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2) Is it sufficient?
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Outline

• The Schwinger Keldysh effective action.

• The entropy current.

• New constraints on hydrodynamics
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To realize the symmetry we use superspace:

Xa = Xg + ✓(X1 �X2) Xr =
1

2
(X1 +X2) + ✓Xḡ

QXr/a =
@

@✓
Xr/a

S =

Z
dd�d✓L(Xr, Xa, @✓)

QIn both cases the generator is a nilpotent operator,     .
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We find that     and    do not form a group. We add an extra 
nilpotent symmetry    .

QK
Q

Recall:

S =

Z
dd�d✓L(Xr, Xa, @✓)

X = Xr + ✓Xḡ + ✓̄Xg + ✓̄✓Xa

QX =
@

@✓
X QX =

✓
@

@✓̄
� i✓£�

◆
X

Lie derivative along �

�i = �i0�

ZSK = Tr
⇣
U1e

��HU†
2

⌘
Due to its appearance in:
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We find that     and    do not form a group. We add an extra 
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*

*Infinitesimal coordinate transformations do not commute with Q. So far we have only retained all the symmetries in a limit where the sources are almost aligned and the temperature is large, or in a probe limit.
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1]

a result of:
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In addition we impose

due to
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Exceptional transport
As an example consider:

Tµ⌫ = (✏+ P )uµu⌫ + Pgµ⌫ + �
�
(uµu⌫ + gµ⌫)�2 � 2r↵u

↵�µ⌫
�

We find:

Jµ
S = suµ

But:

� = 0



Summary
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~Seff

Our goal is to find Seff .
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•  ZSK [A1 + d⇤1, A2] = ZSK [A1, A2 + d⇤2] = ZSK [A1, A2]

Symmetries:

ZSK [A,A] = 1•  

ZSK [A1, A2]
⇤ = ZSK [A⇤

2, A
⇤
1]•  

ZSK [A1, A2] = ZSK [⌘A1A1(�t1), ⌘A2A2(�t2 � i�)]•  

|ZSK [A1, A2]|2  1
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Given:

• Scalars

• Dissipative

• Non dissipative

• Exceptional/Pseudo-dissipative

r · JS > 0

r · JS = 0

2 Im(Seff )

/2 Im(Seff )r · JS = 0

r · JS = 0 2 Im(Seff )

We have found:
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