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WG discussion
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Topics for hadron physics

* Femtoscopy
* Nucleus (Hypernucleus) + hadron system
* Three body system

* Hypernucleus measurement at mid-rapidity region
* Double A/ Triple A/ = / Q Hypernucleus
* pr and flow measurements with Hypernucleus

* Exotic hadron measurement
* Yield comparison (pp/pA/AA)
« Quark scaling by measuring v,



Example of Femtoscopy
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Femtosco

Correlation Function
Koonin('77), Pratt+('86), Lednicky+('82)

C(g) = [ drS(r)lpg(r)|”

S(r) = source function, @q(r) = relative w.{.

Hadron-Hadron Interaction

Lednickey, Lyuboshits (‘82); Lednicky, Lyuboshits,
Lyuboshits (‘98); Heidenbauer (‘19); C. Greiner,

B. Muller, PLB219('89)199; AO+ ('00); Morita+
(‘15~); Kamiya+(‘20~); STAR (‘15~); ALICE (‘19~)

AA scattering parameters

Source size (HBT)

Hanbury Brown & Twiss,

Nature 10 (1956), 1047;
Goldhaber, Goldhaber, Lee, Pais,
Phys. Rev. 120 (1960), 300.
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Ledniky-Lyuboshitz (LL) model

ALICE, PLB 802, 135223 (2020).

Confluent hypergeometric function (solution of hypergeometric equation)

(Given by Bethe-Salpeter equation)

II"[_E': {r_:ic . .F('*) — AC(H) _ Combination of the regular and singular S-wave Coulomb function

V2

X {E_ik*'FiF(ir}. 1,ic %) H fek®)

r#

G(p. r})]

Scattering amplitude: |fk*) = _]}E+%dgk*2 —ik*] | :w/o coulomb force (effective range expansion)

11 L2 - -1
fek™) = A + Eduff*z — k™ — Eﬁ(?}) — lk‘ﬁc(ﬂ)] . (A3) :with coulomb force

x.
where h(n) = nz > [n(n? + ?}2)]_1 —v—In|n| (y=0.5772 is the

n=1

Euler constant).

A.: Gamow factor (probability factor overcoming the Coulomb barrier)

rE =k*r*(1+£cosf*), n=1/(k*ac),

Angle Bohr radius




Ledniky-Lyuboshitz (LL) model

ALICE, PLB 802, 135223 (2020).
(Given by Bethe_salpeter equation) Confluent hypergeometric function (solution of hypergeometric equation)

. o = 1
(+) % N : ) _
KI}_EK (r*. .I('*) — AC(H) \75 Combination of the regular and singular S-wave Coulomb function

X {E_ik*'FiF(ir}. 1,ic %) H fek®)

r#

G(p. r})]

1
F) = [ 5+ Jdok*? —ik* |

When only the strong interaction is present,

Sum of over all pair-spin configurations o

weights: e.g.(pp) Y(singlet), %(triplet) One dimensional source size

1] f(k) 2( dg
Ck*)=1+ — 1—
(k*) ;pg : ‘ - N
By fitting with this LD E Ry - STKD opery
equation, we can VT R ’

evaluate the scattering
parameter as f;, d,.

F1(2) = [Z(e" 7 Jz)dx Fa(2)=(1—e)/z,



Issue of Femtoscopy and advantage of J-PARC-HI

» Femtoscopy — Isospin and spin averaged interaction (f,, dy)

» CF corresponds to total cross section (o) in the scattering experiment.
» Scattering experiment. PWA to decompose them using do/dQ) and spin observables
« Can CF(Femtoscopy) be decomposed with spin observables? (Issues in the future)

1(G) IRRN7TETSIO W | Key of J-PARC-HI Femtoscopy

Slide by Dr. Kamiya 4He (1=J=0)
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Example of Femtoscopy
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Partial Wave Analysis of CkF

T. Yamaga, J-PARC P89

(a) J© = 0~ case
1.1 oy
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Femtoscopy(fy) + Spectroscopy(B-)
— Compositeness

J-PARC-HI

Weak Binding relation
2X
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Hypernucleus + Hadron Femtoscopy is also interesting and possible "




Three body systems (three body interaction)

S
ALICE, Eur. Phys. J. A (2023) 59:145 °
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Topics for hadron physics

* Hypernucleus measurement at mid-rapidity region
* Double A/ Triple A/ = / Q Hypernucleus
* pr and flow measurements with Hypernucleus

* Exotic hadron measurement
* Yield comparison (pp/pA/AA)
« Quark scaling by measuring v,



Hypernucleus measurement at mid-rapidity

We aim to measure Double A/ Triple A/
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Hypernucleus measurement at mid-rapidity
A lot of measurements with Hypernucleus were shown

Slide by Prof. Esumi

pt dependence
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v 1A

HEFIADRFIAFLY

—— vl —|—\ v1ixU ,lCsensitive Tld
AT @ SN EXG BEXZ5,

BAHa)Vl:E)IE.IﬁB LL\O

A directed flow v (\/syy = 4.5 GeV)

Y. Nara, A. Jinno, K. Murase, & A. Ohnishi, PRC 106, 044902(2022).
(Calculation is done by using latest version of JAM2)

04 § STARA Vs = 4.5 GeV

0.3F LY-IV A

— Chi3momSoft A

b
_oal A JAM2.5/RQMDV

-0.3} +

—0.4}

4’ No difference is found between

Chi3 and LY-IV.

(Also for \/syy =3 — 19.6 GeV)
Why?

~15 -10 -05 0.0 0.5
y
STAR A: Phys. Rev. C 103, 034908 (2021).

1.0

1.5
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US (MeV)

80F

60

Why A v, is not sensitive to U, (p)?

\ LY-1Vv

\ —— Chi3momSoft

\ —-=— Chi3 w/o mom
=== Chi3momHard

30

5 10 15

t (fm/c)

The difference in the A
potential experienced in the
simulation is not so large to

exhibit the difference in A v;.

The difference may be
found in other setup or
event selection method
achieving higher density.

What is needed to access U,(p > py)?

If you have idea, please let me know!

——= A+I+Z=
_—— Y
— A+ 20

Potentials of ~ and resonance

hyperons (Y*)
(In the current calculation, all

hyperons feel same potential as A\.)

— e.g. parity doublet model

(now working on!)

\r“sNN =4.5 GeV

* More constraint on the mom. dep. in the high mom. region.

* Other setup for selecting N\'s feeling higher densities (event selection).
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Topics for hadron physics

* Exotic hadron measurement
* Yield comparison (pp/pA/AA)
« Quark scaling by measuring v,



Exotic hadron measurement at J-PARC-HI

X(3872) and w(2s) [cc] would be affected

CMS, PRL 128, 032001 (2022). differently by the medium in Pb-Pb collision.

CMS succeed to measure X(3872) Slze and quark content should play an
1.7 nb™ (PbPb 5.02 TeV) important role.
Azoof_ CMS inclusive X(3872) 3 1.7 nb™ (PbPb 5.02 TeV)
v F (2S) 1.8
= f : F cms
s 150~ + ++ + 2 ol - - 12 + + 1 1.6F P
C 1 + U I - rompt
Q° m. S AR ¢ t #4680 S c 1. . F m PbPb (5.02 TeV)
Lt . 1 g g 1.4 lyl < 1.6, 0-90%
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v, Measurement with Exotic Hadron
—Quark Scaling
J-PARC-HI will measure the v2

- '/
Q&\/ oD — Discuss the quark number
\/ S of exotic hadron
- J Elliptic flow v,
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Fr—LI\UAIRE J-PARC-HITOSBEEAE
F — ASROFH .
54 4 —J EABEQRNT O—T e datak
CSCHRTODUEIRK A (clu,dD~E*(c [u/d,s])

A =m0y =t
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C —ic >HC

Enhancement of A/D at high T T
(— ALICE, sSPHENIX) \ ﬁ &
—— m,,, =0.455 GeV v S,
—— my,,=0.6 GeV .
2SC uSC dSC CFL
\ A(clu,d]). E.c [u/d,s])

1r ——- no diquark correlation
rSB

dSC

Phys. Rev. Lett.100.222301 T [GeV] > U B .
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QCD Kondo effect in Quark Matter
BWIA—DEBWNIT A =D (R DEBERANKE 12D

2924 —70—DAE J-PARC-HITOREEEAIE
R R OIER(ICHEER(drag forceDigX)

Resistance/Resistance{T=0 Celsius) x 10000 S.Y., 8. Ozaki, arXiv:1710.03434 [nep-ph]
A L'f,‘}';::i;,f’;’;;,’ﬁf;’g';}" clen Berg, ;’;‘Eéggeor- Phys. 32, Shear wscgsﬁy G.=0.5Gyg, p=0.4 GeV Phys. Rev. D 96, 114027 (2017)
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- HBT
Interaction & Sorce size
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Interaction & viscocity
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BEL R & T/ ET x/)L¥— (Compositeness)
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NANR=DO7A—RETRNVHLHIEDH?
https://indico.cern.ch/event/1139644/contributions/5456346/attachments/2707617/4700889/QM2023 poster JunyiHan v3.pdf
https://kds.kek.ip/event/47542/timetable/?layout=room#20231028.detailed
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« 2OHITE
Reconstruction
Decay channel:
Yf-mnl+p (BR =51.57%)

- y+7y (BR=98.82%)
Photons reconstructed from conversions
(PCM) or in the calorimeters
Secondary vertex reconstruction

with KFParticle[1]

Novel energy correction is applied
to improve calorimeter resolution
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[1] M. Zyzak et al. (2013), The KFParticle

FrrrrJTrTrlrrrJrTrrjryxrfJrrryrrrfrrryrrrp?
.

. ALICE Performance
‘e pp, I5 = 13 TeV
High-mult. (VO + SPD)
fe 15<p, (GeVic) <85
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package for the fast particle reconstruction in ALICE and CBM
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ALICE Performance
pp, ¥s = 13.6 TeV

+ Dala
— DSCB fit

vt oanen', T Men
25<p <3.0GeVic
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Contact: b.heybeck@cern.ch
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Perspectives -- For the next 5-10 years

Missing Mass Method

s P_> —
8 ProHe “/>@ - S
e S
n On
SHe

-

M4n:J(E8He+Mp—Ea—Ep)2—

& No need of neutron detections
@ Worse mass-resolution: AM~ 1MeV
@ Decay mode cannot be observed

P8He_P—a>_

Invariant Mass Method _
Ppq
- >
o0 _____——‘/@ Oo— Fn2
@' -------------- >05s s > —>
O p “~-~ O
arge i
8H€ : P Pn4

> P

2
M4n = (z El> -
i=1,4 i=1,4

&/ Good mass-resolution: AM~ 100keV
& Decay mode can be observed
@ Need of neutron detection

» Missing-mass - Invariant-mass
» Better M, Ex resolution (~100keV)

» Decay scheme

» Require multiple neutron detections: M,,=3,4,5,6... .



a) Neutron-detector: Current Scheme
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b) Neutron-detector: New Scheme
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Chamber Chamber Chamber Chamber
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Next-generation neutron detector TN, Y.Kondo, K.Miki, H.Otsu,T. Kobayashi

Full tracking of recoil protons by Drift Chambers (DC)—> Neutrons can also be traced
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Simulation Results (by Y. Kondo)

Position resolution(c) ~2mm
E, 4 resolution(c): 30~50 keVw1MeV

- 180F -
0 2N | eiThis methoqﬂ n 25 5n
4000[- 2
o Eyy = 1.0MeV o 120F Esp = - 200 E6n = 1.5MeV
§ 3000 § 100f 2.37MeV § 1sf
S 2000F S :g: S 10f-
]0003_ 40;_ Missing mass 5_
0: w"."JIL\ o by zgiﬁrﬂﬁd [IL' ;ﬁh i Ll“i:é:;:ﬁ]:m:—.._ 0E ’—u("U U\,W[Iﬂp'lﬂ pooog me o W
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Ezn (MeV) E4n (MeV) E¢n (MeV)
O-EZ‘n = 35keV O-E4_n =70 keV_Z O-E6TL = 37 keV .
827’1 == 2% 847’1 = 20)(10 % 8671 = 17)(10 %
8He(p,a)*n 8He(p,3p)° f. K.Miki
P, e(p,3p)°n (c.f. K.Miki)

v' Compared to the NEBULA-PIlus setup, Efficiency is smaller, but
S/N and Mass resolutions are much better
v With high-intense beam such as %8He, experiments are feasible



