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Where is Ohio? 
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Heavy Ion physics in Ohio 
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paradigms 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% J%

5:5;-6-3".0#''$

9:9-!-6-'4'%#)-



H.I.C. – a system 
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Spectra 

v2 

HBT 

Z5+Y6\+4"/(-$\%dt5('-6Y(0$e%

</=->/?0*'-A([-L1$%4("/%A*(1(A-$1"'UA'%
$=_=%NO%!@%9PP;9G%Q899PR%%

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

! 

mT " T + m# flow

2

F%



Spectra 

v2 

HBT 

Z5+Y6\+4"/(-$\%dt5('-6Y(0$e%

</=->/?0*'-A([-L1$%4("/%A*(1(A-$1"'UA'%
$=_=%NO%!@%9PP;9G%Q899PR%%

!%

7%

8
-A
B>

C-

>D-AE0FG.C-

,cCO%NO&%HI%8J8H93%Q899HR%

'56.0J>/>0K<)>-')('<L).<)L0-

>6550?-,*$5#%(,1-

;%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

'5+Y%!%

]('-%!%

kL-%-*$%5#6*,*7$A*(1(A-$1"'UAE%%

A+11$5(-$\%[+'"U+/%(/\%k++'-%\"1$AU+/&



Obtaining 3D radii from 3D correlation functions 
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Spherical harmonic representation of 3D data 
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Spherical harmonic representation of 3D data 
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Spherical harmonic representation of 3D data 
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For femtoscopic correlations :
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Spherical harmonic representation of 3D data 
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Spherical harmonic representation of 3D data 
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We are not alone... 
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We are not alone... 
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non-femto “large-Q” behaviour - various approaches 
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energy-momentum conservation in n-body states 
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Example of use of total phase space integral  
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Correlations arising (only) from conservation laws (PS constraints) 
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Simplification for “large” N-k (1) 
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Using central limit theorem (“large* N-k”) 
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Effects on single-particle distribution 
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k-particle correlation function 
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V$[$/\$/A$%+/%d[(1$/-e%\"'-1"k%]%0(/"'*$'g%

$80$/#&9,*&$-$*+":%,%$-#;%&%$(-!&(-4&<7=&

2-particle correlation function (1st term in 1/N expansion) 
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How do EMCICs look ? – nontrivial ! 

j!-'<L).<)L0-K/<-./K^K0?-</-*6L_0-P-

j!-+MK0>61.-.)<'-R620-'<L/K_-0`0.<-

$0$/-%_$/$1(-+1%Q_$/k+\R%

Y"-*%+/52%h!>T>'%

>&c%([[1+n"4(U+/%

)Q3msR%-$14%"/%

>&c%([[1+n"4(U+/%

y$/k+\%si3F%z7�i9=;%y${u%%NOZ%6%�&�z9=I%

8;%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%
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Detailed shape depends on :

N,  E ,  E 2 ,  pT
2 ,  pZ

2

How do EMCICs look ? – nontrivial ! 

H9%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



“the system”… a nontrivial concept 

! 

N,  E ,  E
2

,  pT
2

,  pZ
2

%R6L6.<0LM'1.-'.6*0'-/B-L0*026K<-'='<0>-MK-

4RM.R-*M>M<0?-0K0L_=J>/>0K<)>-M'-'R6L0?-

j!s+-%#/+Y/%(%[1"+1"%

j!'*+L5\%#*(0>%4$('L1$\%lL(/UU$'g%kL-%/+-%k$%"\$/UA(5%-+%-*$4%

?@! A%"/A5L\$'%[1"4(12%[(1UA5$'%Q"/A5L\"/_%L/4$('L1$\%�q'%$-AR%

8=! '$A+/\(12%\$A(2%Q1$'+/(/A$'g%]1(_4$/-(U+/R%'4$(1'%A+//$AU+/%km-%zh8�%(/\%4$('L1$\%+/$%

H=! zh8�%$-AE%(0$1(_$'%+]%-*$%/(*$-#%\"'-1"kLU+/%

P=! d1$5$0(/-%'2'-$4e%(54+'-%A$1-("/52%/+-%-*$%dY*+5$e%QP�R%'2'-$4%

j!$=_=%k$(4%]1(_4$/-(U+/%[1+k(k52%/+-%1$5$0(/-%-+%'2'-$4%$4"f/_%(-%4"\1(["\"-2%

j! A*(1(A-$1"'UA%[*2'"A(5%[1+A$''$'%Q'-1"/_'%$-ARE%�2%�%3�8%

j! ?$-'E%d+]%-*$%'2'-$4e%bb%

j! '"4%d5$(\"/_%k(12+/%$}$A-e%"/%4"A1+A(/+/"A(5%-*$14(5%p-'%

j! "]%d1$5$0(/-%'2'-$4e%�%dY*+5$%'2'-$4eg%-*$/%-+-(5%$/$1_264+4$/-L4%8,11$9+0%+(%#-$6k26$%

  

! 

pµ

2 " d3p # pµ

2 # ˜ f p( )
unmeasured
parent distrib

!$ % d3p # pµ

2 # ˜ f c p( )
measured

!$

H3%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



“the system”… a nontrivial concept 

! 

N,  E ,  E
2

,  pT
2

,  pZ
2

%R6L6.<0LM'1.-'.6*0'-/B-L0*026K<-'='<0>-MK-

4RM.R-*M>M<0?-0K0L_=J>/>0K<)>-M'-'R6L0?-

j!s+-%#/+Y/%(%[1"+1"%

j!'*+L5\%#*(0>%4$('L1$\%lL(/UU$'g%kL-%/+-%k$%"\$/UA(5%-+%-*$4%

j!S$%Y"55%-1$(-%-*$4%('%[(1(4$-$1'E%Y*(-%-+%$n[$A-b%

HH%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

! 

Maxwell - Boltzmann parent 
d

3
N

d
3
p

~ e"E /T

non - rel ultra - rel if T = .15 ÷ .35

pT
2 2mT 8T 2 0.045 ÷ 0.98 GeV/c( )

2

E
2 15

4
T

2 + m2 12T 2 0.10 ÷1.5 GeV2

E 3
2
T + m 3T 0.36 "1 GeV



“the system”… a nontrivial concept 

! 

N,  E ,  E
2

,  pT
2

,  pZ
2

%R6L6.<0LM'1.-'.6*0'-/B-L0*026K<-'='<0>-MK-

4RM.R-*M>M<0?-0K0L_=J>/>0K<)>-M'-'R6L0?-

j!s+-%#/+Y/%(%[1"+1"%

j!'*+L5\%#*(0>%4$('L1$\%lL(/UU$'g%kL-%/+-%k$%"\$/UA(5%-+%-*$4%

j!S*(-%-+%$n[$A-b%

HP%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

! 

Maxwell - Boltzmann parent 
d

3
N

d
3
p

~ e"E /T

non - rel ultra - rel if T = .15 ÷ .35

pT
2 2mT 8T 2 0.045 ÷ 0.98 GeV/c( )

2

E
2 15

4
T

2 + m2 12T 2 0.10 ÷1.5 GeV2

E 3
2
T + m 3T 0.36 "1 GeV

HP%

! 

Blastwave,  T =100 MeV   "
0

= 0.9

pT
2

#
= 0.240   GeV

2
        pT #

= 0.405   GeV( )
mT #

= 0.435  GeV

mT

2

#
= 0.259  GeV

2



4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% HI%

�% 9=PJ%

O)% 9=F3%]4%

O,% 9=FP%]4%

O&% 3=8;%]4%

�% 9=JP% s% 38=;%

O)% 9=;J%]4% z[c
8�% 9=8%Qy${mAR8%

O,% 9=FF%]4% z[<
8�% 9=H;%Qy${mAR8%

O&% 3=8J%]4% zh�% 9=J%y${%

zh8�% 9=PH%y${8%

<=%>*(?$A#"g%SN>Z%899F%

#c
i
9
=H
I
69
=J
%

5:5->MK(M6'-



{(1"+L'%p-'%-+%-*$%["+/%A+11$5(U+/%]L/AU+/%Q[^[R%

fit method Rout [fm] Rside [fm] Rlong [fm] 

standard 0.65 +/- 0.01 0.85 +/- 0.01 1.42 +/- 0.02 

"NA22" 1.18 +/- 0.02 1.05 +/- 0.02  1.75 +/- 0.03 

"zeta-beta" 1.01 +/- 0.03  0.79 +/- 0.03 1.52 +/- 0.05 

EMCICs (constr.) 1.05 +/- 0.02 1.06 +/- 0.02 1.66 +/- 0.03 

EMCICs(free) 1.06 +/- 0.02     1.08 +/- 0.02 1.69 +/- 0.03 

[5+f/_%

(1U](A-%

HG%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%
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[% '%

I[-]0M'0K(0L_-)K.0L<6MK<=a-

j!$=_=%y=%C5$n(/\$1%

j!d[5(L'"k5$e%"/%o6\"1$AU+/%

j!L/5"#$52%"/%-1(/'01'$%

j! "/A+/'"'-$/-%Y"-*%4L5-6\$[%

W[-N<LMK_-BL6_>0K<61/Ka--AS)K?C-

j!$''$/U(552%/+%lL(/U-(U0$%[1$\"AU+/'%

j![c%\$[$/\$/A$%%("B$%QbbR%

j!4(''%\$[$/\$/A$%/+%

%%%%%%KC/\$1''+/g%!+1"+/\%8999M%

V[-80'/K6K.0-0`0.<'a-

j!$=_=%S"$\$4(//%B%W$"/o%�;G%

j!%("B$g%kL-%Y"55%k$%'"_/"pA(/-52%

\"}$1$/-%$}$A-%-*(/%]+1%CL^CL%

<k"_/"$Y%>*(?$A#"%x!9I%

[^[%(/\%C^C%4$('L1$\%"/%!(%$%$n[$1"4$/-g%

!(%$%(AA$[-(/A$g%!(%$%-$A*/"lL$'%

j!L/"lL$%+[[+1-L/"-2%-+%A+4[(1$%[*2'"A'%

j!Y*(-%A(L'$'%[c6\$[$/\$/A$%"/%[^[b%

j!'(4$%A(L'$%('%"/%C^Cb%
X[-b*/4aaa-

j! T/A1$('"/_52%'L__$'-$\%"/%WhN%

$n[$1"4$/-'%

H;%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

ND98-5L0*M>MK6L=%%
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ND98-5L0*M>MK6L=%%

>D-AE0FC- >D-AE0FC-

I[-]0M'0K(0L_-)K.0L<6MK<=a-

j!$=_=%y=%C5$n(/\$1%

j!d[5(L'"k5$e%"/%o6\"1$AU+/%

j!L/5"#$52%"/%-1(/'01'$%

W[-N<LMK_-BL6_>0K<61/Ka--AS)K?C-

j![c%\$[$/\$/A$%%("B$%QbbR%

j!4(''%\$[$/\$/A$%[1+k(k52%/+%

%%%%%%KC/\$1''+/g%!+1"+/\%8999M%

V[-80'/K6K.0-0`0.<'a-

j!$=_=%S"$\$4(//%B%W$"/o%�;G%

j!%("B$g%kL-%Y"55%k$%'"_/"pA(/-52%

\"}$1$/-%$}$A-%-*(/%]+1%CL^CL%

<k"_/"$Y%>*(?$A#"%x!9I%

[^[%(/\%C^C%4$('L1$\%"/%!(%$%$n[$1"4$/-g%

!(%$%(AA$[-(/A$g%!(%$%-$A*/"lL$'%

j!L/"lL$%+[[+1-L/"-2%-+%A+4[(1$%[*2'"A'%

j!Y*(-%A(L'$'%[c6\$[$/\$/A$%"/%[^[b%

j!'(4$%A(L'$%('%"/%C^Cb%
X[-b*/4aaa-

j! T/A1$('"/_52%'L__$'-$\%"/%1$A$/-%

$n[$1"4$/-'%

P9%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

hGHI%>+55(k+1(U+/g%NOVX"%3;H3%Q3;;HR%

(5'+%N&t%8998%

0,-!1!#$-#&C1#D&(-&$8/(-41-+&!D$22&%,4$2@&

sC88%>+55(k+1(U+/%<=%N*2'=%>%G3g%P9IaP3P%Q3;;JR%

Q*(\1+/6*(\1+/%A+55"'"+/'R%

Kk('$\%+/%'*([$%+]%>QlRvM%

E;*&4(#(&4,&-,#&0,-F*%&#D$&$8/$0#(5,-&9*,%&

#D$&!#*1-+&#"/$&%,4$2G&&H&+,,4&4$!0*1/5,-&,9&

,;*&4(#(&1!I&D,C$)$*I&(0D1$)$4&1-&#D$&9*(%$C,*>&

,9&#D$&D"4*,4"-(%10(2&$8/(-41-+&!,;*0$&%,4$2@&

S=%7"r$5%CA-(%N*2'=N+5+/=%tH8%Q8993R%H;8G%%KO$0"$Y%(1UA5$M%

G&(-4&!;++$!#!&#D$&$81!#$-0$&,9&(-&1%/,*#(-#&.0,22$05)$&J,C3I&$)$-&1-&#D$&

!"!#$%&,9&/(*502$!&/*,4;0$4&1-&$K$L&(--1D12(5,-M&

H&?:N%&O&!0(21-+&F*!#&,B!$*)$4&1-&D$()"P1,-&0,221!1,-!&1!&-,C&(2!,&,B!$*)$4&1-&

Q&9*(+%$-#(5,-&(-4&%("&!;++$!#&(&.#*(-!)$*!$&J,C3&$)$-&#D$*$M&

)NC&%>+55(k+1(U+/g%hL1=N*2'=:=>I8EGFG6F9Hg899Gu%(1D"0E9G9F=3388%K*$[6$nM%

<R#!14$&I&<R#,;#&(-4I&2$!!&%(*>$42"I&<R2,-+&4$0*$(!$&C1#D&1-0*$(!1-+&>#&@&

OD$&/*$!$-0$&,9&0,**$2(5,-!&B$#C$$-&#D$&/(*502$&/*,4;05,-&/,1-#!&(-4&

#D$1*&%,%$-#(&1!&(-&1-410(5,-&#D(#&#D$&/1,-&!,;*0$&1!&-,#&!#(50I&B;#&*(#D$*&

$8/(-4!&4;*1-+&#D$&/(*502$&$%1!!1,-&/*,0$!!@&
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>D-AE0FC- >D-AE0FC-

I[-]0M'0K(0L_-)K.0L<6MK<=a-

j!$=_=%y=%C5$n(/\$1%

j!d[5(L'"k5$e%"/%o6\"1$AU+/%

j!L/5"#$52%"/%-1(/'01'$%

W[-N<LMK_-BL6_>0K<61/Ka--AS)K?C-

j![c%\$[$/\$/A$%%("B$%QbbR%

j!4(''%\$[$/\$/A$%[1+k(k52%/+%

%%%%%%KC/\$1''+/g%!+1"+/\%8999M%

V[-80'/K6K.0-0`0.<'a-

j!$=_=%S"$\$4(//%B%W$"/o%�;G%

j!%("B$g%kL-%Y"55%k$%'"_/"pA(/-52%

\"}$1$/-%$}$A-%-*(/%]+1%CL^CL%

<k"_/"$Y%>*(?$A#"%x!9I%

[^[%(/\%C^C%4$('L1$\%"/%!(%$%$n[$1"4$/-g%

!(%$%(AA$[-(/A$g%!(%$%-$A*/"lL$'%
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j!Y*(-%A(L'$'%[c6\$[$/\$/A$%"/%[^[b%

j!'(4$%A(L'$%('%"/%C^Cb%
X[-b*/4aaa-

j! T/A1$('"/_52%'L__$'-$\%"/%1$A$/-%

$n[$1"4$/-'%

P3%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

hGHI%>+55(k+1(U+/g%NOVX"%3;H3%Q3;;HR%

(5'+%N&t%8998%

0,-!1!#$-#&C1#D&(-&$8/(-41-+&!D$22&%,4$2@&

sC88%>+55(k+1(U+/%<=%N*2'=%>%G3g%P9IaP3P%Q3;;JR%

Q*(\1+/6*(\1+/%A+55"'"+/'R%

Kk('$\%+/%'*([$%+]%>QlRvM%

E;*&4(#(&4,&-,#&0,-F*%&#D$&$8/$0#(5,-&9*,%&

#D$&!#*1-+&#"/$&%,4$2G&&H&+,,4&4$!0*1/5,-&,9&

,;*&4(#(&1!I&D,C$)$*I&(0D1$)$4&1-&#D$&9*(%$C,*>&

,9&#D$&D"4*,4"-(%10(2&$8/(-41-+&!,;*0$&%,4$2@&

S=%7"r$5%CA-(%N*2'=N+5+/=%tH8%Q8993R%H;8G%%KO$0"$Y%(1UA5$M%

G&(-4&!;++$!#!&#D$&$81!#$-0$&,9&(-&1%/,*#(-#&.0,22$05)$&J,C3I&$)$-&1-&#D$&

!"!#$%&,9&/(*502$!&/*,4;0$4&1-&$K$L&(--1D12(5,-M&

H&?:N%&O&!0(21-+&F*!#&,B!$*)$4&1-&D$()"P1,-&0,221!1,-!&1!&-,C&(2!,&,B!$*)$4&1-&

Q&9*(+%$-#(5,-&(-4&%("&!;++$!#&(&.#*(-!)$*!$&J,C3&$)$-&#D$*$M&

)NC&%>+55(k+1(U+/g%hL1=N*2'=:=>I8EGFG6F9Hg899Gu%(1D"0E9G9F=3388%K*$[6$nM%

<R#!14$&I&<R#,;#&(-4I&2$!!&%(*>$42"I&<R2,-+&4$0*$(!$&C1#D&1-0*$(!1-+&>#&@&

OD$&/*$!$-0$&,9&0,**$2(5,-!&B$#C$$-&#D$&/(*502$&/*,4;05,-&/,1-#!&(-4&

#D$1*&%,%$-#(&1!&(-&1-410(5,-&#D(#&#D$&/1,-&!,;*0$&1!&-,#&!#(50I&B;#&*(#D$*&

$8/(-4!&4;*1-+&#D$&/(*502$&$%1!!1,-&/*,0$!!@&

OWT>E%dA+4[(1"'+/%4(A*"/$e%

{(12%'"o$=%%C55%$5'$%pn$\=%%K(AA$[-(/A$g%-$A*/"lL$vM%

j!%'[$A-1(%

j!%]$4-+'A+[2%

A+4[(1$%Y"-*%(%'2'-$4%Y$%d#/+Ye%"'%X+Y"/_%

Spectra 

v2 

HBT 



Apples:apples comparison… 

55,-?9),-%)%)-J-ND98-5L0*M>MK6L=%%

861/-/B-A9)9),-%)%),-?9)C-]cD--

L6?MM-(=-55-

OQ[cR%-(#$/%('%'-1+/_%'[(A$6U4$%

$0"\$/A$%+]%X+Y%"/%CL^CL%

j!A5$(1g%lL(/U-(U0$%A+/'"'-$/A2%

[1$\"AU+/'%+]%t5('-S(0$%

dT\$/UA(5e%'"_/(5%'$$/%"/%[^[%

j!A(//+-%k$%+]%d"\$/UA(5e%+1"_"/b%

Q+-*$1%-*(/%Y$%d#/+Y%"-%A(//+-e===R%

P8%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

<=%>*(?$A#"g%x!9I%



861/-/B-A9)9),-%)%),-?9)C-]cD--

L6?MM-(=-55-

bM<-4G/-(6'0*MK0-56L6>0<0LMd61/K- Y#e-^<-4G-(6'0*MK0-56L6>0<0LMd61/K-

ND98-5L0*M>MK6L=%%

%(5-$1/(-$%/+/6]$4-+%

1(-*$1g%d'L__$'U+/eE%$n[5+'"0$%X+Y%"/%[^[b%

PH%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



t5('-6Y(0$%p-%-+%'[$A-1(E%

j!%4LA*%5$''%$n[5+'"0$%X+Y%"/%[^[%A+55"'"+/'%

,cCO%NO&%HW%338H93%Q899PR%

CL^CL%96I�%

CL^CL%J96G9�%

[^[%4"/k"('%

:;<=>>?$

PP%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



But remember! 
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˜ f c( pi ) = ˜ f (pi )
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>06')L0?-
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PI%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



But remember! 
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.41!#,*5,-3&,9&!1-+2$P/(*502$&!/$0#*(&

eR6<-MB%-*$%+/52%\"}$1$/A$%k$-Y$$/%[^[%(/\%C^C%A+55"'"+/'%Y('%Ab%

>06')L0?-

f>6<LMg-0*0>0K<h-

! 

same  ˜ f p( ) ,  pT

2
 ,  E  ,  E

2

PJ%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

,cCO%NO&%HW%338H93%Q899PR%

CL^CL%96I�%

CL^CL%J96G9�%
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But remember! 
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Multiplicity evolution of spectra - p+p to A+A (soft sector) 
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IMPT: What changes with multiplicity…? 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% P;%
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j!4(_/"-L\$%

j![c%\$[$/\$/A$%Q'*([$R%

j!4(''%\$[$/\$/A$%

multiplicity does !! 



4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

Kinematic scales of “the system” 
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Multiplicity evolution of spectra - p+p to A+A (soft sector) 
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By popular demand 

C54+'-%L/"0$1'(5%dX+Ye%B%d-$4[$1(-L1$e%

[(1(4$-$1'%"/%(%t5('-S(0$%p-%

C[[(1$/-%A*(/_$'%"/%�g%c%Y"-*%\sm\�%

A(L'$\%k2%h!>T>'`%

`%h!>T>%i%h/$1_2%B%!+4$/-L4%>+/'$10(U+/%T/\LA$\%S,-!#*(1-#%

I8%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



Blast-wave in p+p: simultaneous description of spectra, HBT 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% IH%

! 

T =105.5 MeV

"
0

= 0.934   # = 0.535( )

R = 2.19 fm

$ = 2.25 fm/c

%$ ~ 0.15

\$-$14"/$\%$/U1$52%

k2%'[$A-1(%



Can’t follow the game without a program… 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% IP%

WJ56L1.*0-

./LL0*61/K'-

B0></'./5M.-

8A5DC-

#$%&%'-

i5DWj-0<.[-

k,-D-

'6>0-6'-99-

'MK_*0J56L1.*0-

'50.<L6-

5/'<)*6<0-

M?0K1.6*-

56L0K<-
5/'<)*6<0-

4/L+'l-

26L=-#$%&%-

i5DWj-0<.[-

k,-D-

BL/>-ce-^<-

U]9N#-&-

f./LL0.<h-

'50.<L6-B/L-

#$%&%'-

%/K'M'<0K<-

"-



Can’t follow the game without a program… 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% II%

WJ56L1.*0-

./LL0*61/K'-

B0></'./5M.-

8A5DC-

#$%&%'-

i5DWj-0<.[-

k,-D-

'6>0-6'-99-

'MK_*0J56L1.*0-

'50.<L6-

5/'<)*6<0-

M?0K1.6*-

56L0K<-
5/'<)*6<0-

4/L+'l-

26L=-#$%&%-

i5DWj-0<.[-

f./LL0.<h-

'50.<L6-B/L-

#$%&%'-

k,-D-

BL/>-ce-^<-

U]9N#-&&-

k,-D-

BL/>-ce-^<-</-

]cD-(*5-'50.<L6-

f./LL0.<h-

'50.<L6-B/L-

#$%&%'-



Femto and “system” parameters from 2-particle correlations 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% IJ%

�%%i%9=HF%�%9=93%%

O+%i%9=F3%�%9=93%]4%

O'%i%9=FP%�%9=98%]4%

O5%i%3=8;%�%9=98%]4%

�%%i%9=J;%�%9=93%%

O+%i%9=;J%�%9=9P%]4%

O'%i%9=;F%�%9=9H%]4%

O5%i%3=8J%�%9=98%]4%

s%i%38=;%

zh�%i%9=J9%y${%

zh8�%i%9=P9%y${8%

z[c
8�%i%9=8%y${8%

z[o
8�%i%9=P%y${8%

,cCO%[1$5"4"/(12%%

#c%"/-$_1(-$\%



Combined fit: consistent flow-based description 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% IG%

! 

T =106 ± 3 MeV

" = 0.48 ± 0.03

R = 2.09 ± 0.04 fm

#
0

= 2.25 ± 0.05 fm/c

$# = 0.1± 0.2 fm/c



Combined fit: consistent flow-based description 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% J9%

fL64h-Q"_/+1"/_%h!>T>'R%

fL64h-Q"_/+1"/_%h!>T>'R%

h!>T>'%^g0?-(=-./LL0*61/K'-

(/\%?+"/-%'[$A-1(mWtc%p-%

h!>T>'%BL00-6?m)'<0?-

-+%'[$A-1(%B%p-%-+%'[$A-1(%

h!>T>'%^g0?-(=-./LL0*61/K'-

(/\%?+"/-%'[$A-1(mWtc%p-%

[^[%A+55"'"+/'%'*+Y%'(4$%X+Y%

'"_/(5'%('%C^C%A+55"'"+/'%



A+A is just a collection of flowing p+p? 

•!s+w%%xL"-$%-*$%+[[+'"-$=%

–!B0></'./5M.6**=-

•! C^C%5++#'%5"#$%(%k"_%t5('-S(0$%

•! -,#%'L[$1[+'"U+/%+]%'4(55%t5('-S(0$'%

•! C^C%*('%-*$14(5"o$\%_5+k(552%

–!'50.<L6-

•! 'L[$1[+'"U+/%+]%'[$A-1(%]1+4%[^[%*('%

'(4$%'*([$%('%(%'[$A-1L4%]1+4%[^[w%

•! 1$5(n(U+/%+]%N=,=%A+/'-1("/-'%"/\"A(-$'%%

C^C%*('%-*$14(5"o$\%_5+k(552%

•! 1(-*$1g%[^[%5++#'%5"#$%(%d5"r5$%C^Ce%

J3%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



A+A is just a collection of flowing p+p? 

•!s+w%%xL"-$%-*$%+[[+'"-$=%

–!B0></'./5M.6**=-

•! C^C%5++#'%5"#$%(%k"_%t5('-S(0$%

•! -,#%'L[$1[+'"U+/%+]%'4(55%t5('-S(0$'%

•! C^C%*('%-*$14(5"o$\%_5+k(552%

–!'50.<L6-

•! 'L[$1[+'"U+/%+]%'[$A-1(%]1+4%[^[%*('%

'(4$%'*([$%('%(%'[$A-1L4%]1+4%[^[w%

•! 1$5(n(U+/%+]%N=,=%A+/'-1("/-'%"/\"A(-$'%%

C^C%*('%-*$14(5"o$\%_5+k(552%

•! 1(-*$1g%[^[%5++#'%5"#$%(%d5"r5$%C^Ce%

J8%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

6KM'/<L/5M.-3/4-

j!C^C%'*+Y'%"/A1$('$\%'"_/(5%

+0$1%'L[$1[+'"U+/%+]%[^[%

j!"'%-*$%[^[%'"_/(5%dX+Ye%bb%



Summary 
•! hB!%A+/'$10(U+/%"/\LA$'%[*('$'[(A$%A+/'-1("/-'%Ym%$n[5"A"-%s%\$[$/\$/A$%

–!'*+L5\%/+-%k$%"_/+1$\%"/%QA1LA"(5wR%%s6\$[$/\$/-%A+4[(1"'+/'%

–!'"_/"pA(/-%$}$A-%+/%86%Q(/\%H6R%[(1UA5$%A+11$5(U+/'%KA=]=%)55"-1(L5-g%t+1_*"/"g%{+5+'*"/vM%

–!v(-4%'"/_5$6[(1UA5$%'[$A-1(%Q+�$/%/$_5$A-$\%k$A(L'$%/+%d1$\%X(_'eR%

•! Z$4-+'A+[2%B%,[$A-1(%

–!"/%W=T=>=g%Y$55%L/\$1'-++\g%\$-("5$\%p/_$1[1"/-%+]%X+Y%

–!OWT>%a%p1'-%+[[+1-L/"-2%]+1%\"1$A-%A+4[(1"'+/%Y"-*%[^[%
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•! "'%[[mCC%[*2'"A'%0$12%'"4"5(1g%+1%(1$%4$('L1$4$/-'%"/'$/'"U0$%-+%\"}%[*2'"A'b%

•! ]6'-99-(0./>0-<R0-L0B0L0K.0-'='<0>-B/L-55-MK-K/KJ50L<)L(6120-'0.</Laaa-

•! c*$14(5"o(U+/g%*(\1+/"o(U+/g%0$12%$(152%A+5+1%\2/(4"A'v%

JH%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%



Summary 
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•! ]6'-99-(0./>0-<R0-L0B0L0K.0-'='<0>-B/L-55-MK-K/KJ50L<)L(6120-'0.</Laaa-

•! c*$14(5"o(U+/g%*(\1+/"o(U+/g%0$12%$(152%A+5+1%\2/(4"A'v%

JP%4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;%

ND98-U8%-W@@!-

T<R0L-<R6K-/)L-5L0m)?M.0',-4R6<-M'-

02M?0K.0-6_6MK'<-<L6K'20L'0-3/4-MK-5:5a-



4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% JI%



Multiplicity evolution of spectra - within p+p (soft sector) 

eR6<-MB%-*$%+/52%\"}$1$/A$%k$-Y$$/%
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Multiplicity evolution of spectra - within p+p (soft sector) 
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Coming back to HBT… 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% JF%

,cCO%NO&%HW%338H93%Q899PR%

5:5,-9):9)-n-8]&%-

S(/_%B%y2L5(''2%3;;8%

5:5(6L-n-D026<L/K-

4+1$%X+Y% 4+1$%4"/"?$-'%

#$%&%'- #$%&%'-

y$+4$-1"A%'Lk'-1LA-L1$%(1_L$'%(_("/'-%A*(/_"/_%X+Y%(1_L4$/-%

v(/\%]+1%'+�%'$A-+1g%(%[L1$%4"/"?$-%4$A*(/"'4%Q/$n-%[(_$R%



The End 

4(%5"'(%6%7$/-%,-(-$%6%89%:(/%899;% J;%


