Two-loop running in the SMEFT
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Introduction

E
® Top-down approach to EFTs
e Why 2-loop? New physics RG
1. Theoretical precision required A ) Matching

2. Scheme independence of one-loop matching
SMEFT RG
® Build on Matchete
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Fuentes-Martin et al [2212.04510]

) Matching

LEFT RG

® Counterterms give S-functions
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Functional methods

Effective action

Tyl = SO + rSW + 2STr {log Q} + H2S® + E Q1B

Dz(jolelekl Cz(jongzllQ]ka lmn +O(1°)

Fuentes-Martin, Palavri¢, Thomsen [2311.13630] Fuentes-Martin, Moreno-Sanchez, Palavrié, Thomsen [2412.12270]
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Functional methods

Effective action

I = 8O + hS® + 28T {logQ} + WS + £ Q' BY

Dz(jolelekl Cz(jongzllQ]ka lmn +O(1°)

® One-loop
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Functional methods

Effective action
Tl = 8O + A8 + BT {logQ} + H2S®? + L Q1B

—2 D) Q5 Qi + BT QL QuIC) 1+ O(k?)

® One-loop
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Two-loop counterterms
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Two-loop counterterms
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Background field method:
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Two-loop counterterms: Simple example

%(qﬂ@)? ~ T (@te)d 4+ ...

L(D) = 9,®" 9D — m?DTd — 26

B . One-loop counterterm insertions

ji
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Two-loop counterterms: Simple example

C
L(D) = 9,®" 9D — m?DTd — %(qﬂ@)? 36(q>T¢>)
§3500) :
o ool To0to+..

(0,2) = — 35 5o
e St 6 bt oo
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Two-loop counterterms: Simple example

D
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Two-loop counterterms: Simple example

D
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Two-loop counterterms: Simple example

L(D) = 9,D" "D — m?DTd — %(qﬂ@)?

36(q>Tq>) ’
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Two-loop counterterms: Simple example
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Two-loop counterterms: Simple example

B C D Q!
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Two-loop counterterms: Simple example

B C D Q™!
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Two-loop counterterms: Integrals

/:c K D‘;g)‘w"b((b’ ) <(k + i3)21— X (o, $)>¢T¢ <(l +10)? 1— X (o, l‘)>¢f¢>

® Subdivergences

® Spurious IR divergences
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Two-loop counterterms: Integrals

/:c K D‘;g)‘w"b((b’ ) <(k + i3)21— X (o, $)>¢T¢ <(l +10)? 1— X (o, l‘)>¢f¢>

® Subdivergences

® Spurious IR divergences

Solution: R*-method
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Two-loop counterterms: R*-method

R*-method:

MS counterterm \\ Extracts € poles

Aypy(G) = —KR*T™@

R =) AR(S) * Auy(S) «G/S\ S
S,s’

Herzog, Ruijl [1703.03776]
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Two-loop counterterms: R*-method

R*-method:

MS counterterm \\ Extracts € poles

Aypy(G) = —KR*T™@

R =) AR(S) *Auy(S) «G/S\ S
S,s’

SORCGORGY.

Herzog, Ruijl [1703.03776]
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Two-loop counterterms: Integrals
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Two-loop counterterms: Integrals

_ 1 1
_ *7(4) 4
Auv(Cr) > —KR'T /w/le¢*¢¢*¢(‘”’””) (<k+z’a>2—x<o,:c>>w<<z+z’a>2—x<o,x>>w

~ o Xgie(o, ) Xyig(o, ) _
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® IR rearrangement removes spurious IR divergences
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Two-loop counterterms: Integrals

_ 1 1
_ *7(4) 4
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® IR rearrangement removes spurious IR divergences

® UV subdivergences: [, m and |, m

e (CH )
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Code structure

Input Lagrangian £

“ “
Generic sunsets X,C,D Generic fig-8
J J
1 -1
expand Q expand Q
“ “
R* R*
Insert X, C EEmm—— Counterterms Insert X, D
v v
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Code structure
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Bosonic SMEFT

15 effective operators in the bosonic SMEFT:

X2H? X3

Cun HYH B™ B, Cw | fUEWIvwrw

Cuw | HtHW!I™ W, Ce | fABCGivarr et

Cne | HTHGA™ G, Cw | fUEWIwewir

Cui HYH B*™ B, Cy | fAPCGHvGlr Gy

Cpw | HHWH™W], H*D? and HS

Cpa | HIHGA™ G, Ci (HTH)®
Cuwp | H'HT' B W/, Cro H'HO (HTH)
Cpivg | HHT B* WL, Cup | (H'D,H)' (HDH)
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Bosonic SMEFT

15 effective operators in the bosonic SMEFT:

Runtime [s] Runtime [s]
Cus 1100 Cw 10000
Crw 2300 Ca 6500
Chg 1200 Ciwr 24800
Cus 1100 Cx 13700
Cuiv 1800 Runtime [s]
Coc 1500 Cr 940
CrwnB 1800 Cho 1300
Civi 1700 Crp 2700

13/16



Validation

(i) Yang-Mills + Weinberg operator!
(ii) SMEFT scalar sector?
(iii) Scalar O(N) model?

Consistency relation: / Loop-counting operator
¢o

gk =07 9]

1de Vries, Falcioni, Herzog, Ruijl [1907.04923]
2Jenkins, Manohar, Naterop, Pagés [2310.19883]
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Full SMEFT

In total: 2499 baryon number conserving operators in the Warsaw basis

Challenges (compared to bosonic part):

® Dirac algebra — Good foundation in Matchete
® Be careful when to contract chains of y-matrices in R*
® NDR scheme + reading point ambiguities

® Evanescent operators
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Conclusion & outlook

® Functional formalism works well for computers.
® So far: Able to reproduce the two-loop running of the full SM.
® Next: Running of the SMEFT dim. 6 operators.
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