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Introduction

:
* |nvestigate Electron Screened Enhanced Nuclear
Reactions with Dynamitron Electron Accelerator

— Deuterated materials with stationary deuteron center-
of-mass system

— Exposed to photons with kinetic energies above and
below the deuteron photo-dissociation energy
* Expose cadmium and indium with known gamma
spin-up
— Experimentally determined beam loss from the
Dynamitron

— Discovered lower spin-up threshold from previous
experiments



Energy Level Diagrams of Cadmium

J. A. Anderson, et. al. 1988
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FIG. 1. Energy level diagram of the excited states of '''Cd
between 1000 and 1500 keV which may be important in the pro-
duction of the 48.6 m isomer as reported in Ref. 5. Also shown
are all excited states below 400 keV. Half-lives of the states are
shown to the right of each state and known (Ref. 6) gamma
transitions are shown by the arrows. Populations of the 48.6 m
isomer are most conveniently detected by the 245.4 keV fluores-
cent transition as indicated.



Energy Level Diagrams of Indium

W. K. Tuttle, et. al. 1979 C. B. Collins, et. al. 1988
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portant in the production of populations of the isomer (Ref. 14).

FIG. 2. Level diagram of states observed in the Half-lives of the states are shown to the right of each and se-

Coulomb exeitation of ''¥In. Branching ratios and coin-

: 4 i i i shown b
cidences are displayed according to the convention of QUERCES of (Y’Y : reacflons le.a.dmg to the isomer a!je OWILVY
the Nuclear Data Sheets. Dashed lines indicate low spin the arrows. Dashed ¥’ transitions occur by cascading through
positive parity states analogous to those in !!5In. levels not shown.



Cd/In Irradiation: Gamma Spin-up Threshold

-
* Cadmium and indium materials (small sheets and ingots)
exposed at IBA Industrial from Sept 2017 to July 2018.

 Gamma Spin-ups of 111Cd, 1°In & 13In were observed

* Minimum beam energy thresholds for '™Cd & 1°™In creation
were guided by previous research of Collins & Anderson

o After the 2"d wave of tests, it was determined that the
minimum thresholds reported by Collins & Anderson (C&A)
were underestimated and data from IBA exposures were closer
to Brookhaven reported data.

- 111Cd(]/,]/’)111mCd
e C&A->1.19MeV; IBA -> 1.02MeV; Brookhaven -> 1.02MeV
— 115|n(y,y’)H5mIn
* C&A->1.078MeV; IBA -> 0.94MeV; Brookhaven -> 0.941MeV
- 113|n(y’y')113m|n
e Tuttle -> 1.024MeV; IBA -> 1.024MeV,; Brookhaven -> 1.024MeV



Cd/In Irradiation: Dynamitron Beam Loss

.
 Beam loss of the IBA tantalum braking target as

reported with the SANDIA Monte Carlo TIGER
Code.

— As beam energy decreases, the beam loss increases
At 1.16MeV setting, the beam loss is 74.12keV
* At 1.00MeV setting, the beam loss is 77.77keV

— Linear fit of experimental data show beam losses of
e 59.15keV with 13M|n (1024keV min threshold)
e 59.12keV with 111™Cd (1020keV min threshold)
* 69.58keV with >™In (941keV min threshold)
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Dynamitron Tests: Experimental Setup

* Dynamitron

Electron source current intensity:
0to 36 mA

Beam energy voltage: 0.4 to 3MV

Continuous electron beam
sweeps the length of the cooling
tray

Tantalum braking target installed
for photon production

Sample Preparation

Indium and cadmium rectangular
pieces were lined up and held
together in a plastic bag (holder)

Holder with samples positioned
on the cooling tray to run along
the length of the beam sweep

Sample Exposure

Samples exposed to electron
beam with braking target for
either 15 minutes or 60 minutes
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Side view of Dynamitron Electron Beam Path
and Braking Target
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target, cooling channel, and Cd &
In sample location.



Anderson & Collins: Cd Gamma Spin-Up

J. A. Anderson, et. al. 1988

* Reports Cd(y,y’)mCd 2840 J:A. ANDERSON; 1.1, 3

reaction at 1.3MeV & 1.4 MeV oo, :
— Data from Figure 2 ol -
e Strong 245keV peak with gamma § ol
end-point energy of 1.4MeV Bl \
* Weak 245keV peak with gamma " Vb
end-point energy of 1.3MeV i .. P
* No data shown for gamma end- 20 s
point energy of 1.2MeV ; 5 ey "o
— Coincides with Sept 2017 data e
from initial NASA/IBA Tests g
* Good activation at 1.4MeV end-

point energy but not lower 90 2% 220 245 250
Energy (keV)

- Does nOt COI nCIde Wlth Apr 2018 mFlG. 2. Spectra showing lhg 245 keV line from the decay ?f
data where 245keV gamma peak e fhespeeus e obuaines from o 8.2 gm naturs o

1 naturally occurring *'*Pb in the counting environment. (a)

\évas present Wlth d 1' 12Mev Fluorescence from '"'Cd™ following irradiation with a single
bremsstrahlung pulse having an end point energy of 1.4 MeV.

ea m Settl ng Counting time was 3600 sec. (b) Fluorescence following excita-

tion with an end point of 1.3 MeV; counting time was 2700 sec.
)
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Cd Gamma Spin-up: Gamma Scans Apr 2018
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Collins & Anderson: In Gamma Spin-Up

. Report 115In(y,y’)115m|n 1854 C. B. Collins, et. al. 1988  ¢.B.COLL

reaction at 1.078MeV

60
— Data from Figure 2 ol {M l
* Strong 336keV peak with TP thﬁmwwww.\ﬂh\
gamma end-point energy of o _
1.3MeV | s IRy SRS
. . . Q 30
— Almost coincides with Sept I PR |
2017 data from initial e |
NASA/IBA Tests Bl A|
* Good aptivation at 1.2MeV ) MWNWWWI“‘
end-point energy but not 300 350 400 450 500 550
lower ENERGY (keV)
— Does not coincide with Oct FIG. 2. Three sequential spectra from an intrinsic Ge detec-
tor begun at times 6.5, 9.2, and 19.0 h after the irradiation with
2017 data Where 336kev a flash of bremsstrahlung with an 1.3 MeV end point. Data
peak Wwas prese nt with have been offset by 40, 20, and 0 counts/h, respectively. The
0.99MeV bea m energy 336.2 keV peak is seen to decay with the appropriate half-life of

4.49 h for "*In™. The other structure is the annihilation peak at
511 keV, present in the background at a constant rate.
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Counts
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Determining Beam Loss from Data

;
* Net Area Counts

— Adjusted to account for different beam currents,
exposure times and gamma scan times

— Adjusted for difference in time between beam off and
start of gamma scan time

— Use known % life of isotopes to make adjustment

 Perform Linear Regression of Adjusted Net Area
Counts Data

e Determine Beam Loss

— Subtract known minimum threshold from intercept

14



Net Area Counts vs. Beam Energy

700.0
A In-115m Adjusted Net Area Counts In-115m
® Cd-111m Adjusted Net Area Counts Intercept: 1010.9keV
Published: 941.3keV a
600.0 1 In-113m Adjusted Net Area Count ]
¢ In-113m Adjusted Net Area Counts Beam Loss: 69.6keV
Linear (In-115m Adjusted Net Area Counts) y=3713.5x-3753.9
, _ R?=0.8586
Linear (Cd-111m Adjusted Net Area Counts)
500.0
7, N Linear (In-113m Adjusted Net Area Counts)
o
o
g A
400.0
o Ic‘i'['lll”l 1075 1keV y = 3980.9x - 4312.7
© ntercept: LKE . R?=0.9142
e Published: 1020.0keV L
< 3000 Beam Loss: 59.1keV pra
. 7
m £\ ”/
2 In-113m >y
200.0 Intercept: 1083.3keV =
Published: 1024.2keV ;x"
Beam Loss: 59.1keV et
- y =567.75x - 612.67
100.0 -
A gl $ R?=0.8973
N ’/"’ @ [ )
A A L --°
OO lllllllllllllllllllllllllllllllllllllllllllllllllll’lll T 1T r rr r T rrrr 1T r r r r 7T r r r r [T r °r T r [ T 7T rr 1 rrr 11 rrrr1
0.98 0.99 1 1.01 102 103 104 105 106 1.07 108 1.09 1.1 1.11 112 113 114 115 116 117 1.18

Beam Energy Setting (MeV)

Note: Uncertainty of Beam Setting = £42keV 15



Cd & In Gamma Spin Up Conclusion

-
 Published threshold data from Anderson & Collins

— MICd(y,y’)H*mCd: with 1.19MeV gammas
— BIn(y, y’)**™In: with 1.078MeV gammas

e Data verified the beam loss of the IBA tantalum braking target to be
between 60-80keV as reported by IBA assuming thresholds of
1.02MeV (111mCd), 941keV (**>™In), and 1.024MeV (113™In).

— Linear fit shows beam loss of 59keV with 111mCd & 113M|n data and 69keV
with 11°M|n data.

— Follows trend that as beam energy decreases, the beam loss increases.

 NASA/IBA Data shows activation with Ta braking target and
determined thresholds after taking into consideration the ~60-70keV
beam loss:

— 1BIn(y, y')*13"In: with ~1.024MeV gammas
— icd(y,y’)*1*mCd: with ~1.020MeV gammas
— n(y, ¥’)*5In: with ~0.941MeV gammas
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Overall schematic of beam, samples, cave and
instruments
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FIG. 4. Ratios of isomeric fractions produced in '''Cd™ to
those in "Br™, as corrected for the finite duration of the count-
ing interval and plotted as a function of the end-point energy of
the bremsstrahlung. Error bars show the counting statistical
uncertainty. The dashed line shows a linear fit to the data inter-
cepting the x axis at a gateway energy of 1.19 MeV. Excitation
energy of the next higher gateway is shown at 1.33 MeV. In this
figure and in Fig. §, the error bars for the two least precise
points have been shown. The statistical errors for the other
points are commensurate with the plotiing symbols in the

figures.
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Linear Fit of 1°>™In: Counts vs. Beam Energy
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Linear Fit of 13MIn: Counts vs. Beam Energy
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