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Introductlon to the Wlner Observatory |5 ', '

tax exempt)

. Wlner is a non proﬂt pubheueharl:'

. Purpose is to advance both sue‘hce and publlc
educatlon about saence with focus on astronomy

-« We host telescopes from lnstltutlons Elale B
~_individuals from places where the weather is ot
"conducive. to. astronomy (mostIy mid- western US) e

o Vlgorous publlc outreach program

~» Winer Director observes on Kitt Peak and VATT

" s Videos on Site web page taken by Dr. Krzysztof
Kamlnsky show roof operatlons T

e Learn more at http: //www wmer or
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: e\esc0pes in Our Observatory X

« Univ. of Iowa IVIACRO congartru' O 5m
PIaneWave used for student, labS% dprOJects

= * Ohio State Univ. = O 5 m PIaneWave bety,yeen
-programs: y .

e TransAstra aster0|d mlnlng company four— N m
.telescope asteroid survey to find and track.. TR
3 candldates for mining; uses high speed processmg

™ _{ * AMU - 0.7 m PlaneWave...

. Pr|vate individual = 0.3 m CeIestron for |mag|ng,
interested in spectroscopy -

+ NO teIescopes owned or used by Wmer Obs ¥




What We Provrde

. Phy5|cal space PR gs | il
: Telescopes are Iocated on |soJat d'eonc _ef.e'pa;as-f;.-" T
=248 ”_‘° Computers n cablnets or. on carts Moo e
L Ut|l|t|es " RERRY % IRV IS B
' Power (us 120 VAC 60 Hz) N . |
"'-"°Internet i N SLEMETRS T .

‘ . Data (machlne readable web page)
B eatirer '
.y Seemg Fo o]
o All-sky camera |mages
* Roof status (open/closed) e
 Sky brlghtness (V mag/arc secz) o




e Use W| Power mlcrowave I|nk the|r omnl- -

| 'Int.e‘.met Details

: Rural settlng means sIow Iﬁ't"ern S

'+ We are a source of data, nof a sin "f'cdu_‘-nt,e',r,ftd ol sy

most ISP models of data row BRPASSEE
. leflcult to find prowders WIth fast upllnk speeds o

dlrectlonal antenna is 3 km away .

| . Speeds up to” 20 Mbps full dupIex users share

« Perform routlng in our PC running Ubuntu Lmux

.« Firewall in L|nux |ptables and close unused ports,'-'-"" |



I\/Iachine'Read-abIe Data._'

<META HTTP-EQUIV="Refresh" CONTENT="60;
URL=http://www.winer.org/weather.html">

<TITLE>Winer Weather Status</TITLE>
</HEAD>
<BODY BGCOLOR="#000030", LINK="green" VLINK="green" ALINK="green">
<FONT COLOR=yellow>

<! The following are used by wxd for remote interrogation. >

<! DO NOT EDIT >

WINDSPEED=11 MPH >

WINDDIR=225 EofN >

HUMIDITY=66.00 %>

RAIN=0.00 in>

PRESSURE=25.09 inHg>

TEMPERATURE=78.00 F>

BRIGHTNESS=20.57 Vmag/sqg.asec>

<! >

<! Corrected 10-Dec-2009 (pnd@noao.edu)>

<! >

LASTUPDATED=+2456041.7261809306219220>

WEATHER STATE=0x0>

DPM PRESS IN=25.09 inHg>

DPM TEMP C=26.00 C>




What Customers Prowde

°TeIescope mstruments cabl‘es ilter etc

i Means to convert us. power to't* e|r needs

. Expert1se and Iabor to |nstaII thelr teIescope get |t O
working (commlssmnlng)

. "ﬂ..-:... .

| " - ». Expertise and labor to malntaln and upgrade thelr 3 g

telescope and mstruments

| 3 5 Computers and software to control thelr telescope
and in some cases, analyze their data o SRR

~* QOur fee to enable us to prowde our serwces -3




Operatlons

- Roof rolls north to open blocklng Irght from Tucson

* Flats may be taken while the ro_’\“ -y A
provide a flat screen that we mount to the roof and =
lights on.your secondary mirror support ﬂng

’ Roof opens when Sun is 1° beIow the horlzon in. the_ b
- west, ,to‘.enab e taking tW|I|ght flats | |

. R'oiof Closes when Sun is 12 below the hor|zon |n the -
“east in the morning | .

. Customer controls what the teIescope observes
we do not monitor data from your teIescope

* We rely on Customers to report when somethm
we provideisn’t working - _



How Weather Affects Roof Opemng 2y

~“ - The roof opens automatlcatly unless we put the

rroof into manuaI mode to éfev Y S openlng

. Each afternoon we check the weather forecast and 5
“make the deusnon to open OF NOT: - & . Ml

e Roof controI computer checks weather data each

| '.mlnute SR ~ '
-+ Wind speed <20 kts. - |

 Relative humidity < 90% A

PR exceeded, computer does not open the roof or closes- g
it during the night and stays. cIosed for 30 mmutes then-.' 2
checks again T " . ‘

e Open 180-240 nlghts per year we do NOT clo"
due to clouds







Suence by Wmer Dlrector L

. NASA and others B
- classify them accordmg
~ to the risk of Earth -

';_T_ | |mpact they pose

e Use 1.8-m VA
telescope near LBT on
* Mt. Graham- = S .=:§;?._'

L Focus on the mos
‘ hazardous hiec

L .
.l X
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it g Process of NEO RISk Assessment'.

NEO Toplcs

° Br|ef review of NEOs ﬁ ""'?’"*-*._.:f' R

- = ~

pE ‘o NEO. Dlscovery FE o RO ’“
kv What Happens After Dlscovery i |
G oThe aster0|d numberlng and namlng process
" oWhat are Vis and PHAs? = B R u
"-'.o Why extend NEO orblts? e, A _ i
S Our Long term FoIIow up Program e it S




< Numerous impact events from Chlcxulub to

ReV|evv of NEOS

e NEOs are. aster0|ds and comets,whose OI’bItS
brmg them within 1.3 AU"ﬂft_‘.-“

* Most are asteroids that orlglﬁ‘a'- ’""ln the aster0|d 7
belt through colhsmns the remamder are -
.comets B |

* Orbit lifetime ~ 10 m|II|on years SO supply is.
e contlnuously being replenlshed |

. * R.Jedecke predictedin.1990s best place to scan’ A
.-to discover NEOs is the ecliptic; even though
h|gh apparent |ncI|nat|ons are-.common for

“nearby objects

Barringer Crater to CheIVabmsk remmd us the
risk is real - | .



Close CaIIs i
_ Daz‘é’ X ;t.' .'-;'Object D/stance (LD) D/ameter (m)
| . - | s ' . ty.".. . 5

CJun=201t 0 o 2011 MD e

" Nov-2012 '2010WA_V< R o R L v
. 0gi2012° 7 2010 TDB4A >+ L. 0,16 < " gl

" 8ép-2012 '_".2'010’RF.12. .' 0.2 e il | _

20-Feb-12: .-~ 2012 DY13" #7029 * o i g 45 - -
3 ISBPED0Y2, . 2010 RX30.:.. 05 -7 .5l 112 22
‘Nov-2011 .~ 2005YU55. . 085, 360
Oct2012.5. . -2010 FG19755 7 1 1 53-8t S SR
MAr-2012 2" 02012 D832 Lo 187 T 1
. Feb-2012:. oo 2012DX130.7 00196, T - 3
;. Feb-2012 " .~ 2017 AX2R: "y - 97K ey '_ | ;40 B

*Less than 0 K) LD |n 2055 (possnbly much closer)

Lunar Distance (LD): 0. 00257 AU = 384, 399 km; Comm Sa o
0.11LD %4 | | |



Effects of an NEO Impact on Earth

Equivalent Yield
Megatons

Less than 10

10-100
100-1000
1000-10,000
10,000-100,000

100,000-1 million

1 million-10 million

10 million-100 million

100 million-1 billion

Greater than 1 billion

Interval
Years

1000
4000
16,000
60,000

250,000

1 million

4 million

16 million

NEO Diam.
Meters

75
160
350
700

1,700

3,000

7,000

16,000

Consequences

Upper atmosphere detonation of stones and
comets

Meteor Crater, Tunguska; destroy Washington, DC
Destroy large urban area, e.g., New York City
Destroy small state, e.g., Delaware

Destroy moderate state, e.g., Virginia

Affects climate, freezes crops, global destruction of
ozone; destroy large state, e.g., California

Raise dust, change climate, widespread fires;
destroy large nation, e.g., India

Prolonged climate effects, global conflagration,
probable mass extinction; direct destruction
approaches continental scale, e.g., Brazil,
U.S., Australia

Large mass extinction of the sort 65 million years
ago

Threatens all advanced forms of life




* An NEQ Impact Can Be .;E;)lev_'a_stat'in-g : .' i

™ eg"tons is.on the f‘
LOW endof the scale . -
for obJects Iarger’ than T

o meteors e

[ *+ The W87 MIRV

,' warhead used inthe -~

. Minuteman Ill missileis.
 1/3 Mton, yetitcould
| devastate all of Poznan

« This shows how e
powerful NEOS are




R|sk Probab|l|ty X Consequences

; Many people thmk Iow probabwty ev
~are low-risk-events’ - “eatBR A

Probability does not equaI rlsk both the probablhty of the |
. event and the resulting cost or damage need te i
" accounted for" '

‘Chance of dymg from NEO |mpact y 1/10 chance of dylng,ln- 2

"Ilke NEOstrlkes |

L .an a|rI|nercrash

-+ _Experts in risk-assessment say NEOs should be treated as.
" moderate risk events, and should be given far more

" _resources than currently allocated

~ See; for example, Christian Gritzner and Stefanos Fasoulas Kb
“Justification of NEO Impact Mitigation Activities by R|sk
Management”, Mem. S A.lt.,.2002, VoI 73, No 3 pp '
747-750. 3

Most S|gn|f|cant preventable naturaI dlsaster _v




US Congress Beheves Rrsk is Real

USCOnyss R D
s Amended ,fe Actto requwe- -
NASA to d|s~cove|’ and. tr‘ack EOs.-. .
| . jSet goal for NASA to find 9(M> of s -
. "NEOs >1 ki by 2008 18 ~. -
N . Setgoal for NASA to flnd 90% of S
* . NEOs>140m by 2020 (now ASAP)
— .'NASA/ROSES/NEOO program
= _*'funded at S4M/year 3 ."}.,‘
. _NASA concentrates its NEO fundlng
o on surveys to dlscover new obJec




Process of NEO RISk Assessment

Step J, DISCO
. orco me

— _Step 2. Track (astrometrlc follow

.~ "~ up) the new object fordays
to weeks to confirm the NEO '
dlscovery ' '

Step.3. Compute an |n|t|aI orb|t
. “..and determine if an Earth -
., Impact is possible

Step 4. Continue follow up of -
hazardous objects to |mpr0ve ’ |
- risk assessment.and ensure e
- future recoverles g

r the new asterold-.»:.




Step 1 Dlscover the NEO

.;"ky Survey (CSS)‘_'._ o
e Pan- <ot o
13 Phtelescopes i
are currently th-e most
productlve NEO . survey s
telescopes b *‘
% * CSS does not do all of |ts"'_'-'-,_
4 - own follow up (Step 2) i .
ey WG Surveys are very effectlve

cat dlscovery, but not
follow-up

\'. .. »
o Lt |







N-am i n g a'nd'; N uf'm; b"e r.in.g.-Aste ro |d S b

" Survey submlts discoverles to&M PC
- number (e.g., TQ1935E)

MPC computes prellmmary Ofblt and posts |t on the NEO '_
- Confirmation Page ‘website - -

If follow-up confirms it and the error is suff|C|entIy small,
VPG ”de5|gnates” it (e.g., 1999 RQ36 — year, half month
-, period [R], letterin order of dlscovery during that perlod, .

'_-.its own c"cide

~ -[Q], # times used that letter.[36])

+ When additional observatijons reduce the errors so the .
-asteroid can be found in the future it is numbered (e g N
101955) , e

Discoverer has the rlght to name the astermd for 3. |
period of 10 years (e g.,-I Ceres or 15522 Trueblood) -




The NEO Confirmation 'Pa_'g_é. i

TQ9135E 95
TQOIS1E 78 .
- TQ149C6 99

'P104cGl 56

' P104csG 54-
" P104aTe 55-

' Pld4aod 65

" P104app 51

e/ WWW-mi”Qrp'ahefcenter-net/i'au/NEO/tocohﬁr.m'_'tabul;a'r:tﬁm‘r' ¥

A NEOConflrmatlon Pa gé. .' 3

2‘[20’12 Aug.
o 12012 Aug;
1[2012 Aug.
. TQ91389 100 1 [2012 Aug.

 TQ91368 99 1[2012 Aug.
| 3 [2012'Aug.

3 [2012 Aug.

3-[2012 Aug.

2 [2012 Aug.
3 [2012 Aug.

.28 1 UT.

282UT

28.2 UT.

28.1 UT.

28.1°UT.
77307 o
_R.A.=2215.1, Decl. =402 55,V = 19.9] -

26.3 UT.
26.5 UT.
26.5 UT.

273 UT

RA =22123, Decl =+1520,V =18.9] -
RA=2146.5, Decl. = +08 247V =204]
R:A.=0001.8, Decl. =+27 55,V = 17.8] " -
RA. =22 01. 5, Decl. = +16/59,V = 20.0] -
RA:=22035,Decl. =+1351,V=21.1]
R.A:=2140.2, Decl. = +06 13, V'=20.2]

RA 220319, Decl. =+0552,V=20.0] =

-~

R.A. =00 04.7, Decl. = +09 59, V.= 21. ST i f' ok

RA.=2336.1, Décl =-0242, v 21.2]



 Step 2 - Confirmation Follow-tp -

> ere "ot S
i ME 0 4 : o
.w \" PN . - °
s " &

| '05 several dozen 5
_amateurs’ WIth..the type of

| \ e ; .-'»-.'-'..,eOIUIpment shown here
» -3 ~ provided most trackmg *
. ' S . followsup: " .0 o
s New dlscoverles are u
" fainter and now a smaII |
" number of astronomers
SEREN- (- doing follow- Upis
_+ Weare Iosmg 10-20/ of
" all new NEOs short /
| dlscovery o

W
/ ‘E.ﬁhg

/ .
= 7
4 . ]
‘
:




Step 3 Compute the Orblt

s Astronomlca} Unfon has
~located the Minor Planet
... ’Center (MPC)atthe - &
'_;Harvard Smlthsoman ""“&.’-_"'»_'-. |
aw = Centerfor Astrophy5|cs [ PR
Y . Cambrldge MA;, USA e
"« The MPCreceives = . P .
R -observatlons and posts

, ‘7 _.on the Web it d0es
fgd .jexce]Ient andEffE.Ctl F




Step 4 Follow up Hazardous ObJects

" I\/IPC JPL NEODyS perform oriblt cal trons and. rlsk‘
- assessments (compute probablllty rth impact)

Generate millions of Virtual Aster0|ds each with an orbrt _
- fitting within the observational error bars —oh-sky error
“ensemble resembles an-ellipsoid . . e .

‘Potentially Hazardous Asteroid (PHA) has.a Mmlmum .

- . Orbital Intersection Distance (MOID) from the Earth of
< 0.05 AU and absolute magnitude H'< 22.0. =

* Virtual Impactor (V1) is a PHA with at least one computed,- ' |
orbit through the observational error bars that permlts Tl

A to mtersect the “tube” of Earth’s orbit

Reducmg orbital element uncertainty by extendlng the '
observed orbital arc tends to rule out potentlal |mpacts
(so far). | e il




WhyExteh’d‘ NEO orbits? :

y “-‘..'

(A4 .
sy S
Al

One million or more
possible orbits through
the lines from a single
evening, with errors up to
a degree or more for the
next night.

One night's data




Why Extend N'E-0.0rbits?

With an extended period of time with
observations, we can reduce the errors in
the orbital elements of the best fit orbits.

Several nights' data




N EO Recovery

bservmg an
overy;» ¥

. Recovery is defmed as succgssful
NEOona future apparltion fro e

. Apparltlon is when the NEO is brlght enough to
-observe on a future orbit from discovery;
determmed by Earth NEO-Sun angle OO

sl . NEOs with, e 8., 1.5-year. orbit might have an ReA

= f apparition every 3 years or longer

" *» Goal of arc extension observations is to enable .; Rt

“recovery at. the next apparltlon e

~« Goal of recovery is to reduce on- sky errors so the
NEO is observable for at Ieast a century ’



NEO Error Growth with Time

GROWTH OF SKY POSITION ERRORS WITH TIME
(SYNTHETIC DATA)

—+—Without Follow-Up —#—With Follow-Up

Sky Position Uncertainty
at Next Apparition

Arc Extensionduring
Discovery Apparition

SKY FOSITION ERROR(ARC SECONDS)

500 600
DAYS AFTER DISCOVERY




2016 Study by R Crawford

. Uslng the NEODyS databastﬁloo.":"""" '- ft'-follow';-u'p'i*-'.' ¥,
‘observations reported for each'-'_ ofthe lunar - -
_cycle for 16:months beglnnlng in January 2016 X

§ Included data from the top 19 most actlve groups

. Concluded there was a gap in follow- -up astrometnc' _' ".
. observatlons near Full Moon (as expected') |

» . Th|s means new objects. dlscovered near New
‘ Moon were not being foIIowed up as often as other,f?
dlscoverles | ' -m 2




“Results of 2016 Study hy-R. CréWford-

80
70

Nights on the Sky

Option 1 * Option 2
60 G G
50 Y
(o)

40 0
30 a
20
. il

0

0123456 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28
Age of Moon (Days)

B Dark Time Gray Time M Bright Time




o fangle

OurLong:Term followeup Prograin: - *

: Use 2 m cIass telescopes td‘éxte" ’. " e orbltai arcs L
' for prewously dlscovered Vls an P As ' e

i . NEOs are brlghtest at opp05|t|on decreas‘e rapldly (= g
weeks) in brlghtness accordmg to Sun Object Earth

3 Need 2-m (or Iarger) telescope to flnd objects 18 <. Vo

~ <23moving 0.5"/min to 3600 /min (1) with S/N.
“ ratioof5-10 :

Most of our targets are 20 50 days post dlscovery -
Since Nov 2008 173 MPECs for 457 objects o




Our Long Term Follow up Program

j Request 3 nrght runs spread a'vl‘una part to get newi e,
- objects'i in need of orbit extenslon 0 recover Vis: ke

~ Request time nearFull. Moon to address an underserved |
. perlodoftlme X - B e

,Use custom software to seIect the next target in real

et time, based on conditions-and needs

* -Target prlorltles can vary throughout the nlght

o “#: Real- tlme data reductlon teIIs us if we need another -
| image or'two O

Send reduced astrometry/photometry that nlght to MPC."

MPEC m|ght be publlshed that nlght or next dayI (Stlll
deal with ”referees””) ' > 4




| OurLth-Term Follhow—.up Progra-m‘:

Sky Position Uncertainty (long axis, ')

100,000

10,000

1,000

100

10

After Program Observation

1,000 10,000 100,000

Before Program Observation

Reduction in Ephemeris Uncertainty at next apparition for VI and PHA Targets
Observed in Semesters 2010B and 2011A.

-
o
'-."’




~ Vatican Adva gy Telesco




VATT

o Located on summlt of Mt @fah '> ¥ 5¢
. AItltude of3178 meters B o
< VATT seeing often 1 0 arc. sec | ’ |

» Near the 10 m Heinrich Hertz Submllllmeter W .“ A~
. Telescope (SMT) and the 2 x 8.4 m Large Blnocular |
Telescope (LBT) e | | '

e * These three teIescopes comprlse the Mount

~Graham International Observatory (consortlum of
partners) Support is given by the Unlver5|ty of o
Arlzona for operatlons and stafflng | o




'_ . Instruments

VATT SpeC|f|cat|ons

¢ De5|gn | S R
e MI1:1. 83 m dlameter f/1 O (err r a_' test mlrror)
i :° M2: 0. 38 m Gregorlan glves 16. 48 m EfI f/9~«overa|l
it e Vlgnettlng free field: 72 mm dlameter - |

g lmage scale 12. 59 arcsec/mm e e : \..
ey Mount Alt- Az w/ derotator 0|I bearlng for Az R -_—
. Ch|IIed water coollng of. Ml | |

* 4k X 4k:CCD i imager -~
* CCD visible spectrograph | P
e GUFI- Galway Ultra Fast Imager (Iucky | " in




Location of Mt. Graham

[Mexican
Water

Gila Bend

Nogales Tombstone







+ Other Telescopes at the Summit - *-
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©* VATT Showing Alt-Az Mount - - -
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