Dr. L. Allwicher
DESY
lukas.allwicher@desy.de

Journeys in Effective Field Theories

GRK 2497 Exercise session 2 Date: 26.09.2025

Exercise 1: Integrating out a heavy field at tree-level
Consider a heavy scalar field ¢ with quantum numbers ¢ ~ (3,1,—1/3) under S U(3). xS U(2) X
U(l)y.

a) Write down the Lagrangian for ¢ at the renormalisable level, keeping up to linear terms
in ¢.

b) Compute the tree-level matching onto the SMEFT in the Warsaw basis analytically (use
equations of motion or diagrammatic matching).

c¢) Check your result using Matchete.

Exercise 2: Constraining single-particle extensions of the Standard Model
Consider the Standard Model Lagrangian, extended by a single copy of a BSM field X in the
gauge representation shown in the table below, and with mass M > ve,,:

_ pd<é, pd<a
L=Lgy+Lyx

Referring to the bounds in Figure 1, and the PDG if needed, try to come up with an estimate
of the best current bound on M, under the specified flavour assumption for its couplings to the
SM fermions, and otherwise O(1) couplings.

Group | SUB3)., SUR2)r, U(l)y) | Spin | Flavour assumption
I (3.1.-1/3) 0 uQy
II (8,2,1/2) 0 UQ),
I (1,1,-1) 1/2 Froggatt-Nielsen
1AY 3,2,-5/6) 1/2 Anarchy
\Y (1,1,0) 1 MFV
VI 3,1,2/3) 1 UR)yxU2)yxUR2)q

Tabelle 1: Quantum number and flavour assumption assignments by group.



[T T SR T o I I
S oo oo o 9
A T e B B D o B

uoispard 477 [N
yonas poa11p [N
ey

Ane—3 [l |

et

zne1 [l

o/ y [

"p 11111/

» B 1111111771
A W

Noe— N7 [ |
22077 [ _
Loae17 | |
Ty [ 1111711

duy i 111111/

Yury | [//

1y |

¥ [l /111177

Ao B o B B B D

[ASL] 21808

Observable

Abbildung 1: Current constraints on the effective New Physics scale from different observa-

bles.



