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I. INTRODUCTION

Effective field theory (EFT) has wide applications in
various aspects of physics. It serves as a powerful tool to
understand the emergent coarse-graining behavior, where
the underlying system has sophisticated patterns or is
strongly coupled, such as superconductivity [1], fraction-
al quantum hall effect [2], and low energy QCD [3].
Meanwhile, EFT provides a model-independent method
to categorize and parametrize possible unknown physics
from the ultraviolet (UV) band. In this case, our best ex-
ample is the Standard Model (SM) EFT, which becomes
a basic paradigm of exploring the imprints of beyond the
SM effects.

One essential step in an EFT calculation is the identi-
fication of a complete operator basis [4—8]. To construct
the full set of independent operators in quantum field the-
ory, one has to eliminate the redundancies from the equa-
tion of motion (EOM) and integration by parts (IBP),
which yield relations between operators. Previously, re-
searchers relied on symmetry [9—14] in the SM to elimin-
ate those redundancies and encode enumeration of operat-
ors in a Hilbert series. Nevertheless, those methods do not
give exact expressions of all operators and are not natur-
ally directed to the SMEFT calculations.

In this paper, we introduce a novel way to present all
independent operators, which is based on the on-shell
amplitude method [15]. Instead of using symmetries to

deal with the EOM and IBP, we can write down all com-
plete local on-shell amplitudes respecting Lorentz sym-
metry, SM gauge symmetry, and the spin-statistics theor-
em. Those on-shell amplitudes are in one to one corres-
pondence with the operators, which naturally form a new
amplitude basis. Our key observation is that, for amp-
litude basis, the elimination of EOM and IBP redundan-
cies are trivially realized by external leg on-shell condi-
tions and momentum conservation, as naturally inherited
from the on-shell amplitudes. This approach was used re-
cently to infer the EFT Lagrangian for theories with a
spin-0 or 1 singlet coupled to gluons [16].

Our method has several advantages. When using the
on-shell amplitude method, the root of our amplitude
basis comprises the unfactorizable on-shell amplitudes
from locality (positive power of Madelstam variables
without poles). We start directly with the computation of
unfactorizable amplitudes from spin helicity formulism,
thus automatically providing the basic building blocks of
the EFT calculation, and advanced techniques, such as re-
cursion relations or unitarity cuts, can be used naturally.
Indeed, our method also greatly simplifies the calculation.
The amplitude basis at d=6 for SMEFT corresponds to
the Warsaw basis, except for some linear combinations;
the derivation for this is presented in a later section of the
paper.

The rest of the paper is organized as follows. We first
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discuss the general structure of the amplitude basis and
outline the rules of constructing the complete set of amp-
litude basis in a given dimension. Using these tools, we
explicitly construct the amplitude bases for SMEFT at
d =5 and 6 and map them to the corresponding operators.
Finally, we present our conclusions.

II. THE STRUCTURE OF AMPLITUDE BASIS

We start from the S-matrix program, which uses a set
of low point amplitudes as building blocks, and construct
higher point amplitudes by matching their residues using
recursion relations. Because of the renormalizability, the
finite set of low point amplitudes is sufficient as the the-
ory input. However, in an non-renormalizable theory such
as SMEFT, the irrelevant operators O are independent in-
teractions, which cannot be constructed on-shell by recur-
sion relations without the help of symmetries. Therefore,
those independent amplitudes should be viewed as the in-
put basis of the theory, which correspond to the inde-
pendent set of operators and can be classified by their di-
mensions.

We build a one-to-one correspondence between the
amplitude basis and irrelevant operators O by enforcing
that all fields from O are on shell. The gauge symmetry,
which reflects the redundancy, can be used to reduce the
independent amplitudes. Only the leading contact on-
shell amplitudes that have the minimal fields from O are
sufficient to fully construct all on-shell amplitudes for a
given dimension [17]. Indeed, this is the same as the fam-
ous example of Yang-Mills theory; the cubic term A%9A
captures the full information for the on-shell amplitudes,
and the 4-point on-shell amplitudes are not independent
from recursion relations (the existence of 4-point contact
interactions from A* simply has no on-shell information).
Since the above arguments only exploit gauge invariance,
they should apply to the non-renormalizable theory.

From Lorentz symmetry, the basic building blocks to

construct the effective operators are Fj, = E(F#Viiﬁ )
(Fv = €wpa FP7), Y1, U5, ¢, and covariant derivative D,
which transforms under Lorentz group SU(2).X
SUQ2)gr =S0(3,1) as (1,0), (0,1), (1/2,0), (0,1/2), and
(0,0). As we have mentioned above, in the amplitude op-
erator correspondence, only the leading contact on-shell
amplitudes are taken into account; this suggests that we
take "F,, — d,A,-0,A," and "D, — 0," to construct
those effective operators.

There are two redundancies in the effective operators
from the Equation of Motion (EOM) and Integration by
Part (IBP). However, in our amplitude basis, these are re-
solved automatically because of the on shell condition
and momentum conservation. The EOM for each field
will transmit the operators involving the derivatives of
such a field into other operators. In our definition, the on

shell condition p?> =0 suggests that operators involving
¢, P/y, or D,F* should vanish in the amplitude basis;
thus, there is no such redundancy. For IBP in the amp-
litude basis, two operators differing by a total derivative
are equivalent as the total derivative is the sum of all ex-
ternal momenta, which equals zero.

The general on-shell scattering amplitude should have
the following form:

Moy = F(Ai, A)8(si )Ty (1

where A;,1; are helicity spinors of the ith leg and Mandel-
stam variable s;; =2p;.p;(see more details about spinor
formalism in App. A.1), fis the little group weight func-
tion, which is a function of spinor products [ij] = A;ed;
and (ij) = A;ed;, g is the little group invariant function,
and T is the group factor, bearing all the internal group
indices of the external legs{a} and forming invariant
tensors. For the amplitude basis in a non-renormalizable
theory, all spinor products in f and g have positive
powers, which have no physical poles in Mandelstam
variables and cannot be factorized into smaller building
blocks due to locality [18].

According to dimension counting, it is easy to obtain
the operator dimension d of an amplitude basis

d=n+m=n+[f]+[gl, 2)

where 7 is the number of legs, and [f] and [g] are the di-
mensions of fand g, where [g] is always an even integer.
The scattering processes are classified in terms of fermi-
on number 7, and gauge boson number ny. Each fermi-
on contributes one helicity spinor, and each gauge boson
contributes two; thus, the number of spinor products is at

1 .
least m > St na- Using Eq. (2), we have

3
St t2na<d, )

which gives finite possibilities below a certain dimension.
For instance, to obtain an amplitude basis below d =6,
we need scattering amplitudes with (ny,n4) satisfying

%n¢+2nA <6. We list all possible amplitude bases in

(ny,na,h), where h is the total helicity with 2>0, in
Table 1; we can just flip the helicity for 2 <0. We leave
the scalar number unspecified to shorten the list because
adding a scalar does not change the form of the Lorentz
factor. For each (ny,n4,h), we examine all possible heli-
city combinations (up to the conjugation).

For a given helicity assignment, we can write down
the net powers of helicity spinors of all legs. For instance
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Table 1. All classes of the amplitude basis with d < 6. The = for the (4,0,2) case stands for multiple ways of spinor contraction.
(ny,na,h) Primary amplitude Mmin ng drnin

(0,0,0) fl@")=1 0 ng =3 3

0,2,2) FATA*T ) = [12]? 2 5

(0,3,3) fATATAT) = [12][23][31] 3 6

(2,0,1) flytyte)=112] 1 4

(2,0,0) SOty ¢?) = [1ipsl2) 2 ng>2 6

(2,1,2) FATy Tyt = [12][13] 2 5

(4.0.2) F@r g ytyt) = 1121341 2 6

(4,0,0) F@rytymyT) =1121(34) 2 6
f (¢+¢+¢2) ~ 1Az, Table 2. Standard Model particle content is listed according
f (lﬁ+w_¢2) ~ i Ay, @) to their representations under gauge group SU(3).X

To contract the spinor indices, we use the complete
set of Clifford algebra {1,0*,0*”,c*"",i€"P¢} to construct
bilinears. Specifically, {1,0#"} can be used to contract
two As or two s, while {o*,c#"?} can be used to contract
a A and a 1. The more spacetime indices (u,v,...) a bilin-
ear has, the more momenta we need to add to contract
with them, which increases m. For instance, to contract a
A; and a A;, the lowest dimension combination we can
use is (4,0%2;)pr = lilplj) = [ikI<kj). Following this rule,
the lowest dimension amplitudes for the cases (4) are

FWyteh) ~ (edr) =[12],
FWY ¢ ~ (A1 ed* ) ps, = [11p3]2). Q)

Moreover, Mandelstam variables can be added freely to
g, as it is helicity blind. For each helicity assignment,
there is a kinematic factor with minimum m and thus a
minimum dimension d, which we call primary amplitude.
It is the leading amplitude for a given set of scattering
states.

We work out all primary amplitudes in Table 1 for
d <6. For the (4,0,2) case, there are different types of
spinor contraction combinations, and we can define
FEW YY) = ([13](24] £ [14][23]) after applying the
Schouten identity [12][34]+ [13][42] +[14][23] = 0.

III. COUNTING EFFECTIVE OPERATORS
IN SM EFT

The results in the previous section are simple con-
sequences of Lorentz invariance, gauge invariance, and
locality. When applying to SM matter fields in Table 2,
one has to take into account the SM gauge quantum num-
bers and respect Fermi or Boson statistics for identical
fields. In this section, we explicitly construct the com-
plete amplitude basis at dim-5 and dim-6 for SM EFT.

SU@2). x U(1)y. All fermions are in the form of left hand.

SU@B3), SUQ2).L Uy
G 3 1 0
wi 1 3 0
B* 1 1 0
Qua 3 2 1/6
U 3 1 -2/3
A 3 1 1/3
Ly 1 2 -1/2
e 1 1 1
Hy 1 2 172

To count the dim-5 amplitude basis in SM EFT, we
need to combine the amplitudes in Table 1 and appropri-
ate group factors. Group factors are not always unique for
a given set of group indices, and when there are multiple
choices, we use superscripts to label them. In particular,
superscripts + indicate the permutation symmetry among

.. 1
the same type of indices, such as T;—'ﬁdﬁzi(éwéﬁﬁ
*0,40p¢). Among the kinematic factors in Table 1, we
find that only the f(y*y*¢*) combination is the SM

gauge singelt, which is
M(LaLﬁHyHé) = [12](6076136 + E(t56ﬂ7)7 (6)

where the group factor is chosen to satisfy the spin
statistics. Together with its conjugate f(y~y~¢?) with op-
posite helicity, we find the only 2 dim-5 amplitude bases
in SM EFT, which are the Weinberg operators

1
0¥ = X(HL)2 +hec..
The dim-6 amplitude bases in SM EFT are obtained
in the same way. It is interesting that the classes of our

amplitude basis in Table 1 already reproduce the classes
of operators summarized in Ref. [5] as the Warsaw basis.
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Because we choose the group factor basis and Mandel-
stam variables according to the permutation symmetry,
the resultant amplitude basis for the same scattering states
we get might be the linear combination of the operators
defined in the Warsaw basis. We list the correspondence
as follows:

1. Class M(¢™) (O ~ ¢% and ¢*D?):

Operator Amplitude Basis
On MH, apy aﬁy) - nﬂwﬁy
20up —OHn M+(HL.24;HT[3) = SlzTaﬁaﬁ
2
20up +Opn M- (thyﬂHTﬁ)—(Sls 23T g
Where T Brify 611@6,8/5'677 + 6,3@611,8677 + 570(5/3/36017"'

0pa0y30ay + 0ad0y30py + Oyadypdpy 18 fully symmetric for
SU(2);, indices aﬁy and aBy. Tjﬁaﬁf&y.a%.gi%a(sag is
the (ant-)symmetric group structure for indices of and
af. s1p and sio — sy3 are the symmetric and antisymmet-

ric Mandelstam variables at the order s.

2. Class M(A*A*¢?) and M(A~A~¢?) (O ~ X2¢?):

Instead of operators with definite CP, the amplitude
bases are more naturally expressed for definite chirality.
They have easy linear relations.

Where €% and f45€ are the SU(2); and SU(3). struc-
ture constants.

4. Class Mty ¢?) (O~ y?p®) +hee.:
Warsaw Amplitude Basis
2y _
O.n M(LaeHgH, ) = [12]T7,
Oun M(QaadaHpH,3) = 12T, Saa
Ount M(QuattaH3 HY) = 1217} 16

Where the group structure 77, , = €apbya + €ayOpa 1S
symmetric for indices £ and y. If we flip the helicity of
fermions, we get another three independent amplitude
bases in the class of M(y ¥~ ¢), which is the conjuga-
tion of above operator basis. The expressions of these
new amplitude bases are obtained by replacing the heli-
city factor [12] with (12) in above expressions.

5. Class Mty ¢%) (O ~ y*¢*D):

Note that momentum conservation implies that
[1p3l2) = %[1|p3 — p4a|2) for n =4 and is antisymmetric for
the two scalars ([1|p3 + p4ll2) =0). Hence, there is only
one independent term.

Warsaw Amplitude Basis
Warsaw Amplitude Basis Ore M(eeTHaH,;r) = [11p312)Sae
i Ty =
OHB + OHB’ M(B+B+HQH;) — [12]2(5(“'1 OHu M(uéluuHaHd) = [1|p3|2>6ad6aa
Onp=Opp M(B™B™HoHy) = (12504 Ona M(dady Ho HY) = [11p312)60i0a
Onpwsp + OHWB /\/I(B+ WHHQH;) = [12]21{% OHua M(dauaHzﬁ) I [1 Ips — P4|2>faﬁ§aa
Onws —Opys MB W™ HoH)) = (12)’7]
g Ol Muad}H}7) = —[1|p3 ~ pal2)egpban
Onw +Oyy MWHWI* H(YH;) = [12P°T})) 3
; o 3) (1) toopty -
Onw — Oy MW= Wj‘H(,H'.") = <12>2ij_+ Om + ZOHL M (LoL; HﬁH )= [1|p3|2>T+/3r1,B
1
Onc +O0pe MG* GP* HoH) = [12P T4 O~ 7941 M (LoLiHgH}) = [IpsI)T o
OuG —Oyei M(GA‘GB‘H(YH.) = <12)2T;‘.3+ 3 0 . . i R .
B /2 OHQ + 40 M (QaaQ‘mH[fHﬁ) = [1|I73|2>T”M55aa
. . , 3 _ 1 <1> -
Where 7 is the Pauli matrix, T;jg = (51160[;, and T2'[§+ = OHQ_ 0 M- (QaaQaaH,BH ) [1psI2)T~ ﬁ(vﬁ
6A35(l/‘3
+,14,,+ 2 .
3. Class M(A*A*A*) and M(A"A"A) (O ~ X): 6. Class MA™y7y79) (O ~ ¢ Xp) +he.
Warsaw Amplitude Basis
Warsaw Amplitude Basis O,z M(B*eL, H; ) = [121[13]60a
Ow + Oy MWW = [12]123](31]1e Ous M(B* dy Qs HY) = 12111316080
Ow - Oy MWW= W) = (12)(23)(31 )€l * 0w MG djy Qe H(y ) = 1121113160 /lﬁb
OG +OG M(GA+GB+GC+) =1[12] [23][31]’(‘ABC O(,W M(WHELQH;) = [12][13]7-5’/3
O -O¢ M(GA~GB~GE™) = (12)(23)(31) fABC Ouw MW d, QaaH;) = [12][13]7-;/3511&

023105-4



Standard model effective field theory from on-shell amplitudes

Chin. Phys. C 47, 023105 (2023)

OuB M(BJruil QaaH,B) = [12][13]50/3611[1
Ouw MW Qua Hp) = [121[13177 6,44
OuG MG 1, QueHp) = [121[13]eap

Where /l’;‘b is the generator matrix of SU(3). and
o =7l We can obtain the independent amplitude
basis in the class of M(A™y ¢y~ ¢), whose expressions can
also be obtained by replacing the square product [12][13]

with the angle product (12)(34).

8 Class M@ tytytyt) (O~ LRLR, LLLL, RRRR) +
h.c.:

Notice that f(y*tytytyt) has two choices. We define
combinations f* = [13][24] + [23][14]with specific per-
mutation symmetries.()g;u is not the weak current inter-
action but defined as different spinor contractions oo, .
The failure of a unified notation in the Warsaw basis
proves the advantage of the amplitude basis as a system-
atic classification.

7. Class M@ tyty w™) (O~LLLL, RRRR, LLRR,

LRRL, LLRR) :

The operators with all left and right handed fermions,
as well as those with a group factor containing €., viol-
ate Baryon number conservation.

Warsaw Amplitude Basis
2 _ _
Oéft)qd gof(llld)qd M+(Qa(y Qb’B I/tadh )=f €ap Ta/;izi7
® Lo M Qo Qrpttady) = f*eapT?

quqd 3 qugd

L 3 . A0
- Z Olequ + Olequ

1
_ 70(3) _ 30(1)
1

M+(L(rQuﬁuize) = f+faﬁéaa

M_(LaQaBuize) = f_faﬁéaa

Warsaw Amplitude Basis
3 Tt v
(3) (1) + —
og) + 504, M (Qua 040}, 0}) = N2IGHT !, T7

3 1 - PN o
Of]; - ZOEM) M (QuaQup Qs Q) = N2ABNT L, T0,

3 ot
3) ) * = ; :
Olq + Zolq M (Qa(yLﬁQ;mL[;) - [12]<34>Taﬁd,36aa

1 ot -
(3) (1) + — )
o, —ZOlq MH(Qualp QL) = []2]<34>T(Yﬁdﬂ6aa
Ty =
Oy M(LUL/ngLB) = [12](34>T;ﬁdﬂ,

ME(Quaty QL)) = (12134800 T,

8, 2 1
O +30

8 1 1 T _
O = 3% M (Qaatty Qy5ty) = 12134600 T,
2
0(8) + 70(1)
qd ~ 3 qd

® 1. m
qu 3qu

0® 4+ 200
3

ud ud

. Pty
M (ledBQaddb) - [12]<34>6”“T;bab
M (QuadyQydy) = 12034)004T,

ME(uadyuidy) = [1213HT”

o - 30 M uadyady) =1121GHT
O Muguyulu) = [121G3HT*
Ou M(dadydidy) = 112134T*,
Ou M(Lauz L uh) = 1210345060
Ou M(Loda L d}) = [121(34)8066ua
Oye M(QuaeQ)ye") = [12134)8030a
Otedg M(QuadaLle") = [121(34)8036a
Ohus M(LoeQ}ds) = 12138 wa i
O M(LgeLe) = [12)(34)60s
Ouu Meuge' ul) = [121(34)6 44
Oea Medye' d}) = [121(34)6 44
Ove M(e?et?) = [12](34)

Oug M(QaaLpuydl) = [12)(34)€apéase
0, Mtyds Q15 L) = 112134 ey
Oyau M(Qua Orpule’) = [12134)eupeane
Ol MzeQ,,0;) = 12134 ey

lequ lequ
Ouqq M(Qaa Qi QcyLs) = f~ T;ﬁwy €abe
Oduu M(uzbdi‘e) = f+ €abe

Following the same procedure, we can obtain the
amplitude basis in the class of My Y~y ¢~) by repla-
cing the square product with the angle product.

Summing up all 8 classes of the amplitude basis, we
obtain the basis 3+8+4+6+9+16+12+26 =284 (her-
mitian conjugates are counted separately), recovering the
well known result.

IV. CONCLUSION AND OUTLOOK

In this letter, we propose a novel way of expressing
all independent effective operators from the unfactoriz-
able on-shell amplitudes. This particular basis is referred
to as the amplitude basis since all operators are in one to
one correspondence with the on-shell amplitudes. We
provide the general rules to construct those primary amp-
litudes and classify them by the external legs and helicity
assignments so that all operators in the amplitude basis
can be enumerated systematically for a given dimension.
Then we further demonstrate how to use our method to
generate all independent dim-5 and dim-6 operators in
SMEFT while respecting the SM gauge symmetry and
spin-statistics constrains. Interestingly, we find that oper-
ators in our amplitude basis for d =6 SMEFT form the
well known Warsaw basis, except for some linear com-
binations. Our method starts from the on-shell amp-
litudes; thus, it is naturally convenient for EFT calcula-
tion and free from redundancies connected by the EOM
and IBP.

Our results presented here offer only a preliminary
exploration of the shell effective field theory. There are
various interesting aspects that are worthy of future re-
search or currently under investigation (some related ap-
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plications are discussed in Refs. [19, 20]). The procedure
can be applied together with tools to more sophisticated
cases to deal with tensor structures for d=7 and 8
SMEFT [21]. Applications to specific processes are de-
scribed in Ref. [16]. The SMEFT is a massless case; ap-
plications to the EFT with massive particles [22] are un-
der investigation. The current setup can be encoded into
the computation of Wilson coefficients of the amplitude
basis if we know the underlying theory. Applications to
other EFT types and related concepts may also provide
intriguing results.
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APPENDIX A: NOTATION

In this section, we list the conventions used
throughout this work.

1. Conventions for spinor helicity formalism

Since the Lorentz group SO(3,1) is isomorphic with
SUR2)xSU(2)r, the four-vector momentum p, can be
mapped into a two-by-two matrix via

Pair = Pu0 o4 (A1)

where o, = (1,07) is a four-vector of Pauli matrices, and
the undotted and dotted indices transform under the usual
spinor representations of the Lorentz group. We can find
that the determinant of p,, is a Lorentz scalar

det[p] = pup", (A2)

which vanishes for a massless on-shell particle. There-
fore, the vanishing determinant of massless on-shell
particle momentum indicates that p,; is a two-by-two
matrix of at most rank one, which can be written as the
outer product of two two-component objects, which are
called spinors

Paa = _lp]a<p|d~ (A3)
Given two massless particles i and j, we can define

the Lorentz invariant building blocks of spinor helicity
formalism

(ijy = €Plidalds  [if] = €Plilal s, (A4)

where we use the short-hand notation |i) = |p;) (li] = |pi]),
and €% is a 2-index Levi-Civita symbol. The Mandel-
stam invariants can be written in terms of these objects:

sij = (pi+pj)* =2pi.pj = Gplijl. (AS)

Because spinors are two dimensional objects, one can
always write a spinor as a linear combination of two lin-
early independent spinors and thus have the identity

[j1kl] + [ik](L)] + (][ jk] = O, (A6)

which is known as the Schouten identity.
The lightlike momentum decomposition in Eq. (9) is
invariant under the scaling

Iy = tp)  [pl— 1" [pl (A7)

For real momentum, the scaling factor ¢ is just a pure
phase. Therefore, the transformation in Eq. (A7) corres-
ponds to the SO(2) little group transformation of the
lightlike momentum, which is called little group scaling.

For an on-shell amplitude, the ith external leg with
helicity h; scales as 12", and neither propagators or ver-
tices can scale under the little group. Therefore, the on-
shell amplitude transforms homogeneously under little
group scaling

A2ty = [P A2 ). (Ag)
i

The transformation of the on-shell scattering amp-
litudes under little group scaling can help determine the
little group weight function f'(see the Refs. [23, 24]).

2. Conventions for SM fields and gauge symmetry

In this section, we list the notations of SM fields and
their gauge symmetry indices in Table (2), where all fer-
mions are listed as left-handed Weyl fermions. We re-
quire that the anti-fundamental representations of SU(3).
are denoted by dotted letters a,b, ... and the indices of the
conjugate of SU(2). doublets of SM left-handed fermi-
ons and Higgs doublet with hypercharge 1/2 are denoted
by dotted Greek letters .8, ...

APPENDIX B: WARSAW BASIS

We list all the standard Warsaw basis operators be-
low. We mostly keep the notations used in this paper, and
for consistency, we label the right handed fermions as
ug =Cu*, dg=Cd*, and eg =Ce*, where C =io? for
Weyl spinors and C =iy%y? for Dirac spinors. We use
four-component Dirac spinors here as in the original pa-
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per presenting the Warsaw basis. o = [y#,y"] and T4 =
42

APPENDIX C: EXAMPLE

As an example, let us consider the elastic scattering
Wb — We nb where #'s are Goldstones in the Higgs
doublet, and a and b are the group indices. "+" indicates
positive helicity, and we follow the convention that all
external momentums are going outward, such that the in-
coming W™ is turned into an outgoing W~ in the elastic
scattering. We are interested in how the dim-6 operators
contribute to this process. If we use the SILH basis [25],
naively, the following two operators would contribute:

Ow :%(HT‘IJ D H)(D,W"),
Onw =ig(D,H) (D, HYW™". (C1)

They contribute via two Feynman diagrams as shown in
Fig. 1, but explicit computation shows that they cancel

Fig. C1.
we+nb from effective operators.

Two Feynman diagrams that contribute to Wz’ —

each other. Hence, the final answer is that there is no
dim-6 contribution to this elastic scattering.

In terms of our amplitude basis, this conclusion can
be considerably simplified without any cancelation in
Fig. Cl1. The elastic scattering process is of type
f(F~F*¢?), whose primary amplitude is [2|p3|1)?, which
is of dimension 8. Moreover, on-shell amplitudes cannot
be constructed recursively from d = 6; hence, no overall
on-shell contribution is provided by dimension 6 operat-
ors.
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