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Modern LHC physics

Discovery machine
- Higgs, delivered in 2012
- dark matter particle?
- baryogenesis conditions?
- some reason for the Higgs VEV?
- SUSY particles? new scalars? new light particles?
— Precision predictions crucial!




Modern LHC physics

Discovery machine
- Higgs, delivered in 2012
- dark matter particle?
- baryogenesis conditions?
- some reason for the Higgs VEV?
- SUSY particles? new scalars? new light particles?
— Precision predictions crucial!

Precision machine
- modelled after LEP analyses
- start with particle couplings and bad QFT
- grow up and move to EFTs as proper QF T
- combine rate, energy and precision




Modern LHC physics

Discovery machine
- Higgs, delivered in 2012
- dark matter particle?
- baryogenesis conditions?
- some reason for the Higgs VEV?
- SUSY particles? new scalars? new light particles?
— Precision predictions crucial!

Precision machine
- modelled after LEP analyses
- start with particle couplings and bad QFT
- grow up and move to EFTs as proper QF T
- combine rate, energy and precision
- transforming theory and experiment
- precision-driven discoveries
- model-based vs simulation-based inference
— Precision predictions crucial!




Happy birthday, Spirix!

Behind every great experiment...

...are a those few people who build its science

— LHC as the first precision-hadron collider




The Higgs production years: 1991 - today

Higgs production
- leading order gg — H already one-loop
- top mass matters, so top-loop
- kinematics crucial
- all master integrals by hand
- effortlessly covering SUSY-Higgs
- QCD-corrections strictly too big...
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The Higgs production years: 1991 - today

Higgs production
- leading order gg — H already one-loop
- top mass matters, so top-loop
- kinematics crucial
- all master integrals by hand
- effortlessly covering SUSY-Higgs
- QCD-corrections strictly too big...

HIGGS BOSON PRODUCTION AT THE LHC
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— Serious and lasting breakthrough!




The HDecay years: 1997 - today

Higgs decays

- event count = o xBR

- more structure in decays than in production rates
- off-shell effects and higher orders relevant

- corrections to loop-decays from production papers
- long-lived and fast public code
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— Intermediate masses we want(ed)!




The ttH years: 2001 - today

Better Higgs production
- gluon fusion for discovery
top-Higgs for measurements

- top-Higgs our best renormalization group
triviality, vacuum stability, fixed-points, etc

- more particles means more information
Lorentz/CP-structure of top Yukawa?
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— Again, kinematics the key
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The Prospino years: 1996 - really today???

Branching out to SUSY  [quiet

- dark matter means SUSY pair production
. starting with squarks and gluinos [Thank you to Roland Hépker and Wim Beenakker]
- always consider kinematics
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ABSTRACT

We have determined the theoretical predictions for the cross-sections of squark and ghiino
production at pp and pp colliders (Tevatron
] persymmetric QUD. By reducing the dependence on the renormalization;factorization

d LHC) in next-to-leading order of su-

scale considerably, the theoretically precicted values for the eross-sections are much more
stable if these higher-order corrections are implemented. 1f squarks and gluinos are dis-
covered, this improved stability translates into a reduced error on the masses, as ex-

shape of the trasverse-momentun and rapidity distributions remaius nea

when the next-to-leading order corections are included.
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The Prospino years: 1996 - really today???

Branching out to SUSY  [quiet

- dark matter means SUSY pair production

. starting with squarks and gluinos [Thank you to Roland Hépker and Wim Beenakker]
- always consider kinematics

- moving on to tops, electroweakinos, sleptons, etc

- and then data hit us all...

- Wir kommen so langsam aus dem pandemischen Rahmen heraus - ich habe
heute wieder die erste Vorlesung ohne Maske gehalten und prompt ueber
Prospino geredet ;-). Jaja, war'n Zufall.

— Sorry for dropping out!
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The Higgs bible: 1997

Higgs production and decay st

— assume: narrow CP-even scalar
Standard Model operators
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The Higgs bible: 1997 :j>> ,,,,,,,,,,,,,,

Higgs production and decay st

— assume: narrow CP-even scalar bt Wz
Standard Model operators L
— fundamental physics in terms of Lagrangian )
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The Higgs-pair years: 1996 - today

Higgs self-coupling the Universe

- baryon number violation
C and CP violation
1st-order e-w phase transition

- D6-Higgs potentjal, generalized  (arojean, servant, welis]
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The Higgs-pair years: 1996 - today

Higgs self-coupling the Universe

- baryon number violation
C and CP violation
1st-order e-w phase transition
D6-Higgs potential, generalized  [Grojean, Servant, Wells]

— requiring 50% enhanced Ay Ptk ProbucrioN or NeutaL Hics PaRricLss

IN GLUON-GLUON COLLISIONS.

T PLENN', M. SPIRA™ AND P. M. ZEnwas!
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The Higgs-pair years: 1996 - today

Higgs self-coupling the Universe

- baryon number violation
C and CP violation
1st-order e-w phase transition

D6-Higgs potential, generalized  [Grojean, Servant, Wells]

State of the (theory) art

- destructive interference

- myy for signal process
bringing us back to top mass effects
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— Kinematic measurement, means theory!
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The measurement of the Higgs self-coupling at the LHC:
theoretical status
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The EFT years: 2013 - today

Renormalizable D6-Lagrangian

— Higgs operators

Oge = ¢'6G},, G Oww = ¢ W, WH ¢ Opg ="+
Opw = ¢ B, W' ¢ Ow = (D, ¢)" W"" (D, ) Op ="
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Op1=(Du8) 60" (D"6) Op2= 50" (¢70) 0u (70) Ous= 3 (s70)
— one more TGV operator  Opww = Tr (WW we Wg)

plus Yukawa sector £, p ¢
— Many, many theory questions...

Effective Lagrangian for a light Higgs-like scalar
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The EFT years: 2013 - today

Renormalizable D6-Lagrangian

— Higgs operators

Ogg = ¢ ¢GZ, G* Oww = o' W, W Opg =+ -+
Oaw = ¢' B, W' ¢ Ow = (D, ¢)! W"" (D, ) Op= -
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001 = (0u9) 961 (D"9) Opz= 30" (8'0) 0, (6'6) Oy =

— one more TGV operator  Ouwww = Tr (W, W W)
plus Yukawa sector  f, p ¢
— Many, many theory questions... i
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NLO QCD Corrections to Higgs Pair Production

Same for Higgs pairs including Dimension-6 Operators
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The EFT years: 2013 - today

Renormalizable D6-Lagrangian

— Higgs operators
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— one more TGV operator Oy = Tr (W, W W )
plus Yukawa sector £, p ¢
— Many, many theory questions...

NLO QCD Corrections to Higgs Pair Production

Same for nggs pal rs inclm“ling Dimension-6 Operators

#1M. Spira® and J. Streicher?s
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— Higgs potential vs D6?



Still hard at work...

More Higgs pairs
there are always more perturbative contribution
top-Yukawa potentially dangerous
did we talk about kinematics?

16 ; : : : : ; TOP-YUKAWA-INDUCED CORRECTIONS TO HIGGS PAIR PRODUCTION
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1 Introduction
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Congratulations!

A research dream come true
- Higgs was discovered
- LHC the first precision-hadron collider
- Higgs sector at heart of the LHC program
- precision theory crucial
- still many things to learn and understand

— Those results are to you, Spirix! (ee]
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Congratulations!

A research dream come true
- Higgs was discovered
- LHC the first precision-hadron collider
- Higgs sector at heart of the LHC program
- precision theory crucial
- still many things to learn and understand
— Let’s go party!
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