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14228 - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical
Shocks: UV Spectra of the SN1006 Remnant

Cycle: 23, Proposal Category: GO
(UV Initiative)
(Availability Mode: SUPPORTED)

INVESTIGATORS

Name | nstitution E-Mail

Dr. John CharlesRaymond (Pl1) (Contact) Smithsonian Institution Astrophysical Observatory |jraymond@cfa.harvard.edu

Dr. P. Frank Winkler (Col) Middlebury College winkler@middlebury.edu

J. Martin Laming (Col) Nava Research Laboratory j.laming@nrl.navy.mil

VISITS

Visit |Targetsused in Visit Configurationsused in Visit Orbits Used|Last Orbit Planner Run OP Current
with Visit?

01 [(1) SN1006-T1 COS/FUV 5 29-Jul-2016 13:21:47.0 yes

02 |(1) SN1006-T1 COS/FUV 5 29-Jul-2016 13:21:49.0 yes

12 |(2) SN1006-T1-ALTERNATE COS/FUV 5 29-Jul-2016 13:21:50.0 yes

03 [(1) SN1006-T1 COS/FUV 5 29-Jul-2016 13:21:51.0 yes

13  |(2) SN1006-T1-ALTERNATE COS/FUvV 5 29-Jul-2016 13:21:52.0 yes

25 Total Orbits Used

ABSTRACT
Two outstanding questions about the physics of interstellar shock waves are 1) the degree of thermal equilibration among electrons and different ions
and 2) efficiency of transfer of energy from the thermal plasmato energetic particles---cosmic rays. Those questions are closely related in that both
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processes depend upon plasma turbulence in the shock. The degree of thermal equilibration is also important for diagnostics of shock speed based on
measured electron or proton temperatures.

We propose to observe afast shock in SN1006 to measure the kinetic temperatures of He, C and N from the widths of theHell, CIV and N V line
profiles. It isknown from HUT and FUSE observations that the plasma behind a 2300 km/s shocks in SN1006 is far from equilibrium, with He, C
and O temperatures roughly mass-proportional (4, 12 and 16 times the proton temperature, respectively), rather than approximately equal to the
proton temperature as full equilibration would dictate. By contrast, the He and C temperatures ARE close to equilibrium with the protons in a 350
km/s shock in the Cygnus Loop. However, the existing measurements for SN1006 are quite uncertain, and only one other measurement of ion
temperatures in afast collisionless shock exists. The proposed observation will tighten the constraints on thermal equilibration by factors of 4 to 6.

SN1006 isthe only Galactic SNR with fast shocks and low enough reddening to be observable in the UV, and we have identified afilament twice as
bright and 25% faster than the region studied previously. Thus spectroscopy with COS provides a unique opportunity to attack this problem.

OBSERVING DESCRIPTION

We wish to obtain a COS spectrum with the G140L grating (1105 center) of afast shock wave in the supernova remnant SN1006. We will spend the
full 15 orbit allocation on this one position because it isvery faint. The objective isto measure the widths of the Hell, C1V and N V linesto
determine the kinetic temperatures of those ions.



Proposal 14228 - visitl (01) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Proposal 14228, visit1 (01), scheduled Fri Jul 29 17:21:53 GMT 2016
+ |Diagnostic Status: Warning
2 |scientific Instruments: COSFUV
> Special Requirements: (none)
Comments: First visitto SN1006-T1. 5 orbits, each with4 FP-SPLITs.
8 (visitl (01)) Warning (Form): A target acquisition should probably be performed before doing
-= | spectroscopy or coronography with STIS or COS.
8 (visitl (01)) Warning (Orbit Planner): INEFFICIENT ORDERING OF FP-POS POSITIONS
5 (Exposure 1 (visit1 (01))) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
-CD—S (Exposure 2 (visitl (01))) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] SN1006-T1 RA: 15 01 51.1630 (225.4631792d) Proper Motion RA: -0.266 arcsec/yr V=23+/-1 Reference Frame: ICRS
Dec: -41 48 17.42 (-41.80484d) Proper Motion Dec: +0.281 arcsec/yr 5.3e-15 erg/(cm2 sarcsec2) in C
" Equinox: J2000 Parallax: 0" IV 1550 A line
ko) Epoch of Position: 2015.3
% Radial Velocity: 0 km/sec
| Comments: The position and proper motion are based on an H alpha image obtiained at Gemini in April 2015. That image has better seeing that the ones we used before, and we used it to refine the position and
T |proper motion. We also estimate that the He Il and C 1V emission peak about 0.56" behind (SE from) the H alpha filament, and we itake that into account in the target position given. Because the target is faint and
gg extended, it will not be possible to peak up the couunts diring acquisition.
L As n(_);?_d inthe Phase | proposal, there is an 8th magnitude star, HD132689, about 60" SW of the target position. Becauseit isa cool giant, it should be faint in the UV, but it might affect the planning for the
acquistion.
I amignoring the warnings about inefficient ordering of FP positions because last time around | wastold to do so. | amignoring the warnings about target acquisition because thisis an extended target that isto faint
to show up as a significant increase in the count rate.
Extended= YES
# I(_Ea'Pg Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
” 1 g%g))s.spJSQ (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=ALL; 3000 Secs (11971 Secs)
o 1105 A BUFFER-TIME=1. [==>2908.0 Secs (Split 1)] [1]
> Oed [==>3021.0 Secs (Split 2)] 2]
S [==>3021.0 Secs (Split 3)] [3]
| [==>3021.0 Secs (Split 4)] [4]
2  (COS.sp.759 (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=1, 3000 Secs (3019 Secs)
821) 1105A OBeE‘JFFER-TI ME=1. [==>3019.0 Secs] 5]




Proposal 14228 - visitl (01) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Orbit Structure
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Pro

osal 14228 - visitl (01) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Orbit 4 Server Version: 20160601
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Proposal 14228 - visit 2 (02) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN100...

Proposal 14228, visit 2 (02), scheduling Fri Jul 29 17:21:53 GMT 2016
5 Diagnostic Status: Warning
> | Scientific Instruments: COS/FUV
Special Requirements: (none)
8 (visit 2 (02)) Warning (Orbit Planner): INEFFICIENT ORDERING OF FP-POS POSITIONS
ﬁ (visit 2 (02)) Warning (Form): A target acquisition should probably be performed before doing
O |spectroscopy or coronography with STIS or COS.
5 (Exposure 1 (visit 2 (02))) Warning (Form): COS FUV PSA science exposures with extended targets have special calibration limitations. See "Errors and Warnings' for more details.
-CD—S (visit 2 exp 2 (02.002)) Warning (Form): COS FUV PSA science exposures with extended targets have special calibration limitations. See "Errors and Warnings' for more details.
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] SN1006-T1 RA: 15 01 51.1630 (225.4631792d) Proper Motion RA: -0.266 arcsec/yr V=23+/-1 Reference Frame: ICRS
Dec: -41 48 17.42 (-41.80484d) Proper Motion Dec: +0.281 arcsec/yr 5.3e-15 erg/(cm2 sarcsec2) in C
" Equinox: J2000 Parallax: 0" IV 1550 A line
ko) Epoch of Position: 2015.3
% Radial Velocity: 0 km/sec
| Comments: The position and proper motion are based on an H alpha image obtiained at Gemini in April 2015. That image has better seeing that the ones we used before, and we used it to refine the position and
T |proper motion. We also estimate that the He Il and C 1V emission peak about 0.56" behind (SE from) the H alpha filament, and we itake that into account in the target position given. Because the target is faint and
gg extended, it will not be possible to peak up the couunts diring acquisition.
L As n(_);?_d inthe Phase | proposal, there is an 8th magnitude star, HD132689, about 60" SW of the target position. Becauseit isa cool giant, it should be faint in the UV, but it might affect the planning for the
acquistion.
I amignoring the warnings about inefficient ordering of FP positions because last time around | wastold to do so. | amignoring the warnings about target acquisition because thisis an extended target that isto faint
to show up as a significant increase in the count rate.
Extended= YES
# I(_Ea'Pg Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
” 1 g%g))s.spJSQ (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=ALL; 3200 Secs (11971 Secs)
o 1105 A BUFFER-TIME=1. [==>2908.0 Secs (Split 1)] [1]
> Oed [==>3021.0 Secs (Split 2)] 2]
S [==>3021.0 Secs (Split 3)] [3]
| [==>3021.0 Secs (Split 4)] [4]
2 visit2exp2 (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=2; 3000 Secs (3019 Secs)
g;&))s.spJSg 1105 A BUFFER-TIME=1 [==>3019.0 Secs] 5




Proposal 14228 - visit 2 (02) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN100...

Orbit 1 Server Version: 20160601
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osal 14228 - visit 2 (02) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN100...

Pro

Orbit 4 Server Version: 20160601
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Proposal 14228 - visit 2 alternate (12) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of th..

Proposal 14228, visit 2 alter nate (12) Fri Jul 29 17:21:53 GMT 2016
5 Diagnostic Status: Warning
> | Scientific Instruments: COS/FUV
Special Requirements: (none)
8 (visit 2 alternate (12)) Warning (Orbit Planner): INEFFICIENT ORDERING OF FP-POS POSITIONS
ﬁ (visit 2 alternate (12)) Warning (Form): A target acquisition should probably be performed before doing
O |spectroscopy or coronography with STIS or COS.
5 (Exposure 1 (visit 2 alternate (12))) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
-CD—S (visit 2 exp 2 (12.002)) Warning (Form): COS FUV PSA science exposures with extended targets have special calibration limitations. See "Errors and Warnings' for more details.
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
2 SN1006-T1- RA: 15 01 51.1388 (225.4630783d) Proper Motion RA: -0.266 arcsec/yr V=23+/-1 Reference Frame: ICRS
ALTERNATE Dec: -41 48 16.49 (-41.80458d) Proper Motion Dec: +0.281 arcsec/yr 5.3¢-15 erg/(cm2 s arcsec2) in C
" Equinox: J2000 Parallax: 0" IV 1550 A line
ko) Epoch of Position: 2015.3
% Radial Velocity: 0 km/sec
| Comments: The position and proper motion are based on an H alpha image obtiained at Gemini in April 2015. That image has better seeing that the ones we used before, and we used it to refine the position and
T |proper motion. We also estimate that the He Il and C 1V emission peak about 0.56" behind (SE from) the H alpha filament, and we itake that into account in the target position given. Because the target is faint and
gg extended, it will not be possible to peak up the couunts diring acquisition.
L As n(_);?_d inthe Phase | proposal, there is an 8th magnitude star, HD132689, about 60" SW of the target position. Becauseit isa cool giant, it should be faint in the UV, but it might affect the planning for the
acquistion.
I amignoring the warnings about inefficient ordering of FP positions because last time around | wastold to do so. | amignoring the warnings about target acquisition because thisis an extended target that isto faint
to show up as a significant increase in the count rate.
Extended= YES
# I(_Ea'Pg Run) Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
un
” 1 g%g))s.spJSQ (EZF)Q I\Sl,’: %OEOG-Tl-ALT COS/FUV, TIME-TAG, PSA G140L FP-POS=ALL; 3200 Secs (11971 Secs)
o 1105 A BUFFER-TIME=1. [==>2908.0 Secs (Split 1)] [1]
> Oed [==>3021.0 Secs (Split 2)] 2]
S [==>3021.0 Secs (Split 3)] [3]
| [==>3021.0 Secs (Split 4)] [4]
2 visit2exp2 (2) SN1006-T1-ALT COSFUV, TIME-TAG, PSA G140L FP-POS=2; 3000 Secs (3019 Secs)
g;&))s.spJSg ERNATE 1105 A BUFFER-TIME=1 [==>3019.0 Secs] 5




Proposal 14228 - visit 2 alternate (12) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of th..

Orbit 1 Server Version: 20160601
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osal 14228 - visit 2 alternate (12) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of th..

Orbit 4 Server Version: 20160601
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Proposal 14228 - visit3 (03) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Proposal 14228, visit3 (03), scheduled Fri Jul 29 17:21:53 GMT 2016
5 Diagnostic Status: Warning
> |Scientific Instruments: COSFUV
Special Requirements: (none)
8 (visit3 (03)) Warning (Form): A target acquisition should probably be performed before doing
-= | spectroscopy or coronography with STIS or COS.
8 (visit3 (03)) Warning (Orbit Planner): INEFFICIENT ORDERING OF FP-POS POSITIONS
5 (visit3 (03.001)) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
-CD—S (Exposure 2 (visit3 (03))) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
(0] SN1006-T1 RA: 15 01 51.1630 (225.4631792d) Proper Motion RA: -0.266 arcsec/yr V=23+/-1 Reference Frame: ICRS
Dec: -41 48 17.42 (-41.80484d) Proper Motion Dec: +0.281 arcsec/yr 5.3e-15 erg/(cm2 sarcsec2) in C
" Equinox: J2000 Parallax: 0" IV 1550 A line
ko) Epoch of Position: 2015.3
% Radial Velocity: 0 km/sec
| Comments: The position and proper motion are based on an H alpha image obtiained at Gemini in April 2015. That image has better seeing that the ones we used before, and we used it to refine the position and
T |proper motion. We also estimate that the He Il and C 1V emission peak about 0.56" behind (SE from) the H alpha filament, and we itake that into account in the target position given. Because the target is faint and
gg extended, it will not be possible to peak up the couunts diring acquisition.
L Asnoted in the Phase | proposal, there is an 8th magnitude star, HD132689, about 60" SW of the target position. Becauseit isa cool giant, it should be faint in the UV, but it might affect the planning for the
acquistion.
I amignoring the warnings about inefficient ordering of FP positions because last time around | wastold to do so. | amignoring the warnings about target acquisition because thisis an extended target that isto faint
to show up as a significant increase in the count rate.
Extended= YES
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
(ETC Run)
” 1 visit3 (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=ALL; 3200 Secs (11971 Secs)
0 g;&))s.spJSg 1105 A BUFFER-TIME=L1. [==>2908.0 Secs (plit 1)] 1]
2 Oed [==>3021.0 Secs (Slit 2)] [2]
8_ [==>3021.0 Secs (Split 3)] [3]
L|>j [==>3021.0 Secs (Split 4)] [4]
2  (COS.sp.759 (1) SN1006-T1 COS/FUV, TIME-TAG, PSA G140L FP-POS=3; 3000 Secs (3019 Secs)
821) 1105 A BUFFER-TIME=L1. [==>3019.0 Secs | 5]
Oe4
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Proposal 14228 - visit3 (03) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Orbit Structure

Orbit 1 Server Version: 20160601
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Pro

osal 14228 - visit3 (03) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of the SN1006..

Orbit 4 Server Version: 20160601
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Proposal 14228 - visit3 alternate (13) - Thermal Equilibration and Cosmic-Ray Acceleration in Astrophysical Shocks: UV Spectra of th...

Proposal 14228, visit3 alternate (13) Fri Jul 29 17:21:53 GMT 2016
5 Diagnostic Status: Warning
> |Scientific Instruments: COSFUV
Special Requirements: (none)
8 (visit3 alternate (13)) Warning (Form): A target acquisition should probably be performed before doing
-= | spectroscopy or coronography with STIS or COS.
8 (visit3 alternate (13)) Warning (Orbit Planner): INEFFICIENT ORDERING OF FP-POS POSITIONS
5 (visit3 (13.001)) Warning (Form): COS FUV PSA science exposures with extended targets have specia calibration limitations. See "Errors and Warnings' for more details.
-CD—S (Exposure 2 (visit3 aternate (13))) Warning (Form): COS FUV PSA science exposures with extended targets have special calibration limitations. See "Errors and Warnings' for more details.
# Name Target Coordinates Targ. Coord. Corrections Fluxes Miscellaneous
2 SN1006-T1- RA: 15 01 51.1388 (225.4630783d) Proper Motion RA: -0.266 arcsec/yr V=23+/-1 Reference Frame: ICRS
ALTERNATE Dec: -41 48 16.49 (-41.80458d) Proper Motion Dec: +0.281 arcsec/yr 5.3¢-15 erg/(cm2 s arcsec2) in C
" Equinox: J2000 Parallax: 0" IV 1550 A line
ko) Epoch of Position: 2015.3
% Radial Velocity: 0 kmv/sec
| Comments: The position and proper motion are based on an H alpha image obtiained at Gemini in April 2015. That image has better seeing that the ones we used before, and we used it to refine the position and
T |proper motion. We also estimate that the He Il and C 1V emission peak about 0.56" behind (SE from) the H alpha filament, and we itake that into account in the target position given. Because the target is faint and
gg extended, it will not be possible to peak up the couunts diring acquisition.
L Asnoted in the Phase | proposal, there is an 8th magnitude star, HD132689, about 60" SW of the target position. Becauseit isa cool giant, it should be faint in the UV, but it might affect the planning for the
acquistion.
I amignoring the warnings about inefficient ordering of FP positions because last time around | wastold to do so. | amignoring the warnings about target acquisition because thisis an extended target that isto faint
to show up as a significant increase in the count rate.
Extended= YES
# Labe Target Config,ModeAperture Spectral Els. Opt. Params. Special Regs. Groups Exp. Time (Total)/[Actual Dur.] Orbit
(ETC Run)
” 1 visit3 (2) SN1006-T1-ALT COSFUV, TIME-TAG, PSA G140L FP-POS=ALL; 3200 Secs (11971 Secs)
0 g;&))s.spJSg ERNATE 1105 A BUFFER-TIME=L1. [==>2908.0 Secs (plit 1)] 1]
2 Oed [==>3021.0 Secs (Slit 2)] [2]
8_ [==>3021.0 Secs (Split 3)] [3]
L|>j [==>3021.0 Secs (Split 4)] [4]
2 (COS.sp.759 (2) SN1006-T1-ALT COSFUV, TIME-TAG, PSA G140L FP-POS=3; 3000 Secs (3019 Secs)
821) ERNATE 1105 A BUFFER-TIME=L1. [==>3019.0 Secs] 5]
Oed
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Orbit 1 Server Version: 20160601
GS Acg Unused Orbital Visibility = 0
{--;l Exp. 1, split | |tatiom
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|IIIIIIIII|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|II
] 500 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 secs.
Orbit 2 Server Version: 20160601
(35 Reaog (ccultation
i--;l Exp. 1, split 2 Inused Orbital Visibility = 0
o
3
S ¥ Y
ﬁ -:-:-:-:.:-:-:-:.:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:.:-:-:-:.:-:-:-:-Pt |
5
O |IIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIlIIIIIII
] 500 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 secs.
Orbit 3 Server Version: 20160601
G5 Reaog Unused Orbital Visibility = 0
i--;l Exp. 1, split 3 |tatiom
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] 500 1000 1500 2000 25000 3000 3500 4000 4500 5000 5500 secs.
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Pro
Orbit 4 Server Version: 20160601
(35 Feang Unused Orbital Visibility = 0
(€3] Exp. 1, split 4 | tation
L A 't
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0 30 L 1500 bl Z5(x) 30 350} L 4500} FO) F500 =ecs.
Orbit 5 Server Version: 20160601
Unused Orbital Visibility = 2
(35 Feaog ltation
€3] Exp. 2 Home
h J
I_r.l:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.'*’h| | |
NN T T N A T T T [N T T T N T A T T T T N T T A T T T T YT T N O T T N T T B B
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