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Outline

EFT approach to Higgs Characterisation

@ Motivation and first measurements
o Higgs-top Yukawa EFT Lagrangian
o EFT Lagrangian for Gluon Fusion

Play the HC game at the LHC

@ Gluon Fusion H+2jets production
e ttH production

@ t-channel tH production
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Higgs EFT investigation of

JCP

properties

used to exclude J =1, 2 and pure pseudoscalar 0~
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All in the H — VV() decay channels!
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Higgs EFT investigation of JF properties

used to exclude J =1, 2 and pure pseudoscalar 0~
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All in the H — VV) decay channels!
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V*V* — H production (VBF) for spin-0
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What about interaction with fermions?
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More thorough study during LHC run Il, especially ttH
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Effective Lagrangian for top quark Yukawa

Lsy~—"Q Ptg +hc., Loe~—7dT0Q -dtg +hc.
for single Higgs processes, put all ® = v except one ® = Xj
and (easily) pass from gauge to mass basis

- m; :
Lo =—1y — (Cakime + iSakiae5) e Xo,

JP = 0* (SM operator) JP =0~

a = CP-mixing angle
r = Coupling strength modifier
SM = (co =1, ke = 1)
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Effective Lagrangian for Gluon Fusion

Problem: GF is loop-induced
NLO virtual is 2-loop = not automated!

LO -

NLO virtual o
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Effective Lagrangian for Gluon Fusion

Solution: use EFT! Assume top heavier than GF external states
This is an example of SM EFT for scales < 2m;

2
> """ = ig 0" (P pr® — g2 p1- p2) X F (2%) FO)=1
no decoupling!
Match to H-gluons effective Lagrangian

Qs

1
EH—g/u = 72 BHgg G:yGa’#VH7 8Hge = 737{_\/

P p, @ po. p2, ap

= —igns 07 (p3'pi” — g™ prp2)
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Effective Lagrangian for Gluon Fusion

glu 1 a (a,uv a Cauv
£0 — T3 |:C04 KHgg BHge G;WG a t  Sa Kags Bage G;WG a } Xo
3” :” P @ 3"/” s a | ‘ X

Going to NLO

xuxxx)ﬁg

® - appear explicitly in the EFT

(0.0.0.0,0750.00.00)

BHeg _>gHgg<1+ 171 % +O(O‘§))a
. —_— .

8ae = 5, toall orders in as

Y
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Code Feynman rules, UV and R2 counterterms
in UFO model HC_.NLO X0  (public)

UFO = MG5_aMCONLO = Results

Ready to play the HC game!
(i.e. study the top-quark Yukawa in production channels)
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The Higgs Characterisation game

= ) Thé mysterr;';‘ace game

Does your person
have a big nose?
- No

Milton Bradley Is your person
wearing a hat?

Yes

| know!
It’s Maria!

2 Players

Game isiructions in
Engish and Spanish
Insirucciones dol juego
en ingiés y esparil

WARNING

Conlains SmallParts Which
Presenta Choking Hazard

1o Chiren Under Thre.

Miton By
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The Higgs Characterisation game

Is he bald? < pt distribution in GF

S NS 10 | PP%ail (GF) atthe LHC13 (shape comparison)
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MadGraph5_aMC@NLO

o 100 200 300 400 500 600 700 800
pr(Xo) [GeV]

F. Demartin Louvain) MLEUGM 22.12.2015 12 / 23



The Higgs Characterisation game

Colorful dress? < costy; in

F. Demartin (UCLouvain)
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The Higgs Characterisation game

Does he have a beard? < Ay in ttH
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The Higgs Characterisation game

not him! The Higgs!
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Gluon Fusion H+2jets production
FD, F. Maltoni, K. Mawatari, B. Page, M. Zaro [arXiv:1407.5089]
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(vintage plots from a ton of papers by Del Duca, Oleari, Zeppenfeld et al., since 2001)

F. Demartin (UCLouvain)

MLEUGM 22



GF H+-2jets

pr>30 GeV, || <45

GF vs VBl
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GF H+2jets
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GF H+-2jets

mj > 500 GeV
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ttH production
FD, F. Maltoni, K. Mawatari, B. Page, M. Zaro [arXiv:1407.5089]

Can a boosted-Higgs analysis (H — bb, pr(Xo) > 200 GeV )
be sensitive to CP?

10! b pp—ttXy atthe LHC13 — 0" (SM) 4
NLO+HERWIG6 — 0
no cuts 0

10° | E

dofdpr(Xy) [fb/bin]
3

o
]
P4
®
o
b=
)

102 e
Q
o
9}
o
[1]
=

108 . . . . . . .

0 100 200 300 400 500 600 700 800

pPr(Xo) [GeV]

F. Demartin (UCLouvain) MLEUGM 22.12.2015 17 / 23



tEH undecayed top quarks

no cuts
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ttH top decay products in the lab frame! (w/ spin-correlations)
ph > 20 GeV, pZ >30GeV, |y <25
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ttH top decay products in the lab frame! (w/ spin-correlations)
ph > 20 GeV, pZ >30GeV, |y <25
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t-channel tH production
FD, F. Maltoni, K. Mawatari, M. Zaro [arXiv:1504.00611]

t-channel tX, atthe LHCI3 .
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Higgs characterisation: inclusive observables

LHC 13 TeV pp = iX, NLO
Inclusive cross sections pp — X, NLO
gluon fusion @ SM rate 28 = ZX, LO o = CP—mixing ang|e
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Thanks for your attention

and happy celebrations!
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