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Cassini Solstice Mission: Introduction 
• Key Cassini events  

 2013 Outreach Hits 
 New Participating Scientists 
 Cassini MAG team award 

•  Latest Science Highlights 
 Saturn  

 Hexagon 
 Auroral Campaign 
 Magnetopause Particle Accelerator 

 Titan 
 New Radar Polar Mosaic 
 First Determination of Sea Depth 
 New Views of Lake District 
 Discovery of Propylene in Atmosphere 

 Saturn Backlit Mosaic 

• Upcoming Cassini Senior Review 
LJS-2 
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Cassini Top Science 2013 Hits Multiple Year End Issues 

Cassini Top 10 Science 
Highlights – 2013 

Jan. 02, 2014 10 Awesome Things We 
Learned About Saturn in 2013 

Top science posted to Cassini mission page 
Thursday Jan 2: 
http://saturn.jpl.nasa.gov/news/cassinifeatures/
feature20140102/ 

http://www.wired.com/wiredscience/
2014/01/10-awesome-cassini-
saturn-discoveries/#slideid-486981  

Posted to Wired Mag. Sat. Jan 4th 
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Cassini Top Science 2013 Hits Multiple Year End Issues 

Wall Street Journal: Photos of the Year (Cassini was the second most popular image of the year) 
http://graphics.wsj.com/Photos-of-the-Year/2013/#l=en&o=2&q=&x=&y=&p=196  

Part of Cassini mosaic 
taken July 19th of 
Saturn's rings, & Earth  
 
Second most voted  
image on Wall Street 
Journals online voting.  
 NASA/JPL/ 

LJS-4 



14 January 2014 

Cassini Solstice Mission	


OPAG 

Cassini Top Science 2013 Hits Multiple Year End Issues 

Saturn’s north pole hurricane top on 
reddit's "hot" section 
Monday, December 30, 2013  

http://i.imgur.com/nAWGlLI.jpg 

Reddit stats: 
82 million 
unique visits 
monthly and 
4.7 billion 
page views. 
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Cassini Top Science 2013 Hits Multiple Year End Issues 

Centerfold of Time magazine 

Time Online did two photo reviews: 
Time magazine’s “ Most Beautiful Photos from Space” (3 Cassini images): 

http://science.time.com/2013/12/10/the-years-most-beautiful-photos-from-space/ 
  

Time:  Science and Space, Top 10 Space moments (Cassini is #5 and #7) 
http://science.time.com/2013/12/04/science-and-space/slide/top-10-space-stories/ 
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Amateur Gordan Ugarkovic, 
Croatian computer programmer, 
first created this mosaic	
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Cassini Top Science 2013 Hits Multiple Year End Issues 

Saturn makes cover 
of Discover magazine 
with Mars as the top 
science story of 2013 

http://discovermagazine.com/2014/
jan-feb#.Usw4KaXVt-I  
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Cassini Top Science 2013 Hits Multiple Year End Issues 

Fold out image in Nature’s images of the year  

http://www.nature.com/news/365-days-images-of-the-year-1.14303  
LJS-8 
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Late Edition
Today, sunny to partly cloudy,
windy, cold, high 40. Tonight, clear
skies, low 32. Tomorrow, mostly
sunny, not as cold in the afternoon,
high 50. Weather map, Page A26.

$2.50

By CHARLES V. BAGLI

Opposition in the City Council
and an incoming mayor intent on
imposing a more liberal vision
have dealt a fatal blow to the
Bloomberg administration’s final
plan to recast the New York City
skyline with a new crop of office
towers in East Midtown that
would rise higher than the Chrys-
ler Building.

Key members of the Council
said on Tuesday that the proposal
— to rezone a 73-block area into a
district of sleek glass towers that
Mayor Michael R. Bloomberg
said would make New York com-
petitive with London and other
world-class cities — would be de-
feated in a vote later this week;
the administration said it would
withdraw the proposal, essential-
ly killing it.

“A good idea alone is not
enough to justify action today,”
the Council speaker, Christine C.
Quinn, and Councilman Daniel R.
Garodnick, who represents the
area, said in a statement. “After
extensive negotiations, we have
been unable to reach agreement
on a number of issues in the pro-

End of Proposal
To RaiseSkyline 
On the East Side

Continued on Page A28
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By GINA KOLATA

The nation’s leading heart or-
ganizations released new guide-
lines on Tuesday that will funda-
mentally reshape the use of cho-
lesterol-lowering statin medi-
cines, which are now prescribed
for a quarter of Americans over
40. Patients on statins will no
longer need to lower their choles-
terol levels to specific numerical
targets monitored by regular
blood tests, as has been recom-
mended for decades. Simply tak-
ing the right dose of a statin will
be sufficient, the guidelines say.

The new approach divides peo-
ple needing treatment into two
broad risk categories. Those at
high risk because, for example,
they have diabetes or have had a
heart attack should take a statin
except in rare cases. People with
extremely high levels of the
harmful cholesterol known as
LDL — 190 or higher — should
also be prescribed statins. In the
past, people in these categories
would also have been told to get
their LDL down to 70, something
no longer required.

Everyone else should be con-
sidered for a statin if his or her
risk of a heart attack or stroke in
the next 10 years is at least 7.5
percent. Doctors are advised to
use a new risk calculator that fac-
tors in blood pressure, age and
total cholesterol levels, among
other things.

“Now one in four Americans
over 40 will be saying, ‘Should I
be taking this anymore?’” said
Dr. Harlan M. Krumholz, a cardi-
ologist and professor of medicine
at Yale who was not on the guide-
lines committee.

The new guidelines, formulat-
ed by the American Heart Associ-
ation and the American College
of Cardiology and based on a
four-year review of the evidence,
simplify the current complex,
five-step process for evaluating
who needs to take statins. In a 

EXPERTS RESHAPE
TREATMENT GUIDE
FOR CHOLESTEROL

CHANGE IN STATINS’ USE

2 Groups See No Need
to Drop to a Specific

Level of LDL 

Continued on Page A3

By BEN HUBBARD

AL SUBAYHIYAH, Kuwait —
The money flows in via bank
transfer or is delivered in bags or
pockets bulging with cash. Work-
ing from his sparely furnished
sitting room here, Ghanim al-
Mteiri gathers the funds and
transports them to Syria for the
rebels fighting President Bashar
al-Assad.

Mr. Mteiri — one of dozens of
Kuwaitis who openly raise
money to arm the opposition —
has helped turn this tiny, oil-rich
Persian Gulf state into a virtual
Western Union outlet for Syria’s
rebels, with the bulk of the funds

he collects going to a Syrian affili-
ate of Al Qaeda.

One Kuwait-based effort raised
money to equip 12,000 rebel fight-
ers for $2,500 each. Another cam-
paign, run by a Saudi sheikh
based in Syria and close to Al
Qaeda, is called “Wage Jihad
With Your Money.” Donors earn
“silver status” by giving $175 for
50 sniper bullets, or “gold status”
by giving twice as much for eight
mortar rounds.

“Once upon a time we cooper-
ated with the Americans in Iraq,”
said Mr. Mteiri, a former soldier
in the Kuwaiti Army, recalling the
American role in pushing Iraq
out of Kuwait in 1991. “Now we

want to get Bashar out of Syria,
so why not cooperate with Al
Qaeda?”

Outside support for the war-
ring parties in Syria has helped
sustain the conflict and trans-
formed it into a proxy battle by
regional powers, with Russia,
Iran and the Lebanese militant
group Hezbollah helping the gov-
ernment and with Saudi Arabia
and Qatar providing the main
support for the rebels.

But the flow of private funds to
rebel groups has added a wild-
card factor to the war, analysts
say, exacerbating divisions in the
opposition and bolstering its 

Donors’ Funds Add Wild Card to War in Syria

Continued on Page A4

JES AZNAR FOR THE NEW YORK TIMES

A crowd waited on Tuesday to take a plane out of Tacloban, the Philippines. The damaged air-
port was struggling to handle the demand for emergency relief and departing flights. Page A6.

Desperate to Escape a Typhoon’s Destruction 

NASA/JET PROPULSION LABORATORY-CALTECH — SPACE SCIENCE INSTITUTE

NASA’s Cassini spacecraft looked back from the shadow of Saturn to take a picture that sweeps 405,000 miles across the planet and the inner solar system. Cassini
captured 323 wide-angle images on July 19, and this mosaic, released on Tuesday, used 141 of them. For some galactic perspective, Earth is 898 million miles away.

Saturn, a (Really) Wide View 

By MICHAEL D. SHEAR
and ROBERT PEAR

WASHINGTON — Under in-
tense bipartisan pressure to an-
swer mounting consumer com-
plaints about the botched health
care rollout, White House offi-
cials are struggling to make good
on President Obama’s promise
that Americans can keep their in-
surance coverage without under-
mining the new health law or
adding unaffordable costs.

After the president’s apology
last week for wrongly assuring
Americans that they could retain
their health plans if they wanted,
senior White House aides said
the president wanted to ensure
that people who were forced off

older policies with less compre-
hensive coverage were not stuck
with higher monthly premiums to
replace their insurance. But ad-
ministration officials declined to
say how they might achieve that
goal, how much it would cost or
whether it would require con-
gressional approval.

At the same time, officials sig-
naled the president’s strong op-
position to calls from across the
political spectrum — including
one Tuesday from a key ally, for-

mer President Bill Clinton — to
support bipartisan legislation
that would allow people to keep
their current insurance plans
even after provisions of the Af-
fordable Care Act go into effect
next year.

White House officials refused
to discuss in detail what options
Mr. Obama was considering. But
they made clear that the presi-
dent was skeptical of any solution
that would allow insurance com-
panies to continue selling what
officials consider to be cheap and
substandard policies.

“Broadly speaking, we do not
see that as fixing the problem,”
Jay Carney, the White House
press secretary, said Tuesday.

Obama in Bind Trying to Keep Health Law Vow

Continued on Page A18

STATE SITES STILL TROUBLED

Some online insurance exchanges
run by states continue to have se-
rious problems. Page A18. By CHRIS BUCKLEY

HONG KONG — President Xi
Jinping of China emerged from a
Communist Party leadership con-
ference on Tuesday with a man-
date to give the market a “deci-
sive role” in the world’s second-
largest economy and to consoli-
date new decision-making au-
thority in his own hands.

After a closed-door meeting of
party leaders, officials an-
nounced that Mr. Xi would estab-
lish a new national security com-
mittee — which experts said took
inspiration from the National Se-
curity Council that serves Ameri-
can presidents — as well as a
leadership group that would push

through a raft of economic over-
hauls. The two new agencies sug-
gest that Mr. Xi aims to circum-
vent the ruling party’s cumber-
some bureaucracies and over-
come resistance that deeper eco-
nomic changes are likely to
bring.

Mr. Xi has signaled that he in-
tends to overhaul a wide range of
long-entrenched policies, includ-
ing restrictions on land owner-
ship in rural areas and state con-
trol of interest rates charged by
banks. He and Prime Minister Li
Keqiang have also vowed to wean
China’s economy from its de-
pendence on highly polluting in-
dustries and extravagant govern-
ment spending. A full list of over-
hauls discussed at the party
meeting is expected to be made
public in the coming days, though
many are expected to be phased
in only gradually.

A year since assuming party
leadership, Mr. Xi is also showing
that he intends to govern in a
more assertive, authoritarian
style than his predecessor, Hu 

China Leader Gets More Sway
On the Economy and Security

LAN HONGGUANG/XINHUA, VIA A.P.

President Xi Jinping address-
ing party leaders on Tuesday. Continued on Page A14

By JENNIFER MEDINA

SACRAMENTO — Anyone
who spends time with Gov. Jerry
Brown is familiar with his pen-
chant for referring to philoso-
phers, Latin or an obscure tome
he has recently read, often in the
same sentence. A speaker who
uses what he deems an imprecise
word should be prepared to listen
to a soliloquy on its meaning.

Do not expect his wife to do the
same.

Anne Gust Brown, petite and
polished, speaks with the direct-
ness of someone who has little
patience for theoretical colloqui-
ums. She is the first person to

whom advisers turn if they need
to anticipate the long list of ques-
tions the governor is likely to
pepper them with. After more
than 20 years as his partner —
and nearly a decade as his top
aide — she is one of the few peo-
ple who can predict his often un-
predictable thinking. And she is
the one most likely to tell the gov-
ernor it is time to end the Socrat-
ic seminar and make a decision.

“I would say sometimes he’s
exhausting,” Ms. Gust Brown
said in a courtyard just outside
the governor’s office. “Some-

Don’t Call Her a First Lady;
Brown’s Wife Is His Top Aide

MAX WHITTAKER FOR THE NEW YORK TIMES

Anne Gust Brown is wife and counsel to Gov. Jerry Brown. 

Continued on Page A3

Congressional support for more sanc-
tions against Iran looms as a potentially
troublesome threat to reaching a pact to
freeze its nuclear program. PAGE A8 

INTERNATIONAL A4-14 

Support for Iran Sanctions 

Two prelates known for their pastoral
approach are chosen to lead the nation’s
Roman Catholic bishops. PAGE A16

Leaders Reflect Pope’s Tone
Jonathan Martin, reporter, has received
Twitter messages meant for Jonathan
Martin, football player. PAGE B14 

SPORTSWEDNESDAY B14-19

Sorry, Wrong Martin

President Obama’s latest choice to fill
an appeals court vacancy was rejected
in a filibuster. PAGE A16 

NATIONAL A16-21 

G.O.P. Blocks Another Judge
Johnson & Johnson is expected to pay
up to $4 billion to resolve lawsuits tied to
flawed hip replacements. PAGE B1

Hip Replacement Settlement

Mary Lambert, who collaborated on the
gay rights anthem “Same Love,” is
seeking success on her own. PAGE C1

ARTS C1-8

Singing From Her Heart
Thomas L. Friedman PAGE A31

EDITORIAL, OP-ED A30-31

A guide to the essentials, with videos,
recipes and tips on technique. 
nytimes.com/dining

The best Thanksgiving turkey is the
simplest, writes Melissa Clark, who of-
fers a cooking strategy with no brining,
no basting and no nonsense. PAGE D1

DINING D1-8 

Turkey, Unadorned 
The government will allow American
Airlines and US Airways to merge if
they sell some airport slots, including 34
at La Guardia in New York. PAGE B1

BUSINESS DAY B1-13

U.S. Clears Big Airline Merger
The Council on Tall Buildings and Urban
Habitat deemed 1 World Trade Center
taller than Chicago’s Willis Tower, even
though it has fewer floors. PAGE A22

NEW YORK A22-28

With Spire, Tower Is Tallest

A member of a prominent family of art
collectors pleaded guilty in Manhattan
to a single federal charge. PAGE A22

Plea Deal in Gambling Ring

Francis Bacon’s “Three Studies of Lu-
cian Freud” sold for $142.4 million, the
highest price ever for an artwork at auc-
tion, and “Balloon Dog (Orange)” by
Jeff Koons set a record for a work by a
living artist sold at auction. PAGE A27

NEW YORK 

A Record Night at Christie’s

C M Y K Nxxx,2013-11-13,A,001,Bs-BK,E2_+
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New Cassini Participating Scientists 

Tommi 
Koskinen 

Giuseppe 
Mitri 

Darci 
Snowden 

Tilmann 
Denk 

Federico 
Tosi 

Veronique 
Vuitton 

Wes 
Patterson 

LJS-10 



14 January 2014 

Cassini Solstice Mission	


OPAG 

New Participating Scientists 
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Cassini Magnetometer Team Receives RAS Award 

Cassini Magnetometer Team led by Michele Dougherty was awarded       
Royal Astronomical Society’s 2014 Group Achievement Award 

 

(Photo shows MAG team and other scientists) 
LJS-12 
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Solstice Mission Inclination Profile 
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On Top of the (Ringed) World 

Similar, highly-inclined orbits will dominate toward the mission’s end in 2016-2017, and will allow unprecedented studies of 
Saturn’ poles, rings and magnetic environment. 15 
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Cassini Delivers the Best-Yet Views of Saturn’s Hexagon 
	  

The	  hexagon	  movies	  are	  online	  at:	  h2p://go.usa.gov/Wtrk	  	  

•  New	  10-‐hour	  movie	  of	  
Saturn	  hexagon	  

•  Hexagon	  is	  30,000	  km	  
across	  

•  Winds	  blow	  at	  350	  km	  per	  
hour	  

•  Bluish	  Hnt	  indicates	  small	  
haze	  parHcles	  dominate	  
inside,	  larger	  haze	  parHcles	  
dominate	  outside	  hexagon	  

•  Ultra-‐stable	  jet	  stream,	  
some	  similariHes	  to	  Earth’s	  
unstable	  jet	  stream	  

LJS-16 
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Cassini-INCA  detects 
evidence of 
energization in the 
magnetosphere 	


Cassini-RPWS sees a burst of 
auroral radio emission – a 
known response to solar 
wind activity	


Cassini-UVIS scans the 
northern pole – 
watching the 
atmosphere react	


Hubble Space 
Telescope captures the 
same event from across 
the Solar System 	


Cassini-VIMS observes a 
quiet aurora before the 
storm	

	


Solar Wind-triggered Auroral Storm!
Cassini Auroral Campaign 2013!

A major solar wind  
disturbance is on its 
way	


17 



Saturn’s Magnetopause: A Natural Particle Accelerator 

Bow shock

Solar wind
plasma

Spacecraft trajectory

Outer
magnetosphere

plasma

B

Relativistic electrons detected

Magnetopause

•  Relativistic electrons discovered coinciding with 
strongest magnetic bow shock ever encountered at Saturn 
and under unique magnetic conditions 

Credit: NASA/CXC/Rutgers/J.Hughes et al. 

Shock-accelerated electrons at the 
remnant of supernova 1006 

A. Masters et al., Nature Phys., 9, 164-167, doi:10.1038/nphys2541 

•  Discovery is important for particle acceleration 
at supernova remnant shock waves, where most 
galactic cosmic rays are thought to be produced. 

LJS-18 



New	  Titan	  Polar	  Mosaic	  

Polar	  
Stereographic	  
projecHon	  down	  
to	  50°	  N	  
	  
Radar	  mapping	  
data	  through	  July	  
10,	  2013	  
	  
False	  colored	  to	  
emphasize	  seas	  
and	  lakes	  

All	  of	  “greater	  
Kraken”	  is	  
covered	  and	  all	  is	  
radar-‐dark	  

19	  



A	  Terrestrial	  Analog	  for	  Seas?	  

20	  



Ligeia	  Mare	  



Difference	  in	  )me	  converted	  to	  depth	  
	  

Surface/subsurface	  	  
Two-‐way	  transit	  7me	  	  

Surface	  Reflec7on	   Subsurface	  Reflec7on	  

22	  

Marco Mastrogiuseppe, 2013 AGU press conference 
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Marco Mastrogiuseppe, 2013 AGU press conference 

Marco Mastrogiuseppe, 2013 AGU press conference 



Results	  

•  Maximum	  depth:	  160	  to	  170	  
meters	  	  (520	  to	  560	  feet)	  

•  	  Similar	  to	  average	  depth	  of	  
Lake	  Michigan	  

	  

NASA/GSFC/SeaWiFS	  and	  
ORBIMAGE	  	  
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ImplicaHons	  

Liquid	  in	  the	  lakes	  is	  very	  pure	  
	  

Mostly	  methane	  with	  few	  other	  components	  

25	  



ImplicaHons	  

Extrapolated	  total	  liquid	  volume	  
of	  Ligeia	  Mare:	  about	  2,000	  
cubic	  miles	  (9,000	  cubic	  
kilometers)	  OR	  5,000	  
gigatons	  of	  carbon	  (Alex	  
Hayes)	  

	  
About	  40	  )mes	  the	  proven	  oil	  

reserves	  on	  Earth	  	  

26	  



Future	  ObservaHons	  
Next	  target	  for	  Cassini	  Sounder	  is	  Kraken	  

Mare	  on	  August	  2014!	  
	  

27	  



New Views of Titanʼs North Polar Lake District!

Dark splotches in the near-infrared views 
are Titanʼs lakes and seas.!
!
Lower left: sunlight glinting off of Titanʼs 
Kivu Lacus. ! 28	  



•  CIRS Team detected a new 
molecule, propylene (propene), in 
Titan’s upper atmosphere. 

•  First definitive identification of 
propylene gas in a planetary 
atmosphere outside Earth. 

•  Propylene is an important raw 
material for our chemical industry,  
used to make polypropylene, a 
durable plastic that is molded into 
food storage containers. 

Detection of Propene [Propylene] in Titan's Stratosphere 
C. Nixon, D. Jennings, B. Bézard, S. Vinatier, N. Teanby, K. Sung, T. Ansty, P. 
Irwin, N. Gorius, V. Cottini, A. Coustenis, F. M. Flasar.  Astroph.J.Lett. 776, 2013 

Cassini discovers Propylene on Titan 

CIRS Spectrum 

Propylene feature 



In Saturnʼs Shadow!

30	  



Ring Shadows and Ringshine on Saturn!

31	  



Familiar Worlds!

32	  



40 Countries “Wave” Back!  

h2p://go.nasa.gov/17qTDwD	  
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Cassini:	  	  An	  Investment	  not	  to	  be	  Wasted	  
•  Cassini	  is	  the	  most	  sophisHcated	  and	  successful	  deep	  space	  mission	  ever	  

achieved-‐-‐-‐to	  waste	  it	  is	  inconceivable.	  

•  The	  sheer	  distance	  and	  energy	  required	  to	  reach	  Saturn	  make	  Cassini	  a	  
priceless	  resource,	  an	  achievement	  that	  will	  not	  be	  repeated	  for	  decades.	  

	  	  
•  OperaHng	  Cassini	  for	  1	  year	  is	  <2%	  of	  its	  total	  cost;	  compleHng	  the	  mission	  

in	  2015-‐2017	  costs	  less	  than	  a	  Discovery	  mission.	  

•  Cassini	  is	  a	  powerful	  astronomical	  observatory	  and	  chemical/physical	  
laboratory,	  and	  it	  is	  already	  there—in	  orbit	  around	  Saturn	  

	  
•  Titan	  and	  Enceladus	  are	  key	  to	  understanding	  the	  origin	  of	  life’s	  chemistry	  

and	  of	  life	  itself.	  	  

•  The	  Saturn	  system	  has	  all	  the	  elements	  of	  the	  whole	  solar	  system,	  perhaps	  
even	  life.	  	  Much	  is	  sHll	  unexplored.	  	  Saturn	  is	  the	  endless	  fronHer.	  
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Titan	  and	  Enceladus:	  	  
Redefining	  the	  Habitable	  Zone	  

•  In	  its	  tour	  of	  the	  Saturn	  system,	  
Cassini	  has	  discovered	  	  
–  liquid	  water	  oceans	  beneath	  the	  

icy	  crusts	  of	  Titan	  and	  Enceladus	  
–  	  organic	  molecules	  upwelling	  

from	  their	  interiors	  	  
–  hydrocarbon	  lakes	  on	  Titan	  
–  	  water	  vapor	  plumes	  erupHng	  

from	  salty	  oceans	  on	  Enceladus	  
•  No	  longer	  the	  exclusive	  domain	  of	  

Earth,	  the	  habitable	  zone	  now	  
includes	  the	  icy	  moons	  of	  the	  outer	  
solar	  system	  
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In the past couple of years: 

•  Cassini measured the power in the jet region to be several times Yellowstone’s geysers 
•  No explanation yet of the energy source of such a tiny moon.  

•  Cassini found the jets to vary as Saturn’s gravity opens and closes chasms on the moon 

In the coming three years: 

•  Cassini will sniff the jets once more to see if their composition varies 

•  Cassini will check the north pole, illuminated for the first time, for ancient chasms.  

•  Best measurement of heat coming from south polar jets when south pole is in darkness. 

	  
	  

The mysterious power of Enceladus’ jets 



100	  Hmes	  as	  much	  hydrocarbons	  than	  all	  
the	  oil	  and	  gas	  on	  Earth!	  

•  In	  2013	  Cassini:	  
–  Expanded	  the	  known	  seas	  on	  Titan	  
by	  a	  factor	  of	  three.	  	  

– Measured	  the	  depth	  of	  a	  Titan	  sea.	  

•  From	  2014-‐2016	  Cassini	  will:	  
– Measure	  depth	  of	  largest	  sea	  

–  Look	  for	  waves	  not	  ever	  seen	  
– Watch	  seas	  evaporate	  in	  summer	  
Sun	  
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The	  End	  Game:	  Proximal	  Mission	  

39 

•  Final	  orbits	  skim	  through	  the	  2,000	  
km	  clear	  gap	  between	  inner	  edge	  
of	  D	  ring	  and	  Saturn’s	  upper	  
atmosphere	  

•  Unique	  science	  collected	  during	  
final	  orbits	  deep	  within	  Saturn	  and	  
up	  close	  to	  the	  rings	  

•  Current	  impact	  date:	  15	  
September	  2017	  

•  2014-‐2016	  is	  a	  criHcal	  preamble	  to	  
F-‐Ring/Proximal	  Orbit	  Phase	  
–  Provides	  proper	  orbital	  geometry	  for	  

orbiHng	  inside	  the	  rings	  without	  
hinng	  them	  and	  gives	  the	  best	  view	  
inside	  Saturn	  

 



Juno	  
	  
	  
• Jupiter	  internal	  Structure	  

–  Gravity	  Field	  
–  MagneHc	  Field	  

• Deep	  atmosphere	  to	  100	  bars	  
–  Water	  and	  ammonia	  

• Aurora	  &	  polar	  magnetosphere	  
• Weather	  at	  Poles	  
• Inner	  radiaHon	  belts	  &	  ionosphere	  
• New	  spacecrap	  custom-‐designed	  for	  
this	  mission.	  The	  cost	  is	  $1	  billion	  and	  	  
well	  worth	  it	  
	  

	  
Cassini	  
	  

	  

• Saturn	  internal	  Structure	  
–  Gravity	  Field	  
–  MagneHc	  Field	  
–  Determine	  unknown	  rotaHon	  rate	  

• Deep	  atmosphere	  to	  2	  bars	  
• Aurora	  &	  magnetosphere	  
• Weather	  at	  Poles	  
• Inner	  radiaHon	  belts	  &	  ionosphere	  
• Ring	  mass,	  ring	  moons	  
• With	  Cassini	  already	  in	  orbit,	  the	  cost	  is	  $60	  
million	  per	  year,	  or	  $180	  million	  for	  FY15-‐FY17	  

40	  

Cassini	  and	  Juno	  allow	  us	  to	  compare	  the	  two	  
gas	  giants	  of	  our	  solar	  system	  



FY14	  	  	  	  FY15	  	  	  	  FY16	  	  	  	  	  FY17	  
Cassini’s	  Final	  Four	  Years:	  	  Unique	  Science	  

•  Explore new seasons in Saturn system 
until northern summer solstice!

•  Titan:  Look for waves on lakes and 
seas; measure depth of largest lake!

•  Enceladus:  Sample plume at maximum 
emission for first time; best high 
resolution view of north pole; best 
measurement of heat coming from 
south pole 

•  Best lighting angle on lit rings (spring 
2015 onward)!

•  Probe new regions of magnetosphere!

•  Late, close orbits provide completely 
new, in-situ measurements!

•  Without Cassini, these types of 
observations could not be fulfilled for 
decades to come!



More Wonders Await Cassini  !
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Rich	  Diversity	  of	  the	  Saturn	  System	  
•  The	  Saturn	  system	  is	  as	  complex	  

as	  the	  Solar	  system,	  and	  we	  will	  
never	  fully	  explore	  it	  

•  The	  planet	  is	  a	  meteorological	  
laboratory	  and	  a	  model	  of	  giant	  
planets	  around	  other	  stars	  

•  The	  rings	  are	  a	  test	  bed	  to	  study	  	  
processes	  in	  the	  disk	  out	  of	  which	  
the	  planets	  formed	  

•  The	  magneHc	  field	  Hes	  it	  all	  
together	  and	  controls	  the	  
exchange	  of	  ma2er	  and	  energy	  
throughout	  the	  Saturn	  system	  	  
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14 January 2014 

Cassini Solstice Mission	


OPAG 

2012 Consolidated Senior Review 
• Assume similar format and schedule as past Planetary Science Division 

(PSD) Consolidated Senior Review (no guidelines released yet) 
•  Senior review in 2014 (SR every 2 years) to provide best balanced science 

for scarce funding available 
•  Missions:  Cassini, LRO, MSL, MER, MEX, MRO, ODY 
•  Science merits and performance will be evaluated 

•  35-page proposal to address FY15 – FY16 extended mission 
•  Cassini requesting addition of FY17 (final year of tour) to proposal as well 

•  Two funding options:  baseline and 85% option  

• Cassini Proposal Submitted                                    Late May 

• Questions from Panel to Project Offices                 Mid-June 

•  In addition, report on changes in Operations and Science 

• Face to Face visit/oral presentation                        Late June 

• Senior Review Report submitted to PSD                Mid-July 

• PSD Notification to Project Offices                      FY15 start – 2 months 
LJS-45 
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SEASONAL CYCLES AT SATURN 

Seasonal events refer to northern hemisphere conditions 

Winter 
Solstice 

Summer 
Solstice 

Winter 
Solstice 

Autumnal 
Equinox 

Vernal 
Equinox 

May ‘73 

Nov ‘02 

Mar ‘80 

Aug ‘09 

Dec ‘87 

May ‘17 

Nov ‘95 

May ‘25 

Nov ‘02 

Apr ‘32 

Pioneer 11 V1 V2  (Voyagers) 

PRIME           EM       SOLSTICE MISSION Plausible 2020 flagship Cassini Outer solar system goes dark:  No flying missions 



14 January 2014 

Cassini Solstice Mission	


OPAG 

Flybys 

LJS-48 

 
T94 – Titan flyby (970 km)    Sept. 12, 2013 
•  ORS flyby 
•  Looked for any seasonal changes in 

Titan’s lakes  
 
 
 
 
T95 – Titan flyby (961 km)    Oct. 15, 2013 
•  RADAR/INMS flyby  
•  Best pass in the Solstice mission to study 

the effects of solar input on Titan’s 
atmosphere 

•  SAR to edge of lake region targeted to hit 
Selk, a region not well studied previously 

 
 
 
 
 



14 January 2014 

Cassini Solstice Mission	


OPAG 

Flybys 
 
 
T96 – Titan flyby (1400 km)    Dec. 1, 2013 
•  ORS flyby 
•  North and south pole medium and high-

resolution mapping of seas, lakes, surface, 
& cloud monitoring 

 
 
 
T97 – Titan flyby (1400 km)    Jan. 1, 2014 
•  ORS flyby  
•  Lakes and seas mapping in the north, & 

equatorial surface coverage 
•  Temperature and trace gas atmospheric 

observations and cloud tracking  
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