygen-Neon Novae

C. Akers,"> A.M. Laird,”> B.R. Ful

1
B. Davids.' L. Erikson.* J. Falli 3 Prev. experimental upper limit [Rehm et al.]
- ’ . ’ - A 0-8'_ ....'.“"._.......-ouotco------u....
K. Nelson,” A. Spyr¢ & 330 keV
1 v 0.6 I a
TRIUMF, Var =
*Department of Physics, %— 0.4 665kev -
*Oak Ridge Nation § )
*Pacific Northwest Nat = 0.2— .
®SUPA, School of Physics and Astronom 2
7
McMaster Uni :
®National Superconducting Cyclotron Lab, 208 _DRAGON direct measurmenﬂ.. 330 keV
°Department of Physics and Astronon 8
University of V v, 0.6/—
(Received 2 < .
AT 04— ’
)
% 0.2 DC
0 1 2 ) 4 e P ———
0.1 0.15 0.2 0.25 0.3 0.35 0.4
Temperature (GK)
B |ong held assumption overturned...
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Projectile Fragmentation

Projectile Fragmentation
Beam independent from
Fragment
Sm— Separator
chemical properties
o . — prop
Thin,_ . .
Prggggcé-fn ~ @ typical beam energies
Radioactive lon Beam

far too high for NA
poorer beam quality
(energy, size)
possible beam

contaminations
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Storage rings

Study of °°Ru(p,y)°’Rh reaction with decelerated beams
using the ESR storage ring at GSI

[l Activation experiments

. In-beam experiments \ 5 Heavy lon Synchrotron
‘ 4 "SIS" (2 GeVl/u for Alq=2)
96 44+

Fully stripped Ru ions

Heavy lon Linac
“Unilac"(11.4 MeV/u)

Sn
Pr Separator

"FRS"

Experimental
Storage Ring
“ESR"

Gas Stripper

ions injected
Carbon Foil @ 100 MeV/u
Stripper Reduced to

~10MeV/u
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ESR for NA

reinjection
SIS

quadrupole

QGRU43+ E’YRh,%Rh,E’?’TC
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injection from
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electron
cooler

Slides: Q Zhong
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Slides: Q Zhong

Reaction by position
/
{5l

'ocket_ MWPC

%Ru(p,y)°’Rh

%Ru(p,n)?°Rh

%Ru(p,a)>Tc
IR 44+ _y IR

SYSTEM PLOT

Detector Pocket

ESRETANDARD

Si—telescope
*2 x ~1mm ‘W’-type
detectors

*16x16 strips
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Sum of different runs for the X position on DSSD

Mean 66.22

3000 __ - T Data sue 31.46

B I & — p,g event

i 4 p.a
2500 —— background

m ¢ L total

- +
20000 + | ++ + .

1500
1000

,IIIIII[II

500

jlll]ll

Entries  3,89959e+07

Slides: Q Zhong
Analysis ongoing
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One ring to rule them all

B Move of the TSR at MPI Heidelberg to CERN HIE-ISOLDE

Resonantly scattered photons a Major future UK NP Project
A Full proposal now being

submitted.

Injected radioactive beam See the pro pOSaI
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ERAWAST Wi for stionce and Technaioay

PAUT SCHERRER TNSTITOT
SINQ neutron spallation
facility:

A ~2mA protons on

Copper (and other)
targets for >20 years

A A lot of highly activated material...

... could this be usefully used?
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Long lived radionuclides for beams

B Chemically separate 44Ti from highly irradiated
accelerator components of PSI pp—
B SINQ neutron spallation facility:

@ >10 yrs of irradiation
Highlights

& >10 yrs of cooling

published within the last year

lOPSCIGﬂCQ Joumnals v+ Login ~
Journal of Physics G: Nuclear and Particle Physics

Journal of Physics G: Nuclear and Particle Physics > Volume 39 >Number 10 JOP Publishing | science first
R Dressler etal 2012 J. Phys. G: Nucl. Part. Phys. 39 105201 doi:10.1088/0954-3899/39/10/105201

441j, 26A] and 53Mn samples for nuclear astrophysics: the needs, the possibilities
and the sources

R Dressler', M Ayranov', D Bemmerer?, M Bunka®, Y Dai', C Lederer®, J Fallis*, A StJ Murphy®, M Pignatari®, D Schumann?, T
Stora’, T Stowasser?, F-K Thielemann® and P J Woods®
Show affiliations
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courtesy Dorothea
Schumann, PSI

31
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Separation scheme of STIP samples

STIP sample

dissolution in 8 M HCI + conc. HNO,

Fe, Cr, Ni, Mo, Mn, Co, Al, Ti

extraction into di-ethyl-ether

organic phase aqueous phase
FeCl, MoO,Cl, Cr Ni Mn Co Al Ti traces of Fe and Mo
precipitation with NH,
filtrate precipitate
Cr0,2 [Ni(NH,)s]2* Al(OH); Fe(OH); Ti(OH), Cr(OH); Mn(OH),
MoO,2* [Co(NH;)e]** dissolution in 1 M HCl
precipitation with H,0, + NaOH
filtrate precipitate
[AI(OH),] Cr0,> Fe(OH); Ti(OH), MnO,
dissolution in 7 M HCI
extraction with di-ethyl-ether
final organic phase final aqueous phase
Fe Ti, Mn
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Quality of chemical separation

44Ti p aliquot before separation 104‘; aliquot after separation
103_: e +e > 44TI .\ ]
=¥ 1w 5o Qo e te
E , Lu S 2 600 i 10° - e,
(9] 2 ™
¢ 10°- o
© o 10°-
o | Q.
o 7)
£ % g 101
c ] E
3 S
= | L ||
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
energy [keV] energy [keV]
44 —. .
B Ti: Available: few x 100 MBq; separated 135 MBq; used 50 MBq
26 15
m A:300Bg =9.8x10 " atoms
54
A " Mn:70 MBq
53 ) 19
B "Mn:~3x10 " atoms
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Producing a #4Ti beam

m “‘Ti sample in diluted HF acid

Evaporated on ion source foil

Foil inserted in a standard target container in the ISOLDE Class
A target laboratory,

Connected to VADIS FEBIAD ion source (VD5 config’)
A large CF4 gas leak = TiFx molecular ions.

Installed on GPS Front End

TiF** molecular beam extracted.

Dissociation during charge breeding in REX-ISOLDE
Accelerated

~5x10° decreasing to ~5x10° pps over ~100 hours.

No significant apparent isobaric contamination
Science... See Vincent's talk later today
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| aser Plasma

Measurement of the Plasma Astrophysical S Factor for the
3He(d,p)*He Reaction in Exploding Molecular Clusters

M. Barbui, W. Bang, A. Bonasera, K. Hagel, K. Schmidt, J. B.
Natowitz, R. Burch, G. Giuliani, M. Barbarino, H. Zheng, G.
Dyer, H. J. Quevedo, E. Gaul, A. C. Bernstein, M. Donovan,
S. Kimura, M. Mazzocco, F. Consoli, R. De Angelis, P.
Andreoli, and T. Ditmire

Phys. Rev. Lett. 111, 082502 (2013)

M Laser pulses of energy ranging from 90 to 180 J and 150-270 fs

m D, and CD;, clusters in °He gas

@ 3He does not cluster... no efficient absorption of laser energy; no acceleration.
@ Energy distribution of d fast nuclei is Maxwellian

a 14.7 MeV p from (d,p) reactions measured in plastic scintillator

Alex Murphy - Royal Astronomical Society - Valentines Day 2014 36



| aser Plasma

3He(d,p)°He KT [keV]
18000 - 0.192 291.1
_ --e-- this work $cﬁ:
B O Geist
16000 — ¢ Aliotta % ”‘E
: A Krauss TS
14000 — ¢ La Cognata THM
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Diverse, expanding & exciting opportunities for
nuclear astrophysics

Thank you all for listening!
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