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Relation between operator product expansion (OPE) of 

QCD correlation function and hadron spectral function
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Quark and Gluon dynamics

QCD vacuum condensates

Hadron properties

(mass, width…)
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QCD sum ruleInput
D meson OPE in vacuum

Exp. mass 1.87GeV

is obtained at sth=2.2 GeV

S. Cho, K. Hattori, S. H. Lee, K. Morita, S. Ozaki,

PRL113 (2014) 172301, PRD91 (2015) 045025

Pseudoscalar (spin 0) mix with vector (spin 1)

⇒D meson mass decreases by level repulsion

Energy level of charged 

particle is discretized

⇒ Charged D meson mass 

increases

⇒We can obtain Borel curve

QCD sum rule in B-field

B-dependence of OPE       B-dependence of hadronD meson OPE in B-field Output (B-field)

Picture 1. Spin mixing Picture 2. Landau level

Picture 3. Magnetic catalysis Picture 4. Polarized condensate

We investigated D meson properties in a magnetic 

field induced in relativistic heavy-ion collisions by 

using QCD sum rule approach.

This formalism can include magnetic field effects such 

as spin mixing, hadron Landau level, B-dependence of 

QCD condensates. D meson is a good probe of these 

phenomena.

G.S. Bali et al., PRD86 (2012) 071502
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 𝑞𝑞  𝑞𝑞  𝑞𝜎𝜇𝜈𝑞 = 𝜒  𝑞𝑞
Magnetic 

susceptibility

G.S. Bali et al., PRD86 (2012) 094512Chiral condensate is enhanced

⇒ Meson mass is modified?

Spin polarized condensate 

appears ⇒ Meson mass is 

modified?

𝑒𝐵RHIC~3𝑚𝜋
2~0.05GeV2

𝑒𝐵LHC~15𝑚𝜋
2~0.3GeV2

1. Mass shift                                                 2.  𝑞𝜎12𝑞 contribution

Subtraction 

of Mixing

All effects  Hadron EFT

Subtraction 

of LL 

Hadron EFT

All effects  

Subtraction of  𝑞𝜎12𝑞

𝐸𝑛 = 𝑚2 + 𝑝𝑧
2 + 2𝑛 + 1 − 𝑔𝑠𝑧

Non-central collision 

can induce a strong 

magnetic field

𝑄 = +1

Neutral D Charged D

Results Almost no change Mass increase↑

Pictures Mixing↓↓ + condensates↑↑?
Mixing↓ + Hadron LL↑ + 

condensates↑↑?

⇒  𝑞𝜎12𝑞 condensate contributes 

to positive mass shift in D mesons

Summary Neutral D Charged D

Hadron 

Landau level
No change Increase↑

Spin mixing Decrease↓ Decrease↓

 𝑞𝜎12𝑞 Increase↑ Increase↑

Our results No change Increase↑

No𝑄 = 0 𝑄 = +1

 𝑞 𝑞  𝑞 𝑞

Phenomenological estimation 

from hadron EFT
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Condensates Input

 𝑞𝑞 𝑒𝐵

From ChPT and lattice QCD

(including  𝑢𝑢 and  𝑑𝑑 splitting )

T.D. Cohen et al. PRC76 (2007),  G.S. Bali et al., 

PRD86 (2012) 071502

 𝑞𝜎12𝑞

From lattice QCD

(including  𝑢𝜎12𝑢 and  𝑑𝜎12𝑑 splitting) 

G.S. Bali et al., PRD86 (2012) 094512

 𝑞𝛾𝜇𝐷𝜈𝑞 Estimation from constituent quark propagator

• Pole + Continuum + ansatz


