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LIGO »<S Newton-Bhabha
S

Introduction

The LIGO India agreement was signed offi-
cially at the British Council offices in New
Delhi between a consortium of universities
in India led by IUCAA (Inter-University Cen-
tre for Astronomy and Astrophysics), in
Pune, and a consortium of U.K. universities

led by the University of Glasgow.

The programme is being funded by the i, e i 2

UK's Science and Technology Facilities
Council (STFC) through its Newton-Bhabha
project on LIGO. It will focus on building

Thi llaborati il al
capacity within India for the LIGO India de- 15 COTaborative programme Wit aiso

enable Indian scientists to work with U.K.

tector.

institutes for extended periods of time,
The LIGO India partnership will allow scien- with reciprocal visits to the India labs to
tists in India to build a third LIGO detector develop infrastructure and provide on-
in their country; upscale their en- site training, essential to build the capa-
trepreneurial activity through creating more bility to deliver a LIGO-India detector.

business spin-offs by using applied gravita-
tional wave research; and strengthen India’s
capacity in the teaching of STEM (Science,
Technology, Engineering and Mathematics)
through public outreach and school-fo-

cused training activities.






Members: 29

Student exchanges: 11

Business partners: /

Meetings: 4

Conference presentations: 22




articipation in open days: 2

orkshops: 3

wards: 1

Media articles: 6
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Institutions Involved in Projects/Trips

Glasgow, Strathclyde, UWS
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IUCAA, Pune

ISSER, Pune TIFR Hyderabad

[IT Bombay
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People of Newton-Bhabha partnership U.K:-LIGO India
‘ : : G s .~..‘ .-.:‘ ‘ :. .»;‘-,. f
s " Professor Ni[s Arrderssen S | s % ) ’..).". 5 .“ 'o.* |
Applied Mathematics. = - P A e i A i
University of Southampton b Al e e Rk LS s : ;" 7 S

. Prof NTIs Andersson »0s mterested in many. problems in general re_latwlsf'c- as’tro- N
physics, in particular related to the dynamics of black.holes and neutron stars. In the -
last few years, my main.fous has been on neutron stars and issues'ranging from the f:;
. fu_ndamenta'| physics a‘::pects (superfluldlty, elasticity “etcgterajto observed -
~ % dynamics(pulsar glltches magnetar flarés and spin- -variability in accreting s stems),
. My curkent research is mainly motNated by fhe.promlses of gravﬂ;atmnai wave as-, -
tronomy 5 . : :
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Professar Sukanta Bose . - o Lol : .

Senior Professor at the Inter-University Centre for Ast.ronomy and Astrophysms

(IUCAA) and .thefPrOJect Coordinator of LIGO-India at IUCAA: ’ ~ o &

Sukanta Bose is the €hair of the LIGO Indla Scientific Cbllabor’atlon (LISC) and.* .- @Ry o
a member of the. LIGO Scientific Collaboration (LSC) Council. He also ch@irs. - » ° |
LSC's Review Team fqr-the Stochastic (signals) Working Group. He is an elect- sl vt
ed member of the International Soaety-of General Relativity and Grawtatlon OB e
\ (ISGRG) Committee.-Since 2013, Bose has worked on training several LISC P s e

' (formerly IndIGO) scientists.in gravitational wave research partlcularly, usmg NI e ttd

O data, and on guiding their contrlbutlons in LSC 9c'|ence L

Dr. Liam Cun'ningharﬁ

.Research Fellow - 3
University.of Glasgow *

Dr Cunningham is a full tlme. Resea-réh F'eﬂ’ovy‘

at the Univefsity of Glasgow. His cqrre,ntpc{sltl

- onthe ATLAS Project at CERN. : .

-

Professor Ed Daw.. F : %
Gravitational Waves and Dark Matter Physics _ » 5 \_ _
" University of Sheffield e :

'
=
\

-

_ Prof Ed Daw is currently thePrlnC|pa| investigator of the University Qf Shef‘fleld Graw-
‘tational Wave Research Group. Hls research interests include Dark ‘Mmattet s%'arches
Gravitational radiation, Axions; Signal processing;.Dynamic wa\(e tracklng and Motor

. control. . ol .
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https://www.caltech.edu/news/ligo-india-gets-green-light-49859
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Ly érgvarl have a Iqeen ~|n»terest in pftrsumg experlments in fundamental >
\ oA "El‘s usually cemblned with development of novel new sensors, actua- - -
TR B sign -of control’ §ystems He has chiefly worked on gravity related ex-
. ;’g . testm-g the equlvalence prmcrple looking for new interactions, I@okmg bl

Vsof‘fundamentalsymmet;yi'aws ‘and such.”" o
=~ "A;'.".‘O &3 A e i s ""“"' D% i, e > ot el

»
. b »
‘lgl‘awtahdnal wave N
20 years and is part of t'hg y -
gmpé'g{.,_ ct. PFO’FF?e-Ise has 2
FINESSE wh ‘;
.
N

T,s ?‘h!n'l:llms Sensérs and Imaglng
st fS'cotIand‘-. .-"-'f' """" o

c'l o’

! trep”[e eurial hys.as’b'wnh a, Lfst cf,ass rego,;d,f,’n thin fllm & ‘sensor research, de-
prﬁdﬁc’t X and~commeruah§ahdn ~ext ndlng over a thirty year period
‘technical director/ CE© roles WI{e lue chip companies, SME's,

s p se aé‘Qmat,ton with aqademffé ‘?rdyen track record in establishing
Werd chés pu 'hed"" 'd pa’gented/reseﬁ?th,: dgvjélopment intellectual property and
‘mmef&i’allsati n of. ﬁﬂs\ttlomal th K c@ mdgposition tools, sensors and

) Jevices.*Research a V|ty r in indusfry and latterly academia. Ef-
€ trans&n e€onomic a c } impact from industrial and acade-
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r Grawtatlonal Resea!cb in 2007 as_an RCU,K
d to Reader in 2012- and.frofessor in2016. He’,z
to,tbe developmen‘t of the monollt‘hlc stages of_‘9

ulums and has led thé ms’tallatlon of several
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: People of Newton Bhabha partnershlp U K. LIGQ Indla
- . Profeesor Martin Hendry .'._ SRR AR e P T £ 3% CEe o -
#.* ‘Gravitational Astrophysics and Cosmology S BT IRTEA 2, TR TR R ARk PRy T
: .UnlverSIty ofGIasgow ey T A T AR St " '." , i "..“{_ B - S
. _*Prof Hendry's reseaTch mteres‘ts I|e'|n (1) Gravitational- w’ave astronomy - 'partlcu-~ S e

%, Iarly the ‘use of future graV|tat|ona1 Wwave observations to constfdin cosmolqglcal

..~ parameters and issues relating'to the optlmal 'comblnatlon of data.from gravita- "¢ "+,

=+, tional wave sources and. their efectromagnetlc counterparts. (2) Statlstlcal meth- -

" w odsfor'the ana1y5|s of cdsmologlcal data Sets, partlcularly large-scale ga]axy rede. g
* shift and ‘pee«uhar velogity sdrveys ‘and surveys of high-redshift. supernovae:(3) .

= Applications of gravitational’ mlcrolenslng,-mdudlrfg dlagnosu& of,planetary and . 5

; ;‘ ":w ,steﬂllar~atmospheres &ireumnstéllar, epvelopres ‘and stellar wmds and the rmpact of e

¢ "’-‘sha:plro'de!ay onthe absolui‘ecalgbratlon ofqpulsarﬁmmg e T g R
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Qfﬁmiaméma'l physics;w.th

Aifetméhe"darkest dengest re- A% 58l

foralt es on{tranSIep.t grawtatlonal' , 4

. nBU’fmn §t«“a;s~a_nd core—collapse,su Ry
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‘Prof J“ame,c» Hozugh 15% 3 -T'ngiflw ersity of- fﬂaﬁgow Where he becam R R LV

Pr@fessor of, E)gp«brlmentg]?hysicﬁﬁn ﬁﬂg an&ﬁs Currérltg/ i‘he‘iémemtus’hqfder Qn‘. . 1. oA R 2
wthe"KeI\ﬂn; Clm;lr gfiNaturaFPhltosophy, a.h.d “also a V‘ts;tmg Profebsmr in Physncs at , L 5

> the Umversfty of. Stratficlyde He was DV r‘ef the! Umvérslty s }nstl,tute for Graw " M7
..tatronal Reseacch from 2000,td‘2009and‘ls new Assoclate Dfrecto.r b AT _‘ B

:i b Professor Rachel Kalpane Kalalmanl i 3
. Assistant Professor 52 W F R -
o Ind_lafn Instltute ofTechnology, Mad‘ras : _ R
. t Lo, o “- ’ R 2 v'; -‘ -";.‘ S “»
Dr’ Kalal’mam obtal,ned A IshD from ]IT Bomba-y, Control and CompUtmg group, - 1< v syt
Electrical department in‘Décember 2014. She ‘was a ‘Rost: -déctoral fellow in the 'a._, B -
1A Department of Electtical and Computer E@gmeering at the' Umversﬂy of Waterloo . . S RN 3
- fromApril 2015 to_ November 2016 | am-with' IIT Madras since: December2016. i 2R
. Her research mterests ére. broadly in; System theory, Control Optlmlzatlon and Ao G
: Energysystems T e G R Pt G Sy
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https://www.iitm.ac.in/
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WA ‘Dr. Martela Magso Reit] " o * T35 et 00 g8 0 08 R G e S Y e BN A e
- Research Assqciate .. RIS A T Eiaxei Pt LR P A
‘ 3 Umversﬂy ofGIasgow G ‘. 5 .;-p hESE b M '_ [ Ay S
% -... - “ T e , ’c - "'a' e . : ,A.
S Dr Masso Reld i¢ a Research Assocflate in the Insﬁtute of Grawtatlonal Resea,rch at
LA . the UnlverSIty of Glasgow. She is.the project managerifor the Newt;or; B'habha.effort T
P Between the-l.K. and Indaa as well as™a collaporétion between: resfearchers in the- '.e. Vo
: . :U.K. and China. Part of her wbrk is to enqourage foster.an,d develop.collaboratlons e
between academic. mstltutlons as well- \as encauraging coflabotatrons between "-_
CIANES academlé and Industry Her rasearch irfferests have been prrma.nly focusedson’sus-: .
SRR s ~ pensiohs, More: spec‘iﬁCaIIy the thermal céndtctivity of ‘hydroxide catalysis: bonds: :
L *-and sﬂlcon at cfyogemc temperatures as well ‘as strength'testing of'the bonds.,SFe gt
ey SRR bty s . .. will:éontinue’ workmg on the area’of suspensions-But changl‘ng focus-tothe maklng' A
2L e p oS Bl e S ek o e " of the. fibred. She is also. curréntly involve inawriting ?fchll‘drens book asan outreach A
L R T S e M R B R N S tool for the surroundlng areas thhe tIGO India S|te Rt 5# R 550 PRI e A
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sk e, M’r Jordan Mcﬁmn 1s a Rej,s.earch Assrstant m the lnstltqte. of Grgvrtathna Re- -

2n. 0 %isedrch atithe.Universit g 8f . Glasgow. He jassists in-the; r’nanagement for the

et '_*" "- i.' ‘Newton-Bhabha effart etween‘,the UiK: and India ‘asuwelt s a: coilaho‘ratwn
o betweén resfearchers in; the“U K:and China. Hls resear‘ch mterests have, beer‘r
S ,? ““focused" on’'the "use. .of : fnachlne J.'e'arnmg in: .gramtatron:al v@qve “Hata ,ana‘lys:s, S
S ;spemflcally, ]ntereéfed short'duraben grawt‘atlorgalwave burst’s* D T s SRy B
. , i . "y 950 W

X ; , Professor Sanjit.Mltr " gt ' N it 850 A kg -\ - ;‘
e e «Assoqate Professor ( §C|ent|s‘t F) at~ ‘the Inter-Unlversity Cehtre for-Astrondml,and"
R e Astrophysms IUCAA Pt.me Incﬁa 4“‘.-? 4,')_,.;'.:.“;.4_._-4: (AT e T
. , R e e ?'«"4""' 0F G A L -.”“"’_ X
AR : Professor Mltra rese&ﬂh*mt-e.reéts,.ir:rc‘ludq,'Sources jnd‘gé rches ,for Fong durat»rdm‘- &Y
% s ' f stochastic GW background,. Effi¢ient: detecuon of” Compat’c. BmaryuCoal'es ence
A ey (CBC)‘ Instrumentation for GW detection, Various’ activites ’regardmg“proposal,_g,‘
. . site survey.and data mgnagement af LIGO:ndia, eHaracterisation and‘re;iu:;ﬂm of ¥
G * " moiSein lasér interferometric detectors, plannmg- ‘and design ‘of future de'te,ctors«
Gt 2 tra1nmg a new _generation of interested r |;searchers'l'l‘\ GW. d.emcﬂan' R
_ o AIso mv.leed in Cosmlc M-Jt:roane Bac g;roqnd (CMB)aha[ys’i‘s, L
3 : G e e e B e e
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& > v oo o .‘. | i ‘s. 3 R ;'i-‘ rior i" R '.’.- e 5
- ‘-.'_ f - - e ' TR J « - t 3 » Kot : v .' i
‘.‘ > : - 7 R S, : ': 3 . -" i e 7 -.' 5 i : R %) . -~ < ”'.
et Dr.AnuPreeta More"’ T E N WS s et e SISt g o Pl Oy R ‘ :
Researcher at. Inter—Umverchy Centre for: Astronomy and Astrophysrcs Pune lndla 3% 233

Dr: Anupreeta More is worklng asa Data'Smentlst at IUCAA She has. expertlsé.ln as-~' &

...~ tronomy and big.data projects. AtIUCAA, she's applylng machine learnlng technlques‘ ) - ‘ ;
e for searching gravitational waves and studylng grawtatlona’l lensmg ofgraVLtatlonal S
-‘ . - ~ \ -3
Shres ~waves. She is amember of theJ_IGO and LIGO Indla pro;ect TEIERS o (PRORSL ) Wi » ‘ \
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People of Newton-BHaHha‘partne_rship"U.K.-LIGO Ipdia

Professor Anil Prabhakar 32

Department of Electrical Engineering with a focus on magnonics, photonics and
assistive devices. /

Professor Prabhakar’s research interests include: Quantum technologies and ap-
plication, Lasers, Optofluids, Magnonics, Spin waves and Assistive devices.

————

Professor. Prabhu Rajagopal
Department of Mechanical Engineering
Indian Institute of Technology, Madras

ofessor Rajagopal’s research interests_include: Ultrasonics for Nondestructive
Evalyation, Structural Health~Monitoring™and Process Control Simulation and
analy8is of elastic wave propagation and-scattering, Robotic and automated in-
spection“and Artificial intelligence in sensing and-control

Professor Umakant D. Rapol
Associate Professor

Prof Rapol’s re interests include: Atomic physics and precision spec-
troscopy, quantum optics a um-information processing, biosensors

Dr. G Rajalakshmi
Scientific Officer
Tata Institute of Fundamental Research, Hyderabad.

Dr. G Rajalakshmi research interests include: Establishment of ultra low field NMR
techniques. Developing optical techniques for the study of spin physics

\\\\_ )

14

Indian Institute of Science and Research, (IISER) Pune /



Professor Archana Pai 1.
Department of Physics, IT Bombay f

Prof Archana Pai is an associate professor at the Astronomy, Cosmology and Gravity
group in the Department of Physics IIT Bgmbay since 2017. She did her PhD from I[UCAA,
Pune on multi-detector gravitational wave detection schemes. Subsequently she was a
Henri Poincare fellow at Obgervatory of Nice, INFN Fellow at La Sapienza Rome and a
postdoctoral fellow at the Alpert Einstein Institute, Potsdam Germany where she worked
on LISA data analysis, timefrequency based transient searches as well as data analysis
with the resonant bar detegtors. She secured the faculty position at IISER Trivandrum in
the year 2009 and becamg a member of IndIGO (Indian Initiative in Gravitational-Wave
Observations) consortium gind was active in expanding the gravitational wave data analy-
sis community in India via fonductina various workshops/schools under IndIGO umbrella.

v

bay is active in research topics includ-
/searches, multi-detector schemes with

3 nstitute of Fundamental Research,Hyderabad

/
Dr V.Raman research experience has been diverse encompa
chemistry, electrical and material science and engineering.

Professor Stuart Reid
Head of Biomedical Engineering and Royal Soci
University of Strathclyde

Industry fellow.

Stuart Reid leads a multidisciplinary
member of the LIGO Scientific Coll
both the LIGO Scientific Collabo

m at the University of Strathclyde and is a

ration and is the elected co-chair for Optics for

| ion and the Einstein Telescope consortium. He was
elected-Fellow of the Royal S&ciety of Edinburgh (Scotland's national academy), and
‘was elected Chair of the.@ptics Working group of the LIGO Scientific collaboration -

~ both in 2019. Reid's team hold the world record for the fabrication of the lowest ab-
sorption amorphous silicon thin films (Birney et al., PRL 2018).

15
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. Professor Sheila Rowan. MBE FRS FRSE FinstP =« Lt ' v
‘Director of*the Institute for GraV|tat|ona| Research v %
University, of Glasgow | ‘_ : BB R '

: Professor Rowan is the Chief SC|ent|st Advisor- for the: Scottlsh Govemment as well as

’ " the director for the Institute of Gravitational Research. Rowgn has an °,

" Rowan research Interests include: Gravltatlonal Wave Detection oh ground (GEO 600

: and Advanced LIGO); ultra sensitive mechanical syStems and. mvest-rgatlon of mate-
2 r|a|s of ultra-low mechanical loss, Iasers for Gravrtatl,onal Wave Detectors..

Jamie Scott >

T Administrator ** | i AR _
University of Glasgow . " " 4" AN ey e R s

Dr Scott's fesearch research Interests‘include: EIectron Microscopy: and. atomlc force
micrdscopy of mterfaces Data acqwsltlon programmlng in LabV|ew and 5|m|4ar envi- *
ronments. : ” : : : i

S s Pgs
& : . ‘ . ' g Q ‘: : ‘l '
Professor.Tarun Souradeep: - A RO 0 ¥y o bESS
* 'Senior Professor - * T ¢ - ; x
R Inter-Unlvers1ty Centre for Astronomy and Astrophy5|cs (IUCAA) Pune SR S

o ‘Tarurl- Souradeep has made lmportant contrlbutlons and succeeded in creatmg a
-strong, sustained‘Indian‘effort addressmg issues, af par with international research
. ' in Gravitation and cosmology. The impact of the Indian téam led by himi is widely
: recognizet, both in the field of cospology with frontljne Cosmic Mlcrowave Back-
* ground experiments (CMB), and.the’ emergent field of gravitational wave'(GW).as-
5 (S tronomy Souradeep is a coauthor of the hls‘torlc Grawtatfonal Wave dlscovery pa‘

per' . . ' "t "- L ULl o ’ ..I v b

Profetsor Patrlck Sutton ‘ roas ety T el G MRS ‘
Professor at Grawty Exploraﬂon Instltute e RN o ALBR SRR
Cardiff Unlver5|ty v . - v nlig LA LR W P |

My research focuses on the detection and study, of grawtatjonal waves :- rrppiefs in’
the fabric.of spacetime. These are produced by some: of the most violent:events ih
the Universe, such as the collisions of black holes; ‘the explosive deaths of massive
star$, and perhaps the ‘Big Bang itself. The,detection of gravitational waves, by the
LIGO  observatories has: opened, a new, window. on "nature, ‘and is allowmg us to.
probe the behaviour, of matter, and test Einstein's theory of gravity under, extreme

" conditions that cannet.(and should not!) be re'phcated on Eartha My parti icular spe- »
C|aIt|es are the: detectlon and |nterpretat|on of weak'srgn'als in n0|sy data. ] am a

oy N L, : b % <.
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5 Dr. Manasadevi PThlrugna
Researcher @
Inter-U n.|ver5|ty Centre for Astronomy‘

26 Y, -t; Tt ;
Dr.Manasadevi P. Thlrugnanasambanda is ¢
in the area of applied optics; taser phys' '
rent-research interests lie in development of
- meéntand ad\(anced sensing. Curre’ntly's' '
* . and is actively.involved towards varlous
ometrlc grawtatlonal V\cave detector 5

Professor Alberto Vegchlo SN e i
, Director.of the Institute of Gravitational Wave‘ Astronomy
. Unlver5|ty of Blrmlng‘ham (15

.n. .
18 . 'Y

* * Professor Vecchio’s res’earch mtérests'lnclude general relatlwty, the ast’rophysn;s 5
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, periments, His work is primarily centred'on gravitational-wave science science’
and new observations of the Universe-using gravitational radiation with .

' ground-based laser interferometers (LIGO, Virgo and GEO 600), Pulsar: ijlng

; Arrays and future'space based interferometers (LISA). He has published over-'

. -200 research papers and is a member of the LIGO SClentuflc Collaboration, . -
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To advance science and technology
skills training through learning
to develop, operate and exploit.
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“The U.K. has a proven track record in delivering high-quality technol-

ogy and outreach activities relating to gravitational wave science, in-
cluding the delivery of key hardware for the LIGO mirror suspensions.
A model of sharing knowledge via staff, postdoc and student ex-
changes to the UK., together with trips to Indian institutes, wi
strengthen and benefit the U.K. and Indian academic communit
providing high quality training of the next generation of scientists a
engineers.” - P.l. Prof Giles Hammond

Nancy Gupta

| am a senior undergraduate student at the Indi-

an Institute of Technology, Roorkee. | was merely

a sophomore when | was first introduced to the

‘ breathtaking science of LIGO through a webinar

by Prof.Rana Adhikari at my institute. Since then,
| had a deep desire to learn and contribute to
gravitational-wave research. Fortunately, | got a
chanceto conduct research work on LIGO relat-
ed project for my bachelor's thesis at the Insti-
tute for Gravitational Research (which is part of
the University of Glasgow). IGR aas world-class

labs, and itis éctively contributing

contributing to LIGO's coating and suspension. My thesis work at IGR was on stabilisa-

tion of 1550nm Laser under the supervision of Prof. Ken and Dr Bryan. . Despite being

quite new to the field, the enlightening explanation by Prof. Ken and constant guidance'

of Dr'Bryan'.in the lab made it easy to work in the so;x)histicated'10m prototype lab. My

time in'GIasgow not only equipped me with lab valuable experience and skills but also

introduced me to the vibrant culture of Scotland. Working at IGR gave me a clear sense to

firther pursue research for LIGO; hence | wilkbe starting my PhD from fall 2020 .

L
-
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Thejas Seetharamu

I'started my project work (Supervisor: Prof
Giles Hammond) on the falrication of fused
silica suspension fibers as an ERASMUS+
Scholar, with the guidance of Karl Toland. |
also gét involved in the development of the
Sapphire pulling machin.e, currently in its

premature stage, with one of the Ph.D. Stu-

dent Jaclg%ghan..‘[his fetched me some
sk‘ﬁ alignment and beam profiling. Apart
from this, I 2d one of Prof. Ken SUEIIE
labs for abou 15 Jays,

refractive in

ays, working on Thermo-
se measurement with Mr.
Andrew Sp
fetched me ’
and mode-ma't"'ching. | also visite
versity.o}c Sheffield for about 15 dz
on the development of pre-Mode Clea
with Prof. Ed Daw.

My summer was unsurprisingly gripping
and enlighteniny; | intend to continue
working in the field of experimental gravi-
tational wave astronomy at least for the

. rést-of my undergrad years.

This internéhip bolstered my-acquaintance
with and understanding of the physical
world. | was exposed to a new work cul-
ture in a very dynamic atmosphere. |
fetched a lot of skills and experience
which could be potentially deployed dur-
ing my semester projects at IISER Pune as
my projects in CGPA (IISER - IUCAA Col-
laboration) are quite relatable with that in

from good research e'xposure, cul-
iversity in a very healthy atmosphere
‘my morale up during my time
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" Student EXchangeé,

Chetan Vishwakarma (IISER Pune) and Jamney Jay Panda (TIFR)

Project Summary

Jamney and CHetan helped build and com-
mission a new measurement system (vacuum
nodal suspension set up) for characterising
the mechanical dissipation in optical coatings

Thejas to develop‘a laser stabiliza

becoming familiar with how tl
works as well as to how th& up
scratch.



Research & Development

Enhancing search sensitivities with machine learning

Short duration Gravitational wave transient searches in data from the Advanced LIGO and Advanced Virgo detectors
are carried out by time-frequency algorithms which capture the temporal and spectral features of the transient. The
transient search algorithms have been employed with much success, in particular Coherent Waveburst which made
the first detection of gravitational waves from two merging black holes (GW150914). However, transient searches can
be hampered by spurious excess noise transients mimicking gravitational wave signals, reducing the search sensitivi-

ty.

Prof. Archana Pai (IIT Bombay) and Prof. Ik Siong Heng (University of Glasgow) have formed a collaboration through
the Newton-Bhabha framework to explore the use of machine learning techniques to enhance gravitational wave
transient search sensitivities. Most recently, through multiple exchange visits supported by the Newton-Bhabha fund,
Pai, Heng and collaborators have developed a method based on Gaussian Mixture Models which can significantly en-
hance the sensitivity of Coherent Waveburst. They have jointly published a journal article describing their approach
and are now working to implement this new approach into Coherent Waveburst searches performed on data from the
Advanced LIGO and Advanced Virgo detectors.
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LIGO in your hands

Dr. Borja Sorazu developed and built ‘LIGO in your hands". This
is a highly portable and interactive Michelson interferometer
of low power consumption, that is
ideal for demonstrating the essential
parts of a gravitational wave detector
and it can be used as a tool for teach-
ing interferometry and interference,
feedback and control, or even as a
demonstration tool for precision mea-
surement.

The user interaction is facilitated by a

touch screen and an exclusively designed GUI that also pro-
vides HD video playback capabilities which can be displayed
on the integrated touchscreen or any projection device
(through the HDMI output provided on the control box). A
camera and a photodiode are used to monitor the interference
pattern and provide input signals to a microcomputer (a single
Raspberry Pi) that actively controls the interferometer, being
able to stabilise it and lock it to any point of its interference
pattern.

The device can record perturbation from external distur-
bances. For example, if that disturbance is a sound wave, then
the device becomes a microphone, being able to play back
the sound recorded through the light. The GUI provides optical
alignment functionalities and post-processing of the recorded
data without the need of any additional equipment.

LIGO in your hands is powered by a single standard power supply 5V, 2.5A and therefore it can run on a conventional
power bank for hours. The optical layout is robust and does not typically need realignment.

The LIGO in your hand devices are incredible flexible and will serve as both outreach tools during exhibitions as well
as being suitable to be used in student laboratory as a tool to understand how a Michelson interferometer works us-
ing gravitational wave signals and similar features to those used in gravitational wave detectors as already mentioned.
Dr. Borja Sorazu developed the device along with Dr. Angus Bell and Matthew Wassell
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Q-measurement system

A Q-measurement tank was set up at the University of Strath-
clyde with the help of exchange students, Chetan and Jamney,
supported by Strathclyde staff, Prof. Stuart Reid and Dr. Paul
Hill. The students learned how to measure the Quality (“Q") fac-
tor of coated glass resonator samples, and learned how to cal-
culate the internal friction in the coating layers applied to the
resonators.

The system was shipped to TIFR Hyderabad and commissioned
in their laboratories. A second (nominally identical) Q-mea-
surement tank already exists in the University of Strathclyde, and
helps provides training of future students, in addition to sup-
porting cross-checking of results.

The measurement of the internal dissipation in the thin film op-
tical coatings is essential for the development of future gravita-
tional wave detectors, as it allows an important source of noise
to be estimated - thermally driven displacements of the fro
surface of the mirrors, known as Brownian noise.

Coating targets

The optical coatings required for gravitational wave de-
tectors are fabricated by a process called ion beam de-
position, where energetic ion beams are used to knock
atoms off a target material, producing a spray of materi-
al that can be used to manufacture thin layers with pre-

cise optical properties.

The Newton-Bhabha project paid for 6 different target
materials, identified as the most relevant materials for
the “Advanced+" gravitational wave detectors, such as
LIGO India.

searcher from India, who spent time in the University of

This has enabled all of the visiting re-

Strathclyde, to get hands-on experience of manufactur-
ing and optimising various optical coating technologies,
and supports the ongoing collaborations between vari-

ous labs in the UK and India who are working in optics.
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'INDUSTRY & COLLABORATIONS

The development of precision instrumentation and
novel data analysis algorithms for extracting astro-
physical information has led to a number of spin-off
applications.

A direct applied spin-off from the gravitational wave
work on suspension modelling/development is the
development of high sensitivity MEMS gravity sen-
sors. These devices are fabricated using standard
micro/nano fabrication techniques and approach
sensitivities of 30 ng in a 1 s interaction time (for
comparison, the accelerometer in a mobile phone is
1000 times less sensitive). The combination of ex-
pertise in precision opto-mechanical systems (Insti-
tute for Gravitational Research) and Micro-NanoFab-
rication (James Watt Nanofabrication Centre) has
enabled a transformative technology in gravity
imaging. The work has received funding from the
Royal Society Paul Instrument fund, the STFC Global
Concept Challenges fund, and is currently support-
ed via an EPSRC QuantlC grant under the UK Quan-
tum technology programme.

There is significant company engagement from the
oil & gas industry (Bridgeporth, Tullow Qil), envi-
ronmental monitoring sector (USGS), defence & se-
curity (QinetiQ, DSTL, Thales) and space ap-
plications (Clydespace). Particular application areas
include Oil & Gas prospecting, environmental moni-
toring of buried waste/water acquefars, seismic sur-
veys for high speed rail, monitoring hidden tunnels/
sink holes for the defence & security/civil-engineer-
ing sectors, and imaging magma buildup in volcanic
calderas.

PHOTONTICS

Gas Sensing Solutions

THALES
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Successful engagement between industry and academic research has been established. This was facilitat-
ed from the first face to face meeting in Glasgow in July 2018 and reinforced at the second face to face

meeting held in India in Jan 2019 where various Indian companies presented their work as well as having
British companies attending, including Gas Sensing Solutions Ltd. (GSS) and Helia Photonics Ltd.

Furthermore, the entrepreneurial activities were solidified on a follow up meeting held in the U.K. in April
2019, where companies including Clyde Space, Helia Photonics, and GSS were actively participating
alongside members of the collaboration from both the U.K. and India in addition to a consortium from the
British trade Office in India.

The meeting concluded with a visit to TWI Ltd. to investigate the services they offer to other industries.
They were also introduced to the various divisions within the company (electron beam, laser, sheet, and
arc fabrication/welding processes) and areas of mutual interest were highlighted and interest on intern-
ships and graduate student support was shown.

New discussions between U.K. academics and U.K. industry were also initiated through these meetings,
leading to a Royal Society Industry Fellowship between the University of Strathclyde and Helia Photonics
in 2020, which aims to engage with TFIR Hyderabad and IISER Pune on optical coating technologies for
GW detectors.

Collaborations between industry and academic research will continue to be facilitated by the Newton-
Bhabha partnership between the U.K. and India to support the success of LIGO India as well as to encour-
age development of commercial opportunities that will help create high-tech jobs and provide economic
benefit in India.




EDUCATION & OUTREACH

LIGO-India’s Education and Public Outreach inspire and
educate the general population about the nature of our
Universe and explain how the scientific method works
and can be trusted.







EDUCATION & OUTREACH

Masterclasses in Relativistic ST o
Fluid Dynamics: From formu- e e
lation to simulation P .

In July 16th-19th 2019, our collaborators at the University of
Southampton organised a series of lectures by internal and
external speakers about relativistic fluid dynamics and ap-
plications to the physics of neutron stars. The event brought in
speakers and students from several Indian institutions to dis-
cuss a range of topics relevant to the modelling and numerical
simulation of fluids in a live spacetime. The includes the under-
lying physics (starting from fundamental principles) as well as
advanced topics (like superfluidity, dissipation and resistivity)
and practical issues relating to numerical simulations (differ-
ent numerical methods and approached to spacetime evolu-
tions.

Practical “exercises’ drew on the extensive material available
within the Einstein Toolkit and the Open Astrophysics Book-
shelf and selected depending on the interests of the stu-
dents. The event was to be interactive as possible (as we also
want to learn!), and gratefully accepted contributions from as
many of the participants as possible.

The aim of the masterclass was to explain what enters into state-
of-the-art numerical relativity simulations of neutron star mergers
and investigate what is required in order to develop more realis-
tic simulations. Students were given the opportunity to present
their own research in an informal and collaborative set up.

Various experts in the field were invited to take part and give the
lectures, such as LIGO member, Greg Comer. Students attending
the masterclass were from India, China and the U.K
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Gravitational Wave Leaflets

The Newton Bhabha grant has provided funding to produce outreach leaflets that will be distributed to Indian locals who are
curious about gravitational waves and the LIGO India interferometers. The leaflets, created by Nils Andersson, Emma Os-
borne and Oliver Dean, show how gravitational waves are produced and how the next generation LIGO-India observatory
will be able to detect these cosmic events. An English version has already been produced with translations to Hindi and

Bengali well underway.

GRAVITATIONAL WAVES
India Listens to the
Universe

More than a billion years ago, two black holes crashed
together in a distant galaxy, releasing an energy equal to
three times the mass of the Sun as gravitational waves.

This signal was detected on Earth by the LIGO detectors on
the 15th of September 2014. It was the beginning of a new

i gra of astronomy! E=f')c*

LASER
INTERFEROMETER
GRrAVITATIONALWAVE
©BSERVATORY!

LIGO uses lasers and advanced technology to measure:

movements smaller thanthe size of the atomic nucleus
over a length of several kilometres.

~ LIGO-India is one such observatory:it will be builtin the
Hingoli district of Maharashtra, as part of a large
international collaboration.

VERSE

Black holes, neutron stars
¥ and white dwarfs are born
when normal stars die.

Tiny fluctuations in the very early Universe
leave a faint whisper of gravitational waves.
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Albert Einstein explained gravity in terms
of the geometry of space and time.

s
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In Einstein’s universe,
space and time are flexible.
Gravity makes things fall.

It also bends light-and Makes
clocks run,stow.

Make your own

stretchy universe Black holes bend space and

warp time so much that not

You can use g.stieet of 3
- even light can escape!

elastic material to
dembnstrate motion in a
warped spacetime. £
Put a heavy ball at the centre |

of the stretched sheet, so that

lat.

Roll smaller marbles on the
sheet to see how their motion
is affected by the shape of the <

(ou can make your own
solar system by letting the
central ball be the Sun and
the marbles be the planets.

LI

Neutron stars have the mass of
the sun compressed inside the
diameter of a small city.

They involve physics that can't
be tested in our laboratiories.

-

The life of a massive star ends in a
spectacular supernova.
Gravitational waves allow us to see
into the heart of the explosion.

The merger of two black hotes emits a
characteristic gravitational wave
signal. The power of the first observed
event was equal to the light from all
the stars in the Universe, but only for
a fraction of a second.
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Gravitational waves travel as tiny ripples across the universe.
These changes in gravity stretch and squeeze space and time.

et

The effect of a gravitational wave
from space is tiny. As it passes
through,a person is stretched by
the width of a human hair
divided by a million...another
miltjon... and another miltion!

All you need is sticky tape, some wooden sticks
and weights to put at the ends of each stick.

Attach the sticks to the tape, at equal intervals,
and stretch the tape. Wiggle the sticks at one
end and see what happens. Even though each
stick stays where it was, a wave moves along
the machine.

The orbits of double neutron
star systems shrink due to
the emission of gravitational
waves. The final merger may
lead to a powerful gamma ray
burst.

Extreme tides disrupt a neutron
star that approaches a black
hole. The gravitational wave
signal allows us to measure the
size of the star.

Accreting neutron stars devour
their partners. The matter that
falls onto the star spins it up and
may lead to the emission of
gravitational waves.

Galaxies have gigantic black holes,
millions of times as heavy as the
Sun, in their cores. These black
holes merge when galaxies collide.
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Gravitational waves are produced
whenever masses accelerate.

The orbit of two black holes that
circle around one another shrinks
as gravitational waves are emitted.

The fréquency and amplitude of the
signal increases as the black holes
spiral towards each other.

The collision carries—informatiom
about the single black hole that is
left behind.

Design your own
double black hole system

You can demonstrate the
motion of inspiralling black
holes with two balls, a bit of
string and a metal ring.

Tie the balls to each end of
the string, thread the string
through the metal ring and
hang from a hook.

Release the metal ring from
the top of the strings after
setting the balls into
rotation around one another.

ring move
wards, bringing the balls

f energy through
gravitational waves).

WE ARE LISTENING

Detectors on the ground, like LIGO
and Virgo, search for colliding black
holes and neutron stars, as well as
weak signals from spinning neutron

An interferometer in space,

like LISA, will be able to hear
the low-frequency rumble from

supermassive black holes.

Radio telescopes provide
accurate timing of pulsars.
This helps us understand the
formation of supermassive
black holes.
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EDUCATION & OUTREACH

GW@Home GW @ Home Lecture Series

with
LIGO-India

Eiclding 1he quisles) deler arsla
listen to ripples i spacetime

A series of online lectures on gravitational wave research and
spin offs have been on going since the current pandemic cri-
sis in order to keep momentum and interest. There have been
a mix of speakers from both the U.K. and India and positive
feedback has been given from this talks. The talks are given
live and uploaded on YouTube on the LIGO-India YouTube
channel for those that have missed the talk. Everyone from
students, postgraduate students to academics and the wider
public are all welcome to join the talks, with no registration
required and from their safety of their own home.

gy Or. Manseadevi P.T.
10CAA

L00 00 PN ST 27:h April 2020

WAL o oo S S LICO India Sve
Mine an oor Yoo Tobe Chanr e’

www.ligo-india.in

LIGO-India YouTube Channel:
https://www.youtube.com/c/LIGOIndia

GW@Home

with
LIGO-India
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aravitaticnal Na' L

Ay Br. Anuprssta Mare
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400 500 PMIST - 1st May 2020

L|GO lndia
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The Vigyan Samagam MegaScience Exhibition

A two months long science exhibit, showcasing India’s involvement in global
Mega science projects, the multi-venue science exhibition visited four major
cities, Bengaluru, Delhi, Kolkata and Mumbai and was opened to the public from
May 2019 to March 2020. The event was co-organized by the Department of
Atomic Energy, the Department of Science and Technology and the National
council of Science Museums.

Dr David Reitze (Executive Director of LIGO Laboratory) and Prof Patrick Brady
(current LIGO Scientific Collaboration spokesperson) gave the inaugural talk for
the exhibition. LIGO India was amongst those with a booth, with university stu-
dents as volunteers and hands on demonstrations such as the LIGO in your
Hands interferometer, providing an excellent platform to engage with students
and members of the audience of all ages as well as academics and industrial
participants.

National Science Day

The Inter-University Centre for Astronomy and Astrophysics,
Pune, India (IUCAA) takes its research to the masses through an
Open Day on February 28 every year. This day is also popularly
recognised as National Science Day (NSD). Anyone can visit the
campus to attend and participate in popular science exhibi-
tions, lectures, demonstrations, screening of scientific films,
Q&A sessions etc. Work at IUCAA is showcased through a
poster exhibition. A sky watching session wraps it up.

For decades now, [IUCAA has been organising this programme
regularly and this year saw some UK collaborators attending
the event funded through the grant.
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Open Data Workshop at IU

The Newton-Bhabha - Open Data workshop was eld at IUC A (
The workshop provides an opportunity for students, [ ostdocs 3
as others interested in doing science with the Lbﬁ,_ |
Experts in the field of gravitational waves were inve "K
Chris Messenger and lk Siong Heng) as well as from | ]
other members from the International LIGO collaborati
mental, to data analysis and theoretical gravitational wave
tational wave research. In addition, EPO efforts, scope and Co
A hands-on session was organised as part of the Open data part
the basics of GW data, applications of deep Iearnlng to to clasgdy
analysis pipeline.

Experimental sessions were also held in parallel
pension technology and crucial dlscussmns on thg
tational wave detectors were held.

here the maln

Key research areas were highlighted were involveme
bers of LISC and LI-TRD explained the urgent need’

The sessions were attended by PhD students, postdocs NC
dia and from IUCAA with over 60 participants. i
The organising committee was co-chaired by Anupreeta More




2 FINESSE ‘
gram
~ within t

(;kathon for students from colleges across In-
o-U.K. collaboration. FINESSE is an advanced
bal gravitational-wave community and is used
A. This fundamental tool is used to explore new de-
;‘/ gl ‘in improving their performance ‘Hands-on In-
e ind college students to acquire a detailed knowl-
' mplex optical interferometers.

1- aining program under the mentorship of professional re-
= ‘Anna Green, Philip Jones, Sean Leavy and Gautam Venu-
be or 20 019 at IUCAA to bring the selected students and researchers

| web- @sed tools and workbooks were developed by the mentors
/n pa e. Th|s matenal serves as training material for future work-

m ellmg interferometers we would be shortly an-
rraged and mentored to take up interferometer
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A Gentle Wizard

An entertaining and personal introduction to Einstein's universe. Starting with a
walk through Bern in 1905 and ending with the recent discovery of gravita-
tional waves from colliding black holes, this book exposes the theory of Relativ-
ity in a readable style. Supported by insightful and zany illustrations, this is a
great science story for everyone and anyone.

oentle 9
wiza

Mercer Street. The house is quite ordinary, but the man who lives there is not. Far

———

MR | Asayoung boy, Jack is sent to deliver a set of pictures to a house on Princeton's
I d Vol
af. P

from it. It is Albert Einstein, perhaps the smartest man in the world. The man that bent

space and warped time.

The first chance meeting leads to an unexpected friendship. Jack becomes a regular
visitor to the famous professor's home. Together they set out on a journey that ex-
plores the professor's ideas about space, time and gravity. The journey takes them to

the edge of reality, where clocks grind to a halt and stars collapse onto themselves to

form holes that aren't quite holes.

Professor NILS ANDERSSON, an expert on Einstein’s relativity, teamed up with
the talented illustrator OLIVER DEAN to bring you a personal journey through
Einstein's universe. A gentle wizard is now available as e-book and paperback.

Nils explains: The book is a blend of fact and fiction. The science is very much real. So
are most of the characters; including Einstein himself, his assistant Helen Dukas, Robert
Oppenheimer and John Wheeler. The story builds on things that actually happened,
although perhaps not in this particular order or involving precisely these individuals.

Jack is entirely fictional. He had to be.

%

The story may be a bit unusual.

It started as a vague idea. Nils thought it would be nice to
write something to celebrate the 100th birthday of Einstein’s
theory of gravity. This might not make sense to most people -
you don't just wake up one morning thinking this would be a
great plan - but if you have spent nearly three decades work-
ing on problems involving the famous professor’s brainchild,
your mind might be just a little bit warped. But as soon as he

started thinking about it he realised it was going to be tricky.
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After a lot of reading, the book was written with this quote in mind. The book is an attempt to tell the story of Einstein and

his theory through dialogue and anecdotes, making as much use of actual quotes as possible. The idea was to let the hu-

man aspects take centre stage and explain the science as the story developed. This turned out to be a real challenge.

Piecing things together, trying to make sense of the science and at the same time not losing the human side, required a

lot of hard work. Of course, it was also enormous fun.

In 1970 C.V. Vishveshwara, affectionally known as the
“black-hole man” of India, was working on an obscure
piece of astrophysics called gravitational radiation. He
predicted that the radiation emitted by the collision of
two black holes will have distinct looking patterns.
This study was proven right when decades late in
2015 the first gravitational wave was detected with
precisely such a pattern. Vishveshwara wrote three
single authored ground breaking papers, published
popular science books, was an accomplished cartoon-
ist and, now, is remembered in dedication through

Prof. Nils Andersson book “a gentle wizard”.

lous illustrations. Or, indeed, his feedback during the long editing process.

authored, illustrated and self-published two picture books for children.

also a very human story about friendship hidden somewhere.

A gentle wizard would not have been the same without Ollie Dean's fabu-

When he is not drawing Einstein, Ollie produces live-performance artwork
and public participation projects. His clientele are as diverse as his work

having collaborated with businesses, charities and educators. He has also

A gentle wizard was released in January 2017. It has already received good
reviews and should be suitably for - just about - anyone and everyone. The
style may work particularly well for young teenagers, but the science expla-

nations should work for anyone interested in Einstein and his ideas. There is
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EDUCATION & OUTREACH

Space Time Quest is a fun game developed by gravitational wave
scientists working in the LIGO collaboration (see "A Brief History of
Space Time Quest'). The game puts you in charge of designing your
own gravitational wave detector. You make choices and trade-off
decisions to select the best technology while keeping an eye on the
budget. The game is casual but addictive: you can reach the first
score (how many gravitational waves did you detect) in just a few
minutes. But then you want to go back and try for the highest score,
knowing that LIGO scientists are in the gravitational wave high-
score hall of fame as well. Can you beat them, literally, at their own
game?

Space Time Quest can be played in English, Spanish, Catalan,
Dutch, German, Chinese, French, Italian, Russian, Japanese, Hindi
and Brazilian Portuguese! If instead you are more interested in
studying the underlying equations and Python code, see below for
our open source version: Space Py Quest!
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https://www.laserlabs.org/news/brief_history_of_space_time_quest.php
https://www.laserlabs.org/news/brief_history_of_space_time_quest.php
https://www.laserlabs.org/news/brief_history_of_space_time_quest.php
https://www.laserlabs.org/news/brief_history_of_space_time_quest.php
https://www.laserlabs.org/stq_highscore/index.php?v=1.5
https://www.laserlabs.org/stq_highscore/index.php?v=1.5
https://www.laserlabs.org/stq_highscore/index.php?v=1.5
https://www.laserlabs.org/stq_highscore/index.php?v=1.5

Space Time Quest puts you in charge of designing your own gravitational wave
detector. You make choices to select the best technology while keeping an eye
on the budget. You can create your detector in just a few minutes. But for the
highest score (based on how many gravitational waves you can detect), you
need to finely tune your design. There are many scientists from LIGO and Virgo

in our high-score hall of fame, can you beat them, literally, at their own game?

0

Download the free app at:
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discovering gravitational waves. Lila explains

to her brother what gravitational waves are,

The book is filled with flaps that open to reveal amaz-
ing images of astronomical events, pull taps to mimic
Y how mirrors move in the detector as well as an im-
M pressive 3D pop-up of black holes colliding! The idea
of the book is to help encourage children, particularly |
between 6-8 years old, in India to be curious about \ \
astronomy. There is a unique opportunity to promote \(f%vel;
STEM subjects during the building of the LIGO India
gravitational wave observatory and this book is a cru-
Al cial tool for this. Furthermore, local communities to
" the observatory site are of lower socioeconomic sta- &

tus, and this is an important time to create positive,

3
i

long-term partnerships and to demystify science.




| Dr. l\/IarleIa I\/Iasso Reid - is the Pl of GCRF grant awarded e]. ®
make this book a reality. She's a Research Associate at the Um-r‘

versity of Glasgow and she’s also the project manager of the

-
. *- Newton Bhabha LIGO U.K. - India effort.
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With the help of our colleagues in the LIGO In-
¥ dia EPO team, particularly, Samir Dhurde, Man- }
iasa Thirugnanasambandam and Shivani Pethe
we were able to make this book into a reality
translated to Marathi. 1000 copies will be dis-

| tributed to villages near the LIGO India site, in
 the Hingoli district and introduce children aged
( 6-8 to STEM subjects and encourage participa- |







