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Nuclear Fission

Fission Products

Neutron Mass=A ,A

Energy = E_

Fissionable \-*
nucleus %
<

(e.g. ***Pu)
(A-1 .z.}*\n (A-2.2)

= SPIDER is commissioned to measure fission product mass (A) with 1 AMU resolution

— Mass Spectrum of Products = Fission Product Yields ( FPY(En) )
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Fission Data Motivation: Nuclear Applications &

CASL Reactor Sim.

" Experimental data over full fission observable space with highly
constrained uncertainty is vital to:

— Energy

Predictive modeling and reliable design =

- Stockpile Stewardship
* Understanding the health of aging devices

— Nuclear Forensics

* Confidence in conclusions and may lead to new methods
- Theory

* Constraining present and developing new models
— Standards

* Trust in relative measurement against well known fission

=" U, and **Pun,f) are some of the most important to all customers

m _ Especially for E dependence, there are a lot of gaps in existing data!

- Los Alamos
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LASNCE: E Dependent X(n,f) Studies \.%%_IDER/

= LANSCE
— Pulsed 800 MeV proton linac
— Neutrons from spallation targets

. En recoverable via neutron ToF

®  Lujan Center

— Sub-thermal neutron flux
* micro-eV to ~100 keV
= Weapons Neutron Research (WNR)

— Fast neutron flux WNR Proton Beam

* ~100 keV to ~100 MeV

S HGS
O

Lujan
- Los Alamos
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LASNCE: E Dependent X(n,f) Studies

Fission Cross Section and Fluxes

e B B i s = e 10"
10° 3
102 r Fast Reactor | | 4q1
c ] —
o 10" r Pu-239 ] ”
< 3 (ENDF/B) \ 4 10"
S 10°f : &
e ] -
= E PR - \ =
o 10F. IR vl RS
1) F / AU . we’ | §
@ 10* r Thermal Reactor ‘.‘ 10" o
S 1%} ' ] =
O 3 v 9
o % e
S 10°f U2z q10° 3
@ s F~_(ENDF/B) g z
2 107 F ]
i f N Th-232 J 10°
107 F (ENDF/B)
NTETTT T | AT I | A ]
102 10" 10° 10" 10° 10° 10* 10° 10° 10’
Neutron Energy, eV
~ LANSCE **Pu(n,f) Count Rate Estimate
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Goal: Correlated Fission Product Measurements

)
" (Correlated Fission Product Data with SPIDER:
— Energy (E) (0.5% resolution)
* Total Kinetic Energy (TKE)
235(n,f)
- TKE(E) 170
n -
- Mass (A) (1 amu resolution) _ O e
> F e mi0de
m .
* Fission Product Yields (FPY) 2 168 | -
%’ F % ] _{.‘%—{#{‘\ —— Nadland
r & .- 5 ., L
- FPY(E) o 167 E s
n 'EE - \\T\::’.--_“‘
() . e, DR
* Prompt neutron emission £ 166 | i
> : e, N
<< : o S
* Neutron sawtooth 165 F B
— Charge (Z) (~1 charge resolution) ea b o |
° . o . 0 5 10 1S 20
Isotope identification E. (MeV)
- FPY(E , 2)
n
/\
)
- Los Alamos
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Goal: Correlated Fission Product Measurements @/
" Correlated Fission Product Data with SPIDER: WHY SPIDER IS COMMISHIONED:
Independent FPY(E )
— Energy (E) (0.5% resolution) Taken a few micro-seconds after
fission
* Total Kinetic Energy (TKE)

~ TKE(En) FPY(En = Thermal)

90 100 1304140
-~ Mass (4) (1 amu resolution) 79 $20
* Fission Product Yields (FPY) U-233 | Pu-239
0 65%U
) FPY(EH) >7 35%Pu

*  Prompt neutron emission

Yield (%)

* Neutron sawtooth

— Charge (Z) (~1 charge resolution)

* Isotope identification

- FPY(E . Z)

/A
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Goal: Correlated Fission Product Measurements

®  (Correlated Fission Product Data with SPIDER:
— Energy (E) (0.5% resolution)
* Total Kinetic Energy (TKE)

Calculated *®*U Neutron Sawtooth Scaled Up to Higher Incident Neutron Energies

- TKE(E) z L
n = F | —] E, = thermal
. 4.5 | E,=29MeV
— Mass (A) (1 amu resolution) 4F- | EJ E.=551MeV
- |3 E,=15.8 MeV
. . . - E =20 MeV
* Fission Product Yields (FPY) 35 [ 5= 20Ne
3
- FPY(E ) 25F
.. 2|
* Prompt neutron emission =
15—
* Neutron sawtooth e
— Charge (Z) (~1 charge resolution) =
i_ | | 1 1 | | 1 1 | | 1 1 | ‘ 1 1 1 ‘ 1
. . (e . 60 80 100 120 140 160
° ISOtOpC 1dentification Fragment Mass [AMU]
- FPY(E |, 2)
n
/\
)
> Los Alamos
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Goal: Correlated Fission Product Measurements

&
" (Correlated Fission Product Data with SPIDER:
— Energy (E) (0.5% resolution)
* Total Kinetic Energy (TKE)
2.4
— TKE(En) [
— Mass (A) (1 amu resolution) ﬁ
=X
* Fission Product Yields (FPY) =
)
- FPY(E) T
n 0
. = Red - model energy
16
* Neutron sawtooth [ Black - uncertainty in model
— Charge (Z) (~1 charge resolution) 14 [ ' ' e
] o . 0 4 & 12 16
* Jsotope identification E. (MeV)
— FPY(En, 7)
A
> Los Alamos
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SPIDER Mass Method: ‘E-V’ @/

Trajectory [

— Particle travels distance D between planar detectors

— Xx, y positions for start (1) and stop (2) detectors
ToF T

— Particle transits in time 7T between planar detectors

— Time t for start (1) and stop (2)

Kinetic Energy FE

— Particle stops in energy sensitive detector material

(- ~0.25/45 = 0.55%

Mass Error Estimate

~ Goal: 1 AMU for light FPs om _ [%Ej
m

+[2§] +[2§j
{ [

/115 = 0.85% L ~0.5/100 = 0.5% L ~0.3/70 = 0.43%

)
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Dual Arm SPIDER Prototype Design

lonization
Chamber

Micro-Channel Plate
Delay Line Anode

» Los Alamos
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Dual Arm SPIDER Prototype Instrumented

/A
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SPIDER: Time of Flight and Position .

®  Conversion Foil

— Minimal ion energy losses
— High precision timing/position

®  Microchannel Plates (MCPs)

— Response time ~1 ns

* Minimal deadtime SorSrson Foi

* Time resolution ~100 ps

=  Delay Line Anodes (DLAS) MCP and DLA

— 2D position resolution ~1x1 mm

= Velocity measurement

- With two MCP-DLAs, one obtains: 1€
: - MCP1
Ion trajectory MCP2
* Jon Time of Flight (ToF) Imcp Hy /A\e-cloud A
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO X
A EDLA Signal HV | DLAY

—
» Los Alamos

UNCLASSIFIED
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Preliminary Work: MCP ToF Tests

&
**Th decay chain alpha lines Real and Sim. ToF Data
(a) 300 - ®) [
250 Th-229 Fr-221  At-217 -
C n L
g 200+ Ac-225 Po-213 u? 150
E N =
N 150- ~
i ] €100/
£ 100+~ S
> - | 8
Q 50 J 50
O 0‘ JJN '|Jl!]dﬁll]lll'l{!lllljllllllI|| f
45 55 65 75 85 o 4 et PRL N . | Ve
38 38 40 42 44

© Energy (MeV) o e

229Th|—>{225Ra|-- -+ » [225Ac|—> | 221Fr |— | 217 At|—|213Bi [.--..--»-[213Po

209TU f-.1v: 3 [209Pb).......p- 2098

250 ps FWHM ToF timing resolution
(~0.5%)

Arnold, C. W,, et al. "Development of position-sensitive time-of-flight spectrometer for fission fragment research."

DOI: 10.1016/j.nima.2014.07.001
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Preliminary Work: DLA Position Tests

%
Carbon Foil Image on MCP 5x5, 1 cmgrid, 1 mm openings
. pos_stop_calib 600;
g  F Entries 22408 8
540:_ Mean x -0.2348 E 500?
S .F Meany 0.2538 5 400
= 301 RMSx  14.13 5 300
g E_ —RMSy 1335 g 200;
20F . < 100 -
10F ) .
- C-foil:
Of 5X7.6 cm __ 2000
- (7]
10F e
C c
-20F o 0
- S L
-30F MCP: >
- D=7.5 cm -2000
O | | | l l l | |
| 111 L1111 L1l L1l L1l L1l [ | LIl 11 ] L | L L I | L L | L L
40 30 20 10 0O 10 20 30 40 -2000 0 2000
position (mm) X (channels)

2 mm FWHM position resolution

(~0.3%)
Arnold, C. W,, et al. "Development of position-sensitive time-of-flight spectrometer for fission fragment research."

DOI: 10.1016/j.nima.2014.07.001
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SPIDER: Energy @

®  Jonization Chamber (IC)

— Radiation hard with gas flow

— Excellent energy resolution for ions T
C..
. jrlsch HV node
* ~1% for alpha, ~0.5% for heavy ions 3"
) . i Signal
- Window between high vacuum and fill .
. Frisch Grid ——
gas required
: : 2
* Energy straggling = resolution loss S Ny i
= pd
. . . . S % :
* Minimal areal density of window = QL o drift - =
. £ O i Gas Volume
required e A
pd
HVGrid
s s s s s
= RGrid RFrisch
ya
)
> Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
Operated by' Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 16 LA-UR-14-25596 //%AV'A'/SZS;‘\



T%%IDER Va
/

Preliminary Work: Alpha Energy Tests

*>Th alpha lines Full Arm Energy Data***
4.901 (10.20%)
4.814 (9.30%) | | 229Th Energy | Enkle:°m15354
5.829 (50.7% M 6.228
5.793 (18.1% ’ = R;'s“ 1118
5.731 (0.87% a5 :_ Integral 712
Alpha energy in MeV (decay channel probability) -
30—
:
6.127 (15.10%) o5
20—
I i 15
Half-lif d -
ﬂ e T
-\ Wwo+0 1002 -
209Bi -
b 4 o B °F
.10+O4 10-05 .: 1 PR O O L 5 - |n.|n.||rl 1 [0 i PR R
.10+03 10-06 0 4 5 [ 7 8 q
[ 10+02 10-07 MeV
[M10+01 10-15
‘ M0+00 [T<10-15
unknown
100 keV FWHM energy resolution
(alpha - ~1.5%, FP - ~0.75%)
**with 2.5 um Mylar windows
- Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
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Best to Date Mass Results

— Roughly

* With Mylar windows and conversion foils

U-235(nth,f) independent mass yields

ol —— this work
B —— ENDF/B-VII.1
8_
-
E L
2 P
>= =
41—
2_
‘_-_-.:'_-:-.""' PITIN  NI O “‘- bobadadadadads & ,,.'- T T [ S A B -‘---._.:.'.::::::u
@7 0/0 80 90 100 110 120 130 140 150 160
> Los Alamos Mass (amu)
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Planned Work: Improved Hardware

" Silicon Nitride (SiN) to replace Mylar windows
— Spontaneous fission data: as we speak

- ~30% loss through 2.5 um Mylar; ~3% with
200 nm SiN — energy straggling is directly
proportional to loss

**U(n,f) FP Energy w/ Mylar

| Energy histogram | Emr::ergvgsoas
= Mean 47.52
i RMS 20.09
600 :_ Integral 5.579e+04
500
40 Raw | | SRIM
Sl Corrected
200
100
0 : 1 1 | L 1 1 1 1 I 1 1 1 J - 1 I 1 1 L, | 1 1 1 ‘ 1
/\ 0 20 40 60 80 100 120 140
) MeV
> Los Alamos
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Conclusion &

" What we have now:
— Fully constructed Dual Arm

e ~3 AMU mass resolution

« In place to take E dependent correlated FPY data

=  What we aim to accomplish:
- 1 AMU mass resolution with SiN windows.
— Correlated **°Cf(sf) data by September
* PRC paper by early 2015
— Correlated **U(n,f) and *’Pu(n,f) data by early 2015
* PRC papers
— Dan getting a PhD

* U, , *’Pu(n,f) and *°Cf(sf) data for a defense in
late 2015

/A
° L?)g Alamos
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Supplemental Slides
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LANSCE Fission Experiments

" Fission Fragment Observables
— Fission Product Yields
* SPIDER, TKE

— Total Kinetic Energy
* SPIDER, TKE

" Fragment Emission Observables
— Gamma Multiplicity and Energy Spec.
* DANSCE, GEANIE, Chi Nu

— Neutron Multiplicity and Energy Spec.
* (Chi-Nu (spIDER)
= Fission Cross Section

- DANSCE, GEANIE, TPC

» Los Alamos
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SPIDER: DAQ

— MCP-DLA signals fed into Constant
Fraction Discriminators (CFDs)

* 10 ps intrinsic time resolution
— Trigger logic for X(n,f)
" VME
— Time to Digital Converter (TDC)
* CFD used as input

* 25 ps sampling

_ D 1 lt 1 7er MIDAS experiment "prod_fe" | Sun Jun 1 20:39:40 2014 Refr:60
g [ Pause ][ M, | [ ELog |[ Alarms | [ Programs | [ History | [ MSCB | Sequencer | [ Config ]
Login Panel HV Control
° 1 4 bit 1 00 MS/S [ Run#5189 [ RURMIAG [ AlSrmston 0 [0 Eestartives | Data dir: /data/0/ProdRuns2013/
L) Start: Sun Jun 1 20:36:05 2014 Running time: 0h03m35s
Th229; MCPs = N-100, MCP2 = .618 mV thresh. w/ double MCP preamps, w/ IC
Experimenters Online: [ Ca R —
* 2.25 Vpp range Receiving Alarm Messages:
Equipment | Status [ Events | Events[/s] Data[MB/s]
Porzoco [N SGE © 0.0 0.000
n S f [Digitizer  [FNProduction Frontend@spiderdaarujanianigovi | 1414 6.7 0.164
m W_I 22 0.0 0.0%
f[oc [ Production Frontend@spiderdaq-lujan-anigov | 1283 6.0 0.128
. ﬂi_l 4 0.0 0.000
- MIDAS lnterfaced fronted and SIOW Channel Events | MB written |Cnmpressinn | Disk level
T e R T
COl’ltI‘OlS’ ROOT analyser. 20:38:59[Production Frontend,ERROR] [frontend.c:882:poll 1724, ERROR] GetDPPEvents Error (board 0): -21]
mhttpd [spiderdag-lujan.lanl.gov] HVSC [spiderdag-lujan.lanl.gov] | Logger [spiderdag-lujan.lanl.gov]
° Los Alamos Analyzer [spiderdag-lujan.lanl.gov] | Production Frontend [spiderdag-lujan.lanl.gov]
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Preliminary Work: MCP-DLA Hardware

ToF Arm in Chamber

Au+M lar ConverS|on Foll

\t\‘\
\\

\\\\

Carbon Conversion Foll

I

AN RAEEC DANREEEEE

R
o 14

- Los Alamos -~
NATIONAL LABORATORY UNCLASSIFIED
EST.1943
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 25 LA-UR-14-25596 /| N '

NI A



T%%IDER Va
/

@

Preliminary Work: IC Hardware

Mylar Window Detalil

Electrical Detall

SiN Window Detail

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED

EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 26 LA-UR-14-25596

/ VYA 1 )~
N ASEL



Energy Loss {(eV/ Angsirom]

SPIDER: Basic Energy Simulation

= TRIM Simulation of Energy Loss and Straggling

Add back losses in conversion foils and IC window

* Based on fission product m, Z, E

T%%IDER Va

* TRIM stopping power within media accurate within ~15% for fission products

Account for nuclear stopping losses in IC

* Pulse height defect estimation

TRIM Brag Peaking

IONS

Alpha

[ONIZATION
RECOI

- Turget Depth -

» Los Alamos

NATIONAL LABORATORY

EST.1943

am

A6

Ak

Energy Loss (eV/ Angsirom)

NS

[ONIZATION
RECOILS

Fission

Product

- Targst Depeh -

&
Fission Product Energy
| Energy histogram | Energy0
Entries 56036
[ Mean 47.52
= | RMS 20.09
600 i_ Integral 5.579e+04
3 500
4 400—
- Raw Corrected
3 300—
. 200— "
= 100 I}
l 0 : 1 | L | ) 1 1 1 l 1 1 1 I Beccla 1 | 1 1 b I 1 1 1 l 1
50 mm 0 20 40 60 80 100 120 140
MeV
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" Under Development!

= TRIM&Garfield Simulation

TRIM Track

[

BEEEE LINCRE ”"ﬂh""H'_'_'_"""'" LR

— Most realistic gas ionization pattern via TRIM
= Drift electrons in gas via Garfield to:
* Non-uniform IC e-field losses Gartfield Drift
* Jonized gas recombination losses
* Frisch grid inefficiency

* Generate realistic IC signals and energy Garfield Preamp Anode Slgnal

spectra z | | | | -
. . . . . 2 Entries 3000 |
— Deconvolution of real signal to obtain fission T Vean 2 ]
A Underflow 0 ]
product energy r Overtiw 0]
* Use simulated signals for various E, Z, m o ]
and trajectory of fission products. _
3 —
-4 _— —
/A [ i
s : _
Los Alamos -50_ — 2C|10 — 40|0 — 6C|)0 — 8C|10 — I‘101(:0
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SPIDER: Basic Mass Analysis

" Assume m (and Z) from measured velocity

— From available ENDF/JEFF FPY data

— Measured velocity has negligible Z dependence

— Less fission product E straggling in ToF detector

— Better resolution than measured E

®  (Correct and calibrate measured E based on TRIM losses

®  Correct and calibrate ToF based on TRIM losses

" (alibrate position based on position mapping

®  Calculate m

1 . 2F
-FE= 55r:r1|1r'}'|‘a = m= -3

T%%IDER /
/

]2
- Los Alamos
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SPIDER: Advanced Mass Analysis

®  Under Development!

"  Assume A and Z from measured velocity

" Jterative Method:
1) Correct velocity from target and first foil losses
2) Correct E from target, foils, and window losses
3) Calculate m (and Z)

4) Repeat until convergent on 1 unit m (and Z)

\.%%SIDER Va
/

&
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