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HADRONS MASS AND “QCD VACUUM™

———

= Mass levels of hadrons can be

understood as the excitation

enerqgy levels from the vacuum

= The mass of the ©m meson is very
small. It can be understood as a
result of spontaneous breaking of

chiral symmetry in the vacuum

= Hadron properties should be
determined by the vacuum
properties

= Thus, we need to study

characteristics of “QCD vacuum” to

study hadron mass
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“QCD VACUUM" AND

-

———

= One of the important properties of
“QCD vacuum” is amount of anti- W. Weise, Nucl. Phys. A553(1993)59c¢
quark quark condensations

= (Y1) : Expectation value of the
vacuum

= Order parameter of chiral
symmetry

A 1<Gg>, 7|

normal nuclear

= The amount of the condensation in density

“QCD vacuum” depends on
temperature and density of the

matter 300 Me
. T
= However, anti-quark quark temperature 0
condensations itself are not density

observable

= Realistic observable should be
figured out
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VECTOR MESON MRSS AND (qq)

—_—— = T

—— e ———

P. Gubler and K. Ohtani, Phys. Rev. D 90, 094002 (2014).

Vector meson mass spectra can be connected with anti-quark
quark condensate

‘Two point correlation functions after the Borel transformation:

om0 = [ el
0 M Spectral Function

QCD sum rule for ¢ meson channel: Mass spectra should
be measured
. 1 QO 1 6m?2 experimentally
Gopp(M*) =—(1+ =) - ——=
ore(M) =151+ 0) = §pgm
1 g 1 1127
fl 1 Strangeness
1 g 1 3 content of the
—I_EAEEHMD W‘g JL"“O T nucleon
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®N INTERACTIONS AND MRSS

= Mass of ¢ meson in a QCD medium can be studied in terms of ¢N
interactions

= ALICE shows the attractive strong interaction between a proton and a
¢ meson using two-particle correlations measurements

= Consistent with LEPS results (W.C. Chang ef al., PLB658(2008), 209)
: Sh%mﬁcantly larger than CLAS results (I. I. Strakovsky et al., PRC101(2020),

ALICE, PRL 127 (2021), 172301

= The result suggesta largemass £ ' = AL E

modification of (1) meson O‘Z » - High-mult. (0 - 0.17% INEL > 0) .

4 07<8,<10 3

1.3 — + ¢ OTe —

. - Lednicky-Lyuboshits model .

= We are preparing a new 12F . orsezom e, E

eXperlment tO measure mass . R(f,) = 0.85 + 0.34 (stat.) + 0.14 (syst.) fim E

. 1.1 3(f,) = 0.16 + 0.10 (stat.) + 0.09 (syst) fm 3

spectra of vector mesons in : \ e ]
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Change of quark
condensates and
modifications of mass

spectrum
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Spectral Change:
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Even in nucleus, changes of
condensates can be expected
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= A prior experiment is performed at KEK-PS

= The experiment shows yield excess in e+e- invariant mass and it can be
understood as mass modifications of ¢ mesons

= At J-PARC, upgrades of the KEK-PS E325 experiment are being
carried out

KEK E325 results ) J-PARC expectation
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b

J-PARC (Japan Proton Accelerator N
Research Complex)

-

MR
30 GeV Synchrotron

:,’_ e -

Hadron Experimental
Facility



Hadron
Experimental Facility

— —ABFE—Ls /
5| PrimaryProton Beam
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N Y

Name Species Energy Intensity
K1.8 mt, K* <2.0GeV/c ~10° Hz for K*
K1.8BR mt, K* < 1.0 GeV/c ~ 10% Hz for K*
K1.1 mt, K* < 1.1 GeV/c ~ 10*Hz for K*
New : proton 30GeV ~ 1010Hz
. High-p g
Beamline Unseparated < 20GeV/c ~ 108 Hz
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= Measurements of e*e” pair invariant mass spectra in nucleus

= 10 times larger statistics compared to the KEK experiment
= 10!° protons per spill (10 times higher than KEK)

= Counting rate: 5 kHz/mm? (maximum)

= Two times better resolution than KEK
= Larger magnetic field

= Better Position resolution (~100 pm)

300x300mm?2 GEM with Csl

=

: P =
A - M -
B T e Sl e— 5 | [ I

B e — e

A

Electron ID
GEM Tracker

K. Ozawa, Jagiellonian Symposium 2022/07/12 @



&% coil O
N &g %, return yoke
J ole 19 %%,
> giece T.'.o.: %e |
NI
....
..:'.'_
oe g
o0 _
oe®
0 :>
oe ™
=l
Target O
/f®'e Cherenkov
" ...o:.. radiator
\|| lcsi+GEM @
GEM tracker

SSD :Tracking , GTR : Tracking

HBD : eID (Cherenkov)
LG :elD (Calorimeter)

26 modules in total. 8 for the 15t physics run.
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= Ionization electrons in the drift Mesh elecz?:de |
gap are collected and amplified bDriftGap l 3 mm
==

bY GEMs. CEM ™ ,
e
» Charge collected on to 2D strip GEM ™= - e
readout. S Tensfer g o T
= X: 350um pitch cEM B 48 4
= Sensitive to bending direction. readout - ddém’:::’:m;m ;z‘zf{gger

= 100 um resolution required.
= Y: 1400um pitch

Y2

2022/01/12
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HBD (HADRO N‘?LIND - ,DET ECT9§) J:\q:\\a‘\a("g;é%) 753 \ié)%)“h
4 mm photo- ,L%'{,\O“
* Based on PHENIX HBD. | electrg e |

* CF4 serves as radiator and amplification gas i ]
« Radiator 50 cm./ p.e.~ 11 L1 mm | /“W GEMI
1.5 mm / GEM
* Gas Electron Multiplier (GEM) for | i |
amplification 4 15 mm GEM

« Cslis evaporated on top GEM Trigge

— Photocathode (> ~6eV)

©
o

PHENIX HBD measurements in CF,
NIM A 546 (2005) 466-480

] .
e« E16 HBD measurements in CF, l L T L}
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= First beam

OF THE EXPERIMENT

— —————

: May 24, 2020.

= Commissioning runs: June 2020 and June

2021

= All detectors, triggers, and DAQ worked well
= Detector performance in commissioning data

= In the next year, we will improve beam conditions
and take physics data

5
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SUMMERY

= Origin of hadron mass is one of the important topics in hadron physics
study to understand our world. Hadron mass is dynamically generated
by a spontaneous breaking of chiral symmetry in the medium and
closely related with properties of QCD medium

= We are preparing a new experiment to study mass spectra of vector
mesons in nucleus, since mass spectra of the vector mesons can be
modified due to a finite density effects

= We took pilot data and evaluate detector performance. Detectors work
well. We are planning to take physics data in the early next year.
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FUTURE: STUBY OF HIGH DENSITY MHTTER

A K. Fukushima and T. Hatsuda, Rep. Prog. Phys. 74 (2011) 014001
~
> Quark-Gluon Plasma
= | sQGP
2.
= Critical
= Point Quark-Quark correlations
have important roles in a
high-density matter
b Y
Quarkyonic
Hadromc Phase y
Free Space

Baryon Chemical Potential x4
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= Main Physics topics hitps//gitab commanaporimodel jam
= QCD phase structure in high density region o I . .
= Study of strangeness systems and hyperon
interactions g
= Heavy Ion Beam specifications
" Beam Energ-y: SNNN 2 - 5 GeV :: O Maximum ADZ:Z?;;?E:ZWHI
= Species: Up to Uranium " R ¢

Calculated Temperature and Density

= Maximum Beam Intensity: 10!! Hz

Experimental Area
Spectrometer
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MEASUREMENTS OF ELECTRON PRIRS IN HI

= Di-electron measurements in heavy-ion collisions with spectrometer upgrades
= 108 beam/spill, IR rate ~ 50 kHz with 0.035 mm Au target (~0.1% int. length)
= First Proposal is submitted to J-PARC Program Advisory Committee

Chdgiase Eosen + signal pairs
Carolmetes — e 1<V, <2 & O<b<dfm ignal pa
[ G IE . - e*ey

3 — N> e'ey
L R — o> e‘e +e'en
s} i
S 10t 5 — (> e’e
= 10'B
3 —— thermal
o

T=150MeV

Cherenkov
radiator

Gsl + GEM

GEM trackers
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Detector Upgrade M, GeV/c?
in the forward region Expected e*e” mass spectra

K. Ozawa - HYP2022 01/July/2022 é@’

Y




HADRON EXPERIMENTA

B, e - —mrd———

Primary Proton Beam

: 7 L [T
Extracit;onoforOHfDdchm Exp. New Primary Beam Linel.
0 H h_
d T 171" Jew (High-p) | |
Production Target
Name Species Energy Intensity
K1.8 s, KE <2.0GeV/c ~10° Hz for K*
K1.8BR nt, K* <1.0GeV/c ~ 104 Hz for K*
KI, K, 2.0 GeV/c (Ave.) ~ 107 Hzfor K°
New High. primary 30GeV ~ 1019Hz
Beamline gp Unseparated <20GeV/c ~ 108Hz
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HADRON PHSYICS

Understand our world based on quarks and its interactions

Quark .
Current mass (a few MeV/c?) (Higgs Mechanism)
Colored Quarks are confined
Interaction: Quantum-Chromo-Dynamics

Proton (Hadron) : I Naive understandings

Mass of 940MeV /2 Color confinement
Has Constituent quarks inside Spontaneous breaking of chiral

Interaction: Hadron interactions symmet.ry and Dynamical mass
generations

What we want to know? the presence of 1, K, n as NG bosons

How is hadron mass generated?
What are effective degree of freedom inside hadrons?
How are hadron interactions understood from quarks?
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Silicon Strip Detector

e RunO

* Existing 6 SSDs used for another J-PARC
experiment.

* ATLAS sensor

* Sensitive area: 61 mm x 62mm
 Strip pitch 80 um. (1D)

* Timing Resolution 4ns

* |t has large unwanted frame.

* The readout ASIC is APV-25

* Runl

 Starting collaboration with FAIR-CBM
 CBM developed sensor
* Sensitive area: 60 mm x 60 mm
 Strip pitch 50um (Double sides)
* Almost no frame B S
 The readout ASIC is a CBM special chip

* Developed for the streaming DAQ,

however it can be used for a triggered DAQ Micro strip Cable

Sensor
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GTR Performance

e Center Of Gravity (COG) Method

/ incident particle

o
L]
* Ordinal analysis method = Dri
e rift ga
* ~60 um @ O degree of incident angle 5 Q FJ
* Worse results for inclined tracks | — — — |
/ readout strips

* Timing method

* Distance in drift field dir. Can be obtained
using flight time like mini-TPC 4

e ~100 um for all tracks

* 2D fit (COG + Timing)

—_ Fit function in t :
S Waveform
=,
©  Timing method |ee
qu 300 | COG method |- oo '_
=z F |+ 2Dfit E
S i ]
'g e E I [ X I 1T ] » X
g 200 = ] readout strips
o - o
»100 |- e Fit function in x :
Requwed;:_; : P ] Gaussian
F : > X
O.Ziu,.111,,1“”1,.“1,14.l....|.“
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LG (Lead Glass
Calorimeter)

e Reuse from TOPAZ

e ~300 at the 15t stage.
e ~1000 in total

* We have all we need. I
. . " " ; S = &’\:"’. ;
» Expected Rejection Power | T
V4
« ~25 offline (energy dep. th.) We've got all we need.
 ~10 online (fixed th.)
| e & t ADC dist. |
- E S
S o007- % | | | §
2z = _ —— e@0.4GeVic
g 0.065 2990% —— n@0.4GeVic 3 /aé .
S o005 ——> | @1.06eVic ‘ ] C
0.04; n@0.4GeV/c @;E j : i ,@
0.03C- (5.4+0.5%)@e90% | j § H
- : 1.0GeV/ | |
0.02- : K@KH 5.951(:3%)@6-90% | | >
0.01" s e |
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