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I ZINTRODUCTION

e SM very successful < precision data [LEP, Tevatron, LHC]

e Oopen problems: — mechanism of electroweak symmetry breaking
— unification of forces
— space-time structure @ short distances

e | HC: fundamental discoveries: Higgs boson(s?)
Supersymmetry 7
Extra space dimensions 7

e clectroweak symmetry breaking: two classes of realization:
— standard Higgs mechanism [SM, SUSY,. . .]
— strong elw. symmetry breaking [TC, LH, Higgsless, ED,. . .]
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e Higgs Boson Production
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e Discovery: LHC [Tevatron]
— Higgs mass
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e Higgs potential:
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= one scalar Higgs boson

v=1/\/V/2GFf ~ 246 GeV



I1 HZGGS PATR PRODUCTION
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gg — HH
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e threshold region: sensitive to A
large My sensitive to ¢y 4, [€.9. boosted Higgs pairs]
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e third generation dominant — ¢,b

g

e 2-loop QCD corrections: ~ 90 — 100%
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e 2-loop QCD corrections: 3
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e NLO mass effects @ NLO in

real corrections: ~ —10% i
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e NNLO Monte Carlo: inclusion of full top-mass effects @ NLO
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= 20% effects beyond NLO

e NLO: matching to parton showers
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Full NLO calculation: top only

Numerical integration, sector decomposition, tensor reduction, contour
deformation (My = 125 GeV, m; = 173 GeV)
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e new expansion/extrapolation methods:
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Full NLO calculation: top only

Numerical integration, IR subtraction, no tensor reduction, Richardson

extrapolation

~ —5%

e 14 TeV: (my = 172.5 GeV) ONLO

=

1.3

=192 |

Ton

T 11

o 10

0.6 L

99 — HH at NLO QCD | /5 = 14 TeV | PDFALHCI15
— HTL
HTL + full reals

—— HTL + full virtuals ]
—— Full NLO E

do/dmy,, [fb/GeV]

g = [y = Myp/2
NLO scale uncertainty

1 " 1 L 1 L 1 L 1 " 1
400 600 800 1000 1200 1400
My (GeV]

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

i ~ —30%

13.5%
= 32.78(7) 357 fb
oR1E = 38.66718° fb  (— HPAIR)

— 15% mass effects on top of LO



1T CALCULATION
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(i) virtual corrections

47 gen. box diags, 8 triangle diags («+ single Higgs), 1PR («+— H — Z~)

e full diagram w/o tensor reduction — 6-dim. Feynman integral (2 FF)

e UV-singularities: end-point subtractions

1 1 1 1
f () _ f(1) flx)— ) _ f) flx) — (1)

e IR-sing.: IR-subtraction (based on struc. of integr. and rel. to HTL)

e thresholds: Q2 > O,4mt2 — IBP — reduction of power of denominator
[th — mtz(l —1h)]
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e renormalization: as: MS, 5 flavours
my¢. on-shell

e PS-integration — 7-dim. integrals for do/dQ?

e subtraction of HTL — IR-finite mass effects [adding back HTL results

« HPAIR]

e extrapolation to NWA (h — 0): Richardson extrapolation

Mz = 2f(h) — f(2h) = f(0) + O(h?)
My = {8f(h) — 6f(2h) + f(4h)}/3 = f(0) + O(h?)
Mg = {64f(h) — 56f(2h) + 14f(4h) — f(8h)}/21 = f(0) + O(h*)

etc.
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(ii) real corrections

e full matrix elements generated with FeynArts and FormcCalc

e Mmatrix elements in HTL involving full LO sub-matrix elements sub-
tracted — IR-, COLL-finite [adding back HTL results «+ HPAIR]
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(iii) results

PDF4LHC15 | MMHT2014
oLO 19.80 fb 23.75 fb
oAtL | 38.66 fb 39.34 fb
onro | 32.78(7) fb | 33.33(7) fb




(iv) individual corrections

e take K-factors for triangle («+ single Higgs) and box diagrams sepa-
rately: total K-factor approximated by single Higgs K-factor?
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(iv) individual corrections

e take K-factors for triangle («+ single Higgs) and box diagrams sepa-
rately: total K-factor approximated by single Higgs K-factor?
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(v) PDF+as uncertainties

NNLO, @,=0.118, Q = 100 GeV
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Figure 2: Comparison of the MC900 PDFs with the sets that enter the combination: CTI14, MMHT14 and
NNPDEF3.0 at NNLO. We show the gluon and the up quark at ) = 100 GeV. Results are normalized to the

central value of the prior set MC900.

e jo/o ~+3.0% @ LHC



(vi) uncertainties due to my

e transform m; — m;(p) (MS)

— modification of mass CT

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

da(ggdg HH)\ngoo Gev =0.031(1)T3% fb/Gev,

da(ggdzz> HH>|Q:4OO Gev = 0.1609(4) 1% fb/Gev,
da(ggdg M| o0 cew = 0.03204(9) 0%, fb/GeV,
da(ggdg HH) [Q=1200 Gev = 0-000435(4)1L§Z/‘(’)/c> fb/GeV

e preliminary interpolation:

oc(gg — HH) = 32.78+6°/8 fb (very preliminary)
99 —21%



(vi) uncertainties due to m; for single Higgs

e transform m; — m;(p) (MS)
— modification of mass CT

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

0(99 — H)lpr,—125 geov = 42171027 pb
(99 — H)|piy=300 Gev = 9:857§ 307 pb
(99 = H)|pry=a00 Gev = 9-4370 g0 PD
o(99 — H)|pnr=600 Gev = 1-97f§)59;/3’/0 pb
o(99 — H)|pyr,,=000 Gev = 0-2301L§é(.)30/<(>)/o pD

_ +0.0%
0(99 — H)|pry=1200 Gev = 0.040275° 50, pb



IV CONCLUSTONS

Higgs pair production: first direct access to trilinear self-coupling
NLO QCD corrs known — A, S 10% @ LHC

NLO top mass effects: ~ —15% for o4, ~ —5... —30% for distr.
Sizeable uncertainties due to scheme and scale of top mass

top mass effects beyond NLO: ~ 5%7 Grigo, Hoff, Steinhauser

extension to BSM: bottom loops

important to develop NLO event generators [« backgrounds]



BACKUP SLIDES




dL99

dL 99
dr

dLa4d
dr

/.
/.

/.

1dx

—4g
x

1dx
x
1dx

T

:q(:v, LE)g (

:q(:v,u%)(i(

T~
)

T

T

2 T D

2 2 T 2
up) + g(z, p%)q (;,up

u%) + q(z, u%)q 6 i

2
F

)|
)



