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Higgs boson discovery
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Open questions ﬂ("‘

SM Higgs boson?
Couplings to fermions?
Couplings to bosons?

Self-coupling?

2
Viiggs = 3M3 H2 + AV H3 + 2 AH* ASM = T8 ~0.13
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Information about Aypn ﬂ("‘

gg — HH

qq’ — HHqq’, qg’ — ZHH/WHH, qq,gg — ttHH
J more than 10 times smaller
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gg - HH at LO
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Promising channels/strategies AT
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® gg — HH — bby~y

[Bag\\0,Djouad\,Gri’)ber,Muhlleltner,QuevnIon‘Splra’13]: S/\/g ~ 16, 51 Signal eVentS fOI’
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Promising channels/strategies T
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m gg — HH — bbyy
[Baglio,Djouadi,Gréber,Miihlleitner,Quevillon, Spira’13] - S/\/g ~ 16, 51 Signal events for
J £ =3000fo~*

5 s s a9
) 8o = b
& § goost —pp - HZ
3 2 o 3 —pp - tTH
3 g 3
3 H ] oo
El S0

004 003

003 oot

002

oof-
oo
| |
QS0 "io0 150 200 250 300 350 400 00200500 400 500 600 700 800 . 500 % T 2 3 z 5
PralGeV] M, [GeV] BR(b,b)

similar results: [Baur,Plehn,Rainwater'04]

® gg — HH — bb77: “promising”; gg — HH — bbww ??

a % D A > 0 at 95% CL W|th 600 fbil [Goertz,Papaefstathion,Yang,Zurita'13]

[Dolan,Englert,Spannowsky’12; Dawson,Furlan,Lewis’13,. .. ]
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gg — HH: known results
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m LO [Glover, van der Bij'88; Plehn,Spira,Zerwas’96]

® NLO for Mt —> OO [Dawson,Dittmaier,Spira’98] ~ +100%

this talk: 1/m; terms at NLO (crigorofivelnikov,steinhauser13]

@ NNLO soft-virtual approx., m¢ — 00 (de Fiorian Mazzitelii13] ~ +20%
@ NNLL resummation (shao.LiLiwang1s] ~ NLO +20%
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Technique

a forward scattering amplitude + optical theorem
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Technique ﬂ(".

m forward scattering amplitude + optical theorem e

m Asymptotic expansion for mt2 > mﬁ , S with jjm“’ ““DD:
€XDP [Harlander,Seidensticker,Steinhauser'98] ! m:
0 expansion in p = m3 /m?
O

6(9g — HH) =) " c(x) (m'z*>n x = Ami

2
n m;
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Technique
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m forward scattering amplitude + optical theorem
a Asymptotic expansion for mt2 > mﬁ , S with

exp [Harlander,Seidensticker, Steinhauser'98]
. . _ 2 2
O expansion in p = mH/m

t
- mZ\" am?
&(gg — HH) = Zc(x) (mg> , X = ?H
n t
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Technique
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a forward scattering amplitude + optical theorem

= Asymptotic expansion for m? > mZ, s with

€XDP [Harlander,Seidensticker,Steinhauser'98]

O expansion in p = m2 /m?

y m2\" 4m?

olaa - ) = Yoo (5 ) L x = T
t

n

a Reduction to MIS W|th FIRE [Smirnov'08; Smimovz‘l’a‘]
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Technique
a forward scattering amplitude + optical theorem

m Asymptotic expansion for m? > m2, s with
exp [Harlander,Seidensticker,Steinhauser'98]
hin o — m2 /2
O expansion in p = mg /m¢
O

5(g9g — HH) = > ¢(x) (m.ﬁ) LA

m2 s
n

a Reduction tO MIS W|th FIRE [Sm\mov‘OS;Smimovz’B]
® Master integrals (+ 2-loop tadpoles, ...)
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Master integrals
X X
IXCEX

a derive 1-dimensional integral representation

e.g.: 1y = Nsl™ 2¢55/2— 35f du M)l/Z—e,ul—Ze

I

expandind =1 — 4mH/s =1—x [ analytic results

N
I :Z ch 0" N = 100,200, ...

gPartonic in analytic from

Matthias Steinhauser — Higgs boson pair production at the LHC: top quark mass effects at NLO

IT

Karlsruhe Institute of Technology



LO result AT
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NLO contribution: gluon channel, R
partonic
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NLO contribution: gluon channel,

partonic SKIT
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NLO contribution: gluon channel ﬂ("‘
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NLO result: quark channels
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NLO result: quark channels
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K factor AT
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(] enhancement close to threshold due to suppression of LO result

o I = E T 9Dac
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Partonic NLO contribution close to
99 T
th r e S h 0 I d Karlruhe Isttute of Technology
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[ K factor close to threshold strongly affected
by power-suppressed 1/m; terms
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Partonic NLO gg contribution close to A
threshold S(IT
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Scale dependence ﬂ("
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Implication on extraction of Ayny ﬂ(“

NLO prediction including 1/mt8 terms
uncertainty band: compare with 1/m? terms
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Implication on extraction of Ayny

NLO prediction including 1/mt8 terms
uncertainty band: compare with 1/m? terms
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including 1/m; corrections sufficient to detect O(10%)
deviations of \ from ASM
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Conclusions ﬂ("‘

a o(pp — HH) SM cross section
m determination of AynH

a NLO cross section
independent CheCk Of [Dawson,Dittmaier,Spira’98]

m 1/m corrections [0 10% increase

a K 7 fors — threshold (1/m; terms important!)
(+— extraction of AypnH)

m reliable error estimate at NLO

Matthias Steinhauser — Higgs boson pair production at the LHC: top quark mass effects at NLO 18



