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 Abstract 

 SPOTLIGHT  is  a  time-domain  survey  instrument  to 
 perform  a  real-time  commensal  search  for  Fast  Radio 
 Bursts  (FRBs)  and  Pulsars  with  a  PetaFlop  system 
 installed  at  the  GMRT  funded  under  the  National 
 Supercomputing  Mission  (NSM).  The  system  executes 
 real-time  HPC  and  AI  applications  to  ensure  simultaneous 
 time-domain  detection  and  arc-second  imaging 
 localisation  of  the  detected  bursts  across  the  GMRT 
 observing  band.  With  an  unprecedented  sensitivity, 
 SPOTLIGHT  is  expected  to  find  hundreds  of  FRBs  with 
 possible  host  galaxy  associations,  allowing  the  use  of  the 
 bursts  as  cosmological  probes.  The  AI-assisted  trigger  for 
 genuine  astronomical  signals  enables  the  capturing  of 
 voltage  samples  spanning  the  burst  duration  to  study  the 
 spectro-temporal-polarimetric  properties  at  microsecond 
 time  resolution  to  probe  FRB  progenitor  models  as  well  as 
 propagation  imprints.  With  the  successful  execution  of  the 
 SPOTLIGHT  project  we  expect  that  this  instrument  will 
 enable  transformational,  high  impact  science  in 
 time-domain  astronomy  with  the  GMRT  over  the  period 
 of  its  operation,  along  with  being  a  trigger  for  cutting  edge 
 technology development. 

 1. Introduction 

 Time-domain  astronomy  (i.e.  the  study  of  rapidly  varying 
 sources)  is  a  rapidly  growing  field  of  research.  Here  the 
 aim  is  to  understand  the  nature  of  celestial  radio 
 transients.  Two  important  classes  of  such  transient  sources 
 are  pulsars  and  Fast  Radio  Bursts  (FRBs).  Pulsars  are 
 rapidly  rotating  strongly  magnetised  neutron  stars  that  can 
 be  used  as  extremely  precise  celestial  clocks,  and  allow 
 one  to  probe  the  most  extreme  states  of  matter  and  gravity. 
 Most  detected  pulsars  are  galactic  objects,  Whereas  FRBs 
 are  extremely  bright  ∼millisecond  duration  events  that  are 
 detectable  at  cosmological  distances  and  are  the  probes  of 
 highly  energetic,  and  possibly  cataclysmic  events, 
 providing  a  unique  opportunity  to  study  the  ionised 
 intergalactic medium (IGM). 

 2. The SPOTLIGHT System 

 The  uGMRT  is  currently  the  only  interferometric  array 
 capable  of  providing  simultaneous  detection  and  the 
 arc-sec  localisation  of  such  fast  transient  sources  over  the 
 full  300−1460  MHz  radio  spectrum.  However,  to  enhance 
 the  discovery  potential,  a  system  like  uGMRT  needs  to  be 
 equipped  with  a  real-time  commensal  time-domain  survey 
 instrument.  This  is  now  accomplished  by  building  a 



 PetaFlop  computing  capacity  (hosting  ∼90  A100  GPUs 
 installed  on  60  of  C-DAC’s  indigenously  developed  Rudra 
 servers,  several  10s  of  TB  of  memory  and  2  PB  of 
 storage)  for  conducting  such  a  real-time  commensal 
 search  for  FRBs  and  Pulsars  with  the  GMRT,  called 
 SPOTLIGHT  (https://spotlight.ncra.tifr.res.in/).  This  is 
 funded  by  the  National  Supercomputing  Mission  (NSM) 
 under  MeitY  and  DST  of  Govt.  of  India.  The  system  is 
 expected  to  discover  more  than  a  few  hundreds  of  FRBs 
 with  host  galaxy  association  as  well  as  several  hundreds 
 of  pulsars  over  the  next  few  years  of  scientific  operation 
 by  piggy-backing  to  the  ongoing  observations.  The  system 
 will  be  equipped  to  accept  GMRT  digitiser  outputs  at  a 
 rate  of  25  GB/s  using  32  of  10  GB  fibre  links  and  process 
 them  on  a  24×7  basis.  The  correlator  and  beamformer  will 
 form  2000  beams  covering  the  FWHM  field-of-view 
 using  phased  addition  of  visibilities  of  moderate  length 
 baselines  [1,  2].  This  system  with  ∼20-times  more  raw 
 compute  power  than  the  existing  uGMRT  backend  [3] 
 requires  80  kW  of  IT  power  and  40  kW  for  cooling.  The 
 PetaFlop  data  centre  is  established  inside  a  shielded  room 
 in  the  GMRT  providing  ~100  dB  isolation  over  the 
 frequency  range  of  14  kHz  to  10  GHz.  This  is  now  being 
 integrated  into  the  uGMRT  observatory  control  and 
 monitoring system to enable commensal operation [4] 

 The  time-domain  event  detection  system  searches  for 
 millisecond  bursts  and  periodic  signals  up  to  a  dispersion 
 measure  (DM)  limit  of  2000  pc  cm  -3  over  a  frequency 
 range  of  300-1460  MHz.  The  multi-beam  real-time  search 
 pipeline  for  FRBs  [5]  and  a  quasi-real-time  search 
 pipeline  for  pulsars  [6]  are  being  developed  in 
 collaboration  with  the  Oxford  e-Research  Centre  at  the 
 University  of  Oxford.  The  Deep  Learning  (DL)  based 
 Artificial  Intelligence  (AI)  system  optimises  triggers  for 
 baseband  voltage  capturing  to  probe 
 spectro-temporal-polarimetric  properties  of  the  bursts 
 disentangling  the  intrinsic  emission  features  from  the 
 propagation  imprints.  The  team  at  NCRA  is  working  with 
 NVIDIA  and  IIT-Palakkad  to  jointly  develop  the  machine 
 learning  and  deep  learning  pipeline  under  the  NVIDIA  AI 
 Technology  Center  (NVAITC)  collaboration.  This 
 collaboration  aims  to  enhance  the  capabilities  of  the 
 SPOTLIGHT  project  through  advanced  AI  technologies. 
 Visibilities  and  raw  data  for  all  candidates  triggered  by  AI 
 classifier  will  be  saved  to  disk  for  real-time  imaging 
 localisation  [7]  and  quasi  real  time  confirmation  at  full 
 sensitivity  and  full  angular  resolution.  The  coherently 
 dedispersed  beam  at  the  FRB  discovery  parameters 
 enables  spectro-temporal-polarimetric  studies  at  high-time 
 resolution  [8].  SPOTLIGHT  discoveries  are  expected  to 
 have  a  very  high  scientific  impact  since  localisation  is 
 critical  for  using  these  bursts  as  cosmological  probes  [9]. 
 Applications  include  measurements  of  the  “missing 
 baryons”  in  the  universe,  studying  the  magnetic  field  in 
 the  early  universe  etc.  [10,  11].  A  web-based  real-time 

 monitoring  and  discovery  database  is  now  getting 
 developed  generating  prompt  alerts  for  new  and  known 
 FRB  detections  in  SPOTLIGHT  through  Virtual 
 Observatory  Event  (VOEvent)  Service  [12].  The  hundreds 
 of  such  localised  FRBs  from  the  SPOTLIGHT  with 
 NSM-powered  GMRT  will  enable  transformational, 
 high-impact  science  in  the  time-domain  astronomy  with 
 the GMRT. 

 3. Deliverables and global perspective 

 The  emergence  of  modern  astronomical  facilities  such  as 
 the  uGMRT,  eVLA,  LOFAR,  MWA,  MeerKAT,  ASKAP, 
 CHIME  and  the  construction  of  the  international 
 mega-science  project,  the  Square  Kilometre  Array  (SKA), 
 are  driving  the  growth  and  technology  of  next-generation 
 radio  astronomical  instrumentation.  GMRT  is  recognised 
 as  an  SKA  pathfinder  facility  and  will  be  one  of  the  few 
 interferometers  with  this  commensal  transient  backend. 
 The  aimed  development  will  explore  a  completely  new 
 programming  paradigm  both  in  high-performance 
 computing  (HPC)  and  in  artificial  intelligence  (AI)  to 
 leverage  GMRT’s  potential  in  delivering  cutting-edge 
 time-domain  astronomy  science.  This  sophisticated 
 state-of-the-art  digital  processing  system  for  the  GMRT 
 will  not  only  enable  transformational  science  experiments 
 but  will  also  achieve  a  technological  milestone  in 
 delivering  a  large-scale  instrument  for  the  largest 
 interferometric array in the world. 

 As  seen  in  Fig.  1,  which  illustrates  the  landscape  of  the 
 transient  sky  populated  by  coherent  emitters  on  the 
 luminosity-pulse  timescale  diagram,  SPOTLIGHT  covers 
 a  deeper  and  wider  parameter  space  compared  to  other 
 large-scale  surveys  such  as  CHIME/FRB  and  MeerTRAP 
 with  MeerKAT.  Even  after  significant  efforts  from 
 large-scale  surveys  populating  the  transient  sky  on  the 
 luminosity-pulse  timescale  diagram  (Fig.  1),  there  are  still 
 many  gaps  in  the  parameter  space.  The  recent  emergence 
 of  ultra-long  period  Galactic  magnetars  [14]  and 
 long-period  transients  [15]  highlights  the  need  to  expand 
 the  parameter  space  of  upcoming  surveys  while  their 
 potential  as  FRB  progenitor  models  is  also  being 
 examined  by  the  community.  We  are  currently  at  an 
 important  junction  of  placing  the  emerging  population  in 
 the  landscape  of  fast  transients,  and  we  aim  to  devise  the 
 SPOTLIGHT  survey  to  populate  the  parameter  space 
 more  uniformly.  This  will  help  place  the  GMRT  and  India 
 in  an  excellent  position  to  contribute  both  technologically 
 and  scientifically  to  the  SKA.  I  n  summary  SPOTLIGHT 
 at  the  GMRT  not  only  provides  a  platform  for 
 development  of  new  transient  related  technologies  but  will 
 also  open  up  a  new  regime  of  parameter  space  and 
 provide a rich astronomical dataset at excellent sensitivity. 



Figure 1. The luminosity as a function of burst timescale
for the fast radio transient population in the coherent radio
emission regime. The SPOTLIGHT survey coverage is
shown along with the CHIME/FRB and MeerTRAP
projects. Credit: Bailes (2022).
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