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Background 

Method 

Numerical Results 

• We saw H.R. gas to Q.G. gas transition. 
• At low temperature and density, lattice results 

consistent with H.R. gas. 
• At high temperature or density, lattice results 

approach to Q.G. gas. 
• We measured a ”singular behavior” of high 

order cumulant for 𝜷 = 𝟏. 𝟔.  
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calculate det 𝑫(𝒊𝝁) at low numerical cost ! 

real and positive 
(for 2-flavors) 

𝑫𝒆𝒕 𝑫 𝝁 = 𝑫𝒆𝒕 𝟏 − 𝜿𝑸 𝝁 = 𝒆𝑻𝒓 𝒍𝒐𝒈 𝟏−𝜿𝑸  
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𝒌 ; winding number 𝑘 = 0    𝑘 = 1   𝑘 = 2 , −2 

Low temp. → flat 
High temp. → pointed 

Lattice size: 𝟖𝟑 × 𝟒 𝒁𝒄𝒂𝒏. 𝑵𝑩  

𝑇𝐶 = 222.5 11  𝑀𝑒𝑉 

We are interested in the 
     QCD phase diagram! 
I would like to see 

 H.R. gas to Q.G. gas tr. 
Quark number cumulants 

 are convenient ! 
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In the models 

𝑵 𝒌 𝝁 =  𝒏𝒌 𝒁𝒄𝒂𝒏. 𝒏
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function 𝑍𝑐𝑎𝑛. 
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low temp.  low dens.→ consistent with H.R. gas 
low temp.  high dens.→ approach to Q.G. gas 

high temp. → approach to Q.G. gas 
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H.R.→”singular behavior”→Q.G. 
e𝐯𝐢𝐝𝐞𝐧𝐜𝐞 𝐨𝐟 𝐏. 𝐓. ? 

5th order is inconsistent 
 with H.R. gas. 

Instability of 
Fourier transf. 

𝜷 𝜿 T/Tc 
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