£
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Motivation
(Why disconnected quark diagram?)

@4\ “ﬁ%"

1: MILC Study of Scalar Meson(#R &4}

@ Carleton E. DeTar, John B. Kogut , Measuring the Hadronic Spectrum of the
Quark Plasma, Phys.Rev. D36 (1987) 2828

@ Carleton E. DeTar, Teiji Kunihiro, Linear c Model With Parity Doubling,
Phys.Rev. D39 (1989) 2805

More than SIX years of Ph.D study on scalar mesons

Teij1 Kunihiro et al, Scalar meson in lattice QCD, Phys. Rev. D 70, 034504 (2004)

C. Bernard, C. DeTar, Ziwen Fu, S. Prelovsek, Scalar meson spectroscopy
with lattice staggered fermions , Phys. Rev. D 76, 094504 (2007)
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First meet disconnected quark diagrams
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Two diagrams appearing in the sigma correlation

® Teiji Kunihiro et al, Phys. Rev. D 70, 034504 (2004)
® Q. Liu, PoS LAT2009, 101 (2009)
® C. Bernard, C. DeTar, Ziwen Fu, S. Prelovsek, Phys. Rev. D 76, 094504 (2007)

® Ph.D dissertation gives the details ( FFT, etc)
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Motivation
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2:2006~2009 2

PRAESIARME ST (PRt $ =)

I 5T A O AR 5T 1 (Guest Researcher)

(Neutron scattering)*-

H T

NIST Center for Neutron Research (NCNR)
Experiment, Fit, modeling, Code development.

Y. Kuramashi et al, Phys. Rev. Lett.
71 2387 (1993).

M. Fukugita et al, Phys. Rev. D

52 3003 (1995).
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Lattice determination of the
disconnected quark diagram

Case 1: Two-point correlation
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C. Bernard, C. DeTar, Ziwen Fu, S. Prelovsek, Phys. Rev. D 76, 094504 (2007)
510 24364 m,=250MeV a=0.12fm, MILC RevModPhys.82.1349
Coding: 2 Years, Calculation: 2 Years, Others: 2 Years. FFT
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FFT Algorithm:

1) Z, Technique

2) Improve the Heller’s code (100G Memory?)

3) Concrete code 1s 1n detail described in Dissertation

C. Bernard, C. DeTar, Ziwen Fu, S. Prelovsek, Phys. Rev. D 76, 094504 (2007)
510 24364 m,=250MeV a=0.12fm, MILC RevModPhys.82.1349

Calculation: 2 Years, 300MFlops(#%%)
600MFlops MILC aim: 800MFlops
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Computing “disconnected %5 ”
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Currecntly work on: MILC work: 2 Years
40°06 m_=240MeV a =009 fin am_=0105 ( 100 B )

48’144 m_=300MeV a = 0.06 fm am_=0.094
S6°144 m. = 260MeV a =006 fm am —0078 NOW: 2 Year
64144 m_ =230MeV a =006 fm am, =00667 WAF? (DDR4)
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Welcome to HPC Center !!!

login node 1 OO J ObS
nodel?  16cores 64G mem 1/3 AT
nodel8 16 cores 64G mem

.

node19-20 28 cores 128G mem 2*K 80
node21-53 28 cores 192G mem
node61-67 56 cores 512G mem

(P exitEs
ZOL.COM.CN
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| 100 Jobs
computing nodes 80% |j\:| ﬁ

Node 281 (&HTF) 36cores 128G mem 2*K80

Node 252 (#HT) 36 cores 256G mem 2*K80

Node 223 (&FHT) 72 cores 512G mem HFiGPU
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Lattice determination of the
disconnected quark diagram

Case 2: Three-point correlation g — 77

Wang, Lingyun; Fu, Ziwen; Chen, Hang, arXiv:1702.08337
400 40°96 m,=240MeV a=0.09fm
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Preliminary results
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Wang, Lingyun; Fu, Ziwen; Chen, Hang, arXiv:1702.08337
400 40396 m,=240MeV a=0.09fm 187 40396

H 4% i QCD & FE R B A 2(2019/10/11 Bl AHESH 5 7I: H % 1"‘2/[\55&%2&



Cheng Hang

Wang, Lingyun, Fu, Ziwen, Cheng Hang, arXiv:1702.08337

Ty = fonn [P(Es, Ey + Fy)e~ 55—t~ Batts—ta
+PELEs+E )e ® w“w‘—ﬂﬂf—f w(tx—ta)
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fsar =0sax I — sinh(w)
1 " 8Es(as)Ea(aa)Ex(a,) Plw.B)= cosh(w) —cosh(E)"

Raul A. Briceno, Jozef J. Dudek, Robert G. Edwards, and David J. Wilson,
Isoscalar mn Scattering and the ¢ Meson Resonance from QCD
PRL 118, 022002 (2017)
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Improve the signals?

Phys. Rev. D 94, 034505 (2016)
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exp[(Ey —m,)t].

a' |
Ry ox | exp|(Eq(p) + E:(q) — 2m,)t|,
s v fogwslicef—fg [ ! ! ! ]

® Gauge Configurations (N=1000) Currecntly work on:
® Time slices (T=96,144,192.,etc) =1 =40%  am =0109
o 0w I
®Fine lattice (a=0.06fm, 0.045fm) .. 5.0 " oo
®Others (17—, etc) ”
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FFT Algorithm:

1) Z, Technique + Moving wall source technique
2) Improve the Heller’s code (100G Memory?)
3) Concrete code will be published soon...

Currecntly work on:

40°96 m_=240MeV a =009 fin am_=0105
48’144 m_=300MeV a = 0.06 fin am_ =0.094
56°144 m_=260MeV a =006 fin am_=0.078
64’144 m_=230MeV a =006 fm am_ = 0.0667
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To be published soon?
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Currecntly work on:

’T =40°96  am_ = 0105
40396 m_=240MeV a=0.09fm D’T = 48°144  am, = 0.094

L’T =56°144 am_=0.078
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Lattice determination of the
disconnected quark diagram

Case 3: Four-point correlation g7 — a7

Y. Kuramashi et al, Phys. Rev. Lett. 71 2387 (1993).
M. Fukugita et al, Phys. Rev. D 52 3003 (1995).
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Individual amplitude ratios
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Y. Kuramashi et al, Phys. Rev. Lett. 71 2387 (1993). RX(f) = C*0,1,7,1+1)

M. Fukugita et al, Phys. Rev. D 52 3003 (1995). C(0,)C (1,1 +1)



Individual amplitude ratios

®Q. Liu, PoS LAT2009, 101 (2009)
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Individual amplitude ratios
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Ind1v1dual amphtude ratios
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FFT Algorithm:

1) Moving wall source technique
2) Improve the Heller’s code (100G Memory?)
3) Concrete algorithm 1s published in Phys. Rev. D 98 014514 (2018)

Currecntly work on:

40°96 m_=240 MeV a=0.09 fin
48°144 m_=300 MeV a =0.06 fm
56’144 m_ =260 MeV a=0.06 fmn
64’144 m_ =230 MeV a=0.06 fm
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Toward the precise determination of
the disconnected quark diagram
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Comparable to HSC
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Raul A. Briceiio, etc (Hadron Spectrum Collaboration), Isoscalar mn Scattering and
the o Meson Resonance from QCD PRL 118, 022002 (2017)

32°256 am_=0.069 Anisotropic configurations (500) m_=236MeV (011)



Toward the precise determination of
the disconnected quark diagram

Crr(P.ty13. 1, 1y) = Z cos(p- (X — X3)J<TF[GJ] (X2.12) Gy, (X2, fzJ]Tl'[GL(X} 13)Gy, (X3.13)])

X1.X5g

_%ﬂz TF X'} f'} X'} f'))}<TI'[GL(X3,f})Gu(X}@)]},

X21.X3

Phys. Rev. D 98014514 (2018)
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Calculation Time

processing t=41 3 3

CG: time:4.06e+04 1iters:3509 GFLOPS:3.87 at c=0 L T = 64 144

CG: time:4.02e+04 iters:3494 GFLOPS:3.89 at c=2 '
PEEEESITG (=2 144*3*40000 ~ 250K

CG: time:4.05e+04 1ters:3557 GFLOPS:3.94 at ¢c=0
CG: time:4.09e+04 iters:3572 GFLOPS:3.91 at c=1
CG: time:4.04e+04 iters:3529 GFLOPS:3.91 at ¢c=2
processing t=43

CG: time:4.05e+04 iters:3476 GFLOPS:3.84 at ¢c=0
CG: time:4.01e+04 iters:3505 GFLOPS:3.92 at c=1
CG: time:4.10e+04 iters:3589 GFLOPS:3.92 at ¢c=2
processing t=44

CG: time:4.01e+04 iters:3484 GFLOPS:3.89 at ¢c=0
CG: time:4.04e+04 iters:3540 GFLOPS:3.92 at c=1
CG: time:4.03e+04 iters:3528 GFLOPS:3.92 at ¢c=2
processing t=45

CG: time:4.07e+04 iters:3536 GFLOPS:3.89 at ¢c=0
CG: time:4.12e+04 iters:3610 GFLOPS:3.92 at c=1
CG: time:4.01e+04 iters:3513 GFLOPS:3.93 at ¢c=2
processing t=46

CG: time:4.03e+04 iters:3522 GFLOPS:3.91 at ¢c=0
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Takeshi YAMAZAKI, University of Tsukuba (10%EH])
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