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New project launched.

Simulations on bigger & finer lattices started.

Computers @KEK: SR11000 ( 2 TFLOPS) + BG/L (57 TFLOPS)
—  SR16000 (55 TFLOPS) + BG/Q (1.2 PFLOPS)

Lattice cut-off : 1.8 GeV — 2.4, 3.6, 4.2 GeV

Lattice size : 163 x48 — 323 x64, 483x96, 643x128

(Physical size: 1.8fm —26fm~4fm)

Fermion action : overlap fermion— DomainWall(Mobius) fermion
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Overlap vs. Domain-wall

Theoretically, they are just different expressions

(approximations) of the same action:

mo+m  mg—m
Dy, = ° 9 + L 9 ’Y5SgI1HT

mo +m L Mo —m%(l—l—HT)” — (1= Hp)"
2 2 (1+ Hp)» — (1 — Hp)"»
In this talk, let me define
Overlap : 10-8 precision of chiral symmetry
(M ~ 10 eV)
Domain-wall : 10-3 or less. ( M, ~ 1 MeV)
[ cf. non-chiral D : m~ 1 GeV. ]

Dpw =
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Overlap vs. Domain-wall

Numerical differences
Domain-wall : good for HMC.

- C
5

neaper numerical cost, topology tunnelings.
niral sym. violation, eigenvalues need

D eigen vectors

Overlap : good for Measurements.

+ clean analysis with exact chiral symmetry.
recycling eigen values/vectors (for different m)
- high numerical cost, topology tunnelings difficult
(we fixed the topology in our previous works.)
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Overlap/Domain-wall reweighting

Let’s use both fermions with reweighting.
HMC with domain-wall

N
fermions O _ [ o et Doy
< >over1ap — N

+ det Dpyr [ pw

Measurements with

overlap fermions '

Exact chiral symmetry, topology changes
with reasonable numericial cost.
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Overlap/Domain-wall reweighting

Our goal = to find the optimal

implementations for Dpw & Do,
mo

DO’U/DW — 9 (1 j}ﬁgnﬂk
Approximation for sgn function Kernel operator

1. Dpw with a reasonable numerical HMC cost,
and marginal chiral condition.

2. D,, with a good overlap in configurations
generated by D pw and good chirality
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2. Overlap vs. Domain-wall

Domain-wall fermion [kaplan 1992, Shamir 1993 -]
and its variations, (Borici, Chiu, Brower -]

summarized by Edwards-Heller (2000) :

( (D.)'D; —P. 0 0 mP, )
-P. (D)'D; -P 0 e 0
s 0 —P, (DY'D} -P
DGDW= . . .
; 0) : : : :
0 —-P. (D-)'D -P.
. mP 0 0 ~P. (DX)"' D )

D' =1+bD,(-M,),D’ =1-c.D,,(-M,); P.=(1%7,)/2
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2. Overlap vs. Domain-wall

4D expression (with Pauli-Villars)

D C\_[1 ca' || D-CA'B=S) 0 10
- B A 0 1 0 A L ATB 1

Note: det A =1

l+m 1-m T 'T;'---T7'-1
Dow*® =S7'(m =DS. (m) = — .
(=S, (m) == R I

— O\

Approximation for sgn function Kernel operator

11
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2. Overlap vs. Domain-wall

4D expression (with Pauli-Villars)

- M

2. detA=1
— Zolotarev i
— tanh -1
4D 2 '”TLS -1
Dow™ =5 (905 1.1
T, +1
_\
nel operator
| | |

0.99
0

0.5 1 1.5 12
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2. Overlap vs. Domain-wall

Overlap fermion [Neuberger 1998]
Exact treatment of the low-modes of the kernel:
Doy = % > (L4 ssen)) X)) (Ail + Dy (1 - |)\i><)\i>7

Ai<Ath Ai <Ath

4 \ 4

~

Exact low modes HighEodes
allows us 10-8 chirality with Ls=0(10).
— Exact chiral symmetry [Luscher 1998]
through the Ginsparg-Wilson relation [1982]

Doy (0)75 + 75 Dou(0) = Doy (0)v5 Doy (0) /meo.

13
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2. Overlap vs. Domain-wall

Overlap/Domain-wall reweighting

(D%?%/)_IDOU =1+ Z ((D%%/)_lDov — D)[A:) (A
Ai <Ath

Only sub-volume of matrix contributes.

14
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2. Overlap vs. Domain-wall

Overlap/Domain-wall reweighting

(D%)%/)_IDOU =1+ Z ((D%{?/V)_lDov — D)[A:) (A
Ai <Ath

Only sub-volume of matrix contributes.

Let’s reweight them !

det Dé\;f
<O>overlap — <Od tDNf >
CCUpw [ pw

15
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3. Preliminary lattice results

Domain-wall fermion for sea quarks

Our choice [T. Kaneko Tue (Chiral), S. Hashimoto, poster]
Kernel = scaled Shamir Kernel:

O Hy — 2 Dy
T =5
Sgn function = Tanh: 2+ Dw
Sgntanh (2HT) = (1 . 2fIT)LS - (1 - 2HT)LS = tanh(Ls tanh_l(ZHT))
s =12 (1+2H )" +(1—2H, )"

-) mM,..<0.5MeV, Chiral symmetry ~ 10-3

16
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3. Preliminary lattice results

Simulation parameters

Lattice size : 163x32(x12) [test runs]

Symanzik gauge action with 8=4.17

3 steps of stout smearing

2+1 DWF m = 0.7 mg, m, ~ physical point

l/a~24GeV, L~ 1.3fm

(L=32(2.6fm), L=48(3.9fm) lattices running. )
[Simulated w/ Iroiro++ code, G. Cossu, poster ]

Faster than conventional DW (x4)
while reducing m,.. to 1/10. 17
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3. Preliminary lattice results

Domain-wall fermion for sea quarks

Topology tunnelings are active.
p gy g mud0.012 ms0.030

15 . I
RUN 1(Conf 1010-4000) ——

O 10 B
%0 '
"S 5 i | 1 | 34: 5: ) “ ] 4
S o il i»!;’."i‘l‘i" :,.Ahjg YK ] 1w
.go 1l.§ ! . i , ! ' 1] % gf :
‘_8: _5 '!"i’ f “ 9 fl; “ i ". X
o ‘ §
=10 ¢

-15 ' .

1000 2000 3000 4000

: 18
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Overlap fermion for valence quarks

1
Doy = 5 Y (14 ssgnNs) Ao (Al + Dy (1 - > \Ai><>\z‘\>»

Ai<Ath Ai <Ath

J/ \ . J/

N

Exact low modes High;odes

We try different
1. sgn functions : Zolotarev or Tanh for D4Py,

2. value of threshold A}, for exact treatment
of low-modes of Hy,

3. Ls (bt direction) . 19
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3. Preliminary lattice results

Chiral symmetry violation
+ & - eigenpairs of H,, = ~v5D,, :

Ho,|A) = AN
N HOUFS )\> _ _>\F5‘)\> (I's = v5(1 —aDyy/2))

v ¥

) ~ the precision of the GW relation.
_I_

(‘Azero| — m as We”)

20
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3. Preliminary lattice results

Chiral symmetry : +/- degeneracy
DOUZ% > (14 yssgnX) A (\i| + Dy <1_ > |)‘i><)\i|)

Ai <Ath Ai <Ath
ol+ 7 TamhLg=I2
Tanh LS=16
Tanh L =20

10° Zolo L =12

! Zolo L~=16
Fo10t T
] -

X+ X X +7

N, +N T/
S o
oe) (@)
e X TR AR X
STRIEK
.-

0 005 0.1 015 02 025 03 035 04
7\'th 21



o

3. Preliminary lattice results

Chiral symmetry : +/- degeneracy
DOUZ% > (14 yssgnX) A (\i| + Dy <1_ > |)‘i><)\i|)

Ai<Ath As < Aon
oob+ o TahL=12 4 |
Tamh L=l X Our choise :
107 | % Zolo L§=12 + .
' ¥ ZoloL=16 X _
< w0t % % § | Zolotarev|0.3,1.65]
3 00 |
:+ 10 Ath _ 0.37
10 %*
X —
1071 E LS — 12.
10712

0 005 01 015 02 025 03 035 04
M 22
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3. Preliminary lattice results

Reweighting factor

R_ ( det 5Dy (Myq) )2 det y5 Doy (M)

detvs Dpw (mua) /) detysDpw (ms)

T (20 mua) \* [ X¢(ms)
— 21:[1 <>\?W(m:jd)> ()\ZDW(mS)> X high-mode part
High mode part is stochastically estimated
with 60 - 300 Gaussian noises.

23
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3. Preliminary lattice results

Results (with 46 confs separated by 50 trj)

L=1.3fm, 1/a=2.4 GeV

10 T T T T T
_ _ .
= 1} ~ :
| [V L
= 0.1 f ]
= [ _
21) : 1
Ué’ 0.01 i v ;
D)
z ! ]
> 0.001 F V i
2 |
>
5 0.0001

- low-mode part
le-05 ! ' !

1000 1500 2000 2500 3000 3500 4000
tr]
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3. Preliminary lattice results

Results (with 46 confs separated by 50 trj)

L=1.3fm, 1/a=2.4 GeV

10 | _
: For 80 % of confs,

S ]

= 01y R=1~4

. 001 |

] . -

§ - but for 20%,

. 0001 }

S | R is VERY small.
200001 |

low-mode part
total —e— 1

le-05 | ' - ' '
1000 1500 2000 2500 3000 3500 4000

tr]
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3. Preliminary lattice results

Mismatch in topological charge 7
Conf1400 [R=1.54(6)]

0.06 r

0.04

75Dov ’75DDV[;'

0.02

X X X X XX

0

-0.02

-004 r

-0.06 r

+++ + + + + o+ + +A

XXX X X
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3. Preliminary lattice results

Mismatch in topological charge 7
Conf1400 [R=1.54(6)]
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Conf2000 [R=0.00009(8)]
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3. Preliminary lattice results

Mismatch in topological charge 7
Conf1400 [R=1.54(6)]
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X

X
X

X ~v5Dpw

+

+++ + +

XXX X X

Conf2000 [R=0.00009(8)]

<
0.06 | T ;2
0.04 1
75DO’U + X/VBDDW
002 | + X
+
+ X
0 + -
+ X
-0.02 f i X
Zero-mode is missing !
+ X
-0.06 X
X

28



4. Summary

D,, and Dgyy are just different expressions
(approximations) of the same operator:

mo +m mog —m

Dov — 9 =+ 9 75SgnHT
mo +m mo —m (1—|—HT)n—(1—HT)n
Dpw = n
pw 2 > S+ Hy)" — (1— Hy)n

1. Reweighting using
D, = Zolotarev, Ly = 12, exact lowmodes (A, = 0.3),
Dpw = Tanh with Ly = 12, w/o lowmode precond.,

gives R~O(1) in 80 % configurations.

2. But R is very small when Dy, misses
topological zero-modes.

29



4. Summary

To do

1. Any way to avoid mismatches in topology ?
2. Larger volume
3. Smaller quark mass

Other directions :

4. Loosen chirality of sea quarks
5. Isospin breaking effects

6. mixed action

30



Backup slide 1

of the kernel low-modes
Dov:% Z (1+’Y5Sgn>\i)‘)\i><>‘i|+pil)%/ (1 Z >‘i><)‘i>a

Ai<Ath Ai <Ath

4 A\ 4

Vo

Exact low modes High modes

below 0.3, we need

s=16 >~ 30
s =32 — ~ 300
s =48 — ~ 2400

31



Backup slide 2

Reweighting factor of Zolo/Tanh

DZol( )\, = 0.3)
ov — 1+ DTanh —1DZolo —1)(1 — )\z )\z
D o~ (BRI DB~ 00— 32 MOM

L=1.3fm, 1/a=2.4 GeV

1.02
g
S
“‘;0 1015 r
=
=
.20
3 101 f
o
(a4
=
=
<
= 1.005 r
S
o
N
total —e—

1 ] ! ] ]
1000 1500 2000 2500 3000 3500 4000 39

trj
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Backup slide 3

Correlation with kernel eigenvalues ?

Eigenvalues of 2H

04 . | . . .
X x%_% x x %X
03 L ;fx§:§g xfgx §§§§§x§ ggggx§g§§§§§§§§g*xx§§x§:§ -
REx X" ixx% g x§§§x§ §x§§%§x§xxx x§§3§*§x§§x§
XX ¥ % x xRy XX gxxx ExXulxx XXX x X XX
02 b 0 BB ¢ Skt in BE X X -
xg XX ¥y xxg % x Mo R XxXK, x xg
%X gx ¥xX x ¥ xExx o x xXx ¥ X xX
0.1 SRR S N e s x
LT » XX FxXx X §xx§xx x % xxxxxx * ex® ]
X % 9 Xxx XXXy X § xxx
O X ><§ x*  x X X X
X X x7 x X Xxx  x X
% X x> gx X Xx WX % X %
0.1 ¢+ x, Xx¥ xgggx"x X% x, % % xXg X i
. §X x% o XX & < gx x X xX_ %, xxxxgx
% x 5 X% R Xx X % xg x X &x §% x> % ¥x
02 r xxx§;§;;§§xx§§ x"xxx" x%g"" gg& §x§s%xx X% §x i
: X x X x X X
B T e e
03 bt P g
X Xg§x xX¥xR XHExxK xxx§§§§ XX %" RXMx k%
_04 1 1 1 1 1

1000 1500 2000 2500 3000 3500 4000
tr]
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Generalized 5d implementation

— After an unitary transformation,

P —mP. _Tl—1 O - - 0
0 1 77" 0 - 0
: 0 1 77" 0 0
5 _ 3
b, = .
0 0o 1 T
-T,'(P.—mP)| 0 - - 0 1

T =—Q')'Q;', 0.=(D))"'DP,~P,

— Then, Schur complement

D C|_[1 ca' || D-CA'B(=S,) 0 10
B A 0 1 0 A A"'B 1

34
Note: det A= 1
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Generalized 5d implementation

N S Edwards-Heller (2000
SGDW - ZWDGDWW ( )
(DHY'D.  -P 0 e 0 mP,

-P. (D)'D} -P 0 e 0

0 —P, (DY'D’ -P
D(S}DW = . . .
: 0 . . . :
0 cee . —P+ (D_Ls—l )—1 Dj:s—l -P
mP. 0 s 0 -P. (D5)"' D

D’ =1+bD,(-M,),D’ =1—c D, (-M,); P,=(1%7.)/2

35



4D effective operator

—det A =1 doesn’t contribute to path integ.
l+m 1-m T T, T -1

S (m)=—-A+T7'T"--.T' -
Z( ) ( 1 2 L, )75 2 9 Vs Tl—sz—l___TL—sl_l_l

— Combining with Pauli-Villars (m=1),
l+m 1-m_T'T, T -1
/s 77T +1

\ s

D =S (m=1S,(m)=
;

« Looks similar to overlap !
S (approx) __ I_H T
gn
1+H I may approximate the sign

function
36



