
The 𝜂 and 𝜂′ mass on 2+1 
flavor DWF lattices
The 36th International Symposium on 

Lattice Field Theory 
July 25, 2018

Duo Guo



The RBC & UKQCD collaborations 
BNL and BNL/RBRC
Yasumichi Aoki (KEK) 
Mattia Bruno
Taku Izubuchi
Yong-Chull Jang 
Chulwoo Jung 
Christoph Lehner
Meifeng Lin
Aaron Meyer 
Hiroshi Ohki 
Shigemi Ohta (KEK) 
Amarjit Soni
UC Boulder 
Oliver Witzel
Columbia University 
Ziyuan Bai 
Norman Christ 
Duo Guo

Christopher Kelly 
Bob Mawhinney
Masaaki Tomii
Jiqun Tu
Bigeng Wang 
Tianle Wang 
Evan Wickenden
Yidi Zhao 
University of Connecticut 
Tom Blum 
Dan Hoying (BNL) 
Luchang Jin (RBRC) 
Cheng Tu
Edinburgh University 
Peter Boyle 
Guido Cossu
Luigi Del Debbio
Tadeusz Janowski

Richard Kenway
Julia Kettle 
Fionn O'haigan
Brian Pendleton 
Antonin Portelli
Tobias Tsang 
Azusa Yamaguchi 
KEK 
Julien Frison
University of Liverpool 
Nicolas Garron
MIT 
David Murphy 
Peking University 
Xu Feng 
University of Southampton 
Jonathan Flynn

Vera Guelpers
James Harrison 
Andreas Juettner
James Richings
Chris Sachrajda
Stony Brook University 
Jun-Sik Yoo
Sergey Syritsyn (RBRC) 
York University (Toronto) 
Renwick Hudspith



Content

■ Introduction 

■ Topological charge

■ Quark self loops

■ 𝜂′	and 𝜂 results



Introduction

■ Topological properties of the gauge configurations are crucial to the 
explanation of large 𝜂$ mass.

■ We want to investigate the source of error for 𝜂 and 𝜂$ measurements.

■ The disconnected diagrams are calculated from quark self loops.



Lattice 

■ Action: IWASAKI + DSDR 

■ Fermion: Mobius DWF, 2 light quarks and 1 heavy quark

■ Lattice size: 243x64x24, a-1 ~ 1GeV, 

■ β = 1.633, 𝑚' = 0.085, 𝑚( = 0.00107, 𝑚) 	≈ 140 MeV, 𝑚) ∗ 𝐿	 ≈
3.36

■ The measurements are done on 485 trajectories. The measurements 
start from 300th trajectory and are done every 4 trajectories until 
2236th trajectory.



Topological charge

■ The topological charges are measured by 5Li method[Philippe de 
Forcrand et al. Nucl. Phys. B 1997]

MD time



Quark self loops 𝜓.𝛾0𝜓
■ Quark self loops are measured with wall sources(Coulomb gauge):



Quark self loops 𝜓.𝛾0𝜓
■ Estimation of errorbars:



Long autocorrelation of quark self loops

■ There are large fluctuations yet there is long correlation in MD time.



Diffusion model
■ Consider correlation function in MD time:

𝐶 𝑡, 𝑡4, 𝜏 ≡ 𝐵 𝑡, 𝜏4 + 𝜏 𝐵 𝑡4, 𝜏4
■ here 𝐵 = 	𝑄 or 𝜓.𝛾0𝜓. It’s found that it satisfies the following diffusion 

equation[Greg McGlynn and Robert D. Mawhinney Phys. Rev. D 2014]:    
;
;< 𝐶 𝑡, 𝑡4, 𝜏 = ;

;= 𝐷 ;
;= 𝐶 𝑡, 𝑡4, 𝜏 − @

<ABCC
𝐶 𝑡, 𝑡4, 𝜏

■ Fitting results:

𝑄 𝜓.𝛾0𝜓
𝐷 0.095(9) 0.16(14)

𝜏DEFF 7.85(58) 8.52(80)



𝜂′	and 𝜂
■ With approximate SU(3) flavor symmetries: 

|𝜂⟩ =
1
6�
𝑢.𝛾0𝑢 + 𝑑̅𝛾0𝑑 − 2𝑠̅𝛾0𝑠 				(𝑂𝑐𝑡𝑒𝑡)

|𝜂$⟩ =
1
3�
𝑢.𝛾0𝑢 + 𝑑̅𝛾0𝑑 + 2𝑠̅𝛾0𝑠 			(𝑆𝑖𝑛𝑔𝑙𝑒𝑡)

■ With|𝑙⟩ = @
\� 𝑢.𝛾0𝑢 + 𝑑̅𝛾0𝑑 and |𝑠⟩ = 𝑠̅𝛾0𝑠[Norman. H. Christ et al. 

Phys. Rev. Lett 2010]:
𝑙(𝑡)𝑙](0) 𝑠(𝑡)𝑙](0)
𝑙(𝑡)𝑠](0) 𝑠(𝑡)𝑠](0)

= 𝐶(( − 2𝐷(( − 2� 𝐷('
− 2� 𝐷(' 𝐶'' − 𝐷''

■ We expect: 𝜂⟩ = cos 𝜃 𝑙⟩ − sin 𝜃|𝑠⟩ and 𝜂′⟩ = sin 𝜃 𝑙⟩ + cos 𝜃|𝑠⟩
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Correlators: 



Fitting Results



Conclusion and outlook

■ The quark self loops have long autocorrelation and our results suggest 
that there are large topological objects.

■ The 𝜂′	and 𝜂 results agree with experimental results when measured 
on some ranges but more data are needed.

■ We can use eigenvectors to investigate the specific distribution of 
instantons in future.



Thank you!


