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“Some supercalculating intellect must have
designed the properties of the carbon atom,
otherwise the chance of my finding such an
. atom through the blind forces of nature
reajp, Seing op, 'ind g would be utterly minuscule”

Fred Hoyle
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Why 1s the triple-alpha process important?

The rate of the triple-alpha process 1s given as
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The radiative width of
the Hoyle state
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The radiative width of
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e The lifetime of stars
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It 1s important to know
“this quantity precisely!
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radiative branching ratio|of the Hoyle state
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Previous measurements of the radiative branching ratio of the Hoyle state

Alburger (1961) : Py
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Hall (1964) : Py

Chamberlin (1974) r.
Davids (1975) @
Mak (1975) ——
Markham (1976) —@—

Obst (1976) e Why 1s this
measurement so much
higher than the
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Adopted value: 4.13(11) @

0 i 2 3 4 5 6 7 3 9
[ raall [x1074] le—4

12



The experiment

S1R1 - Silicon Rin OSCAR - Oslo Scintillation Array
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30 large volume LaBr3-detectors

» Silicon-strip particle detector . . . .
* Particle 1dentification using AE-E method Each detector 1s 3.5 inch x 8 inch
/8.9 cm x 20.3 cm

e AE: 130 um, E: 1550 pm :
L * Resolution at 662 keV = 2.8% -4.0%
Resolution = 100 keV e Intrinsic timing resolution < 1 ns

M. Guttormsen, A. Biirger, T.E. Hansen, and N. Lietaer. The siri particle- telescope system.

Nuclear Instruments and Methods in Physics Research Sec- tion A: Accelerators,

Spectrometers, Detectors and Associated Equipment, 648 (1):168 —173,2011. ISSN 17
0168-9002. doi: https://doi.org/10.1016/j.nima. 2011.05.055.



The experiment

10.7 MeV protons

Backscattered
proton
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How can we measure the radiative branching ratio of the Hoyle state?

/\ Amount of protons populating the
Hoyle state resulting in the desired

L2C(p, p’r172) gamma cascade
Frad/ I

X Correction factors

2C(p, p’y1iy2 +p’3a+ ...) Total amount of protons

populating the Hoyle state
A
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How can we measure the radiative branching ratio of the Hoyle state?

/\ Amount of protons populating the
Hoyle state resulting in the desired

2C(p, p’r172) gamma cascade
’ X Correction factors — Iad/T
2C(p, p’y1iy2 +p’3a+ ...) Total amount of protons
“__ populating the Hoyle state
rE2\ % 7.65 B2 765 765 498 1.98
T _ NOQO FL _ N()é() < singles < €1.78 < €3.20 < W()é()
I N;fgﬁes X €391 X Wiis0° X €444 [' Nég%S N;fgf’les €444 €321 W072'85l

Same measurement: Two different analysis methods to obtain I'rad/T’
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7.37
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498 0+
+
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Where does the uncertainty originate from?

A

7.65
NO2O

B

7.65 4.98
N 020 N, singles €1.78 €3

— X X
4.98 7.65
Noso. Nngles  €4.44

|

Used by Kibedi et al. (2019)
and Obst et al. (1976)

T

My results yielded a
measurement that 1s regarded as
non-physical using this method

— AT7.65 7.65
Nsingles X €321 X WO2O X €4.44

Used 1n my results for
the main measurement

7 65 Experimental distribution
WO2O —— with large error bars due
to low statistics
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Determination of the radiative branching ratio of the Hoyle state

Alburger (1961) : P
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Hall (1964) : ®

Chamberlin (1974) -
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Obst (1976)
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Where does the uncertainty originate from?

Backscattered . lel Angular distribution for O TS 2 T 0 T
| Theory
T Ap=2.349, A,=0.3571, A;=1.1429
1.0 - B. Alshahrani
- A0=2.349, A2=0.36, A4=0.98
i Fit to current data
g 0.81 — "A=2.349, A,=0512, A,=1.356
I~o Error band
E 0.61 @ B.Alshahrani
X ¢ LaBrs-detectors
<E’ 0.4 -
0.2 'w
0.0

100 120 140 160 180
Angle between two LaBrs-detectors
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Differential Cross Section — mb/sr (CM.)

Let’s repeat the experiment
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J.B. Swint, A. C.L. Barnard, T. B. Clegg, and J. L. Weil. Cross sections as a
function of energy for the scattering of protons from 12C. Nuclear Physics, 86
(1):119-129, 1966. ISSN 00295582. doi: 10.1016/0029-5582(66)90295-1.

Beam increased from
10.7 MeV to 16 MeV

[Lower cross-section,
but we have more control

Higher beam intensity and
longer beam period

Al-frame replaced by Ta-frame
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Differential Cross Section — mb/sr (CM.)

Let’s repeat the experiment
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J.B. Swint, A. C.L. Barnard, T. B. Clegg, and J. L. Weil. Cross sections as a
function of energy for the scattering of protons from 12C. Nuclear Physics, 86
(1):119-129, 1966. ISSN 00295582. doi: 10.1016/0029-5582(66)90295-1.

Beam increased from
10.7 MeV to 16 MeV

[Lower cross-section,
but we have more control

Higher beam intensity and
longer beam period

Al-frame replaced by Ta-frame

Analysis 1s ongoing, let’s look
at some of the data!
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Let’s repeat the experiment

E-det energy vs delta-e energy
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Let’s repeat the experiment

Delta-e energy [KeV]

E-det energy vs delta-e energy
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Let’s repeat the experiment

Labr3 energy vs energy for mult = all
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Let’s repeat the experiment

Labr3 energy vs energy for mult = all
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Let’s repeat the experiment

Labr3 energy vs energy for mult = all

Labr3 energy vs energy for mult = all

<
o
1

o
o
-—

Emm“w4,_
iy
! ._._._._ e _.
_ _q _____.".

- -__

_._;._

Tt
_:_ _"_ _._.._ _. ¥ .___._...._.__..1.2____: !

_h ._I-r__-I-_

__.__m.__.___.__. nl

E_ '
rJF_- | Fl -1 —_- _ I

__._.___.___.—. A

.z__

Ji

f_

o
et

AT
ﬁ_--h-.-.-1-_“__ .h_ !
Tl
E i
-_ _‘-_ 1 _

._.___ iy |

____._;_“_

_I_L__

... _.

4... _.
____ _.__ __.

Ing q._“ SR ___

__.u_..

__.
_._ _

[l ™

I-__ r____—

_ JI__-_ L ._
_- -—-_ "_I_
] -F _— _-
|

+~—

3400

(@)
o
Al
o
S
()
=,
)
Or
QR
T
(@)
o
(o 0]
(q\|
(@)
o
(o]
A

- A e = i

) AR B o =G
. M LIERNCIN - e et R, T T
i) maen e e e e T [Pa N R PR - BT i -4
" ) 1;_:'\;-, by _'L.._ e e  Toue e FITTE 1 <
=l - " r

H -:_q -"-'?
= -;_.;:;_."%_;;

= -

T
T

L ":"‘E

8000

7000

:w .,!w‘ | i i ! | | :’ [ | | ‘—i\ \;
o o o o o o o o o
e = & = - =
> O e} < < 3 < <5 ™
[A8X] ABiauz
S o o \
\mn ~— ~— ~—
o
—
5
o
@i
S
o
C le
o |8
= .
g
X o
i {8
S
1>
(b}
1 =
>
i (@)}
-
()
1|1 c
ol
1O
o
AN
lo
i =
o
~—
o
o o o o o o o
o o o o o o
o (@) o o o o
o Ty) < ™ 'Y -

[A8Y] ABJ1aug

32



Conclusion and future outlook

* Results support the measurement from Kibedi et al. (2019) of a raised value for
the radiative width of the Hoyle state.

» Reanalysis and analysis of data from new experiment 1s underway.

 Investigate the consequences of a raised rate in astrophysical models will be

performed 1n collaboration with S. Goriely at ULB, Belgium.
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Unfortunately this video does not exist yet...

WHAT IF THE HO&E STATE
- | 2

DID NOT EXIST?

https:/kurzgesagt.org
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