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TUT! Femtoscopy a powerful tool

® Access final state interactions
o Complementary to scatterings experiments
O Access interaction between short-lived particles

/ - Valentina Mantovani Sarti (C5): \
“Accessing the strong interaction between A
baryons and kaons with femtoscopy at LHC”

- Wioleta Rzesa (C5):
“A study of K—d and K*—d interactions via
K femtoscopy technique” /

e Enables theory comparisons
o Tests of LQCD

e Study final-state interactions ©  XEFT
of exotic pairs > Albert Feijoo (C5):
e Needs precise understanding ”Correlation Fur-lction c9nstraints on S=-2
meson—baryon interaction from UChPT.”
of the source
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TUT] Femtoscopy at ALICE in HM pp 13 TeV

ALICE Coll. Int.J.Mod.Phys. A29(2014) ‘T’;’: and ITS .

Run2 configuration

VoC and °

TOF TPC

Direct detection of charged particles (i, K, p) by TPC and TOF
® Purity of about 99 % for i, K, p due to excellent PID capabilities
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HM pp collisions @ 13 TeV
o Particles produced with

ALICE

relative distances of O(1 fm)

o 1 Billion events in Run2
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TUT] Femtoscopy in a nutshell

M. Lisa et. al. Ann.Rev.Nucl.Part.Sci.55:357-402, 2005

o f same event (A) Experiment

g mixed event (B) A/B — .

: " ou) = P(p,p2) AR

5 P(p1)P(p2) B(k*)
e Obtain pairs form

L
<400 MeVi/c o correlated sample (A):

pairs from the same event

o uncorrelated sample (B):
pairs from different events

Correlation function

% f e Understand data
o purity, feed-down
o background?
1 o ...
p k*

<400 MeV/c
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https://www.annualreviews.org/doi/10.1146/annurev.nucl.55.090704.151533

TUT] Femtoscopy in a nutshell

M. Lisa et. al. Ann.Rev.Nucl.Part.Sci.55:357-402, 2005

Interaction : —x Theo

Repul§|ve N} ( L ,7“*) ry
= S — Attractive . p)
© ol T —> x\ * x =% 3 %
:E,: Solves Schrédinger eq. C(k ) _ /S(I’ ) W(k I ) d’r
s

0 05 10 15 20 e Model S("*)_ |
r* (fm) o (Gaussian, Exponential, ...
o Resonances?
e Calculate y(r*,k*)
o QS, Coulomb, xEFT, ...
------ Repulsive

—— Attractive e FEvaluation:
CATS framework [1]

Correlation function

CkY)

o Lo
Gt
P

[1] D. Mihaylov et al. EPJC78(2018) 394
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TUT] Baryon source in HM pp 13 TeV

e Common source for all produced baryons
in small collision systems?

e Use p—p (well known interaction) to
constrain the femtoscopic source

e Validate findings with p—A

mr = \/sz -+ m?m,g
. 11> —
kt = 5|pr,1 + P2l

ALICE public note PUB-1378 (2023)
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ALICE public note PUB-1378 (2023)
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TUT] Baryon source in HM pp 13 TeV
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TUT] Baryon source in HM pp 13 TeV
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ALICE

Scaling is expected for common radial flow
velocity and hadronization time scale

Effects influencing the scaling include
non-gaussian contributions to the source

- Feed down from resonances [1,2]

- ~ .
% ¢.
L 4 ro \
[ 5
\
’\ ‘/ -
DL (&)

[11Y. Sinyukov et al. NPA 946 (2016)
[2] A. Widemann et al. PRC 865 56 (1997)
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TUT] Baryon source in HM pp 13 TeV

ALICE

ALICE Coll. PLB 811 (2020)
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TUTI Common baryon source in HM pp 13 TeV x
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Access smaller m; by studying n—n and
meson-baryon correlations with K*—p

ALICE

e Common scaling is restored by accounting
for non-gaussian contributions

- Motivates the assumption of
a universal particle source for baryons

e How well does the source resonance model
(RSM) perform for mesons?
Is the scaling different?

- SN

% &,
[ .\)’ P1

M G
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TUT] Estimating the resonance contribution for pions %

ALICE
Pion composition (TF)
Pri dial
.Rzr:oor:a:]aces f>19 e Calculation carried out with Thermal-FIST [1,2]
o Use statistical hadronization model [3]

32,0% 28,0% Resonances f < 1 %

o 28 % primordial, 72 % resonances

e Summary parameters for RSM
o My = 1124 GeV/c?
o CTz=15fm

1,5

1,9

Resonancesf>1 %
2,29

[1] V. Vovchenko et al. PRC 100834 (2019)
[2] V. Vovchenko et al. CPC 100 (2019)
[3] F. Becattini Z. Phys. C 76 (1997)

K*(892)+
K*(892)0
b1(1235)+
a2(1320)+ .
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TUT] Study the effect of the resonances

ALICE

£ ° 3§ S (o = 1.5 fm e Example calculation using CATS [1]
:,:: 0'25:_ ::: "',‘ — oo @ all reso
o o2 fop = 2.0 e Comparison of exponential source
B ook ¢ with RSM

S o Exponential mimics RSM

- C o Obtained radii differ

y o RSM provides quantitative

P e insight of resonance
12 14 contributions
r* (fm)

e Resonances explain previous

(11 D. Mihaylov et al. EPJC 78 (2018) ?ndmgs of exponential type source
or TT—TT

13
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TUT] Measured n—n correlation HM pp 13 TeV
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TUT] Measured K*—p correlation HM pp 13 TeV
% [
S i
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TUT r_... compared to previous results in HM pp 13 TeV
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TUT r_.,. compared to previous results in HM pp 13 TeV
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TUT r_.,. compared to previous results in HM pp 13 TeV
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e Parameterization and
extrapolation of the rey.e
dependence
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TUT r_.,. compared to previous results in HM pp 13 TeV
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TUT r_.,. compared to previous results in HM pp 13 TeV
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For m;above 0.4 GeV/c? good

agreement with parametrization
-» Evidence for a common

source for all mesons and
baryons in HM pp at 13 TeV
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TUT] Summary + Outlook

ALICE

Summary
e For the first time a quantitative description of the exponential source of pions is
presented by explicitly considering the influence of short-lived resonances on a
Gaussian core (RSM model)
e K*—p and same charge TT—TT show agreement with the RSM assumption
of a universal Gaussian core source for primordial particles
e Source radii reach saturation for m; < 0.4 GeV/c?

Outlook
e Available data to tune particle production coordinates in transport models
e Refine source model in order to account for saturation effects (CECA [1])

[1] D. Mihaylov et al. arXiv 2305.08441(2023)
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TUTI Summary + Outlook

ALICE

Summary

e Forthe urce of pions is

presen esonances on a
Gaussi

K*—p a

of aun

e Source

umption

Outlook
e Available ort models
e Refine source model in order to account for saturation effects (CECA [1])

[1] D. Mihaylov et al. arXiv 2305.08441(2023)
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TUT] Results for HM 11—11 - PoI2
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TUT] Results for HM 1—17 - Pol1
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TUTI Results for N, > 30 - m—11 - Data/Pythia - Pol1
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TUT] Results for N, > 30 - m—11 - Data/Pythia

Pol2
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5 F r— i " T 3 5 F = i " T 3 F r— i " T B
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TUT] Results for 18< N < 30 - 7—11 - Data/Pythia
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TUT! Results for N,< 18 - 7—11 - Data/Pythia - Pol1

ALICE
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TUT] Results for N,< 18 - m—11 - Data/Pythia - Pol2
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TUT] Results for Mult. [> 30] - Data/Pythia - Pol2
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TUTI m+ Scaling for pions

rcore (fm)

72/NDF

—_
a O

o

3.

2.

—
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N

—

== 1t 1t ® 1~ Poll A',-I_CE )
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pp Vs =13 TeV
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Data/Pythia
Gaussian core
with resonances

== "1t ® - Pol2

N, 0-18
®
8 ® o ®
®
— @
_: L L 1 n L L 1 L L L 1
E o o 6 < k* <100 (MeV/c)
E —_— —— 3
2 0.4 0.6 0.8 1 1.2
(m.) (GeV/c?)

FlLiCE
For mt > 0.4 (GeV/c) scaling with m
is found for all multiplicity bins

The extracted r.qre radii are increasing
with multiplicity
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TUTI m+ Scaling for pions

ALICE

e Formy > 0.4 (GeV/c) scaling with mt
is found for all multiplicity bins

g 3.5 = mnt @ non Polf :\/IlLrI]?nEum Bias i i i
= ot ® o pojp PP V5= 13TeV e The extracted r.qre radii are increasing
3 S, >0.7 - T

- o Pyihia with multiplicity

- Gaussian core

25— with resonances
= ® ® N,, 19-30
2:_ 8 - ®
— ®
1.5 ®

== ®

- 1 s L L 1 L s L 1 N L L 1 s L L 1
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% 10 E_ —— ev/c
" F ES—-—
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TUTI m+ Scaling for pions

ALICE

e Formy > 0.4 (GeV/c) scaling with mt
is found for all multiplicity bins
g 35 == ==t 1t ® - 1~ Poll :‘AI,‘I,CE Bi . . .
= == ' 1" ® 1 n Pol2 op 15 = 13 Tev e The extracted rqqe radii are increasing
= 3— S >0.7 1 inlici
= i with multiplicity
- Gaussian core
25 o ® with resonances
25_ ° o N,, > 30
= 8
1.5
- ‘
w o ig—" : : 0
% 10 __ 6 < k* < 100 (MeV/c)
= o2 0.4 0.6 0.8 1 1.2
(m.) (GeV/c?)
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TUTI Fits to the K*—p in HM

—~
* L *

3 1.0

0.8

ALICE pp Vs =13 TeV
High-mult. (0-0.17% INEL > 0)

ALICE pp s =13 TeV

I High-mult. (0-0.17% INEL > 0)
06: P

1.2 < my < 1.4 (GeV/c?) 0-65 1.4 < m; < 1.5 (GeV/c?)
I 0.7<8;<1 I 0.7<8; <1
0.4 BK—p ®K-p 0'47 BK—p ®K-p
A — Femtoscopic fit H — Femtoscopic fit
0.2¢ 0.2}
T R AR SRR R RV T R AR SRR R RV
0 50 100 150 200 250 0 50 100 150 200 250
k* (MeV/c) k* (MeV/c)

e Strong interaction is modeled by state-of-the-art xEFT
[K. Aoki et al. PTEP 1 (2019)]

e Source is modeled with the RSM (as for 1) and rq, extracted from the fit
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TUTI Fits to the K*—p in HM

5 : i :
510f "'.g._'--_,""""""" o 610_*

0.8 B

ALICE pp Vs =13 TeV
High-mult. (0-0.17% INEL > 0)

ALICE pp s =13 TeV

[ High-mult. (0-0.17% INEL > 0)
0.6/

15 < m; < 1.8 (GeV/c?) 0.6/ 1.8 < m; < 2.0 (GeV/c?)
I 0.7 < S; <1 k 0.7<S; <1
O BK'—+p ®K-p Ot BK—p ®Kp
I — Femtoscopic fit i — Femtoscopic fit
0.2 0.2
Levsa b iawliamoliavelopyilsg Lecualveawlvamoliasslowrils
0O 50 100 150 200 250 0O 50 100 150 200 250
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e Strong interaction is modeled by state-of-the-art xEFT
[K. Aoki et al. PTEP 1 (2019)]

e Source is modeled with the RSM (as for 1) and rq, extracted from the fit
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TUTI ALICE detector %

ALICE
ALICE Coll. Int.J.Mod.Phys. A29(2014) \Tlg: and ITS e Direct detection of charged particles
Run2 configuration (pions) by TPC and TOF
e Particle identification
- Mean energy loss in TPC
VOC and - Momentum reconstruction by TOF

TOC
e Primary vertex reconstruction by ITS

e Multiplicity estimates by VO

e Reference signal for TOF via TO

TOF TPC

37
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TLT] Analysis details ®

ALICE

VOA and .
ALICE Coll. Int.J.Mod.Phys. A29(2014) oA " ITS ° (“:%pp1%2IIISISn)S @ 13 TeV
9 X evts.

Run2 configuration

Mult-Binning: [0-18], [19-30], [>30]
kT-Binning: (0.15-0.3], (0.3-0.5],

, (0.5-0.7], (0.7-0.9], (0.9-1.5]
= VOC and

TOC
°

General purpose Pythia 8 [1] evts.
filtered by GEANT4 [2] used as MC

—ay—

Event cut on transverse sphericity [3]
Sxy > 0.7 suppression of mini-jet background

TOF TPC
[1] T. Sjostrand et al. CPC 191 (2015), [2] S. Agostinelli et al. PRS A 506.3 (2003), [3] ALICE Coll. EPJC 72 (2012)
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TUT] Estimating t

e resonance contribution

Resonances | c¢Tes (fm) | Fraction (%)

p° 1.3 9.01

pt 1.3 8.71

(782) 234 7.67

K*(892)+ 39 2.29

K*(892)0 3.9 2.25

b1(1235)+ 1.4 1.90

a2(1320)+ 1.8 1.48

n 150631.3 1.45

al(1260)+ 0.5 1.37

£2(1270) 1.1 1.36

a0(980)+ 2.6 1.36

h1(1170) 0.5 1.18
Lifetime ¢t (fm) | Fraction .Z (%) <m,‘f§> (GeV/c)
Primordial 28.0 -
< 1 14.8 0.308
| il 34.8 0.526
2oy B 10.2 0.151
CTres > 3 12.2 0.146

IS
ALIC

e Employ statistical hadronization model [1]
o Describe system by statistical ensemble
o Enforce conservation of quantum numbers
o Predict yields

e Calculation carried out with Thermal-FIST [2,3]
o Configure model to pp
o B.R.s of strong decays fixed to PDG
o Extract resonances

e Summary parameters for RSM
o m_eff =1124 GeV/c"2
o cr_eff=1.5fm
o Select resonances cocktail in EPOS [4]
for decay kinematics

[1] F. Becattini Z. Phys. C 76 (1997), [2] V. Vovchenko et al. CPC 100 2019,
[3] V. Vovchenko et al. PRC 100834 (2019), [4] K.Werner et al. PRC 92 (2015)
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TUTI Universal Source Ansatz

Anr3S(r*) (1/fm)

Gaussian core

)
"""

0.25 "-.‘_ werns [y = 1.51m
02 i
0.155

0.052— .

ALICE Coll. PLB 811 (2020)
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ALICE
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TUTI Universal Source Ansatz ALICE Coll. PLB 811 (2020) %

ALICE
Gaussian core Non-Gaussian
—~ 0.3 — _
g E 0""' A
E 0.25;— .:: ",‘ wevans 1= 1.5m ﬂ-‘ 'd A\
5 o2 i 4 .. Decay Kinematics Resonances
Fos {0 ®  Mean Lifetime
01F § Mean Mass
0.05;—::'
Ozw’....l...l..‘\Hf'-\-...dL...‘L..dL.. s 4
0 2 4 6 8 1 0 1 2 1 4 Resonance 1 Resonance 2
r* (fm) I —
- PR
*
o 4
L 2
.
© < !
\ ~ .,
- w
P2
41
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TUT! Universal Source Ansatz ALICE Col. PLB 811 (2020)

Gaussian core Non-Gaussian
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TLT] Decomposition of the Correlation Function

°*NJ
°*NJ
N

Cmodel ( k* ) —

But what is measured?
e Does purity play a role?
e \What about feed-down weak decays?
e Do we have background?

43
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TLT] Decomposition of the Correlation Function

ALICE

Cmodel(k*) — 1/Ol\fIC(k*> ’ ()\gencgen<k*) + )\feed + )\misid)
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TUT] Decomposition of the Correlation Function %

ALICE

Ciodel (E7) = 1/Cpnc(K7) - (Agen€ N+ Afeed + Amisid)

Model for genuine interaction
e Bose-Einstein quantum statistics
e Coulomb interaction

45
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TUT] Decomposition of the Correlation Function %

ALICE

31.6 %

Cmodet (K7) = 1/Cye(KF) - ( ) [Ateed +

Model for genuine interaction
e Bose-Einstein quantum statistics
e Coulomb interaction

Introduce A-parameter
e Each component has a weight
e C(k*) =1, for feed-down and misidentified
e Evaluated by MC studies
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TUT] Decomposition of the Correlation Function
31.6 %

C’model(k*) =1 + )\fee +

Model for genuine interaction
e Bose-Einstein quantum statistics

Correct for non-femto effects ¢ Coulomb interaction
e Divide by C(k*) obtained from MC
e Collimated production often called ‘mini-jet’

Introduce A-parameter
e Each component has a weight

ALICE

e C(k™) =1, for feed-down and misidentified

e Evaluated by MC studies
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TUT] Estimating the resonance contribution ®

ALICE

Pion composition (TF)
Primordial
*Resonances f>1 %
Resonances f<1 %

Calculation carried out with Thermal-FIST [1,2]
o Use statistical hadronization model [3]
o 28 % primordial, 72 % resonances

32,0% PAL

e Summary parameters for RSM

o <My = 1124 GeV/c?

o <CTetf> =1.5fm

o Select resonances cocktail in EPOS [4]
for decay kinematics

® 0,
® pt+ \\\
® w(782) -
K*(892)+
K*(892)0 [1] V. Vovchenko et al. PRC 100834 (2019)
b1(1235)+ [2] V. Vovchenko et al. CPC 100 (2019)
[3] F. Becattini Z. Phys. C 76 (1997)
a2(1320)+ [4] K.Werner et al. PRC 92 (2015)
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TUT] Femtoscopy in a nutshell %

ALICE

Ann.Rev.Nucl.Part.Sci.55:357-402, 2005

/7 i
/ \
I I Measure the
:I / correlation function C(k*)
\ 7
NS o

two partlcle wave function
= / S5(r"

W(k*, 7
e Measure C(k*), ‘fix’ interaction, study S(r*)

2
k*
d3rc 2701

e For evaluation of integral and S(r*) use CATS framework Eur.phys.J.c 78 (2018) 5,394
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https://link.springer.com/article/10.1140/epjc/s10052-018-5859-0
https://link.springer.com/article/10.1140/epjc/s10052-018-5859-0
https://www.annualreviews.org/doi/10.1146/annurev.nucl.55.090704.151533

