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NEIL GEHRELS

Music major (1972), climber, 
cyclist, volunteer and above 
all a great friend...

Neil worked on many 
projects, e.g. Voyager, 
balloon flights, CGRO, 
Integral, Swift, Fermi, 
WFIRST and more yet to 
come...



THE BAND





So, what did we learn from Neil?



LESSON 1: PICK YOUR MOMENT

Swift: the right technology at 
the right time, with the right PI

BAT

XRT

UVOT



LESSON 1B: DON’T GIVE UP
November 2002

NASA Cancellation Review

Swift late and >20% over budget

Neil’s approach: be honest, explain and have a plan

Result: extra funding and continue to launch 



WAITING, WAITING…



HURRICANE FRANCES (SEPT 5)

Swift is in here

It’s ok, the backup system worked



DON’T DO THIS…

DO THIS

20 November 2004



LESSON 2: USE AUTOMATION 

BAT Burst Image

T~30 sec

BAT Error 
Circle

XRT Image

T~100 sec T~300 sec

UVOT Image

1. Burst Alert Telescope triggers on 'automated target’, calculates position to ~ 1- 3 arc-
minutes, transmits to ground via TDRSS and distributed by GCN.

2. Spacecraft autonomously slews to position in 1-2 minutes

3. X-ray Telescope: ~ 5 arcsec prompt, ~2 arcsec delayed position (distributed via GCN ASAP)

4. UV/Optical Telescope images field, transmits finding chart to ground

5. The Swift team analyzes the data in real time and sends out notice in ~5 - 20 minutes.



GRB PRIORITY 1: SHORT GRBS



Short vs Long GRBs Long GRB

In non-SF
and SF galaxies

No SNe
detected

Possible merger
model – but what?

In SF
galaxies

Accompanied 
by SNe

Collapsar model 
well supported

GRB 990123 - SAX
SF dwarf host

GRB

Short GRB

XRT

Chandra

GRB 050724 - Swift
elliptical host



THE TRANSIENT ZOO: NEW ANIMALS? 
(LEVAN ET AL., 2014; EVANS ET AL. 2014)

Swift has found a small number of “ultra long” transients/GRBs, with T90 >2000s

Swift J1644+57
Swift J2058+05



LESSON 3: COMMUNITY INVOLVEMENT
= NEW PRIORITIES

• Swift has a GI programme and a 
TOO web page which scientists use 
to submit requests for observations.

• For some programs (Neutrino, 
Fermi LAT GRB, LIGO/Virgo GW 
triggers), we have a 'backdoor'
system that allows auto generated 
TOOs.

http://www.swift.psu.edu



• 2005:  Short burst mystery solution. 
NS-NS mergers

• 2005:  Flares & bright afterglows in 
GRBs

• 2008:  Discovery of a SN shock break-
out X-ray flash

• 2008:  Naked-eye GRB from reverse 
shock jet physics

• 2009:  Discovery of 2 GRBs with z>8
• 2005-2011:  SFR and metallicity

evolution  to z>5
• 2010:  Many galaxy mergers in hosts of 

absorbed AGN
• 2011:  Tidal disruption super-flare of 

star eaten by BH
• 2012:  Discovery of very young (2500 

year old) SNR
• 2013:  Anti-glitch spin down in 

magnetar 11E 2259+586

• 2013:  Evidence for kilonova emission 
in a short GRB

• 2015:  Extreme glitch in pulsar B0540-
69

• 2015:  V404 Cyg bright outburst for a 
micro-blazar

• 2015:  Magnetar powered SN with 
ultra-long GRB

• 2015:  ASASSN 14li tidal disruption 
event

• 2015:  UV pulse in iPTF SN Ia, single 
degenerate explosion

• 2016: Starspots on Proxima Centauri
• 2017: NGC4151 monitoring changes 

disk reprocessing model

Game-Changing Discoveries Every Year

Continuous break-
throughs with Swift: 

many not GRB related



TOO requests increasing

Year 

N
um

be
r

NuSTAR

AstroSat ~1300 in 2016
>500 requests so far in 2017

In the past 28 days, Swift has 
received 105 Target of 
Opportunity requests (3.8 per 
day), from 60 members of the 
community, for 82 different 
celestial objects. In that time 
Swift observed 76 targets in 
130 separate observations on 
average per day. Swift was 
observing for 73% of the time, 
the rest of the time spent 
slewing or passing through the 
South Atlantic Anomaly.



Swift Operations & Science are Evolving

GRBs
TOOs
GI obs & Fill-ins
SAA & Calibration

2009
27%

18%38%

17%

2005
46%

6%
13%

35%

2014
17%

30%
35%

18%

Fermi, NuSTAR, MAXI, INTEGRAL
Spitzer, Kepler, Planck, 
Chandra, XMM, AstroSat
VERITAS, MAGIC, HESS, HAWC,
IceCube, ANTARES
ALIGO-Virgo
70 ground telescopes

Some TOOs in GI



Current Prioritized Mission Objectives 

NASA SR proposal 2014: Swift came top, again



TILING: EXAMPLE FOR ICECUBE
Swift response to a 
neutrino doublet from 
IceCube.

7-point tiling needed to 
cover the error region.

Multiple sources 
detected, but…

Coordinates redacted…



OBSERVING LIGO/VIRGO TRIGGERS
• Trigger on compact binary coalescent events.

• Take BAYESTAR error region, convolve with Galaxy Catalog 
to target nearby galaxies.

• Upload PPST containing as many 60s exposures of the LIGO 
error regions for 48 hours to look for prompt emission.

• For following three days take as many 500s exposures of 
these galaxies again, in order to look for off-axis afterglows.

• Process validated and in use



LESSON 4: THE NEXT MISSION

Neil’s vision for the future (Huntsville, Nov. 2016) 

TAP

Want:
Wide sky coverage, 
good localisation, 
on-board redshift

‘Lobster’ X-ray 
technology



WE MISS YOU NEIL

Neil Gehrels, 1952-2017


