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Daniel Ferndndez Ruiz Motivation gB R-Matrix analysis (2/14)

The g*decay of 3B is of interest for both astrophysics and nuclear structure

i Astrophysics J_ Nuclear Structure
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The 16.6 and 16.9 MeV levels of 8Be
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JYFLO8
O Kirsebom. Phys. Rev. C, 83(6):065802—-065822, 2011.

S.Vinals, PhD Thesis (Complutense University of
Madrid, Department of Physics, Sep. 2020).

Our objective is to determine the mixture coefficients of the 2 isospin doublet




Daniel Ferndndez Ruiz I1S633: The set up gB R-Matrix analysis (3/14)
Experiment 1S633 was conducted at ISOLDE — CERN (May of 2017) to study the structure of éBe

| Set UP schematics
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1IS633: Data analisis

Experimental data

SB R-Matrix analysis (4/14)
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How can we determine if the two states are mixed?
[ Theory ]
Each state in the doublet can be m\
decomposed into pure isospin states _ Bissar |
2
@) =alT=0)+8T=1) a?+3%=1 I ~ Biso.or
b) = B|T = 0) — a|T = 1) mixing coeficients | I
by = BIT = 0) — o|T = 1) mixing o Bias
If the states are completely mixed : 0‘2/32 =1 1| 3 Buor ||

N ==

e Tiee

Ty Tie6+T169
6o  Tieo

Io  Tiee+T169

Fitting the spectrum gives the relevant information about the levels (E,B, B;7,I')
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The B*decay feads levels to broad to be fitted with a simple function (Gauss, Landau, ...)

R-Matrix formalism = Nuclear resonances in reaction studies = B-decay followed by 2-body break up

. A.M. Lane et al., Rev. Mod. Phys. 30(2):257-353, 1958  F.C. Barker, Aus. Journ. Phys. 22(3):293-316, 1969

Internal Region ! External Region I
(Nuclear) (Coulomb) I

I » The configuration space 2 2 Regions (1- nuclear 2-columb)
» Log derivate of the w.f must be continuous in the boundary (r,).
I » Imposing continuity in , we obtain a Matrix relating both regions:

R — Z T Tae
T O - E}L _ E

r
The R-Matrix is formed by individual nuclear resonances—> Each with characteristics paramgters(E,BF, B;r,T) I

Ilf you feel confused remember: R-Matrix is just a parametrization in term of well-defined resonances

| |
é¢How can we fit data with R-Matrix?
I. Select the number of resonances with initial parameters (E, B, Bgr, I')
Il. Liberate (allow to change) some of the parameters.
lll. Modify the free parameters till the R-matrix spectrum fits the experimental data (Root-Minuit ).
IV. Liberate other parameters and start again
V. Iterate until you get the best fit (y? minimization)

3 MeV Dominant
4x R-Matri 16,6 MeV Main d
(4x R-Matrix resonances) 16,9 MeV ain decay

BKG Intermediate Region+ level tails
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Local 2* doublet fit Global fit
4 —— n
E’ 10 E Experimental Data 1 07 g_ Efﬂ:::{e:ittal Data
I - R-Matrix Fit o 3 MeV contribution
@ - L 10 =, 16.6 MeV contribution
= 103 3 MeV contribution 7 16.9 MeV contribl..-ltiortn
§ E 16.6 MeV contribution 10° [ Background contribution
= 16.9 MeV contribution E
B Background contribution 10% &
102 Z
: 10%
L : \\\.
10 102 EE N, |
1 ; N L | 1= I I I I I ol | !
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_05; _0'5—_-I-‘.I...I...I...I...I..rl...I...
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The residue function measures the quality of the fit
The contribution of the broad 3 MeV The global fit includes the

State does not influence the peaks of ‘ contributions of the 3 MeV
the 2* doublet and Intermediate region
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So, that’s all?

4

SB R-Matrix analysis (7/14)

Not yet, we would like to know why there is a discrepancy between the Decay Width (I",,,)
obtained through our R-Matrix and those of the adopted published values [Tilley (2004)]

¢

We have performed two types of cross-checks to find the reason for this discrepancy

Local 2% Fit

Parameters Tilley (2004) Global Fit
ro (fm) 1.35 1.35 | 1.35
E (keV) 3030(10) 3052(37)
25 Bp 0
Ber 0.011813(56)
Lo (keV) 1513(15) 1957(15
E (keV) 16626(3) 16632(54) 16632(70)
2t Bp 0.63(24) 0.32(81)
Ber 0.98(14) 1.17(35)
I'po (keV) 108.1(5) 129.47(28) 129.5(36)
E (keV) 16922 16921(20) 16919.5(90)
25 Bp 1.08(24) 1.44(79)
Bor 0.57(14) 0.35(49)
oo (keV) 74.0(4) 112.5(11) 108(13)
E (keV) 21205
2}, Br 0
Bar 1.3438
Lo (keV) 119.11

Consistency tests of
our fits

U

Repeat the fit under different initial
parameters to ensure convergence

Comparison with
previous results

O

To test if there is any systematic
error in our data
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Check I: Fix the decay widths to the literature values

CheckI: T',, = Fixed

Legend
—J— Experimental Data
—— R-Matrix Fit
——— 3 MeV contribution

107 E

N
1 0 ; —— 16.6 MeV contribution
—— 16.9 MeV contribution

Background contribution
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i ma
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Il

_0.2E I |
5000 10000

(Exp-Fit)

15000
®Be E, (keV)

Literature Til04] Check B Resuits
’ | | | | | \

1, (fm) 135 1.35 1.35

S 144 3991 [ > I .= Fixed to Literature: 1

. E (keV) 3030(10) 3058(31)  2959.3 [ does not generate good results. I
° Tyq(keV) 1513(15) 1876(94)  1415.7 I

" E (keV) 16626(3) 16632(83) 16616 [

! Tyq(keV) 108.1(5) 129.47(28) 180 [ |

2 E (keV) 16922 16921(85) 16919 I :

Tuq(keV) 74.0(4) 112.5 74.076
b, E (keV) 21205 17238 \ —_ e V4

Tq(keV) 119.11 104.26
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Check II: Set the decay widths to the literature values, allowing them to change

Checkl: I',, = Fixed Check ll: I',,= Let Free

i oo |10 - o
g 10° e 107 e
a — 16.9 MeV contribulion E _ :z:z::::::::
§ 105 Background contribution 105 é_ Sackground contibuton
(@] E
10* 10° &
10° 10°E
102 107
10 10 r
1 e S e N
15000 15500 16000 16500 . 17000
Be E, (keV) Be E, (keV)
= 0.4F - 0.6 o
&g 0.4 -
a = 02 Doz ' )
- ol 2 ﬁl“,{tﬁs‘:‘ 0 G'.a._.-u‘-',-_.,._--..‘_...--“__.‘-,.-‘,-"-_,‘_--'.-_=..‘--"_.‘:'-.‘-=-—‘."‘_-“ S -".' “ asmeaa
< |-0.2 .
—0-2- 5000 706000 75000 431-4 I L L r
150%F. (kev) 15000 15500 16000 16500 o LG%G{KW}
Literature [Til04] Check | | Checkl
ro(fm) 1.35 1.35 1.35 1.35 o= == mm m— _-— - \
2(2-17.2 . .
) 144 3991 143 [ » r,,=Fixed to Literature: 1
” E (keV) 3030(10) 3058(31)  2959.3  3050.75 | does not generate good results. I
0 T,q(keV) 1513(15) 1876(94) 14157  1949.8 I
- E (keV) 16626(3) 16632(83) 16616 16627 » @yq=Lletfree: [
! T, (keV) 108.1(5) 129.47(28) 180 123.98 [ improves the global fit I
” E (keV) 16922 16921(85) 16919 16917 I
2 T, (keV) 74.0(4) 1125 74076  99.735 I
N E (keV) 21205 17238 23338 \ /
szg - e e e e - - - .

[pa(keV) 119.11 104.26 13314



Daniel Ferndndez Ruiz Cross-checks EB R-Matrix analysis (8/14)
Check lll: Modify the energy of the BKG level

CheckI: T',, = Fixed Checkll: T',,= Let Free Check lll: Egge = 37 MeV

E’ 107 E/ = Expelr_i:s:rn:l Data 10 E -+ Eaue:;f::‘ Data 10? 3 —1—E Lege:d‘ Dat
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ro(fm) 1.35 1.35 1.35 1.35 1.35 o= == mm m— _-— - \
2(2-17.2 . .
) 144 391 143 120 [ I, =Fixed to Literature: 1
” E (keV) 3030(10) 3058(31)  2959.3 305075 30369 | does not generate good results. I
0 Tq(keV) 1513(15) 1876(94) 14157  1949.8  1883.1 I
- E (keV) 16626(3) 16632(83) 16616 16627 16623 » I'gq=Letfree: [
! T, (keV) 108.1(5) 129.47(28) 180 12398 11467 | improves the global fit I
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JYFLO8: experiment conducted in Jyvaskyla studying the global shape of the spectrum
O Kirsebom. Phys. Rev. C, 83(6):065802-065822, 2011.

The R-Matrix fit produces a value of I'> ¢V in accordance with the literature

3 —
% 10 B —F— JvFLos :
g : + . (L\E“ﬂzaoo » JYFLOS
N : —}— 15533 (AE,,, =200 keV)+'C toil correction [TeaO4]
i;’ 2L 7. (fm) 1.35 1.35
8 § ¥2(2-17.2 MeV) 0,97
[ E (keV) 3030(10) 3054
28 Ber 0.011813(56) 0.01020
[y (keV) 1513(15) 1472
E (keV) 16626(3) 16544
B -
ZI_ GT
IL | 2 -
| L L I | | 1 1 I | | L 1 I 1 1 l 1 L L L
16000 16500 17000 17500 18000 Taq(keV) 108.1(5) 355
Energy-a-a coincidence (keV) E (keV) 16922 16887
._ | | | | | -_ | || _- | | | | ~ 2+ BGT _
(’.’JYFLOS: production was not high enough to | 2 B, ) )
| resolve the doublet I . (keV) 74.0(4) 120
| linear fit to the most stable region (5-6 | ) E (keV) 21000
. . . 2 B 0.032
MeV) to determine a normalization factor. | S ot
\ . (keV) 176

—M S I I S IS IS S e e e Em

We will use the data of this experiment as a reference to compare with our data




Daniel Ferndndez Ruiz 3 MeV peak fiting comparison

Normalized 1S633 data in agreement with JYFLOS. |:>

=B R-Matrix analysis (11/14)

Let’s analyze the 3 MeV peak

= 50000 — JYFLO8 (u-u coincidence) o o
g ~ ’ » Computing the FWHM maunually gives
o — : . . .
S = S om0 similar results in both data sets.
2 40000 —
S -
o |
O L

30000 —

— levels (3MeV+BKG).
20000 —
10000

» Local fit to the 3 MeV level using 2 R-Matrix

> Fit to JYFLO8 and 1S633 data produce results
in agreement with published values.

B000 2500 3000 3500 4000 4500 5000
a-a. Coincidence Energy (keV)

Method Literature

JYFLO8 1S633

Employed Fitting Range (MeV) E (keVv) | 13 MeV

E (kev) | r2MeV | E(kev) | 12 MeV

Manual FWHM

2980 1510 2980 1525

3034 1488 2997 1470

3036 1475 3006 1588

3047 1516 3020 1655

2-4
R-Matrix 2-5 3030 1513
Algorithm 2-6

2-7

3060 1565 3030 1706

The local R-Matrix fit of the 3 MeV level, is in agreement, but starts to deviate
when including the distribution > 6 MeV.




Daniel Ferndndez Ruiz A possible explantion 5B R-Matrix analysis (12/14)

Local fits produce results in agreement with the literature = global fits don’t

The problem appears in the intermediate region (BKG level) 2>
distortion of the 3 MeV resonance

Experimental Data
R-Matrix Fit

3 MeV contribution

16.6 MeV contribution
16.9 MeV contribution
Background contribution

Counts/20 keV

16,6 MeV peak
16,6 MeV R-Matrix

3 MeV peak /' resonance
3 MeV R-Matrix resonance
10°
10°
Intermediate Region ,_ : 16,9 MeV peak
BKG (virtual) resonance 10 ‘ ’——»16,9 MeV R-Matrix
1 resonance
M T BRI S B RS BT B
2000 4000 6000 8000 10000 12000 14000 16000 18000

®Be E, (keV)

» R-Matrix decomposes the spectrum in resonant levels.

» For an excitation to continuum, a virtual resonance must be used.
» This only works if the continuum is close to the resonant levels.

» But if that is not the case R-Matrix will not work.

R-Matrix can not fit the whole spectrum due to the intermediate (not resonant) region.
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Once finished with the R-Matrix discusion we obtain the mixture coefficients.

om0

([ s
% = ZlooF I W2 Fee  Ties
16.6,F YT = —
I [ [y I'6.6 +1'16.9
I’ I’
| o> Busar I g2 — 1169 _ 16.9
| | 2 Busoor ) L'y ['6.6 +1'16.9

o - e s

2
Isospin coefficient ratio (‘I /ﬁz)

Method | Local 27 Fit Global fit (S. Vifials) | Global fit (My best fit)

Low resolution By 5(12) 1.72(64) 1.71(48)
in By and By By 3.4 (5.0) 1.71(55) 1.73(42)
r 1.20 (15) 1.150(11) 1.22(13)

The Isospin coefficient ratio obtained from the decay width
is in accordance with theoretical predictions

First Experimental Confirmation!
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1S633 is the first experiment that enables to study the 2" doublet of

2Be by beta decay where Fermi and Gamow-Teller contributions could be
separated.

R-matrix formalism was employed to analyse the spectrum.

The local fits to either low or high energy-region of the Be excitation
spectrum produces good results.

The full spectrum fit produces E, I values for the 3 MeV state that differs from
the ones adopted in the literature. It is important to indicate that we do global
fits.

We performed cross-checks to ensure that our results are consistent and do
not suffer from systematic errors such as summing or piled-up.

Comparison with JYFLOS8 assure that IS633 is consistent with previous results.

Fitting including the intermediate “non-resonant” region - distorts the
results

The obtained result indicate the two doublet states are fully mixed.

Thank you for your attention
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Residue Function
(Discusion)




Re-visiting the LT Data

" There were some discussions concerning the residue
function

= Karsten proposes the following formula:

R — Setl — Set?2
VSetl + Set?2

= Which is strange since the formula is not adimensional

= Maria Jose instead proposes this one

_ Setl — Set2
VSet1? + Set2?

« The difference between both formulas is significant

* Lets see an example



Counts

~20%)

—40%)-LT (DT

(DT

LT

—20%)

40%) +LT (DT

JLT (DT

10°
10*
10°
10°

10

1

Setl — Set?2
VSet1 + Set2
E R — | — LT (DT=20%)
3 LT (DT=40%) (Normalized)
- Ch,
= '
- ﬂg],
E 1 1 1 | 1 1 1 | 1 | 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | | S —
2000 4000 6000 8000 10000 12000 14000 16000 18000
Energy (keV)
— Residue LT

Comaprasion both formulas LT

We shall compare the behaviour of the Residue Function for both formulas using the LT data
as an example

. | . . . 1 | 1 1 . . | .
5000 10000 15000
a-o. Coincidence Energy (keV)

Counts

~20%)

40%)-LT (DT

LT (DT

_ Setl — Set?2
VSet1? + Set2?

B — |— LT (DT=20%)
10° é_ LT (DT=40%) (Normalized)
104 é_ | ™ o,
103 é_ "y,
10° "
10E !
1 i— #!ll
: 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1 | 1 | 1 | I S —
2000 4000 6000 8000 10000 12000 14000 16000 18000
Energy (keV)
S |
8 04| —— Residue LT
6 0.2F
50 Nad
g -02f
E 04t ! | | L
v 5000 10000 15000
= a-a Coincidence Energy (keV)

» [For Karsten’s formula, the discrepancy is huge at 3 MeV.

=  For Maria Jose’s the



Discusion of the Residuals

= The different behaviour makes sense if we examine the limits of both functions.

= For both LT Set 1 and LT Set 2 approaching infinity (according to Wolfram Alpha)

_ Setl — Set2 _ Setl — Set2
lim — 00 lim -1
Setl;Set2— \/SQtl + Set2 Setl;Set2— \/S€t12 + Setzz

= This implies that when both LT sets exhibit a growing tendency the
behaviour of the Residue Function can be different

i | will compare the behaviour of both functions when we |
' compare JYFLO098 and 1S633.



JYFLO8 vs LT (1S633)

_ Setl — Set?2
VSetl + Set2

—— JvFLO8

~.. -~ LT (DT=20%)-Normalized (5-7 MeV)

“I TT
)
!_}"
4

10*

10°

Counts/20 keV

102 rﬁ‘,%
10 HMW

IIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|“—HJ_ I
£

_I 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 (I —
2000 4000 6000 8000 10000 12000 14000 16000 18000
a-o Coincidence Energy (keV)

\ —’— Residue Function LT (DT=20%) vs JYFLO8
( 5

20%)-JYFLO8
—20%)+JYFLO8

= %)=

LT, 0m(DT
YLT 0 DT

a-o. Coincidence Energy (keV)

Setl — Set?2
VSet12 + Set22
= =
E —I— JYFLO8
A VAN |
8 4 L . LT (DT=20%)-Normalized (5-7 MeV)
) 10 E "":'-m.,._
B S
8 10° = K"‘-ﬁ_.,_
- ”‘k\‘h
10° = w“'h
: LY
10 HFW
e
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1
2000 4000 6000 8000 10000 12000 14000 16000
a-a Coincidence Energy (keV)
8 %3" 0.4 —’— Residue Function LT (DT=20%) vs JYFLO8
Y13 0.2
5B
*“E “%—0.4
==
- = a-o. Coincidence Energy (keV)

= As we can appreciate Karsten’s residue function indicates a huge discrepancy in the 3 MeV pea

» Maria Jose’s residue function indicates a larger discrepancy in the doublet



» Karsten’s and definitions of the residue function give
fundamentally different results:

» Karsten: Greater difference in the 3 MeV peak
. Greater difference in the

» In my opinion the results of the second formula look more logical for the
following reasons

> Maria Jose’s formula is

» If the discrepancy in the 3 MeV region is so pronounced, it should
manifest in the FWHM (which is doesn't).

Even if there is such a discrepancy, ORM_FIT indicates that fitting to the 3
MeV region of IS633 and JYFLO89 produces very similar results for all
parameters. The intermediate region is the main problem
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3 data set where recorded. Each of them with different electronic settings
High Thresholds
Low Thresholds Low Thresholds (15‘y f dead tim )
: 20% of dead time) o OF ded c
( 40% of dead time) (20% e A=6000B
_ > A=5000Bq _ %
> A=6000Bq e s »  Statistics in 2+ doublet
> Obtain general spectra » Test sensitivity at low . 40GB
> 60 GB energy range . .
> 22 GB Dlstor.ted spectra at low
energies
General Data Test Low Energy Range Statistics at 2+ doublet
0 1052 105; 10° =1
10“; 10 10°g]
103;— 10°; 10°
102; 102 10 ]
10; 101 10}
15 7000 2000 3000 4000 5000 6000 7000 8000 9000 10000 10’ 7000 2000 3000 4000 5000 6000 7000 8300 9000 10000 105 7000 2000 3000 4000 5000 6000 7000 8000 9000 10000

E (keV) E (keV) E (keV)

Individual tests were employed to ensure the 3 MeV level is not distorted.

No significant difference was found in the 3 MeV peak
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ISOSPIN MIXING (Extended) =B R-Matrix analysis (13/11)

The R-Matrix fits allow us to study the Isospin mixing through two methods

\

/

j |l =el =0l =1 a2+p2=1 Y
b) = BT =0) — a|T =1) I
I ¥y — (alOW"B) ~ V28
I ’ ijua C‘T—Ot]\fOGT—l-ﬂ]\Il ar I
My r = —v2a
My x = (b|O,|°B : [
I b, X < | E | > - {A’:[D,GT = JB-A/IOAG’T — oMy qr I
| &N\
I Bie.s.r = 2(_*_..-;’: Buoscr = C'(aMocr + BM or)
f,f]_(j.ﬂ.f—‘ = 2" B“-_.”.(_”. = (.'"'(.'f_-"l.-'n,(:'r _ “,AIL‘“_{_)E
[
o Bisor| | _ Bisscr - G ]
Mo Big.6,F 32 Bigocr P GT

- S I S S S I e Em e Em

17.2551

16.922 -2',0+

16.626 - 20+

17.640 -1+1 17.9798 -2*,1
B
11.35 - 440
3.03.-240
gs. -0%0
fBe

Mix isospin coeficinets

( A\
1 2 _ 66 ['16.6 5
I @ = Iy o Ti66 + L16.9 [ Isospin coefficient ratiu(a /ﬁz)
I 32 B Flﬁ‘ﬁ B rmﬂ I Me;hnd LDI:E: 2;Fit Glnha{l Fi}t
Moo= 5(12 1.72 (64
I Moo + e E
\ o _1{"[’_+_mfl' B:r 3.4 (5.0) 1.71 (55)
r 1.20 (15) 1.150 (11)




