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I ZINTRODUCTION

e Higgs Boson Production
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III SINGLE HIGGS BOSON PRODUCTIZON
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S., Djouadi, Graudenz, Zerwas
e NLO QCD corrections: ~ 100% Dawson, Kauffman

e NNLO calculated for m; > M, = further increase by 20-30%
. Harlander, Kilgore
[top mass effects small in SM] Anastasiou. Melnikov
Ravindran, Smith, van Neerven
Marzani, Ball, Del Duca, Forte, Vicini
Harlander, Ozeren
Pak, Rogal, Steinhauser
Czakon, Harlander, Klappert, Niggetied

e N3LO for m; > M, = scale stabilization
Moch, Vogt

. o
scale dependence: A S 5% S,

de Florian, Mazzitelli, Moch, Vogt
Anastasiou, Duhr, Dulat, Furlan, Gehrmann, Herzog, Mistlberger
Ball, Bonvini, Forte, Marzani, Ridolfi



3 . ] 0 Catani, de Florian, Grazzini, Nason
N3LL soft gluon resummation: < 1% Ravindran

Ahrens, Becher, Neubert, Yang
Ball, Bonvini, Forte, Marzani, Ridolfi
Bonvini, Marzani

Schmidt, S.

impl. of gg — ¢ in POWHEG including mass effects @ NLO
(QCD also valid for 2HDM and other Higgs extensions)

Bagnaschi, Degrassi, Slavich, Vicini

Aglietti,. ..
elw. corrections: ~ 5% Degrassi, Maltoni
Actis, Passarino, Sturm, Uccirati

o(gg — H) = (547212 2/5(TH) £ 3.2%(PDF, a5)) pb@ s =14 TeV

Anastasiou,. ..
uncertainties: PDF+ag, renormalization/factorization scale
top/bottom masses: ~ £0.8% <« scale/scheme dependence
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e m; scheme/scale uncertainties only:

o LO:

o(gg9 — H*)‘Q=125 Gev — 18'431?.'18://: pDb, o(g9 — H*)‘Q=3OO Gev — 4'88:2.3;;0% pb
(99 = H")|g=400 Gev = 4.94__|_11.'§§//: pb, (99 = H*)|g=600 Gev = 1.13‘_"36920& pb
0(99 = H")|p=000 Gev = 0-139:?6(.);/3% pb, o(99 = H")|g=1200 Gev = 0-0249f£f;/3/0 pb
e NLO QCD:

0(99 = H")|gm105 gev = 42.177027 pb, o(99 — H*)|g—300 gev = 9-857. 27 pb
(99 = H")|g=400 Gev = 9‘43t8.'591‘;/;) pb, (99 = H*)|g=600 Gev = 1.97‘_'?5990& pb

* _ +0.0% * — +0.0%
(99 = H*)|g=900 gevy = 0.23075,25, b, 0(99 = H*)[g=1200 gevy = 0.04027," %0, pb

= |limited sensitivity to interference effects!

o=o0pg, + Doint + op,

[BTW: very difficult to determine charm Yukawa coupl. from charm
loops in ppg distribution (H —|—]>] Bishara, Haisch, Monni, Re



e different radiative corrections to top and bottom loops [pole masses]:

o(g99g — H) = o+ o+ op
Ky ~ 1.68
Ky ~ 0.97
Ky ~ 1.20
= up to 20 — 30% differences in NLO cxn [m: scheme/scale dep.?]
= not possible to use SM-like cxns in many BSM cases

for different weighting of top and bottom loops
[enhancement of bottom loops (e.g. 2HDM type II, MSSM,. . .)]

e bottom-loop dominance: full NLO 20% uncertainties «+ double logs

e can only use N3LO results for o
= individual grids [(pseudo)scalar] for o, o, oy [« oSN 7]

e BSM heavy: eff. ggH coupl. ¢4 — interf. with full top/bottom loops!

0(99 = H) = ocyeqtou +ou, + opp, +0cit +0cp [EBSM =cg GG H
~N3LO NLO  ~N3LO NLO
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III DOUBLE HIGGS BOSON PRODUCTION
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e threshold region: sensitive to A\
large Mpp: sensitive to ¢y, [€.9. boosted Higgs pairs]

o(pp — HH + X) [fb]
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uncertainties due to my

e use my¢, m() and scan Q/4 < u < Q — uncertainty = envelope:

da(ggdg I =300 Gev = 0.02978(7)¥3;5, fb/GeV.,
dcr(ggdzg> HE), o0 oy = 0.1609(4) 2%, fb/GeV,
da(ggdg HH )|Q:6OO Gev = 0.03204(9)T0% fb/GeV,
do(ggdg HH >|Q:1200 Gev = 0.000435(4)T0% fb/Gev

e bin-by-bin interpolation:

4%
o(gg — HH) = 32.8177% fb

Baglio, Campanario, Glaus, Muhlleitner, S., Streicher



final combined ren./fac. scale and m; scale/scheme unc. @ NNLO prgpproqx

V=13 TeV: o = 31.0515% fb

\/g = 14 TeV . Otot

—23%

36.6975%, fb

e similar uncertainties for other Higgs masses expected

o(gg — HH)

[grid in Mg7]

ott + o + opp
1.7 (incl. my effects, u = Q/2)
777

fets

= sizeable uncerts. that affect extraction of BSM/int. contributions

g — O-h(*)—>H1H2 _l_ Agint —I_O-H(*)—)HlHQ_I_O-DD +O-A|:| —|— <.
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IV CONCLUSTONS

e Higgs boson searches/studies at LHC belong to major endeavours

e scale and scheme uncertainties due to m; relevant for large momenta
(Mg, My g, PTH, - - -)

e significant uncertainties for single and double Higgs production

e different corrections and uncertainties for top- and bottom-loop con-
tributions

= difficult to extract BSM from SM effects and interference terms in
pure BSM scenarios quantitatively

< more work needed. ..
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