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v 1 Lattice QCD /\>>X#A Y

1.1 LatticeQCD.jl TnHRHAFDOHEEZFHELTH &
o

e 2024/08/31 EXHIEX akio@yukawa.kyoto-u.ac.jp (mailto:akio@yukawa.kyoto-u.ac.jp)

D/ —hTyv Uik "RFEOEHEY Y—X U —)12024 (https://akio-
tomiya.github.io/latticeschool2024/); DI\Y XA > DfcHICtEBESnE Ufco LUTICHBERE
LTHDEIN. ETHATREBLBERBVCH>TED, ZOXXTIFEELERA. 5
HEDESERLFESIETIILEL,

Julia £ & U'LatticeQCD.jlf YA M —)LDOFEIF. UTDERD T,

o Step1.JuliaZz Juliaup https://github.com/JuliaLang/juliaup
(https://github.com/Julial ang/juliaup) TWL N B,

o Step2. JupyterNotebook Z A#l. julia REPL 51 —XJL%Z add IJulia TLWh3,

o Step3. LatticeQCD.jl %= https://github.com/akio-tomiya/LatticeQCD.jl
(https://github.com/akio-tomiya/LatticeQCD.jl) #&Z&(C Af15 (add LatticeQCD T
AD)o

CCETERDL> TNIERICEATLIEE W,

JupyternotebookDIFEZ HIRNA T, ROEILZETL, BETRELR/N\YIT—IZANTE
EELLDS, BILAKA—VILEGDET fShift¥—) & TTV¥—F—; ZHITEEFTT
Z3F9TTY,
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In [1]:
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Ny T —IZEBMLET,

1 import Pkg;

2 printin("/Xy o —IZBMULET, ")

3 Pkg.add("Plots")

4 Pkg.add("LaTeXStrings")

5 Pkg.add("Markdown")

6 Pkg.add("Dates")

7 Pkg.add("Printf")

8 println("JETETETINE Lo ETAVAN—IERBS T

Resolving
No Changes
No Changes

Resolving
No Changes
No Changes

Resolving
No Changes
No Changes

Resolving
No Changes
No Changes

Resolving
No Changes
No Changes

package versions...

to "~/.julia/environments/vl.
to “~/.julia/environments/v1.

package versions...

to "~/.julia/environments/vl.
to "~/.julia/environments/v1.

package versions...

to "~/.julia/environments/v1.
to "~/.julia/environments/v1.

package versions...

to “~/.julia/environments/v1.
to "~/.julia/environments/vl.

package versions...

to "~/.julia/environments/v1l.
to "~/.julia/environments/v1.

BIITETCRITEINE U 2 TA VAN =ILERS T
e/Manifest.toml’; OLKSICHET,

run_wizard()

o INTX—=FDIEDAIF. T4 —RDFEVE
(https://www.dropbox.com/s/nit3poou8gfdsli/wizardLQCD.pdf?dI=0) & && IcfE > T <

10/Project.toml’
10/Manifest.toml’

10/Project.toml’
10/Manifest.toml’

10/Project.toml’
10/Manifest.toml’

10/Project.toml’
10/Manifest.toml’

10/Project.toml’
10/Manifest.toml’

No Changes to "~/hogehog

RICEEZED. Julia®REPLTUTZETLTLIEE U,

95& my_parameters.toml EWSNIA—FT7AIEBTDIEICBEDET, /XTA
— 5 T774IIE TEARNIT A Y TOMRED. HEZAFRETI L. BATEVWTHEWL
Tt A

ZEW,

o 77N EEDDHEEIRAIE. my parameters.toml (https://www2.yukawa.kyoto-
u.ac.jp/~akio.tomiya/filebox/school handson/my_parameters.zip) ICEWTHBEZE L

fe. TE5EYOYO—RKUL, O/ —hITVv I ERMUTALIZNYICANTESZN

BRCELSICEBELET,

BUFTlE
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["Physical setting"]
L = [4, 4, 4, 24]
update_method = "Heatbath"
Nsteps = 200
"B" = 5.7

["System Control"]

logfile = "Heatbath_L04040424_beta5.7_quenched. txt"
verboselevel = 2

measurement_dir = "Heatbath_L04040424_beta5.7_quenched"
measurement_basedir = "./measurements"

log_dir = "./logs"

hasgradientflow = false

["Measurement set".measurement_methods.Pion_correlator]

- Ll

BUTF D)L, Z dJupyter notebook &R UIZBFTIC/INZ A= T 7L ILIH 2 2 & ZIRE
LCREZEDET,

v 2 FRFQCDDETE

CIHSEFQCDDETEICAD £, LatticeQCD.jl #A—KULE T,

In [1]: 1 using LatticeQCD

LTOO—RIEZDOFEFTIEFEMELEEA. HEBWIR>TWET, XYZEENNTWVWDER
MEBYRI—REANTLREE W,

IS A—% T 74 )L my_parameters.toml DFE%Z B THET,
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In [2]: 1 println(read("my_parameters.toml", String))

["HMC related"]
"AT" = 0.05
MDsteps = 20

["Physical setting(fermions)"]
Dirac_operator = "nothing"

["Physical setting"]

useOR = true

L = [4, 4, 4, 24]
Nthermalization = 0
update_method = "Heatbath"

numOR = 3
Nsteps = 200
IIBII = 5.7

["System Control"]

logfile = "Heatbath_L04040424_beta5.7_quenched. txt"
verboselevel = 2

measurement_dir = "Heatbath_L04040424_beta5.7_quenched"
measurement_basedir = "./measurements"

log_dir = "./logs"

hasgradientflow = false

["Measurement set".measurement_methods.Pion_correlator]
methodname = "Pion_correlator"

["Measurement set".measurement_methods.Pion_correlator.fermion_p
arameters]
Dirac_operator = "Wilson"

["Measurement set".measurement_methods.Polyakov_loop]
methodname = "Polyakov_loop"

["Measurement set".measurement_methods.Plaquette]
methodname = "Plaquette"

[gradientflow_measurements]
hasgradientflow = false

[gradientflow_measurements.measurements_for_flow]

HTFH5EBEDOI—RETTY,

UTDEIIEI—ROERTNTONB ). BELIIND KT,
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In [4]l: v 1 # COEINZEFETIEE FEICSI2L—>30EDFET,

v
In [3]:
Out[3]:

2 # BEEDDHDFET ! (ml mac book air TE40#=775 4+ >&)
3 run_LQCD("my_parameters.toml") #/USX—%7 71/ %ZIEE L TEIT,

Dict{String, Any} with 2 entries:
"AT" => 0.05
"MDsteps" => 20

inputfile: /Users/akio/Downloads/untitled folder/my_parameters.toml
[HMC related]

[Physical setting(fermions)]
[Physical setting]
[System Control]

[Measurement set]
[measurement_methods]

[gradientflow_measurements]

Heatbath will be used
# /llearc/akin/NDaunlnadc/iintitlad faldar

3 mHEFDHEEREE = fEHiE

TR nPEFOEBEEREREEL THET, RERICIE. EXVTAILOEDLS L B
MEEIVYVIFATERETTHET ZRENHDEID, EDBHBAXTHIMEZR THEY
(FMEZFHEIT 2 I—RDBHBNRE I v v I T A 7 EZEETDDRBEL < BVWOTHEEED

DIFFHLTHTLEE W),

I WENBEKEERLTREEXT,

1 using Dates
2 using Printf

3

4 function ls_ltr(directory::String)

5 # LI NUADT 71 —EZHKEE

6 files = readdir(directory)

7

8 # TZFTNEHR (8 1TLRS >, Y1 RX) ZHERL T, FTLIG > TTY —
9 file_info = [(file, unix2datetime(stat(joinpath(directory, f
10 sorted_files = sort(file_info, by = x => x[2]) # Z17AXZ>
11

12 # ERERT

13 for (file, mtime, size) in sorted_files

14 @printf "%-20s %10d bytes %s\n" file size Dates.format(m
15 end

16 end

1s_ltr (generic function with 1 method)
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In [4]: v 1 # L ORNUEETHS ls -ltr 1Y

In [5]:

In [6]:

2 ls_ltr("measurements/")

3
Heatbath_L04040424_beta5.7_quenched 160 bytes 2024-09-12 02:2
7:44
.DS_Store 6148 bytes 2024-09-13 00:40:39

Type Markdown and LaTeX: «?
BICT7AMIZERIT D&

1 1ls_ltr("measurements/Heatbath_L04040424_beta5.7_quenched/")
2 #;1ls -ltr

Pion_correlator.txt 10885 bytes 2024-09-12 02:35:07
Plaquette. txt 6086 bytes 2024-09-12 02:35:07
Polyakov_1loop.txt 10605 bytes 2024-09-12 02:35:07

32T F7AILDHBI1ETTY, T Tld. Pion_correlator.txtz=F8E L THE T,

Pion_correlatortxtOF &% B THX I, E10{T2RD &,

1 fname = "measurements/Heatbath_L04040424 beta5.7_quenched/Pion_c
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In [7]: v # 771N R EFZHAA TITSEICHE

lines = readlines("measurements/Heatbath_L04040424_beta5.7_quenc

# RED 10 {7Z2Z7; (tail -n 10 £/ELU)
println(join(last(lines, 10), "\n"))

SOk, WN P
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139.04621111324613 1.0797610182097874 0.26419403740532554 0.0446034
191079106 0.011266816933202806 0.002662053236684579 0.00058270369224
92386 0.00015067589708806523 3.6423686739692436e-5 1.071293547429295
9e-5 3.097846341092289%e-6 1.1135105011309169e-6 2.6316572199784773e-
7 3.9986918393380845e-7 1.5989608802239833e-6 8.04056078654367e-6 2.
9485808353281206e-5 0.00018782898936566957 0.0006918494483918539 0.0
03141352763034348 0.012816354875409027 0.05856416036579575 0.2465982
9122554605 0.726184675898592 #pioncorrelator

138.72838950778663 0.7910962294159757 0.31109682375048614 0.0746787
9774856102 0.021412011470686842 0.006745050098406229 0.0017790228755
031707 0.0005199340402332395 0.00016353421230563283 5.54274083193952
4e-5 1.414172034781564e-5 3.51785822357365e-6 6.728473679144047e-7
2.7262975026164e-7 4.929635762793107e-7 2.092737053590124e-6 1.10146
33318324876e-5 6.512640116003829e-5 0.0002761730643989568 0.00127098
609232967 0.007633769678123072 0.035571329849499775 0.21994538408962
04 1.4101892629702615 #pioncorrelator

139.6775665223994 1.0727287812275015 0.35026187477958826 0.05253377
749412984 0.012248434514822526 0.004023905214494523 0.00130106856775
06118 0.0004483483015103858 0.00012593735275972303 4.085325162252919
e-5 1.4363365967847713e-5 4.95895903502648e-6 1.4259152389074012e-6
3.1561584850798714e-7 3.8135929631118896e-7 1.356512808023021e-6 7.6
19793169420492e-6 3.923733644686655e-5 0.00024032306227463545 0.0013
23406997602224 0.006722297990887953 0.033949704878182635 0.203431374
09495307 1.4762307102754226 #pioncorrelator

136.8054678206421 0.9243442669908161 0.17966063094658416 0.04227209
4601404825 0.007842695749448132 0.0019800821680993224 0.000535783246
0676035 0.00013601627292379747 3.350169927829838e-5 1.02779834678473
5le-5 3.4144719466021013e-6 1.0377720458917313e-6 3.54727664722539%e
-7 3.0053014947819104e-7 1.3404562809902918e-6 7.035226776359518e-6
3.0976727378186094e-5 0.000148237403583703 0.0006022512078763791 0.0
024925936963269666 0.01111640507473699 0.054438736527951455 0.189967
04270933135 1.2937661529773883 #pioncorrelator

137.30051381042688 0.9452749836476096 0.24632998754425336 0.0429774
7689957868 0.011223093794067229 0.0033117700569872594 0.001138210962
7573259 0.00036996670039525465 8.259817169503461e-5 1.67391911731955
e-5 3.2508508923980295e-6 5.867211455118336e-7 2.2791789425038434e-7
3.8049873858772697e-7 1.2731043624165372e-6 5.455681664481585e-6 3.0
209128993958132e-5 0.00015576479067316506 0.0007917663950342317 0.00
3991696651316799 0.01618242733048094 0.04670498578160506 0.149344805
42910597 0.9116504613429612 #pioncorrelator

138.63237956705473 1.4034056711333527 0.13717311918474923 0.0372838
7948128758 0.009062992974599645 0.002071282268902401 0.0004544425656
5569974 0.0001224200595471691 2.3994347360782158e-5 4.14691021073143
e-6 7.711564374769546e-7 1.3496193716078578e-7 7.201926601343688e-8
2.1461351911365705e-7 8.214016970056122e-7 3.3057951478120154e-6 1.4
259520325276914e-5 6.578393888269158e-5 0.0002751664006074628 0.0011
939793667339552 0.005588888486733478 0.02816986134452615 0.206074595
55194543 0.735358445843318 #pioncorrelator

138.97489528690704 1.5040977096195642 0.15360663569771954 0.0321657
0591275556 0.008092184550918256 0.0017720256395454025 0.000412102836
50883574 0.00010329619171088184 2.2404662154989186e-5 4.395722130544
363e-6 8.108985817803745e-7 3.7325821270380414e-7 6.573212963160813e
-7 1.6354831162513145e-6 5.474659517382022e-6 1.5082278435531622e-5
5.157176455167082e-5 0.00019217483473491631 0.0006881351262614871 0.
002211216182503624 0.010702984068306843 0.0426764578063929 0.2090276
331239712 1.6856176094963213 #pioncorrelator

135.21512509841557 1.185957940561724 ©.17759503186160655 0.05605669
2883930476 0.015516463857372199 0.0036233670488367183 0.000704991730
5599444 0.00012529323859896034 2.387790012666083e-5 4.52674212252377
le-6 1.0477659122274749e-6 3.528596573788002e-7 5.594858989556658e—-7
1.6648435886417957e-6 5.531065599213228e-6 1.5976198619972958e-5 5.7
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In [8]:

In [9]:

In [10]:

In [11]:
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7622581657457e-5 0.00029578779251904696 0.001225088724988138 0.00569
7579436850132 0.0221662697122308 0.05840428672146423 0.2350285186940
8703 1.1199353645672918 #pioncorrelator

135.28734537845367 0.9566192764875986 0.3042439465782666 0.06330895
802669358 0.013672739682528353 0.0038162209240164262 0.0013831839883
92987 0.00047250920335419424 0.0001626057934367491 4.379334396678051
e-5 1.2853028430320478e-5 3.7307088940371445e-6 1.1898740870244572e-
6 1.035900812935201e-6 3.825656318094667e—-6 1.4646498431026224e-5 5.
912977429458025e-5 0.00022768362001483684 0.000995915369843915 0.004
760576442806712 0.01895332595185582 0.07819720037047138 0.2639136041
6405646 1.0281037238585105 #pioncorrelator

137.3767942283306 0.8602474021193987 0.1977857066462282 0.046508057
62461799 0.016030822713836046 0.004619527087072332 0.001247291840750
1858 0.00034927177121717184 0.00010371690131341567 2.891232382532716
6e-5 6.586879669591567e-6 1.4872003733545615e—-6 4.1298936102516943e-
7 4.686939351973488e-7 2.427076916972067e-6 1.3254874532364866e-5 6.
037747210310062e-5 0.0002490375199441326 0.000892543913690909 0.0040
95029941798967 0.016858166408478578 0.0654220829718375 0.30621764505
39151 1.1486902616821646 #pioncorrelator

G ZEnHFEFOEEREKELT. "Th SV 7 MNIES Gt=0G@t=1)..
Gt =23); DIBICHEATVET, CNZEBITLTVWEZET,

Nt =24 T, B ORETERTHEHZI1EE UET,

Nt = 24,
N_therm = 11; # E>7H/LODEME, Enl 50 IETEH,

N -

values= []
for u in readlines(fname)
if ull] = "#'
else
value = parse.(Float64, split(u) [1:Nt] )
push!(values,value)
end

end
# values

QLW NOUTE, WN KR

=

pions = zeros(Nt, length(values))
for i = 1:1length(values)
pions[1:Nt,i] = values[i] [1:Nt]

end
size(pions)
Ndata = size(pions)[2]

Nou bk WNBR

W7 — 7 8E21E, BLODIVELITHET 50T 10@ELITRITLF T,

Z ZHh S5nHEFOHEBEEKERRT S7zHIC. Plots #EO0— K9 3,

1 using Plots

localhost:8889/notebooks/kotae_handson_latticeQCDjl_v5-tomiya-exe.ipynb#
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In [12]:

Out[12]:

kotae_handson_latticeQCDjl_v5-tomiya-exe - Jupyter Notebook

1 mean_value_pions = zeros(Nt)
2 for i = N_therm:length(values)
3 mean_value_pions[1:Nt] += pions[1:Nt,i]
4 end
5 mean_value_pions/=Ndata
6 mean_value_pions
7 ts = collect(0:Nt-1)
8 scatter(ts,mean_value_pions,xlabel=raw"imaginary time $\taus$",y
0.2 r
e )
- 0.1
o)
e
O
)
c
o)
@]
c %) (0]
5 ®
o 00t ©® e 000000000000 0O
-0.1 1 1 1 1 1
0 5 10 15 20

imaginary time 7

1HRARA%IE. EREER GO CEREEBEEZ e T ~ e ™ LRDZSTIN (B
NEBEN—BR<EFEZDIINSTY, RELEFERFEDITHATWEET, S0
BICEMFEFOEENZNICHELET). RRICIIFHNRAZEOLZETRMANSD
BENH B

(n(7)(0)) ~ cosh(m(r — T/2))
ZBEI, yHZXWNHRTRIDEUTOLSICED XD,

localhost:8889/notebooks/kotae_handson_latticeQCDjl_v5-tomiya-exe.ipynb#
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In [13]: 1 scatter(ts,mean_value_pions,xlabel=raw"imaginary time $\tau$",yl
Out[13]:
)
oL
10 ®
5 e
)
0 e
[
= <)
o
O <)
S )
a 5
°
10° F °
e
® e
1 1 1 . .
0 5 10

imaginary time

S0iFAE. —HF/NSVWEHE (REH) TV T ZREERD/\A HEFOEEICRDD T,

UTOLSICEEZHETEET,

meffs = []
ts2 = []
for t=1:div(Nt,2)

In [14]:

println("$(t-1) $meff")
push!(ts2,t-1)
push!(meffs,meff)

end

.82606433836034
.586924210599467
.5567847174710714
.359422217165435
.2868648766503503
.2820195551758056
.2234917771588376
.2820693175220486
.2604294575671238
.28229473259596

10 1.2519246070059782
11 1.1115371560492464

CONOURAWNRO
PR RPRRRRRRRLN

NIEUATOXSICKRTEET,
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1
2
3
4 meff = -log(mean_value_pions[t+1]/mean_value_pions|[t])
5
6
7
8
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In [15]: 1 scatter(ts2,meffs,xlabel=raw"imaginary time $\taus$",ylabel=raw"$

Out[15]: 5
®

el (7)

0 1 1 1 1 1
0.0 2.5 5.0 7.5 10.0

imaginary time r

BYWEEMNFR)—EICBR>TBEIBZWMHHUE T, AHRFITS—/N\—AHTIHET 54
ENBHODIRIH. FULWETEEET S, FITELEO-RULET,

In [16]: using Statistics

using LaTeXStrings

using Markdown

# 650

# ArgumentError: Package LaTeXStrings not found in current path.
# — Run “import Pkg; Pkg.add("LaTeXStrings")  to install the LaT
# DEBIZ—DHNIESY—IF/)Tlulia ZFFCHL T, BEL/NyTr—2%1>
# pkg> add LaTeXStrings

# EULTR>TERTILESE L,

OooNOOUTE, WN -

In [17]: m_pi = mean(meffs[3:12])

pi_mass_str_lat = L"SOty b7 v 7T $\pi$ FETFOEEEFHLZ $am_A

# MarkdownZ (&> T&Hx
display(Markdown.MD(pi_mass_str_lat))

O WNPRE

"GOEY 7Yy T T FETOEERELE am, =1.2897 TI, "

INZBTRERBaZEDBRVWTYIEBENGRAT —ILELTRIBEUTOLSICLET, BT
R, BATHS = 6/’ DEMTH DI EE2FEVET,

v 4 BRREUBZTS

HU. MENBRT—)L(MeVRE E)ICELIThiL, pEEREVWNIFRW\WTY, pEK%EE
SEREABTERgDERENY NATRT—)l1/a [MeV|ICEZTET ZENTEXY, (%S
B = 6/g DPIFBEFENBNVBARDXFDERETI, 2DA)
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In [18]:

In [19]:

Out[19]:

In [20]:

In [21]:
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hep-1at/9806005 (https://arxiv.org/abs/hep-1at/9806005) M (2.18)IC kB &. 7 TV F D
BENT, BFERasf = 6/g> DEIRI
In(alry) = —1.6805 — 1.7139(8 — 6) + 0.8155(8 — 6)% — 0.6667(f — 6)°,

XD T, Tn&Sommerscale rg = 0.5[fm]Z2>H>5 &.

1 re=0.5
2 a(B)= exp(-1.6805-1.7139(B-6)+0.8155(B-6)"2-0.6667(B-6)"3) * r0

EWSHEATEHS = 6/ h SR TRz HET 2BBETRTEET, 2FDH. TIN5
BFERa MO0 EY, S YIal—yavit@E el TIRANE T,

1 # beta & a DEHEZTOY N THB,

2 betas = 5.6:0.01:6.0

3 abetas = a.(betas)

4 plot(betas,abetas, label=nothing,xlabel=raw"$\beta=6/9"2$",ylabel
5 plot!(title=raw"$\beta = 6/972%$ vs lattice spacing $a$ [fm]")

6 vline!([5.7], label=raw"$\beta=5.7%")

B=6/g% vs lattice spacing a [fm]

— =57

0.200

0.175

a [fm]

0.150

0.125

0.100

5.6 5.7 5.8 5.9 6.0
=6/g”

1B =5.
2 println("a=$(a(B)) fm")

a=0.1706601237820899 fm
I5E Ay AT he =197 MeV fm ZDOH 5 &

1 B =
2 a_inv = 197/a(B)
3 prlntln(“l/a $(a_inv) MeV")

1/a=1154.341129223266 MeV
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EDLMDFET, chzam ICHINIERL. UMTOLSIChhD £,

In [22]: v # LaTeXDXF3 &= #AT TS

pi_mass_str = L"SOty h7 V7T $\pisHEFOEERELZ $m_{\pi} -

# Markdown Z{# > TZ&Zn
5 display(Markdown.MD(pi_mass_str))

"SOtY h7 YT T aFETFOERRB &E m, =1489.0 MeV TT, *

v 5 X&H

% [Ol(FLatticeQCD.jl TnHEFNEEZSTELE U, BONIBEIFRELIIELRDETL
foo BITICEREZZE2OHTVAVWEWVWSEEFEVWT, UTOLS LEESVEMSND D F
ER

« Wilson fermion (&1 SILRFREN WA, BEEBT—IL KA KN VRY Y TH ZnHEF
EESHBZDH,

e MYEYVIITA=—Ik(BEELZFV A —V7EEDOHE)IEBEYIE > feh

o AYRATIFESH BOKEDX), BRIFFEZFHLEMERZI > TULRL,

o VIVFELTIEY #—7U DENRIEZEHELTWNS

e, MONRAVREERERFESKEZSM? XIcSEER LU MEERERESLSE5?
BREDEIEDIT S E VWS DIF—FHBTIEVWARW (e 2 E &F

(https://www2.ccs.tsukuba.ac.jp/PACS-CS/LQCD/results/kaisetsu.pdf) i EZX B TL & WY)
DTIH. CDEEFENEFNFATLIIZEN,

In [ ]: 1
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