
Laboratory	  for	  Atmospheric	  and	  Space	  Physics,	  University	  of	  Colorado,	  Boulder	  

Development	  of	  Hyperdust:	  Advanced	  
In-‐Situ	  Dust	  Telescope	  

A.	  J.	  Gemer,	  J.	  R.	  Rocha,	  L.	  O’Brien,	  L.	  Burke,	  	  A.	  Yehle,	  K.	  
Maute,	  E.	  Grün,	  S.Kempf,	  M.	  Horanyi,	  Z.	  Sternovsky	  

LASP,	  University	  of	  Colorado,	  Boulder,	  CO	  80303	  
	  
	  



Laboratory	  for	  Atmospheric	  and	  Space	  Physics,	  University	  of	  Colorado,	  Boulder	  

Dust	  is	  abundant	  in	  the	  solar	  system	  

Comets	  

Airless	  moons	  
/asteroids	  

AcQve	  moons	  

Interplanetary	  dust	  (zodiacal	  light)	   Planetary	  systems	  

Zodiacal	  	  
light	  	  

MarQan	  Moons	  Interstellar	  dust	  
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Student	  Dust	  Counter	  (SDC)	  operaQng	  in	  the	  outer	  solar	  system	  

Poppe,	  2016	   Horanyi	  et	  al,	  2008	  

DepolarizaQon	  dust	  detector	  

Dust	  mass	  obtained	  
from	  signal	  amplitude	  
using	  the	  calibraQon	  
relaQon	  

~0.1	  m2	  

New	  Horizons	  spacecra^	  
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The	  LADEE	  mission	  and	  LDEX	  
LADEE	  =	  Lunar	  Atmosphere	  and	  Dust	  Environment	  Explorer	  
LDEX	  =	  Lunar	  Dust	  EXperiment	  (LDEX)	  
OperaQon:	  2013-‐2014	  
Orbit:	  ~50x200	  km	  ellipQcal	  orbit,	  100	  days	  of	  operaQon	  	  
	  

LDEX	  
NMS	  

UVS	  
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Instruments	  currently	  in	  development	  
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Impact Charge 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TOF Signal

Incoming Ejecta Particle

Ions

+2500V
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Target

Ion Detector

 

 

 

lo
g
 A

m
p
lit

u
d
e

2010−139/15:07:04

2 4 6 8 10 12
Time (µs)

(c
) M

P
I−

K
 S

p
e

c
tr

u
m

G
u

i 
* 

2
0

1
2
−

0
8
−

3
0

T
2

0
:4

2
:4

4
  

<
S

U
D

A
_

L
a

te
x
P

P
Y

_
A

u
_

2
9

0
0

V
R

e
fl
e

c
tr

o
n

_
1

to
1

2
0

k
m

s
.b

in
>

Time

Impact Charge

Ion Charge

Dust Time of Flight

Dust Charge

Im
pa

ct
 T

im
e

Acceleration Grid

Reflectron Grid

-3200V

t1

t2

t3

t1

t2

t3

t4t5

t4

t5

TOF Spectrum

Radiation 
Shell
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Shielding Grid

Velocity Grid

Shielding Grid Voltage:

Reflectron Grid Voltage:

Acceleration Grid Voltage:

Target Voltage:

Reflected  
Plasma Ion

Reflected  
Plasma Electron

SUDA	  
Selected	  for	  flight	  
(approx.	  2022)	  

Hyperdust	  
Proposed	  for	  

asteroid	  missions	  
(with	  DTS)	  

	  

NDA/DANTE	  
Proposed	  for	  inner	  
solar	  system	  dust	  
invesQgaQons	  

ENIJA	  
Proposed	  for	  

Enceladus	  mission	  

Common	  theme:	   	  Composi>onal	  analysis	  

Instrument	  concepts	  developed	  at:	  LASP/University	  of	  Colorado	  and	  MPI-‐K/Heidelberg	  (now	  
University	  of	  Stuegart)	  
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6	  

U	  

In-‐situ	  detecQon/analysis	  principle	  -‐	  Impact	  Ioniza-on	  
Hypervelocity	  impact	  (>	  1	  km/s)	  

Total	  impact	  charge:	  
Q[C]	  ≈	  0.5	  mv3.5	  
Q[C],	  m[kg],	  v[km/s]	  

Dust 
particle 
(charged) 

Dietzel et al., J Phys E (1973) 

Q ≈ 2 C/kg  
(v = 1.7 km/s) 

Uacc	  

Charge	  
	  pickup	  

Flight	  Qme	  à	  velocity	  

Time-‐of-‐flight	  ion	  mass	  spectrum	  

Ion	  	  
detector	  

Measureable	  
parameters:	  
-‐ 	  Velocity	  	  
-‐ 	  Mass	  
-‐ 	  Ion	  composiQon	  
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CDA	  made	  important	  science	  contribuQons	  to	  the	  Cassini	  mission	  

• 	  Pronounced	  signatures	  of	  sodium	  and	  potassium	  
salts	  in	  a	  water	  matrix	  
• 	  NaCl,	  KCl,	  NaHCO3	  are	  idenQfied.	  
• 	  Important	  implicaQons	  for	  subsurface	  water	  
reservoir	  (Postberg	  et	  al.,	  Nature	  2009)	  

CDA	  on	  Cassini	  
M/dM	  ~	  20-‐30	  
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Hyperdust	  improvement	  over	  CDA	  

From	  M/dM	  ~	  30	  (CDA)	  	  
To	  

M/dM	  ~	  200	  (IDEX)	  
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Key	  Hyperdust	  requirements/features	  
Requirement	   Jus>fica>on	  

EffecQve	  target	  area:	  	  
≥	  600	  cm2	  

To	  detect	  a	  staQsQcally	  significant	  number	  of	  
interplanetary	  and/or	  interstellar	  parQcles	  (interstellar	  
dust	  flux	  on	  the	  order	  of	  10-‐5	  m-‐2s-‐1)	  

Mass	  resoluQon	  m/dm	  
≥	  200	  

To	  analyze	  the	  elemental/chemical/isotopic	  composiQon	  
of	  ISDs	  

Dual	  polarity	   To	  extend	  the	  chemical	  analysis	  capabiliQes	  by	  measuring	  
both	  caQon/anion	  TOF	  spectra	  (op>onal)	  

Ion	  detector	  dynamic	  range	  
≥	  106	  

To	  measure	  the	  TOF	  mass	  spectrum	  over	  a	  wide	  impact	  
velocity	  and	  mass	  ranges	  

Dust	  charge	  sensiQvity	  
≤	  150	  e-‐	  rms	  noise	  

To	  measure	  the	  velocity	  vector	  of	  interstellar	  parQcles	  
(submicron	  in	  size)	  

Low	  mass	   Large	  size	  instrument	  requires	  composite	  structure	  
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Hyperdust	  funcQonality	  
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DTS	  signal	  

Target	  signal	  

TOF	  signal	  

Ion	  grid	  signal	  

3D	  trajectory	  
informaQon	  

Mass	  spectrum	  

Impact	  charge	  (mass)	  

Ion	  signal	  

Rejected	  plasma	  
	  parQcles	  

Target	  bias	  
voltage:	  +/-‐	  3kV	  

Reflectron	  grid	  
voltage:	  +/-‐	  3.5	  kV	  

Ion	  opQcs	  

Plasma	  shielding	  grids	  
-‐	  200V	  
+	  4	  kV	  

Incoming	  dust	  	  
parQcle	  

Ions	  

High	  dynamic	  
range	  ion	  detector	  	  
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Hyperdust	  ion	  opQcs	  is	  opQmized	  through	  numerical	  simulaQons	  

•  Incoming	  dust	  parQcle	  
•  Size:	  ~1	  µm	  
•  Speed:	  1	  –	  70	  km/s	  

	  
•  Energy	  goes	  to	  

•  Deforming	  target	  material	  
•  HeaQng	  
•  Breaking	  chemical	  bonds	  
•  IonizaQon	  

	  

Mass	  resoluQon:	  
	  
	  

Time	  of	  flight	  of	  ions:	  
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Hyperdust	  mechanical	  design	  

Dust	  Trajectory	  
Sensor	  
(DTS)	  

Cover	  (Closed)	  

Charge	  SensiQve	  
Amplifiers	  (CSAs)	  

Target	  

Ring	  Electrodes	  

AcceleraQon	  	  
Grid	  

Detector	  

Electronics	  PWBA	  

25
.5
	  in
	  (6

5	  
cm

)	  

20	  in	  (51	  cm)	  

Chemical	  Analyzer	  
(CA)	  
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Hyperdust	  mechanical	  design	  –	  cont.	  

Modular	  
Assembly	  
Approach	  

DTS	  Module	  

Outer	  
Structural	  Shell	  

Chemical	  Analyzer	  
Module	  

Target	  &	  
Detector	  Module	  
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High	  dynamic	  range	  ion	  detector	  
• 	  Custom	  made	  focused	  mesh	  electron	  mulQpliers	  	  
• 	  Modeled	  a^er	  the	  MM1	  detector	  (Johnston	  Tech),	  CDA	  heritage	  
• 	  ExisQng	  funcQonal	  TRL	  6	  prototype	  

Detector	  
tapped	  at	  
different	  stages	  
provides	  high	  
dynamic	  range	  
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ASIC	  CSA	  development	  for	  DTS	  
• 	  ASIC	  =	  ApplicaQon	  Specific	  Integrated	  Circuit	  
• 	  CSA	  =	  Charge	  SensiQve	  Amplifier	  
• 	  64	  parallel	  channels	  
• 	  Charge	  on	  1	  micron	  radius	  dust	  at	  5	  V	  surface	  potenQal:	  3500	  electrons	  
• 	  <	  150	  e-‐	  rms	  noise	  requirements	  (10	  kHz	  –	  10	  MHz	  bandwidth)	  
• 	  Older	  tested	  ASIC	  performs	  with	  <	  250	  e-‐	  rms	  noise	  	  
• 	  New	  ASIC	  with	  0.18	  micron	  technology	  designed	  to	  150	  e-‐	  rms	  noise	  	  
• 	  New	  ASIC	  currently	  in	  fabricaQon	  (done	  by	  Nov	  2016)	  	  

Low noise 
preamplifier

Adaptive 
feedback

Logarithmic 
compression

Differential
amplifier

Class AB 50-ohm 
drivers (100-ohm 
differential)

Decoupling 
capacitors

Bias generators
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THE	  END	  
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Enabled	  science	  –	  variaQon	  with	  impact	  velocity	  	  

*	  For	  best	  science	  results	  it	  requires	  a	  comprehensive	  laboratory	  
calibraQon	  campaign	  using	  analogue	  dust	  parQcles.	  	  

Postberg,	  personal	  comm.	  

Impact	  
velocity	  

Science	  capability	  

>	  1.0	  km/s	   Impact	  detec>on	  –	  characterizaQon	  of	  ejecta	  
distribuQon	  (mass,	  density,	  dynamics)	  

>	  1.5	  km/s	   Iden>fica>on	  of	  basic	  composi>onal	  types	  (e.g.,	  ice,	  
rocky,	  metallic,	  organic)	  

>	  3.0	  km/s	   Basic	  composi>onal	  analysis	  –	  disQnguishing	  
between	  different	  sub-‐types	  based	  on	  low-‐ionizaQon	  
potenQal	  species	  

>	  3.0	  km/s	   Detailed	  composi>onal	  analysis	  of	  icy	  par>cles	  –	  
idenQficaQon	  of	  even	  minor	  components	  embedded	  
in	  the	  ice	  matrix	  

5	  –	  15	  km/s	   Detailed	  composi>onal	  analysis*	  –	  full	  range	  of	  
molecular	  fragments	  idenQfied	  in	  impact	  ionizaQon	  
mass	  spectra	  

>	  15	  km/s	   Elemental	  composi>on	  –	  easy	  to	  interpret,	  relevant	  
to	  interstellar	  and	  interplanetary	  parQcle	  


