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Physics .
e
AThe origin of Hadron mass. A hadron, an e
excitation of QCD vacuum, reflects the nature of ecays in nuclei.
the vacuum. W Mmass
A Spontaneous breaking of the chiral symmetry. KEK E325 res;ults
A An order parameter: (An) T T
A depends on environment (temperature, density ) g Cu
A Partially restored even at normal nuclear density. %100_ f (1020)

A Could result in measurable change in mass.
A (An) ~35% reduction at r, for v and d. what about s?

coul

A(nr) & QCD sum rule”A mass 0
AJ' PARC E16 expe”ment oxzfn.df=83f50 | .
AUse p+A A R/ e/l W e+te- 6 1
A Dielectron mass spectra are obtained. High stat
A mixture of decay inside and outside the nuclear target. Better res.
A Sensitive to spectral change of vector mesons in nuclear
medium.

A Similar as KEK -E325, but collecting more data and do

more systematic study. J‘ PARC E16




Chiral condensate In
dense/hot medium

Temperature
dependence
0 0.30 0.40 0.50 0.60 0.70
<aoyl | () T T
\)‘6 0.8 r ——T :.- chiral
6\6& Normal ] W= ; condensate
/\@6\9 nuclear density 06 f et e ]
5.[1811 D i 041 Z: g T
300HeV /> ' Density
0.2 + [
T p ’ * T [MeV]
Vacuum %100 150 200 e
NJL model 1
M. Lutz et al. T=100 MeV
Nucl.Phys. A542,52(1992) LQCD
W. Weise arXiv:1009.6201
M. Cheng et al.

PRD77, 014511(2008)

condensate ratio

Density dependence

SO linear ]
- \\
0.2 Isospin-symmetric nuclear matter S %
<
1 EVERETEN] [PUEUT SR (OBPEOG VNS L ORI PTWDES
0 0.05 0.1 0.15 0.2 0.25 03 0.35
p[fm”]

Nuclear chiral perturbation
Kaiser et al., PRC 77 (2008)




Probe: Vector mesonA e*e invariant mass

Example:p+A A f +X ;
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KEK-E325 results of f meson

AThe worl

Nuclear target
C, Cu e+

e
12GeV (10%/spill)
Proton beam

A Conclusion: Mass decreases in nucleit!

d

untsq8. TMavic?)

co

—

amount ¢
50¢
oy 4
W, 4
oxzfqdﬁssfso |

0.8 1 11 [Gﬂw:,]z

I Under the assumption of linear
dependence of mass and width on density.

I Mass:

- 34 +O'6-O.7%

i Width: x 3.6%18_,

0

s f/imoddication. e s ul t s
_ bgla2s KEK-E325
p + 64Cu »"° results
oo e I 35 ]
- 30.2
)i Ex&ess Red‘ 64Cu target
§ Blue: 2C target

1 .-

]
1

! ! !
1.5 2 25

b g p/Mof f

At normal nuclear density

of



QCD sum rule results

Gublerand Ohtani [Phys. Rev. D90, 094002(2014)]

They provide ,, vsS mass.

The , is how much (i[) reduced in nuclear matter.
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Information from p-7 interaction

ALICE two particle correlation HAL QCD arXiv:2205.10544 (2022)
Scattering length and effective
1.5 ALICE pp Ys = 13 TeV — i
; gt (6 0.17% INEL > 0) 5 ranges are deduced for spin 3/2
14 07<5,<10 E combination.
:_ o p-t & B-¢ _: o 7
1-35 }” Lednicky-Lyuboshits model E w p8 O-C O-fm
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Fitting results
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J-PARC (Proton Accelerator Research Complex)

WRWE -gxé.éi J-PARC : Join ro;ect bgtween KEK&JAEA \
Linac 400MeV ' 1 ’f‘ ""“F i il .
¥ 3 3 : - A Y \ ‘1\
tirg e ﬁ.a,;:"—‘*"—f" ' d "

3;” =
to Super K (T2K) ™

‘E
MLF (Materlal and Life ©
science experimental Facﬂlty)

m— JFY 2008 e E7 :
— EY 2009 adron experimental

Bird’s eye photo in Jan. 2008 . hall,,
Borrowed from Tadashi Ko s e lslide s

10



Beam Line at J-PARC Hadron Hall

A30GeV proton --- 65 kW (7x10%3ppp) as of 2021.
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The J-PARC E16 spectrometer

Magnet (used for,KEK/E3RS5)
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) PAC approved

RUN O configuration
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ARUN Oabc - 2020,20212 403hrs.
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AC+Cu targets

ABeam / Detector commissioning

ARUN 0d - 2023 -- 200 hours.
A10(SSD) + 10(GTRY) ¥ 8 (HBD)> 8(EG).G)

ABeam / Detector comm. + yield.
AUpgraded Accelerator / DAQ. / Detectors.
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ARUN 1 2024(?) -- 1280hrs (~53days)
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A26 (SSD) + 265(GTRY *+ 26 (HBD)[F) 26 (EG).G)
A+ Pb/CH2 target

ANeeds additional budget.




RUN1, Cu target (INPUT:E328BW)
Fit with BW In vacuum
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Mass [GeVic']

A~15k f for Cu target expected in RUN1

ALeft plot: significant change seen (w/o b gelection)

A fit with [vacuum shape + exponential  bkg] fails due to the
excess left side of the peak

ARight plot:
A Excluding the excess region(0.94 -1.01GeV/c?), fit succeeds
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RUN1, Cu (INPUT:E325BW)
Excess ratio vsb g

N AN N

A All b gbins for Cu are
significant in E16 ERER
A (cf) E325 only fastest '
bg bin is significant.
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M O m e ntu m d e p e n d e n Ce H.Kim P. Gubler PLB805, 10 (2020)extends the
(Dispersion relation) oo e

AMomentum dependence of mass can
be obtained for the first time.

AExpectation of RUN1 x 2.5 is shown.

ADispersion relation itself is an
Important property of pseudo particle.

AWe can extrapolate mass into 0
momentum, where most of QCDSR
calculation results applies.

S.H. Lee PRC57, 927(1998)



