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MoNvaNon
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✦ The	Resonance	decays	is	one	of	the	important	effect	to	
relate	fluid	properNes	to	the	experimental	measured	
parNcles		

✦ The	resonance	decay	is	an	“old”	subject	can	be	included	
numerically	with:		Terminator,	Azhydro,	..		

✦ Usually	are	Nme	consuming	calculaNons		

✦ If	one	is	interested	in	only	resonance	decay	a	more	
efficient	way	is	possible
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Primary	parNcles	are	produced	with	the	Cooper	Frye	formula

The	single	parNcle	distribuNon	funcNon:		
	local	equilibrium		+	viscous	correcNon



Main	idea
Usually	first	the	parNcles	are	produced	(many)	and	then	decayed	

But	we	can	reverse	the	order	of	integraNon!

Only	few	integrals	over	the	freeze	out	surface	are	needed		
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CompuNng	the	irreducible	components
DecomposiNon	of	the	distribuNon	funcNon
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✦Assuming	only	isotropic	decays		
✦IniNalizaNon	done	with	thermal	distribuNons	
✦Each	decay	corresponds	to	a	1-d	integral	
✦Different	components	are	independent	

Ēp
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Energy	in	the	fluid	frame	
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Final	decay	distribuNon	for	pion
Final	pion	spectrum	ager	resonance	decays	in	fluid	rest	frame	

The	two	components	are	computed	once	and	can	be	used	in	every	frame
6
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FastReso
The	new	Cooper	Frye	formula	with	decay	feed	down	included	

with	the	explicit	terms:

✦Only	7	invariant	scalar	funcNons	for	each	final	parNcle	species	
✦ The	irreducible	components	can	be	easily	computed	with: 

	hGps://github.com/amazeliauskas/FastReso	
✦ Works	for	generic	freeze	out	surface	

7

https://github.com/amazeliauskas/FastReso


Blast	Wave	fit	with	decay	feed	down		
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✦ Overall	good	fits	 /Ndof	~	1	
✦Single	normalisaNon	for	all	3	parNcles	
✦ No	viscous	correcNons

χ2
Temperature	almost	constant	

Due	to	the	fast	procedure	it	is	computaNonally	inexpensive	to	do	the	analysis.	
[A.Mazeliauskas,	V.	Vislavicius	1907.11059	]



Global	fluid	fits	to	parNcle	spectra	at	LHC	

✦ Trento	iniNal	condiNons	(azimuthally	averaged)		

✦ Viscous	hydrodynamic	evoluNon	(FluiduM)	

✦ FastReso	freeze	out	with	~	700	resonances	PDG	2016	

✦ 4	parameters	+	centrality	dependent	normalizaNon	

✦ Pions	Kaons	Protons,	pt	<	3	GeV/c,	5	centrality	classes	 
			0-5	%,	5-10	%,	10-20	%,	20-30	%,	30-40	%	

✦ 	10^5	parameter	configuraNons	per	centrality		

✦ Minimized	the	 	with	experimental	errors.χ2

Normi ⌧0 (fm/c) ⌘/s (⇣/s)max Tfo (MeV)
30-60 0.2-0.6 0.1-0.25 0.005-0.1 130-155
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Best	Fit	pt	spectra	
Fit	the	pt	spectra	of	pions	kaons	and	protons	in	the	first	five	centraliNes	

Visually	good	agreement,	but	staNsNcally	significant	deviaNons	
The	main	discrepancy	is	for	pions	at	low	pt

�2/Ndof = 1.4

Ndof = 546
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Model Best fit
Norm1 48.6
Norm2 47.8
Norm3 46.2
Norm4 43.9
Norm5 41.0
⌧0 [fm/c] 0.27

⌘/s 0.22
(⇣/s)max 0.05
Tfo [MeV] 136.9
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Summary	
✦ The	code	is	publicly	available	at	hGps://github.com/
amazeliauskas/FastReso	

✦ The	method	can	handle	large	sets	of	resonances	

✦ 	IniNal	distribuNon	can	be	changed,	e.g.	viscous	or	diffusion	
perturbaNons

✦ Work	in	progress	on	inclusion	of	resonance	widths		

✦ Work	in	progress	on	pT-resolved	vn	fits		

✦ Same	idea	could	be	generalised	to	HBT	

Outlook		
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