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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 A
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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 , 5
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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



~ 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 } ro=1.13x0.02 *>\7 fm : SIDDHARTA Oy
22 A =0.68 = 0.07 R constraint O, RO
B 7 “p— AN
25 -0 ] M. Bazzi, et al.. PLB 704 (2011) P
1.8\, K"n - - >
16 threshold - ‘ Re /s
14— . ,
. A(1405)
£ - ‘ K™ p correlation
08 07<8;<1 E from ALICE
) T | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | 7g —_— — 0
0 50 100 150 200  250(  JT 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’ threshold (k = 58 MeV) ==> isospin sym. breaking 9
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~ K™ p correlation: measured by ALICE collab.
ALICE, S. Acharya et al., (2019), 1905.13470.

1.8\

I I I I ‘ I I I I ‘ I I I I
ALICE pp /s=5TeV
ry=1.13 £ 0.02
A =0.68 = 0.07

+0.17 fm

threshold

Ohnishi et al. NPA 954 (2016)
Kyoto Model "o “ppnpos 2017)

e Interaction: Based on Chiral SU(3) dynamics

Ikeda, Hyodo, Weise, NPA881 (2012)

e (alculated with
e Coulomb + Strong int.

« KN (K—p + K°n) w/ isospin ave. mass

Julich Model Haidenbauer NPA 981 (2018)

.

\‘\\\‘\ﬁ

k* (MeV/c)

e [nteraction: Jiillich meson exchange model

Refitted ver. of Miiller-Groeling, et al., NPA 513 (1990)

e C(alculated with
. (goulomb (Gamow) + Strong int.
« KN+ 7X + /A with particle mass

We update the Kyoto model to include
* Coupled-channel effect
* Coulomb interaction
e threshold energy difference of 1sospin multiplets
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~Koonin-Pratt formula for K™ p correlation

S. Pratt et. al. PRC 42 (1990)

Koonin-Pratt formula : C(q) ~ [d3r S(r) | ¢(_)(q, I') |2 S.E. Koonin, PLB 70 (1977)

e C(Consider only s-wave interaction

e non-identical particles

\/ R. Lednicky, et. al. Phys. At. Nucl. 61 (1998)
Haidenbauer NPA 981 (2018)

Cx-(q) = [d3r Sk-p(T) [ |9 @s ) 1* = 15 (an) I” + T g5 1) |2] + ) o, [d3r S,0) L g; ) |2]

J#

Free Coulomb wave Scattering s-wave Coupled-channel
(I > 1 waves)  function with Coulomb int. source contribution

o ;: weight of channel

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

with channel i outgoing boundary condition

12
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~How coupled-channel effect contributes on correlation

(1) Modification of wave function of observed channel: l/llg:(p_)

i 1 ( Wk-
Vit Vi l//kop
n
I'+\Vy Vo W s

(WK—p\
Yoy
Yr-s+
.

S

K-

K™ p outgoing

— D /\/\/
—

13
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~Chuiral SU(3) based IZN -2\ potential Miyahara, Hyodo, Weise, PRC 98 (2018)

e Constructed based on the amplitude with 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)

20
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o
suswip] Y4y
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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 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) \
V21( ) _yﬁ +Vaa(r) + 82 - Yeall7) U(qi,7) = EV(q1,7)
. . . 1, — 1,7 ),
\ V() Voo () = V() + A )
2
E = 26‘171 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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) K p correlation with Koonin-Pratt Formula

© Coupled-channel boundary condition (b.c.)

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

open channels : )(j(c)(r, q) — ajoutgoing wave) + b(incoming wave)
closed channels : )(j(c)(r, q) - aj(diverg. solution) + bj(converg. solution)

® Scattering problem; Incoming wave b.c.

K p incoming Kp K% %20

e i

— |bK—p|=17 |b;éK‘ |_

e Correlation fcn. Outgoing wave b.c.

Kp K'n ﬂoZO"'L /K_ K™ p outgoing
W L

—> P

/ |aK—p| — 17 |a;éKp| — /16




~ K™ p correlation 1n particle basis w/ Coulomb

Cerp@ = | S| 1999 a 1) = 1ian P+ 1 an P + 3 [ s 1y qun P
J

1.2
1.1 + I
O Yk
1 % Assumptions on hadron source
. | WEkon
= 09 | Wty * §(r) exp(—r?/4R?)
0.8 F l//ﬂ-OZO * a)] —_ 1
0.7 | Yoz
L\ Yron
06 I | I | I
0 50 100 150 200 250 300

q [MeV]

e Coupled-channel effects on K™ p correlation function

e C(g) calculated with K=p, K=p + K, and all of coupled-channel components
e Inclusion of Kn ==> enhance correlation and the cusp structure

e Inclusion of decay channels ==> non-negligible enhancement 17



Cx-»(Q) = Jd3r SK-p(r)[Iqoc’f“H(q; n)|*—1¢Sqr | + |w,§ )(q )| ]+ Z o d3r S (r)It//( )(q I ]

| JEK
(1) Modlﬁcatlon of 1//C( ) (2) C.c. source contribution
8 I I
2 —
7k XSk (1) KD |
2 \ KYn - - - -
<6 | \ i
= \ DS -eeeeee-
Q
g 5 0N -
<>
1 2
E X 7°Sp=3 ()
~ 3 + Effect (1)
T2 \ | Does not depends on the source size R
> v
— 1

(- _, _1 iq,r T o~ iar
l//K_P ’ 2igr ( 1 CS) 1 )
(w/0 Coulomb)

s r |[fm|
Effect (2)
becomes moderate for larger source

® For the larger source, effect (2) gives just a small enhancement.

13
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A

~Coupled-channel effect and source size

Corp@ = [d'r S, 1) = | 45an P+ |wK @]+ 3 o dr smlvyEOani

K ————

(1) Modlﬁcatlon of yfc( ) (2) C.c. source contribution

1.2 |

1.1 | B |

=09 |
= \
0.8 L

0.7 L r K_p + KOTL B
e Effect (2) Full 07

LB ¢ 50 100 150 200 250 300 0.6 & 100 T %00 %0300

q |[MeV] q [MeV]

® For the larger source, effect (2) gives just a small enhancement.

19



Cx-»(Q) = Jd3r SK-p(r)[Iqoc’f“H(q; n)|*—1¢Sqr | + |w,§ )(q )| ]+ Z o d3r S (r)It//( )(q I ]

| JEK
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> v
— 1
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Effect (2)
becomes moderate for larger source

® For the larger source, effect (2) gives just a small enhancement.
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- Comparison with previous result

Previous study  s.choetal,PPNP9s2017) @ Currentstudy = with K p+ K On
1.3
- ST ~ with Coulomb ——
125 with Goulombd g idontt Conllemy — — -
without Coulomb — — — . B Y Coulomb only -------- N
127 Coulomb only ====---- _ : 7
115 | .
G S B T
© 14} O
1.05 | |
1 R =3fm )
0.7 | | | | |
0.95 -. ' ' ' ' ' . 0 50 100 150 200 250 300
0 005 01 015 02 025 03 ! g [MeV]
q [GeV/c] .
e KN (I =0, 1) single channel potential o KN-nX-nA coupled channel potential
® Approximate outgoing boundary condition : @ Full outgoing boundary condition
(Neglect coupling to zX and 7A) { .
1 r. | : W — = [e']" — é’}f{_ . e_“]”]eK_p
Yi—p(r) — o [e’qr — /S;pe_’qr] : qr p&pP
qr .
i q 1 L L _ Hk—p4 + i e—iqkonl"e -
8k—p =2 (50_ + 4 ) , & =e : Hg0,9k0, K pK'n "



/ A ) Comparison with previous result

- Comparison with previous result

Previous study  s. choetal., PPNP 95 (2017) Current study
e RN single channel potential o KN-nX¥-nA coupled channel potential
Miyahara and Hyodo, PRC93,015201 (2016). Miyahara et al., , PRC98, 025201 (2018).
[Tkmetlc + smg]e] l//KN =E l/jKN Vll V12 V13 WIZN WKN
T+ Vo Voo Vsl | = E| Vax
Integrated out B N

Incoming wave boundary condition

27



) Comparison with previous result

- Comparison with previous result

Previous study  s. choetal., PPNP 95 (2017) Current study
e KN single channel potential e KN-n2-m coupled channel potential
Miyahara and Hyodo, PRC93,015201 (2016). Miyahara et al., , PRC98, 025201 (2018).
[Tkmetlc + smg]e] l//KN E W[ZN Vll V12 V13 WKN WKN
T+ Vo Voo Vasl||Wes | = E| Vi
Integrated out } R e
£ Incoming wave boundary condition
® Approximate outgoing boundary condition ® Full outgoing boundary condition
(Neglect coupling to 72 and 7wA) . .
— elqr (53 e—lqr Cor
Yi—p (1) —>L[ -5 _"”] v 21qr[ K-pkp€ KD
2iqr K —
K=p —ig -
Py —1 —1\ 1 2i6 — T B oyl o
Sc-p=2(8 +47) . H=e" iondzon . K-pRon® Kon
(Wen —a) — K~ 1n (W) — _ :
 Kpougoing (e, . Kp outgoing
KN.I=1 | = Superposition Kon Superposition
B perp W perp N\ F
, outgoing ;/frzo
| ) — N\ wor | — 23
\ 77\ )




) Comparison with previous result

- Comparison with previous result

Previous study  s. cho etal., PPNP 95 (2017)
e KN single channel potential

Miyahara and Hyodo, PRC93, 015201 (2016).

Current study
o KN-7X-rA coupled channel potential

Miyahara et al., , PRC98, 025201 (2018).

[Tklnetlc + smg]e] l//KN =E WKN Vll V12 V13 WKN WKN
T+ Vo Voo Vs|||¥Ws | = E| Wiz
0 \Vy Ve Ve ) [\¥m Y
Two results differ so much lcondition
® Approxi . o
==> ¢ Coupling to decay channels are not negligible H
'Liqr] ex-
V(] * Boundary condition should be taken carefully P
Sy =28, +48,1) . s=e" - T\ oo, © k-pRonC " CROn
_ \ - .
: - Superposition 7 o Superposition 20 =V
. outgoing Waoso
Yros+
\ ] — %

\ YroA )

= 24
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» AN\ Comparison with ALICE data

© Source function parameters

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

o) = | @' SO 10 @0 P = i@ P+ g @, P+ T @ st 195 0.0 ]
J

® 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

~ Other fitting parameters
Clq) = N1 + A Cy- (@) — 11]

/N

e Normalization  Pair purity parameter

N~ 1 Aexp = 0.64 + 0.06

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

20
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~ Fitting result

JComparison with ALICE data

* Fitting function

Col@) = N1+ M Chp(@) = 1} Crpl@) = ), wj[oﬁr () ¥ g, 1) |2]

e Fitting range: g < 120 MeV/c Y
3 ] I I I I
10 . ALICE (pp 13 TeV, HM) +—s—y
: Cit
3 I Cy With Wy =0 === -
- _0 Cﬁt + Cres  =--e----
6 r R=09fm -
- =
=
3

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

0.8 1 19 14 Wes =295, N =113, X=0.58,
R [fm]

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

e (.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 | ! ' I |
| ALICE (pp 13 TEV, HM) +———
R=09fm —
% Same values for /', 4, @ 2.5 W e e S —
% Shadow: 0.5 < w5y <5 § oo s
=
QO

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_x) dependence

23
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~ To measure hadron-hadron correlation function in high energy nuclear
1s a powerful tool to study the (multi-)strangeness system.

~ Based on Koonin-Pratt formula, we newly constructed the calculation
method to include
e Coulomb interaction,
* 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.

- Coupled-channel effect exists various hadron-hadron systems.
—> Careful treatment 1s needed for the detailed analysis.

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

29
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) / ) K p correlation with Koonin-Pratt Formula
7 (\ /

® Coup]ed-channel boundary conditioOn  R.Lednicky,et. al. Phys. At. Nucl. 61 (1998)

e w/o Coulomb int.
e w/0 open channel (coupling only to closed channels)

® Scattering problem; In-coming wave boundary condition

1 e—iqlr . Sy ei%” |
2igr 2igr
incoming b.c. Incoming
‘P g —> _ K141 05712 eiqu
Mgy 2igor
:  Outgoing
e Correlation fcn. Out-going wave boundary condition
i
L g _ U —igyr
2iq,r 2iq,r
outgoing b.c. Outgoing i
poutsoms — . g1 Sia e_iqzr
Hago 2igor
. Incoming

3



2 ! _ ! !

1.8 N KNI =0) — —- |

~\ KN(I=1) —-—

1.6 - ~\ K™p 1 (WY&n.i=0)
- 1.4 - ‘\ 71— \WVERN =1
=12 L ~ - Vs, 1=0
O N

1 \\~ o l/jﬂz,]=1

0.8 | °/'/;‘;’ 1\ ¥

0.6 - _ - R=12fm T

0.4 - - =" | | | |

0 50 100 150 200 250 300
q [MeV|

e C(gq) calculated only with KN (K~ p + K1) component with R = 1.2 fm
e Reqi™>0—Cp)<1,Reqj' <0—=Cgl > 1atsmallg

o Cip(q) = (CEO+CEN2 32



Pre fra—
Results Wing,.,

- K™ p correlation 1n 1sospin basis w/o Coulomb

].3 | _ |
KN ----
1.2 N KN+ 1Y ceeeeeee =
1L KN +7nYX+7mA —— :[(WIZN,IzO\
' WERN,I=1
\S/ Yrs, 1=0
. l//ﬂZJ:l
—\ YeA y
- R=1.21m
0.7 | | | | |
0 50 100 150 200 290 300

q [MeV|

e Coupling to #2: Enhancement

e Coupling to #A: Negligible enhancement

33



- K™ p correlation 1n particle basis w/o Coulomb

Ceor@) = [d3r S0 19" @:0) 1 = Liotar) P+ 1y a0 1P+ 3 Jd% S0 [y I
J

E l//K—p .
i % Assumptions on hadron source
| Yk 2 7
S W5 . Sj(r) x exp(—r</4R")
Yi-s+
[N
0.6 | | | | |
0 50 100 150 200 250 300
q [MeV|

e Coupled-channel effects on K™ p correlation function

e C(g) calculated with K=p, K=p + K, and all of coupled-channel components

e Inclusion of Kn ==> enhance correlation and the cusp structure

e Inclusion of decay channels ==> non-negligible enhancement  c.f. Haidenbauer NPA 981 (2018) 34
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- Comparison with previous result

Previous study  s. choetal., PPNP 95 (2017)

1.1
1.05 |
G
(3]
1 -
I
|
|| R=3fm | Ry ——
I K'p (LL model) ====="="*
0.95 ' ' ' ' '
0 0.05 0.1 0.15 0.2 0.25 0.3
q [GeV/c]

e KN single channel potential

® Approximate outgoing boundary condition
(Neglect coupling to 72 and zA)

1 [ or =1
q _ g—1 _—iqr
Viep (1) 2iqr [e F-p® ]

- . v —1 .
S =2(8,"+487") ., 8 =e

) Comparison with previous result

Current study

1.3 — |
12 N BNIS0) = =

11\
1L\,
< 09} = |
O 0.8 L 4 N
0.7 b |
0.6 ~ 7 -
0.5 L R =31 |

0.4 | | | | |
0 50 100 150 200 250 300

q [MeV]

o KN-7X-rA coupled channel potential
® [ull outgoing boundary condition

1 iqr T —iqr
- el — & e e -
V= S| Kk-pkp 1K
Hk—p4 =
Hig0,9k0, K pK'n



D\)
AL

© Interaction dependence of KN correlation

e /=0 KN interaction <== strongly constrained by the SIDDHARTA constraint
_ - o  M.Bazz.ctal NPASSI (2012)
e I/ =1 KN interaction is not well known ==> vary V= — V=

KN—-KN KN-KN
e SIDDHARTA constraint on aé{_p ==> Varied region of f as —0.24 < f < 1.09
b - 1.00 ——
| —024 - ---
I.1 - I| 1.09 ----e--e X
—~ L |‘|
S o9 | . _
0.65-i0.91 0.61-i0.78
0.8 |
L Eet2h 0.65-i0.96  0.64 -i0.95
0 50 100 150 200 250 300
q [MeV] (ao =—-F(E= Eth))

e For f=—-0.24,
 Remarkable suppression around K°n threshold (g ~ 58 MeV)

e Moderate cusp structure

— [ =1 KN interaction can be determined with the detailed analysis! 36
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\) Source dependence

~ Channel weight dependence of K™ p correlation

Corp@ = | S| 199a 1) F = i5an P+ 1S a0 P + o) S0 1yt |

J

e Vary the source weight of the 72 channel: (* A source contribution is negligible)
1.4

\\./o

0 50 100 150 200 250 300
q [MeV]|

e Increase w,y ==>¢ weaken dip at g ~ 40 MeV

Channel weight must be determined for the detailed analyses!

3/
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~ Source size dependence of K™ p correlation

- ' lw g, 1) |2]

W 1o @ 01" = 1gan I° + lw g, ) |2] + ) o | &
g ] - e

N\
p—
o

SN
SO DN 0Co
b R R
EBEB

0 0.8 |

0 50 100 150 200 250 300 0 50 1(|)O 150 2(|)O 250 300
q [MeV] q [MeV]
® Strong dependence around R ~ 1.0 fm Measurement of the K~ p in other size

<== e Sensitive region: |R/a,| < 1.

' v
systems are important! 38

e [arger system: cusp effect is moderate



~ Comparison with Jiilich model: coupled-channel effect

Julich Model

K p + Kn(+7zA)

0.5

PR I RN TR TR TR R RN T S
100 150 200
k (MeV/c)

c.f. Haidenbauer NPA 981 (2018)

C(q) |dimensionless|

1.1

1

0.9 [

0.8

0.7

0.6

Our result

- , K p+ K% - -
7 Full —
0 50 100 150 200 250 300
q [MeV]
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~ Comparison with Jiilich model: refitted model

Julich Model
e — Our result
1.5 Original Jiilich Kp - 11
- Refitted Jiilich .
= 1
i —— Chirally motivated NLO30* I £
\ 5 3
. = 0.9
% 5
é 0.8
=
o 0.7 = K p+ K% - 8
\\,/ FU.H —_—
U6 50 100 150 200 250 300
q [MeV]
O 5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 50 100 150 200
k (MeV/c)
¢.f. Haidenbauer NPA 981 (2018)
SIDDHARTA

e Refitted Jiilich model: constructed to reproduce

*A. Cieply, et.al, NPA881(2012)

aK—p
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-~ About the source size

In ALICE analysis, the source size is determined from the K*p correlation.

26/
2.4
2.2

2
1.8
1.6
1.4
1.2
1
0.8

T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
ALICE pp /s=5TeV

+0.17
0.15 fm

C(k*)

\‘\\\‘\ﬁ

200 2501
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S

o4‘\\\‘\\\‘\\\‘\\\‘\\\“\.‘_\__J..‘.\

e But... Coulomb effect for K*p correlation is
e Relative source size 1s channel dependent:
In general, Rgy # Ren
e Gamow collection may over
estimate the Coulomb int.

C(k*)

0.9

0.8

0.3

ALICE pp /s =5 TeV
ry=1.13 = 0.02 "7 fm

[ R | | | L
50 100 150 200 250
ALICE, S. Acharya et al., (2019), 1905.13470.
13 T T I St [ 1 I
rong only
1.25 Strong + Coulomb ——— |
1.2 Gamow ——— -
1.15 _
1 K p
= 105
1
0.95
0.9
0.85 =
s 50 100 150 200 250 300

q [MeV]
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< A(1520) contribution

* Fit the remnant part of data (Cy,,, — C; ) by Breit-Wigner function

C (@) — bI?
N = (g% 2pk-, + m, + mg- — Ep)> +172/4
e Result
Ep = 1520.9 MeV * PDG pole position
[=07 MeV
3 | | | |
| ALICE (pp 13 TeV, HM) —e—s REAL PART
! C VALUE (MeV)
25 |! fit 4
' l 1517 Ty
S o | —2xIMAGINARY PART
g | VALUE (MeV)
|
15 +10
1.5 | — e
PDG PRD98 (2018)
L | | | | |
0 50 100 150 200 250 300 A9

q [MeV /]



