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Figure 1: Left: Triviality and vacuum-stability bounds on My;
right: Ax? = x? — Xfmn as a function of M.
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1 Introduction
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Figure 2: SM Higgs decay branching fractions.
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SM Higgs has intermediate mass: My = 114f2§ (EWWG).
B(H — ~vv) £0.3% in this My range.

H ~~ coupling sensitive to new charged heavy particles.

At ILC, H — ~~ has clear signal.

At photon collider, o(vy — H) o< I'(H — ~7).
e At LHC, H — -~ important discovery mode.

~+ Precise knowledge of I'(H — ~~) required for My <
MH < 2Mw.
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2 One-Loop Result
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Figure 3: Sample diagrams for I'( H — ~y-y) at one loop.
Amplitude:

T" = (q1-q2 g"" — qlqg)A
A= A" + AP + AL +

Partial decay width:
3

My,
D(H — 7y) = AP

J.R. Ellis, M.K. Gaillard, D.V. Nanopoulos, Nucl. Phys. B 106 (1976) 292;
B.L. loffe, V.A. Khoze, Sov. J. Part. Nucl. 9 (1978) 50.
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Method

e Put My =0 and Vi, = 1.
e Exploit (formal) hierarchies MIZ_I = 2q1-q2 K 4M§V < Mt2
~» Use asymptotic expansion.
e Find leading large-M,; term and its expansion in powers of
TVW — (.2\4}1/2]\41/[/)2
e Automatize calculation:
— QGRAF Nogueira: generates diagrams
— gZ2e Seidensticker: converts output
— exp Seidensticker:  performs asymptotic expansion and
generates relevant subdiagrams according to hard-mass
procedure
— MATAD Steinhauser: calculates diagrams

Use dimensional regularization.
Use on-mass-shell renormalization scheme.
Treat tadpoles properly.

Perform checks:

— Compute coefficients of q1-g2 g"” and ¢7 ¢} separately.

— Work in R¢ gauge.

— Verify UV cancellations.

— Verify cancellation of Mt4 terms from asymptotic
expansion, genuine two-loop tadpoles, and counterterms.

— Compare with known result for I'(H — gg) involving
only Higgs (H) and Goldstone (x°, #*) bosons.

— Check convergence properties of Ty expansions.
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t Loops
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Figure 4: Convergence property of expansion of Aio) in powers
of Tt-
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W Loops
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Figure 5: Convergence property of expansion of .A%,?/) in powers
of TW -
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3 O(GrM}) Correction

Consider all two-loop electroweak diagrams involving a virtual top
quark (1690 in R¢ gauge).
Two classes:

e t loops with virtual H or x lines attached to them. ~-»
Simple Taylor expansion in external momenta.

e t loops with virtual Z lines attached to them. ~» Subleading
(below M?).

e Diagrams involving ¢, b, and W or ¢. ~» Nontrivial
asymptotic expansion; M;l terms occur.
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Figure 6: Sample diagrams for I'(H — ~v) at O(GrM}).
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Figure 7: Diagrammatic asymptotic expansion of a diagram that
produces Mt4 terms.

R¢ gauge for W boson:
(i) M;> My, = &wMy, > M}
(1) M. > M, > &wM,;, > M
(ii3) M. > EwMy, > M, > M
(iv) EwM,, > M. > M, > M
Final result (z; = GrM;/(87%\/2)):
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4 Numerical Analysis
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Figure 8: Convergence property of expansion of Ag/‘)/ in powers

Of TW -

AD 1 04% 11%  3.1%
AL 103%  1.0%  2.8%

Table 1: Relative deviation of best approximation from second
best one.
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Comparison With O(a;) Correction
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Figure 9: O(GrM}) (solid) and O(c) (dashed) corrections to
['(H — ~v7v).
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Figure 100 O(n;GrMy,) (dotted) and O(ay) (dashed)
corrections to I'( H — ~7).
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5 Conclusions

e Dominant two-loop electroweak O(GpM/}) correction to
I'(H — v7) for My < My < 2Myy available as expansion
in Tw = (Mg /2My)?* through O(7y;,).

e Reduction by approx. —2.5% — —2%.

e Positive QCD correction slightly overcompensated.

e Net effect of known corrections —2% — —1%.
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