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For Higgs searches at Tevatron and LHC, precise QCD

calculations are necessary

Fixed-order calculations (NLO) are reliable to predict

inclusive observables

Differential distributions present large terms a'{ L cor-
responding to collinear (¢ — 0) or soft (£, — () parton

radiation, which need to be resummed

12

Recent calculation implemented soft and collinear re-

summation in 4 — bb processes

At the Tevatron (mpy < 130 GeV), the favourite Higgs
discovery channel is: pp — VH, H — bb, V — ({5
At the LHC, larger QCD backgrounds

H — bb is still relevant for m; < 140 GeV and pp — ttH,
pp — W H, vector boson fusion W W~ (Z7) — H



Bottom quark production in Higgs decay at NLO

2pp-q  2E
myg

1 dU' ags(p)
" 51— S\
F() d:z:g, ( xb>+

Altarelli—Parisi splitting function:

1+ax7 3 1+ 2}
P, = 4+ =0(1 — =
qq($b> Cr (1 — Zl?b>+ + 25( £Cb> Cr (1 “w).
Plus prescription:
1 flaw) o flo) = F()
/deb(l—xb)+_/0 d:l?b 1— 2



Perturbative fragmentation functions
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z — 1: soft-gluon emission
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DGLAP equations for PFF’s:

d 1 dz T
—D;(x m ( >D~ z m
dln,u% 2( by LF, b Z/xb - S(/"[/F) j( y LF, b)
Initial condition D(xy, por):
Cp [1+ a3 5
Dy(z, por, my) = 5(1—$b)+a5(“0) AL (0 Hog —2In(1 —2) — 1
2T 1 —x mj n

1 _
Dy(pp,mp) = [ da 2~ D(y, pp, my)

dDy(1ip.
N(MF2mb) _ as(pr) PO 4 as(pr) PO Da(ap, )
dlIn p3 2m
Py as(uor)
Dy(pr,my) = Dn(por, me) exp In

2mby  as(pr)

as(por) — as(pir) Pl Qﬂblp](\?)”

47sz0

_|_

Dy(pr,my) = Dy(por, my) exp {Cyoos(pr) + Craos(ur) In(ph/i6e) - -
+ Chpaas(pr) lnnil(ﬂ%//db(%F) + Chnag(pr) ln”(/fF/MgF) + .. }

Resummation of leading logarithms o; In" (1% /13 )
and next-to-leading logarithms o In" "' (13- / 112 )

Lo =~ my and g >~ mpy

Resummation of NLL In(m7,/mj)

(Collinear resummation)



Soft-gluon radiation

Region z;, — 1 corresponds to soft-gluon radiation

Bottom quark spectrum presents terms behaving like
1/(1 —ap), or [In(1 —a3) /(1 — a3)], for x, — 1
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b-quark spectrum in Higgs decay

mp = 120 GeV my, =5 GeV Ajg = 200 MeV
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Solid: soft and collinear resummation Dots: only collinear re-
summation

Dashes: massive NLO without resummation



Dependence on the factorization scales

Solid: collinear and soft resummation; dots: only collinear
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Dependence on the Higgs mass mpy
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Comparison of ete~ — bb, Higgs and top decay
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Solid: Higgs decay; dots: top decay; dashes: efe” at /s =
91.2 GeV; dot-dashes: efe at /s =my = 120 GeV

ete™ — bb: M. Cacciari and S. Catani, NPB 617 (2001) 167;

top decay: M. Cacciari, G.C. and A.D. Mitov, JHEP 0212 (2002) 015



Hadron-level results

drhad drpart
B) =
drp (B) dxy,

() @ Dyy(b — B)

dl'part/dzy according to PFF approach
Non-perturbative fragmentation functions:

Power law with two tunable parameters:
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Model of Kartvelishvili et al.:

Dyy(2:6) = (1+0)(2+0)(1 — z)a°

Model of Peterson et al.:

A

D(ei) = S 1 e = R

Parameters o, . §, ¢ from fits to e'e~ — bb data

= —T2(e*e” — bb) ® D,,,(b — B)

dopart/dx, must be computed within the same frame-

work as dl',./dxy,



Results of fits of fragmentation models to e"e~ data

Preliminary: correlations between data points are neglected
ALEPH Collaboration, A. Heister et al., PLB 512 (2001) 30: only B mesons
SLD Collaboration, K. Abe et al., PRL 84 (2000) 4300: both b-flavoured
mesons and baryons
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Solid: power law; dashes: Kartvelishvili; dots: Peterson



b-flavoured hadron spectrum in Higgs decay

Solid: power law; Dashes: Kartvelishvili
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Fits in moment space
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ete” annihilation ¥ = 0% D}/

ot measured ; of calculated ; D" fitted

Higgs and top decay: 'V =T%DV =1%c%/0%

Fits to DELPHI data
(ICHEP 2002 Note, DELPHI 2002-069 CONF 603)

{z) ) (®) )

ete” data ok 0.7153+0.0052  0.540140.0064 0.4236£0.0065 0.3406=£0.0064

ete~ NLL o% 0.7801 0.6436 0.5479 0.4755
DY [B] 0.9169 0.8392 0.7731 0.7163
t-decay NLL I%, 0.7884 0.6617 0.5737 0.5072
t-decay T'B 0.7228 0.5553 0.4435 0.3633
H-decay NLL T%, 0.7578 0.6162 0.5193 0.4473

H-decay T'¥ 0.6948 0.5171 0.4015 0.3204




Comparison with Monte Carlo event generators
(with V.Drollinger, CMS)

MC generators like HERWIG or PYTHIA are LO-+LL

programs, with some NLL terms and, after matrix-

element corrections, hard real-gluon radiation

No matrix-element corrections for H — bb

Input parameters need to be tuned: gluon effective

mass, \qcp, cutoff () for parton shower evolution,

hadronization parameters, etc.

Comparison with default PYTHIA
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Tuning PYTHIA to ALEPH and SLD data

MSTJ(11)=4; PARJ(41)=0.43
PARJ(42)=0.63; PARJ(46)=0.75
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Good agreement with NLO+NLL calculation



Using tuned PYTHIA to predict H — bb
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Better agreement at hadron level (zp); still problems at parton

level (x3): tuning PYTHIA perturbative parameters?




Comparison with HERWIG

Most recent tuning: R. Hemingway, OPAL TN652
(2000)

Comparison with B data from ALEPH and SLD
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Comparison of HERWIG with NLO-+NLL calculation
on H — bb

Parton level:

1/T dI'/dx,

Solid: NLL soft and collinear; dashes: only collinear; dots: NLO;
histogram: HERWIG

Hadron level:
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Solid lines: NLO+NLL-+power law; histogram: HERWIG



Conclusions and outlook

NLO b spectrum in H — bb presents large collinear-

and soft-enhanced terms
Collinear and soft resummation

Big effect of resummation on b energy distribution

Fits of hadronization models to ALEPH and SLD data
in zp space and to DELPHI in N space

B-hadron spectrum in zp and N spaces

Comparison of ee~ — bb, Higgs and top decay
In progress:

Application to Higgs and top physics at Tevatron and
LHC

Comparison with Monte Carlo event generators

Matrix-element corrections to H — bb in HERWIG



