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Outline of the presentation

* Measurement at n_TOF Facility
- Measure, Experimental Set-Up and '”°Yb Sample.

* Preliminary Yield
* Preliminary yield presented in the ND Conference.

* Check in the analysis
* Channel to Energy calibration.
* Resolution of the detector.

* WF application
* Cascade analysis with NuDEX
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Measure, Experimental Set-Up and "°Yb sample

Sketch of the compound nucleus formation
S, +E, By when a neutron of energy E_ interacts with *X

nucleus. The quasi-stationary states on the
compound nucleus above the neutron
o separation energy S_lead to resonances in the

Cross section.
Four custom C6D6 scintillation detectors were
c used, optimized for an extremely low neutron
sensitivy. These detectors are positioned at 125° to
the beam position to reduce the in beam gamma
| rays background and minimize the effects of the
SR S primary radiation angular distribution "%,

The sample is a !”°Yb oxide powder, (1.5976 g and
99.43% purity) pressed in a 19 mm @ quartz and
2mm thickness.

Kindly provided by Richard Henkelmann (ITG
company) and Ulli Koester (ILL). This sample
will be recycled for radioisotope production at
ITG. ITG supplies of ’Lu to hospitals. As
mentioned, new routes are of high interest to
produce radioisotopes.

PMT and VD Deuterated Benzene
Measurement time from 25/10/2021 to 14/11/2021
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Previous Results

* Results presented in previous meetings
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First calibrations

The first simulations were performed
using a Gaussian fit of the Compton
peak
No simulations were performed

Second calibrations
Simulations have been carried out in
GEANT4

Calibration response for detector 1 with a Cs-137 source
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* 3 Source and 4 Peak used for the calibration.
* 4 set of calibration have been compared.

Source
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Calibration response for detector 1 with a AmBe source
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Thanks to Victor Babiano, Adria and Jorge for providing me with the GEANT4
simulation code with the implemented geometry.
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Results presented in the ND conference
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Experimental Data

Energy Spectrum for the '®Yb(n,y)
c 107" =
s = 176Yb Sample 19x2mm P
5 - Dummy Sample 22x4.5mm Prellmmary
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First steps of the analysis: | Transmission measurements! :

Detector Calibration: Amplitud (Channel) to Energy Deposited (keV)

Stability Study: Monitoring of the neutron beam during the
measurement.

Threshold Study: Cuts applied to the energy deposited in the detectors
due to rebounds in the signals. The cutoffs applied depend on the
response of each detector. Therefore, they are different for each of

L L h | % ummhwm Wl ot - o - them. C o000 — Weighting Function for the Ytterbium+Dummy sample
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R S eereeaenans
\\\‘ EC —4 EC / 0.9 ~I | | | | | | |
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Fulfilling these two conditions, we obtain that the efficiency is proportional to
the energy of the cascade, and therefore, independent of the de-excitation path.

P — — — ———— — — ———— — —_ —_—_—_—_ —_ — —_— —_—_—_ —

' . Many thanks to César Domingo for helping |

] | me and providing the WF code!. |
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Experimental Data
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Corrections applied after ND conference
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Gold Check Validation
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Detector ReCalibration

Calibration for detector 1 with a >'Cs source

To calibrate at higher energies, the gold -
cascade itself will be taken into account. o018 Experimental Data
- Convoluted Compton peak
0.014 — . .
- Gaussian Fit
Source Photo Peak Compton Peak 0.012- Simulated data 137Cs Peak
[MeV] [MeV] . E compron=448 keV
2078 Peak 0.569 0.369 001 -
137Cs Peak 0.662 0.448 ﬂ-ﬂﬂﬂ;:
27Bj Peak 1.064 0.806 0.006 -] Bifshlipnd
AmBe Peak 4.438 3.944 0,004
Gold Cascade peak 6.512 6.236 C
0.002—
: | 1 1 1 | 1 1 1 | 1 1 L SO - - =
——————————————————————————— 1 9 500 1000 1500 2000 2500

Channel [a.u]

Therefore, taking the gold cascade as the :

calibration point would be sufficient to be |
able to analyze ’Yb without problems. '

The simulated spectrum has been convoluted taking into
account the fit of channels to energy, as well as the resolution
of the detector. The spectrum has been convolved by modifying
the parameters until the best possible fit is obtained.

(ﬁ@;\ Jﬂ'O\F s & Collaboration meeting - 13/12/2022
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Detector ReCalibration

' Gold cascade has been fitted with the TAC
| parameters. Cascades obtained by Carlos Guerrero
) with "DECAYGEN" (program by J.L. Tain)®l,

Calibration for detector 1 with a AmBe source

Experimental Data
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gn_efg_eyg 93'1‘ Tg f rl“_tt_eg DES_ 'Ee_el‘ _S I_nlu_la;tgcl _____ I Thanks to Victor Alcayne and Adria Casanovas for providing me with |

; the parameters and helping me with the problem mentioned above. I
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Detector ReCalibration
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| At first, double linear calibration was taken as |
| valid. For detector #3, this variation is observed |
' in the calibration at high energies. This explains :
I the difference observed above. |
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Energy [MeV]

Detector ReCalibration

Channel to energy calibration

Better agreement is observed in
the cascade, but due to the
double linear fit some artifacts
are observed in the results
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Cascade Comparison for the Gold Sample 19x0.05mm
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Detector ReCalibration

Channel to energy calibration ; i
3 % Finally, a good agreement has | . o Detector Resolution
: L been reached between the gold | : ..}
E N O o & H — CBD5 #1 D
5L cascades. Considering a double o5l — C.D #2E
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Weigthing Function

5 Weighted Counts for the Gold Sample 19x0.05mm

Weighting Function for Gold sample e Z
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176Yb(n,g) Cascades Simulations
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Gold Cascades simulations

| The first step has been to calculate the cascades for the
lsaturated resonance of gold. The parameters have been

' obtained by Carlos Guerrero with "DECAYGEN" (program by The ratio shows good agreement between the

: J.L. Tain)®. simulated cascades and the experimental
————————————————————————————————————— gold cascades.
5018 Below the binding energy, 6.512 MeV, the
é B discrepancies remain around ~5%, except at low
2 f o energies where it increases, and well above the
307 ¢ Binding Energy binding energy.
3 E 6.512
-3 i 2°F
10 ? Q?Z; Exp. Cascade/ Sim. Cascade BIndIg%lEZnergy
o0 Experimental ‘g
107 - — - Cascade °F
: I ) | E
o5l Simulated o
U i Cascade <
D: III!IIIII2|IIIIslblllldlrllllslllllellllll?ll 8 g 10 alzg_ | | | | | |
ﬁIIIIIIIIIIIIIIIIIIIIIIIII
Energy [MeV] 1 : ’ * ’ ’ E:ergy [I'n.'he‘u’j:L
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17°Yb(n,g) Cascades simulations

For the simulated ”Yb cascades, the first step has been to carry l First of all, many thanks to Emilio Mendoza
out the simulations with the different libraries and models. In this | ! for helping me and providing NuDEX for the
way, we have a first idea of the shape of the cascades simulated | simulation of the cascades. Thanks also to

with GEANT4 with the NUDEX parameters. : Victor Alcayne for help with NuDEX.

|
§0'1 : |LD “Back-Shifted-Fermi- 5o-'E
o . [ T ” = s ] e e
@ [ : Experimental Cascade| /: Gas : a F : Experimental Cascade|
2 | l ,  Photon Strength | 5 | | l
302 ] : i | Function “IAEA PSF | %0_25_ I Simulated Cascade |
© H MWy T T T T T TTTT | models and database”[sl: O F— M T T T T T TTTTT
L - B
107 . 1023
E | LD “Gilbert-Cameron | E/
L | model” :/’/
1078 | Photon Strength Function |1 0 5]
- | “IAEAPSF modelsand | F
Sl | | | | : database”® I r
10-0III1II||2||||3||||4||||5| 6 7 8 |||10 ______________ |10_5 III|IIII|IIII|IIII|IIII|I
Energy (MeV] - ° 1 2 ’ ¢ > ° ! ° Energy [Me\r]]ﬂ
______________________________________________ :
| In view of the first results it has been considered to take for the model of the LD |
I "Back-Shifted-Fermi-Gas" and for the PSF "RIPL-3 PSF models and database". Jl
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17°Yb(n,g) Cascades simulations

For the simulated "”Yb cascades, the first step has been to carry out the simulations with
the different libraries and models. In this way, we have a first idea of the shape of the
cascades simulated with GEANT4 with the NuDEX parameters.

o'l 'LD “Back-Shifted-Fermi- EO E

c = ” -

_;_-:;_‘ - Experimental Cascade /: Photoﬁasstrength @ \ Experimental Cascade
g | E |

50-2 = Simulated Cascade : Function “RIPL-3 PSF 30'2 3 Simulated Cascade
Sk | imodels and database”® ¥ F

10 NX\™W e 107k
. : LD “Gilbert-Cameron : -
L | model” i
107 | Photon Strength "0
- : Function “RIPL-3 PSF -
S | | imodels and database™® | |
1078 b b oo Lo L RIS RIS e 10755 ALl
Energy [MeV] Energy [MeV]
______________________________________________ ]
| In view of the first results it has been considered to take for the model of the LD
I "Back-Shifted-Fermi-Gas" and for the PSF "RIPL-3 PSF models and database". Jl
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176Yb(n,g)Cascades simulations

. . |
| Therefore, the next step is to find the | gog T ——— ; Tabulated parameters!®
| best agreement between the number of | € ©
| 9 g E_[MeV] 0.662
, experimental levels and the levels we | 207 ™w |— Simulated Cascade crit
| consider in the model. ! - a [MeV] 16.7189
E—_—————_ e —————— = — = 10723 5
; E, [MeV] -0.47346
Comparison of the experimental and the theoretical NL L
10 " :E,,=0.662 MeV A 177
- Experimental Density Level ’ 0_5_ a?16718?1’|M9Y
i Ref. stat. model Frerey (el Cascade comparison for the Detector#1 with a ECut in 865keV
10° par i u

For the Back-Shifted-Fermi-Gas,

E_ _ h . go'k 0

- E,=0.662 MeV the corresponding equation ist*®*: 5 * k

i [m————————= = = — — =l
wb A / | (pje_ SRRVa(EZE)) | FT T oottt

C I Prot = = 1/4 5/4 | -

: o 12200 T(EZE T gl
e <« E_=0.865MeV ¢_ :

- [mm——————— | 10 4] E_.=0.865 MeV

B I < 1+\/1+4 a (E_E1) | E a=16.7189 1/MeV

1 1 | 1 | 1 1 | | | | | 1 | | | 1 | 1 | | 1 1 | | 1 | 1 | | | 1 IO’ :0.0146 A I

0 0.5 1 15 2 25 3 | ¢ 2a 1075 e R a—T
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17°Yb(n,g) Cascades simulations

— ——— — — — — — — — —— — —— — —— — —— — —— — — — — —

| -
| From the above results, we can preliminarily | ' It should be noted that up to now, all the fits

| conclude that the model is overestimating the | | E?"ﬁe :teggsr:igit:c?rr\ ;?etzh;eﬁg;\&l;ce) xgzti:)hne
' number of experimental levels. l | g , ,

______________________________ | | E__=148.5 eV, and for the detector #1
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i = - e
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2 r B02H
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B 1073 =
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| =0.865 MeV 105
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17°Yb(n,g) Cascades simulations

o
% - Experimental Cascade ' The last parameter that has : 3 L Experimental Cascade
HO_QE | - g - - - ) ol
A simulated Cascade | been modified is the incident | 0% Simulated Cascade
S [  energy of the neutron. The : S F
102 : purpose is to understand W
: 'how it affects the shape of | ™ ¢
ol : the cascade. | -
- e 1074
105; 5 E|
o1 2 3 \ A R APVR § i Experimental Cascade A ey
: Ecr_t = 865 keV | %0_2§ Simulated Cascade : ECrt = 865 keVv ! Ecrit = 865 keV
| O C |
|a=14.2 MeV* | : T ja=142Mevt | 'a=142MeV"
| E = 0.9499 keV - | 107 - | E = 0.9499 keV - I E =0.9499 keV

|A good agreement is found. The first

l Each cascade has been simulated , 104 :
| seven resonances have been simulated,
|
|

| ' with the same incident neutron |
| energy E =0.9499 keV. '

flndmg a good agreement between all of

I 1 1
____________________ 0 1 2 8 4 > s ! 8‘Er1eergn.r[I\u"le\.I’]“:'I_tt‘e_rrl______________________l
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17°Yb(n,g) Cascades simulations

e [ |
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Conclusions

A preliminary yield of the results has been obtained. For the first time resonances have been
resolved.

To apply the corrections to the results obtained, the measured gold sample has been analyzed. The
results have shown some discrepancies in the energy deposited between the different detectors. The
calibrations of all the detectors have been redone.

By means of double linear and second degree fit, a good agreement has been found in the gold
cascade for all the detectors..

The next step has been to start the simulations of the Ytterbium cascades. The preliminary results
show a good agreement between simulations and experimental data. Some issues remain to be
resolved, such as the experimental differences in the cascades.

Therefore, the next step will be to finish the simulations of the cascades and apply the different
corrections mentioned above. Once this part of the analysis is finished, the background analysis will
begin.
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Thank you for your attention!!!

Duestions or comments
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Stability of the detector

Ratio LED&/SILI. Gammas energy Cut for LED6 to 300keV
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Threshold correction

Ratio L6D6/SILI. Gammas energy Cut for L6D6 to 300keV
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Threshold correction

To apply a threshold to the detectors, the rebounds of the signals Energy of rebounds for Detector 1.
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Threshold correction
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Detector Calibration

Final parameters obtained with ROOT
Double Linear Fit

Parameters  Detector #1 Detector #2
b 0.0296 0.0331 e
a 0.000326 0.000220 3 F
d 0.000272 0.000214 3
e 0.7899 0.1548 13
c 14084.7 20258.1 E
4=
Final parameters obtained with ROOT f—
Second Degree Fit o
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a -0.10835 -0.02857 R A T P D R P
b 0000352 0000225 0 5000 10000 15000 20000 25000 2 30000 Cahﬁe?nonﬂel [ai??ﬂﬂ
c -3.848e-9 -1.044€9 "f (x)=a+bx+cx
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Detector Calibration

Final parameters obtained with ROOT

Resolution Parameters 5 0.4
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Cascades simulations
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Cascades simulations
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Cascades simulations

| Comparison between simulations and experimental results for the :
' cascades of the first four resonances of the 176Yb(n,y) reaction. |

Cascade mmpariscn for the Detector#1. Simulated Energy 0.8499 keV Cascade comparison for the Detector#2. Slmulated Energy 0.8499 keV
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Cascades simulations

| Comparison between simulations and experimental results for the :
' cascades of the first four resonances of the 176Yb(n,y) reaction. |
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