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QCD through EFTs
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SCET |

(mij(k)| €L,ihw | Bj(p)) = 2E (- (E, )

) f dir T {J](\g) (()), LscET, (x)} [Lange and Neubert, 0311345]

SCET I

OSI)C = [X£.:(0) % Xrk(s7)] |Qs,L5(tn) %Tfi Ho(0)],

03;,)c = [X1,i(0) %ialxR,k(Sﬁ)] Qs R j(tn) ﬁva(O)],

4
3) 7 _ 1 1= 1t Eventually match to chirally
Ojjic = [X1i(0) 5 Aer (r) Xk (s7)] [Ds,r,5(tn) 73u(0)], subleading hadronic

operators / contributions”

Og-l,l = |X£:(0) %f)CL,k(sﬁ)] [QS,L,j(tn)ASL(un)%J‘CU(O)].
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SCET |l './0

Ws(x) = Pexp |i dsn - Vs(ns + x)

Ogp = [X1:(0) % XL k(s7)] [Ds,L,5(tn) i—% ﬂv(O)], Wi(z) = Pexp :Z. / 0

dsn - V.(ns+ x)

Js — JoLi(tn), J. v+ Lc(s)J,.L1(0)

TO(t) = TelH, (0) 2L (1 — 35) W] )W (tm)e ()

T (s,8') = [€W]](sn) x [Wen - A W]](s'R) x [W£]](0)
QSC = [Wen- A WCJr | is chirally unsuppressed and completely invariant!
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Infinite tower of operators with the same power counting but different coefficients...
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Conclusions

- We built SCET for a hadronic theory: SCHHChPT (placeholder name)

- Matching based on SCET Il symmetries

- Chiral corrections from high q2 are different that those at low qz
(~ 20 % difference in the correction), this is at odds with current literature

- Our results can be used for chiral extrapolation and SU(3) relations at low ¢~

14
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The four-quark operators in an ‘un-Fierzed’ basis have the form ~ [X ;(0)M3(,(0)] x
Qs i (tn) NXg(sn)]. In the massless limit, the chirality of the soft anti-quark (Qs ;) must

be the same as the chirality of the collinear anti-quark (Xy), which is effectively equivalent
to the condition {/NV,v5} = 0 on the Dirac structure N. Finally, in the Fierzed basis of
Ref. [23], the color-singlet* operators generated in the matching of the time ordered product
of the scalar current and subleading Lagrangian to four-quark operators in SCET-II are

- %%

0(;,1 — [iL,i(O)ng,k(sﬁ)] Q1. (tn) == 3, (0)], (3.4)
0 = [X1.4(0) &8, X a(sm)] [y tm) 23t (0)], 3.5)
01(33,2; = |XL,i(0) %ACL(Tﬁ)xR,k(Sﬁ)] Qs R j(tn) %J{U(O)], (3.6)

O = [X1,4(0) 21 (57)] [Qu 1.5 (tm) A, (um) B3¢, (0)] 3.7
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SCET (1) ChiPT: Power counting

Ps ™~ (p7p7p>a Pc ™~ (mb7p2/mb7p)7 (228)

where p. has been boosted in the n direction with a boost factor of m;/p with respect
to ps. We can now define two separate power counting parameters ¢ = p/(4nf,) and
A = 4 f /my, consistent with the hierarchy of those scales, and write

ps ~ Am fr(€,€,€), Pc~ 47rf7r()\_1, 62)\, €). (2.29)

Here X\ resembles the traditional power counting parameter in SCET. The common scale
factored out to make the power counting the most intuitive is A,, reflecting the expected
size of higher order operators in the hadronic theory.

Soft Collinear Soft Collinear
Al ~ (e, €, €) AR~ (AL €2, € £§<‘? ~ € LQ) ~ €
Vi ~(e, 6, €)  VE~ALEN, € Lg) ~ € 01
) o1 (1)

Hy ~1 5 c

(2) _ -
D,LI,HU ~ € C 1
Bomq ~J 62 .

Table 1. Power counting in the hadronic theory, with € = p/(4nf;) and A = 4nf,/my. Left:

fundamental building blocks. Right: selected derived operators. All chiral loops in the effective

theory count as ~ €.



Lq=qGD — s+ipys + ¥+ dvs)q
= qr(iP + Iar + qr(i + ¥)ar — QLX9r — IrX 9L , (2.1)

where ¢D), =10, + gA;;T“ is the QCD covariant derivative, the projected quark fields are
q. = Prq and qr = Prq with Prpy = (1 ¥ 75)/2, and the sources appear in the linear
combinations Yy = s +ip, £ = v — a and r = v + a. The Lagrangian Eq. (2.1) is invariant
under local transformations in the chiral group G ~ SU(N)r, x SU(N)r specified by

qr — Lqr,  qr— Rqgr (2.2)

The leading SCET II strong-interaction Lagrangian in the presence of external sources
can be written as

L=Lym+ L.+ Ls. (2.19)

The Yang-Mills Lagrangian involves only the (soft and collinear) gluon fields, together with
the gauge-fixing terms, which are not critical to the following analysis since they do not

transform under chiral symmetry. The soft and collinear quark terms have the generic form
as in Eq. (2.1):

Ls — (js,L(im il ls)Qs,L q_s,R(ilD + fs)QS,R — (js,LXSQS,R — q_S,RquS,L (2°20)
L.= QC,L('I:M T lc)QC,L T qc,R(iw + fc)QC,R — qc,LXc9c,R — QC,RXLQC,L 3 (2°21)

in terms of the QCD covariant derivatives. The full symmetry group of Eq. (2.19) above
is therefore enlarged to (SU(N)r X SU(N)gr)s X (SU(N)r, x SU(N)R)c, where

19



Explicit results

1 9 7.8
MJ(I) — M}Me_( | g]%>]1 ~ M}ree 11
! Lof2\2 8 L 10f2
~ 20 % enhancement B
9 6.56
(1) — lree T e P tree
Mfsofr - MJwﬁ Z <8 T 8gﬂ> L Mfwﬁ 10f7%11




SCET for ChPT

Covariant formulation of ChPT Introducing the soft and collinear
_ _ ) - sectors
) i (x)t” 2(x) = ¢*(x) = L& (DR s
X) = ex N
P fyr | g(X) —> L&(X)UT(X) — U(x)g(x)RT s> V¢

1 , .

VH — E [chzDIf‘cf + szng] V¥ > UVFUT + U[iD*, U]
1 , . T

AN — - [é:Tlfo _ leng] At — UA*U

DS(R) = 0" — i(Vext + Aext)'u

DH = o — iV~

ext

21



QCD EFTs

m, <K 4zf,

—Ssymmetries!

Chiral Perturbation Theory (r, K, n)
T— LU T — AT

ap =&'qr = Uqy, qr =E&ar— Udgp
£ — LEUT = UERT
Non-linear representation: &;;(x) = exp [iwa(x)t?j/ Fr|
Ly = "(z’lD — S+iPY +V + A°)d
§=¢x¢' +he., V.= (f’f iDPE+EiDRET), A, (5* iD}€ — EiDRE)
Z[J| = /%/ / [DEDET[DA] det(id) — S + iPy° + V + Ay°)e™> Y™
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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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What can you actually calculate?

Lattice at high q2 with chiral extrapolation (HHChPT)

JLQCD [2203.04938

14—
N O M, =~ 500 MeV

0 M, ~ 400 MeV
O M, ~ 300 MeV

1.2

1.0-
0.8
06 T L
04l fo (Er) gs;.,_—.;_——:—:—f:—:—:—:—:—:—:—:—3}3}3}3}3}3@3&3}.@-}%}@; @_-.L._-_ﬁ,:r_:%_.________.__:}_______:
"""""" T I

High ¢~ T

0.2 !
B = 4.35, mg = 1.25°m,
0.0 0.2 0.4 0.6 0.8 1.0
E, |GeV]

q* = Mz +m? — 2MRE,
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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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ABIAG*(B® >~ 2% v,) [107° GeV~2]

Various B — 7717 measurements

[
H

[
N

=
()

co

2411.18639]

: 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)
- W x? fit average
- 3 : ‘( ‘{ }
— Ir I : S —
- ] Lo i
- s
- R o e
B : l R e s e = S D
- } —r | I B
— x° =39.571 | 0 T :
— . X T
- p = 0.3997 e —y
N 1 ——
| I I [ 1 1 | | I I | | N I | | I I | | [
5 10 15 20 25
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2.0

1.0

HQ extrapolation

JLQCD [2203.04938
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