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Cosmic Rays
Antinuclei in cosmic rays .I.I-m

p+p—He+X Antinuclei production:
\\f\v ’ ANSI0D > pp, p-A and (few) A-A
/_\G/ ‘He+p =Y A reactions between primary
ol ' cosmic rays and the
p+'He — "He + X ‘ interstellar medium
y+y—bb-o3He+X G,:Ps > dark-matter annihilation
o Voyager e, o, p processes

_ 0,100 100 10 1
Distance to the Galactic Centre (kpc) Distance to the Sun (AU)

Wl ALICE Collab., Nature Phys. (2022)
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Cosmic Rays
Antinuclei in cosmic rays .I.I-m

\\[\p;+ p-°>He+X Antinuclei production:
Frpap > pp, p-A and (few) A-A

‘He+p> Y A reactions between primary

‘ cosmic rays and the
interstellar medium

p+*He - *He + X

y+y—bb—-3He+X G,:Ps > dark-matter annihilation
o Voyager e, Hle, p processes

0.100 100 10 1 : - :
Distance to the Galactic Centre (kpc) Distance to the Sun (AU) antinuclei cosmic ray flux

> To correctly interpret any future measurement of antinuclear
fluxes (only antip measured so far)
> Need to determine exact primary and secondary fluxes —

precise knowledge of antinuclei production, propagation and

Flux (log scale)

- measurement

annihilation is needed — background
= signa
> High Signal/Noise ratio (~10>-10% at low E,__expected by Ereray (g aeaie]
models Wl ALICE Collab., Nature Phys. (2022)
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Cosmic Rays
Antinuclei in cosmic rays .I.I-m

\\[\p;+ p—->He+X Antinuclei production:
— AMS-02 PP, P A and (few) A A
/_\G/ He+p=Y A reactions between primary
\ all * ‘ cosmic rays and the
gt He 2 Het X interstellar medium
y+y—>bb-oHe+X G,:Ps > dark-matter annihilation
o V°>fger e, o, p processes
0.100 100 10 i : . .
Distance to the Galactic Centre (kpc) Distance to the Sun (AU) antinuclei cosmic ray flux

> To correctly interpret any future measurement of antinuclear
fluxes (only antip measured so far)
> Need to determine exact primary and secondary fluxes —

precise knowledge of antinuclei production, propagation and

Flux (log scale)

- measurement

annihilation is needed - ;ﬁround
> H|gh Slé\ See talk by L Serksnyte |OW Ekin eXpeC'[ed by Energy (log scale)
models today 15:30! Wl ALICE Collab., Nature Phys. (2022)
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Modelling (anti)nuclei production TI.ITI

Overview of production models

(Anti)nuclear production described by two models:
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Modelling (anti)nuclei production TI.ITI

Overview of production models
(Anti)nuclear production described by two models:
Statistical hadronization (SHM)

> Particle yields (including nuclei) described by filing the
available phase-space after the collision

> Works very well with a common temperature of the medium
(T~155 MeV)

> No dynamical description of nuclei formation

o+n KK K K*+K* 0 p%ﬁ A EHE Q10 iH;’iﬁ He ‘He ‘Mo

2 2 2 2 2
10° L] 4 4 4
2 1= I N
% B e e E E : A:LICE, ?-10% F’b-Pb,:VS—NN=§2.76 T?V ]
10 F TERE SEIUUR b o R T R R A B
3 T - i
w b Al FOUS S D
| &b Not in fit 3 2 : |
s [ (fdmelted ; : : : 5 : : : P
o [ Model T(MeV)  V(fm) YZ/NDF | P e o ]
= [ |—THERMUS 2.3 155+2 5924 £543  24.8/11 |: {BR=25% : ]
10 [ |-+ GSlHeidelberg 1562  5330+505  19.6/11 : : E =
[ |-:'SHARE3 156+3 4476 +696  15.1/11 | i i Bl i )
10 F : : : ; : : : : : g H : ; E ! Andronic et al, Nature 561 (201 8) 321-330
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Modelling (anti)nuclei production TI.ITI

Overview of production models
(Anti)nuclear production described by two models:
Statistical hadronization (SHM)

> Particle yields (including nuclei) described by filing the
available phase-space after the collision

> Works very well with a common temperature of the medium
(T~155 MeV)

> No dynamical description of nuclei formation

Coalescence model

> Nucleons bind after chemical
freeze-out if they are close
iNn phase-space

Wl Butler et al., Phys. Rev. 129 (1963) 836
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Modelling (anti)nuclei production TI.ITI

Overview of production models
(Anti)nuclear production described by two models:
Statistical hadronization (SHM)

> Particle yields (including nuclei) described by filing the
available phase-space after the collision .i

> Works very well with a common temperature of the medium
(T~155 MeV)

> No dynamical description of nuclei formation

Py 4

Coalescence model

> Nucleons bind after chemical 7
freeze-out if they are close . @
in phase-space °

> Common implementation:
Spherical Approximation (Ap < p)

"p< Wl Butler et al., Phys. Rev. 129 (1963) 836
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The coalescence model TI.ITI

Wigner function formalism

What do we need for coalescence?

sowce —— (i3
ource .

p,n-pair  deuteron

4th EMMI Workshop Bologna 13.02.2023 maximilian.horst@frm2.tum.de 5



The coalescence model TI.ITI

Wigner function formalism

What do we need for coalescence?

ource —— . |

p,n-pair  deuteron

X

Quantum mechanics: d®N/dP8 = Tr(pdeud)

Wl Kachelriess et al. EPJA 57 (5) 167, 2021
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The coalescence model TI.ITI

Wigner function formalism

What do we need for coalescence?

S » >
ource —— .

a = (o, -p.)/2

g deut r=r -r,
p,n-pair  deuteron

X

Quantum mechanics: d®N/dP8 = Tr(pdeud)

d*N/dP® = [d®q[dr [dr, Deuteron Density Nucleon Density

Wl Kachelriess et al. EPJA 57 (5) 167, 2021
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The coalescence model TI.ITI

Wigner function formalism

What do we need for coalescence?

S > >
ource —— )

a = (o, -p.)/2

oAt det r=r -r,
p,N-pair euteron

X

Quantum mechanics: d®N/dP8 = Tr(pdeud)

d*N/dP® = [d®q[dr [dr, Deuteron Density Nucleon Density
o*N/dP3 = Sfdafdlr [ Wia.n) W, (o,p,.rr )/(2m)°

~ [N

Spin-Isospin statistics factor ~ Wigner function of deuteron , ,
(=% for deuterons) Wigner function of p-n state

Wl Kachelriess et al. EPJA 57 (5) 167, 2021
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The coalescence model TI.ITI

Wigner function formalism
Two-nucleon Wigner function
Wan(P[2 58, P/2 = @,y Tp) = Hup (P, ) Grop (P/2 + G, P/2 — §)

> an is the momentum distribution of nucleons
> an is the spatial distribution of nucleons. Assuming a Gaussian source

1 —2 _I_ —2
Hop 7oy 1) = W(F)R(T,) = - ( _ I )

(2m0?)3

202

Wl Kachelriess et al. EPJA 57 (5) 167, 2021
Wl Kachelriess et al. EPJA 56 (1) 4, 2020
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The coalescence model TI.ITI

Wigner function formalism
Two-nucleon Wigner function

Wop(P/2+ G, P2 = G, Tns Tp) = Hp(Fs 7) G (P/2 + &, P/2 — §)

> an is the momentum distribution of nucleons
> an is the spatial distribution of nucleons. Assuming a Gaussian source

1 —2 —l_ —2
Ho (7o, 73) = (7R, = - ( _ I )

(2mo2)3 202

Some simple calculation later Nucleon momentum

.— | phase-space

dgNd 3( 2 12 — —
= dqe TG, (P;/2+q P2 —
dPCLl), (27T)6 / qe€ P( d/ +q d/ d)
with deuteron size (3.2 fm) \d2 s
el el BRI 6 ()G 26 = (—d2 n 402>/ Two-particle emitting source size

Wl Kachelriess et al. EPJA 56 (1) 4, 2020
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The coalescence model TI.ITI

Wigner function formalism
Two-nucleon Wigner function

Wop(P/2+ G, P2 = G, Tns Tp) = Hp(Fs 7) G (P/2 + &, P/2 — §)

> an IS the momentum distribution of nucleons

> an is the spatial distribution of nucleons. Assuming a Gaussian source
1 4T
H,,, (7, 1) = h(7) (7)) = exp ( — p)

(2m0?)3

202

Some simple calculation later

d>N 3 3 _—
TP = e | L1 CEP 1 G B2 D
with

d? 3/2 | Constrained
Wl Kachelriess et al. EPJA 57 (5) 167, 2021 S dz + @ | from datal
Wl Kachelriess et al. EPJA 56 (1) 4, 2020
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Light (anti)nuclei measured in ALICE TI.ITI

Transverse momentum spectra

Eur. Phys. J. C (2022) 82:289
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> Comprehenswe 3 0k P+B/21 [ e, @+ /2 ] b o, CHes He)/2 |
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. . . 8; 1?;‘.4,. 3 i L,",M e o= 3 s T ==
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Light (anti)nuclei measured in ALICE

Transverse momentum spectra

Eur. Phys. J. C (2022) 82:289
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Light (anti)nuclei measured in ALICE TI.ITI

Transverse momentum spectra

> Comprehensive o N0 gy
measurements of light $ [ ommcee, a CrRIZ 3 b amgan,  OTTRVNE e
. . . = ' ‘e =T S
(antinuclei have been carried  zfs 'F omee.te,  ALICE 3 e .
t. ALlCE f t I8 - . :.::::_; § érf" Ca e N L
OU N y rom pp O i & 2= Sl - . S ®
Pb—Pb I 10 3 o Pt E ; o i S
— - er—w= 1 [ -l
. [ pp, fs=13TeV 1 F pp.is=13Tev i S
> From (antl)deuterons to ..10’2 L [0]HM (x8) [®]HM 1 (x4) ' E ? [®]HM [e]mB 10°
N3 N4 ! E [@/HMII(x2) @ HM I 1 E [emBI [e]MmB I
(anti)*He and (anti)*He “ O e .
> High multiplicity (HM) class - _::::,::::Izza::,::_::,:._ s
in pp collisions at 13 TeV 3 o . @raiz i O (H+H/Z 100
(— 0-0.17% centrality class) — g[Z10"F o “". B, IF Tea 107
> In HM class both production 4z | gy 20V ; N .
iy i é || -Z = S
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. c - pp, Is= e 3 pp, Is= e ~
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R . . e e B 511111 107
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>

Emission source size measured in ALICE

Femtoscopy
> — .
ALICE is pioneering the gtudy of a W Lperaccn N ﬁ ~
the strong interaction using AL S
femtoscopic correlations , Lo T— 2 |
] ’ ‘\1(\\%: “,“ / S
. e ) P. o7 ko Attractive
Momentum correlations can be &g | 1 \

. (N 0 05 1 15 h;m - S ——
employed to explore two-particle ,,\ sevodinger [ equaton " Repuisive
SEICE _ O\ pepmsee J\ T
The correlation function depends ‘ ‘ t
on two ingredients:

Cc
¢ o +y . Nsame(K*
| 0 fewn = Wi, TP dPr = g(kr) - pamele)
o [Two-particle wave function i

(quantum statistics +

Coulomb + strong interaction) If we measure C(k*) and use a known interaction (e.g.

nucleon-nucleon) we can study the

Wl ALICE Coll., Nature 588 (2020) 232-238
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Emission source size measured in ALICE

Femtoscopy

> (Good description of the interaction with — e
Fermi-Dirac statistics, Coulomb and S 3 4 ALICE pp Vs =13 TeV
strong interaction (using v18) High-mult. (0-0.17% INEL > 0)

2
> Only free parameter: the m; €[1.26, 1.38) GeV/c
Gaussian Source

WlppepPp
— Coulomb + Argonne v, (fit)’

2.5

1 I 1 | B S | I 1

0l I T T T T I T

1.5

1 1 L1 I 1 1 11 l 1

no
L T T 1 T
| I o

1 1 1 1 l 1 1 1 lvl,\l T%CIUIJYC: lU:JTC:lulul
50 100 150 200
Wil ALICE Coll., PLB 811 (2020) 135849 k* (MeVic)

(@)
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Emission source size measured in ALICE

Femtoscopy

> (Good description of the interaction with ~ o e B e M
Fermi-Dirac statistics, Coulomb and = gH ALICE pp Vs = 13 TeV N
strong interaction (using v18) i High-mult. (0-0.17% INEL>O) i
> Only free parameter: the i |m—rel1_-26’ 1.98) Py ]
> When done as a function of m. 551 Gaussian Source -
: Ol pPpepp -
i —— Coulomb + Argonne v,g (fit) ]
.ﬁ i
1.5 -

1_l 1 1 1 l 1 1 1 IVIAYT%CIUIJYC:AIUI\JTC:I’UIUI

0 50 100 150 200

Wl ALICE Coll., PLB 811 (2020) 135849 k* (MeV/c)
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Emission source size measured in ALICE

Femtoscopy

> (Good description of the interaction with —~ e S e O M
Fermi-Dirac statistics, Coulomb and = = ; ALICE pp Vs = 13 TeV o
strong interaction (using v18) i High-mult. (0-0.17% INEL>0) J
> Only free parameter: the E |m—T€[1-26, 1.38) GeVic .
> When done as a function of m, o5l Gaussian Source -
’E\ -1 S HEIE N ECRE N I IR OR IR BT B SR T : - p_p @ p_p :
- '3 ALICE pp 5 = 13 TeV E i —— Coulomb + Argonne v, (fit)]
1.5 High-mult. (0-0.17% INEL>0) — o E
g Gaussian Source : - i
14 :— —_'__ - -
13 £ = I |
12 . - 15k N
g Eder ® O ke [ ]
1 p-A(NLO) —*— L - i
A (LO : ¥ e

0.9 . ? % (. 1 l) LS N EE 8 —: 1 1 1 1 1 l 1 1 1 lvl rJ 1 %Vurjkl} 1 1 1 l 1 1 1

1 12 14 16 18 2 22 24 26 0 50 100 150 200

Wl ALICE Coll., PLB 811 (2020) 135849 <mT> (GeV/c?) k* (MeV/c)
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13.02.2023

maximilian.horst@frm2.tum.de
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The coalescence model TI.ITI

Wigner function formalism

I‘///(/)/)—F(/ /)/. /i/’//-/' (’////(/) —L(T‘ /;//2_(7)

d® Ny 3C 3 2d? L=
= B P,/2 P;/2 —
P} (zw)ﬁfd 1" G @af2+ 1 Fa/2— DD

3/2 Constrained
(= |
Wl Kachelriess et al. EPJA 57 (5) 167, 2021 dz + @ | from datal
Wl Kachelriess et al. EPJA 56 (1) 4, 2020
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The coalescence model TI.ITI

Wigner function formalism, tuned to ALICE measurements

’ . dgN 3 — > D
Let’s remember: dP3d _ (275)6 / Pqle Tta, @i/2 + 7, Pd/2E
d

¢ ( d? 3/2 | Constrained
= T from datal
O

The term 3§e—(12d2 can be interpreted as a coalescence probability depending on the
relative momentum g and the source size o
> More in general:

plo,q) = Pr,d>ryh(ry)h(r,)W q,r
I I

> This allows us to calculate the coalescence probability for arbitrary Wigner functions

= Probe different hypotheses for the deuteron wave function
W) = [ ' Wi+ &2w - Cj2)e®
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State of the art coalescence predictions TI.ITI

Wigner function formalism — wave functions

There are multiple models for the
deuteron wave function

LA L L I L L B B B B B

30-30:— — Gauss -

> Simplistic: ; — Hulthén 7

. . 0.25- Argonne v18 -

Single Gaussian : |

> From pion field theory 0.201 g
. T .

(Yukawa-like potential) (‘50s)*: o8 :

Hulthén _ _

> From pn scattering 0-0r | :

measurements**: 0.0/ \ :

0.00- | | | | ! | | - |7 | g

7‘0111‘1””2|”‘3‘1114IH‘5””6‘”‘7””8‘7

rifm]

Wl Scheibl et al., PRC 59 (1999) 1585-1602
=l Wiringa et al., PRC 51 (1995) 38-51
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State of the art coalescence predictions TI.ITI

Wigner function formalism tuned to ALICE measurements

> Event-by-event coalescence afterburner with Wigner
function formalism
> EPOS 3/Pythia 8.3 as event generator

Source —— . < .
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State of the art coalescence predictions TI.ITI

Wigner function formalism tuned to ALICE measurements

> Event-by-event coalescence afterburner with Wigner
function formalism
> EPOS 3/Pythia 8.3 as event generator

Source ——

B |
Ingredients

> Protons (and neutrons) are tuned to p s | Pp s =13 TeV, figh muil
L 05— [] ALICE JHEP 01, 106 (2022]]
measurements from ALICE = mEPOS :
9 o4 PYTHIA 8.3 B
O ]
2 oy 3
= o -
o1 1
§ 1.2; e / 3
% 08F | ) ) ) E
g 05 1 15 2 25 3 35 4

=

P, (GeV/c)
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State of the art coalescence predictions TI.ITI

Wigner function formalism tuned to ALICE measurements

> Event-by-event coalescence afterburner with Wigner
function formalism
> EPOS 3/Pythia 8.3 as event generator

Source ——

|
Ingredients
> Protons (and neutrons) are tuned to p S L Be-ieTelhahml
o 051 L~ J RN N R BRI SN TR VAL R R A ]
measurements from ALICE = BE b e ALICE,pp (3=13TeV, HMIdlass s
8 o4 g . EPOS native ]
> |mproved source model s guE- RS ¢
>  source size “123 0.3 1.8 — PYTHIA scaled =
< B E o ]
. = ool 1.6 -
> resonance cocktall = " i E
> charged-particle multiplicity (35.8£0.5) i 12F E
SAETIISTIOIIN = — ]
g 12f 1.0 = B
O b — C ]
%0.8— 0'8‘_.1“.|...|..‘|...|...m..|...|.,.|._‘
S 05 1 15 1.0 1.2 14 16 1.8 20 22 24 26
=

(m_) (GeV/c?)
*! ALICE Caoall., PLB 811(2020) 135849
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State of the art coalescence predictions TI.ITI

Wigner function formalism tuned to ALICE measurements

L

> Event-by-event coalescence afterburner with Wigner & [ deuterons, pp s = 13 TeV HM.
] : > o [e]ALICE JHEP 01, 106 (2022)
function formgllsm c i S o WF EIEFGSE
> EPOS 3/Pythia 8.3 as event generator = 0.0015~ B Hulthen WF 533 Pythia 8.3 |
Q'_ B I Argonne v18 WF I
IS I ]
Ingredients § I 1
> Protons (and neutrons) are tuned to p S
measurements from ALICE S [

> Improved source model 3.0005
> source size |
> resonance cocktail

charged-particle multiplicity (35.8£0.5)
Argonne WF shows the best agreement with
measurements

N
T

Yy

d

05 1 15 2 25 3 35 4 4¢
pT(GeV/c)

Model / Data

4th EMMI Workshop Bologna 13.02.2023 maximilian.horst@frm2.tum.de 16



Summary TI.ITI

> Novel approach for coalescence based on Wigner function formalism is developed
> Deuteron production in high multiplicity pp collisions /s = 13 TeV
> |f we have control of the underlying physics

......... e
deuterons, pp Vs =13 TeV HM.|

o L
> emission source size § i e Werose
> (antinucleon momentum distributions gf"oms; —peniN e
> resonance cocktail ) I ]
> charged-particle multiplicity g 00t §
> realistic nucleus wavefunction g
0.0005j —_
> Model successfully reproduces data with
no free-parameters! § 21: o i ______
§ 05 T 75 5 25 3 35 4 ac

P, (GeV/c)

4th EMMI Workshop Bologna 13.02.2023 maximilian.horst@frm2.tum.de 17



Summary TI.ITI

> Novel approach for coalescence based on Wigner function formalism is developed

> Deuteron production in high multiplicity pp collisions /s = 13 TeV

> |f we have control of the underlying physics s [ SRR e
> emission source size 3 e Werose
> (antinucleon momentum distributions S0 eI
> resonance cocktail E: i
> charged-particle multiplicity $ 00T
> realistic niicler g wavefi inction 35

Thank you for your attention! 0,005
> Mod Let’s have a great workshop! I
no free-parameters!

T T S T T R '

Model / Data
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Conclusions TI.ITI

> Modelling antinuclei production is an essential
backbone to interpret any future measurement of
cosmic ray antinuclear fluxes

antinuclei cosmic ray flux

Flux (log scale)

- measurement
= packground
= Signal

Energy (log scale)
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Conclusions TI.ITI
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et al.
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108}
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Conclusions TI.ITI
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Conclusions TI.ITI

Toaggp XTI A v 1 > Modelling antinuclei production is an essential

. sesecrao Zg,zfc"? Bk backbone to interpret any future measurement of

§ o ; cosmic ray antinuclear fluxes

3 > Antideuteron production predominantly from

PR -~ PP collisions of protons of E,,_~200-500 GeV.

K ~ (y/s ~ 19-30 GeV for p-H)

£10 > Modelling production of antideuterons for HM pp

N W, collisions at 13 TeV is only the first piece of a much

S o o= 0 more complicated puzzle

g 107 8

e e = Antideuteron source function as a function of kinetic energy
S of the incoming proton and produced antideuteron

1073

10°
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Conclusions TI.ITI

Toaggp XTI A v 1 > Modelling antinuclei production is an essential

. sesecrao ZZECN? Bk backbone to interpret any future measurement of
§ o ; cosmic ray antinuclear fluxes

3 > Antideuteron production predominantly from

PR -~ PP collisions of protons of E,_~200-500 GeV

K ~ (y/s ~ 19-30 GeV for p-H)

£10 > Modelling production of antideuterons for HM pp
o e collisions at 13 TeV is only the first piece of a much

s (GeV) o o .
o o7 © more complicated puzzle
> Extrapolation in the energy range of interest
> More experimental data at lower energies needed!

-t

o
)
T

—
S
@

ES (GeV/nucleon)
2
=

-
=

ntideuteron source function as a function of kinetic energy

of the incoming proton and produced antideuteron
Wl PRD 105 (2022) 083021

>
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Cosmic Rays TI.ITI
Production energy of antinuclei

> Antideuteron source function as a

—

function of kinetic energy of the = 108 10720 I
incoming proton and produced S m;
antideuteron ER =
> Antideuteron production predominantly £ 102} 103 8
for protons of E,._~200-500 GeV % | §
(Js ~ 19-30 GeV for p-H) S} >
7E10 1079
g
Source Function @Y
100 T~
* e 102 103 10*
Ef (GeV/nucleon)
" - Serksnyté, et al. PHYSICAL REVIEW D 105, 083021 (2022)
Proton Energy Proton Energy
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numerically unstable
for finer binning
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Argonne D-State probability TI.ITI

ArgonneProbabilityHistogramDWave WignerArgonne_D_Wave
< 03 s 03
S 0.25 3
-8_- b '8_- —i0.4
0.25 0.25
—0.35
0.2
0.2 0.2 —0.3
0.15 —10.25
0.15 0.15
0.1
0.1 0.1
0.05
0.05 0.05

D-State probability is 6%

4th EMMI Workshop Bologna 13.02.2023 maximilian.horst@frm2.tum.de 41



Overview of (anti)nuclei data TI.ITI

(anti)nuclei measurements

> No measurement of antideuterons in the energy region  gxperiment or

(~19-30 GeV) relevant for astrophysics Laboratory __ Collision _py, (GeV/c) /5 (GeV)
> Most measurements are very old (~60s and 70s) CERN L 2 %5
> NA61’s energy (17.3 GeV) would be a perfect S 4 70 H
candidate to study antinuclei for astrophysics CERN-SPS Siff 200 19.4
Fermilab p+ Be 300 23.8
We need precise measurements at the energies CERNALICE bip  43x10° 500

CERN-ALICE p+p 2.6 x 107 7000

of interest to constrain (anti)nuclei production!
No antideuteron data!
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Modelling (anti)nuclei production TI.ITI

B, predictions

> Important observable in accelerator measurements: B,

A X10_3 ALICE Collaboration, JHEP 01 (2022) 106
d3NA d>N B L L m
Ba(ph) = E,——F & onl
P, 25_ _
dpd B dp? Nf | ALICE :
. . : 20 7
> Theoretical prediction [1] /EmISSIon source size] &
2 R 2*keep it in mind for & 151 ol .
B- (Zj’) ~ —/d‘qu(cT)e_ pT) 4" later! 10k g i = ¢+ | 4
_~|Deuteron wave function = 3 gdjﬂj E
3 2 —iq-T - _ ]
D(q) = /dr|gb (7)|“e O}EPD,E.BTeV,HMI :
. Gaussian | | Hulthen ]
: -5 EFT Two Gaussians -
Testing different wave functions: - BDERD | BTy Caussa!

> Hulthén: Favoured by low energy scattering experiments R
> Gaussian: Best description of currently available ALICE data p,/A (Gevic)
> Two Gaussians: Approximates Hulthén, easy to use in calculations
> yEFT: Favoured by modern nuclear interaction experiments (e.g. Femtoscopy)
[1] Blum, Takimoto, PRC 99 (2019) 044913
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Correlations comparison TI.ITI

An-Ag Correlation function

EPOS  _— ALICE (Eur.Phys.d.C 77 (2017) 8, 569)

e (c) P + PP
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The advanced source model in EPOS TI.ITI

Scheme

Propagation scheme:

e \We obtain a scaling factor as a X
function of m_. from the source size ‘*’9‘* P
measurement B

e \We move the primordials out radially
until we reach the scaled distance

e This distance ( X ) is the same for both
primordials of the pair
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