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Study of fmeson in the nucleus
ÅGoals

ÅEstablish in-medium modification of fmeson mass 

and evaluate the Ӷίίcondensate in nuclear density

ÅExperimental status

ÅNofmass shift has been observed for fŸe+e- and 

K+K- in A+A at GSI, AGS, SPS, RHIC, LHC

ÅNo modification of BRs of fŸe+e- and K+K- in A+A at 

SPS-CERES (PRL96, 152301 (2006))

ÅNo fmass shift in fŸK+K- in g+A collisions (LEPS) 

(T. Ishikawa, PLB 608 (2005) 215)

ÅOnly in p+A (KEK-E325), low mass excess in 

fŸe+e- observed

P. Gubler and K. Ohtani, 

PRD 90, 094002 (2014) 4

nucleus

vacuum



fŸK+K- and fŸe+e- in p+A

ÅfŸe+e-

fm

5

fm
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e-

Km+
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K-

FSI

fŸK+K-

fm+ FSI

Me +e- M K
+

K
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fm, Km = fand K in medium

p

nucleus

Invariant mass spectrum

fŸK+K- andfŸe+e-

Å Higher statistics for K+K-

Å K+K- Branching ratio sensitive to fmass shift

Small Q value (32MeV) of fŸK+K-

Å fŸK+K- spectrum is modified by FSI (KN)

Decay outside

Nucleus (vacuum)
Decay inside

Nucleus 

(signal)

fŸe+e- fŸK+K-

Statistics Low High

FSI w/ nucleons No Yes



Transport model calculations for fŸK+K-

ÅInput mass shift : 
Dm = -34MeV 
r/r0 

ÅLow mass excess 
remains w/ FSI
ÅFSI effect may be 

small

w/ FSIw/o FSI Study in progress

p+Cu, bg<1.25
P. Gubler for E88 (2022) 
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ÅPHSD (Parton Hadron-String Dynamics) model developed for fŸK+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
ÅK± in-medium modified spectral function
ÅScattering and absorption of K± in nucleus (e.g. to pS) 



KEK-E325 results

ÅNo data at bg<1.25

ÅNo excess

7

Vacuum

Excess in lower mass

at bg<1.25 in p+Cu

fŸK+K-

Low bgf is important

F. Sakuma (E325)

PRL 98 152302 (2007)

bg<1.25        1.25< bg<1.75      1.75< bg<2.1

fŸe+e-

3.3k

0.8k0.4k

2.6k



KEK-E325 results of fmeson
ÅThe worldôs first results of fmass modification

8

e-

e+

f
12GeV p beam

ÅConclusion: Mass decreases in nuclei

Assuming linear dependence of mass and width on density

ïMass shift:   - 3.4 +0.6
-0.7% 

ïIncrease of width: x 3.6+1.8
-1.2

Much more statistics are expected in E16 and E88.

fmeson p + Cu

at r=r0

C, Cu nuclei

K. Aoki, INPC2025

ὔ

ὔ ὔ

bgof f



QCD sum rules connect mass to condensates
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E325 results

ά ”

ά π

14% 21% reduction in Ӷίί
„[MeV]
= ὔȿӶίίȿὔ ẗά

Gublerand Ohtani
PRD90, 094002(2014)

ÅE325 results, QCD sum rules and 
Lattice QCD calculations do not 
match
ÅQCD sum rules show approximately 

linear relation between:
Åmf and Ӷίί

Lattice QCD (Nf=2+1+1 average) Eur. Phys. J. C (2022) 82 

K. Aoki, INPC2025
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ὥ: chiral condensate term 
at p=0

Dispersion relation

ά”

άπ
ρḙ ὥ ὦϳὴ

”

”

ὥḙὥ ὥ ὔ Ӷίίὔ ὥ π

-34MeV at p=0 

Based on QCD sum rules in H.J. Kim and P. 
Gubler, Phys. Lett. B 805, 135412 (2020) 

ὦϳ :Lorentz symmetry 
breaking term (for L/T 
polarized f)
(related to high-order quark 

and gluon condensates)

r=r0 

Extrapolation

to pĄ0

Stat. errors of E88 (p+Pb)

T

L

All
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fPolarization through decay angles of  
fŸ K+K- andfŸ e+e-

Both T and L polarizations can be 
distinguished
Full angle coverage
fspin carried by orbital angular 
momentum of K+K- pair

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

E88: fŸ K+K- E16: fŸ e+e-

I.W. Park, H. Sako, K. Aoki, P. Gubler and S.H. Lee, Phys. Rev. D 107, 074033 (2023).

pfLab (GeV/c)

E88 has ~100% K angle 
acceptance for fŸK+K-

Only T polarization can be distinguished
Low acceptance at cosq=0
fspin carried byspin of e+ and e-

K
 a

n
g

le
 (

d
e
g

)
e+

e-

q f

Helicity rest frame
off  meson

ἃ ἃ ἃ

pf

L

T

K. Aoki, INPC2025



J-PARC E16 spectrometer
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X 26

Dipole magnet (FM magnet)

1 module

STS : SiliconTracking System
GTR : GEM Tracker
HBD : Hadron Blind Detector (electron ID)
LG    : Lead Glass calorimeter (electron ID) 
26 modules in total. 8 for the 1st physics run.

(GTR)

K. Aoki, INPC2025



E16 commissioning run
- Tracker performance -

ÅTracking: 1-layer of Silicon detector 
and 3-layers of GEM tracker.

ÅGTR position resolution ~ 120mm

Momentum [GeV/c]

C
h

a
rg

e
 a

t 
S

T
S

 [
fC

]
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HBD

LG

4 layers
Of traking

1 STS
3 GTRs 

Target

ÅParticle separation with 

dE/dx of STS vs momentum

K. Aoki, INPC2025



E16 commissioning run
- electron ID -

ÅHadron Blind Detector enhances electrons.

ÅClear correlation of momentumvs energy  of 
electrons observed.
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Hadron Blind Detector
(Cherenkov detector)

pions

electrons

Momentum[GeV/c]

E
n

e
rg

y 
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e
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o
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e
V

]

Response to electrons

Cluster size
Cherenkov photons from electrons spread

while residual signals from pions do not

Lead Glass Calorimeter

K. Aoki, INPC2025



e+e- invariant mass spectrum

ÅVery preliminary plot

ÅWe have successfully observed w/fmeson peaks.

f

w

15K. Aoki, INPC2025



J-PARC E88 Setup
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15o

15o
45o

45o

qx

qy

-15o

-15o

-45o

-45o
Top and bottom layers
Kaon ID detectors

Å6 forward modules for K± identification in top and bottom layers

ÅMRPC (Mulit-gap Resistive Plate Chamber) and SC (Start timing counter) for Time-of-Flight measurement

ÅAC (Aerogel Cherenkov counter) for pion rejection

ÅSTS (Silicon Tracking System) and GTR (GEM Trackers) for track reconstruction

SC

AC

MRPC

GTR
STS

p Beam

Target

Beam time: 30 days with 30 GeV proton 
beam at 109 / spill

ÅC + Cu + Pb targets

Å1M events in total. The statistics increased 
by factor of 300 (p+C) and 500 (p+Cu) from
E325

f̠ K+K- at E88

C Cu Pb

f (bg<1.23) 72k 113k 314k

f (1.23<bg<1.72) 79k 134k 313k

f (1.72<bg<2.06) 8k 15k 35k



Particle identification and acceptance
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M2: calculated with TOF between MRPC and SC

w/ timing resolution of 70ps and 50ps

M 2 vs rigidity (Simulation)

M 2 (GeV2/c 4)

p
/q

 (
G

e
V

/c
)

p+

p-

K+

K-

p

y-pT acceptance

p+Cu (No AC veto)

p
T
(G

e
V

/c
)

Y

f̠ K+K- (E88)

f̠ e+e- (E16)



Multi-gap Resistive Plate Chamber (MRPC)
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Enhanced high-rate capabilityĄWarm MRPC

ÅWarming glass sheetsŸlower resistivity

Ÿshorter recovery time from discharge

ÅTiming resolution improved with higher T in the beam 
test at LEPS2 in 2025

ÅTiming resolution of 74± 24 ps achieved in the E16 
commissioning run (2024)

V.A. Gapienko et al
Inst. Exp. Tech. 56 265-270 (2013)

Factor ~5

increase of

high-rate

capability 
expected

Plane heater

Glass-stack
chambers

Anode PCBCathode 
PCBs

Heat insulator
ˢUrethan ˣ

Plane heater

ChassisˢAlˣ

Glass stack chambers (PC or Glass-epoxy)

Cathode PCB

Cathode PCB

Anode PCB

Electrode

Electrode

Glass

Spacer

23° C 45° C
23° C
35° C
45° C



Start-timing Counter (SC)

ÅSegmented scintillation counter
Å8x8x180mm3 plastic scintillation counters (BC-420)

ÅPhoton detection with SiPMs (Hamamatsu S13360-6050VE, 6x6mm2) 

ÅCosmic ray test
ÅTiming resolution: 63± 7 ps

19

SiPM Scintillator Amplifier



Very Preliminary

K+

proton

p+

MRPC

SC

AC

Top layer

Kaon ID detector test at E16 (2024)

SC
AC

MRPC

20

Å3 MRPCs, 4 ACs, and 3 SCs with 1/24 
scale of a module were tested in E16 
spectrometer

Very Preliminary

Beam rate ~ 5x109/spill

p+ protonK+

Å TOF with SC and MRPC

Å Rough momentum and path length estimation with

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



Timeline of E16 and E88

E16 Run 2

E16 Run 1

ÅE16 Run 0 Commissioning Run  - 2020-2024
ÅTests of beam, detectors, DAQ

ÅE16 Run 1 2025-2027 ~53 days
ÅOnly in the middle layer

Åp+C, p+Cu

Åf: 15k for p+Cu

ÅE88 p+C , p+Cu , p+Pb , 2028 ~ 30 days

ÅForward angles at top and middle layers

ÅKaon -ID detectors in upper and lower layers

ÅE16 Run 2 ~107 days
ÅFull acceptance w/ 3 layers

Åp+CH2, p+C, p+Cu, p+Pb

ÅAdditional budget required

21

E88



Summary and Outlook

ÅComplementary studies of in-medium modification of fmass 

spectra with e+e- (E16) and K+K- (E88) decays.

ÅWe will measure invariant mass spectra to evaluate mass 

modification depending on momentum and polarization to evaluate 

Ӷίίand Lorentz-symmetry breaking effects.

ÅE16 will collect ~15k f̠ e+e- decays, with a factor of 5 higher 

statistics than KEK-E325 in 2025-2027.

ÅE88 will collect ~1M f̠ K+K- decays, with higher statistics than 

KEK-E325 by 2-orders of magnitude.

22
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Aerogel Cherenkov Counter (AC)

Cosmic-ray test

ÅEfficiency ~90%

Incident angle 
acceptance 
<± 40°

24

SiPM(MPPC)

Light collection cone Aerogel n=1.15
t=30mm



Expectation (E16, fĄee) in RUN2

ÅRUN2 statistics

ÅINPUT: E325-BW

ÅPbtarget

Åbg< 0.5

25



Toy model (p+Pb)
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Transverse polarization
(75o< qK<105 o)

1.25<bg<1.75

Vacuum distribution

Longitudinal polarization
(qK<30 o or 150o< qK)

m (GeV/c2) m (GeV/c2)

ÅGenerate fôs with E88 statistics

ÅDispersion relation based on QCD 
Sum Rules

Åfkinematics based on PHSD 
transport model

ÅWoods-Saxon density distribution 
of a nucleus

Å Invariant mass resolution of 2 
MeV/c2

ÅNo FSI included

m (GeV/c2) m (GeV/c2)

Ratios to vacuum dist.



Goals of the research project

27

Comparison between fĄe+e- and fĄK+K-

p

K
+

f

K -

nucleus

p

e+

e-

f

nucleus

Kaons feel the 
strong interaction

Distorted in-medium
meson signal

Large branching 
ratio

Highstatistics

Electrons do not feel 
the strong interaction

Clear in-medium
meson signal

Small branching 
ratio

Lowstatistics

E88: fŸ K+K- E16: fŸ e+e-



E16 detectors and performance 

28

GEM Tracker (GTR) Silicon Tracker System (STS) from CBM

Hadron Blind Detector (HBD)

Lead Glass Calorimeter (LG)

Work in progress
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QCD sum rule connects mass to condensates

30

E325 results

ά ”

ά π

14% 21% reduction in Ӷίί
„[MeV]
= ὔȿӶίίȿὔ ẗά

Gublerand Ohtani
PRD90, 094002(2014)

ÅQCD sum rules connects:
Åmfand Ӷίί

ÅApproximately linear relation in 
QCD sum rules

Å Chiral-odd twist-3 distribution function es(x)

Definition for partonάŀέ όArxiv: hep-ph/0312044)

gives „

Lattice

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

Integral of 



Goals of the research project

31

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

p
e

e

f

Theory

Experiment

Experiment
Theory

E325 (KEK)
E16 (J-PARC)



Studies of fĄK+K- with BuBUU transport 
model
ÅG. Balassa, K. Aoki, P. Gubler, S. H. Lee, H. Sako, G. Wolf, 

arXiv:2508.11344
ÅInclusion of K ± mean field

ÅKN FSI

32

Å Vacuum
ÅDM= -34MeV r/r0

w/ Kaon mean field and FSI



E325fĄK+K- Results (Partial Decay Width)

ee extrapolated to 
overlapping y -pT

region with KK

s :f production cross section
a  : index of target mass dependence

(C, Cu)

ÅNo fĄKK data point at bg<1.25

Åais higher for f ĄKK than f Ąee

ÅLarger difference in aat low bg

But statistical significance was not 
enough at E325

̰This proposal will establish the 
difference experimentally

ÅThe result suggests a difference 
between KK and ee increases due to 
FSI, which is consistent with K mass 
drop scenario

33

E325 collaboration,  PRL 98, 152302 (2007)



Target mass dependence of BR (yields)

In comparison between fĄKK and fĄee, we can study;
Åfmodification
Å FSI+K modification

34

s : f production cross section

a : Index of target mass (A) scaling                            

Difference of aĄfmass shift and FSI effect
a(KK)<a(ee) Ą phase space suppression (fmass drop) 

a(KK)>a(ee) Ą phase space increase due to KN (K mass drop) 

R=



T

L

Stat. errors (p+Pb)
r=r0 
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ὥ: chiral condensate term 
at p=0

Dispersion relation

ά”

άπ
ρ ὥ ὦϳὴ

”

”

ὥ ‌ὔ Ӷίίὔ ‌ π

-34MeV at p=0 

Based on QCD sum rules in H.J. Kim and P. 
Gubler, Phys. Lett. B 805, 135412 (2020) 

ὦϳ :Lorentz symmetry 
breaking term (for L/T
polarized f)
(related to high-order quark and 

gluon condensates)

r=r0 

Extrapolation

to pĄ0



f K K- acceptance w/ AC
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p+Cu

bg

All accepted
In Acceptance



Aerogel Cherenkov Counter (AC)

Cosmic-ray test

ÅEfficiency ~90%

Incident angle 
acceptance 
<± 40°

37

SiPM(MPPC)

Light collection cone Aerogel n=1.15
t=30mm
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p+

K+

proton

AC hit
required

p=0.65 GeV/c
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ᴿ ʿfќK+K-
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Transport model development for fŸK+K-

ÅPHSD (Parton Hadron-String Dynamics) model 
developed for fŸK+K- calculations

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

ÅK-N interaction based on chiral unitary model 
including off-shell effects

ÅK± in-medium modified spectral function
ÅAt high density, K- mass peak decreases and width increases

ÅK+ mass increases due to repulsive potential of 20-30 MeV, 
while the width remains narrow

ÅScattering and absorption of K± in nucleus (e.g. to pS) 

Åf spectral function of Breit-Wigner shape

42

K- spectral function

K-N absorption cross section

T. Song et al, PRC103 044901 (2021)



PHSD calculations for fŸK+K-

ÅLow mass excess remains w/ FSI
ÅFSI effect is ~10% level

w/ FSIw/o FSI

Study in progress

p+Cu, 
bg<1.25

Assumed mass shift : Dm = -34MeV r/r0 

P. Gubler for E88 (2022) 
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Very Preliminaryp+

K+

proton

Particle Identification in 2024 test

Å TOF with SC and MRPC

Å Rough momentum and path length estimation with

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

Very Preliminary

Beam rate ~ 5x109/spill

p+ protonK+

44



MRPC

SC

AC

Top layer

M2 (GeV2/c4)

p
/q

(G
e
V

/c)

Particle identification (Simulation)

Kaon ID detectors test at E16 
(Apr.-Jun. 2024).

Start timing
Counter (SC)

Aerogel Cherenkov
Counter (AC)

Multi -gap 
Resistive Plate 
Chamber 
(MRPC)

p
K+p+

p-

45

Å3 MRPCs, 4 ACs, and 3 SCs 
with 1/24 scale of a module 
were tested in E16 
spectrometer



Very Preliminaryp+

K+

proton

Particle Identification in 2024 test

Å TOF with SC and MRPC

Å Rough momentum and path length estimation with

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

Very Preliminary

Beam rate ~ 5x109/spill

p+ protonK+

46



Expected statistics
Beam time: 30 days with 30 GeV proton beam at 109 / spill

ÅC (0.1% int.) + Cu (0.1% int.) + Pb (0.1% int.) targets

ÅStatistics increased by factor of 300 (p+C) and 500 (p+Cu) from E325

f̠ K+K- at E88

C Cu Pb

f (bg<1.23) 72k 113k 314k

f (1.23<bg<1.72) 79k 134k 313k

f (1.72<bg<2.06) 8k 15k 35k

47

fŸK+K- at E325

f (1.0<bg<1.7) 99 285

f (1.7<bg<2.2) 143 279

f (2.2<bg<3.5) 177 269 F. Sakuma (E325)

PRL 98 152302 (2007)
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MRPC: Temperature and beam rate dependence

─ ⅔╟┘ⱦכⱶ
ⱶכⱦה │ ™
295KŸ305K≢5psה ⁸310KŸ315K≢2 6ps ⅜
ⱶכⱦה ⅜ ™╒≥⁸ ─ ─ ⅜ ⅝ↄ⌂╢

⌐│⁸ ─ ≤

~10% improvement at of timing resolution at T 22ᴈĄ42ᴈ at 0.5kHz/cm2



Expected S/B

49
mKK(GeV/c 2)

Mis - identified K

K+,K - pair

All background+signal

ÅS/B ~ 7.1 (integral in 1.013-1.028 GeV/c2)

~ 27 (at the fpeak)

With identified K+ and K - pairs 

p+Cu, JAM model + GEANT4



Results in Apr-Jun 2024 beam test
TOF between MRPC and reference counters

Beam rate : 8.9x109 /spill

MRPC timing resolution: 74± 24 ps

Efficiency: 92.5± 0.5 % 50

TOF(REF1-REF2)TOF(MRPC-REF1) TOF(MRPC-REF2)

Very Preliminary

TOF (ns) TOF (ns)TOF (ns)

REF1
MRPC

REF2

target



Possible impact parameter dependence 
study with multiplicity

ÅSelect high-multiplicity events Ą small impact 
parameter events Ąfsees higher density in average

b ( fm )

N
o

. o
f S

T
S

 h
its

Smaller b

ŸLonger path length

For f and daughters

51

Simulated with JAM (p+Cu)



bgacceptance with Aerogel Cherenkov 
counter (AC) veto

p+Cu

bg

All accepted

w/ AC veto

w/ KK trigger

ÅAC n=1.15 adopted

Åbgacceptance of f < 2.1

index=1.15

1
/
b

52

Vetoed
By AC
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ÅPerform Toy -model simulations for several ( ai,bLj,bTk) points

ÅFit an experimental invariant mass spectrum with a linear 
interpolated spectra with ( ai,bLj,bTk) to obtain the best fit 
(a,bL,bT)

Fitted a ( L dist , T dist ) Fitted bL/ bT

bL

bT

(L dist , T dist )

(L dist , T dist )



Reversed B-field

Very Preliminary
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Triggerless Streaming DAQ at E88?
Current plan
ÅK+K- trigger w/ SC, MRPC, and AC

Possible new scheme
ÅTriggerless continuous (streaming) readout of MRPC, SC, AC (and STS and 

GTR)

ÅAdvantages
ÅMuch simpler system
ÅNo need to implement complicated K+K- trigger

ÅNo AC necessary?

ÅWe could collect data in the whole bgrange (if no limit in the data rate)

ÅWe could measure all charged hadrons!

ÅIssues: 
ÅGTR streaming readout is not yet possible

ÅHigh hit rates

ÅEvent filtering in software is required to reduce the data rate to be recorded
ÅChallenging development 55



Plan

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

ÅStage-II status request for the final experimental approval (Jan., 
July 2025)

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

ÅPhysics run in JFY2026 ï2027?
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AC ADC Sum vs TOT

57

ÅClear correlation between TOT and ADC sum w/ PMT (AC0-AC2)

ÅTOT instead of ADC sum can be used.

ÅPoor correlation w/ MPPC readout due to bad S/N. To be improved.

TOT(ns) TOT(ns) TOT(ns) TOT(ns)

A
D

C
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u
m

 (a
.u

.)

MPPCs
Fine mesh PMTs



RPC0 Strip 5

Very Preliminary
Very Preliminary

p+

K+

proton
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ÅSimulation
ÅTOF resolution = 80ps

ÅPath length smeared with 
TSC slat length 
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Negative charged particles
RPC2, Strip 5

Very Preliminary
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Run0e Data Summary for MRPCs

Å~6M E88 trigger data w/ GTR, STS

Å~14M various E16 trigger data

ÅA few 100M local DAQ data
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Issues

ÅNoisy MRPC channels
ÅEdge strips

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

ÅMRPC dead channels
ÅDue to disconnected signal cables between amplifiers and anode PCBs

Å1 out of 3 MPRCs dead during Run0e
ÅIt has much higher gain than others

ÅCommon HVPS and keep HV optimized for other 2 MPRCs

ÅLeak current gradually increased and discharged in the end

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

ÅSelect one strip of 
MRPCs

ÅDepending on the rigidity 
of a particle, it hits at 
different slats in TSC 
ÅAssuming the particle 

comes from the target

ÅTOF distribution in TSC 
slat #

~ TOF distribution in q/p 

TSC

MRPC

Target

Positive charged

particles
Negative charged

particles

X(TSC) ~ q/p (inverse of rigidity)

RPC0 RPC1 RPC2

Slat#0 Slat#44

Beam

30o
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TOF vs TSC slat (before t0 correction) 5e9
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TOF vs TSC slat (after t0 correction) 5e9
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Simulation for momentum and path length

Åw/ FM field map

ÅParticle propagation with Runge-Kutta method

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

Åp, L from simulation, and tof (t) from the data

ά
ρ ‍

‍
ὴ

‍
ὒ

ὧὸ
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TOF vs TSC slat (after t0 correction) 5e9
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In Nuclear Matter

Generalization to finite density

Dim. 0: 

Dim. 2: 

Dim. 4: 

Dim. 6: 
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Results for the ˒ meson mass

P. Gubler and K. Ohtani, Phys. Rev. D90, 094002 (2014).

Most important parameter, that 
determines the behavior of the             

m˒eson mass at finite density: 

Strangeness content of the nucleon 
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Remaining analysis tasks for Run0e

ÅLocal DAQ data
ÅInvariant mass analysis for K+K-,pi+pi-

ÅE16 trigger data
ÅSTS,GTR analysis for 206,207

ÅAssociation of STS-GTR tracks to AC, TSC, MRPC

ÅPID with momentum vs TOF
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Rate study with HUL Scaler (MRPC)

73

1e+9, FMON 5e+9, FMON 1e+10, FMON

Å220k/spill(peak)

Å40k/spill(ave.)

ÅMAX of AMANEQ-
HRTDC ~2MHz



Rate study with HUL Scaler (TSC)
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1e+9, FMON 5e+9, FMON 1e+10, FMON

Å600k/spill (peak)

Å520k/spill (ave.)



Expected S/B
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w/KK trigger, w/ additional PID cut 

mKK(GeV/c 2)

Mis - identified K

K+,K - pair

All background+signal

ÅS/B ~ 7.1 (integral in 1.013-1.028 GeV/c2)

~ 27 (at the fpeak)

p+Cu, JAM generator + GEANT4



Schedule for Run1

ÅMRPC repair (until Feb. 2025)
ÅRepair for gas leaks

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

ÅReduction of noise for edge strips

ÅPreparation for streaming DAQ test
ÅAMANEQ-HRTDC, MIKUMARI, DAQ-PC

ÅReinstallation of MRPCs, TSCs, ACs (Mar. 2025?)
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Issues for E88
ÅLocation of Racks

ÅNorth side

ÅSupports
ÅModification of 2F stage for upper layer
ÅSupport for lower layer
ÅTSC location in front of GTR100 or behind GTR300 ?

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

ÅDAQ scheme
ÅK+K- trigger (Original plan)
Ą Streaming readout + Event filter?
ÅAdvantages

Å Much simpler system
Å no need to implement complicated K+K- trigger

Å no AC necessary?

Å Then, we can collect data in the whole bgrange (if no limit in data rate)?

ÅIssues: 
Å High hit rates (MRPC is ok, TSC may be marginal),

Å Event filtering in software to reduce recording data rate
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Trigger Scheme 1 (Level-1 and High-level(soft) trigger)

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 Ą Used for LV1 of SRS-ATCA and XYTER

LV1 rate: ~ 40kHz 78
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Model calculations of fĄK+K- in p+Cu

Åfwidth effectively 
increases with the mass 
shift to the lower mass 
side

ÅFSI effect is 10% level

The fraction of fdecay 
inside the nucleus

(defined as r>0.5r0)

Å35% ( bg < 1.25)

Å27% (1.25 < bg< 1.75)

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

w/ FSI

w/o FSI

Study in progress
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