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~To distinguish the internal structure of hadrons

difficult because of the mixing of the state
(States with the 1dentical quantum numbers have mixing)
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~To distinguish the internal structure of hadrons

difficult because of the mixing of the state
(States with the 1dentical quantum numbers have mixing)

~. e Key: detailed study on the hadron-hadron interaction
(potential, amplitude, ...)
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) Hadron correlation in high energy nuclear collision
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~High energy nuclear collision and FSI
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-~ Hadron-hadron correlation

S.E. Koonin, PLB 70 (1977)
S. Pratt et. al. PRC 42 (1990)

C(q) ~ [d3r S(r) |9 (g, ) |?

e Koonin-Pratt formula :

S(r) : Source function

qo(_)(q, r) : Relative wave function 5
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~High energy nuclear collision and FSI
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-~ Hadron-hadron correlation

S E. Koonin, PLB 70 (1977) [ Depends on ...
S. Pratt et. al. PRC 42 (1990)

C(q) ~ [d3r S(r) |9 (g, ) |?

q = (mok, — mk,)/(m; +m,) | ¢ Including nformation of...

e Koonin-Pratt formula :
Collision detail (Ai, energy, centrality)

S(r) :Source function | size of hadron source,

time dependence, weight. ..

qo(_)(q, r) : Relative wave function
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~High energy nuclear collision and FSI
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-~ Hadron-hadron correlation

S.E. Koonin, PLB 70 (1977)
S. Pratt et. al. PRC 42 (1990)

C(q) ~ ‘rdg’l' S) | (q, 1) |2 * Depends on ...

e Koonin-Pratt formula :

: Interaction (strong and Coulomb)
S(r) : Source function

: : quantum statistics (Fermion, boson)
¢ )(q, ) : Relative wave function , Q
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~ How to study the hadron interaction

S(r) : Source function

C(q) ~ [d3r S(_l’) | @ (_)(qa r) |2 ¢ 7)(q, ) : Relative wave function

e Study on hadron source; S(r)

e Source size, source shape,...

e Study on interaction; ¢~)(q, r)

» Wave function is distorted by the final state interaction of hadron pair

» Systems with less known 1nteraction
(e.g. AA, N2, NQ, KN)

» Advantages; rare opportunity to investigate interaction of ...
» short-lived hadrons (strangeness system, anti-baryons)

 low-energy (low-momentum) region
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~ How to study the hadron interaction

C(q) ~ Jd3r S(r) ¢ (q, 1) |’

S(r) : Source function

gﬂ(_)(q, r) : Relative wave function

¢ Lednicky-Lyuboshits (LL) formula

R. Lednicky, et al. Sov. J. Nucl. Phys. 35(1982).

| F ()| e\ 2Re F(q) Im F(q)
2R? F3< >+ V7R 0=

R

Clg)=1+ [ Fz(x)]

e Static Gaussian source

» Asymptotic wave fcn. with effective range expansion

e ((q) is sensitive to R/la, |- * reft/R = 0

bound state (ay > 0)

R : Gaussian source size 0 0.5 1 15 2

. aR
* dy: scattering length (= - (¢ = 0))

S

Morita, et al., arXiv:1908.05414

~_ Powertul tool to study hadron interaction in low energy region

10



~ K™ p correlation: measured by ALICE collab.
ALICE, S. Acharya et al., (2019), 1905.13470.

:%2.6J  ALCEpp s=5Tev  ® Experimental data on KN int.
+0.17 —]
2.4 .J ro=1.13+0.02 727 fm : TN Ok poKp
22 A =0.68 £ 0.07 R constraint O, RO
i ] N n
21 =0 | M. Bazzi, et al.. PLB 704 (2011) P
ey | KO A(1520) Z
16 threshold D ‘ Re /s
1.4 s .
i A(1405)
£ v ‘ K™ p correlation
C AT @ 4 s = from ALICE
0.8? | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ \ig —_— — 0
0 50 100 150 200  250( = JTX Kp K%

k* (MeV/c)

e High-multiplicity events of pp collisions

e Strong enhancement (C > 1) at small momenta ==> Coulomb interaction
¢ Deviation from with pure Coulomb case ==> Strong interaction

e Characteristic cusp at the K'n threshold (k = 58 MeV) ==> isospin sym. breaking




~ K™ p correlation: measured by ALICE collab.
ALICE, S. Acharya et al., (2019), 1905.13470.

Ohnishi et al. NPA 954 (2016
Kyoto Model e L)

I I I I ‘ I I I I ‘ I I I I
ALICE pp /s =5 TeV Cho, et al., PPNP 95 (2017)

. ro=1.13+0.02 "> fm - : - -
0= 119 = EME 015 . e Interaction: Based on Chiral SU(3) dynamics

A =0.68 =0.07 B Ikeda, Hyodo, Weise, NPA881 (2012)

j7& E e (alculated with

e n E * Coulomb + Strong int.

\ threshold E « KN (K~p + K'n) w/ isospin ave. mass

= Jiilich Model | Haidenbauer NPA 981 (2018)

- E e [nteraction: Jiillich meson exchange model

;f | T ‘{ Refitted ver. of Miiller-Groeling, et al., NPA 513 (1990)

0 50 100 150 200 250 ( e (Calculated with

k* (MeVic) * Coulomb (Gamow) + Strong int.

e KN+ 72X + n/A with particle mass

We try to include
* Coupled-channel effect
» Coulomb interaction
e threshold energy difference of 1sospin multiplets

12
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~Koonin-Pratt formula for K™ p correlation

S.E. Koonin, PLB 70 (1977)
S. Pratt et. al. PRC 42 (1990)

e C(Consider only s-wave interaction

R. Lednicky, et. al. Phys. At. Nucl. 61 (1998)

e non-identical particles
P Haidenbauer NPA 981 (2018)

Cp(@) = Jd% Sem| X 1o @ P+ 1yEOgn |+ Y. wjjd% S0y Og:n

>1 J#i
K™ p [ > 1 waves K™ p s-wave Coupled-channel
(Coulomb) (Coulomb + Strong) wave function (s-wave)

e ;: weight of channel j

J

o l//j(_)(q; r) : channel j component of wave function

(with K™p outgoing boundary condition)

i-‘ K% #%0... / K~ K~p outgoing
: /\A/ | ) ) N\
, AT . —_—)

14



) / ) K p correlation with Koonin-Pratt Formula
7 (\ J

~Chuiral SU(3) based IZN -2\ potential Miyahara, Hyodo, Weise, PRC 98 (2018)

e Constructed based on the amplitude with NLO chiral SU(3) dynamics
Ikeda, Hyodo, Weise, NPA881 (2012)

® C(Coupled-channel, energy dependent as

(E/100 MeV)*

a,ij

Vstrong(r E) — e—(bi/2+bj/2)i’22 Fmax K
ij > a=0

e Constructed to reproduce the chiral SU(3) amplitude around the KN sub-threshold region

0.8 — T \ \ \ \ 0.5

I I
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e Reproduce two pole structure of A(14035)
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) K p correlation with Koonin-Pratt Formula

~Chuiral SU(3) based IZN -2\ potential Miyahara, Hyodo, Weise, PRC 98 (2018)

e Constructed based on the amplitude with NLO chiral SU(3) dynamics
Ikeda, Hyodo, Weise, NPA881 (2012)

® C(Coupled-channel, energy dependent as

a,lj

strong _ _—(b/2+4b./2)r? ax a
VIOR(r E) = e J Z K. ..(E/100 MeV)
e Constructed to reproduce the chiral SU(3) amplitude around the KN sub-threshold region

~Coupled-channel Schrodinger eq.

( — o + 11( Via(r) Vin(r) \
‘/21( ) _% +Vaa(r) + 82 - Yeall7) U(qi,7) = EV(q1,7)
. . . 1, — 1,7 ),
\ V() Voo () = V() + A )
2
E = 2% V=V (+veetemty A threshold energy diff.
1
® Channels

e Particle basis: K™ p, K, zt2~, 72320 7z=2*, z9A (n = 6)
10
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» AN\ Comparison with ALICE data

© Source function parameters

We do not have enough information for S(r)...

Cy-(@) = jd% S| X 1oS @ P+ 1w @n |+ Y o [aﬂr S® g0l

[>1 j#i . o

® Assumptions ® Free parameters for source function Norma.l §ize for
e Spherical gaussian source: e Source size: R ( ~ 1 fm)— pp collision
Sj(’” ) = Sg(r) o exp(—r */4R?) * Source weight of 72 channel : @_s ( ~ 2)
*Wgoy = Wrop = 1 /

Statistical model estimate

- Phenomenological parameters
Ci(q) = N1 + A{Cx-(q) — 1}]

e Normalization * Pair purity parameter
N~ Aexp = 0.64 + 0.06

Monte calro simulation by experimental group
ALICE, S. Acharya et al., (2019), 1905.13470.

13



~ Fitting result
e Fitting function
Ca(@) = V1 + M C-(q) — 1}]
e Fitting range: g < 120 MeV/c

o=y w,-[d% @) | WEg.n ]

3

ALICE (pp 13 TéV, HM) ——y
2.5 T 1
s 2F |

S
i
15 E_ 1
IIIII III
]. — | s *TEET II: I nrE
0 50 100 150 200 250
q [MeV/c|

——

300

19
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» ) Comparison with ALICE data

~ Fitting result
e Fitting function

Ca(q) = V1 + A{Cx-(q) — 1}]

Ce@) = X, | s 50190 P

e Fitting range: g < 120 MeV/c J
3 [ [ [ [ 10 |
ALICE (pp 13 TeV, HM) +—— H )(2 /(d.0.f)
2.5 = - 3
o ; :
= 2 1 | R
> ) 3y o
1.5 F I}: i
Eaa, . LT 2 ’
1k | | !III|::I:I|I | T
0 50 100 150 200 200 300 0
q [MeV/d] 0.8 1 1.2 1.4
R [fm]

e ALICE data has been well reproduced with the reasonable values of parameters.

® (.c.source contribution is essential to reproduce the data.
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» AN\ Comparison with ALICE data

~ Fitting result
e Fitting function

Col@) = N1+ MCi (@) — 111 Crp@ = D, wj[cﬁr S(r) ¥ g, 1) |2]

e Fitting range: g < 120 MeV/c J
3 n | I I I 10 . . 102
| ALICE (pp 13 TeV, HM) +—+— H )(2/(d 0 f)
| Ce .0.1. =
2:9 1y e it wosm =0 = ome |
] Cht + Cres ------- u 1
= 2 R=09fm - 10
S
B 10°

0 50 100 150 200 250 300
q [MeV /(]

1 1.2 1.4

R [fm]  well fitted region
(y*/(d.of) < 1)

e ALICE data has been well reproduced with the reasonable values of parameters.

® (.c.source contribution is essential to reproduce the data.

2
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© Correlation 1n larger source system

Col@) = N1+ M Ch (@)= 1} Crpl@) = ), ijcPr S(r) ¥ 7g, 1) |2]

J

3

ALICE (pp 13 TEV, HM) —ey

—— — —

% Same values for /1, 4, @

* Shadow: uncertainties by @ _x

05 < w, > <))

0 50 100 150 200 250 300
q [MeV/c]

e Contribution from the coupled-channel source 1s weaker,
* Moderate cusp structure

e Weak source weight (w_s) dependence 20



~ Hadron correlation function in high energy nuclear collisions is a
powerful tool to study the (multi-)strangeness system.

~ Based on Koonin-Pratt formula, we newly constructed the calculation
method to include

e Coulomb 1nteraction,
* coupled-channel effect,
e threshold energy difference.

- Employing the realistic chiral SU(3) based coupled-channel potential,

ALICE K™ p data 1s well reproduced with the reasonable source function
parameters.

Y. Kamiya, T. Hyodo, K. Morita, A. Ohnishi and W. Weise, arXiv:1911.01041
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