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Genuine p—® interaction

ALICE

e Exchange meson within framework of relativistic mean field
models = Access to interaction among hyperons

e Relevant for hadronic models used to describe
d-meson properties within nuclear medium

* Expected to be suppressed by OZI rule

e Hinders processed with disconnected quark lines

* Interaction might be mediated via channel coupling
Phys. Rev. C 96 (2019) 034618, Phys. Rev. C95 (2017) 015201

* Experimental method needed to measure the interaction
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Analysis

* LHC Run 2 data (2016-2018)

* High-multiplicity (HM) pp collisions at Vs = 13 TeV

e About 1 billion events

* Enhanced production of particles with hidden and

open strangeness

* ALICE provides excellent PID by means of TPC and

TOF
* Proton detected directly

e Proton purity of 99% with primary fraction 82%

¢ candidates reconstructed from ¢p > K*K~

* printegrated purity of 66%

pair yield with k*<200 MeV/c

p—¢ 3.61x10%
p—¢ 4.17 x10*

x10°

ALICE

| ALICE pp 1s =13 TeV

» —» K'K |
1.2 GeV/c < p, < 1.3 GeV/c

o unlike-sign pairs |
— combined fit (signal + bkg.)

- - - fitted background
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CF model %

ALICE

Cexp (k™) = Cfemto (k™) - Cnon—femto (k™)

-~ BT 77 B
__x - -
O 4,sF ALICE pp Vs = 13 TeV 3
' . High-mult. (0 -0.17% INEL > 0) ~ Z
12:_ O.T"ST“"LU _:
115 - O p-pepo E
1.1F ~
1.05 —
- ({3 -
" :4}:[¢]f'¢"[0] EO]IOIO’:O-: N
1 -_ t 30 - o EOI-CU.-
N 2Pt oi1010101010 Yo m
- 1 | i | i 1 i | 1 i L | i 1 1 | 1 ] ] '-ll

0 200 400 600 800 1000
k* (MeV/c)



S,

\ Cremto (k™) =z/1ij - Cij (k) | ALICE
|
Cexp (k™) = Cfemto (k™) - Cnon—femto (k™)

CF model

~ 13— 1
O - ALICE pp Vs = 13 TeV . o ..
1.25 —
: High-mult, (0 - 0.17% INEL > 0) - Coqtrlbutlons from FSI (femto) q.uant|f|ed py
108 0.7<8;<1.0 E purity (P; ) and feed-down fractions (f; ) via
- . Aii= P fi Py
E = - ] 1 l1 2 ]2
i o [43] a
1_15% -0 @ P9 E \_ J
1.1 + —
1.05 L -
B .3 ¢;¢:‘°’Of° 01010, ]
1 O 0501010:10101050i010 01
i 1 ] i | ] i ] ] i ] i | L 1 1 | L ] ] -ll
0 200 400 600 800 1000
k* (MeV/c)



CF mode|

ALICE
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CF model %
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* Present In previous meson-meson and meson-baryon analyses

e Auto-correlated p and ¢ emitted in jet-like structures
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Minijets

* Present in previous meson-meson and meson-baryon analyses

e Auto-correlated p and ¢ emitted in jet-like structures

* Less pronounced in spherical events
 Event shape classified by transverse Sphericity St € [0,1]

* Caluclation from eigenvalues A; = A, of Transverse Momentum
Matrix:

y
2 )
1 1 | Pxi  DPxiPyi 22 v \
M,y = % [ * * yl] 2 Sr = /11;12 , St € [0,1] ) j \
S

—— i 2
LiPTj " PTi | PyiDyi Dy

* In this Analysis: 0.7< 5;<1.0
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* Present In previous meson-meson and meson-baryon analyses

e Auto-correlated p and ¢ emitted in jet-like structures

* Less pronounced in spherical events
 Event shape classified by transverse Sphericity St € [0,1]

* Caluclation from eigenvalues A; = A, of Transverse Momentum
Matrix:

225
Ait+A, 7

My, =

2 . .
1 1 [ Dxi pxlpyl ST = [0’1]

. > S, =
Xjprj =t pri PxiPyi pgzzi ]

* In this Analysis: 0.7< 5;<1.0
e Residual minijet background well described by Pythia 8
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Non-femtoscpic background

ALICE
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https://arxiv.org/abs/2105.05578

Combinatorial p-K*K background

ALICE

%1 03 ALICE Collab., Eur.Phys.J.C 81 (2021) 3, 256

* ¢ candidates reconstructed via & e
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Combinatorial p-K*K-background

%1 03 ALICE Collab., Eur.Phys.).C 81 (2021) 3, 256

. ALICE pp \s =13 TeV o — K'K

* ¢ candidates reconstructed via
invariant mass of K*K

* purity of reconstructed ¢ mesons that
go into the CF only ~57%
— correlation signal from 2 and 3-
body interaction between p, K*and K

1.2 GeV/c < p, < 1.3 GeV/c
o unlike-sign pairs —
— combined fit (signal + bkg.)

- - - fitted background

I I
1.06 1.08
M. (GeV/c?)

Fake ¢

\_ > (KK) J .
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Combinatorial p-K*K background  eweeacmsmee

/ ALICE
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body interaction between p, K*and K o o - 2
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e Sideband analysis
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Right SB: 1.028-1.044 GeV/c?
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Non-femtoscpic background

ALICE
https://arxiv.org/abs/2105.05578
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Non-femtoscpic background
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Combine contributions to get description of total background, used to derive genuine p—¢ CF
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Results p—¢

* Observation of attractive p—¢ interaction
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Results p—¢

* Observation of attractive p—¢ interaction

* CF tool to study coupled channels (CC)

* Above-threshold channels (M e > Mp,i) can lead to
cusp structure at channel opening k* in p—¢ system e.g.
K*—A, K*—2
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Results p—®

ALICE
* Observation of attractive p—¢ interaction

* CF tool to study coupled channels (CC) ~ T T T T T T T TS
% 1.5 ALICE pp Vs = 13 TeV —
- High-mult. (0 - 0.17% INEL > 0) -
* Above-threshold channels (mchannel > mpair) can lead to 14 F 07<S. <10 -
cusp structure at channel opening k* in p—¢ system e.g. - .
C*—A, K*—3 13F & S peere -
* Below-threshold channels effectively increase CF e.g. K— - E_ _E
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Correlation function

ALICE
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The source

* Source constrained from pp pairs (well known
interaction)

e Gaussian core from which particles are emitted is
effectively increased by short-lived strongly decaying
resonances (Ct = r )

* Use universal source model to get p- ¢ source
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C e S m
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The source
ALICE

ALICE pp Vs =13 TeV
High-mult. (0—0.17% INEL > 0)
Gaussian + Resonance Source

* Source constrained from pp pairs (well known
interaction)

e Gaussian core from which particles are emitted is
effectively increased by short-lived strongly decaying 1.2
resonances (CT = r

* Use universal source model to get p- ¢ source
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- : S, 3
* Gaussian core source scales with <m;> 09 PP = =
x NLO -
* loe=0.98%0.04fm 0g E LE1P-A(NLO) _
ial tai E BElp-aqo) .
* Exponential tail from resonances 07 f &

L L IIIIll
12 1.4 1.6‘ 1.8 2 22 24 26

—h -

* no relevant contribution from strongly decaying
resonances feeding to the ¢

* Sizable amount of protons from decay of e.g. Delta <my o> = 1.66 GeV/c?
resonances (only ~¥33% primordial protons) P

* effective Gaussian size: rqys=1.08 £ 0.05 fm
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Lednicky-Lyuboshits approach %

ALICE

f(k")
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Analytical approach to model CF for strong final state interaction within effective range expansion

* isotropic source of Gaussian profile S(r*)

l l x2 *)_1
—+5dok™? — ik

* Effective range d and scattering length f,

* scattering amplitude: f(k*) = (

* spin averaged scattering parameters
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Results p—®

ALICE
e Scattering parameters extracted by employing the
analytical Lednicky-Lyuboshits approach
P = L LA BN B AL BLELELEL S BN BLUELELELES BRI
= 15F - —
* Imaginary contribution to the scattering length f, accounts © n AI."CE PP fs =13 TeV N
for inelastic channels - High-mut- (0 -0.17% INEL > 0) .
1.4 0.7<8,<1.0 -
[ d,=7.85+1.54(stat.) £0.26(syst.) fm oF 1 > ey E
Re(f;)=0.85+0.34(stat.) £0.14(syst.) fm - Lednicky-Lyuboshits model -
a 1.2 -
| Im(fy)=0.1620.10(stat.) £0.09(syst.) fm E .¢_ ]
* Elastic p—¢ coupling dominant contribution to the 11 - B
interaction in vacuum - ] . , ]
1 +:+§‘¢‘*_¢_f+c—e—=[_o_;-o——_
- ..I....I....I....I....I....I....I...:
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Results p—®

ALICE

* Yukawa-type of potential with real parameters

e—ar

° V(r) e _A . E :'l LI I L I B I L I I I LI I I L I' LI A ) I' LI ) l LI I-
. " : = 15[ ALICE =13 TeV —
* CF obtained numerically using CATS framework O . -VEPP s e .
D.L. Mihaylov et al, Eur. Phys. J. C78 (2018) no.5, 394 C High-mutt. (0 - 0.17% INEL > 0) N
141 07<8S,<10 =
Strength A =0.021 + 0.009(stat.) + 0.006(syst.) 13 - _,+., O po®p0 E
Inverse range a = 65.9 + 38.0(stat.) + 17.5(syst.)MeV - Yukawa-type Polental ]
121 _+_ —
e Extraction of N-d coupling constant as VA ‘1 : .
g.=0.14£0.03(stat.)+0.02(syst.) - J i
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* Link to Y=Y interaction g4y & g\ and NS [ ]
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Results p—¢

Gaussian-type potential with real parameters
° V(r) = — eff . e—ﬂrz

CF obtained numerically using CATS framework
D.L. Mihaylov et al, Eur. Phys. J. C78 (2018) no.5, 394

Vs = 2.5+0.9(stat.) £ 1.4(syst.) MeV
u=0.14 £ 0.06(stat.) £ 0.09(syst.) fm-2

Very shallow potential depth found

Much shallower than Lattice QCD potential for N—=J/{
strong interaction (indirect comparison)
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summary

ALICE

* First measurement of the p— correlation function

e Attractive p—¢ interaction dominated by elastic

o = L ILEEL AL BLELELELE BLELELEL BLELELELE BLALELELE BLALALEL BURLRLILS
contributions in vacuum S 15F ALICE pp Vs = 13 TeV =
. - High-mult. (0 — 0.17% INEL > 0 .
* Extraction of gy X g4y = Relevant for meson 14l 0$< S <(1 0 7Y ]
exchange between hyperons in Neutron Stars - . ! P, .
L p- - -
L, . 1.3 o —
* PRL Editor’s selection E Lednicky-Lyuboshits model E
1.2 d,=7.85+ 154 (stat.) + 0.26 (syst) fm  —
E -*_ R(f) = 0.85 + 0.34 (stat.) + 0.14 (syst.) fm E
11 3(f,) = 0.16 + 0.10 (stat.) + 0.09 (syst.) fm
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