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⌦
( ̄f (x) f (x))

2
↵
disc

<latexit sha1_base64="Zbi3o9lRROIdUnH90inCzJb72SE="></latexit><latexit sha1_base64="Zbi3o9lRROIdUnH90inCzJb72SE="></latexit><latexit sha1_base64="Zbi3o9lRROIdUnH90inCzJb72SE="></latexit><latexit sha1_base64="Zbi3o9lRROIdUnH90inCzJb72SE="></latexit>

⌦
( ̄f (x) f (x))

2

↵
conn

<latexit sha1_base64="+Vogj9E27e9eWBPA5G8kqJwTJM0="></latexit><latexit sha1_base64="+Vogj9E27e9eWBPA5G8kqJwTJM0="></latexit><latexit sha1_base64="+Vogj9E27e9eWBPA5G8kqJwTJM0="></latexit><latexit sha1_base64="+Vogj9E27e9eWBPA5G8kqJwTJM0="></latexit>

�

conn

¯ff =
⌦
( ̄(x) (x))2

↵
conn

<latexit sha1_base64="InNsrDDH2X+GuylTpoohVkAnrP0="></latexit><latexit sha1_base64="InNsrDDH2X+GuylTpoohVkAnrP0="></latexit><latexit sha1_base64="InNsrDDH2X+GuylTpoohVkAnrP0="></latexit><latexit sha1_base64="InNsrDDH2X+GuylTpoohVkAnrP0="></latexit>

�

disc
f̄f =

⌦
( ̄(x) (x))2

↵
disc

� (
⌦
 ̄(x) (x)

↵
)2

<latexit sha1_base64="GffB+ZENhjJnhgrIL9cDGKZ78Hs="></latexit><latexit sha1_base64="GffB+ZENhjJnhgrIL9cDGKZ78Hs="></latexit><latexit sha1_base64="GffB+ZENhjJnhgrIL9cDGKZ78Hs="></latexit><latexit sha1_base64="GffB+ZENhjJnhgrIL9cDGKZ78Hs="></latexit>

�

full
f̄f =

⌦
( ̄(x) (x))2

↵
� (

⌦
 ̄(x) (x)

↵
)2

<latexit sha1_base64="Wt648pV4vAwbd6uUjHbyve3qeVI="></latexit><latexit sha1_base64="Wt648pV4vAwbd6uUjHbyve3qeVI="></latexit><latexit sha1_base64="Wt648pV4vAwbd6uUjHbyve3qeVI="></latexit><latexit sha1_base64="Wt648pV4vAwbd6uUjHbyve3qeVI="></latexit>
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�full
f̄f

<latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit>
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�conn

¯ff
<latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit>
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�disc
f̄f

<latexit sha1_base64="Rn0D7LVkc1LXfIrUzJA1PPj1AoI="></latexit><latexit sha1_base64="Rn0D7LVkc1LXfIrUzJA1PPj1AoI="></latexit><latexit sha1_base64="Rn0D7LVkc1LXfIrUzJA1PPj1AoI="></latexit><latexit sha1_base64="Rn0D7LVkc1LXfIrUzJA1PPj1AoI="></latexit>

�conn

¯ff
<latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit><latexit sha1_base64="gH4eUIpVpKmIQyUAvZ/Ad3eOJ5E="></latexit>
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@tBµ(t, x) = D⌫Gµ⌫(t, x)

⇠ @

2
Bµ(t, x) + interaction

<latexit sha1_base64="A74uz3cAE2kymEMUxLvbNpBGU9Y="></latexit><latexit sha1_base64="A74uz3cAE2kymEMUxLvbNpBGU9Y="></latexit><latexit sha1_base64="A74uz3cAE2kymEMUxLvbNpBGU9Y="></latexit><latexit sha1_base64="A74uz3cAE2kymEMUxLvbNpBGU9Y="></latexit>

	��1��0�7��07��0�7����0�����Bµ(t, x)
<latexit sha1_base64="LXMTbjfm+8WYPbMKXo7i0MUxGlI="></latexit><latexit sha1_base64="LXMTbjfm+8WYPbMKXo7i0MUxGlI="></latexit><latexit sha1_base64="LXMTbjfm+8WYPbMKXo7i0MUxGlI="></latexit><latexit sha1_base64="LXMTbjfm+8WYPbMKXo7i0MUxGlI="></latexit>

Gµ⌫(t, x) = @µB⌫(t, x)� @⌫Bµ(t, x) + [Bµ, B⌫ ]
<latexit sha1_base64="OvnHysfUQunmooIpC+/X28YJkVE="></latexit><latexit sha1_base64="OvnHysfUQunmooIpC+/X28YJkVE="></latexit><latexit sha1_base64="OvnHysfUQunmooIpC+/X28YJkVE="></latexit><latexit sha1_base64="OvnHysfUQunmooIpC+/X28YJkVE="></latexit>
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Bµ(t, x) =

Z
d

D
yKt(x� y)Aµ(x) + interaction

<latexit sha1_base64="77a6W1OZPohueeXp7nLnjmZGQ2g="></latexit><latexit sha1_base64="77a6W1OZPohueeXp7nLnjmZGQ2g="></latexit><latexit sha1_base64="77a6W1OZPohueeXp7nLnjmZGQ2g="></latexit><latexit sha1_base64="77a6W1OZPohueeXp7nLnjmZGQ2g="></latexit>

Bµ(0, x) = Aµ(x)
<latexit sha1_base64="aRKwuiRS8UY/fqdst/xczWevoOU="></latexit><latexit sha1_base64="aRKwuiRS8UY/fqdst/xczWevoOU="></latexit><latexit sha1_base64="aRKwuiRS8UY/fqdst/xczWevoOU="></latexit><latexit sha1_base64="aRKwuiRS8UY/fqdst/xczWevoOU="></latexit>
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(4⇡t)2
<latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit>
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<latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit><latexit sha1_base64="18kD/Wwa8Uz2JYR/0EH8BPW97v8="></latexit>
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@t�(t, x) = D

2
�(t, x)

<latexit sha1_base64="TiUclhBCTD/C1dkzEAYHnTB2IfE="></latexit><latexit sha1_base64="TiUclhBCTD/C1dkzEAYHnTB2IfE="></latexit><latexit sha1_base64="TiUclhBCTD/C1dkzEAYHnTB2IfE="></latexit><latexit sha1_base64="TiUclhBCTD/C1dkzEAYHnTB2IfE="></latexit>

@t�̄(t, x) = �̄(t, x)
 
D

2
<latexit sha1_base64="jR/+j89LjqqJwyBfphGlR0aFCoM="></latexit><latexit sha1_base64="jR/+j89LjqqJwyBfphGlR0aFCoM="></latexit><latexit sha1_base64="jR/+j89LjqqJwyBfphGlR0aFCoM="></latexit><latexit sha1_base64="jR/+j89LjqqJwyBfphGlR0aFCoM="></latexit>
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�

�(t, x) =

Z
d

D
y Kt(x� y) (x) + interaction

<latexit sha1_base64="99bMJDbcszyhfG9lgsRLscnI0H0="></latexit><latexit sha1_base64="99bMJDbcszyhfG9lgsRLscnI0H0="></latexit><latexit sha1_base64="99bMJDbcszyhfG9lgsRLscnI0H0="></latexit><latexit sha1_base64="99bMJDbcszyhfG9lgsRLscnI0H0="></latexit>
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1���3�0�0�3
�(0, x) =  (x)

<latexit sha1_base64="9bRY3OkJjfOX75C2CHFoa1afG9A="></latexit><latexit sha1_base64="9bRY3OkJjfOX75C2CHFoa1afG9A="></latexit><latexit sha1_base64="9bRY3OkJjfOX75C2CHFoa1afG9A="></latexit><latexit sha1_base64="9bRY3OkJjfOX75C2CHFoa1afG9A="></latexit>

�̄(0, x) =  ̄(x)
<latexit sha1_base64="uFll5etMbxaXlqug+bMWWa93pIg="></latexit><latexit sha1_base64="uFll5etMbxaXlqug+bMWWa93pIg="></latexit><latexit sha1_base64="uFll5etMbxaXlqug+bMWWa93pIg="></latexit><latexit sha1_base64="uFll5etMbxaXlqug+bMWWa93pIg="></latexit>
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eO(t, x) = {O}R(x) +O(t)
<latexit sha1_base64="wjLozf6jxNcKbCj+FpDVQ552jKQ="></latexit><latexit sha1_base64="wjLozf6jxNcKbCj+FpDVQ552jKQ="></latexit><latexit sha1_base64="wjLozf6jxNcKbCj+FpDVQ552jKQ="></latexit><latexit sha1_base64="wjLozf6jxNcKbCj+FpDVQ552jKQ="></latexit>

∼ "# + "%& +⋯

, �"�� &���""���&0�$� !�"0$ "#��'�����3�" → 0

+'��20���&0�%0$��"�� "�0��*0$� ��2 �#$0�$
!�"$%"10$�&��F

ḡ(µ = 1/
p
8t) ! 0

<latexit sha1_base64="w0iol3q1UgzoaqSaVXzJFLGXOTk="></latexit><latexit sha1_base64="w0iol3q1UgzoaqSaVXzJFLGXOTk="></latexit><latexit sha1_base64="w0iol3q1UgzoaqSaVXzJFLGXOTk="></latexit><latexit sha1_base64="w0iol3q1UgzoaqSaVXzJFLGXOTk="></latexit>
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3!$+#9*!C%�)�*�+D
0��+�����2,�
.6!#)C%���($!C%���01��#CI�(�!"# = 1.628
.�-9)9"!�=9+=��9�*!C%
.* ∼ 0.07 �$ �. = 2.05
.01/03 ∼ 0.63 �0566/07 ∼ 0.74
9:; = 0.1356 �9" = 0.1351
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�(t, y)�̄(t, x) 6= (D[Bµ(t, x)] +m)�1
<latexit sha1_base64="HUvhpby7xeW8Jy9P2+X5JaHLAcU="></latexit><latexit sha1_base64="HUvhpby7xeW8Jy9P2+X5JaHLAcU="></latexit><latexit sha1_base64="HUvhpby7xeW8Jy9P2+X5JaHLAcU="></latexit><latexit sha1_base64="HUvhpby7xeW8Jy9P2+X5JaHLAcU="></latexit>

K†(t, y : 0, w)
<latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit>

K(t, x : 0, v)
<latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit>

SF (v, w)
<latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit>
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����! → 0 1�2��

�full(t) = {�full}R +O(t)
<latexit sha1_base64="iwx1pAcGLipqQi2jf0qEDkL7+zs="></latexit><latexit sha1_base64="iwx1pAcGLipqQi2jf0qEDkL7+zs="></latexit><latexit sha1_base64="iwx1pAcGLipqQi2jf0qEDkL7+zs="></latexit><latexit sha1_base64="iwx1pAcGLipqQi2jf0qEDkL7+zs="></latexit>

�full(t) = {�full}R + tA
<latexit sha1_base64="YqoYOWzEzExA5Ce1s9bCXJGcFFE="></latexit><latexit sha1_base64="YqoYOWzEzExA5Ce1s9bCXJGcFFE="></latexit><latexit sha1_base64="YqoYOWzEzExA5Ce1s9bCXJGcFFE="></latexit><latexit sha1_base64="YqoYOWzEzExA5Ce1s9bCXJGcFFE="></latexit>

�full(t) ={�full}R +O(t)

+O(a2/t, a2T 2, a2m2, a2⇤2
QCD)

<latexit sha1_base64="XVaxVFWQUtJjY6SCqgxRpYSMERo="></latexit><latexit sha1_base64="XVaxVFWQUtJjY6SCqgxRpYSMERo="></latexit><latexit sha1_base64="XVaxVFWQUtJjY6SCqgxRpYSMERo="></latexit><latexit sha1_base64="XVaxVFWQUtJjY6SCqgxRpYSMERo="></latexit>

∼ !% + !'( + !)* +⋯
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$ = 199 MeV (,! = 14)

$ = 232 MeV (,! = 12) $ = 279 MeV (,! = 10) $ = 348 MeV (,! = 8)
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��	���

������������

$ = 0 MeV (,! = 56) $ = 174 MeV (,! = 16)
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�full
f̄f

<latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit><latexit sha1_base64="p8NIc3eEIGt1kq5lPgXxoTkzf+Y="></latexit>
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�conn

¯ff /�disc

¯ff ⇠ 20
<latexit sha1_base64="R1tonT9NgviqcyDm2R+DXZWta/0="></latexit><latexit sha1_base64="R1tonT9NgviqcyDm2R+DXZWta/0="></latexit><latexit sha1_base64="R1tonT9NgviqcyDm2R+DXZWta/0="></latexit><latexit sha1_base64="R1tonT9NgviqcyDm2R+DXZWta/0="></latexit>
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K†(t, y : 0, w)
<latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit>

K(t, x : 0, v)
<latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit>

SF (v, w)
<latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit>
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K†(t, y : 0, w)
<latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit><latexit sha1_base64="CQB1zB3XrSKqEL/LGlZlk+eVjEk="></latexit>

K(t, x : 0, v)
<latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit><latexit sha1_base64="eTku+df5JR8Q75ODwggMoc/jWaQ="></latexit>

SF (v, w)
<latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit><latexit sha1_base64="UBExxF6flooSShHQbO2jB52p054="></latexit>

�����	��
������� �������	����

! = 0

����2���	����
��-�

�����
��2������ ��-�




E2�"����7!#�7C����() 
1��0��()��!��23!#2%:! �����	 

��

�: �2#�D: �!D

-! ��: �2#
!(1/%)

!(%')
-! ��: �2#

�!��%�#�
�"!$$:3����:���#��!!"��!�77:�:� %



��

�(t) = c

2
s(t)'

4(t)
⇥⌦
(�̄(t, x)�(t, x))2

↵
� ( h�̄(t, x)�(t, x)i )2

⇤
<latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="mRO8xi3KV7ACucP/39ozj1bqvJs="></latexit><latexit sha1_base64="mRO8xi3KV7ACucP/39ozj1bqvJs="></latexit><latexit sha1_base64="5XQ1X7KWBoXfyYskF173EOGKkng="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit><latexit sha1_base64="I6UJnbV6b1pAqss7Kq+vWAFAX2M="></latexit>


