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Hubble Programmatic Highlights
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SepWembeU 30, 2021

Call for Proposals Astrophysics Division Senior Review 2022

To: MSFC/ M.C. WeiVVkopf, PUojecW ScienWiVW, ChandUa X-Ua\ ObVeUYaWoU\
CXC/ P. Slane, DiUecWoU, ChandUa X-Ua\ CenWeU
GSFC/ E. Ha\V, PUojecW ScienWiVW, FeUmi Gamma-Ua\ Space TeleVcope
GSFC/ J. WiVeman, PUojecW ScienWiVW, HXbble Space TeleVcope
AURA/ K. Sembach, DiUecWoU, Space TeleVcope Science InVWiWXWe
GSFC/ K. GendUeaX, PI, NICER
JPL/ D. SWeUn, PUojecW ScienWiVW, NXSTAR
CIT/ F. HaUUiVon, PI, NXSTAR
GSFC/ B. Cenko, PI, Neil GehUelV SZifW ObVeUYaWoU\
ARC/N. RangZala, PUojecW ScienWiVW, SOFIA
USRA/ M. Mei[neU, DiUecWoU, SOFIA
MIT/ G. RickeU, PI, TESS
GSFC/ P. Bo\d, PUojecW ScienWiVW, TESS
GSFC/ K. WeaYeU, US PUojecW ScienWiVW, XMM-NeZWon
SWRI/ S. A. SWeUn, PI, NeZ HoUi]onV

From: NASA HQ /E. P. SmiWh, Chief ScienWiVW, APD, SMD
NASA HQ/R. CockV, PUogUam E[ecXWiYe, APD, SMD

Subject: Call foU PUopoValV ± 2022 SenioU ReYieZ of AVWUoph\VicV DiYiVion OpeUaWing
MiVVionV

1. Senior Review background

NASA¶V Science MiVVion DiUecWoUaWe (SMD) UegXlaUl\ condXcWV independenW,
compaUaWiYe UeYieZV of iWV opeUaWing miVVionV. NASA XVeV Whe findingV fUom WheVe
UeYieZV Wo define an implemenWaWion VWUaWeg\ and giYe pUogUammaWic diUecWion Wo Whe
miVVionV and pUojecWV conceUned, foU Whe ne[W fiYe fiVcal \eaUV.
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PUojecWV aUe encoXUaged, bXW noW UeqXiUed Wo, VXbmiW planV Wo fXUWheU enhance Whe
acceVVibiliW\ of Whe infoUmaWion being pUodXced b\ Whe pUojecWV. TheVe planV VhoXld be
inclXded in Whe oYeU-gXide VecWion of Whe bXdgeW.

6.4.4.6. Required appendices

The folloZing appendiceV aUe UeqXiUed and do noW coXnW againVW Whe pUopoVal page limiW,
bXW in iWVelf Zill be limiWed Wo 30 pageV.

Ɣ RefeUenceV.
Ɣ SWandaUd bXdgeW(V) in Whe mandaWoU\ foUmaW. The VpUeadVheeW WemplaWe in

Appendi[ A Wo WhiV Call foU PUopoValV pUoYideV Whe mandaWoU\ VXmmaU\ foUmaW foU
Whe bXdgeW and VXpplieV a VpUeadVheeW WemplaWe.

Ɣ A fXll deVignaWed liVW of all acUon\mV XVed in pUopoVal.
Ɣ An online bibliogUaph\ of UecenW pXblicaWionV ZiWh WheiU nXmbeU of UefeUeed

ciWaWionV. The pUopoVal VhoXld conWain Whe URL Wo WhiV bibliogUaph\. The
AVWUoph\VicV DiYiVion UecommendV WhaW Whe bibliogUaph\ VhoXld be liVWed in
VeqXence ZiWh Whe moVW UecenW UefeUeed pXblicaWionV fiUVW. The bibliogUaph\
VhoXld conWain, aV a minimXm, Whe moVW UecenW (WZo Wo WhUee  \eaUV) papeUV,
alWhoXgh iW ma\ liVW all papeUV foU Whe lifeWime of Whe miVVion. IW iV noW UeqXiUed Wo
liVW papeUV Wo AmeUican AVWUonomical SocieW\ (AAS) meeWingV, confeUenceV,
ZoUkVhopV, PhD WheVeV, eWc.  If needed, WheVe VhoXld be liVWed VepaUaWel\ fUom
Whe liVWing of Whe UefeUeed papeUV.

6.6. Proposal submission deadline

The pUopoValV Zill be Xploaded elecWUonicall\ in PDF foUmaW Wo Whe NASA NSPIRES
ZebViWe and mXVW be UeceiYed b\ FebUXaU\ 11, 2022, aW 11:59 PM EST.

6.7. Further information required for the Senior Review deliberations

AfWeU Whe VXbmiVVion of pUopoValV, membeUV of Whe SenioU ReYieZ panelV ma\ haYe
fXUWheU qXeVWionV oU UeqXeVWV foU claUificaWion. NASA Zill modeUaWe WheVe qXeVWionV and
UeqXeVWV, and e[pecWV Wo Vend Whem Wo Whe pUopoVing WeamV aW leaVW one Zeek befoUe
Whe VWaUW of Whe panel meeWingV and/oU SenioU ReYieZ SXbcommiWWee meeWingV.

7. Additional Instructions for Chandra, Hubble, & SOFIA
Proposals

7.1. Scope

AV VWaWed in SecWion 2.2, Whe SenioU ReYieZ SXbcommiWWee Zill Uank ChandUa, HXbble,
and SOFIA alongVide all Whe oWheU miVVionV. The 2022 SenioU ReYieZ foU WheVe WhUee
miVVionV Zill be a µfXll¶ UeYieZ (UaWheU Whan a µdelWa¶ UeYieZ WhaW ZaV condXcWed foU
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HXbble and ChandUa in 2016). The UeYieZ panelV Zill fXll\ aVVeVV Whe VcienWific meUiW
and pUodXcWiYiW\ of ChandUa, HXbble, and SOFIA and Zill alVo place addiWional emphaViV
on Whe opeUaWionV, efficienc\, and Whe Vcience pUodXcWiYiW\ giYen Whe coVWV foU WheVe
miVVionV.

7.2 Required elements

PUopoVeUV VhoXld fXll\ folloZ all aVpecWV of SecWion 6 Zhen pUepaUing WheiU pUopoValV,
Waking noWe of Whe folloZing adjXVWmenWV:

1. An addiWional VecWion, enWiWled ³PUojecW¶V PeUVpecWiYe on OpeUaWionV and
Efficienc\´ mXVW be inclXded. ThiV VecWion Vhall inclXde:

a. An aVVeVVmenW of Whe cXUUenW efficienc\ of Vcience and miVVion opeUaWionV
ZiWh appUopUiaWe meWUicV and aVVociaWed jXVWificaWion of Whe meWUicV, ZheUe
appUopUiaWe.

b. A diVcXVVion of an\ planV Wo fXUWheU impUoYe Whe efficienc\ of Vcience and
miVVion opeUaWionV oYeU Whe ne[W WhUee Wo fiYe \eaUV.

c. A diVcXVVion of hoZ fXndV aUe pUeVenWl\ XVed, Wo inclXde FTE (and WYE)
coXnWV in each ke\ fXncWional aUea.

d. A deVcUipWion and jXVWificaWion of Whe managemenW and deciVion pUoceVVeV
WhaW Whe pUojecW XVeV Wo appl\ Whe fXnding iW UeceiYeV Wo ma[imi]e Vcience
qXaliW\, obVeUYaWional efficienc\, and UeWXUn on inYeVWmenW, in an inclXViYe
enYiUonmenW, nXUWXUing a diYeUVe commXniW\ ZiWhin and oXWVide Whe pUojecW.

2. The combined pUopoVal VhoXld noW e[ceed 40 pageV (inclXding figXUeV, figXUe
capWionV, WableV, and oWheU gUaphicV). NoW inclXded in Whe page limiW aUe Whe
appendiceV (Vee SecWion 6.3).

8. Panel Instructions

8.1 Review criteria

All pUopoValV Zill be aVVeVVed againVW Whe folloZing cUiWeUia:

Criterion A: scientific merit (50% weighting)

Factor A-1: OYeUall VcienWific VWUengWh and impacW of Whe miVVion.

Factor A-2: E[pecWed VcienWific oXWpXW and Vcience pUodXcWiYiW\ giYen Whe
coVWV oYeU Whe UeqXeVWed fXnding peUiod.

Factor A-3: QXaliW\ of infoUmaWion collecWion, aUchiYing, diVWUibXWion, and
XVabiliW\.
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Subject: Call foU PUopoValV ± 2022 SenioU ReYieZ of AVWUoph\VicV DiYiVion OpeUaWing
MiVVionV

1. Senior Review background

NASA¶V Science MiVVion DiUecWoUaWe (SMD) UegXlaUl\ condXcWV independenW,
compaUaWiYe UeYieZV of iWV opeUaWing miVVionV. NASA XVeV Whe findingV fUom WheVe
UeYieZV Wo define an implemenWaWion VWUaWeg\ and giYe pUogUammaWic diUecWion Wo Whe
miVVionV and pUojecWV conceUned, foU Whe ne[W fiYe fiVcal \eaUV.
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PUojecWV aUe encoXUaged, bXW noW UeqXiUed Wo, VXbmiW planV Wo fXUWheU enhance Whe
acceVVibiliW\ of Whe infoUmaWion being pUodXced b\ Whe pUojecWV. TheVe planV VhoXld be
inclXded in Whe oYeU-gXide VecWion of Whe bXdgeW.

6.4.4.6. Required appendices

The folloZing appendiceV aUe UeqXiUed and do noW coXnW againVW Whe pUopoVal page limiW,
bXW in iWVelf Zill be limiWed Wo 30 pageV.

Ɣ RefeUenceV.
Ɣ SWandaUd bXdgeW(V) in Whe mandaWoU\ foUmaW. The VpUeadVheeW WemplaWe in

Appendi[ A Wo WhiV Call foU PUopoValV pUoYideV Whe mandaWoU\ VXmmaU\ foUmaW foU
Whe bXdgeW and VXpplieV a VpUeadVheeW WemplaWe.

Ɣ A fXll deVignaWed liVW of all acUon\mV XVed in pUopoVal.
Ɣ An online bibliogUaph\ of UecenW pXblicaWionV ZiWh WheiU nXmbeU of UefeUeed

ciWaWionV. The pUopoVal VhoXld conWain Whe URL Wo WhiV bibliogUaph\. The
AVWUoph\VicV DiYiVion UecommendV WhaW Whe bibliogUaph\ VhoXld be liVWed in
VeqXence ZiWh Whe moVW UecenW UefeUeed pXblicaWionV fiUVW. The bibliogUaph\
VhoXld conWain, aV a minimXm, Whe moVW UecenW (WZo Wo WhUee  \eaUV) papeUV,
alWhoXgh iW ma\ liVW all papeUV foU Whe lifeWime of Whe miVVion. IW iV noW UeqXiUed Wo
liVW papeUV Wo AmeUican AVWUonomical SocieW\ (AAS) meeWingV, confeUenceV,
ZoUkVhopV, PhD WheVeV, eWc.  If needed, WheVe VhoXld be liVWed VepaUaWel\ fUom
Whe liVWing of Whe UefeUeed papeUV.

6.6. Proposal submission deadline

The pUopoValV Zill be Xploaded elecWUonicall\ in PDF foUmaW Wo Whe NASA NSPIRES
ZebViWe and mXVW be UeceiYed b\ FebUXaU\ 11, 2022, aW 11:59 PM EST.

6.7. Further information required for the Senior Review deliberations

AfWeU Whe VXbmiVVion of pUopoValV, membeUV of Whe SenioU ReYieZ panelV ma\ haYe
fXUWheU qXeVWionV oU UeqXeVWV foU claUificaWion. NASA Zill modeUaWe WheVe qXeVWionV and
UeqXeVWV, and e[pecWV Wo Vend Whem Wo Whe pUopoVing WeamV aW leaVW one Zeek befoUe
Whe VWaUW of Whe panel meeWingV and/oU SenioU ReYieZ SXbcommiWWee meeWingV.

7. Additional Instructions for Chandra, Hubble, & SOFIA
Proposals

7.1. Scope

AV VWaWed in SecWion 2.2, Whe SenioU ReYieZ SXbcommiWWee Zill Uank ChandUa, HXbble,
and SOFIA alongVide all Whe oWheU miVVionV. The 2022 SenioU ReYieZ foU WheVe WhUee
miVVionV Zill be a µfXll¶ UeYieZ (UaWheU Whan a µdelWa¶ UeYieZ WhaW ZaV condXcWed foU
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HXbble and ChandUa in 2016). The UeYieZ panelV Zill fXll\ aVVeVV Whe VcienWific meUiW
and pUodXcWiYiW\ of ChandUa, HXbble, and SOFIA and Zill alVo place addiWional emphaViV
on Whe opeUaWionV, efficienc\, and Whe Vcience pUodXcWiYiW\ giYen Whe coVWV foU WheVe
miVVionV.

7.2 Required elements

PUopoVeUV VhoXld fXll\ folloZ all aVpecWV of SecWion 6 Zhen pUepaUing WheiU pUopoValV,
Waking noWe of Whe folloZing adjXVWmenWV:

1. An addiWional VecWion, enWiWled ³PUojecW¶V PeUVpecWiYe on OpeUaWionV and
Efficienc\´ mXVW be inclXded. ThiV VecWion Vhall inclXde:

a. An aVVeVVmenW of Whe cXUUenW efficienc\ of Vcience and miVVion opeUaWionV
ZiWh appUopUiaWe meWUicV and aVVociaWed jXVWificaWion of Whe meWUicV, ZheUe
appUopUiaWe.

b. A diVcXVVion of an\ planV Wo fXUWheU impUoYe Whe efficienc\ of Vcience and
miVVion opeUaWionV oYeU Whe ne[W WhUee Wo fiYe \eaUV.

c. A diVcXVVion of hoZ fXndV aUe pUeVenWl\ XVed, Wo inclXde FTE (and WYE)
coXnWV in each ke\ fXncWional aUea.

d. A deVcUipWion and jXVWificaWion of Whe managemenW and deciVion pUoceVVeV
WhaW Whe pUojecW XVeV Wo appl\ Whe fXnding iW UeceiYeV Wo ma[imi]e Vcience
qXaliW\, obVeUYaWional efficienc\, and UeWXUn on inYeVWmenW, in an inclXViYe
enYiUonmenW, nXUWXUing a diYeUVe commXniW\ ZiWhin and oXWVide Whe pUojecW.

2. The combined pUopoVal VhoXld noW e[ceed 40 pageV (inclXding figXUeV, figXUe
capWionV, WableV, and oWheU gUaphicV). NoW inclXded in Whe page limiW aUe Whe
appendiceV (Vee SecWion 6.3).

8. Panel Instructions

8.1 Review criteria

All pUopoValV Zill be aVVeVVed againVW Whe folloZing cUiWeUia:

Criterion A: scientific merit (50% weighting)

Factor A-1: OYeUall VcienWific VWUengWh and impacW of Whe miVVion.

Factor A-2: E[pecWed VcienWific oXWpXW and Vcience pUodXcWiYiW\ giYen Whe
coVWV oYeU Whe UeqXeVWed fXnding peUiod.

Factor A-3: QXaliW\ of infoUmaWion collecWion, aUchiYing, diVWUibXWion, and
XVabiliW\.
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SepWembeU 30, 2021

Call for Proposals Astrophysics Division Senior Review 2022

To: MSFC/ M.C. WeiVVkopf, PUojecW ScienWiVW, ChandUa X-Ua\ ObVeUYaWoU\
CXC/ P. Slane, DiUecWoU, ChandUa X-Ua\ CenWeU
GSFC/ E. Ha\V, PUojecW ScienWiVW, FeUmi Gamma-Ua\ Space TeleVcope
GSFC/ J. WiVeman, PUojecW ScienWiVW, HXbble Space TeleVcope
AURA/ K. Sembach, DiUecWoU, Space TeleVcope Science InVWiWXWe
GSFC/ K. GendUeaX, PI, NICER
JPL/ D. SWeUn, PUojecW ScienWiVW, NXSTAR
CIT/ F. HaUUiVon, PI, NXSTAR
GSFC/ B. Cenko, PI, Neil GehUelV SZifW ObVeUYaWoU\
ARC/N. RangZala, PUojecW ScienWiVW, SOFIA
USRA/ M. Mei[neU, DiUecWoU, SOFIA
MIT/ G. RickeU, PI, TESS
GSFC/ P. Bo\d, PUojecW ScienWiVW, TESS
GSFC/ K. WeaYeU, US PUojecW ScienWiVW, XMM-NeZWon
SWRI/ S. A. SWeUn, PI, NeZ HoUi]onV

From: NASA HQ /E. P. SmiWh, Chief ScienWiVW, APD, SMD
NASA HQ/R. CockV, PUogUam E[ecXWiYe, APD, SMD

Subject: Call foU PUopoValV ± 2022 SenioU ReYieZ of AVWUoph\VicV DiYiVion OpeUaWing
MiVVionV

1. Senior Review background

NASA¶V Science MiVVion DiUecWoUaWe (SMD) UegXlaUl\ condXcWV independenW,
compaUaWiYe UeYieZV of iWV opeUaWing miVVionV. NASA XVeV Whe findingV fUom WheVe
UeYieZV Wo define an implemenWaWion VWUaWeg\ and giYe pUogUammaWic diUecWion Wo Whe
miVVionV and pUojecWV conceUned, foU Whe ne[W fiYe fiVcal \eaUV.
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PUojecWV aUe encoXUaged, bXW noW UeqXiUed Wo, VXbmiW planV Wo fXUWheU enhance Whe
acceVVibiliW\ of Whe infoUmaWion being pUodXced b\ Whe pUojecWV. TheVe planV VhoXld be
inclXded in Whe oYeU-gXide VecWion of Whe bXdgeW.

6.4.4.6. Required appendices

The folloZing appendiceV aUe UeqXiUed and do noW coXnW againVW Whe pUopoVal page limiW,
bXW in iWVelf Zill be limiWed Wo 30 pageV.

Ɣ RefeUenceV.
Ɣ SWandaUd bXdgeW(V) in Whe mandaWoU\ foUmaW. The VpUeadVheeW WemplaWe in

Appendi[ A Wo WhiV Call foU PUopoValV pUoYideV Whe mandaWoU\ VXmmaU\ foUmaW foU
Whe bXdgeW and VXpplieV a VpUeadVheeW WemplaWe.

Ɣ A fXll deVignaWed liVW of all acUon\mV XVed in pUopoVal.
Ɣ An online bibliogUaph\ of UecenW pXblicaWionV ZiWh WheiU nXmbeU of UefeUeed

ciWaWionV. The pUopoVal VhoXld conWain Whe URL Wo WhiV bibliogUaph\. The
AVWUoph\VicV DiYiVion UecommendV WhaW Whe bibliogUaph\ VhoXld be liVWed in
VeqXence ZiWh Whe moVW UecenW UefeUeed pXblicaWionV fiUVW. The bibliogUaph\
VhoXld conWain, aV a minimXm, Whe moVW UecenW (WZo Wo WhUee  \eaUV) papeUV,
alWhoXgh iW ma\ liVW all papeUV foU Whe lifeWime of Whe miVVion. IW iV noW UeqXiUed Wo
liVW papeUV Wo AmeUican AVWUonomical SocieW\ (AAS) meeWingV, confeUenceV,
ZoUkVhopV, PhD WheVeV, eWc.  If needed, WheVe VhoXld be liVWed VepaUaWel\ fUom
Whe liVWing of Whe UefeUeed papeUV.

6.6. Proposal submission deadline

The pUopoValV Zill be Xploaded elecWUonicall\ in PDF foUmaW Wo Whe NASA NSPIRES
ZebViWe and mXVW be UeceiYed b\ FebUXaU\ 11, 2022, aW 11:59 PM EST.

6.7. Further information required for the Senior Review deliberations

AfWeU Whe VXbmiVVion of pUopoValV, membeUV of Whe SenioU ReYieZ panelV ma\ haYe
fXUWheU qXeVWionV oU UeqXeVWV foU claUificaWion. NASA Zill modeUaWe WheVe qXeVWionV and
UeqXeVWV, and e[pecWV Wo Vend Whem Wo Whe pUopoVing WeamV aW leaVW one Zeek befoUe
Whe VWaUW of Whe panel meeWingV and/oU SenioU ReYieZ SXbcommiWWee meeWingV.

7. Additional Instructions for Chandra, Hubble, & SOFIA
Proposals

7.1. Scope

AV VWaWed in SecWion 2.2, Whe SenioU ReYieZ SXbcommiWWee Zill Uank ChandUa, HXbble,
and SOFIA alongVide all Whe oWheU miVVionV. The 2022 SenioU ReYieZ foU WheVe WhUee
miVVionV Zill be a µfXll¶ UeYieZ (UaWheU Whan a µdelWa¶ UeYieZ WhaW ZaV condXcWed foU
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HXbble and ChandUa in 2016). The UeYieZ panelV Zill fXll\ aVVeVV Whe VcienWific meUiW
and pUodXcWiYiW\ of ChandUa, HXbble, and SOFIA and Zill alVo place addiWional emphaViV
on Whe opeUaWionV, efficienc\, and Whe Vcience pUodXcWiYiW\ giYen Whe coVWV foU WheVe
miVVionV.

7.2 Required elements

PUopoVeUV VhoXld fXll\ folloZ all aVpecWV of SecWion 6 Zhen pUepaUing WheiU pUopoValV,
Waking noWe of Whe folloZing adjXVWmenWV:

1. An addiWional VecWion, enWiWled ³PUojecW¶V PeUVpecWiYe on OpeUaWionV and
Efficienc\´ mXVW be inclXded. ThiV VecWion Vhall inclXde:

a. An aVVeVVmenW of Whe cXUUenW efficienc\ of Vcience and miVVion opeUaWionV
ZiWh appUopUiaWe meWUicV and aVVociaWed jXVWificaWion of Whe meWUicV, ZheUe
appUopUiaWe.

b. A diVcXVVion of an\ planV Wo fXUWheU impUoYe Whe efficienc\ of Vcience and
miVVion opeUaWionV oYeU Whe ne[W WhUee Wo fiYe \eaUV.

c. A diVcXVVion of hoZ fXndV aUe pUeVenWl\ XVed, Wo inclXde FTE (and WYE)
coXnWV in each ke\ fXncWional aUea.

d. A deVcUipWion and jXVWificaWion of Whe managemenW and deciVion pUoceVVeV
WhaW Whe pUojecW XVeV Wo appl\ Whe fXnding iW UeceiYeV Wo ma[imi]e Vcience
qXaliW\, obVeUYaWional efficienc\, and UeWXUn on inYeVWmenW, in an inclXViYe
enYiUonmenW, nXUWXUing a diYeUVe commXniW\ ZiWhin and oXWVide Whe pUojecW.

2. The combined pUopoVal VhoXld noW e[ceed 40 pageV (inclXding figXUeV, figXUe
capWionV, WableV, and oWheU gUaphicV). NoW inclXded in Whe page limiW aUe Whe
appendiceV (Vee SecWion 6.3).

8. Panel Instructions

8.1 Review criteria

All pUopoValV Zill be aVVeVVed againVW Whe folloZing cUiWeUia:

Criterion A: scientific merit (50% weighting)

Factor A-1: OYeUall VcienWific VWUengWh and impacW of Whe miVVion.

Factor A-2: E[pecWed VcienWific oXWpXW and Vcience pUodXcWiYiW\ giYen Whe
coVWV oYeU Whe UeqXeVWed fXnding peUiod.

Factor A-3: QXaliW\ of infoUmaWion collecWion, aUchiYing, diVWUibXWion, and
XVabiliW\.
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X)"-& EE5 PO EO P 4(")2('"(=$#"

N)?;9-W# 4O6 EF6 E5H E FI7I!/.R(E4(")2('"(=$#"

A-2-<&)" E6P ELP LL 5 U-W-<,-<#2')"R(K(")2('"(=$#"

/#,,' PL LP FO 5 JYMAR(E(")2('"(=$#"



Large/Treasury programs

C0A58:8:H%$.)/0%+1%B5<H0%@<9H<5A?

$.)/0%+6%B5<H0%@<9H<5A?

G46(A<)+<#? #$$); BC-;D&;9-1(,%(
E5DFD4E

A$#""-1(,-*)<-(
E5DED44

A$#""-1(#*2-<(
E5DED44 ;)??-"2

A#$# EEP 5 5 5 44()<,'2&()*(0)T

M-W#" 44 5 5 5 0)T

Z)>"+,$))1 EE5 5 5 5 -C)=$#"-2&

0<'$$'"+ 66 5 5 5 0[T&R(XQ/07;))<1

M-9"-< EFH 5 5 5 NFE

Q'$$'#?& E6O 5 5 5 NFE7A.!/0



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY
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D-C$(E$F;>$%-6G+-6&()$H575A6+()IJ

ACS Developments since the Apr’21 STUC Meeting 

! >,)#&'2632?"4#6'#'@"906"#2'(320%%AB

! ,'2632?".#460/%"#!C,#9"0.2'34" 0-6"9#
D?%EFG#>(@H ;%36&I#J!""#$%&#'(KL#4%'$#
69"2.32;#'-#!C,#.091#&?99"26#M#,*N#

! !C,#@3O"%#460/3%36A#('236'932;#J!""#$%
$)*+(K#4I'$4#46"0.A#PPBQR#?40/3%36A

! ,>S>,)#?@.06".#6'#HTU-%0;#4@0630%%A#
70930/%"#V=,#,,H#406?9063'2#J&,-#$%&#'(K#

! N09%A#'24"6#'-#"%"706".#)W,#.091#&?99"26#
4""2#32#,A&%"4#FX#M#FY#I04#9"7"96".#
/0&1#6'#%'2;U4602.32;#/"I073'9#
J&,-#$%$)*+(K

%K>$L-+M$>G++5)6$@I8$NC5+-6&),$O5'C5+-6G+5

4=>$!&P57$%6-Q&7&6B$F&I6(+B



! )@0630%%AU."@"2."26#,,H#406?9063'2#-%0;;32;#32#,>S>,)
P ?I!FQRI)0@+<0)S76T);$%1$-1+,U)I?L?I!)1#E4.#.,-$-1+,)1,)7V57)W%.E+%-.A)$-)?E%X57)!(KIY

P ?I!F':I)W4.B$*&Y)0@+<0)S9T);$%1$-1+,U)I?L?I!)1#E4.#.,-$-1+,)1,)CV57)WZ7V)$@.$A)+2)0*@.A"4.Y

! Z%022".#3(@9'7"("264#6'#H>=[,\==#32#,>S>,)
P O?:[I\::)"EA$-.)-+)J.--.%)*+%%.*-)]2$A1,B^)@+-E1/ %.*.,-4&)A10*+;.%.A)W_!:)?I!)5657`6CY

P :.;10.A)O?:[(_>N)+;.%@.$A0).0-1#$-.a)2%+#)1#E%+;.A)0@+%-`F4+,B`./E)@+-E1/ 24"/)%$-1+0

! ,'2632?".#9"-32"("26#'-#!C,#;"'("693&#.346'963'2#4'%?63'2
P I&*4.)5b),+,`%+"-1,.)I?L)E%+B%$#)*+,21%#0)E+0-`5679)0@$44+<1,B)+2)*+.221*1.,-0X)-%.,A1,B

P c$1$).O:C);$41A$-.0)./10-1,B)WO:5Y)0+4"-1+,a)<1-@)Z5d #+%.)E%.*10.)E%+E.%)#+-1+,0)2+%)ef)("*

! ,'((3443'232;#?2."9$0A#-'9#2"$#>,)#'/4"9732;#('."]#!C,#4@"&69'@'%093("69A
P I%+001,B)-@.)QRI)B%10# 214-.%)Wcb66LY)<1-@)-@.)E+4$%1g.%)214-.%0)Wh\L6HU)h\L96HU)h\L756HY)

P c+$4)10)-+)$A;.%-10.)\E-F=_:)W9666`ij66kY)B%10# 0E.*-%+E+4$%1#.-%& *$E$J141-&)1,)"E*+#1,B)
+J0.%;1,B)+EE+%-",1-&)

Highlights of ACS Recent & Ongoing Work



! ^)=#>,)#FGF_UG_#]#`)A46"(063&#N--"&64#'-#Z3O"%U/04".#,*N#,'99"&63'2#'2#6I"#>&&?90&A#'-#
>,)a!C,#Z'326#)'?9&"#Z'%093("69Ab#JH"4509.324#"6#0%BK

! ^)=#>,)#FGF_UGF#]#`S'2;U6"9(#c'236'932;#'-#6I"#>,)#*?2;46"2#S0(@#W93;I62"44b#J,'I"2#
M#:9';32K

! ^)=#>,)#FGF_UGd#]#`C0.32;#V'6#Z3O"%4#32#>,)a!C,b#J=A'2#"6#0%B<#32#@9"44K

! ^)=#>,)#FGF_UGe#]#`\2"UZ044#V)*#ZI'6'("69A#$36I#hst1passb#J>2."94'2#"6#0%B<#32#
@9"44K

! *^=#>,)#FGF_UG_#]#`>2#NO@%'9063'2#'-#=".?&".#NO@'4?9"#*3("#02.#Z'46UC%04I#H?9063'2#'-#
>,)a!C,#,0%3/9063'2#H0914b#J=A'2#"6#0%BK

! *^=#>,)#FGF_UGF#]#`ZA6I'2#W?3%.#'-#6I"#^H,#*0/%"#:"2"906'9#-'9#>,)a!C,b#JV'--(022#"6#
0%B<#32#@9"44K

New ACS Documentation since the Apr’21 STUC Meeting 



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY
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COS General Updates

" ,\)#34#\@"90632;#8'(320%%A
! (1#.)O.E.,A.,-)!.,01-1;1-&)-%.,A0)%.#$1,)*+,0-$,-
! RKH)A$%l)%$-.)A.*%.$0.A)J$*l)-+),+#1,$4);$4".a)=KH)A$%l)%$-.)%.#$1,0)*+,0-$,-
! =.<)@+-)0E+-)1,)-@.)J$*lB%+",A)%.B1+,)+2)Lhea)J.1,B)1,;.0-1B$-.A

" 8"$#9"-"9"2&"#-3%"4#4?@@'9632;#C+f#SZg#M#SZd<#C+f#SZe#J&0%3/9063'2K#02.#8+f
" H'&?("26063'2]#d#)*>8)<#g#^)=4<#,\)#HVW<#02.#2"$#D?@A6"9 2'6"/''14

S(*L2,% M"*5+ T10&U

K<&!#)[+#&+%&)3< W2(()#M&-,&L8W&LMD3+&=O&L)3"/#)%"-6&73)6 =>=?@>A

C<&C)$;%)("#-I) +%&)3<& LMD3+&=E&L8W&\ST&C+%+D%-#&C)#V&b-6"%-# =>=?@>B

C<&C)$;%)("#-I) +%&)3<& LMD3+&=O&L8W&\ST&C+%+D%-#&C)#V&b-6"%-# =>=?@>E

Z<&!"$D;+#&+%&)3<& !-D2$"6*&-6&\+J&L8W&!ST&a",+%"(+&7-$"%"-6$4&9?Q>b^?=_?&)%&a7B&9?A>a^P>>&)%&a7Q =>=?@>O

e<&.-J3)60$&+%&)3< Z;+&Z"(+@C+G+60+6%&W+6$"%"I"%M&L-##+D%"-6&-,&%;+&L8W^!ST&L+6J)I+$ 9?Q>b^?>BB&
)60&9?Q>b^?>_E

=>=?@>P



The COS2030 Plan

" 8"$#3."04#02.#("6I'.4#2'$#"20/%"#?4#6'#?4"#6I"#."6"&6'9#09"0#0/'7"#SZg
! _,*%.$0.A)+;.%@.$A0)A".)-+)0E41-`<$;.*$40 -@$-)$;+1A)41B@-)4.$l

" 8"$#IA/93.USZ#('."#'-#'@"90632;<#0%'2;#$36I#SZX<#$3%%#"20/%"#,\)#'@"9063'24#6'#FGdG



LP5 / LP3 Calibration: Operations started with Cycle 29

! ;7<6.(/",,$%=/(>7587?(7<66?(7<68?(7<7@?(7<5AB(:,(C+D(E/$%=(F0G565D('EH"/(>%)(I0JB

! ;7K6C(/",,$%=/(>@66?(776D?(75@6B(:,(C+<(/$%3"(#)/,HL(*:HH()%(/"=#"%,(JM(
N O"P(3:H$1':,$)%/(%""&"&()%HL(*)'(3"%P:4" @66M

! !"*"'"%3"(*$H"/(P"'"(&"H$4"'"&()%(G"Q,(76
N R%3HE&$%=(Q')*$H"("S,':3,$)%?(P:4"H"%=,T(3:H$1':,$)%?(:%&(*HES(3:H$1':,$)%?(1:&(Q$S"H(,:1H"

! !"/)HE,$)%()%(/"=#"%,(UVWJ(P$,T(;7<6.(=':,$%=(X7K?666(>/H$=T,HL(T$=T"'(,T:%(:,(C+KB

!"#

R)I+3+6*%;&L)3"/#)%"-6&.+$"02)3$&"6&
9?Q>b^?=_?&!STf&J"%;"6&$G+D&)60&$()33 !32:&L)3"/#)%"-64&a7B&)60&a7A&"6&)*#++(+6%



LP6 Update: Operations start Cycle 30

! YSQH)':,$)%()*(%"P(:'":()*(&","3,)'(,)(&","'#$%"(
QH:3"#"%,()*(C+Z($/(%)P(3)#QH","

! ;:$%(#)&"H$%=(/T)P/(,T"()Q,$#:H(QH:3"#"%,()*(
C+Z(,)(1"(:,([ZMD\

! JHH)P/(#:S$#E#('"/)HE,$)%(>!X7K?666B(:%&(
/E**$3$"%,(EQQ"'('":H("/,:,"(*)'(:(Q),"%,$:H(*E,E'"(
C+(P$,T(!]76?666

! C+Z(:,(FL3H"(<6^(;7Z6.(7D<<?(7DAA?(7D@8?(7Z66?(
7Z77?(7Z5<

! !"#$#%&&'(&)"*(+,-)./0+.()"&'1(+2+"$/%&&'(&)"*(%"3(
.4)0$(+,-)./0+.(#"(5657

! 89:6;(9555(%&.)($)(<)2+($)(=>?(#"(5657

! Y%&()*(H$*"()*(C+D(:%&(C+Z("SQ"3,"&($%(":'HL(56<6(
! O)(I'$=T,(012"3,(JQ"',E'"()Q"':,$)%/?(%)(UH:,*$"H&(

F:H$1':,$)%(JQ"',E'"?(E/"(/QH$,NP:4"3:H/ *)'(
3:H$1':,$)%(H:#Q/

YSQH)':,$)%()*(%"P(:'":()*(&","3,)'(,)(&","'#$%"(

UH:,*$"H&(

a7E&)%&UE<Bg&F9?E>bH

!"#$%&$'#()*$+,-./01



EXPANDING THE FRONTIERS OF SPACE AS TRONOMY
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STIS Status

:"2"90%
! )*^)#'@"90632;#2'(320%%A
! )*^)#*"0(#&I02;"4]

! 5)A.E$%-"%.0D)>$--)>$*4$& W-.*@,1*$4)0-$22Y)m)[1#)Q$%A`O"+,B)W!(!*_)R.44+<Y
! 5)$AA1-1+,0D)L$"%$)h%1*@$%A)W-.*@,1*$4)0-$22Y)m)L.+,$%A+)A+0)!$,-+0)W!(!*_)R.44+<Y

H'&?("26063'2
! ^2@?6#6'#,A&%"#dG#Z93("9<#,0%%#-'9#Z9'@'40%4
! F#)*>84#@?/%34I".#JD?%A#02.#>?;?46#FGF_K
! ^)=#FGF_UGF]#)*^)#c>c>4#,I"&132;#-'9#:032#)0;#JcB#c0&%0AK
! *$'#^)=4#&?99"26%A#?2."9#9"73"$]

! !"#$#%&'$()#&(*+,*-,&"',.*+/0&'$1,$*&#&(*+#.,'2*.3&(*+,*-,&"',4564,!!7,-.#&-('.89,W[G)Q$%A`O"+,BY
! 4%#&&'$'8,:(/"&,(+,4564,/$(91 ;<=>:?,WcG)Q+%-@.&a)h_)+2)I?LFc\)E%+B%$#)797bbY



STIS Calibration Updates – NUV Dark Rate

=KH)O$%l):$-.)KEA$-.0
! (@.)(OI(?n)#+A.40)-@.)-1#.)

;$%1$-1+,)+2)-@.)=KH)A$%l)%$-.

! h%1+%)-+)-@.)0E%1,B)'!()$,+#$4&a)-@.)
=KH)A$%l)%$-.)<$0)J.B1,,1,B)-+)
0@+<)$)041B@-)1,*%.$0.)<1-@)-1#.

! =KH)A$%l)%$-.)0E1l.A)W$0)./E.*-.AY)
$2-.%)-@.)'!()%.*+;.%&)

! ?),.<)(OI(?n)<1-@)5),.<)
J%.$lE+1,-0)<144)J.)A.41;.%.A)$0)
0++,)$0)-@.)E+0-`$,+#$4&)A$%l)%$-.)
0-$J141g.0

L2##+6%&G"G+3"6+&ZCLZ5f
F3"6+&"$&(-0+3N&G-"6%$&)#+&0)%)H

SG0)%+0&ZCLZ5f&J"%;&
=&6+J&/#+)VG-"6%$



STIS Calibration Updates – NUV MAMA Flats

=KH)L$#E)n%1B@-,.00)2+%)R4$-)R1.4A0
! =+)=KH)*.,<$;.F$E.%-"%.)*+#J1,$-1+,)*"%%.,-4&)

$*@1.;.0),..A.A)*+",-)%$-.0)2+%)24$-)21.4A0

! (@.)*@$,B.0)1,)4$#E)1,-.,01-&)#.$0"%.A)+;.%)-1#.)
$%.)@1B@4&);$%1$J4.)<1-@)<$;.4.,B-@)W0..)E4+-Y

! ?)0E.*1$4)*$41J%$-1+,)E%+B%$#)W79j7fY)<144)A.-.%#1,.)
$)0,$E0@+-)+2)-@.)=KH)A."-.%1"#)4$#E)!NO)$*%+00)i)
*.,<$;.0 -+)1,2+%#)I&*4.)5i)R4$-)E%+B%$#

N;$4"$-1,B)I"%%.,-)=KH)h`24$-0)W!?!ho)E%+p.*-Y
! !?!h)1,-.%,)#+A.%,1g.A)h`24$-)WE1/.4`-+`E1/.4)24$-Y)B.,.%$-1+,)*+A.)-+)%.#+;.)_:?R)A.E.,A.,*1.0

! c.,.%$-.A),.<)h`24$-0)2+%)$44)E+0-`!>e)*&*4.0

! :>!)+2),.<)24$-0)%.4$-1;.)-+)E1E.41,.)24$-)W<@1*@)"0.0)E%.`!>e)A$-$Y)*+,-1,".0)-+)B%+<a)J"-)#$&)0-144)J.)
,.B41B1J4.G))R"%-@.%)0-"A&),..A.A)-+)$00.00)1#E$*-G hW5W7&i&WG)D+&5$%#-6-(M&W2((+#&7#-*#)(

%655C$
R5A7&)5 %S-77(T5+$

R5A7&)5

")A+5-I5U



Future/On-going work

RKH)_,;.0-1B$-1+,)2+%)K,*+%%.*-.A)!E$-1$4)H$%1$-1+,
! h%+B%$#)79eCb)10)A.01B,.A)-+)1A.,-12&)$,A)q"$,-12&)E+-.,-1$4)

",*+%%.*-.A)0E$-1$4);$%1$-1+,)1,)-@.)RKH)L`24$-0

! !E.*-%$)-$l.,)$-)57)041-)E+01-1+,0)1,)C)B%$-1,B0)W./$#E4.)J.4+<Y
! \&+-&'(6D&#",&'"#6;+$'+64.+"*'"+$'\B'96-./.6+-
! 09"#-&'(6D&#",&'6D&#'#&4".+.+,'$&/&(/6#

! ?,$4&010)<144)J.B1,)R$44)5657
G140M/1272

\-@.%)KEA$-.0
! =.<)_>h'((?n)A.41;.%.A)-+)*+%%.*-)

+"-A$-.A)(O!)"0.A)1,)h'\(RL?>)
A.%1;$-1+,)" *+%%.*-0)$44)E+0-`!>e)
1#$B1,B)A$-$0.-0

! _,)I&*4.)C6D
! h:_!>)<144)J.*+#.)$;$14$J4.)J"-)

",0"EE+%-.A)WA".)-+)%$%.)"0$B.Y
! K0.%0)<144)J.)$J4.)-+)%.q".0-)

A10$J41,B)#+,-@4&)>?>?)+220.-0)
$0)$,)$;$14$J4.)#+A.)W*"%%.,-4&)
%.0-%1*-.AY

! Q+%l)*+,-1,".0)+,)$J0+4"-.)24"/)
%.*$41J%$-1+,G)I"%%.,-)0-$-"0)@.%.D)
@--E0DFF<<<G0-0*1G.A"F@0-F1,0-%"#.,-
$-1+,F0-10F24"/`%.*$41J%$-1+,

!"#$%&'()&*+,-#+.#&/0#1!#
-20)&'(#*,#&/0#345#-&()6

https://www.stsci.edu/hst/instrumentation/stis/flux-recalibration


EXPANDING THE FRONTIERS OF SPACE AS TRONOMY

<=7>%801',(

)A%730#W0;;"66<#>220%340#,0%0(3.0<#02.#!C,d#*"0(



WFC3 status 

c.,.%$4
! T83]'69&#"/.+,'+64.+"**<
! I=/&#'0Y3M\!'-%./()'.+'^;*<C'$"/"'+6#4"*
! _]KKCKKK'T83]'.4",&-'.+'EI01'"#().D&

! 29$"/&$'31P'46$&*'5Y0`'JKJBGKLa'JKJBGKZ:
! 91"/,';,)31)B%&-,'"B;)1=,*

! \I1$)1$,075]$0''7104,$'7(;()2%$)1-%($
05'.-G-402-1)

! R1%%(%$50>($7(41)%27&42-1)$1G$G0-)2$%1&74(%$
)(07$:04>871&)*$)(07.6$-5'1%%-:.(

! F:%(7;(7%$+-2,$G0-)2$%1&74(%$&%($(5'-7-40.$
4177(42-1)$17$'7(;-1&%$D"^$41*($N'62,1)$
)12(:11>$0;0-.0:.(_$#!`%$TWTLJWA<$TWTLJLVQ

! B(78-)8$(5'-7-40.$D"^$4177(42-1)$G17$
',1215(276$0)*$0%2715(276$-)21$,%2L'0%%$
%1G2+07($N#!`$TWTLJLVQ

! C7(.-5-)076$7(%&.2%$'715-%-)8_$7(.(0%($
(Y'(42(*$.02(7$2,-%$6(07

782()&#+.#)9''0,&#:5$#;+--0-#+,#2/+&+80&'<#(,=#(-&'+80&'<

>/+&+80&'*)#'0-*=9(;-#?1@0AB2*%#C)6D',=E#/-&!2(--F

!"#$"%% &'()#$"%%

!
"#

G+*-0#20'.+'8(,)0#+.#+;=H#,0I#8+=0;-

!"#$%&'("$)*+'),

!"#$"%% &'()#$"%%

J-&'+80&'*)#'0-*=9(;-#?1@0AB2*%#C)6D',=E#/-&!2(--F

$%
&'
(

!"#$%&'("$)*+'),



WFC3 status

! 7_HL'O>_'AB%$,'."6)%)8'"&'!Q>C'DA>?'FWFE@W`G
! T?B$Ea#!$0)*$SB$#`
! #%1.02(*<$,-8,$!bc$%207%<$(Y27042(*$1)J2,(JG.6$G17$:(%2$40.-:702-1)
! M=CDT$C!=$#508($.-:7076<$dUWW<WWW$C!=$-508(%

! 7_HL'>13#+%),'0"6)%)8T';8#(1&'/-)";#/R'&1#,6112/'
! D()270.-e(*$.1402-1)<$%&%20-)0:.($7(.(0%(b50-)2()0)4(
! A$C1%2(*$)1+f$A_$0**-2-1)0.$dTW$:6$()*$1G$6(07

! A?'/,&/"#"="#8'1=,)'#"B,T'("$(@;),-"/"1&'/-%&/'DA>?'FWFE@WXG
! =L?WM<$BVS$NTWLSJTWTLQ$$$$JWOWT?[$b67 gbJ WOWW@
! =WU@B<$BVS$NTWTWJTWTLQ$$$$JWOW??$[b67 gbJ WOWh

! 4>C'31-5/'B1&"#1)"&$'5/"&$'7_HLRQH>'*%#%
! .-)(07$G-2f$JWOSV<$JWO?W$5-471)%b6(07$7(%'(42-;(.6
! *-%'(7%-1)$.078($:&2$dW$5-471)%$:6$dTWTT

! !%-("&,'.,%)&"&$'D!0G'%;;.",*'#1'6.16/
! 4177(42.6$G-)*%$:.1:%$U?[$1G$2-5($N#!`$TWTLJW@Q
! BR$51)-217$;(7%-1)$)1+$-)$i&-4>.11>
! 7&))-)8$-)$'070..(.$+-2,$50)&0.$4,(4>%$$$
! )(Y2f$0''.6-)8$BR$21$G-8&7(J@$8,1%2%

!"#

$%%&'())*+%$,-./01)'&2/3%343'/0&3)5678!+-929:

*+,-./0-12345 63+7589:.43;

K4#-9))0--.9;;<#*=0,&*.*0-#C;+C-

3+)9-#=0-2()0 8+,*&+'*,D

!"
#$
%&
"
'(

)&
*+
,#
-

./.../01

!"#$
%#&

/

21

31



WFC3 status

! <%#%'4%&*6112'[;*%#,'D),.,%/,'M-#'FWFEG
! 4,0)8(%$-)4.&*(f

! !"#$#%&$'()*)+,(-'+$(#.*/!0+$&
! 12*3,+$3(&,04
! -,#-*0&,$+*3,+$4
! .&5*678*%#0&,
! $(%&90&!&.0&.$*12*0+':4
! !(;&,*4$+-(,($<*3,+=4
! .&5*!<$"#.*&;+%!,&4
! 12>?*'&%#@&0
! !#(.$&'4*$#*A/!<$&' .#$&-##:4*3#'*5#':3,#54

! H1&#%-#'>-",&#"/#'),=",+/
! D64.($TU$'71'1%0.%
! K1-)2$D,0)*70J/!"
! 5-*JD64.($TU

! H%."6)%#"1&/'31)'H8-.,'Fa

! Z:1;.%&,#'H%#%.1$'DZ:1H%#G'13'#)%&/"#"&$'16/,)=%#"1&/
! 2078(2<$',0%($%2072b()*<$%40)$'0705(2(7%<$G-.2(7b87-%5<$(24
! !"#f$(04,$2078(2$41))(42%$*-7(42.6$21$^Y1B3!" ()276
! !$#f$0**-)8$.-)>%$21$M=DV$%40)$Z&0.-26$G715$i&-4>.11>

,22'%fbb+++O%2%4-O(*&bdM=DVb(Y1402b(Y1402b(Y1402O,25.
! ^Y1D02 :(-)8$7()05(*$21$"7(Y1.-%2% 21$0;1-*$41)G&%-1)$+-2,$0)$(Y20)2$4020.18

'()*+,)-./

BC)N!/0 )>2=>2

https://www.stsci.edu/~WFC3/exocat/exocat/exocat.html


User support/documentation

! <%#%'4%&*6112'DM-#'FWFEG'
! >CQ9/'DQ;)".R'K5.8R'%&*'M-#'FWFEG
! 4,.;*,/2
! K5&,'FWFE'QQ>''

! /!"j%$M=DV$-)$TWTL$
! c(+$I7-ee.(C04 /0)*:11>$a(7%-1)$TOW$`(.(0%($N+-2,$3D!Q

! ?,;1)#/'
! TWTLJWS$$$$C,1215(27-4$`('(020:-.-26<$!()%-2-;-26$^;1.&2-1)$1G$M=DVb#`
! TWTLJWA$$$$M=DVbEa#!f$c(+$=RD$^Y2(7)0.$D"^$B1)-217-)8$TWWU$k TWTW
! TWTLJWh$$$$344&7046$1G$M=DV$!20)*07*$3%2715(27-4$D020.18$+O7O2$X0-0$^I`V
! TWTLJW@$$$$M=DV$#`$P.1:$D.0%%-G-402-1)$+-2,$B04,-)($R(07)-)8
! TWTLJWU$$$$E'*02-)8$2,($M=DVbEa#!$D"^$B1*(.$0)*$B-2-802-1)$!2702(8-(%
! TWTLJLW$$$$M=DVb#`$P.1:$=.02%
! TWTLJLL$$$$B0Y-5&5$R->(.-,11*$3''7104,$21$^%2-502-)8$2,($=.&Y$-)$#)G707(*$

I(2(4217%$c1)J*(%27&42-;($`05'%
! TWTLJLT$$$$",($M=CDT$0)*$M=DV$C!=$I020:0%(
! TWTLJLV$$$$"0:.(JP0%(*$D"^$D177(42-1)%$G17$G.2J=17502$M=DVbEa#!
! TWTLJL?$$$$Ea#!$C-Y(.$!20:-.-26f$E'*02(%$21$",($Ea#!$P0*$C-Y(.$"0:.($C-'(.-)(
! TWTLJLS$$$$M=DVbEa#!$"&)8%2()$R05'$0)*$=-.2(7$C(7G1750)4($TWWUJTWTL

! A&';),;'
! 3K$072-4.($1)$Ea#!$e(71'1-)2%
! M=DVbEa#!$I(&2(7-&5$R05'$0)*$=-.2(7$C(7G1750)4($TWWUJTWTL

4567899:8)$+#;"* 3 9,<"*#+,8";8%=>8

!*)??="8)$+#;"* @ A+BB(%,,8'96:-8";8%=>



Summary

(@.)'"JJ4.)(.$#)10)<+%l1,B)-+)#$/1#1g.)-@.)1,-.B%$-.A)0*1.,-121*)E%+A"*-1;1-&)+;.%)-@.),./-)A.*$A.

(@$,l)&+")2+%)&+"%)1,E"-)2+%)-@.)!.,1+%):.;1.<)$,A)-@.)J%+$A.%)#1001+,)$*-1;1-1.0


