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distribution

Summary mass & energy
distribution
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trace anomaly

・ NNLO term is ～１％ level

・ The approach to the asymptotic value is quite slow

・ gives impotant contribution
・ quite different behaviors between nucleon and pion
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Phenomenological  [Lorce, EPJC78, 120 (’18)](0, 2 GeV) 0.11qC µ = ≈ −

Bag model  [Ji, Melnitchouk, Song, PRD56, 5511 (‘97)](0, 0.4 GeV) 0.25qC µ =
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(0, ) 0.15qC µ ∞ −→  Trace anomaly  [Hatta, Rajan, KT, JHEP12, 008 (’18)] 
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NNLO QCD  [this work]
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nucleon 

pion



backup



( )2( 1 )
2

()
gq m

gTg T F mqq
g

g gµν µν
µν µν

β γ+ = + +

1. hadron mass formula

2. gravitational form factor / ( )q gC t

2
2

2
2 68 17 4961 44 1

3 3 27 27 27 274 44 5
f A f F fA F

q F
s

f
s

F

n
mqq

C n
mqg q F mqq

C nC CT C n C Fµν
µν

α α
π π

      = + + + − − + +      
       


 
  



2 22
2 222 28 5812 85 1714 11

3 6 27 27 27 274 3 544
f A f F fA F As

g
s

F A Fmqq F mq
n C n C nC C Cg T C C C q Fµν

µν
α α
π π

   
 


   = − + − + + − +      
        

[ ]
3

4
sα
π

 
 
 

+ 

[ ]
3

4
sα
π

 
 
 

+ 

Explicit quark/gluon separation of QCD trace anomaly is available at 3-
loop in the MSbar scheme
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