EW SMEFT — Exercise sheet 1

Invariance under basis change

A note on notation & conventions. In this sheet we will always use @;, C; to indicate Warsaw
basis operators and Wilson coefficients, and O;, f; to indicate HISZ basis operators and their
coefficients. We will also work with a U(3)® flavor symmetry for practicity, so all flavor indices are
implicitly contracted and we use {mw,mz,Gr} as EW inputs.

A list of Warsaw basis operators relevant to this exercise is provided in the appendix.

1. The following operators are present in the HISZ basis but not in the Warsaw one:
Op = iB,, D" D" ® Ow = iW,,D'd'e’ D" (1)

(a) Convince yourself that the i factor is required for the operators to be Hermitian.
(b) Translate them to the Warsaw basis:

Step 1. Start from the operators
Aw = (D"W,) (10T D7) Ap = (8"B,,)(io! D) 2)

and rewrite them in terms of Oy, Op and Warsaw basis operators. Use:

o' Do = ot (Do) — i(DY oo (3)

it Do = idlo! (D¥®) — i(D’®o!® (4)
i i

[D,,D,]® = [gwjyaf + gBW} o (5)

Step 2. Now write Ay, Ap as a function of Warsaw basis operators only. Use the
Equations of motion:

1 I
g = _O -0
D'W,, = 5@” D}®) +g (qQ%q + leyyl) (6)
P 1_ 2 1- 1. B
auBiy = %((I)T’L D V(I)) + g/ <6qf‘)/yq + gu’}/yu — gd’}/yd — il")’yl — 8’7V€> (7)

You will also need the relations [Bonus: prove them!]

(®1i' D, ®)> = 4Qup + Que (8)

(D, TDH®) DT = % —mj(®T0)? + A\Qu + (Qerr + Qua + Qau +hec)  (9)

(the term (®T®)? appears at d = 4 and remains explicitly in the solutions)



Step 3. Put everything together equating the two expressions for Ay, Ap that you got
at steps 1 and 2. Solve for Oy and Op.

(¢) Determine the Wilson coefficients of the Warsaw basis operators as a function of those
in the HISZ basis (i.e. Ci(fw, fB)).

2. Verify the invariance under basis change for the process ete™ — WTIW ™. For this exercise
and the next we will only look at Op, as the case of Oy is very similar.

For this first example it is sufficient to look at the Feynman rules stemming from the operators
in the two bases to verify that the basis change derived above leads exactly to the same
scattering amplitude.

a) Consider first the Feynman rules in the Warsaw basis. The relevant ones are:
Y
(only operators relevant for the basis conversion are retained, all momenta incoming)
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Rewrite them replacing the C; with the functions of fp determined at point (c¢) above.
(b) Now consider the rules for the operator Op:
g°co - v
= fe"pl = n*ph)

2

Yo WJ— W,

S =+
fe(n**py —n"Pph)

Z,Wiw, it

Verify that they coincide with those obtained at the previous point, starting from War-
saw basis operators. This directly proves that the two bases give identical predictions
at amplitude level.

(¢) Convince yourself that the equivalence holds for the v and Z diagrams individually and
also independently for each chirality in initial state.

3. Verify the invariance under basis change in uu — Zh.
This case is less triviall We will actually need to compute the amplitudes.

(a) Compute first the scattering amplitude with one Op insertion. The relevant Feynman
rules are:
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A The rules are given for all momenta incoming. Change signs appropriately when
inserting in the diagrams.

(b) Now consider the FR for the Warsaw basis and convert them to fp:
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(¢) Using the Warsaw basis FR simplified at the previous point, compute the scattering
amplitude linear in fg.

A There are 3 diagrams here: with a Z, with a v and with a contact term.

(d) Verify that the total amplitudes computed directly with Op and through the translation
from the Warsaw basis are identical. This should be true independently for each chirality
in initial state.

Unlike in the previous example, here the equivalence does not occur diagram by diagram
or vertex by vertex, but requires to sum all contributions!

List of relevant Warsaw basis operators

Quw = WLW"H" oo Qup = (®'D,®)(D"dT®)
Qup = B,,B" 30 Quo = 0(0T0) (') Qy = (0Td)?
Quws = B, W olsld
D e R
QY = (10" D) (Iy,01) @ = (@' D) (gwo’q)
P R
Q) = (i@ D ) (1) Q) = (10" D7) (g7.9)
Qe = (107 D7®) (@) Qua = (10T DV ®)(dy,d)
Qe = (191 D) (Ev,e)
Qur = (7®Y]u)(dT®) Qan = (q®@Y, d)(®T®)
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