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Higher order diagram

-A+A->B+B

1 two vertex diagram
8 eight vertex diagrams

5 loops 2 triangles 1 box
diagrams



Consider one loop

Rule 2

Rule 3
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(CI1 - m1C2) (qZ — mzcz) (CI3 — m3C2) (CI4 - m4C2)
* (21T)454(P1 —qq — D3) * (27T)454(CI1 —qz — q3) * (27T)454(CI2 +q3 — q4)

d4Q1d4QZd4QSd4Q4
* (277:)454(614 + pZ - p4) * (27-[)16

Rule 4
Rule 5




Consider one loop
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(CI1 — m1C2) (qZ — mzcz) (Q3 — m3C2) (CI4 - m4C2)
* (2“)454(191 —qq — D3) * (27T)454(CI1 —qy — q3) * (27T)154(CLILZ + 213 - 214)
d*q.d*q,d*qg-d
* (2m)*6*(qq + P2 — Pa) * DT 422 937 4

(27-[)16
Use 15t Dirac and let ¢, = p, — p;
And 4" q, = p, - p,
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y [ 3 —p3— 42— 33) 8% (@2 + @3 — pa + 2) 4

(g5 — mic?) (g5 — mbe?)

g d*g3




Consider one loop
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[(p1 — p3)? — m&c2][(pa — p2)* — m&c?]
M-~ @ —g3) 8 D+ —ps+DP2) 4 a4
d*a, d
" f (43 — mje?) (a5 — mpe?) ne®

Use first Dirac to let q, = p; — ps; — 03

Use rule 6 to cancel remaining dirac
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M =i =
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4

9

/ : :
[(p1 — p3 — 9)? — mic2)(q? — mpc?)




Solving the Integral

(8 \* 1 / 1 .
M =i d
) o=t | o m a7 = i v 4

Write: d4q = q3 dq dQ/
1
—4q3 dg=Ing|™” = o0

As g approaches infinity, we get [ ;



Renormalize

— M?c?
introduce Which approaches 1as M — 090.

(9° — M*c?)

In the final answer, all M dependent terms appear as addition to the
mass and to the coupling constant.

Mphysical = M + 0M;  Gphysical = g + 68



Conclusions

Mphysical = M + 0M;  Gphysical = g + 68

omand 6g are infiniteas M — o
som and g contain compensating infinities

The loop M-independent contributions are perfectly calculable.
Hooft showed that all gauge theories are renormalizable.



