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Quantum Field Theory

Theory of almost everything, except gravity

BREFRNNE
5E2FMmE

Quantized Fields

Lattice QCD

BSAEXRET

Particles Waves

IR R 3= (Trinity)



Lattice quantum field theory and MC simulations

B m quantum fields ¢(x) = {q(x), g(

x), Uy (x)} defined on a

4D Euclidean lattice structure: x € A
Lattice QCD m a lattice action S[d)] = Zx,y E’(X)M[UM]X,yq(Y) + Sg[Uﬂ]
WX m Partition function & physical observables
REBSRE
Z= / Dpe 19|
(2)
— [ Dooigle /2
m complication of fermions (GraBmann fields)
Z= /DU e %¢Uul det M[U /DU e SerllUel - (3)

m Monte Carlo works most effectively for systems without
the so-called “sign problem”: e=%Usl ¢ R > 0



Lattice: What, Why, Who and How
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spectrum & hadronic interactions

weak decay & matrix elements

finite temperature and density

standard model parameters & renormalization
@ BSM physics

Algorithms & machines
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I¥" 3.7 o deviation from SM

remaining

Contribution Section Equation Value x10""  References
Experiment (E821) Eq. (8.13) 116592 089(63) Ref. [1]

HVPLO (e*e) Eq. (2.33) 6931(40)  Refs. [2-7]
HVPNLO (e*e”) Eq. (2.34) —98.3(7) Ref.[7]

HVP NNLO (e*e™) k Eq. (2.35) 124(1)  Ref. [8]

HVP LO (lattice. udsc) Sec.3.5.1  Eq.(3.49) T116(184)  Refs. [9-17]
HLbL (phenomenology) Sec. 494 Eq (4.92) 92(19)  Refs. [18-30]
HLbL NLO (phenomenology) Sec. 4.8 Eq. (4.91) 2(1)  Ref. [31]

HLbL (lattice, uds) Sec. 5.7 Eq. (5.49) 79(35) Ref. [32]

HLbL (phenomenology + lattice) Sec. 8 Eq. (8.10) 90(17)  Refs. [18-30. 32]
QED Sec. 6.5 Eq. (6.30)  116584718.931(104)  Refs. [33.34]
Electroweak Sec. 7.4 Eq. (7.16) 153.6(1.0) Refs. . 36]
HVP (e*e”, LO + NLO + NNLO) Sec. 8 Eq. (8.5) 6845(40)  Refs. [2-8]
HLbL (phenomenology + lattice + NLO) ~ Sec. 8 Eq. (8.11) 92(18)  Refs. [18-32]
Total SM Value Sec. 8 Eq. (8.12) 116591 810(43)  Refs. [2-8, 18-24, 31-36]
Difference: Aay = @, " — ag“ Sec. 8 Eq. (8.14) 279(76)
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FIG. 14. Overview of total results for aji'". The refer-
enced contributions are: ETMC 2013 [11], HPQCD 2016 [14],
Mainz 2017 [19], BMW 2017 [20], RBC/UKQCD 2018 [21],
ETMC 2018 [22], SK 2010 [25], FNAL/HPQCD/MILC
2019 [24], Mainz 2019 [26], ETMC 2019 Update [30], BMW
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21/12 = 1,059463094359295264561825 (4)

Lattice QCD

D = ST SE T+ IR (12-ET) 2

LEgEs: 27/12 » 1.4983 ~ 3: 2.
2 ey, SEME 1584
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REZ DS m BERBIT: 15 ¢5. BF = qqq
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54510
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BERF (composite operator)O;
METEXEFTERERRE (1)

C(t) = (O(HOT(0)) x e B, t>1

(5)
EXH t MARE E, ERIRENETEIHRE
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m only if the hadron is stable or the resonance is
enough

"narrow”
Lischer (mainly two-body)
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m the effective Hamiltonian approach
m the HALQCD approach
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---- Background fit
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KEBKIEIAT: BESHI
BESIII& BELLE& CLEO Z &1 (2013)
B DD* A 1°(J°C) =11(117)
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0] E%E Ea(S. Prelovsek) PRDO1 (2015) 014504
Lischer (CLQCD)

m 28 (REZ20yMRARE DD*) PRD89 (2014) 094506

s N E—TERHREE (DD* + J/4m) cpcas (2019), 103103
m =8 (DD* + J/vm + pne)? PRO101 (2020) 054502
Non-Lischer

m the HALQCD approach (HALQCD) pre117 (2016) 242001
n —BRBBWRL (DD + J/ym + pne)!
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