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Overview

Introduction:

* Newly constructed beamline at J-PARC
* J-PARC E16 experiment

e Strangeness production at J-PARC
energy

Experimental Setup
Results
Summary & Prospects
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E16 spectrometer and High-momentum beamline
(constructed in 2020, commissioned in 2020-2024)



J-PARC: Japan Proton Accelerator Research Complex 3
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J-PARC: Japan Proton Accelerator Research Complex *#
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First Program @High-p: E16 experiment

= Physics Motivation

— Spontaneous Breaking of Chiral Symmetry
* Origin of the hadron mass

* Quark condensate (gq): order parameter of
chiral symmetry

* Invacuum, (0|gq|0) # 0
— Restoration in Extreme Environment

by the NJL Model by the QCD sum rule
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T|<aq>p,T| |

¢ meson
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= Experimental Approach
by Previous experiment
p+C/Cu-op+X N:150_
(p Se 4+ €+ % | B'Y<l.25
= : outside
b e v —g 0 | nucleus
prota1> I % 4 ; | ;
nucleus e\A 3 i iR
| Hy |
b e’ /:inside nucleus ! A
-2, Cnai=syso T
proton \ 0
nucleus ’ 0.9 1 1.1 1.2
| e e*e” invariant mass [GeV/c?]

Electron: No final state
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Lett. 98, 042501 (2007).

— E16: much higher statistics & resolution!
Commissioning was finished (today’s topic),
Physics data taking is ongoing.



First Program @High-p: E16 experiment

Related Talks:

Details of E16 physics data taking:
- Ngafusa-san’s talk

C3, 15:25-15:45, June 26 (in parallel)

Complemental study of d—>K*K- decays:
- WooSeung-san’s talk

C3, 15:45-16:05, June 26 (after this talk)

Re-analysis of spectral modification in
previous experiment:
- Ichikawa-san’s talk

B3, 15:45-16:05, June 26 (after this talk)
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— E16: much higher statistics & resolution!

Commissioning was finished (today’s topic),
Physics data taking is ongoing.



Strangeness production at intermediate energies (1) ~

Strangeness production in 30-GeV p—A collisions (Vs = 7.7 GeV) is considered to be
dominated by sS pair creation from the vacuum via string fragmentation.

Schwinger mechanism (the basis of the Lund string model)

m. 2 quark anti-quark potential
P(qg)-:x;exp(—ﬁr—q) 20— T
2K _ a
V(r)=Vy— %+ Kr
(Kis string tension, m, is effective quark mass) 1s b 4 : ;
The production ratio of u,d quarks to s quarks is adl K~1GeV/fm ]
P(ss)  P(ss) ( mg? — mu_dQ) ! -
— = = = Vs = Xp|—T - osFp+4
P(uu)  P(dd) 2K : ; g s
r
Using mg = 300 MeV and m, = 500 MeV gives Ve = 0.3. Distance between quark and anti-quark

Hadron production from e*e collisions support y.=0.3 (or 0.2).



Strangeness production at intermediate energies (2) 2

On the other hands, at only intermediate energy, A+A and p+A data suggests the

strangeness enhancement.

- Underlying picture??
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Interpretation with chiral symmetry re .|

Phys. Rev. C 93 014902(2016), Phys. Rev. C 94 044912(2016)

Concept:

chiral symmetry
restoration at
finite density

reduced effective

quark masses % enhanced y;

Modeling: the effective (dressed) quark mass decreases
in response to the reduction of the quark condensate

O) (gq) <« gqq in medium
>’ {gq)y «gq invacuum
()) (dq)

q

(Gq)v

* 0 V
ms_mSJr(mS —m

x 0 vV
mq—mq+(mq m

dressed quark mass  dressed quark mass
in medium in vacuum

current quark mass 0 01 02 03 04 05
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Interpretation with chiral symmetry restoration 0

Phys. Rev. C 93 014902(2016), Phys. Rev. C 94 044912(2016)

Concept: Results:
chiral symmetry

PHSD calculation
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Interpretation with chiral symmetry restoration

Phys. Rev. C 93 014902(2016), Phys. Rev. C 94 044912(2016)

Concept: <D .
. calculation
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in respor ® Di-electron measurement: No final state interaction u}i&'gﬂfﬁ * ]
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-~ \4Y v strangeness enhancement.
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Experimental Setup



E16 Spectrometer

FM magnet: Normal-conducting

electromagnet, up to 1
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Lead Glass

Electron ID
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Detector response: electron ID 14
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entries

Detector response: tracking

Vertex distribution

~
jab]
S’

CuC

—
N
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

15

4 I !
20 mm

. /l : : -, 1:.

b Cu
...proton . = 10 O ——— : —
- I e
[ SO FOUTNE O N N T
2 oo P
s 4F----- ..IE:,..... ....... CETPPRE AETTRRE
LZOmm >, ."" -._!.Ef.,,:...h..'_-_::.::.,i.......:, ...... ......

"0 10 20 30 40 50 1055240730202

-30

-20

global z (mm)
(beam axis)

Successful reconstruction of tarqget positions

0o 0 1 20 30 40 &0
global z (mm)
(beam axis)



Results



e*e” Invariant Mass Spectrum
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d mass region
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| ' Finalization of ¢ Yields by improved method
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e*e” invariant mass (GeV/c?)

; p+Cu
} ‘[ _: 23 r.r?e-s_l-o :3.2(stat.) + 8.5(syst.)

S. Nakasuga et al., Prog. Theor. Exp. Phys. 2026, 043D03




Estimation of ¢ total cross section 18
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Mass number dependence

o parameter: UpA(A) x A%

We obtained
a = 0.99 £ 0.38 (stat.) 4 0.34 (syst.)

Our evaluation includes large uncertainties;
however, a similar trend with a = 1 is
observed across different energy regions.

Beam energy (GeV) o

12 (KEK-PS, ee)  0.937 & 0.049 = 0.018
30 0.99 = 0.38 = 0.34
400(NA6O, up)  0.906 £ 0.011 £ 0.025

Our result may suggest a = 1, namely, 0,4 = A X 0y,

—_
o

Total cross section (mb)

—

107"
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® Present data (\/SNN =7.7 GeV)
— A Blobel et al. (24 GeV/c, \/sNN =6.8 GeV) ;
| 7 NAB1/SHINE (40 GeVic, |s,, =8.7 GeV) :
— interpolated by NA61/SHINE (s, = 7.7 GeV)
..... Line: statistical err. it ‘,

" Box: systematic err. TTTTTTITLL

gt bt tO the low mass number region.
P S P PF A pPp total Cross SECLIONS -rrerriererrmres bbb b b e

(nearby energies)

10°
Mass number
S. Nakasuga et al., Prog. Theor. Exp. Phys. 2026, 043D03
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= Are ¢ mesons produced uniformly inside the nucleus and detected with little absorption?



Comparison with calculation 20

> This is unpublished information, but it will be
available in my Ph.D. thesis through the KURENAI
repository of Kyoto University.

N
o

® Present data (|s, = 7.7 GeV) q,ﬂ'
¢ Estimation by JAM (s, = 7.7 GeV) ; i e

A Blobel et al. (24 GeV/c, \/SNN = 6.8 GeV)
NAG61/SHINE (40 GeV/c, \/sNN = 8.7 GeV)

Compare the total cross-section estimated by

interpolated by NA61/SHINE (\/SNN =7.7 GeV)

the hadronic cascade code JAM with the data.

Total cross section (mb)
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oy et d e caleulAtion s
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for C (mb) IO S0 OOOOO NSO FONOOOOY Pl MO OO TN N 0 OOOUNSROO OOOOSRNRRRN SO0 DUSOOL I S 00 DO
Cross section _ .................... , ......................................................................
103144i44 675 et ‘..'-_ ......................................................................
for Cu (mb) I R 5
a 0.99+0.38+0.34 |  1.11 L
10_1’ii| i i ||||||| i i ||||||

aa D L R T L e L L L LT T e

Line: statistical err. ¢ ¢ ¢ i i

Data and calculation agree within uncertainties.

10 102
Mass number

This result support the production mechanism in JAM (string fragmentation).
However, the data tend to be larger than the calculation. Future high-statistics data and comparison
with the PHSD result may help to determine ys, testing the scenario of chiral symmetry restoration.



Summary 21

- The high-p beamline provides new physics opportunities at J-PARC.

- First physics program at high-p is the E16 experiment, which
precisely measure the ¢ mass spectrum via di-electron decays.

- High-p beamline & E16 setup also enable us to study the
strangeness production at intermediate energies.

- Total production cross section of d meson is estimated.
- ¢ meson production and mass-number dependence are discussed.
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