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QCD is difficult
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High / low recoil regions
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High / low recoil regions
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SCET for yPT
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SCET I
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Related to the form factor, /

not the decay constant!
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What can you actually calculate?

Lattice at high q2 with chiral extrapolation (HHChPT)

JLQCD [2203.04938

14—
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Conclusions

- We are building SCET for a hadronic theory: SCHHChPT (placeholder name)
- Matching based on symmetries (and more that was not shown)

- Allows us to calculate:
- SU(3) relations at low g*: Relate form factors of different decays

- Chiral extrapolation at low qz: Allow lattice to work in more energetic regimes
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ph] 22 Oct 2010

arXiv:1006.1197v2 [hep

Hard Pion Chiral Perturbation Theory for B — m and
D — m Formfactors

Johan Bijnens and Ilaria Jemos

Department of Astronomy and Theoretical Physics, Lund University,
Solvegatan 14A, SE 223-62 Lund, Sweden

We should thus be able to describe the hard part of any
diagram by an effective Lagrangian. This effective Lagrangian should include the most
general terms allowed consistent with all the symmetries and have coefficients that depend
on the hard kinematical quantities and can even be complex. A two-loop example will be
given in [15]. We expect that a proof along the lines of SCET [20] should be possible. Once
it is accepted that one cndo hs a second step is to prove that the effective La,granglan
one uses is sufficient to describe the neighbourhood of the hard process and calculate chiral
logarithms.
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HHChPT: Matching

QCD OCD — HQET — HHChPT
Olir, (1 =rb|BE) = ifp, | OET
(n(k)|ay (1 —ys)b| B(p)) iy, (1 — y5)b = Cy_gWity, (1 — y5)h,
= 227 (p, + k) + 274D (p, — k) //
HHChPT ~

g, Th, = C(u)Tr |H ' Pg| &

Grl'h, = C(u)Tr [HITP,| &
(0]g¥(1 —ys5)h,| B) = —2(0|g.h,|B)
= = 2C(u){0| Tr [H,Py| £"| B)

C(u = my) = /My fp+0601/my, a,1/f,)




HHChPT: Form factors

B

Ve —> T —)71' gﬂfm
B—>7z _|_fB—>7z fB 1 — ErV * Pr B _fB B'""*B
I v-p,.+ AP

g, = 0.492(29) [ALPHA, 1404.6951] AB = M. — M, ~ 45 MeV
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Heavy to light form factors

| Vub | Determination from B(S) — n(K)Zv, need the form factors over full kinematic range

| V| = (3.75 £0.06,,, +0.19,,,,) x 107

HFLAV[2411.18639]
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External currents: Matching SCET — HHChPT

0", = o [@2(0) Pu 5 s P 2o | [@20m) P2 B i)

@) |@2em P T ) (37)

Let us now redefine the chiral quark fields by rotation with the Goldstone matrices in
the non-linear representation of ChSB,

PrQ.(z) = &(x) (?CL(x) ;
PLQs(z) = &s(x) Qs,1(7)

= —92 [Qf(o) pL

()
()

@3 @z
£~
Q)

— U(,(T) QC,L )
— US(:E) QS,L :

(39)

The quark fields in the last expression still have leading interactions with the pion fields
arising from the analogous field redefinitions in the kinetic terms,

QCPL ZJPLQL — éc,L/Y,u (Zau + ijaﬂfc) QC,L ; (42)

~

Qe.r(sn) =Y. r(sn)XerL(sn) (43)

where Y, 1 (tn) is a straight Wilson line connecting the point ¢n to some reference point at
infinity, satisfying

(n-0+&(n-0)&) Yer =0. (44)
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External currents: Matching SCET — HHChPT

HQET SCET i
G, Th, = C(u)Tr [H Py &

C(u = my) = /Mg fr+061/m, (xs,l/f,/
Wilson coefficient is non-perturbative,

related to form factors in chiral and HQ limits

Soft and collinear chiral Wilson lines:

0
S(x) = P exp [i J ds (i - V(x + sn))

0
W,(l”)(x) = P exp [i J ds(n-V.(x+ sn))

SD(x) = U (x)Y(x)
W(x) = U (x) WP(x)
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: Input Measurements:
- A4 BY Belle untagged, Phys. Rev. D83, 071101 (2011)
— 2 B? Belle had. tag, Phys. Rev. D88, 032005 (2013) 2023
— LH B Belle had. tag, Phys. Rev. D88, 032005 (2013)
B W BY & B* BaBar untagged, Phys. Rev. D83, 032007 (2011)
B ¥ B9 & B* BaBar untagged, Phys. Rev. D86, 092004 (2012)
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arX1v:1006.1197v2 [hep-ph]| 22 Oct 2010

Hard pion ChPT diagrammatic analysis

Figure 1: An example of the argument used. The thick lines contain a large momentum,
the thin lines a soft momentum. Left: a general Feynman diagram with hard and soft
lines. Middle-left: we cut the soft lines to remove the soft singularity. Middle-right: The
contracted version where the hard part is assumed to be correctly described by a “vertex”
of an effective Lagrangian. Right: the contracted version as a loop diagram. This is
expected to reproduce the chiral logarithm of the left diagram. Figure from [14].
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Figure 26: The form factors f(g?) and fo(q?) for Bs — K/v plotted versus z (left panel) and
¢° (right panel). In the left plot, we remove the Blaschke factors. See text for a discussion
of the data sets. The grey and salmon bands display our preferred N* = N° = 4 BCL fit
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Figure 25: The form factors f;(q?) and fo(g?) for B — 7lv plotted versus z (left panel) and

q° (right panel). In the left plot, we removed the Blaschke factors. See text for a discussion
of the data set. The grey and salmon bands display our preferred N* = N° = 3 BCL fit (five

parameters).
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Figure 27: The B — K form factors f(¢?), fo(q¢?) and fr(q?) plotted versus z (left panels)
and ¢? (right panels). In the plots as a function of z, we remove the Blaschke factors. See text
for a discussion of the data sets. The light-shaded grey, salmon and blue bands display our
preferred N* = N° = N? = 3 BCL fit (eight parameters) to the Ny = 2 + 1 lattice results.
The dark-shaded grey, salmon and blue bands display the Ny = 2+ 1+ 1 HPQCD 22 results
1487].
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Figure 31: Lattice and experimental data for f277(¢?) and f&7™(¢*) versus z (left panel)
and ¢* (right panel). Experimental data has been rescaled by the value for |V,;| found from
the joint fit. Green symbols denote lattice-QCD points included in the fit, while blue and
indigo points show experimental data divided by the value of |V,;| obtained from the fit. The
grey and orange bands display the preferred N* = N° = 3 BCL fit (five z-parameters and

|Vub|)-

27

B — 7 form
factors

[2411.04268]



FLAG 2024 FLAG 2024
:l ' L B A ' L B ' L B l LS l' LS l LA l' }:'}_iﬂQ'CID' 1'21Al' LBl I T F ¥ T l l: -l L LA l L L I ] LI L I LA ] L ] I ] L LI [ LRI ] L ] I ] LB I ] l-
090 - f+ ETM 17D @ - - fo average 1
- fo HPQCD 21A 0O - . f+ average
- fo ETM 17D 0O ’ 1.4 | f+ FNAL/MILC 22 F—4&— —
0.85 —E - . f. HPQCD 21A & .
- ’ - f+ ETM 17D o i
& i . X fo FNAL/MILC 22 F—&—
= 080 [ - . . fo HPQCD 21A 00— )
K . -} [ b Nb" 1.2 f() ETM 17D HO— —
T i — - .
N Ko i
% ors | } ; . . D — K form
& N ) — ] &y
=~ N . 1.0 |- =
Q070 | a . . Q] f
: ; | . . ; actors
-0 " O
0.65 -§ - i & |
N ] 0.8 |
0.60 :l | T T T T AT AT T AT AT NWE e | 1: é, R T T T T T A T AT T T T T AT T
-0.05 -0.04 -0.03 -0.02 -0.01 0.00 001 0.02 0.03 004 0.05 000 020 040 060 080 100 120 140 160 180

z(q*, Lopt) ¢ [GeV")‘]

[2411.04268]
Figure 18: The form factors f; (¢*) and fo(q*) for D — K/v plotted versus z (left panel) and

q* (right panel). In the left plot, we removed the Blaschke factors. See text for a discussion
of the data set. The grey and salmon bands display our preferred N* = N° = 4 BCL fit
(seven parameters).
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SCET for ChPT

Introducing the soft, collinear, and

Covariant formulation of ChPT ,
soft-collinear (messenger) sectors

i Z(x) = &3(x) = LEX(OR"

fr E(x) = LEXU™(x) = U)G(0)R"

E(x) = exp VE — VE VE VE

| .

V= lé*zDg‘é + ¢iDp¢ 1 V¥ — UV*U' + U[iD*, U']
| . f

AH = 5 lngthg _ leng] A - UAHU

Dg(R) = 0" —1(Voy F Acr)

D¥ = 9" — iV¥

ext
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