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Introduction and motivation

Search for new ¢ in low-energy experiments involving strong interaction effects
@ need nonperturbative QCD computations w/ subpercent precision
@ must include O(«) and O(6m = my — my) corrections

At this order
Osm = Oiso + Osi + Oqep

@ Ogy = full SM prediction including O(«)) and O(6m) effects
@ can be compared directly to experimental measurements at permil level

@ Ois0 ~ contribution to Ogy W/ renormalized « = 0 and ém = 0 keeping all other
renormalized parameters fixed

@ can be compared directly to experimental measurements at percent level

20
@ Osig ~ 0Mg Z5M | 5m=0,a=0,...

20
e | 5m=0,a=0,...

@ Oqep ~ Qg
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Renormalization

@ Once Ni=2+1+--- QCDg0 is renormalized by tuning bare myq, ms, ... and gs to
reproduce observables that depend strongly on these parameters

— Oiso and Osis both finite

@ Calculation of Oqep introduces O(«) divergences that must be absorbed in bare
parameters of QCD

— value of Oiso, siB,qep depends on finite terms absorbed in each contribution (scheme
dependence)

— (re-)renormalize parameters of QCD by tuning bare my, mg, ms, ... and gs to
reproduce precisely measured quantities that depend strongly on these parameters

— at O(a), a does not renormalize: take e.g. PDG value

— separation into Ojso siB,qep Obtained by tuning bare parameters of QCD 5o to
reproduce as many measured quantities or observables computed in
Nf=1+1+1+4--. QCD+QCD and isolating terms oc o, 6m
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BMW scheme (2020)

Hadronic scheme uw 13, 20
@ Myq = mass of connected gg meson as standin for mq (g=u, d, s, c) 2
@ Wp Buw 12 AS standin for as

Pros:

@ very sensitive to individual mg; xPT expansions [inens etal '07]

M3, + M
M = = By(my + mg) + O(mig, o/ Ne, (6m)°/Ne)

AM? = My — M2, = Bodm + 6m x O(myq, o)
M2, = 2Byms + O(m?, aoms /N, SmP /Ng)  Mes = 2mg(1 4+ O(VZ, a/N))
— should be no large ams Dashen violations

@ wy is mostly sensitive to QCD scale
— purely gluonic

— SIB & QED corrections: (1/Ng) x O(a, (§m)?)

31n BMW'20, used mg / m instead of Mg
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BMW scheme (2020)

@ should be close to GRS scheme (casser et a1 12) defined via renormalized mg and as

@ no need to perform additional renormalization of mq, ¢ = u, d, s, ¢, and as, in QCD and
QCD+QED

@ Mygq and wy computable w/ order permil accuracy

Cons:

@ NONE!
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BMW scheme (2020)

@ should be close to GRS scheme [casser et 2l '12] defined via renormalized mg and as

@ no need to perform additional renormalization of mq, ¢ = u, d, s, ¢, and as, in QCD and
QCD+QED

@ Myq and wy computable w/ order permil accuracy

Cons:

@ Myq and w; are not experimentally measurable (though some very close to be)

— must be computed
— have done so w/ few permil accuracy [Bvw20]
— results can be used by others

@ |[f each collaboration uses its own Mgq & wy

— no common defintion of ISO, SIB & QED contributions
=- precise comparison not possible

@ However could agree on standard values!
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BMW separation strategy (2020)

1. Calculate Ogy in Ny = 4 x 1 QCD+QED w/ many mq bracketing ¢ values &
many a, L

2. Obtain Ogy (Type | fits)

2

M "/’;2< AME
> On( . i e s, M, L

w/
Mz = Mo(1+0((6m)? a?)) ~ my+my
1
Mg, = 7(M2+ + M2y — M2,) ~ ms
AMg = Miy— Mz ~mg—my My, ~2mc

Mqo- ~ a & @

@ interpolate to ¢ masses & a and aMy- — 0 & LMy — oo
— OgM

e obtain thus 0%, = Mi?, M52, M&Z, wy
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BMW separation strategy (2020)

3. Now, consider (Type I fit)
Osm (WéMSu, WEMzg, wg AM?, woMc, ey, es, a/wo, LW0>
w/ AM? = M2, — M2,
@ study as function of its arguments

@ interpolate to ¢ masses & v and a/wp — 0 & L/wp — oo

@ isolate coefficients of AM?, €2, e es, €2  — finite:

Oso = OSM((WéMix)%(wéMiX)ﬂo,(wOMcc)¢,o,o,o,oo>
Osg = OSM((WSM,%X)¢,(WSMEX)Q,(w&AMzrﬂ(wOMcc)¢,o,o,07w)
Ocep = OSM<(W§M7%X)¢y(W§M§X)¢»0,(W0Mcc)¢7e¢7e¢,0,00>
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Results for K-mass decomposition in BMW’20 scheme

Type | fits yield:

we = 0.17236(29)(63) fm (AM?)? = 0.01317(32)(27) GeV2 M, = 689.89(28)(40) MeV

Type Il fits for

SO SIB QED
Mics 0 = Mo + Mg + Mo

give (preliminary)
M = 494.55(31)MeV M0 = 2.98(14) MV MSEP = 0.05(7) MeV
MO = 494.54(31)Mev MO = —3.13(17)MeV  MIEP = 2.25(8) MeV

/MR =M
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Comparison to other schemes

@ Phenomenology
e Cottingham & narrow width approximation (cotingham 63, stamen et al 2]
Mo, T, Mg, Ty, Myo, Mg+,
@ Lattice
@ GRS (Gasserctaloz amizs 1719 o & €.9. iN MS @ 2 GeV

® Mg = 3(My+ mg), M= mg— My, Ms, Me, as

e BMW 13, UKQCD 22
e QCD+QED: Mz , AME, M,%X, Mo-, a
e Separation: Mz , AM?, Mg , Mq-, «
. X
— large ams Dashen violations
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Comparison to other schemes
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— excellent agreement with GRS and Cottingham

= indication of equivalence between BM\W'20 and GRS even beyond K*° mass
decomposition
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Conclusion

@ BMW’20 prescription: decompose Ny = 4 x 1 QCD+QED results via matching of

‘ [ M2, + M?
wy = 0.17236(29)(63) fm  MP = y = 134.9768(5) MeV

(AMP)? = M5, — M2, = 0.01317(32)(27) GeV2 M, = 689.89(28)(40) MeV

M , =2.9863(27) GeV [Hracp'1s]  (of Mo _ 11.85) Hraco 10
Tc Mms

@ Suggested prescription: decompose Ny = 4 x 1 QCD+QED results via matching
of e.q.

Miy + Mg _ 135.0 MeV

wy =0.1730fm Mg =
X
(AMP)? = M2, — M2, = 0.01317GeVZ M2 = 689.9 MeV

M , = 2.986 GeV
e
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