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Abstract 
Since	the	first	direct	detection	in	2015,	gravitational	waves	have	
completely	changed	the	landscape	of	known	stellar	mass	black	holes	
(BH).	This	gives	unprecedented	constraints	on	the	evolution	and	death	
of	the	most	massive	stars,	which	are	otherwise	hard	to	study	due	
to	their	rarity.	In	particular,	stellar	evolution	predicts	the	
existence	of	a	gap	in	the	BH	mass	distribution,	due	to	
pair-instability	evolution.	Its	location	between	~45-125	Msun	is	one	
of	the	most	robust	predictions	of	stellar	theory,	primarily	sensitive	
only	to	uncertain	nuclear	reaction	rates.	This	will	allow	for	the	use	
of	gravitational-wave	detectors	as	nuclear	astrophysics	
experiments.	On	the	other	hand,	~3%	of	the	population	of	BHs	inferred	
have	masses	within	the	pair-instability	gap.	Explaining	these	BHs	
requires	either	dynamics,	gas	accretion,	or	exotic	
physics.	
	
Pair-instability	should	also	produce	visible	electromagnetic	
transient,	however,	an	uncontroversial	detection	is	still	
lacking.	Upcoming	large	time-domain	surveys	will	soon	be	able	to	
reveal	even	very	rare	transients	and	should	identify	these.	
	
In	this	talk,	I	will	review	the	physics	of	(pulsational)	pair-instability	in	
the	context	of	the	latest	gravitational-wave	and	time-domain	
surveys.	I	will	show	the	wide	range	of	theoretical	predictions	and	
their	trends	with	stellar	mass,	and	highlight	what	we	have	already	
learned	from	the	binary	BH	mergers	detected.	Finally,	
I	will	discuss	possible	ways	to	populate	the	pair-instability	gap	and	
potential	open	problems	with	some	of	the	scenarios	that	have	been	



proposed.	
	



Curriculum vitae
Research experience
2019 - now Flatiron research Fellow Flatiron Institute, CCA2015-2019 PhD candidate University of AmsterdamDec 2017 Visiting researcher University of Pisa2017 Graduate Fellow (one semester) KITP (UC Santa Barbara)2014-2015 Recurrent visiting researcher Caltech2013 INFN/LIGO Summer student Caltech
Education
2015-2019 Ph.D.

advisor: S. E. de Mink
University of Amsterdam

2012-2015 MSc. in Physics
advisors: S. N. Shore, C. D. Ott, grade: 110/110 cum laude

University of Pisa
2009-2012 BSc. in Physics

advisor: G. Pa�uti, grade: 110/110
University of Pisa

Grants & Awards
Jan 2017 KITP Graduate fellowship

Kavli Institute for Theoretical Physics, advisor: L. Bildsten2016-2018 PI of 3 Pilot Projects on the supercomputer Cartesius
total 1.5million CPUhours used to compute MESAmodels to study stellar winds, pulsational pair instability
supernovae, and gravitational wave progenitors.Jul 2018 Co-I Muse proposal “MUSE WFM-AO observations of the SmallMagellanic Cloud cluster NGC 330 as a benchmark for single andbinary evolution of massive stars” (PI: J. Bodensteiner)
3.3h of VLT observational time2015-2018 LKBF Travel funds
total: 2200€Apr 2015 Travel funds for master thesis abroad, University of Pisa
2000€

Teaching experience
Mar 2018 Guest lecture on neutrino cooling and core-collapse supernovaeFeb 2018 Guest lecture on the microphysics of nuclear reactions in starsJun 2018 TA Summer school “Simulating stars”, UCAS, Beijing2017-2018 Advising master thesis of D. Hendriks (now PhD student at U. Surrey)Jan 2018 Guest lecture on nuclear reaction networks2016-2017 Co-advising master thesis of W. van Rossem, L. Edstam2016-2017 Co-advising bachelor thesis of F. Brooekgaarden2016-2017 Instructor “Open Problems in Modern Astrophysics”2016 Co-advising bachelor thesis of Mniversity of Briel2016 Teaching Assistant “HEA: radiative processes and relativisticflows”Jan 2016 Guest lecture on stellar evolution codes (MESA)Aug 2015 TA “MESA Summer school”, KITP (UCSB)Sep 2015 I organized and held a MESA workshop, University of Pisa

Public Engagement experience
Feb 19 Astronomy on Tap Leiden, Talk2017-now Informal scientific advisor for science magazine KIJKOct 17 University of Amsterdam open day Q/A with publicJul 17 Lunar Eclipse night in Pisa, telescopes setup and Q/A with publicNov 2017 API Stargazing night, Q/A with publicNov 2017 Guest writer of one post on Astrobites

Did stripped stars re-ionize-the-universe?2010-2014 Science demonstrator Ludoteca Scientifica LUS, Pisa
Other professional experience
Referee for ApJ and A&ATranslator (French→English) of the book “ Successfully starting in astronomicalspectroscopy, a practical guide”, author: F. Cochard.Main organizer bi-weekly “Massive Stars Meeting”, University of Amsterdam

1

MathieuRenzo
i users.flatironinstitute.org/∼mrenzo
B 162 5th Ave10010 New YorkNY, USA
@ mrenzo@flatironinstitute.orgmathren90@gmail.com
m Italian/French
About me
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