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Femtoscopy Theory (one slide)
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“SOURCE FUNCTION” measures phase space cloud, not source!!!

GOAL: Measure C(p,, p,) to infer S(vV,,,, 7)

For identical bosons: |¢|° = 1 + cos(2G - 7)
Strong/Coulomb makes inversion more complicated




- S.P. Phys. Rev. D (1986)
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Phase Transition at Low Energy

neutron-neutron correlations at 25A MeV and 58A MeV

S.Gaff et al, PRC58, 2161 (98) R. Che#ti, et al, PRCA2; 137603 £2004)
L LS S I IR RS RS R
22} “Ar + "*Ho E/A=25 MeV] 4 - Ni+ X, E/A =58 M=V
[ P < 250 MeV/c ] |
I -_ m/e E> 5 MeV _' 12 | . . .
2 .._40;' / Crosstalk Cuts . T NI + NI
Ar+H ) I .
1g bl [\eoomme ° ° ] 10 - NI+ Ag
! E/A = 25 MeV |
[ — Surface model 1 .
: 16 700 fm/e -- Evaporation model ] e & o N+ Al
- L 4
= bl 6 li
S’ L
& 14l O |
[ 4
1‘2 B J\ .
I - L
1 [ EY/A=3.95 My~ < Tbb@!i
] THA=2.0 Mev
L 1} 1 1 1 |
0.8 L N ) =0 40 €0 80 100
hadl RPN SEPIPUE EPEPENSTE ATRPENE APETEPET I EPTEr AP O
0 5 10 15 20 25 30 35 40 q (Me\” C)

q (MeV/c)



SenS|t|V|ty to EoS (realistic calc.s)
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other corrections: initial flow, shear viscosity, better wave function

Au+Au, 100A GeV + 100A GeV
L L L L

‘r I: tlceEoS =
. . |

Model=hydro + cascade
Significant sensitivity to EoS



Role of Femtoscopy in Global Analysis
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A.Sorensen et al., nucl-th2301.13253

Evidence of EoS Stiffening
& Softening from v, v,

v rises and falls with beam energy



D.Oliinychenko,A.Sorensen,V.Koch,L.McLerran
nucl-th 2208.11996
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o — i oo Bayesian Analysis of vy, v,

----- ASYM3 L =30.6 MeV

Calculations has some questions:
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S.Altiparmak,C.Ecker,L.Rezzola, Ast.J.Lett. (2022)
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Neutron Stars

Evidence of stiffness for p ~ 3p, from
neutron star observations
— cs2 higher for neutron-rich matter



Source Radii vs Beam Energy

REMARKABLE!
Lowering beam energy
below 19.6 GeV yields
higher speed of sound

despite higher p/ 7 ratio!

24
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R.Lacey,NPA 2018
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Where to go from here...



Which Beam Energies?

300+ — hard EOS =
---- soft EOS
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What to Measure

emphasis on sensitivity to EoS

C(q)
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1. Pions
— tilt and azimuthal sensitivity
— away from mid-rapidity
(important at lower energy)

2. Protons & Kaons
— also good shape sensitivity

3. Non-identical particles
— S(7) not reflection symmetric
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What to Calculate

emphasis on sensitivity to EoS

READY TO GO:

1. CoRAL (Correlations Analysis Library)
— Calculates 3D Correlations
— Wide variety of species pairs
— Need only provide OSCAR output
— Not turnkey, but easily adaptable

2. Emulation software for Bayesian Analysis
— Smooth Emulator
(developed at MSU for BAND Collab.)
— Initial state parameters, E0S, viscosity
need to be simultaneously analyzed

T

1.

O DO:

Improve Transport Theory

— Momentum dependence

— Initial stopping

— Parameterize possibilities
for Bayesian analysis

. Improve data/model comparisons

— Extracting Gaussian radii for pp...
— Compare angular decompositions?



What to take away from this talk

. The physics of high-baryon density in hadron phase is fundamentally interesting
— Eq. of state
— Astrophysical connection

Il. Femtoscopy will play large role in that effort!



