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Animation of a neutron star X-ray burst.
Credit: NASA/Dana Berr.
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Notre Dame, IN Frontiers 2007
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Type | X-ray bursts are thermonuclear
explosions on the surface of a neutron star
accreting matter from a companion in a binary
system.

Neutron sta( EXO 0748—676. Image credit: NAéA. FUEI H and He

Artist's conception of neutron star EXO 0748-676 Energy release: 1039-1O4°ergs. Time scale: 10-100 s
(blue sphere). It is part of a binary star system, and
its neighboring star (yellow-red sphere) supplies the

fuel for the thermonuclear bursts.
(Image Credit: NASA)

Temp. range: 0.2 to 2.0 GK Density:p X 10° g/cm?3

Mechanisms: 3a, ap-process and rp-process

Recent observations from X-ray satellites

+ understanding of underlying nuclear physics

D —> constraint astrophysical models
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rp-process studies at the NSC
NSCL looking for 2°Cd 11N A
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Primary beam: 1?4Xe at

140 MeV/u.
— . Al

] A
lon | g/ 3 . E_.._
SOUrce ;... 5 o § s R - L 1

Courtesy: R. Fontus
. M

96Cd cocktail
sent to vault

Al wedge 180 mg/cm?

A1900 settings:
Bp1’2=3.1675 T'm; Bp3'4=2.7965 Tm
Momentum acceptance = 1 %

Average beam current = 5.6 pnA
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NSCL rp-process studies e
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First observation of 0Ge and %4Se

Stolz, et. al. Phys. Let. B. 627 (2005) 32.

= The existence of 6°Ge and %4Se was

demonstrated for the first time.
Difficulties:

Lack of beam purity limited the total
beam intensity to about 1/10 of what would
have been available.

Total beam intensity — 103 pps, did
not allow pB-decay measurements.

anergy loss [GalV)

Proper correlation of events imposes a limit on the
implant rate.

Example: 9°Cd I R — 240 250
Estimated half-life = 1s time of flight [ng]

Assuming beam spot covering —1200 pixels A. Stolz et al,. Phys. Let. B 627 (2005) 32.

Wait 5 half-

= Average

We need to add a velocity filter to
the A1900 configuration




rp-process studies at the NSC
(s looking for 2°Cd
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Primary beam: ““*Xe at Experimental station
140 MeV/u.

Courtesy: R. Fontus
H l,\‘-l L]

[ Al

Ll | )
lon | g/ 3 e A\
source ...

96Cd cocktail

RFFS: Additional
sent to vault

purification of secondary
proton-rich beams

Al wedge 180 mg/cm?

A1900 settings:
Bp1’2=3.1675 Tm; Bp3'4=2.7965 Tm
Momentum acceptance = 1 %

Average beam current = 5.6 pnA
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The Solution: The Radio Freque
Fragment Separator
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Velocity Filter: the RF
kicker applies a
transverse RF electric
field to the beam to
separate unwanted
particles from the
fragments of interest.

. Doleans et al., “Status Réport o the NSCL RF Fragment Separator” Proc.
of PAC, Albuquerque, NM, to be published (2007)

*The various species in the beam cocktail arrive
with different rf phases and experience different
transverse deflections.

*Contaminants are eliminated by collimation

The enhanced signal to background ratio
translates into at least a factor of ten in
efficiency for experiments.




RFFS simulated in LIS

AN STATE MICHIGAN STATE MICHIGAN STATE AN STATE MICHIGAN STATE MICHIGAN STATE M|

T YU NI SITYUNI 1T YU ST YU NI

¥-position (mm)

B ] ]_
%6Cq St_electlon
25 l slits
35
415 425 435 45 435 465 475 433 495 05

Time of flight (ns)

Example of beam purification using RFFS. Settings on %Cd.
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RFFS Commissioning. May 2007 —
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» Exp00362 RF Separator Test, May 2007
= Settings:
* Primary beam: 124Xe at 140 MeV/u.
n RF Al ~ ~ i ~ DN° ~

The kicker
works!

¢ 30 kv m 55 kv

Expected deflection as a function of RF phase and voltage
observed.




RFFS Commissioning

Experimental S

Implantation

y from usec
isomers

Fixed slit (1" thick ) PPAC PIN1 PIN2 PIN3 PIN+
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94pPd isomeric decay

230

324.1 keV

00

430

g d 400

330

659.5 keV

200

814.1 keV
905.3 keV
993.9 keV
1092.3 keV

230

amma
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1-07-2007 13:18:34
-1 5 E+ [HARFEICKERMCommissioning '@ Cd_cale_comm.lpp]

Time of flight (ns)

SUM
1.104e+08
CRUspeed

0 pps




-
NGSCL, 96Cd. Observed YIE
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1.E+01
@y - 1.E+00
mZr
O Nb
O Mo I ——1E01
mTc Production rate
ORu (pps/pnA)
m Rh +1.E-02
ok
H Ag
m Cd —-1.E-03
85 —-1.E-04
868788mm 3;'52’8
; .- ; . L.lesn:n: Element
Significant reduction of contaminants: | > ~ 2
Total count rate Total I i — 15842 8
without selection slits = 167 pps/pnA. otal live time = -6 S
with selection slits = 11 pps/pnA 18 °6Cd events observed
= purification factor =15 96Cd rate = (2.03 £ 0.48) x 10* pps/pnA

Lower limit of 95 ns for the
half-life of 96Cd.
(Predicted T,,,=1s)
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= Final Remarks
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> The proton rich N=Z=48 nucleus %Cd has been observed for the first time and it has a
half-life longer than 95 ns. Our measurement therefore paves the way for direct studies of
the decay of this nucleus, which will constitute important pieces of information for the rp-
process models.

» The efficiency of this measurement was greatly improved by the additional purification of
the cocktail beam provided by the RFFS.

» Three experiments that will make use of the RFFS have been approved by the NSCL PAC31:
=Beta-decay Half-life Measurement of 8Mo
=Beta-Delayed Proton Emission of 6°Kr
=Study of the Beta-Decay of 190Sn

»The measurement of production rates of nuclei far from stability with existing facilities is
crucial for the prediction of rates achievable with future rare isotope acceleration facilities.
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