
Some research highlights
Focus on QCD in its highly nonlinear, low-energy regime, developping and using analytical and massively
parallel simulation approaches to study:

• QCD effects in processes measured in experiment, with goal of helping to reveal new physics

• how QCD explains the rich world and structure of hadrons and, in the longer run, of atomic nuclei

CLN (NPB530 ’98) and BCL (PRD79

’08) descriptions of semileptonic B

decays still used today to measure

|Vcb| and |Vub|

Ab initio calculation of the

neutron-proton mass difference

(Budapest-Marseille-Wuppertal

collaboration, Science 347 ’15) helped

show just how sensitive the stability of

ordinary matter and BBN are to

fundamental SM parameters
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Showed how to study important,

non-leptonic weak decays such as

K → ππ decays in lattice QCD

(CMP219 ’01), thought impossible

before hand
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Leading hadronic contribution to the

muon magnetic moment from lattice

QCD (Budapest-Marseille-Wuppertal

collaboration, Nature 593 ’21),

suggesting that the measure of the

muon (g − 2) may be consistent w/

the SM

Ab initio calculation of light hadron

mass (Budapest-Marseille-Wuppertal

collaboration, Science 322 ’08) helped

show that QCD describes the strong

interaction also at low energy

Also: responsible for quark mass section in PDG; member of the muon

(g − 2) initiative; chargé de mission at the CNRS’ Institut de Physique (INP);

. . .
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WIMP-nucleus spin-independent cross section
In low-E limit
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w/ FX (~q = 0) = 1 nuclear FF and χN couplings (N = p,n)
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such that (f = u, d , s, c, b, t and 〈N(~p′)|N(~p)〉 = (2π)3δ(3)(~p′ − ~p))
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For f N
q , q = u,d , s, use lattice QCD and Feynman-Hellmann theorem
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Heavy quark contributions

For heavy Q = c, b, t (Shifman et al ’78)
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Then obtain f N
Q in terms of f N

q through to MN = 〈N|θµµ|N〉, w/

θµµ = (1− 2γm(αs))
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(BMWc, 2007.03319 [hep-lat])

(Gupta et al, 2105.12095 [hep-lat])

Discrepancy w/ pionic atom result must be
understood and resolved
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