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WHAT IS MEANT BY BOOST-INVARIANCE?

asymptptic Bjorken solution
dN/dn

v =z/t n=n, n

spectra and correlation radii same in LCMS

approximate scaling solution
dN/dn

v =zt nen L
expansion preserves dN/d n  ('3d hydro’)

spectra and correlation radii in LCMS depend
on dN/dn

finite energy Bjorken solution
dN/dn

J A\

_ = n
v =1zt n r]S

spectra and correlation radii same in LCMS
across finite rapidity interval ('plateau’)

non-boost-invariant expansion
dN/dn

]

X n#n

spectra and correlation radii in LCMS
depend on time evolution and on dN/d n



FIREBALL EVOLUTION

Starting point: entropy density

S = /d?’:CNR(’r, T)H (ns, 7) using

R(r,7) =1/ (1 + exp [r _d}i:(T)D Hipor) = 1/ (1 1 exp [ns — H.(1)

R.(7) expanding from Ry to Rp
— determines transverse flow field assuming vp(7,r) = r/Rvl** (1)

H.(7) from ny to ny
— non-Bjgrken dynamics

EOS from lattice QCD
— T'(ns,7,7)

Can be tuned quickly to simulate all of the scenarios shown previously




FIREBALL EVOLUTION

Hadron emission: Cooper-Frye formula

d>N Ha,, — b
E — g)S/daﬂp“eXp [p L ,u] = d*zS(z,p)

d>p (2w

emission hypersurface
with timelike normal

(almost Blast Wave)

emission hypersurface
with spacelike normal

iy

h inh
_ Agm | K (mJ_ cos p) I (pJ_ sin p)
m | dm | dy 0 T T

is based on

00
Ki(z) = /0 cosh ns exp[—z cosh n]dn

for n = ns — in the general case, the integral has to be done numerically.

Differences to Blast Wave:
e #1ns e Rp and v correlated e evolution from initial to final state
e spacelike emission hypersurface e explicit link to EOS



RHIC MODEL COMPARISON
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= describes simultaneously m-spectra, HBT, R4 4 and photon emission (so far)




SOME CAVEATS

Disclaimers:

e The framework describes thermal physics

= not applicable in target/projectile fragmentation region

= not applicable in dilute regions (large fraction of matter below T'» ab initio)
= moderately constrained at forward rapidities, central collisions only!

e HBT correlation radii are calculated as averages over the emission function

M (K) =zt —

Rszde(K) — <g2>(K) 5

Rout(K):«j BJJE)2>( )

REy(K) = (2 - 40)%) (K)

) with (1)) = LT

= no explicit calculation of the correlator



HB'T AT MIDRAPIDITY — THE STANDARD SCENARIO
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RAPIDITY DEPENDENCE OF HB'T

Two essential effects:

e 'trivial rapidity dependence induced by observed dN/dn
(for approximate scaling and non-Bjorken)
= amount of thermalized matter determines the geometry

e time dependence of dN/dn
(for non-Bjorken)

= matter radiates into different rapidities at different times

but. . .

e time dep. only visible if emission not dominated by sudden breakup



THREE SCENARIOS

Three different evolutions leading to the same dN/dn

e approximate scaling solution (hadronic mp, dN/dn, Rs;qe)

e non-Bjorken expansion with sudden breakup (hadronic mr,
dN/dn and HBT at midrapidity)

e non-Bjorken expansion with continuous emission (hadronic mr,
dN/d??, Rsz’dea Rlong)

= study in comparison




SUDDEN BREAKUP VS. CONTINUOUS EMISSION

e dilute (Gaussian) surface: fireball shrinks

N
o

g | | —qzozm |  — emission from spacelike surface dominant
§ 15 —33;3;2 1 e sharp (Box) surface: fireball expands

& | ’ — emission from timelike surface dominant

T ,

gl\__/4 |

s 1 = dN/dr looks different in both cases!
§ | ,
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T [fm/q]
= for the best fit dys = 0.2 fm, hadron

w0003  emission can be seen as final breakup +

r — 11 (expanding freeze-out surface) 1 .
S 100- — T (receding freeze-out surface) / corrections
3, F photons
1; 10
ﬁ% i

1t . . .
g | = for inward-burning solution R,.:/Rside
5 i i
=0 starts to get larger
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The measured R,,:/Rsiqe favours a sudden breakup solution




RAPIDITY DEPENDENCE OF Rg;qe

approx. scaling (1) sudden breakup (2) slow breakup (3)
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Rapidity-independent physics:
e (1): stronger longitudinal expansion than (2),(3) = less transverse expansion at 7p

Rapidity-dependent physics:
e forward region in (3) initially populated by thermal tail = smaller scale



RAPIDITY DEPENDENCE OF R,

sudden breakup (2)

approx. scaling (1) slow breakup (3)
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Rapidity-independent physics:
e (3): negative x — t correlation due to inward burning Cooper-Frye surface
e (1): negative x — t correlation due to strong long. expansion and cooling



RAPIDITY DEPENDENCE OF Rjyng

approx. scaling (1) sudden breakup (2) slow breakup (3)
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Rapidity-independent physics:
e (1): strong long. expansion and mapping s =7
® (2).(3): ns <

Rapidity-dependent physics:
e (2),(3): sensitive to the 'drop’ of thermalized matter distribution



CONCLUSIONS

HBT correlation radii < interplay of many effects

e balance between longitudinal /transverse expansion
e relation between 1 and 7,

e temporal pattern of emission

e amount of thermalized matter per rapidity

e evolution history

[

However:

If Rout/Rsiqe implies sudden final breakup, the rapidity dependence of HBT
correlations is dominated by the 'trivial’ dependence on the measured dN/dn.

= photons still see the whole evolution




