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12 Accreting neutron stars JENSK

X-ray burster are binary systems consisting of neutron star (NS) + main sequence star (MS)
Material from MS is accreted on the NS when it exceeds the Roche lobe and “falls” on the NS
» Similar process happens for recurring novae or millisecond pulsars

e Captured Hydrogen is fused to Helium on NS surface by hot CNO cycle once density and
temperature conditions are created by gravitational compression within a few hours

| * Increasing temperature triggers thermonuclear runaway
| e |f accretion is transient neutron transfer reactions in
}‘ . crust and surface radiation can cool the NS and X-ray

binary enters a quiescent phase
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S Type | X-ray burst JENSA

* Recurring bursts on accreting NS have distinct light curve patterns

* Type | X-ray bursts are short pulses with rise times of 1-10 s

e 10-100 times brighter luminosity (103°-49 ergs)

* They yield indirect information about NS radius and mass by model comparisons
e > 60 X-ray binaries observed in our galaxy with large database of burst properties
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« Type | X-ray burst

« 1-D single-zone model

« Complete nuclear
reaction network

(a,p) process
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* NiCu cycle plays important role in burst models

The Impact of >°Cu(p,a)>°Ni

* Consistently all sensitivity studies show that
>ICu(p,a)°Ni has strong impact
on X-ray bursts light curves
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Private communication with Adam Jacobs (MSU)

Slide 5



A).
(L\)f

The reverse reaction *°Ni(a,p)>°Cu

in nature
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Forward and reverse cross sections are directly related via detailed balance
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Reaccelerated °®Ni beam at NSCL JENSK

Short °®Ni half live makes solid *°Ni ACTIVE TARGETTIME I,
targets difficult to produce e e Cu bn
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H JENSA Setup

Jet Experiments in Nuclear Structure and Astrophysics

JENSK

%Ni(a, p)*Cu at F, = 9.9MeV

* He jet target: 4mm thick with density of 4-9-10*8 atm/cm? B g e
 a and p measured by superORRUBA Si detector array >1100 channels s 2
>6Ni and >°Cu particles counted by GODDESS ionization chamber

Average beam current 3000 pps
Additional stable beam time: *®Ni(a,p)®Cu and ~°Fe(a,p)>°Co

OAK
RIDGE r‘.\

superORRUBA
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Based on idea
of Kelly Chipps,

National Laboratory ratory M|CH|GANSSTATE ORNL and -
Uwe Greife,
Colorado

School of Mines
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1. IC energy calibration

**Ni & *°Fe dE vs. channel
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Fit results for 132MeV beam and 55.5 Torr IC pressure
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Calibration based on energy loss
calculations with ICE

Includes geometry from CAD
drawings of GODDESS IC

|C pressure varied by +10%

Beam energy varied by t6MeV

-> selected p and E where fits for beam
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3. Gates for proton search... A.) no gates

lon counter dE vs. E 2D spectrum run 508-572
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3. Gates for proton search... B.) gate pe.,m & Po JENSA
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q 5i BB15 E vs. dE galed prolons in polar spactrum run 503.572
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Energy vs. polar angle of Si delectors frontside run 503-572
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BEl 3 Gates for proton search... D.) gate py: & P jeNs,
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IS Summary JENSK

e X-ray binaries are great to study neutron stars multidisciplinary

* Reaction rates sensitive to astrophysical observables of X-ray Bursts are measured to improve
model accuracy & predictive power of these extreme astrophysical scenarios

>6Ni(a,p)>°Cu experiment will provide constraints on NiCu cycle influence on rp-process

FYI this reaction is assumed to be key for heavy element synthesis in the vp-process!
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