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Abstract
The dominant channel of Higgs boson decay H — bb for
M < 2Mw ~ 160 GeV is briefly reviewed. The perturbative
QCD-corrections of higher orders up to (a%) are considered.
Various approaches for resummation of the QCD-corrections are
discussed. An estimate for uncertainties of the theoretical

approximations for width decay I',7, is given.
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LEP and Tevatron fit: My = 7672} GeV C.L. 68%

My < 144 GeV C.L. 95% (without LEP-II)
My < 182 GeV C.L. 95% (with LEP-II)

LEP-II direct search: My > 114.4 GeV C.L. 95%
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Branching Ratio (Higgs)

Higgs Mass (GeV)

Dominant BR for my<2m;:
o (H — bb) = 20 pb;
o (bb) . 500 ub
for m(H) = 120 GeV
» no hope to trigger
or extract fully
hadronic final states
» look for final
states with ¢, y

Low mass region: m(H) < 2 m, :
H — yy : small BR, but best resolution
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qqH > WW-—> (vjj *
* for my> 300 GeV
forward jet tag

LHC: ATLAS, CMS, Diffraction: CMS-TOTEM, US-British




Main quantity under study I'(H° — bb)= =I,7, with the mass
115 GeV < My < 2Myy, calculated in the MS up to the a?

corrections.

This decay mode is dominating in the sum of decay widths, and
thus is dominating in the branching ratio of Higgs to v.

What is theoretical error of I HEb?



. consideration in M S-scheme and ms-on shell [Kataev & VK
(93-94,07)]

. as(Mp) and my(Mp) M S-scheme; calculated up to a?-level;

(a? massless term- [Gorishny, Kataev, Larin,

Surguladze (91) — Baikov,Chetyrkin & Kuhn (06)]

. Invariant mass my, the resummation of effects of analytic
continuation within in 3y approximation definition of special
parameters in every order of PT (analog of [Shirkov &
Solovtsev (96)] analytized perturbation theory) with
fractional power of ay, i.e. vg= 27v9/00, Yo-first coefficient of

anomalous dimension function [Broadhurst, Kataev &
Maxwell (01)]

. invariant mass mp, the resummation of effects of analytic

continuation within analytized perturbation theory with
fractional power [Bakulev, Mikhailov & Stefanis (07)]



Some definitions in terms of
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The relation of the my-pole case with my, (Mg )-case and as(Mpy) is
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The basic formula in terms of m,(Mp) and as(My) for Ny=b:

— 2
r,,; = WL Kl + AT'as + ATza2 + Al'sa® + Ar4a§) (13)
my,
17
AT, = 5" 5.667 ATy = dY —v0(Bo + 270)72/3 = 29.147
ATl's = d3 — {dl (Bo +70)(Bo + 270) + B170 + 271 (B0 + 270)|7%/3 = 41.178
ATy = dy — [d2(Bo + 70)(3Bo + 270) + d131(580 + 670)/2 + 4d171(Bo + Y0)

+ B2v0 + 271 (B1 +71) + 72(360 + 470)j /3 (14)
+ 70 (Bo + 70)(Bo + 270) (350 + 270)7* /30 = —825.7

where Fg — %GFMHWL%.

Transformation from my(Mp) to my-pole using
my (my) = mj (1—2.67%(77%)—18.57&8(mb)2—175.79aj:’(mb)—1892a§(mb))

[Chetyrkin & Steinhauser (99), Melnikov & van
Ritbergen (00), PMS/ECH estimate by Chetyrkin, Kniehl
& Steihauser(97) motivated by Kataev & Starshenko(95)]
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Approach N1:

Truncated series for I' 7, the dependence from My in my(Mpy)

and ags(Mp):
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e m; [Penin & Steinhauser (02) |

o A% from the analysis of CCFR data by [Kataev, Sidorov &
Parente (01-03)]

o A% calculated here using matching conditions

order | my GeV A1(\I41—;:4) MeV Al(\zl_;:m MeV
LO 4.74 220 168

NLO | 4.86 347 201

N2LO | 5.02 331 238

N3LO | 5.23 333 237

N4LO | 5.45 333 241
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Approach N2: Using truncated m; parameterization

Lo = P(()b) (1 + ATlqa, + Af‘ga,g + Af’gaj:’ -+ Af4a§) (17)

ATy, = 3 — 2L, where L = In(M%/m2)

ATy = —4.52 — 18.138L + 0.084L.2

AT'3 = —316.906 — 133.421L — 1.153L% + 0.05L3

ATY = —4366.17 — 1094.62L — 55.867L% — 1.8065L°% + 0.04774L*
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The results for Rz, = Hgb/l“(()b) (I‘(()b) = %jGFMHmz) at
a?-level. Approach 2 is compared with Aproach 1. At the next

page the comparison is made at the a2 level in the massless case
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Figure 2: The analysed quantities in the RG-approach



1 ) Results for “running approach” are rather stable, effects of
coefficient functions are not very large [Kataev & VK (08)]

2) In the on-shell scheme large logs are important, making them
comparable with the “running case”, in this case the corrections to
RG function and coefficient functions are seen more clearly, in
particular in the approaches with resummations of the 72 terms
([Krasnikov & A.Pivovarov (82), Radyushkin (82), Shirkov

(00)])
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The resummation of m?-terms in I’ pp 10 the case of running or
invariant masses. In these cases the RG-evolution is starting from
ozs(s)zg_g. The summation of the 72 leading terms with fractional
power were used by Gorishny, Kataev & Larin (84). It was
considered more carefully in [BKM (01)] and in more detail by
[BMS (07)]. Using notations of this paper let us define

~ 8T

Re(My) = '(H — bb 18
(M) = =~ T(H = b (13)
In the M S-scheme
Rs(Mpy) = 3m§(MH) [1 + Z AFiaS(MH)z] (19)
i=1
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The BKM expression with 1-loop coupling constant is

RBKM _ 3mg (CLS)VO A(])BKM(CLS) 4+ Zdn AEKM(CLS) 7
n>1
) - 57 —6n/2 - A
ABKM (g y G 1+ (502%) (as)”_l sin (5n arctan ( 07;@5)) ;
on = n+vyg—1, vo=2(0/B).
In the Fractional Analytic Perturbation Theory BMS obtained
() | (1) - (1) _
S(1)BMS l ! 1) (1
Ry = 310}, (>+Zd iy, + > AP a))
n>1 m>1 ]

The terms afjiyo are summing (g, vo terms (1 <[ < 4) and

proportional to them 72, higher orders in ~; and 3; are accumulated
2y

in the coefficients ALY agiyo = (as)ﬁ—ooAn(as), the latter are rather

closed to ABEM(q,). Next figure is from BMS paper.
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Illustration of the calculation of the perturbative series of the
quantity ES(MEI) in different approaches within the M S scheme:
Standard perturbative QCD at the loop level | = 4 (dashed red
line), BKM estimates, by taking into account the

O((as)” As(as))-terms, —(dotted green line), and finally MFAPT
from for Ny =5 (solid blue line), displayed for | = 2 (left panel)
and [ = 3 (right panel). These figures are from BMS (07) paper.
See BMS Erratum (08).
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In spite of different definitions of the mass parameters, the results
in presented plots for

Rs(My) V2GFE

RHbBZ 3m§ ,Fbe_ S MHRS(MH) (20)

are in agreement with the results, given in the BMS (07) paper.
Thus, calculated from BMS (07) results interval for

Rz =048 —0.42 at My = 120 GeV should be compared with
NNLO Ry7 = 0.42 in case of on-shell parameterization, and

Rz = 0.4 in case of slightly different parameterization of the
QCD effects in the M S-scheme.
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Estimates of theoretical uncertainties of I' HEb

For My =120 GeV and Gr = 1.166 x 107° GeV =2 we get
[' 7, = 2.50 x MeV and difference between OS- and RG-
approaches: Al' 7, ~ 1 x MeV.

Because I' 7, 1s dominating for the total width, the branching
ratios for decay modes like H — v have the same relative

theoretical error.
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Conclusions

e The results of different analysis of the effects of
O(ay)-corrections are consistent.

e The estimate of theoretical precision of I' 7, is proposed. It is

possible to check its possible stability to higher order-effects up
4
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