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COVARIANT PERTURBATION THEORY

> . expansion in all IR scales: fields, derivatives, (light)
masses

» EFT matching contribution from integration of heavy

d.o.f’s

» RG - Running of local operators

) : Maintaining manifest gauge covariance at every
step (background field method)

) : Go beyond the usual 1-loop case
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Henning et al ‘14, ‘16 =
Drozd et al ‘15, Aguila et al "16 - ®  Jusaus
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» Some higher-loop special cases (covariantly constant field
strength), but no systematic formalism



GOAL

» Want to calculate arbitrary, covariant L - loop diagrams
and expand in local operators
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» Background field method:
P(x) = ¢P,(x) + Af(x) = Ag‘(x) + etc

» Integrating over fluctuations gives effective action S (¢, A,, . ..

» Background field dependence
» Couplings, e.g.
8PPy = ...t 8Py, Ut Wy, Oyt 8 +...

» Propagators, e.g.

_ —1 _ . —1
<¢f¢f> — ( <D¢f¢f> = (0 —i4y) (0 — iA,)? + m?2

0 — iAb)z + m2
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» Represent each propagator by

dt e—itm2

< |D2+X+m2 ‘y> =

J0

» Schwinger parameter ¢ (one for each propagator)

—it (D*+X)
_(x]e | y)

is analytic in  and has a local, covariant
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THE HEAT KERNEL TRICK

» Propagators of derivatives of fields

—1
<xlDMD2+X+m2 ‘y>
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Fermi _
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» Gauge fields, ghosts, etc in a similar way
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THE HEAT KERNEL EXPANSION

» First expand B around ¢ = 0

n

B(t; X;x,y) = Z = b, (x,y) «<— heat kernel coefficients

n

» Will need generalized local heat kernel coefficients (LHKC)
lim (...D;)(...D))by,(x,y) = [byyy. oy 1(X)

y—X

» The local heat kernel coefficients are polynomialsin F, , X,

and their covariant. derivatives
» A Mathematica notebook for calculation of the LHKC's is

o 2ol o1 R 1] GCG+Santos, arXiv 2212.07451
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» “Standard” local Coefficients [b,, ]

o= b2y {3}y {}]
b[4, {}, {}]

uf-]= {{X, -1}}

ut[+] {{FalazFalaQ_’ %}, {X;alal’ _%}, {XX, _1}}

Inf«]: b[@, {"ﬂ"} {llyll}]
b2, {}, {"u", "v"}]

o {{Fus -3)
{{stu’ 2 ; 12 £}
1

{Falv;alu’ _1i 3} {Fal“Falv’ 12} {Fal"Fal“’ 11_2}’ {XFV”’ 6
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Feynman Graph G

» Gauge and
= Hi Hn Cn Lorentz invariant!
® ® B is the incidence
matrix of the graph
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THE MASTER FORMULA o

Feynman Graph G

» Only appear

» [ is (depends only on of graph)

»/ — | equivalent to loop momentum integration



THE UNIVERSAL MOMENTUM INTEGRAL

i(tia Pns Zi) — (47Z)_dTLA_% CXp (%Zi @lj Zj o iZi IRin Pn — Pm [Umn pn)

1 1f edge i enters vertex n

Incidence matrix: B,; = 4 —1 if edge i leaves vertex n
0 else
it
— T= - ~'B'B
— ll‘z + €

» A is the leading coefficient of det T as ¢ — 0

» T ' =Q+e¢Q' +6¢’Q"+ ..., R=QB', U=BQB'



THE UNIVERSAL MOMENTUM INTEGRAL

i(tia Pns Zi) — (47Z)_dTLA_% CXp (%Zi @lj Zj o iZi IRin Pn — Pm [Umn pn)

» A, AQ.., AR,

ij° in’

and AU are in the ¢,

» A and AU, — first and second polynomials

» AQ;; and AR, are new Golz '17, GG 23

» All four polynomials can be written as sums over subgraphs

(all vertices, fewer edges)

» Gives rise to many interesting relations...



THE UNIVERSAL MOMENTUM INTEGRAL
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EXAMPLE

» Integrating out massive fermion at one loop

gint - g)?b C= EXb o

1 [ _ ltr (C;/ﬁﬂ [bg} C + CHH [bg;u} C’) + (§ — log 222) tr {bg;;u} CyHC

~ 162 m? 2 2 L4

T = _ i _ _
+ 3 tr C ()" 9"’ C + tr Cy* [bgm} C — 59”’) tr (ZC;ny“ [bgw} C + CH* [bg;wp] C) ] :

1 11 = f 1 f 2 ~ v
= 1672 m2 [g tr CH/YM(F )C — ] tr CF VO + 3 tr C;(WP)VMQ °C

Uv;iv Uv;iv

11 2 _ 1
—I—(———log%) tr £ Cv”C—l—ZtrCW“Ff C

4 6 L4




SUMMARY

» Developed general formalism to compute local covariant n
-loop Feynman graphs (matching, running)

» Generalized HK expansion (automated)

» Expressed n-loop momentum integral in terms of graph

polynomials (analytic expressions in terms of B)

» Future directions:

» Include gravitational background

» Tackle Schwinger-Parameter integrals

(in EFT, one mass, no momenta)

» Automation @




