EW SMEFT — Exercise sheet 2 — Solutions

The W mass in SMEFT
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(c) The formula is easy to verify using the expressions in terms of A’s.
As an intuitive interpretation, it can be derived differentiating the SM relation

miy, = camy. (11)

and noting that Am? enters with a minus sign because it’s the contribution to the input
quantity, and not a predicted shift. The term in Cywp is practically subtracting the
genuine correction to § from dc3/ci. This makes sense because the ¢y we have in the
SM relation actually stands for the ratio g2/(g% + (¢')?), and is unrelated to the mass
diagonalization in the neutral gauge sector. Since the Cyy p dependence comes from
the latter, it has to cancel in this equation.
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This holds in any input scheme: in fact we can get it directly from (16) and (6).



The W decay width in SMEFT
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where this time the 3 from the average over polarizations goes away with the quark color
factor.
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where we have noted that |A|?> was computed in terms of the Lagrangian parameter myy,
and we have replaced it here with the My (1 + omw /mw ).
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Jacobian formulation of input shifts

7. The Jacobian and the input A’s are

1 9
2 vr
gU / 2+( /)2
Imw = TT 1 % % (33)
2v2
gvi,
- 2.2 "2 T
ACuw = (0 " Aamy, 508 ) (34)
T
Inverting the Jacobian:
2,4
1 oL
J_‘l/v — i _9 g 929\/% (35)
m 2 g g 2V2
T _ 9y
2v2
hence
L  —39AGE Gl — AGE/2]
G=G+ | -9 Am — $AGE | = | §'[L — Am%/(2s7) — AGE/2] (36)
Y AGF or[l + AGF/2]
5. Jda Jda Ja 2y cg gzv%sg
o0, _ (7 T ) (T S -
1
then
. 9(g")? 9%(9)
90, 1 (92+(g’%2)27r (92+(,9’)22)27r ) o
Jo = — Imw = 9 gvu gv (g% +(g')*)v (38)
80mw 72/\/5
’U3
The inverse Jacobian is
_2r 2 e
1 g gv% 2 \?2
-1_ = 2r 82085 _ gvpsple
ch - Cop gTe gv%e z:/g (39)
v3.Cog
0 0 — 7\"/5
and with the observables corrections
N 2(,/\2 92+(g/)2v2 1 T
one finally obtains
. [ 9(spAa = cg(AmF + AGF)/(2¢2)
G =G+ | d(s3(Am% + AGF) — ciAa)/(2ca0) (41)

vpAGp/2

which is the same result as in the appendix.



9. Let’s use the Jacobian to define a new input scheme: 5new = {m%[,, mQZ, a}.

Start from the 6mW set, and replace G with a.

(a) The SM solutions are
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