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Higgs Characterisation

via the FeynRules and MadGraph5_aMC@NLO frameworks

Kentarou Mawatari

(Vrije Universities Brussel and International Solvay Institutes)

pSec.l | inYR3 of the LHC Higgs Cross Section Working Group [arXiv:1307.1347]

» Artoisenet, de Aquino, Demartin, Frederix, Frixione, Maltoni, Mandal, Mathews, KM,

Ravindran, Seth, Torrielli, Zaro
“A framework for Higgs characterisation” JHEP11(2013)043 [arXiv:1306.6464]

» Maltoni, KM, Zaro
“Higgs characterisation via VBF/VH" EP]JC74(2014)2710 [arXiv:1311.1829]

» Alloul, Fuks, Sanz
“Phenomenology of the Higgs Effective Lagrangian via FR” |HEP04(2014)110 [arXiv:1310.5150]
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® |ntroduction
- Effective field theory
- Gauge/mass basis implementations

® Higgs characterisation framework (mass basis)
- Effective Lagrangians -- X(J=0,1,2)
= NLO QCD effects

® Summary
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Is this the Standard Model scalar boson?

B Higgs boson precision measurement
B determination of the Higss boson Lagrangian

- the structure of the operators, linked to the spin/
parity of a Higgs boson

p distributions
- the coupling strength

p rate

B How do we approach to get them!?
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Effective field theory approach

® Given the fact that only a 125 GeV SM-like boson and nothing else so far,
the effective field theory approach is one of the best way to explore BSM
effects.

p All new particles and phenomena are assumed to appear at some scale A.
Not predictive at scales larger than A — loss of unitarity

p Below A, all new physics effects are parametrized by higher dimensional
gauge invariant operators made of SM fields. & many parameters 59!

» No assumption on the form of new physics = model independent

» Renormalisable order by order in the scale A = systematically improvable

1 Buchmuller&Wyler 1986 ...

£ — [:SM I A2 £6 _|_ .« . LG — Z C@Qz Grzadkowski et al. 2010
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SM Lagrangian up to D6
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Higgs effective Lagrangian
before vs. after EWW symmetry breaking

® D6 (the gauge basis): HEL [Alloul, Fuks, Sanz, arXiv:1310.5150]
p  Only using Standard Model gauge-eigenstates

p Several operators may be associated with a single coupling (in the mass
basis)

p  One operator associated with several couplings (in the mass basis)

p  https://feynrules.irmp.ucl.ac.be/wiki/HEL
® D5 (the mass basis): HC [Artoisenet et al., arXiv:|1306.6464]

p Couplings of the physical Higgs boson to the Standard Model (physical)
states

p One operator associated with a single coupling (and Lorentz structure)
P  No assumption on the Higgs boson spin

p  https://feynrules.irmp.ucl.ac.be/wiki/HiggsCharacterisation
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Introduction HEFT in FEYNRULES Phenomenological examples Summary

[ from Contino, Ghezzi, Grojean, Muhlleitner, Spira (JHEP ’13) ]
[ Alloul, Fuks, Sanz (1310.5150) ]
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Mapping between the D6 and D5 operators

HC [arXiv: 1306.6464] HEL [arXiv: 1310.5150]
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Higgs Characterisation model

® We implemented an effective Lagrangian featuring bosons
X(f=0%,0,1%1°,2%)
in FeynRules.

p Effective field theory approach, valid up to a cutoff
scale A\

p Only one new bosonic state X(Jf) at the EW scale (No
other state below the cutoff A\)

p Any new physics is described by the lowest
dimensional operators.

The parametrization is based on the recent work
[Englert, Goncalves-Netto, KM, Plehn (201 3)].
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Effective Lagrangian -- spinO

‘C({ - Z Ur(CakinsrGnrs +iSakarsGars¥5)¥5Xo - g
f=t.b,1 ## INFORMATI(N FOR FRBLOCK
y = 1 ) e 31
CO = C() I.LSI\I [_gfl Z7Z Zu_Z + gl] WwWWw Ii I I‘ ] oC roLoc

2 1 1.000000e+03 #

1. -~ 2 1.000000e+00 #

/ / / 3 / / /)

— 7 [Calny G Apy APV + S0KpyyGavy Apv AP | 3 1.000000e+00 #

| 4 1.000000e+00 #

L ~ 5 1.000000e+00 #

= 5 |Cakinzguzy Zuw A + Safazygasy Zuw AP 6 1.000000e+00 #
1. 7 1.000000e+00 #

— 7 [CalinagGnag Guy G + 5akageGage Ga,GuH] 8 1.000000e+00 #

| O 1.000000e+00 #

11- . 10 1.000000e+00 #

— g Cakuzz ZuwZ* + Sakazz ZuwZM 11 1.000000e+00 #
11 12 1.000000e+00 #

- == -Cah:)'{“'l‘ II ,jl_/I‘ ,ll/ O/‘\’,“x“'\‘ “ lj;/II —ul/] 13 1om+% #
2A 14 1.000000e+00 #

1 15 1.000000e+00 #

B ZCQ hn 9 Zl/d#f1 '+ Koz Zl/d ZH 16 0.000000e+00 #

17 0.000000e+00 #

4 (h!!ul\ H*+d W H L he. )] }-XO 18 0.000000e+00 #
19 0.000000e+00 #

20 0.000000e+00 # kHda

parameter description 21 0.000000e+00 # kHdz
A [GeV] cutoff scale 22 0.000000e+00 # kHdwR
Co (= cosa) mixing between 07 and 0~ 23 0.000000e+00 # kHdwI
Ki dimensionless coupling parameter
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Effective Lagrangian -- spinQ
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Mass and angular distributions -- spin0

2777 77
© pp = X(0%) > 41 atthe LHCS oF PP X(0) >4l arthe LHCS
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i ] 01 ]
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. /bin/mg5_aMC - 55 ] a5 5 4 L
t >1mport model HC % 0S8, Ad

¥ >generate p p > x0, x0 > mu- mu+
¥ >launch
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® The most general interactions at the lowest canonical
dimension:

£ =" bpwlagar — kpbpys)vs XY
f=q,t

W - - . ,—
‘Cl =1 H“'.l Jwwz (Ll’rlj; " W #_ W pv W TH )X ij -+ 'Z~H\,1.'Q Jqww Z""/ : W U X i“/

— Kw, W j W (" X7 + 9" XY)
+ ik W, W :— %) /V— X {u/ — R o0 [H/ﬁ—# ( PW — 1/) . ( 9PWHH )I,V - 1/] X i,

L7 = —ky Zu TP XY — b, X1(0" Z,) 2y — Koz €ppo X1 2V (8P Z2°)
® Parity conservation implies that

} fOI" XI_ Ky

} for X| +  Kjpp =Ky, =Ky, =Ky, =0
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Effective Lagrangian -- spin2

® via the energy-momentum tensor of the SM fields,

starting from DJ5:
1

f_ 0 X5"
EQ o —X T#VX
f=qt
7 1
V i V
Ly = A Z -yt T#"Xu
V=Z,Wy.g

p The E-M tensor for QED:

I y f 1 T . /
Ty == G [“"f (17" Dy —my)dy — §ap('1#’f'l’7"p'¢’f)]

1. , | 1
+ [§u',rfz“,ﬁD,,wf - —(9 (Vi dr) + (1 & 1/) :

TY, = — g,“,[ AP"APG + 0P AgA, + - (aPA )2

pv

— APA,,+8,0°PA,A, +8,0° APAM
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Higher order effects in QCD

® The LO predictions can be systematically improved by including the effects due
to the emission of QCD partons.

p LO Matrix-Element/Parton-Shower merging [ME+PS]
p full-NLO matrix element with parton-shower [aMC@NLO+Pythia/Herwig]

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (- 1 1 1 1
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I LI 1 1 | LI 1 1

100 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 =3 0-025 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 I I 1 1 1 1 1 I
[ [ [ C - l I | l | -
pp~ X(J%) in aMC@®NLO de/dpy/0o, at the LHCB . N PP X(J*) in aMC®NLO do/dpy/0,, at the LHCB i
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= ::'J h =
o 0.005 — o —
= dF I &

Ratio ME+PS/aMC@®NLO

i |
[ —
[

8 L1l
o
|
(o2}
|
-
|
N
o

0 50 100 150
Prx (GeV) n*

2 1 6
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VBF

: : GF vs VBF, NLO+PS 0* (GF, SM
Maltoni, KM, Zaro [arXiv:1311.1829] 0as | pp_‘)’;dj e Lho13 3 (:%?) ) _
./bin/mg5 aMC Mj>500 GeV —— i

> 1mport model HC NLO 030 F e gt(VBF HD)__ -
> generate p p > x0 7 7 QCD=0[QCD] il HD)
> launch 0.25 I L]
Demartin, Maltoni, KM, Page, Pittau, Zaro [in progress] 0.20 |
./bin/mgb aMC 015 '
> import model HC NLO-heft '
> generate p p > x0 7 jJ / t [QCD] 0.10 -
> launch A |
. 0.05 | -
scenario oLo (pb) onLo (pb) [ITTTT e e
0F | 1.351(1) ¥555 T43%  1.702(6) T30 175 0.00 - MGs_aMC@NLO + HERWIGS :
LHC 8 TeV 0~ | 2.951(3) *572 *49%  3.660(15) Too g 1 Tor oF scodaiion. NLOWS -
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Maltoni, KM, Zaro [arXiv:1311.1829] scenario oro (fb) onro (fb) K
0T (SM) 39.58(3) To e 51.22(5) TTar  1.29
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Summary

® After the discovery of a Higgs-like resonance at the LHC, the
main focus of the analyses now is the determination of the Higgs
Lagrangian.

® This includes

- the structure of the operators, linked to the spin/parity of a
‘Higgs’ boson.

- the coupling strength.

® MC tools to study the property of the SM-like boson are
publicly available, e.g. JHUGen, MEKD, HC, HEL.

® Event generation at NLO is possible for (several) spin 0,1,2
hypothesis and can be used to validate merged samples.
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The Higgs Characterisation model r
Authors
"
e LO

o Priscila de Aquino & Kentarou Mawatari (Vrije Universiteit Brussel)
« Emails: kentarou.mawatari @ vub.ac.be
« NLO
o Federico Demartin (Universite Cathelique de Louvain) & Marco Zaro (LPTHE, Paris)
» Emails: federico.demartin @ uclouvain.be

Description of the model

This is @ model file for the characterisation of the boson recently discovered at the LHC. Our effective lagrangian consists of the SM (except for the Higgs
itself), expressed through the physical degrees of freedom present below the EWSB scale, plus a new bosonic state X(37) with spin/parity assignments Jf =
0%, 07, 1%, 17, or 2%. The new state can couple to SM particles via interactions of the lowest possible dimensions. In addition, the state 07 is allowed to mix
with the 0° one, and can interact with SM particles with higher-dimensional operators beyond those of the SM. See more details in

e 1306 6464 : P. Artocisenet, P. de Aquino, F. Demartin, R. Frederix, S. Frixione, F. Maltoni, M. K. Mandal, P. Mathews, K. Mawatari, V. Ravindran, S. -
Seth, P. Torrielli, M. Zaro, "A framework for Higgs characterisation” (JHEP11(2013)043).

e »1307.5607 : P. de Aguino, K. Mawatari, "Characterising a Higgs-like resonance at the LHC" (Proceedings for HPNP2013).

e =»1311.1829 : F. Maltoni, K. Mawatari, M. Zaro, "Higgs characterisation via vector-boson fusion and associated production: NLO and parton-shower
effects” (EPIC74(2014)2710).

Model files for LO

HC fr : the main model file.

SM_HC.fr : This model requires the modified Standard Model Implementation of FeynRules.

Massless.rst, Cabibbo.rst : SM restriction files.

HC.nb : this is an example Mathematica notebook that loads the model, calculates the Feynman rules and extract the model files within the UFO format.
HC_UFO.zip : The model files in UFO format (for MadGraphS5).

L I I

Model files for NLO (only for the J=0 case)
A few remarks before use; see the README file in the model.

e HC NLO X0 UFO.zip : The model files in UFO format (for MadGraph5).
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