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X-Ray Bursts — short intro

* Most frequent thermonuclear explosions in the universe
« Over 90 Galactic X-ray bursting sources detected to date

* Provide a unique window into the physics of neutron stars

« With the recent advances in observational astrophysics
there is a large amount of data

* Problem:
— Need a reliable nuclear physics database to interpret it

— In particular, need good understanding of the rp-
process
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X-Ray Bursts — short intro

* The critical nuclear data in the rp-process:
— nuclear masses
— [3-decay rates

— nuclear reaction rates
* Most nuclei in rp-process are unstable
* |ndirect methods have been used
« Large uncertainties
« Radioactive beams needed
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Micro Mesh Gaseous Structure, Y. Giomataris, Ph. Rebourgeard,
J-P Robert and 6. Charpak, NIM A376, 1996, p29 (CEA-biosp
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X-Ray bursts — 2’Si(p,y)%%P
« 2/Si(p,g) — bottleneck

* T,,=4.15 s ; no experimental data

 Use indirect method, theoretical estimations until
radioactive beam available:

 28P energy levels
* Reaction Q-value
« Spectroscopic data from mirror nucleus 22Al
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Mirror system 2’Al(n, v)?SAl

« Study of ¢’Al+n -> 28A[ with
MDM spectrometer

« Beam of 3C @ 12 MeV/n on #’Al
target

e A|28 == P28

« Get angular distribution from
elastic scattering 27Al('3C,3C)?"Al

* Fit distribution to obtain Optical e
Potential Model parameters

» Use OMP parameters to predict
angular distribution for transfer
reaction 27Al('3C,2C)28Al

 Compare with experimental data
tO eXtraCt ANC 0 ¢ [fm]
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Dipole Magnet Separates
Beam by Magnetic Rigidity (p/q)

?

POS1
Entries 10268

220
200
180
160
140
120
100

80

60

40

20

o

P

Lovvv v b v by Ly 1y

550 600 650 700 750

350

300

250

200

150

100

50

)

Mean 644.6
RMS 29.18

I
POS3

Entries 10268

L B L e

ST R

]

Mean 569.5

RMS 18.53

) ENUNE FRERE N

400 450 500 550 600 650 700 750 800

—

AW

s W
—

?‘53

et )

[

loti

Detector

Lhedd

AN

POS2 POS2
Entries 10268
C Mean 661.2
= RMS 15.89
300
250
2001
150
100~
50~
G:MD\JI.LJL-L:L\J I|\II‘II\|I\I\IL‘II\lllllllll
580 600 620 640 660 680 700 720 740 760 780
AV
POS4 POS4
Entries 10268
300~ Mean  691.7
r RMS 1848
2501
2001
150
100
50/
_IldLll“LlJJhlIIIJIIlIII[JII[.lnllILI\JII

580 600 620 640 660 680 700 720 740 760

Z Plane

ale|d ¥




27A|(13C,13C 27 Al

DE1-PM
Entries

2000

1500

1000

AE (channel)

500

I\Illllll‘llllllllllll

N
1000 2000

Mean x
Mean y
RMS x
RMS y

85370
3656
1163

613.8
1444

oo

3000

4000

A
5000 6000

E (channel)

T R
7000 8000

PosFP

10*

10°

T IIHHI‘

10?

10

_IIH‘

[ B

I

P AR AR |

-16.66
10.41

Mean
RMS

|Entries 75922 |

13C gJ

- 60

740120
Pos (mm) |[~E
CYCLOTRON INSTITUTE

-100

(9.( ]

-80 -60 -40 -20 O 20

PosFP (mm)

102

10

e b Lo b Lo Lo Loy Laag |

Entries 77539
Mean 347.3
RMS 153.4

5.

0 100 200 300 400 500 600 700 80€

Angle (10*mrad)

Posc_Tangc

250

200
150
100

||||IH||H|||IIII|IIII

900
Posc_Tangc
Entries 75922
— Mean x 347.7
Mean y -16.6
RMS x 152.8
RMSy  10.52

S0

100~

50—

200

o B T R T R T T
Angle (10*mrad)



Al27mdmMar13Canvas - o lEm

Clear Picture| Clear Selected Pad| Integrate Print| bump Gif| Close canvas

x-range: -250-250 | y-range: 50-51 g

PANGS8 11-Mar-2014 19:35:04
Run 93

PosFPE0.5AngBin 1 PosFPE0.5AngBin 2 PosFPE0.5AngBin 3
Entries B33 Entries @10 Entres 3338

10* Masn e e Masn £24t
RS 314 3zot RS 3118

10— “E
10— E E
= = =
E (S S S [ Gl Co | P |
] 23 BI2] Bi-] Ty
PosFPR0.5AngBIN & Fon P SAGEIn 4 PosFPE0.5AngBIN & T PRE AR S [ PosFP@E0.5AngBIN & ]
Enines 710 Enines T Enines a7

san

r Maun Masn -s187 Maun w83t
rus 09 r rus 2924 - rus prevy

LR

T
T

T
T
T

T
L
T

T ¢ )
[ PosFPiR0.5AngBin 7 ] [ PosFPiZ0.5AngBin &
Erines e BT
Masn et = s
rus 218 282
10—
1=
PR | T BRI RPN B
E] B I T R
pict 892 607 %=62.583, y=0.539278 4

CYCLOTRON INSTITUTE



1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

(do/dQ) [mb/sr]

1.00E+00

1.00E-01

1.00E-02

00"0. 27A1(13C,13C)27Al
0.\
. ¢ 6deg -Sdiﬁ A l1lldeg
A g de 17 deg ®20deg
A‘n‘& A\ /7 8
- . (7
&A‘X %\& kzaé;
a0 ‘g@e@
> “ 0
SZA\} XN
.0
000,’
3
®
5 10 15 20 25 30
Lab Angle [deg]

AR



[EN
m
&
w

[N
m
)
N

-
m
&
fard

(do/dQ) [mb/sr]

20 25
CM Angle [deg]




(do/dQ) [mb/sr]

27AI(13C,13C)27AL*(2.212 MeV)

[

10 15 20 25
CM Angle [deg]

(do/dQ) [mb/sr]

100

[ury
o

[y

o
=

27A1(13C,13C)27AL*(2.982 MeV)

10 15 20 25 30 35
CM Angle [deg]




Future plan

« Take data for ¢’Al('3C,12C)?3Al — May 2014
* Test Oxford upgrades — June 2014

« If successful, measure 3C (?7Al, 28Al) 12C
 2/Sj beam — Fall 2014 (hopefully?)
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Thank you for your attention!
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