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NFAVREEBE{ERANDOEBEMRNT TA—F

* Nuclear force models: meson exch., Lattice
quark model, .. (need data) S |
- Ab initio: chiral EFT, lattice QCD I UN Q(°S5) |
(need data or CPU resources) S /) s |
* || ] Iritani+[HAL],
| PLB792(]9)284
BTl [1810.03416]y; "

/] |
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A NPA9s4c16)p73  Hahara, Hyodo,

t  [1511.05859] Weise, PRC98(¢18), .

0 025201 [1804.08269] Sasaki+ [HAL], NPA998
105 208 a5 oo (Ikeda-Hyodo-Weise (‘20)121737 [1912.08630]
o amplitude) ;/ (taken from ALICE(‘I 9)/
[
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NFAOVEEEERANOEBRNT7 70—F

- Experimental approaches

- hh scattering (NN, YN, nN, KN)

- Hadronic nuclei (normal nuclei,
hypernuclei, kaonic nuclei)

e Hadronic atom (n, K, X, E7, ..)
- Femtoscopy
- Femtoscopic study of hh interactions

- Applicable to various hh pairs
(NN, YN, KN, DN, YY, Yd, YNN ..)

- Valid when the source is chaotic e
- Weakly decaying particles gjjgg D
— Good pair purity B T 3 -
- Future measurements: E®
Charmed hadron, hNN, ... - p 4
I (e s a—

M. (GeV/c?)

ALICE [1805.12455]

A. Ohnishi @ ELPH2021 (C031), Nov.5, 2021, ELPH, Tohoku U./Online 4



HHEARASIC LA/ \FAVEIEEEROmAL R

- FRARGEEO/\FOUBHEEREERICDONT
REMSEERNEOND

- 1HRIREI# DY 1 XREFE(pp. pA, AATETZR) NS,
iﬁﬁ&&(/\h n/ﬁ¥ﬁﬁ)0)7ﬁﬁz—?ﬁitié

relation functio func. with Ga v factor
| =4
o)

. BAA BTN E— R RER) R
NROUHEEDRELATES(SBLE—LRE | )
- HESRIM B D EBERAREF X EZD LV (Blue Ocean)
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FEEARA% D EER(1): Koonin-Pratt (KP) formula

« Correlation function (CF)

- CF=convolution of source fn. and |w.f.|?
(Koonin-Pratt formula)
Koonin('77), Pratt+('86), Lednicky+('82)

w: |

\
X
)

Cprpe) = o el o [ans(r g (r)P

source fn. relative w.ft.

- Source size from quantum stat. + CF
Hanbury Brown & Twiss ('56).; Goldhaber, Goldhaber, Lee, Pais ('60)

- Hadron-hadron interaction from source size + CF

- CF of non-identical pair from static spherical source
Lednicky, Lyuboshits ('82). Morita, Furumoto, AO ('15)

C(q) =1+ /dTS ) {lpo(r)]? = ljo(qr)|?}  (po = s-wave w.f.)

CF shows how much |p|° is enhanced — V., effects !
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FHEARI ¥ D EM(2):Lednicky-Lyuboshits (LL)HE!

- Lednicky-Lyuboshits analytic model
(Asymp. w.f.+eff. range corr.+Gaussian source)
Lednicky, Lyuboshits ('82)

e—i5

o(r) =ty () =

sin qr e

Sin(qr+5)=8_1[ o @ :]

Crrlq) =1+ / drS12(r) (|Pasy ()2 — lo(qr)|?)

@) . (e 2Ref(q)
T (fﬂE)Jr JTR

(x =qR, R = Gaussian size, I, F5, F3 : Known functions)

- ETRIILX—HELIRIE

I 1
qeotd = —— + Srenq” +O(g") = f(a) = (qeotd —ig) ™"
0

~ Imf(q)
R

—1 + F1(2x) Fy(27)

RELREFZIL AL —R YA R) P IUTTHES BB SR ES !
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LLERZRAW{EIRILE—EEL/ AT A—2REH

- O T 125
K P E ﬁ 5 + ALICE Pb-PS Ty, = 6.2 Te ] 1 STAR preliminary
~ o (o i S 1 o et
E{ZI /ﬁ%b\bw F A 0 115 5 E H_K
. | — e P o ol E - 'm"' p T P

K-p#EEEER % 15 g
p [ + ] & I .

1

1__ ¥

o LLAKXMSROT- R - P i
ﬁﬁl {5}_9 'j: ) — E'Oﬁ' e Iéomewl 0.95, = :0.04. sl AO.D‘,a: -6‘1;“.;? 

- K'[GeVic] '

SIDDHARTAL Acharya+[ALICE], o o
%%E PLB822(‘21),136708 Slejka+[STAR, prellmmary],

® QN*EE&A%
* pp 13 TeVhioMDp2tEEIRER o S

+ LLASIC & BEEL ST A—SRE P B
(RL(2T=1/2, 3/2 PEE>TINS A\ =z PP
[T LEDFEL. ) O\ S !
° M*EE‘IF q '— | "T'iqu;+:+*l*’-1_7_,l_o_li+_§

0 50 100 150 200 250 300 350 400

. RFHEHELLARICEBfit

+
— (a,,r, ;) OEEFIE ;{;’Z’l”zy;’ ({‘2“511?/’
L. Adamczyk+{STAR], PRL114(“15)022301; ’
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Lednicky-Lyuboshits model




LLIREZ AL =REBRBOHFROHETE()
- HALY S TOLLEE

R
re =0 — geotd = —1/ag — f(q) = (gcotd —ig) ™" = " R/ag +iqR
C(z,y) =1+ o _:|[_y2 E — 2—\/?% Fi(2x) — CCFQ(Q.T)] (x =qR,y = R/ay)

1/1 2\’ 9
2 <§_ﬁ) tl-— (= LB —=0ate—0)

iﬁﬁi&\b{&é : - Corelation function (LL model)
RS ML IS5, .

R/a,=/n/2~0.89 0 a
'hBL‘TﬂI]‘ﬁE g 0 ' 7 oun

1 2/1'!’ "'0.36 05 | Unbound

1 t

-1.5

E.g. AO, Morita, Miyahara, Hyodo (°16)
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LLIREZ ALV =-R@IKEBOFRDHEE(2)

- P—AVEIANHHFEEICIE, RKBREBHISdiphtBTEN D,
- )—AYB|AIZLBEARNGamowEA FTRINIGELN)BE

C(Q) — Cstrong(Q) X AGamow (77)

AGamow () = 2n/(exp(2n) — 1) (n = Z122p

Correlation function

0.5

Yyao

Corr. func. with Gamow factor

n(x,y) = —ajpyap|/x

with pag = —3.32

/)

I

= 2 |
1.5 ¢ 0 0.5 1 1.5 2
gR

2

1.6

1.4

= 1.2

1

0.8

0.6

= (0.4

Kamiya+(‘21), 2108.09644
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ﬁﬁﬁﬂ&l-&%iﬁﬁﬁé#ﬁd)mﬂ&wﬂ

- QpRFREE +ALICE (‘20) P Q—‘; | Comanse
- HFQCDIIRBRBETFE | .1 1142
HEARAR R R (IdipZFE . E
Iritani+[HAL QCD]('19), = | W
Morita+('20) Sy [STAR (Y

. F—SbEAAUWRT - T el

dipii{-g-o J ALICE g’f (IET\;-}’(]H}TI\-? 'i

© KpRERIE N -
- A(1405)IIKN=ER =R RE - Wrs = 2 95 |
— BEAFA &R Tdip [\ e, Kamiya+(:20) -

. ﬁﬁ/ ﬁsj_aliSIDDARTA& 0 50 100 q{\ﬁg ; 200 250 300

consistent 5 J[ sl BT TN
~ I2F —xeenc oam 3 charya
. ppEETEREFCRAMBIG || oo | ke
dipld R A %0 H == | PLB822¢21),
a7 136708
oo ot -lwm- [2105. 05683]
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HERBDER(3): KBS TFrRILFR

- WAEFYRILNRESTHERR

» Koonin-Pratt-Lednicky-Lyuboshits-Lyuboshits (KPLLL)ZAZ

Coupled-channel contributions with ¢{-) boundary cond.
Lednicky, Lyuboshits, Lyuboshits, Phys. Atom. Nucl. 61 (1998), 2950:
J. Haudenbauer, NPA981('19) 1 [1808.05049];

Y. Kamiya, T.Hyodo, K.Morita, AO, W.Weise, PRL('20).

K=}

/d'rij ()8 ()2

_1—/d'r51 )|j0(qr)|? + /drz% w( ) (q;7)|?

Yj=1(r) = [T + Ai(g)e™'T"]/2iqr (w1 = 1) q. (=) (40} [2
wiz1(r) = Aj(q)e " /2igr [¥'7) boundary condition] et S] ('r) |¢J (C], T)|

Source Normalized

(No Coulomb case) weight  Source fn.

* Source size R and weight ®, (j*¥1) are taken as the parameter.
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BEFYRIVHIRDEIY S IT

* BEFYRILHRITY—R YA XERFMED SHERIFTRE
- MATHFYRILOEMER — NSErTHE. EATHAD
+ KEG)—ADOBEINTA—EZERD,
INSIE)—ATRENRERARD !

8 I I [ K_l
p —
7~ - _
) K% ---
6 DD weeeene- h
5 7TOA I
4 p =50 MeV/c
- 3 n
"y )
. R=5fm |
0 4 D

r |fm]
w.f. Kamiya+,arXiv:1911.01041v1
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Source Size Dependence of C(K p)

- Coupled-channel effects are suppressed when R is large,
and "pure” K  p wave function may be observed in HIC.

3 T P
12 oy ALICE (pp 13 TeV, HM) o 1.2 ' . n
\- : R 1 E=1fm f - - R=3fm
11 _k\‘ w] _— | 95 . Ca(R = Dq .111) _— | 1.1 kL wj p—
"W\ A ' Ciit + Cres(R = 0.9 fm) -oeeev.
1 ‘-1 A Cat(R=16fm) — — . : —
S o v 1 = 2 i ]
=09 L ) = _ I i
S " s S Wry — 2.95 7 Kp——
ﬂ.S—\ ”H;—.“\" ataim 15 B I\.p K% - 4
K p+ E'n+7E e - 7] Kp+RK'n+w8 oeeee
01 ’ p— 07| R—3 f Full
R=1 fmFull v-lthuut f oulomb —.— 1 - 66 mn]l ulthcmt ( milomb =
0.6 L C ] : L :
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 00 150 200 250 300
g [MeV /¢ g Mev/d q [MeV /|
Ld ° ° ‘
Y. Kamiya, T. Hyodo, K. Morita, AO, W. Weise, PRL124(‘20)132501.
2 6 1 T T 125 ¢
= ALICE pp (5= 5 TeV o pr—————r—r—r—r— : STAR preliminary
24 Ei re=113+0.02",,, fm S [ ALICE P78 iy, = 5.02 TeV 1
2§ 1'2__ | ——Kp O, 0% 7] - et K K
H - — - SOOWATA Bormscy & + o .
_18‘ [ }l once wt ol e atal e . J'[‘P o nrp
o pp S A
G 16f\ e | [ T U E =
1.4 e i + o _ i .
1.2 [ +- ¥ e e e T
i O [ o —ad ] ——
1 [ ++++4L+ e = = = T
0.8} : , ooF R+ 8220 1oty Siimpeg 4m ] 0.95 = ar
0 50 100 150 200 250 e B 169‘ s 0 oo‘k‘[GeV/c]O’Os 0.12
k* (MeV/c) K" (Mevic)

S. Acharya+[ALICE],

PRL124(°20)092301

S. Acharya+[ALICE],

PLB822(21)136708

Siejka+[STAR, preliminary],
NPA982 (‘19)359.
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RITEFFRDIEBIBE R LS
NFOVEIEAEERFRE G

. =N-AA interactions

. Charmed hadron interactions
. Others
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H dibaryon state, to be bound or not to be bound ?

e H-dibaryon: 6-quark state (uuddss) HAL
* Prediction: R.L.Jaffe, PRL38(1977)195 =y — ('20)
* Ruled-out by double A hypernucleus HAL
Takahashi et al.,PRL87('01) 212502 ES22 N ('16)
e Resonance or Bound “H” ? ('07) Pe+AA
Ifoon et al.(KEK-E522)+A0 ('07) AA T 6.91 MoV ‘-
e Lattice QCD results Nagara oH
e Bound (below AA threshold): ('01) AA
HALQCD(11), NPLOCD('11,’13), Mainz(‘19) v~ 80 MeV €

(heavier quark mass or SU(3) limit)

 Resonance (Bound state of NX):
HAL QCD ('16,18) (HAL preliminary)

e Virtual Pole (around NE threshold)
HAL QCD (“20) (almost physical mq)

Jaffe ("77)

We examine LOCD NZ-AA potential and discuss H using CF !
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N=-AA potential from Lattice QCD

- N=-AA potential at almost physical quark mass

(m_=146 MeV) by HAL QCD Collaboration
K. Sasaki et al. [HAL QCD Collab.], NPA 998 ('20) 121737 (1912.08630)

- Strong attraction

in (T,5)=(0,0) of N= b NE R\ TR LTy TR

- Weak attraction in AA ‘ \ (T S) (O Ol | 137\ '
(Coupling with N= | =] A
causes AA attraction) s ——t—— et

- There is no bound state Sy " Y I o R -y
in N=-AA system Zap\ T et VAA T g0\
(except for = atom), PN N B ——
but there is a virtual pole S (R S S S SR NE'AA
around the N= threshold ™ ™ e

(3.93 MeV below n=° threshold)  P=”
on the irrelevant Riemann sheeft,
(+, -. +) [relevant=(-,+,+)]

(sign of Im (eigenmomentum))
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pp & pA HERNMHD="p & AAERIEIHI(1)

Correlation function data from pp and pA collisions
S. Acharya et al. [ALICE], PLB 797('19)134822 (AA); PRL123('19)112002
(=p from pA). Nature 588('20)232 (=p from pp).

- CF(="p) is enhanced

l i " HALQCD w ith R=105fm — o " HALQCD with R =127 fm ——
pure Coulom] i’ Sy 94 L pure Coulom R
01. ow q . g | P ALICE ];H; H\ ® J-.Ha‘ et | it ri]. cl.;n.‘,l.._ W
— Coulomb+Att. pot. |
. 25 L -
- CF(AA) is enhanced from
) 16
quantum stat. result.
e 1.5
— Weakly attractive pot.
] gL
| 0.8
00 4) [l 400 J 0 J 00 1] 10
MeV MeV
1.2 1.2
1.1 1.1
1 | I P I LT d 131
0.9 T4 09 b . i .
0.8 L 08 |
3 3
~ 0.7 H 0.7 H
0.6 |4 0.6
0.5 HAL QCD with R=1.05fm — 1 0.5 H HAL Q(l) }; 1 SR
Quantum statistic 1 R=1.05 i Quanturn statistics 1 R=1.2 f dinie
0 LL formuls with R — 1. _ 0.4 | LL fo ' R 1 ........... -
\ l( E pp 13 u\ —e—i ; \1 <1 ;H W i
lll.‘;J ‘EI_IEEJ 3t'm Alfm 300 s 0 10.',»;1 l ] :;1_:-;) u";o,.l
q |MeV /¢ q [MeV /¢
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pp & pA HERNMHD="p & AAVERIEIHI(2)

- Correlation function with coupled-channel effects

using lattice QCD potential
Y.Kamiya, K.Sasaki, T.Fukui, T. Hyodo, K.Morita, K.Ogata, A.Ohnishi,

T. Hatsuda,arXiv:2108.09644.
- Source size in pp collisions
is obtained from x? fit.
(Consistent with ALICE
analysis result)
- R from pA is given from \{
scaling. e
- Coupling effects are small
(w's do not change results |
much) 02 AP
- HAL QCD potential well <] | 8]
explains the data ! | | e

T T T = 26 p T T T T
HALQCD with # =105 fm —— i HALQCD with R =127 fm ——
pure Coulomb with # = 1.05 fm ....-—. ; pure Coulomb with R =127 fm .mm....

ALICE pp 13 TeV (corrected) —e—y B ALICE pPb 5.02 TeV —e—

IPE" (dorrec T("lll| 2-: :
. [IR=1.05fm |.*fl R=1.27 fm

HAL QCD with R =105 fm — A 0.5 H HAL QCD with R =127 fm — 1
Quant 1 statisties with R = 1.05 fm ... Qusanturn statistics with # =127 fm ...
LL formuls with # = 1.05 fm —-—-- 0.4 |- LL formuls with # =127 fm ——-- A
ALICE pp 13 TV —o—i ALICE pPb 5.02 TeV +—o—
1 1 1 ! 0.3 1 ! 1 1
100 200 300 400 300 S 1o 200 300 400
q [MeV /] q [MeV/d]
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="p correlation function

2 ——— I Hatsuda, K. Morita, AO, K. Sasaki, NPA967(°17)856.
e 1 ‘ (heavier quark mass, I=0 only, w/o CC effects)
[¢] L L
S [ =p J. Haidenbauer, NPA981(‘19)1.
% sl (NLO(600), w/ CC effects, w/o Coulomb)
L - ! (w/ Coulomb it will be comparable with data.)
Z1.2 —~ 2.6 L T y T
S S 24F :r';'ff ";:'::\',“W D. L. Mihairov+[ALICE], NPA 1005
1' 220 High Mult. (0-0.072% INEL) (‘21)121 760 (QM2019). (Nijmegen pot.
2F Blpz opF .
A ot + HALOGD does not explain the data. w/o CC)
1'65 . Coulomb + ESC 16 Acharya+(ALICE), Nature (‘20)
L O Coulomb
: . 1.4 ;— e p-= sideband background
1.2 $o
1= ; - " HALQCD with R =105 fm ——
0.8 C ‘ ! pure Co‘x:l_om':;v':\'xvtl.‘ {.’ 1.05 m S . . .
0 3| Rl e mines o K. Mi+(STAR, preliminary),
a P ioorecter) Au+Au 200 AGeV, APS2021.
Kamiya-+, 2108.09644 o (No Dip at largerK)
w/ Lattice BB pot. at phys.m ~ °[ ’ +Mg M - TEEELTT
CC effects with AA. s | | D SEE 0 aEmeE .
é:j:_E_ n Central ¢ 7TllnFl:-n‘ ::-;' _E_P eripheral ¢ 11T[1;:1l ] :
. . ) i L ]
There lS no Slgnal 0 00 'le};ﬂl“ ,,\; 2[30 0 300 Ijé__:"i'~_r_--_j§___f§'_:_'fﬂ:b_.__;—_§§___M_k"_‘“_"__»f___u__tET_—P_—_—_ﬂ_—_T.T?
~ VTP A. Ohnishi @ ELPH2021 (C031), Nov.5, 2021, ELPH, Tohoku U./Online 21



AA correlation function

Adamczyk+[STAR], PRL114(‘15)022301
(Residual source R ~ 0.5 fm was assumed.)

c(Q)

Morita, Furumoto, AO,PRC91(‘15)
—~024916. (Res.Source + flow)

0.7 % . :
. [
0.7, s :
Kamiya+, 2108.09644
w/ Lattice BB pot. at phys. m,
CC effects with AA.

0.8

0.5

0.4

0.3

o wee | J. Haidenbauer, NPA981(‘19)1.
(NLO600)

= STAR

i 1.4 —o— AADAA

Moe Isshiki+[STAR],
preliminary.

systematic uncertainty
—&— STAR PRL114.022301

ffffffff EX XX R
'
i HAL QCD with = 1.05 fm aé i
Quantum statistics with R =1.05fm ..cmm. AR R Ry
j. LL formuls with i/ 105fm —-—-- not corrected for feed-down

ALICE pp 13 TV —o—
1

0 00 RN T T Au+Au |5, = 200 GeV 0-80%
q [MeV/d| p,>= 0.4 (GeV/c)

1 [TV OIS, | SV | (SRS SRR ISR
) 0.1 0.2 0.3 0.4 0.5 0.6
Q, (GeV/c)
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AA correlation and A\ interaction

s U ND | It is unlikely that AA
®  trg-a .
23 I NES |y | L Adamezyk+[STAR], bound state exists.
ol Trse e | PRLII4(“15)022301
= INsces T O meeAUFAU — AA | AO, K. Morita, K. Miyahara,
7 [ G T. Hyodo, NPA954(16)294
0 X/ = 0 i 2:’1“ AA scattering parameters
10 - g ND -4~
S e, g B %2,:(‘3 MFO'15 * unm)ulnd NF - v
amd R © Oew (1/ag<-0.8 fm’) LL (free ) | NSC9? -
o | ree X -4
AO+(“00) - e § ~4 | CEhime o
£ |
5 = 10 N stsé E]
: % ' HKMYY ©
[ B« - _ ¥ STAR —*—
AV 5 : ~ : E 6
0 W : 2 - ) ~ —
=3 12C(K K*AA), Py+ > 0.95 GeV/c LL(/@(?'B?) )+ : a()q
= 22 - E224 —— % a3 ] o<
= 2 I lNC - ED1<na<2
] +Corr. —— . a3
:\,7: 15 L (trg10a) ano maSS & E f32 Unphys. Cik*)
2 ] spéctrum from o s
2 12 - W 8
S 05| N (K, K'AA) g 1%
g | , S. Acharya+[ALICE], - T et
aPa 02 Tev o -4 - NSC¥7
" 0 50 100 150 PLB797(‘19)134822 ' ﬂ : e
AA Inv. Mass - 2 M, (MeV/c?) 6 + . T “Hf ‘;” . fos2
~ aoq 0

. B
Jas YITP A. Ohnishi @ ELPH2021 (C031), Nov.5, 2021, ELPH, Tohoku U./Online 23




Charmed Hadron Interactions (1)

 C(q) including a charmed hadron

 Extremely important in recent hadron physics.
e D (c"*d)-p(uud) correlation

* Probes O (c-ud-ud) state (replace s in @(s-ud-ud) with c) T
D. O. Riska, N. N. Scoccola, PLB299(‘93)338 (pred.); A. Aktaset+ [H1], D P
PLB588(‘04)17 (positive); J. M. Linket+ [FOCUS], PLB622(°05)229 (negative).

* Proposed potentials generally predict weak or repulsive interaction.
Hofmann, Lutz (‘05) (repulsive); Haidenbauer+(“07) (repulsive); Yamaguchi+(‘11)
(att., w/ bs); Fontoura+(‘13) (repulsive)

e Attraction from two pion exchange S. Yasui, K. Sudoh, PRD80(‘09)034008.
e Easy to calculate the potential in LQCD. Y. Ikeda et al. (private comm.)

D*

Model a-’ a'=! aj

DN ON 1. Hoffmann, Lutz (‘05)
SU(4) contact ' 1 \F] —-0.16 —0.26 —0.24 2. Haidenbauer+ (&07)
Meson exchange [ 194] 0.07 —0.45 —0.32 3. Yamaguchi+(‘11)
Pion exchange [ 192] —4.38 —-0.07 —-1.15 4' Fontoura+(‘13)
Chiral quark model [219] 0.03-0.16 -(0.20-0.25) -(0.14-0.15) |

Taken from Hosaka, Hyodo, Sudoh, Yamaguchi, Yasui, PPNP96(‘17)88
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Charmed Hadron Interactions (2)

- CharmZE2U/N\FOVREIEEERADFEIIXREZTGES !
- BLOBERIZIFN or ERULVEIS
- nXBERYAN-IFBEDH ARG HHY

1500 . ‘ | | 5000 | \ [
model 1 ——— | model 1 ———
' model 2 - - —- ‘| model 2 - - -
1000 + model 3 — - - ] 4000 L | model 3 - - —- |
model 4(1) ----- ‘l model 4(1) -----
500 L model 4(2) e | \ model 4(2) s
3000 +
> =
] 5]
=3 0 oo EEETITET =3
lg] - - ’." \:| 2000
=500 =
G S
1000 +
—1000
~1500 |- 1 0r -
-9 ] 1 | 1 I 1 I 1 1
2000 0 0.2 0.4 0.6 0.8 1 1000 0 0.2 0.4 0.6 0.8 1
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Charmed Hadron Interactions (3)

. D7(cd)-p(uud) CFs from proposed scattering length
Kamiya, Hyodo, AO (in prog.)

* One-range Gaussian potential strength is fitted to proposed a_
with the range of p meson exchange.
e Measurable difference is found.

3 m: T T
2.4 i model 1 — — —
mogci ; T 5 model 2 -----
2.2 |k model 2 ----- i :
model 3 5 W/ Coulomb model 8 -asaen
2 7 model 4-1 — — _ | 2.5 _il e Iy ——
18 model 42 - tl‘ miodel 42 s
| '{" pure Coulomb
16 i 9 e
" =l ]
S 14l w/0 Coulomb i
i
L \'I \ '...
1.2 \.:-\\‘
1l — 1.5 = \ =
————— e eaa— A %
o WA
e R=11fm \\\\_ b G
A e
06 5 50 100 150 200 250 3 R T+ LG Mo o o IS SN SN
q [MeV/¢| T e s S R ISR
R=11fm
Y y ’ ’ | | | | |
Data Wl” dlscrtmmate 3 5 50 100 150 200 250 300

these potentials !

q [MeV/(]
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Recent & Near-Future Correlation Functions

- pParpPar . pAP*"  E.g. A. Kisiel [ALICE], Acta Phys.Polon.Supp. 6 ('13)519

. I(*K"s S.Acharya+ [ALICE], PLB774 ('17)64 [1705.04929] |
— Slightly suppressed at low q
Tetraquark component of a, meson

K*K?
- pA [2104.04427], po [2105.05578], | sl
pAP, AAP" [2105.05190], p=° ['20 [1910.14407]] (ALICE) ol . . . .

« pD* (in prog.) Scatt. length is strongly model dependent. q (GeV)

— To be discriminated by experiment |

0.99 t

0.98 t

~
=

N’

O

Model a'L;‘,U ap! aj
v ' + €
bar_. _SU(4) contact [185] ~0.16 —0.26 —0.24 ZZ{{’ZZ’Z’;uZFOf({W)
D p Meson exchange [ 194] 0.07 —0.45 —0.32 Yamaguchi+(‘11)
Pion exchange [192] —4.38 —0.07 —-1.15 F ntogr +13)
Chiral quark model [219] 0.03-0.16 -(0.20-0.25) -(0.14-0.15) ontourd

- deuteron-hadron CF

S. Mrowczynski and P. Slon, Acta Phys.Polon.B51('20)1739 [1904.08320]: F. Etminan, M.
M. Firoozabadi, [1908.11484]; J. Haidenbauer, PRC102('20)034001 [2005.05012];
K.Ogata, T.Fukui, ¥.Kamiya, AO [2103.00100].
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HHRARIBIC LA /\FAVEIHEEERATTEORE

Pk n
Chiral CC pot. n [ p[K K [x[r][AlZ]E [a]D b [&sA4 PP
(examined) 2 OJo|o|[A|AlO|OJO[O[O][O Chamed h-N
Bound state K- 0lo|o0]0]0 0 interaction
K+ oloJo]lo]o 8] ;
(favored) - Alolololo .3 (work in prog.)
T Alojo]oO][oO
o A 0
pP= > 0
: = 0
Lattice QCD CC o i 5
pot. (examined) g+ > 8 l'e Kos
Bo.und state Ksf oo Tetraquark
(disfavored) W e
/ AA in a , meson
pe Scattering pars. (a,,r )
. V00 eff
ﬁa;tt(ce QCP pagt. (constrained)
=2 (examine . — — —
Bound state (disfavored — =
Bound state (disf ) e from STAR
(avored) p Ks from ALICE
2TYITP

uuuuuuuu
nnnnnnnnnnnnnnnn
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Summary

- HEEEZEZRAVV=/\FOVREHEERA DR (Femtoscopic
study of HHI)IZ#RRG/NA\FAVHICTOVWTEATE, RSB
DERGEIXFVoNFOVEBEHRICBER.
- SEHRETIOONEEN/ \FOUBEEERADOIERNRESNS(?)
- F=RUBEBRMERICOA T FILEHS1=-0.
sIRIEE{EALMRZ L

- BERHSH/N\FOUHOTEEL R IZ<EELY,

° g(@ﬁﬁli&")*?o

- TANMSEERE/NATA—2 T/ AT ?
(R R TCIXRONT=-XDH THEE)

» Y—RAB#MABNEH IO ABEMIIMESTES !

(B R O E T1 2 EB R Tl Y XRRE T it vl & RA%F)
- 3FHERAM A L3 AIEEIEFHELIDM?

- Stay tuned |
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Thank you for your attention |
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Other bound states ?

AA-N=
e C M(q) in AA(RHIC) and pp(LHC) |
are similar (No b.s. below AA).

* LQCD predicts a virtural pole
near N= threshold, which can b

detected as the cusp in C,,(q). "~
NLO(600) potential pr'edlc’rs the same.

(The fate of H particle)
K. Sasaki+[HAL QCD], NPA998('20)121737:
Y. Kamiya+, 2108.09644. Haidenbauer('19).

Kbar'N

ll‘llJ | I
g M i " STAR 1

0o 50 100 150 200

. . k (MeV/c)

 A(1405) is believed to be the bound R Y P i
state of KN, and “dip” is expected G CoB -0 ) T
01. R ~aq . s of Cgt(R =16 fin) — —~—

0]
* However, Coulomb and coupled-channel

effects modify the dip-like behavior. D
Kamiya+ (‘20). 0 50 100 150 200 250 300

q [MeV/(|
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