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Study of f meson In the nucleus

AGoals

AEstablish in-medium modification of f meson mass
and evaluate the i [ condensate in nuclear density

AExperimental status

ANo f mass shift has been observed for f Y e*e- and
K*K- in A+A at GSI, AGS, SPS, RHIC, LHC

ANo modification of BRs of f Y e*e- and K*K- in A+A at
SPS-CERES (PRL96, 152301 (2006))

ANo f mass shift in f Y K*K- in g+A collisions (LEPS)
(T. Ishikawa, PLB 608 (2005) 215)

AOnly in p+A (KEK-E325), low mass excess in
fY e*e observed
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fY K'K-and fY ete in p+A

fY K'K-and fY e*e
A Higher statistics for K+K-

A K+K- Branching ratio sensitive to f mass shift

Small Q value (32MeV) of f Y K*K-
A Y K*K- spectrum is modified by FSI (KN)

nucleus
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Transport model calculations for f Y K*K-

p+Cu, b g1.25
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A PHSD (Parton Hadron-String Dynamics) model developed for f Y K*K-

P. Gubler (JAEA), S. H. Lee (Yonsei Univ.), E. Bratkovskaya, T. Song (Frankfurt U./GSI)
K-N interaction based on chiral unitary model including off-shell effects
A K* in-medium modified spectral function
A Scattering and absorption of K* in nucleus (e.g.top $

mass shift —— |

| Alnput mass shift :

1.2

Dm = -34MeV
rir,

| ALow mass excess

remains w/ FSI

A FSI effect may be
small



KEK-E325 results

VRV F. Sakuma (E325)
f Y K K PRL 98 152302 (2007)
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KEK-E325 results of f meson
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A Conclusion: Mass decreases in nuclei *% ® & = 2 @ 3ESA
Assuming linear dependence of mass and width on density
i Mass shift: - 3.4 %06 0% atr=rg
i Increase of width:  x 3.6™18

=) Much more statistics are expected in E16 and ES88. K. Aoki, INPC2025 ¢



QCD sum rules connect mass to condensates

Lattice QCDN=2+1+1 average) Eur. Phys. J. C (2022
102 T T T T T T T |
3

A E325 results, QCD sum rules and Lol \\ Gublerand Ohtani

L PRD90, 094002(2014)
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A m (GeV/c?)

Based on QCD sum rules in H.J. Kim and P.

Dispersion relation ¢ . phys. Let @05 135412 (2020)
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K angle (deg)

f Polarization through decay angles of
f Y KtKandf Y e*e

|.W. Park, HSako K. Aoki, P. Gubler and S.H. Lee, Phys. H&Z, D74033 (2023).

Helicity rest frame
of £ meson

9. f
e/

K. Aoki, INPC2025

Decay angle distributions in f rest frame for L/T f polarizations

E88:f Y KK T E16:f Y e'e
dr
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Both T and L polarizations can be
E88 has ~100% K angle distinguished

Only T polarization can be distinguished

acceptance fof Y ki Full angle coverage Low acceptance atog)=0
f spin carried by orbital angular f spin carried bypin of ¢and e

momentum of KK pair

11




J-PARC E16 spectrometer

Dipole magnet (FM-magn&t)
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" NLG :Lead Glass calorimeter (electron\D) Y ,9” K. Aoki, INPC2025
26 modules in total. 8 for thestphysics run. ! 12




E16 commissioning run IOOR Tiayers
- Tracker performance - See Of traking
L'E‘: 1 STS
- | 3GTR
ATracking: dayer of Silicon detectol ::. | >
and 3layers of GEM tracker. o® ‘. Target

AGTR position resolution ~ 1120,
AParticle separation with

GEM Tracker
- } dEdx of STS vs momentum
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E16 commissioning run
- electron ID-

Hadron Blind Detector
(Cherenkov detector)

w 3000g
il

5 (b)
5 25“”% Response to electrons
2000
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-500F- |
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primary charge [p.e]
=5 0.9~ —electron
---pion
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s

cluster size

Cluster size

10mm

Cherenkov blob
®34mm

Cherenkov photons from electrons spread
while residual signals from pions do not

Lead Glass Calorimeter

A Hadron Blind Detector enhances electrons.

A Clearcorrelation of nomentumvs energy of
electrons observed.
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12 14

18

Momentum[GeV/c]
K. Aoki, INPC2025 14



e*e” Invariant mass spectrum

AVery preliminary plot

AWe have successfully observetf meson peaks.
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J-PARC E88 Setup

qy

Top and bottom layer - |
Kaon ID detectors -45015°15°45°

Beam time: 30 days with 30 GeV proton
beam at 10° / spill

A C + Cu + Pb targets

A 1M events in total. The statistics increased
by factor of 300 (p+C) and 500 (p+Cu) from
E325

T ockaEs |
CIR STS C Cu Pb
I Target f b@l.23) 72k 113k 314k
p Beam f 1.23<b g1.72) 79k 134k 313k

A 6 forward modules for K* identification in top and bottom layers f 1(2<b g2.06) 8 15k 35k

A MRPC (Mulit-gap Resistive Plate Chamber) and SC (Start timing counter) for Time-of-Flight measurement
A AC (Aerogel Cherenkov counter) for pion rejection

A STS (Silicon Tracking System) and GTR (GEM Trackers) for track reconstruction 16



Particle identification and acceptance

M?: calculated with TOF between MRPC and SC
w/ timing resolution of 70ps and 50ps

M?2 vs rigidity (Simulation)

3

I 4

=10

~
O
~~
>
O 2
N
O
~~
o

—h
T

= 10°

= 10°

10

1

b2 o0 02 04 06 08 1 12
M2 (GeV?/c %)

p+(GeV/c)

y-pr acceptance
P+Cu (No AC veto)

—
(4
IIII|IIII|IIII|IIII|IIII|IIII

f K*K- (ES8)

...

_ e*e (E16)

A I I D o e Lo e o ok T P T NN

05 0 05 1 15 2 25 3 35 4
Y 17



Multi-gap Resistive Plate Chamber (MRPC)
" - ’ - V.A. Gapienko et al

Inst. Exp. Tech. 56 265-270 (2013)

Resolution, ps Factor ~5
# Increase of
100+ @) :
® u § high-rate
O ags
oL : . & capability
) Oa 1| expected
23 |Cg=—) 45 C
A o
60F m e/ 23 C
§ O N2 35 C
Glass stack chambers (PC or Glass-epoxy) ®o ot 0 ©
40 o™ o5
Chassis s Alx N , , , |
>R Heat insulator 0 5 10 15 20
CathodeRCE s Urethan x MIP flux, kHz/cm?
Electrode _(-Hv) Plane heater Enhanced high-rate capabilityA Warm MRPC

A Warming glass sheetsY lower resistivity
Y shorter recovery time from discharge

Electrode [(+HV)

N
A

Anode PCB

Glass A Timing resolution improved with higher T in the beam
Spacer A Timing resolution of 74+ 24 ps achieved in the E16

Cathode PCB commissioning run (2024)




Start-timing Counter (SC)

ASegmented scintillation counter

A8x8x180mm?3 plastic scintillation counters (BC-420)
APhoton detection with SiPMs (Hamamatsu S13360-6050VE, 6x6mm?2)

ACosmic ray test
ATiming resolution: 63+ 7 ps

“”low_nuu Y

Scin\i‘llator

19



Kaon ID detector test at E16 (2024)

A3 MRPCs, 4 ACs, and 3 SCs with 1/24
scale of a module were tested in E16
spectrometer Top layer

MRPC
beam

GEM tracker

A TOF with SC and MRPC

A Rough momentum and path length estimation with

Horizontal positions of SC and MRPC segments assuming the
particles originate from the target

p/q (GeV/c)

Beam rate ~ 5x109%/spill
Nt K+ proton

Veery Preliminary

02 04 06 08 1 1.2 14

L1 I\Illl\‘\lll\\ \Ill
02 0 02 04 06 08 1 12 14
m2 (GeV?/c*)

500

400

300

200

100



Timeline of E16 and E88
AE16 Run 0 Commissioning Run - 2020-2024

E16 Run 1

ATests of beam, detectors, DAQ

AE16 Run 1l 2025-2027 ~53 days
A Only imtheamiddlelayerer
Ap+C, p+Cl
Af: 15k for p+Cu

AE88 p+C, p+Cu, p+Pb, 2028 ~ 30 days
AForward angles at top and middle layers
AKaon -1D detectors in upper and lower layers

AE16 Run 2 ~107 days

A Fulll acceptance wi3 layers=rs
Ap+CH, p+C, p+Cu, p+Pb

A Additional budget required

E16 Run 2

21



Summary and Outlook

AComplementary studies of in-medium modification of f mass
spectra with e*e” (E16) and K*K- (E88) decays.

AWe will measure invariant mass spectra to evaluate mass
modification depending on momentum and polarization to evaluate
(i Iy and Lorentz-symmetry breaking effects.

AE16 will collect ~15k f_ e*e- decays, with a factor of 5 higher
statistics than KEK-E325 in 2025-2027.

AES88 will collect ~1M f_  K*K- decays, with higher statistics than
KEK-E325 by 2-orders of magnitude.

22
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Aerogel Cherenkov Counter (AC)

Light collection cone Aerogel n=1.15
t=30mm

Cosmic-ray test
AEfficiency ~90%

Incident angle
acceptance
<t 40°

SiPM(MPPC)




Expectation (E16,A ee) iIn RUN2

ARUNZ2 statistics
AINPUT: E32BW

APbtarget
Ab & 0.5




Toy model (p+Pb)

1.25<b g1.75
3 L L 0 o
- Longitudinal polarization 1 § Transverse polarization
10° (gx<30° or 150°< qy) ol (75°< gx <105°9)
102;— -
= 102 -
10 ;— Al b : s + H**ﬁ +
1= - b(
5 Vacuum distribution e
107 = -
E | | | | | | | | 1 | | | | | | | | | | | | | 1 1 | | | 10_1 :_I | | | | | | | | | | | | | | 1 1 1 | | | | | | | | | | |
0.9 0.95 1 1.55\1-1& 1.15 12 0.9 0.95 1 1. 1.1 1.15 12
2 2
A Generatef6s wi th ESB8 stati st Q(Ge\/.lc) | m (GeVi/c?)
A Dispersion relation based on QCD Ratios to vacuum dist.
Sum Rules B i e
A f kinematics based on PHSD s =
transport model o o
A Woods-Saxon density distribution  s— | s
of a nucleus .« i3
A Invariant mass resolution of 2 3 % 3=
MeV/CZ 2; %ﬁ-ﬂj 2;_
E + o+ = SR
A No FSl included = e e = ﬁ T T )
BN ¥ - ¥ - ¥ T e

26
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Goals of the research project

Comparison betweehA e*e andf A K'K

E88:f Y KK

P
f
nucleus
Kaons feel the Distorted inrmedium x
strong interaction meson signal

Large branching _ .
ratio » Highstatistics v

E16:f Y e'e

P
Electrons do not feel Clear inmedium
the strong interaction meson signal «

Small branching g
: Lowstatistics
ratio » x

27



E16 detectors and performance
G Trcker (GTR) Silicon Tracker System S) from CBM

hist106c_emp
193263

ﬁéss 1.237

o =[S Devx 0.5964 |,
«|StdDevy 3.136
"= = "

llll]

A

Charge [fC]

Illllﬁllllllllllllll
L - 8

I.Sllll2llll2.5llll3
Momentum [GeV/c]

Ema ﬂ {b) — electron candidates by HBD
=AY - pion candidates by HBD

arb.

Fd LIII]IF

0 1 2 3 4
| Energy deposit measured by LG [GeV]




Spectrometer Performance e*e- Invariant Mass

40

* Tracking performance evaluation
+ 4 layers of trackers
« 1 layer of SSD, 3 layers of GEM Trackers
« The design resolution of GEM Trackers: 100 ym
« strip pitch: 350 um
. TrackincF erformance has also
reache tﬂe design value: 100-120 um

W w

Count/0.02{GeV/c?
L Cd
[} wn

[
wn

)
=

= IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

wn

=

« w/ ¢ meson peaks are observed!

« Spectrometer performance is confirmed
e The tracking and

o

=)

L | | |
0.2 1

. . - 0.4 | 0.6 — 0.8 — 1.2
electron identification were successful : BG(polynomial fit) My (GeVic?)
» Data analysis is still on-going —— :gaussian fit
» Further calibration work w (MeV) é (MeV)
» Refining of tracking procedure
PDG value 783 1019
Fit 789 =3 1022+3

« The physics run can start soon!

37



QCD sum rule connects mass to condensates

A QCD sum rules connects:
Amf and(i[)

A Approximately linear relation in
QCD sum rules

Lattice

1.02 —

Gublerand Ohtani
PRD90, 094002(2014)

1.01 |

(” ) 0.99

0.98

o  TU | go7f \
0.96

0.95 | \

-

0.94 1 | L | 1 | 1 1
0 25 50 75 100 125 150 175 200

Integral of
A Chiralodd twist3 distribution functiones(x)

gives,

/ 11 dale* (2)] = o /i,

/ dzle™ (z) + e4(z)] = oo /10

—1

Extraction of e(x) using SIDIS [PRD 106, 014027 (2022)]

Definition forparg:oor;Z a I Arxivohepph/0312044)
() = My / S0 g MNZ0 (N oy (0)ha (2)IN), .. g

oo 2T

, [MeV]

_ Gd[D)ta 21% reduction idi )



Goals of the research project

Close collaboration between theory and experiment to
determine the behavior of the meson in nuclear matter

<QQ>p,T H

Theory

mg(p, T')

Experiment
Theory

Experiment — e

E325 (KEK)
E16 (<PARC)
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Studies off A K+K- with BuBUU transport
model

AG. Balassa, K. Aoki, P. Gubler, S. H. Lee H. Sako, G. Wolf,
arXiv:2508.11344 (413) vith A ve
A Inclusion of K + mean field
A KN FSI

A Vacuum
A DM=-34MeV r/r,
w/ Kaon mean field and FSI




E325f A K+K Results (Partial Decay Width)

og(A) = oA

- 1.5 s :f production cross section
(a) a :index of target mass dependence
(C, Cu)

ee extrapolated to

overlapping y -p+
region with KK

A No fA KK datapointat bg1. 25
A a is higher for f A KK than f A ee
A Larger difference in a atlow b g

But statistical significance was not
enough at E325

__This proposal will establish the
difference experimentally

A The result suggests a difference
between KK and ee increases due to

| | FSI, which is consistent with K mass

0 L1 L e drop scenario

E325 collaboration, PRL 98, 152302 (2007)
33



Target mass dependence of BR (yields)

3 [
15 (a) og(A) = gyA“
1+ s . production cross section
a . Index of target mass (A) scaling
Difference of a A f mass shift and FSI effect
0.5 a(KK)<a(ee) A phase space suppression (f mass drop)
a(KK)>a(ee) A phase space increase due to KN (K mass drop)
| 1 I | 1 | | |
DD 2 4 B 6
v R= Ngk+k=/Npete
In comparison between fA KK and f A ee, we can study; AU Hyok™ T Ayt
A f modification L R ATty
A FSI+K modification = e b
In(A,/A,)

= In[R(A,)/R(A,)]/In(A,/A,).
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A m (GeV/c?)

Dispersion relation

Based on QCD sum rules in H.J. Kim and P.
Gubler, Phys. Lett. 85, 135412 (2020)

0

001 =To

\

—-0.02

Extrapolation
to pA O

-0.03

—-0.04

Stat. errors (p+Pb)

(")

a (1)

p (& @™y )

& chiral condensate term
at p=0

[ Oliffo) | m

&

w! :Lorentz symmetry
breaking term (for L/T

polarized f)

(related to high-order quark and

~0.05 L

—0.06} -34MeV at p= O
— | | | | | | | | | | | |
002 04 06 08 1 12 14

1. 1o LI gluon condensates)
16 1.8 2
p (GeV/c)
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f K K acceptance w/ AC
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Aerogel Cherenkov Counter (AC)

Light collection cone Aerogel n=1.15
t=30mm

Cosmic-ray test
AEfficiency ~90%

Incident angle
acceptance
<t 40°

SiPM(MPPC)




PERFORMANCE OF TRACKING DETECTORS

OIO[O]] ™\

[e)(e)(e) EID = Tracking system is working well
OO

Lead Glass Cal. GEM Trackel.r Brief particle identification
Gas Cerenkov ? can be done w silicon

LG

0[O

1
: | low momentum protons
./ 1 |r‘\ -> Event configuration
1
j \ 2
k. Tracking Jx‘ \ S
E 1 Silicon Tracker il %1 =X
o -5 -1 04 5 1 15
3 GEM trackers . 5
o residual [mm]
oy . o
741 St 200 GTR100|  Difference btw a track o
- ! 1 by, A8 Lll projection point and a hit (@) : .
§ - TN point Momentum[GeV/c]
= Red line: Calculated energy loss
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resolution of GEM Tracker:
120}11‘[‘1 2025/03/09 @

Configuration of a module

K. Ozawa - WHBM2025
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Transport model development for f Y K*K-

K- spectral function

T=50 MeV

APHSD (Parton Hadron-String Dynamics) model
developed for f Y K*K- calculations

P. Gubler (JAEA), S. H. Lee (Yonsei Univ.), E.
Bratkovskaya, T. Song (Frankfurt U./GSI)

AK-N interaction based on chiral unitary model

A(w) [GeV™]

20

sty
-

P

Including off-shell effects T e
AK* in-medium modified spectral function K-N absorption cross section
A At high density, K- mass peak decreases and width increases 120 ]

A K* mass increases due to repulsive potential of 20-30 MeV, 100 | Kp>rn+x |l
while the width remains narrow 50l ]
AScattering and absorption of K* in nucleus (e.g.top $ ol j
Af spectral function of Breit-Wigner shape 0t

0B - -
T. Song et al, PRC103 044901 (2021)  » jcevie 42



PHSD calculations for f Y K*K-

Stuady in progress P. Gubler for E88 (2022)
w/o FSI p+Cu, w/ FSI
0.025 . . ‘ 0.02 ‘ . . .
no modification ——+— b 9125 no modification ——+—
— mass shift ——— — 0.018 | mass shift ——— ]
> 0.02 > 0.016
g g
< < 0.014
.g 0.015 | at KK decay g 0.012 end of reaction
@ @ 0.01
« «
= 0.01 = 0.008 By<1.25
Z g 0.006
S 0.005 f S 0.004
- ~ 0.002
0 LT funper S — - jisd] L il R R I e o s 2 K 0 I X E™ (E.LJ’ F4 T LT AR R HE 3
0.95 ) ) 1. 1.2 0.95 N ] 1.2

o [GeV] ® [GeV]

Assumed mass shift : Dm = -34MeV r /r

ALow mass excess remains w/ FSI
AFSI| effect is ~10% level
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Particle Identification in 2024 test

Nt K+ proton
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A TOF with SC and MRPC
A Rough momentum and path length estimation with

Horizontal positions of SC and MRPC segments assuming the particles
originate from the target
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Kaon ID detectors test at E16 —
(Apr.-Jun. 2024).

A3 MRPCs, 4 ACs, and 3 SCs
with 1/24 scale of a module
were tested in E16
spectrometer

ﬂ
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Particle Identificatinn in 2024 test
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. TOF with SC and MRPC
. Rough momentum and path length estimation with

Horizontal positions of SC and MRPC segments assuming the particles
originate from the target
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Expected statistics
Beam time: 30 days with 30 GeV proton beam at 10° / spill

AC (0.1% int.) + Cu (0.1% int.) + Pb (0.1% int.) targets
AStatistics increased by factor of 300 (p+C) and 500 (p+Cu) from E325

iokKaEss |
C Cu Pb

f b@l.23) 72Kk 113k 314k

f 1.23<b g1.72) 79k 134k 313k

f 1.7{2<b g2.06) 8k 15k 35k

VkaEs |

f 1.0<b g1.7) 99 285

f 1.{<b g2.2) 143 279

f 2.2<b g3.5) 177 269 F. Sakuma (E325)

PRL 98 152302 (2007)



MRPC: Temperature and beam rate dependence
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~10% improvement at of timing resolution at T 223 A 423 at 0.5kHz/cm?
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Expected S/B

p+Cu, JAM model + GEANT4

A S/B ~ 7.1 (integral in 1.013-1.028 GeV/c?)
~ 27 (at the f peak)
With identified K+ and K - pairs

25

20

15

10

L All background+signal

- n Mis -identified K

B ]

- K+,K - pair

: J |

b b PR TR T BT i
096098 1 1.021.041 061 08 11 1121 14

My (GeV/c ?)
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Results in Apr-Jun 2024 beam test
TOF between MRPC and reference counters

O — N w e o [o2] ~l o ©O
TT T T [T T T T[T T T T[T T T T[T T T T [ T T T T[T T T T TTTT[TTTT[TT

TOF(MRPC-REF1) TOF(MRPC-REF2) TOF(REF1-REF2)
¥ ndf 5.452/7 2/ ndf 2085/5 %2/ ndf 18.38/15
Constant  6.448 + 1.396 gi Constant  7.046 + 1.599 7; Constant 3.485 +0.752
Mean 43.66 £ 0.02 E Mean 43.6 +0.0 L Mean -0.07114 +£0.02047
Sigma  0.1146 +0.0190 8;, Sigma  0.1008 +0.0194 si_ Sigma  0.1105+0.0196
:
5
6 C
5F 4-
| f | f
| - \
|
- of
a3
1= = m
4|2 4|4 4|B 4|8 5|0 (A;‘ : '4‘2' : '4‘4' : I4|6| : '4‘8' : '5‘0 ol |_|2\ L |_|1\ ! NO L I"ll L |2\| |
TOF (ns) TOF (ns) vrpe  TOF (ns)
Beam rate : 8.9x10° /spill REF1
MRPC timing resolution: 74+ 24 ps target

Efficiency: 92.5+ 0.5 %



Possible impact parameter dependence

study with multiplicity

Simulated with JAM (p+Cu)

Smaller b
Y Longer path length
For f and daughters

§ |

prd 10°
5 e e
o '.%“:%-“f *Yo0s |
v 11
(ﬁ = 10°
N 3
= |
e 3
n =10
= 107
I .
1

b (fm)
ASelect high-multiplicity events A small impact

-

parameter events A f sees higher density in average
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b qcceptance with Aerogel Cherenkov
counter (AC) veto

p+Cu
AAC n=1.15 adopted
All accepted
Ab gicceptance of f < 2.1
10° I!I ]
o ME - ooy
S o w/ KK trigger !'
”5 I
mi 10— il
sk - N [ AC veto
1.1 ;: \II‘ : E{ |
101:—”‘:1?_}{:1034\ Vetoed 1 % & N
TR 1000 18002000 0 By AC { il ...HH.I. H,HH|,,,|,
5 4.5

momenium [MeWic] Lo i,



APerform Toy -model simulations for several ( a;,b;,by) points

AFit an experimental invariant mass spectrum with a  linear
interpolated spectra with ( a;,b,;,by,) to obtain the best fit
(a,b.,by)

o Fitted a ( L dist, T dist) Fitted b, /b
© T = 0.015_
o.ogi— % §
0.085- S oo ( T dist) ;
- S i . !
0.07E S -
- DT ool I
0.06— B 7
- C t
0.05F g 0
= [ i
0045 ___________________________ i __________________ A, 4 .................. b L B * ]
0.03 =0.005 = o o S
- - (L dist, T dist) }
0.02F -
. -0.01—
00_ I I I |0.|5| I : I -ll : I : |1-|5| : : : é : : : I25 _00150_ | | | IO|5I | | 1 ‘ll | 1 | I1|5I | 1 | é 1 | | I25
p (GeV/c) . : ‘

p (GeV/c)



p/q (GeV/c)

Reversed B-field

1.1

§leny Prafiminany| || |
|

i

‘7\\\‘I\\l\ll‘l\\l\\\‘\\\‘\\I‘\I\‘II
—%.4 02 0 02 04 06 08 1 12 14

m2 (GeVZ/c*

0.4

0.2

7\\‘I\\l\ll‘l\\l\\\‘\\\‘\\I‘\I\‘
—%.4 -02 0 02 04 06 08 1 12 14

m2 (GeV?c?)

54



Triggerless Streaming DAQ at E88?

Current plan
A K+K- trigger w/ SC, MRPC, and AC

Possible new scheme

A Triggerless continuous (streaming) readout of MRPC, SC, AC (and STS and
GTR)

AAdvantages

A Much simpler system
A No need to implement complicated K+K- trigger
A No AC necessary?
A We could collect data in the whole b gange (if no limit in the data rate)

AWe could measure all charged hadrons!

Alssues:
A GTR streaming readout is not yet possible

A High hit rates
A Event filtering in software is required to reduce the data rate to be recorded
A Challenging development -



Plan

APID tests again in Run 1 (Apr. 2025-)
APossibly test of streaming readout for part of detectors

AStage-I| status request for the final experimental approval (Jan.,
July 2025)

AApplying for a Kakenhi budget (Kiban-S) for JFY2025
AMass production of AC, SC and MRPCs if approved

APhysics run in JFY2026 i 20277?
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AClear correlation between TOT and ADC sum w/ PMT (ACO0-AC?2)

ATOT instead of ADC sum can be used.

APoor correlation w/ MPPC readout due to bad S/N. To be improved.
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p/q (GeV/c)
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hm2pr_pb 1321 r0_s5
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Negative charged particles

RPC2, Strip 5
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RunOe Data Summary for MRPCs

A~6M E88 trigger data w/ GTR, STS
A~14M various E16 trigger data
AA few 100M local DAQ data
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Issues

ANoisy MRPC channels

A Edge strips

A High-freq. noise shielding inside the chassis may not be enough for edge
strips

AMRPC dead channels
A Due to disconnected signal cables between amplifiers and anode PCBs

A1 out of 3 MPRCs dead during RunOe

A1t has much higher gain than others
A Common HVPS and keep HV optimized for other 2 MPRCs
A Leak current gradually increased and discharged in the end

AAC with MPPCs
ABad S/N of sum amp. ACs with fine-mesh PMT look good.
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Particle ID with local DAQ data

RPCO RPC1 RPC2
| ] | ] | ] MRPC
Negative charged Pos?tive charged
particles

ASelect one strip of Paricles
MRPCs

ADependmg on the rigidity Slat#o i I/S%@gm
grﬁaelpealﬂ[ I(S::Ztslt|2 I:[rssaé X SC) ~ q/p (inverse of rigidity)

AAssuming the particle
comes from the target

ATOEF distribution in TSC
slat #

~ TOF distribution in g/p

Beam




TOF vs TSC slat (before tO correction) 5e9
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TOF vs TSC slat (after tO correction) 5e9
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Simulation for momentum and path length

Aw/ FM field map
AParticle propagation with Runge-Kutta method

AConstrain a track from the target with TSC and RPC hit
positions and determine best-fit rigidity and path length

Ap, L from simulation, and tof (t) from the data
0
LT
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TOF vs TSC slat (after tO correction) 5e9
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Generalization to finite density

> _% |c()|c()|c
b [ dse i) = eop) + 2B 4 AR 8l 4

In Nuclear Matter

pim. 0 co(p) = co(0) [(55)p = (0[s3[0) + (N[ss|N)p + ...
Dim.2:  ¢2(p) = c2(0)

Dim. 4: ca(p) = c4(0)+p[— &My + 35ms(N|[3s|N)
=mq(N|gq|N) + A5 My—1522 A My]

27

Dim. 6:  6(p) = c6(0) +p[ — Bk nym3as(3s)(N[5s|N) —2 A5 MF]



Results for the meson mass

o

1.03 [ . [
Most important parameter, that Lo
determines the behavior of the o
., meson mass at finite density: Lol |
s
&
Strangeness content of the nucleon 2 L
Z
= 0.99 r ]
098 1 61 +9 MeV [10]
_ — On—01lx € ——
oy = ms(N|3s|N) M N e 21 MoV [12]
sN
0.97 | ' |
0 0.5 1 1.5
P [Po]

P. Gubler and KOhtani Phys. Rev. 80, 094002 (2014).



Remaining analysis tasks for RunOe

ALocal DAQ data
Alnvariant mass analysis for K+K-,pi+pi-

AE16 trigger data
ASTS,GTR analysis for 206,207
A Association of STS-GTR tracks to AC, TSC, MRPC
APID with momentum vs TOF



Rate study with HUL Scaler (MRPC)

1e+9, FMON Se+9, FMON 1e+10, FMON

ht7
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Rate study with HUL Scaler (TSC)

1e+9, FMON 5e+9, FMON 1e+10, FMON
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Expected S/B

p+Cu, JAM generator + GEANT4

A S/B ~ 7.1 (integral in 1.013-1.028 GeV/c?)

~ 27 (at the f peak)
w/KK trigger, w/ additional PID cut

- _— All background+signal
25
20
151
- Mis -identified K
10— I
- ]
- K+,K - pair
5_— i l‘
: Tl
0|||||| ||M|||||—|||||_|-|| ﬂﬂ |
0.960.98 1 1.021.041.061.08 1 1 1 12114

M (GeVic ?)
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Schedule for Runl

AMRPC repair (until Feb. 2025)

ARepair for gas leaks

ANew carbon electrode (sputtering of carbon on glass plates) for one
(broken) MRPC

AReduction of noise for edge strips

APreparation for streaming DAQ test
AAMANEQ-HRTDC, MIKUMARI, DAQ-PC

AReinstallation of MRPCs, TSCs, ACs (Mar. 20257?)



Issues for E88

A Location of Racks
A North side

A Supports
A Modification of 2F stage for upper layer
A Support for lower layer
A TSC location in front of GTR100 or behind GTR300 ?

A MRPC

A Current position is farther than the original design.
A Larger size per detector unit or one more MRPC (4 instead of 3) / modules

A DAQ scheme
A K+K- trigger (Original plan)
A Streaming readout + Event filter?
A Advantages
A Much simpler system
A no need to implement complicated K+K- trigger
A no AC necessary?
A Then, we can collect data in the whole b gange (if no limit in data rate)?
A Issues:
A High hit rates (MRPC is ok, TSC may be marginal),
A Event filtering in software to reduce recording data rate



Trigger Scheme 1 (Level-1 and High-level(soft) trigger)

/ TRG-MRG
TSC + Discri - | | High-Level
T AMANEQ ¢ _ — trigger (soft)
W Trigger Trigger
MRPC | Discri 7 TRG-MRG |,/ Decision | Distribution
. ~AVANES - Module Module
Q f¢ | Belle-lUT-4 | | Belle-1l FTSW
o TRG-MRG - LV1 |
AC > Discri SN AMANEQ < Event
builder (soft)
APV25 SRS-
GIR | TRK-APV ATCA
SSD 1 XYTER = GBTXEMU [ GERI <

LV1 (unlike-sign trigger): defined with TSC hit, MRPC hit, and AC hit

High Level Trigger (KK trigger) : Software trigger with TSC and MRPC TDC

Or, LV2 (KK trigger) :After LV1, TDC data are sent to UT4, and UT4 generates LV2 A Used for LV1 of SRS-ATCA and XYTER

LV1 rate: ~ 40kHz 78



JAEARE 2El Trigger-less data-streaming-type DAQ system &\
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Invariant Mass Dist. [GCV_I]

Invariant Mass Dist, [GCV_l]

Model calculations of f A K*K-in p+Cu

Study in progress
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Increases with the mass
shift to the lower mass
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AFSI| effect is 10% level

The fraction of f decay
Inside the nucleus

(defined as r >0.5r ;)
A35% (b ¢ 1.25)
A27% (1.25< b ¢ 1.75)

Due to the small difference,
the spectrum shape with
the mass shift may be
similar in the two b ganges



