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Quick reminder: What is an Effective Field Theory?
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Quick reminder: What is an Effective Field Theory?

- Common examples: Weak Effective Field Theory, SMEFT, ChPT

- Based on hierarchies of scales, expand in small ratios

- New symmetries / power counting simplify the problem

- Can be deeper than just “integrating out the heavy particle”

H V,u mﬂ << MW V'u
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- m, K AQCD, QCD has approximate chiral symmetry (m, = m, = 0 ( = m,))

in the Lagrangian, but condensate (gg) is not invariant — SSB
— SUWN); X SUN)p = SU(N ), — Goldstone bosons

_ Give our Goldstones the transformation of the condensate: ¥ — LYR". and
a SU(N) representation: X = exp(2izt%/f), ensuring 2’2 = 1, det T = 1

- Now build a Lagrangian for this field that respects the symmetries of QCD,
pbut it can only work at low energies, to have a systematic power counting
€ = p/A)(, and to neglect resonant effects (p meson, as an example). At LO:

)
o0 1 1, [a STy ]
7, A U=s s

- Degrees of freedom: soft pions (and SU(/NV) partners), can add mass as a “spurion”
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Matching: Chiral Perturbation Theory

) _ i
P2 — f—Tr 0 SToHY
TT, 4 _ U=s S_

- Matching is what makes EFTs work. In QCD pion decay goes through
Jw = q;7"q; which transforms under chiral symmetry as jy, — LjWLT

- Build an operator with ChPT fields that transforms the same: Oy, = X 0#X!

- Take the appropriate matrix elements, imposing their equality, and you get
that, at leading power

(01j,|7) = (010, |7) = f=1, . .

- Now we can calculate some stuff with ChPT!
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Soft-Collinear Effective Theory

- Based on the method of regions.

- Divide a degree of freedom (quarks and gluons) based on its momenta: 4 = 9n> Dhe>
qe-4s

- Different momentum components scale differently, introduce light-cone coordinates

n = (1,001, #=(1,00,-1), n>=i*=0, n-i=2 n-k,=i-k =0
17 U

=i ket n- ke + k= (i kon-kk) K~ (12D K~ (0,00 0)
> » T

- What’s important:

- In SCET |l, the collinear fields are a boosted version of the soft fields

- The SCET Il LO Lagrangian is two copies of QCD (one soft, one collinear),
decoupled
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QCD through EFTs

m, << Nocp

Chiral Perturbation Theory (r, K, n) Soft-Collinear Effective Theory (Il)
T — fl/ ﬂSOftﬂSOft — ﬂSOftﬂSOf’[ - Based on the method of regions: ¢ — ¢, , (.
(0) _
gSCETH_ gc_"gs
\ Duplication of chiral
symmetry on the
SC ChPT / same mass shell!
p<KE

2 2
SO =L+ LY

2

ChPT is Lorentz invariant: £ = ZﬂTl‘ [%ZLC@” ZS/C]
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QCD through EFTs

m, << Nocp

Chiral Perturbation Theory (r, K, n) Soft-Collinear Effective Theory (Il)
T — fl/ ﬂSOftﬂSOft — ﬂSOftﬂSOf’[ - Based on the method of regions: ¢ — ¢, , (.
(0) _
gSCETH_ gc_"gs
\ Duplication of chiral
symmetry on the
SC ChPT / same mass shell!
p<KE

2 2
SO =L+ LY

It’s use Is motivated in places
, where you have relevant soft and

ChPT is Lorentz invariant: £ = Z”Tr [aﬂzjlcaﬂzs,c] collinear hadrons, like in B — 7,
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Matching: Collinear Chiral Perturbation Theory

2

PO =y [a N0
T, 4 u=c c

- The matching procedure is more interesting for the pion LCDA, which
is defined using the current j = g.,(0) 7q, ;(sn)

- It transforms under collinear chiral symmetry as j_ — L .(s71) ] L:f (0)

- Problem: Chiral power counting no longer saves us, 11 - 02 ~ E

o0

Z L' < JdS SmC(S)> (I/_L . a)mZC(X) — st C(S) Zc(x + SI’_l)
0 m.

J =2 (sn)Z(0) # 1

- Problem: X (si1) = L.(sn) X, R(}L (si), R:f (s)R.(0) # 1
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Matching: Collinear Chiral Perturbation Theory

- Wilson lines made of the spurion fields transport the chiral symmetry to
different space-time points, transform like ch(x) — Lc(x)ch(x)Lj (—00)

0
We  (x) =P exp [—i J dun-¢./r.(x+ uﬁ)] ch,,,c(x)W;f () =1
J_w L (si)J_ L'(0) J. = W, (st)UW] (0)
U +— L (—00)UL(—0)
2o () = W (OZ ()W, (x) = L(—00)Z (X)R](—0)

- Problem: %, ~ 1,s0 %, = Zm(slﬁ)ZZo(Szﬁ)Zoo(sgﬁ)Zio(sm) is allowed
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Matching: Collinear Chiral Perturbation Theory

Uy =2 (s7)Z (55 (572 (5477) 2 (Syn_ 1) Z L (570

- Problem: Infinite tower of allowed leading
operators with independent Wilson Coefficients

S (0O (x) =1

S (i) (5,7)Z (547)ZL (5471) —— T (537) 2] (5477)
U, =3 _(s;7)Z (5,71) — 1 = Z_(5,77) =L (5,71) — .. (5,77) L (5,72)

= [ ds’ [0, 2 (s7)] ZL(s,77) = J ds' [ 0 X (8')] T (5577)

2 2
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N

U= (Zo(5i71) — Ty (5o)) (ZL(5270) — ZL(5377) ) (Zoo (5371) — Ty (5470) ) T (5477)
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- Problem (?): Still infinite operators

21 21
2 =expLin“t?lf) =~ 1 + —lﬂ“t“ + ... oMY ~ —lﬁﬂﬂat“ + ...
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Matching: Collinear Chiral Perturbation Theory

UL = O(x;" ™)

(Oljelzy = D Cy (0| % | z)
N

ZCN<O‘%]a\7‘ﬂ>tree: Cl<0‘%?‘ﬂ>
N

- Unique LO operator!

D Oy 01U )1 _io0p = C1 (0] %S | )
N

- Conclusion: We can compute chiral corrections to LCDAS!
And in principle, any non-local operators
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- Summary: What happened?

- Problem: 71 - 02(x) is unsuppressed. Solution: Non-local operators 2(x + s71)

- Problem: R](s)R.(0) # 1 Solution: Build Wilson Lines W, ;. (x)

- Problem: Infinite tower of allowed leading operators
Uy = Zoo(slﬁ)Zio(Szﬁ)Zoo(s3ﬁ)ZZO(s4ﬁ) .o -Zm(szN_lﬁ)Zio(SZNﬁ)

Solution: Basis subtraction procedure so GZ/?\, = @(ﬂfN _1), only one operator
contributes at tree (and 1-loop) order!

<O ‘]n ‘ ﬂ>1—100p — Cl <O ‘ %? ‘ 77)
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Conclusions

- We built SCET for a hadronic theory: SC-ChPT

- It’s use is motivated in places where you have relevant soft and collinear
hadrons, like in B — 7.

- The Lagrangian is based on the Lorentz invariance of ChPT and the
duplication of Chiral symmetry of SCET ||

- The matching procedure for external currents becomes more complicated, but
ends in a useful result

- This procedure can be In principle replicated with other operators that may
appear in different contexts
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Loy, |

03 . ] — 2 Tr[A* A

s/c slcslcu

1
Afzz{ﬁ-A,n-A} +A? ~ 2

All chiral loops in the effective

theory count as ~ €.

18



