
Nuclear Pasta: strongest 
material  in the universe

Impact 
• Computa)ons	of	the	shear	modulus	determine	frequency	
of	neutron	star	crust	oscilla)ons.	

• We	 find	 very	 strong	 breaking	 strain	 that	 can	 pin	 strong	
twisted	 magne)c	 fields	 and	 help	 explain	 huge	 energy	
released	 in	 Magnetar	 (neutron	 stars	 with	 very	 strong	
magne)c	fields)	giant	flares.		

• Our	 very	 strong	 breaking	 strain	 can	 support	 large	 crust	
mountains	 (mass	 concentra)ons)	 that	 on	 rota)ng	
neutron	 stars	 can	 efficiently	 radiate	 gravita)onal	waves.	
These	could	be	observed	in	near	future	LIGO	searches.

Accomplishments 
• We	 find	 nuclear	 pasta	 is	 strongest	 material	 in	 the	
universe.	

• Publica)on:	 M.	 E.	 Caplan,	 A.	 S.	 Schneider,	 and	 C.	 J.	
Horowitz,	Phys.	Rev.	LeT.	121,	132701	(2018).	

• Featured	 in	 ScienceNews,	 Newsweek,	 The	 Atlan)c,	
Smithsonian,	Space,	Phys.org	

Objective 
• Use	 large	 scale	 GPU	 compu)ng	 to	 perform	 detailed	
molecular	 dynamics	 (MD)	 simula)ons	 of	 neutron	 star	
crust,	 including	 complex	 nuclear	 pasta	 phases,	 and	 to	
determine	 its	 elas)c	 proper)es	 such	 as	 sheer	 modulus	
and	breaking	strain. 	

Largest	ever	simula)on	of	nuclear	pasta,	containing	over	three	
million	protons	and	neutrons.	The	colors	show	"domains"	where	
nuclear	pasta	is	locally	ordered.			

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.132701
https://www.sciencenews.org/article/nuclear-pasta-neutron-stars-may-be-strongest-material-universe
https://www.newsweek.com/nuclear-pasta-neutron-star-strongest-material-universe-1127491
https://www.theatlantic.com/science/archive/2018/10/neutron-stars-nuclear-pasta/573166/
https://www.smithsonianmag.com/smart-news/universes-strongest-material-cosmic-lasagna-180970358/
https://www.space.com/41874-nuclear-pasta-strongest-substance.html
https://phys.org/news/2018-09-simulation-nuclear-pasta-billion-harder.html

