One-loop QCD self-energy diagrams using package X
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T.Becher, Oct. 15,2020

Needs["X "]
Package-X v2.1.1, by Hiren H. Patel

For more information, see the guide

Note: £ =0 corresponds to Feynman gauge.

Fermion self energy
Numerator of the diagram
diag = CF g DiracMatrix[y,, ¥. (p+k) +me1, ¥v,]1 (-g,, v k.k + £k, k) ;

diag2 = diag // Contract
CF g? €DiracMatrix[y.k, Ime+y.k+y.p, v.K] -
CF g? DiracMatrix[y,, Ime+y.k+y.p, v] k.k

diag3 = diag2 // FermionLineExpand

DiracMatrix[y.p] (-2CFg?k.k+CFd g>k.k-CFg?£k.k) +
DiracMatrix[] (-CFd g?mek.k+CF g?me & k.k) +

DiracMatrix[y.k] (-2CFg?k.k+CFdg>k.k+CFg®&k.k+2CFg?&k.p)

Add denominators and loop integration

diag4 = LoopIntegrate[diag3, k, {k, 0, 2}, {k+p, m}]
DiracMatrix[] (-CFd g?me PVB[O, 0, p.p, 0, m] +CF g’ me £ PVB[0, 0, p.p, 0, m]) +
DiracMatrix[y.p] (-2CFg?PVB[0, 0, p.p, O, m] +CF4 g PVB[0, 0, p.p, 0, m] -
CFg?<PVB[O, O, p.p, O, m] -2CFg?PVB[O, 1, p.p, O, m] +
CFdg?PVB[O, 1, p.p, O, m] +CFg’®m?> £PVB[O, 1, p.p, O, m, Weights > {2, 1}] -
CFg’&p.pPVB[O, 1, p.p, 0, m, Weights > {2, 1}])

diag5 = LoopRefine[diag4];

diag6 = diag5 // Simplify

CF g2
1 u? V4+§>(4¥+p°mlﬁg[ﬁ1m]
me DiracMatrix[] |2 (-3+&) + (-4 + &) —*Log[_ !
€ m? p.p
1 m? u? (m4— (p.p)z) Log[mzlqo]
(-1+¢) DiracMatrix[y.p] [-1- —- __Log{—] '

e p.p m? (p.p)?
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Note that the package suppresses a factor

i E—Eu'l.erGamma €
nfss= extra =
(4 71.) d/2

Result for the divergent term.

The result corresponds to

9= divergence =
+i (extra/.d-4 /. e > 0) Coefficient[diag6, e, -1] /. g2 >4 xas // Simplify

CFas (-me (-4 +¢&) DiracMatrix[] + (-1+ &) DiracMatrix[y.p])
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47
n41= —— divergence
as

oufiat)= CF (-me (-4 + &) DiracMatrix[] + (-1+ &) DiracMatrix[y.p])

Gluon self energy

Note: the results correspond to:
-1y,

Fermion contribution to gluon self energy

nesi= vacuumPolFerm =
g2 nf TF LoopIntegrate[Spur[y,, y.k+ml, ¥,, v. (k+q) +m1], k, {k, m}, {k+q, m}]
ouzs- g*> nf TF (q, q, (8 PVB[O, 1, q.q, m, m] +8PVB[0, 2, q.q, m, m]) +
9u,v (-4PVA[O, m] +2q9.qPVB[0®, 0, q.q, m, m] +8PVB[1, 0, q.q, m, m]))

ni26i= vacuumPolFerm2 = LoopRefine[vacuumPolFerm]

4 g>nf TF DiscB[q.q, m, m] (2m*+q.q)
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- —g’nfTF
9qg.9 3

q. 9y +

4 4
— g’ nf TFDiscB[qg.q, m, m] (2m*+q.q) + — g’ nfTF (12m*+5q.q) +
3 9

]

ni27= vacuumPolFerm3L = vacuumPolFerm2 // Longitudinal // LoopRefine

4 1 2
—g*nfTFq.q f+Log{— Gy,
3 € m2
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vacuumPolFerm3 = vacuumPolFerm2 // Transverse // LoopRefine // DiscExpand
1 uz
—+ Log[ —]
€ m2

1

+

4 2 2 4 2
—g’nfTF (12m*+5q.q) + —g°nfTFq.q
9 3

349.9

2m2—q.q+\/q.q (-4m?+q.q) }

4g2nfTF\/q.q(4m2+q.q) (2m*+q.q) Log[
2 m?

Note that the package suppresses a factor

i E—Eu'l.erGamma €

extra =
(4 7T)d/2

vacuumPolFermD =
+1 (extra/.d-4/. e -» 0) Coefficient[vacuumPolFerm2, ¢, -1] /. g2 »4ras //
Simplify
nfTFos (9, 9,-9.99,,/)
3

47
—— vacuumPolFermD
as

4
5 nfTF (d,a,-9.99,,)

Ghost contribution to gluon self energy
I’m suppressing the color conservation Kronecker &,

vacuumGhost = g? CA LoopIntegrate[ (k, +q,) k., k, {k, 0}, {k+q, 0}]
CA g2 (qu q, (PVB[O, 1, 9.9, 0, O] +PVB[O, 2, q.q9, 0, O0]) +g,,, PVB[1, 0, q.q, O, 0}>

vacuumGhost2 = LoopRefine[vacuumGhost]

5CAg?> 1

2 1 “2
- —CAg
6

— + Log{— a]

€

qu Gy +
18 J g

1 2
g+ Log{— quq]

2 2 1 2
-—CAg’q.q- —CAg’q.q Ty
9 12

vacuumGhost3L = vacuumGhost2 // Longitudinal // LoopRefine

1 2
g+ Log[f qu—q}

1 2 1 2
-—CAg°q.q- —CAg°q.q
2 4

vacuumGhost3T = vacuumGhost2 // Transverse // LoopRefine // DiscExpand

1 uz
; + Log{— a]
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-—CAg’q.q- —CAg’q.q
9 12
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inee:= vacuumGhostD =
+i (extra/.d -4 /. e > 0) Coefficient[vacuumGhost2, €, -1] /. gZ >4 mwas // Simplify

CAas (29,0, +9.99,,)
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in22p= ——  vacuumGluonD
as
1
outf122)- ECA (-2(11+3¢6) quq,+ (19+6&) q.q0,,/)

Gluon contribution to gluon self energy

niiop= feynman = {VG3[k_7 P_sd_sHu_sVv_,p_]1»1g (gu,v (k - P)o*+Tv,o (P-9),+Tp,, (4- k)v) ’

(» Color structure: -i fl[a,b,c]*)
Kq krs]

-1

Galk_,a_,B_ 1> — [ga,ﬂ-.f
k.k

b
In[1271= numer =
(k.k)? (k.k+2k.q+q.q)? (VG3[q, -q-k, k, u, al, B1] ~VG3[q+k, -q, -k, a2, v, B2]
Galk +q, al, a2] «Ga[k, B1, B2] /. feynman) // Simplify //
Expand // Simplify // Contract // Simplify // Expand

k.k

CA
nft12/= vacuumGluon = - — LoopIntegrate[numer , k, {k, 0, 2}, {k+q, 0, 2}];
2

nf13= vacuumGluon2 = LoopRefine[vacuumGluon]

1 1 1 2
outia- | — CAg? (134-36€+9¢6%) + —CAg? (11+3¢) —+Log[——] Q. 9, +
36 6 € q.q
1 1 1 2
- CAg? (116-36£+9¢2) q.q- — CAg® (19+6£) q.q —+Log[——} v
36 12 € q.q

in14:= vacuumGluon3L = vacuumGluon2 // Longitudinal // LoopRefine
1 uz
— + Log {— —]
€ q.q9

1 2 1 2
oufti4= — CA g gq.q+ —CAg q.q
2 4

ni15= vacuumGluon3T = vacuumGluon2 // Transverse // LoopRefine // DiscExpand

i + Log[— i}

1 1
ourise - — CAg? (116-36 £+9 &%) g.q- — CAg? (19+6¢&) q.q
36 12 € q.q
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vacuumGluonD =

selfEnergies.nb

| 5

+1 (extra/.d->4 /. e - 0) Coefficient[vacuumGluon2, e, -1] /. g-> V4 nas // Simplify

CAas (-2 (11+3€) quq,+ (19+6¢&) d.qg,,/)

48 7t
47
—— vacuumGluonD // Expand
as
11 1 19

1
—*CACIHCIV—*Cququ+*CAQ-qgu,v+*CA§CI-CI%,V
6 2 12 2

Transversality

Note that the sum of the ghost and gluon loops are transverse
vacuumGluon3L + vacuumGhost3L

(0]

Explicitly:

vacuumGluonD + vacuumGhostD // Simplify

CAas (10+3€) (a,9,-9.99,,,)
24

4
— (vacuumGluonD + vacuumGhostD) /. £ - 0 // Simplify
as

5
fgCA (a.a,-9.99,,)



