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SM Higgs boson: Mass constraints
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SM Higgs: Production and decay

10

1025

AT AR
o(pp— H+X) [pb]
Vs=14TeV

M, = 175 GeV
CTEQ4M

[Tl g9OA-HIT
10 Tl T ;'\'":--; ------------
N 99,9 Hbb " qg—HZ =~
10' R I BN N B B B B hew 4
200 400 600 800 1000
My, [GeV] M,, [GeV]
M. Spira

® Largest cross section: gg — H

and gqg — Hqq
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SM Higgs: Production and decay
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® Largest cross section: gg — H and qq — Hqq
® Focus on 140 GeV < Mgy < 180 GeV
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SM Higgs. LHC search channels

LHC discovery potential
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Hadronic W -pair production status

¢ LO (J.M. Campbell, R. K. Ellis ) :

o~
_CIHNV\VV\_/-< Uy
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Hadronic W -pair production status

® LO (J.M. Ccampbell, R. K. Ellis ) :
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Hadronic W -pair production status
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® Log. EW O(a) corrections (E. Accomando, A. Denner, A. Kaiser )
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Hadronic W -pair production status

® LO (J3.M. Campbell, R. K. Ellis ) :
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® Log. EW O(a) corrections (E. Accomando, A. Denner, A. Kaiser )

® Gluon-induced contribution (E.W.N. Glover, J. J. van der Bij; C. Kao, D. A. Dicus ) :
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Hadronic W -pair production status
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Hadronic W -pair production status

® LO (J3.M. Campbell, R. K. Ellis ) :
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® Gluon-induced contribution (E.W.N. Glover, J. J. van der Bij; C. Kao, D. A. Dicus ) :
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® gg — Z* Z" (C.Zecher, T. Matsuura, J. J. van der Bij )

® Tree level qgqg — W Z/fy qq (K.L.Adamson, D. de Florian, A. Signer )
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Search strategy

Details (M. Dittmar, H. K. Dreiner)

® Signal: g¢g — H - W Wt =1l ' vy, 140 GeV < My < 180 GeV

® Basic cuts:
© Cuts selecting dileptons events from vector boson decays
©  Cuts suppressing single Z production
© Jet veto

® W-signal related cuts:
© Transverse opening angle cut (spin angle correlation)
© Polar angle cut (background is boosted)

® 50 — 100 detection with 5 fb~!

Spin angle correlation (C. Nelson; E. W. N. Glover, J. Ohnemus, Scott S. D. Willenbrock )

® His ascalar = W helicities related
® W+ decay leptons are related to vector boson helicity

® Signal = small lepton opening angle
|
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Search strategy

Background boost
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Search strategy

Background boost

® Hadron cross section;

0=/d331 dza f1(x1) fa(x2) 6(x1,22) T1T2 ~
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gg — WW contribution

Different analyses

¢ M. Dittmar and H. K. Dreiner (1996-1997)

® K. Jakobs and T. Trefzger (2000)

® D. Green, etal. (2000)

® G. Davatz, G. Dissertori, M. Dittmar, M. Grazzini and F. Paus (2004)
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e No gg — WW contribution

gg — WW motivation

® |s this contribution important?

© Contribution ~ o2

© However:
¢ High gluon luminosity at the LHC
¢ Experimental cuts effects (cf. polar angle cut)
® High precision needed for
© SM Higgs search
© SM non-abelian structure testing

© New physics probes |
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Calculation details

® Offshell W-bosons
® Internal fermions massless, except b and ¢
® External fermions massless

Amplitude structure

M = MHrE2ESEAey e 1y Pusus (P8, Mw ) Pugvy (P4, Mw ) J5% J
JE = a(pe)y"3 3 (1 — v5)v(ps)
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Calculation details

MU1M2M3M4 — E 7}“1“2//‘3“’4 Ik} C]k}
J,k
’Z}“ 1H2H3K4 _, Tensor Structures
T — Scalar Integrals
C. Carl5. 1. T 2 2
jk Jk:(Sa Z]7u7w17w2)

® Expressions manipulation and simplification: MapLe and FoRrw.
® Tensor integral reduction: Binoth et al. and Passarino, Veltman.

® Gram determinants
® MAPLE — FORTRAN

® Two indepent calculations compared symbolically and numerically
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Calculation Detalls

® Dimensional Regularization (BM formalism)
© UV-finite
© |R-safe

® Gauge invariance
© Ward ldentity

d)W’. MW
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Numerical Evaluation

® g9 — W*W?™ processes: ForTRAN Implementation, using VecAs / DVEGAS
® Parameters:

My = 80.419 GeV Mz = 91.188 GeV
© FW = 2.06 GeV FZ = 2.49 GeV
G, =1.16639 x107° GeV™2 Voxkm =1

© G,-scheme
© PDFs: CTEQ6

© QCD scales
¢ Central: Atact = ptren = Mw

¢ Variations: independent in [MTW,QMW]

® Reproduce onshell results (3. 3. van der Bij, E. W. N. Glover )

® gqg — W*"W?™ processes: evaluated at LO and NLO with Mcrm
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Results

o(pp — W*W* — (i’ [fb]
99 O R TTC e | “onio
otot | 53.61(2)T158 | 875.8(1)F 272  1373(1)L%] 1.57 1.04
osta | 25.89(1)TS55 | 270.5(1)T35%  491.8(1)F210 | 1.82 1.05
opkg | 1.385(1)F03Y | 4.583(2)T9 52  4.79(3)10 0% | 1.05 1.29
Phase space cuts
® No Cuts (0tor) ® Higgs search cuts (opry) |
® Standard LHC cuts (os:q) © A¢ree < 45°
© 20 GeV < pry © My < 35 GeV
me| < 2.5 © 25 GeV < pr,min and

35 GeV < pT,maX < 50 GeV

© 25 GeV < p
’ © 20 GeV < pri., and |mier| < 3

I t ( M. Dittmar, H. Dreiner, G. Davatz, G. Dissertori, M. Grazzini, F. Pauss ) :

| |
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Results: my
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Results: n,-

125 —

do/dn, [1b]

100 |
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Results: A¢ll

do/dA¢ry [fb/deg]
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gg2WNcode

® g9 — W-W+t =1y l_/Vl/
® Features:

© Full spin decay angle correlation and offshell effects
Adaptive MC with Dvecas

Easily modified cuts specification and histogram generation
Parallel processing

Amplitude in double or quadruple precision

LHAPDF

Event generation in LHA format

o O O O O O

¢ Contact persons:
— M. C. (Mari ano. G ccol i ni @si . ch)
— N. Kauer (kauer @hysi k. rw h- aachen. de)

® Official Distribution at

http:// prdownl oads. sour cef or ge. net/ hepsource/ gg2WW¥ 1. 0. 0. t ar. gz?downl oad

|
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L atest Analyses

Using gg2WV

® G. Davatz et al. (cwms)
© 200000 unweighted events
© Showering with PyTHIA 6.2 with and without ISR
® B. Quayle et al. (Atlas)
Inclusion of gg — WW effects into WW + 05 analysis
Herwig for showering/hadronization
Control sample contribution 5%
Signal-like region 13%

Different cuts
o Agpy < 1.5
S 20 GeV < M;; < 64 GeV

o O O O O

Independent Result

® M. Dihrssen, K. Jakobs, J. J. van der Bij, P. Marquard

|
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Conclusions

® g9 — H— W W' — iy I vy important Higgs search channel
® W-boson pair production: main background

® Gluon induced offshell W-boson pair production calculation

® g9 — W~ WT contribution:

© No cuts: 5%
© Higgs selection cuts: 30%

® Gluon induced contribution must be taken into account.
® gg2WW code

® Future Work
© Massive b and ¢ loops
© Incorporate modifications into gg2W\code
© Implement the ZZ mediated process into gg2WN( gg2VVv?)
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