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Location and Background Suppression
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CASPAR Location On The 4850
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CASPAR Location On The 4850

Changing area (Dirty / Clean)
Control room

Accelerator Vault

Utility space / Expansion area
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CASPAR Overview NN
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1 MV JN Model Van de Graff Accelerator | Voltage range ~ 150 kV — 1.1 MV
Gas fed radio frequency source Proton beam and alpha beam to target, 200 — 250 pA
Analyzing magnet 25-degree, with 0-degree and “mass-2” ports
Beamline and pumping All conflat system with magnetic levitation turbo pumps and dry scroll backing pumps
Typical vacuum operating range 5x 10 Torr
Target stations Extended, recirculating, windowless gas target & Solid target stations interchangeable
Workforce Graduate student, postdoc and faculty driven. No operators.
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Detection Choices

20 3He counter array
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Detection Choices R G
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Astrophysics Is Messy

Multiple processes all interacting

Competing interactions
Decays
Poisons
Disassociations

Site specific process flows

Experiment
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For Example 2019 - 2021 Campaign e
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Elemental Abundances - How Does This Affect Me?
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180(a,y)?2Ne - Path To Neutron Source

* Process flow to 22Ne as a neutron source for both weak and main s-process
"N(a,y)'°F(B+v)'®O(a,y)**Ne(a,n)**Mg

* Within the Gamow window rate is dominated by 5 resonances at 767, 750, 662, 569 and 472 keV

* Ta,'80; target (prepared via electrolysis),

100 Ref [7] Dababneh, Phys. Rev. C 68 025801 (2003) o (eV)
—— Maxwell-Boltzmann factor, e 84T T = 0.2 GK This Letter
Gamow factor, e 2™ ..
1075 1 —— Gamow peak Energy (keV) @Y partial (€V) Ref. [7] Ref. [7] Statistical Decay scheme
EES Gamow window 472 + 18° 0.24 +0.08° 0.48 +0.16° 0.26 = 0.05
10720 - 569 + 15° 0.63 £ 0.09° 0.71 £0.17° 0.63 +0.30
) 662.1 +1.0° 229 + 19° 221 £ 12 225+ 12
G 10715 - 749.9 + 1.0° 490 =+ 40° 564 + 35 553+ 34
g 767.6 + 1.0° 1200 + 120" 1438 + 86 1306 + 77
>
3 Measured all 5 resonances
§ 770 keV (~ 50 pA)
750 keV (~ 50 yA)
662 keV (~ 70 yA)
566 keV (~ 140 yA)
470 keV (~ 140 yA) «— 12 hour run

1750

2000

Dombos et al, Phys. Rev. Lett. 128 162701 (2022)  Ajex Dombos, UND
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2?Ne(a,8)%°Mg - Competition

* Alpha-capture with a positive Q-value competes with the 22Ne(a,n)?*Mg reaction
* Reaction rate is dominated by two resonances at 830 and 650 keV
* Ne-target implanted in tantalum @ UND
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12000

Upper limit of wy < 0.2 ueV obtained for
the low energy resonance, determined
relative to the 830 keV resonance
strength obtained in this experiment.

Work ary (peeV)
Wolke er al. [5] 36 + 4
Jaeger (Thesis) [26] 33 = 4
Hunt er al. [6] 46 + 12
This work 35 + 4
Weighted average * 35 &£ 2

Shahina et al, Phys. Rev.
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22Ne(a,n)?°Mg - Neutron Source

° 22Ne(a,n)?°Mg is a neutron source for weak and main s-process

* Regions of interest are centered on 830 keV resonance 16 He-3 filled counters
* Using windowless recirculating gas target and He-3 detectors Borated poly shielding
Poly moderator
S S Pros / Cons
10 107 4 snn M. Jaeger, et al., é
104 . : i Phys. Rev. Lett. 87 (2001) 202501 &' 350 ,
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Scale Of The Problem In The Lab
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Solutions And Work Arounds I

Increase reaction products
Increasing accelerated beam intensity
Longer measurements

Improving target stability

Detection sensitivities & tricks
Higher efficiencies
Cleaner materials

i i i i 18 22
Better discrimination E O(.yf*Ne
Tk o | room background

sum peak

~

Background reduction
Cosmic radiation background
Environmental decay background
Beam induced background

Counts / 40 keV
=)
|

6000 6500 7000 7500 8000 8500 9000 9500 10000
Summed y-ray Energy [keV]
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Other Options For Interference N
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Forced Into Hibernation Mode N
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Forced Into Hibernation Mode
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Forced Into Hibernation Mode
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Timeline In Flux N

P i . Second
1st _Peam on Ca“:r:(ajtlon CAFsllgkR A Dellta, Flélghl Er,:.ergy Reoccupation CASPAR
arget Benchmarking Campaign nalysis VEHEHons Campaign
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Second CASPAR Campaign

First CASPAR Campaign Upgraded passive shielding for y & n detection
Resulted in 6 projects that are now Better signal evaluation eg PSD for neutron and
completed or the analysis is in progress new gating for gammas

Investigation of upper and lower voltage limits
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Where We Are Now
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Path Forward

« Continued new NSF funding
* Continued focus on (p,y), (a,y) & (a,n)

* Increase focus next campaign
— New detection
— Increased shielding
— New target purity and techniques

« 5 Grad projects underway

* Focus on future system upgrade
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Backgrounds As The Hot Topic

Background sources in detector signals:
> Cosmogenic background

> Radiogenic background

> Beam induced background

v g

Beam Induced ;_+ ' Environmental
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Stellar Life Cycles & Nuclear Burning Regimes A W

Ilgnoring first 400 million years after BB
Each path dominated by key features
Every transition adds to the equation

Resultant material seeds the next phase

Means: Massive amounts of material

Motive: Energy production holds off
gravity

Opportunity: Time scales and location
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“Real World” Examples A @

"
110 Seeds for the s-process
— -6
@ 1x107 Measurements above and below
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