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Evaluating loop integrals
Pierre Zhang

1-loop 2pt, 2-loop 2pt, 1-loop 3pt

P1loop(k) �
Z

d
3
q F (k2, q2, |k � q|2) Plin(q)Plin(|k � q|) (1)

P2loop(k) �
Z

d
3
qd

3
p G(k2, q2, |k � q|2, |k � p|2, |q � p|2) Plin(q)Plin(p)Plin(|k � q � p|) (2)

B1loop(k1, k2, k3) �
Z

d
3
q H(k21, k

2
2, q

2
, |k1 � q|2, |k2 + q|2) Plin(q)Plin(|k1 � q|)Plin(|k2 + q|) (3)

The game

• Find a good decomposition onto basis functions fn(k):

Plin(k) '
NX

n

cnfn(k) , (4)

• such that Amn(k) = P1loop[fn(k), fm(k)] well-behaved and precomputable

• so that loops ⇠ simple, fast, matrix multiplications:

P1loop[Plin(k)] ' cncmAnm(k) (5)

The limitation: memory (more than speed)

B1loop ' cncmclA
0
nml

, P2loop ' cncmclA
00
nml

(6)

• Naively one A
0
nml

takes 2 ⇤ 64b⇥N
3 ⇠ 0.013Gb for N ⇠ 100

• so for Nk ⇠ 100 and N222 ⇠ 50, all A0
nml

take ⇠ 50Gb!
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/ J. Lesgourgues

‣ When do we stop to write new codes? 

‣ Comparison of codes at spectrum level? 

‣ Emulators? 

‣ Extended cosmologies (beyond ): 

‣ Check consensus for using current implementation for “easy extensions of LCDM”:  

‣ inflation -> running, features, isocurvature … 

‣ Neff 

‣ Dark Matter -> C+WDM, C+DDM, DM with feeble interaction at large z … 

‣ Check what to do for “more di#icult cases”: 

‣ Light relics, DM with feeble interaction at small z, modified gravity … 

‣ Extended observables: 

‣ Several simultaneous tracers with all cross terms 

‣ Line-intensity mapping 

‣ Continue on Lyman-alpha (Ivanov et al.) 

‣ …

Mν, fNL, Ωk

1

Status of numerical implementations of PT


