
  

A Better Conditioned
Domain Wall Operator

 Punch Line:
   
   Precondition D

DW 
P from the right:

                  -►  D
DW 

P A

      - A is a diagonal preconditioning Matrix 
      - P contains chiral projectors
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Define...

A.=.(
1 0 0 0
0 α 0 0
0 0 α 0
0 0 0 α

)
.
D+.=.b Dw .+.1 . D−.=. c Dw .−.1

. . .
P+.=.(1+γ5)/2 . P−.=.(1−γ5)/2



  

D
α 
= D P A P-1 =

(
D+.(P−.+.α P+.) αD−.P−. 0 −mD−.P+.

. . . .
αD−.P+. αD+. αD−.P−. 0

. . . .
0 αD−. P+. αD+. αD−.P−.

. . . .
−mD−. P−. 0 αD−. P+. D+.(P+.+.α P−.)

)



  

Why D
DW

PA ...

… rather than

D
DW

A

?



  

From 5D to 4D

Get 4D Propagator in 5D:

 

DOV
5 .=.(

DOV
4 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

)



  

From 5D to 4D

LDDW (m)P R(m). .=. L DDW (1)P R(1). DOV
5

(m).... (1)

. .

. .
DOV

5
(m).=. . R(1)

−1 P−1 DDW
−1

(1)DDW (m)P R (m)....(2)

. .
R(1)DOV

5
(m)R(m) .=. P−1 DDW

−1
(1)DDW (m)P ....(3)

R(1)DOV
5

(m)R−1
(m) .=.(

DOV
4 (m) 0 0 0
B1(m) 1 0 0
B2(m) 0 1 0
B3(m) 0 0 1

)....(4)



  

From 5D to 4D with α 

R(1)DOV
5

(m)R−1
(m) .=.(

DOV
4 (m) 0 0 0

α−1 B1(m) 1 0 0

α
−1 B2(m) 0 1 0

α−1 B3(m) 0 0 1
).... (1)

. P−1 DDW
−1 (1)DDW (m)P . xi .=. si .... (2)

DDW (m)P . x i .=. DDW (1)P . si , ..... i=1, ... , Ls .... (3)

Propagator x1 independent of α



  

D
α 
P = D P A  =

(
Q−.c−. αQ+. 0 0

. . . .
0 αQ−. αQ+. 0
. . . .
0 0 αQ−. αQ+.

. . . .
Q+.c+. 0 0 αQ−.

)
.

c+.=. P+. .−m. P−. . c−.=. P−. .−m. P+.

. . .
Q+.=.γ5 Dw(b P+.+c P−.)+1 . Q−.=.γ5 Dw(b P−.+c P+.)−1



  

Red Black Preconditioning

3Options :

1. ... I rr−Drb I bb
−1 Dbr

2. ...1rr−I rr
−1 Drb I bb

−1 Dbr

3. ...1rr−Drb I bb
−1 Dbr I rr

−1



  

Red Black Preconditioning with α

With B=P−1 AP :

1. ... I rr Brr−Drb I bb
−1 Dbr Brr ....... improveswithα

2. ...1rr−Brr
−1 I rr

−1 Drb I bb
−1 Dbr Brr ....... improveswithα

3. ...1rr−Drb I bb
−1 Dbr I rr

−1 .......cancelsα



  

Red Black Preconditioning

( 1 0
Dbr I rr

−1 1)(I rr 0

0 I bb−Dbr I rr
−1 Drb

)(1 I rr
−1 Drb

0 1 )

( 1 0
Dbr I rr

−1 1)(I rr 0
0 I bb

)(I rr
−1 0

0 I bb
−1)( I rr 0

0 I bb−Dbr I rr
−1 Drb

)(1 I rr
−1 Drb

0 1 )



  



  

Results
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