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1. Some previous STAR measurements at larger energies

2. Measurement near threshold

3. f meson in medium: Sum rules, Lattice, ALICE, KEK E325

4. E-16 and E-88 experiment at JPARC  

5. Some more insight

Chiral symmetry breaking and the vector 

meson mass in medium
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STAR Data
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A talk by STAR at quark matter 25
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Previous work: explained by separate flow of q and q  coalescence →
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( ) ( )1960 MeVN N N N N N f+ → +  → + +Near threshold via hadronic interaction

( ) ( )But no 1960 MeV  with  decay in Particle data bookN N f  +
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Also, why no K+  →
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f-N interaction, or f in medium
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2.  F sum rule

• f-N potential: Lattice 

Y. Lyu et al (HAL) PRD106,074507(22)

❑ Long range part: attraction 2-p
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• f-N correlation: ALICE 
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• f-in medium: KEK E325
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2.  F sum rule

• J/y-N potential: Lattice 

Y. Lyu et al (HAL) PLB860,139178(25)

❑ Long range part: attraction 2-p
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Up to s and dim 4 
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Dim 6
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4.  F sum rule

J/y –sum rule to dim-6    (S.Kim, SHL, NPA679(2001)517) 

❑ Up to dim 6 

2 a ag G G 

2 a ag G G 

3 abc a b cg f G G G  

2 a ag D G D G   

2 a ag D G D G   

2 a ag D G D G   

2 a ag D G D G   

2 a ag G D D G   

But note  
2

a
aD G g q q  




 
=  

 
4

2 2

a a

g q q q q 

 
 

  
  
  

4

2 2

a a

g q q q q 

 
 

  
  
  

Higher order in  but can couple to 2- p



14

4.  F sum rule

❑ Contribution of 4-quark operator in J/y
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( )1Also appears in    sum rule : can separate into chiral symmetric and breaking partsbut to αa −

28
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- Vacuum saturation (only chiral symmetry breaking part contributes)

- Fiertz transformation to extract 2-p contribution
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- Use linear density part of the chiral symmetry breaking operators

→ 2-p and 2-K contributions leads to small attraction around 1 MeV
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2.  F sum rule

• f-N potential: Lattice 

Y. Lyu et al (HAL) PRD106,074507(22)

❑ Long range part: attraction 2-p
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Up to s and dim 6 
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4.  F sum rule

❑ Contribution of 4-quark operator in f
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Wilson coefficient is more complicated

- Naïve extension of J/y sum rules to f gives larger attraction

- But Wilson coefficient is more complicated
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- Use linear density part of the chiral symmetry breaking operators

→ 2-p + 2-K contribution leads to attraction of around (less reliable) 2 MeV 

→ Chiral symmetric operators should be non-trivial
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f-in medium: JPARC E-16 and E-88

E-16: f→ e+ e- decay

E-88 : f→ K+ K- decay
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As a results of this Reimei Program, we won Kakenhi Kiban S. 

1.6B yen in JFY2025-2029

The budget for E88 is secured.
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Experimental Setup
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(E16 Run1)

• High-statistics invariant mass spectrum measurements (800x KEK-E325)
– 1M f→K+K- events in p+C, p+Cu and p+Pb in 30-day

– Good acceptance overlap with f→e+e-

• Kaon-ID detectors (Multi-layer Resistive Plate Chamber (MRPC), Aerogel Che
renkov detector (AC), and Start Timing Counter (SC) 

• ~100% acceptance for Kaon decay angles in f→K+K- to distinguish f polarizat
ion

Research activities (experiment)
f→K+K- experiment with E16 spectrometer (E88)
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K decay angle vs momentum



Chiral symmetry restoration and hadron mass
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QCD Vacuum 

Nuclear Matter

Nuclear Target experiment

Finite temperature

Heavy Ion Collision

-sym is broken
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Vector meson in Flavor SU(3) symmetry and broken symmetry
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Which vector meson should one study in medium

1) Hadrons with small width:  f is the best candidate 

2) Chiral partner: K* and K1 is the best candidate

JPC=1-- Mass Width JPC=1++ Mass Width

 770 MeV 150 MeV a1 1260 250-600

 782 8.49 f1 1285 24.2

f 1020 4.266 f1 1420 54.9

K*(1-) 892 50.3 K1(1
+) 1270 90

- Decay mode of chiral partners typically has one more pion

J-PARC E16, E88
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3) If possible measurement of f1(1420) is also interesting (parity partner of f )
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Which vector meson should one study in medium

1) Hadrons with small width

2) Use condensate based Operator Product Expansion (OPE) methods

JPC=1-- Mass Width JPC=1++ Mass Width

 770 MeV 150 MeV a1 1260 250-600

 782 8.49 f1 1285 24.2

f 1020 4.266 f1 1420 54.9

K*(1-) 892 50.3 K1(1
+) 1270 90
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- Can relate them to mass 

J-PARC E16, E88
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K1/K* production in heavy ion collision
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5) K1/K* vs Centrality
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5) K1/K* vs Centrality
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6) K1/K* at JPARC
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→K1 excitation energy measurement at JPARC              

Decay mode of K1 (G=90MeV) Decay mode Fraction

K1(1270)→ K  42 %

K1(1270)→ K* p 16 %
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• Possible future experiment to measure masses of chiral partners
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Summary

1) v1 of f meseon from STAR seems consistent with strong attraction seen in

- ALICE f –N correlation

- Lattice calculation of f –N potential

- QCD sum rules

2) f –in medium experiment: KEK 325 → JPARC E-16, E-88

3) In future K1, K* measurement should also be interesting


