
φ meson in nucleus
Hiroaki Ohnishi  

ELPH  
Tohoku University

STRANEX ECT* Workshop  
Torent, 2019/10/21-25



φ meson
•φ meson :  
•Vector meson,   JPC = 1-- 
•bound state of hidden strangeness (ss) 
•narrow width = 4.43 MeV/c2 
      →Long life time = 45 fm/c  

•Interaction between φ-nucleon : 
•φ-N interaction could be attractive.  
       → QCD van der waals interaction  
   ( multi-gluon exchange ) 



φmeson in nuclear matter
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Theoretical prediction for 
φmesic nucleus

Interaction between φN will be  
attractive, but no evidence for bound 

state so far 　



Try to see a little more

φNN bound state may exist w/ B.E~20-30 MeV
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φ mass reduction 
might be attraction 

btw φN



Decay width of φ in nucleus
Transparency ratio, TA =

��A!�X

A(��p!�X)

NPA765(2006)188-196

•γA→φX : Extracted σφN =30 mb 
•Analysis : NPA 765(2006)188 

•σφN expected (Theo.) ~10 mb  
•discrepancy between σφN measured  
and expected is explained by  
width broadening of φ in nuclear  
media by factor 16! 
•    (Γ in nucleus~70 MeV)

σφN ～10 mb : λinteraction ~ 7 fm
σφN ～20 mb : λinteraction ~ 3.5 fm



φmeson in？ deuteron

Experiment   :  γd→φ X  
φN cross section   
     measured: σφN = 20 mb  
     expected:  σφN = 11 mb 
How to explain this discrepancy? 
Again width broadening of φ meson 
in nuclear matter even on deuteron?  

φmeson absorption?  
even with deuteron 

 (on single nucleon??)

Why absorption of φ takes place on deuteron?   
Is this only a case with gamma induced experiment?
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Momentum dependence  
of transparency ratio  

by COSY-ANKE

Width increasing ?  
as a function of momentum

Less absorption with  
low momentum φ meson ? 



φ meson in high temperature?
φ meson production in 158 GeV/c  In-In collisions at  

 CERN/SPS (NA60)  

mass shift and width broadening are not identified  
in hot nuclear matter (within detector resolution)       
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What do we want to know?
• Property of φ meson under high density 
environment (inside nucleus)

1) Study on meson mass modification in nuclei 　  
    using primary proton beam at J-PARC 
        →  detail study of f->e+e- in nucleus 
               ( J-PARC E16 experiment )

2) Search for φ meson bound state



Key point to produce  
φ meson bound state

•We want to embedding φ meson in nucleus  
What we need ?    

•Low momentum φ meson beam 
    　　　　→ which is not available 

•Then, can we producing slowly moving  
φ meson in nucleus ?  
                        → Need to find good   
                            elementary process



LEAR / JETSET
• φφproduction dominated around 
production threshold among double 
strangeness pair production

Double φ meson production in pp reaction  
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How to produce  
φmesic nucleus?

Missing Mass



Conceptual design
Large solid angle charged particle spectrometer 

(with large gap dipole magnet)

Using antiproton beam with  
1.0 ‒ 1.1 GeV/c

Large acceptance for 
forward going φ meson 

(for missing mass analysis)

Large solid angle for the  
decay particles, K+ / Λ, 
fromφ mesic nucleus



Typical event display
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p + Cu  φ + φNi (Bφ = 30 MeV) 
       “φ”+”p” → K+ + Λ  
         ( proton & φ at rest ) 
All decay processes are isotopic. 

Detector simulation 
using GEANT4 based on 

conceptual detector design 
is in progress  



Expected Signal+background 
• Expected missing mass distribution 
with background (On Carbon target) :  
(270 kW, one month) 

Assumption for the signal  
 Δmφ = 35 MeV 
 Γφ= 15 MeV
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Where we could perform 
this experiment?

• Well at J-PARC K1.8BR ? But we need to 
construct new spectrometer which has  
large acceptance in forward direction 
 
 

• J-PARC E50 Spectrometer now under 
construction at J-PARC High-p beamline?

Using Spectrometer which Masa and Fuminori 
presented yesterday?
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J-PARC

E50 spectrometer for charmed 
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High momentum beam line
• High-intensity beam: > 1.0×107 Hz π (< 20 GeV/c) 

Unseparated beam: π/K/pbar  
• High-resolution beam: Δp/p ~ 0.1%(rms) 

Momentum dispersive optics method



J-PARC

E50 spectrometer for charmed 
baryon spectroscopy

21

High momentum beam line

Experimental 
area

• High-intensity beam: > 1.0×107 Hz π (< 20 GeV/c) 
Unseparated beam: π/K/pbar  

• High-resolution beam: Δp/p ~ 0.1%(rms) 
Momentum dispersive optics method
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• Large acceptance spectrometer 
• Data taking by 
Trigger-less DAQ system

J-PARC 
E50



Plan for 
 near future?



Double φ meson production
Strong OZI violated process  
It is very hard to understand  

the reason of large cross section at threshold

Phys. Rev. D 57 (1998) 5370-5381
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Meson-Meson bound state?

PRL96(2006)162002

PRL108(2012)232001

Tetra quark?

ωφbound?

BESII

BELLE



φφ bound?

PHYSICAL REVIEW C 90, 048201 (2014)

contribution of f0 or f1？

It is very important 
to measure the cross  
section on threshold !

The reason why  
enhancement of the cross  
section of double φ event  
on threshold is not known.
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double φmeasurement 
w/ J-PARC E15 spectrometer

•Using E15 spectrometer 
•Large acceptance charged  
particle spectrometer  
surrounding target (CDS). 
•Detecting K+K- pairs from  
φ decay in CDS 
•Calculate invariant mass 
of K+K- and missing mass, 
then we can identify  
double φ production



signal

angle acceptance

How to identify double φ　



Summary
• The project to searching for φ meson bound 
state has been proposed to J-PARC and now 
we got stage-1 approval ( E29 ) 

• The most promising elementary process for 
the φ mesic nucleus production will be 
pp→φφ channel 

• The preparation of the document for the 
beam time request is under the way.  
(Dr. Y. Sada is working on it)






