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Abstract

® We introduce a complete framework, based on an effective
field theory approach, that allows one to perform
characterisation studies of the boson recently discovered at
the LHC, for all the relevant channels and in a consistent,
systematic and accurate way.

® The production and decay of such a boson with various spin
and parity assignments can be simulated by means of multi-
parton, tree-level matrix elements and of NLO QCD
calculations, both matched with parton showers.

® Several sample applications are presented which show, in
particular, that beyond-leading-order effects in QCD have
non-trivial phenomenological implications.
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Higgs Characterisation model in FeynRules

® We implemented an effective Lagrangian featuring bosons
X(P=0+,0—,1+,1-,2+)
in FeynRules (http://feynrules.irmp.ucl.ac.be).

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

p Only one new bosonic state X(JP) at the EWV 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 -- spinQ

® allows one to recover the SM case easily.

® includes all possible interactions that are generated by gauge-
invariant D6 operators above the EWV scale

® includes 0- state couplings typical of SUSY or of generic 2HDM

® allows CP-mixing between 0+ and 0— states

parameter reference value description
A [GeV] 10° cutoff scale
co(= cosa) 1 mixing between 07 and 0~
Ki 0,1 dimensionless coupling parameter
oxw X0 II ZZJWW 7 Z7 99
H my  2m7 w 4Tapv/18m  C(94 cos? Oy — 13)/9m  —a, /37
A my 0 —dapp /3 —2C(8cos? Oy —5)/3m  —a /27
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Effective Lagrangian -- spinQ

## INFORMATION FOR FRBLOCK
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v Ny - v 19 0.000000e+00 #
X [CQ"'HZZ Z#VZM T SaKazz Z#VZ“ ] 20 0.000000e+00 #
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» ~ - 22 0.000000e+00 # kHw
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Effective Lagrangian -- spinl

® The most general interactions at the lowest canonical
dimension:

£l =" dpwlspap — rpbpys)bp XY
f=q,t

W . - - : =
‘Cl =1 /i'-“fl Jwwz (LV' l-jl_ y LV' #_ I’Vv v I’Vv +M)X ij + 'Z'H-\v‘l*'.z dwwz ‘/‘/: I/I/fl/ X ii

— KWW, (94 XY 4 8 X V)
+ ik W, W : 7! /V— X {u/ .. [[,V +H (OPW 1/) . ( 9PWHH YW ™ 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

} fOI" X| + Kf, = Kv; = Ky, = Kyy = 0
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Effective Lagrangian -- spin2

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

starting from DJ5:
1

f I /
Ly=—% kTS, X5
f=aq,t
1 ,
Eé — —K Z RV T/L,X“

V=ZW,y,g
p The E-M tensor for QED:
T, = = Gu | 957" D, — mp)e Lo0 (B i
pv 9uv Wf(zfy p nlf)z.‘“'f - 5 (wfz Ipz.*)f)]

1- . R PP S -
+ |:§L‘fZ’7lJ»Dl/Uf _ _a ('U"‘fzf\’fl/wf) + (1 < V) ’

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

pv

— APA,,+8,0°PA,A, +8,0° A,,A#
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Mass and angular distributions -- spinO
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Mass and angular distributions -- spin|
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Mass and angular distributions -- spin2

08

06

pp = X(2") — 41 at the LHCS8

\L

Illlllll

0.4__ —-
-
% 05T 0 T s
Cc0oSse*

0-3_ : 1 g ' ' T : g g ]
- pp = X(2) > 41 atthe LHCS -
0.1 _
% 2 2 5
4’1

July 20, 2013 Toyama ILC summer camp



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]

100 1 1 1 I I 1 1 1 I I 1 1 1 1 I 1 1 1 1 E 0:025 R 1 1 1 1 l 1 I 1 1 | 1 1 1 I | 1 1 1 1 I I I 1 1 | 1 1 1 I i
E pp~ X(J%) in aMC@®NLO do/dp,/0o, at the LHCB . C PP~ X(J*) in aMC®NLO do/dpy/0,, at the LHCB i
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Spin/parity determination
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3.ppjiX

di-jet correlations Englert, Goncalves-Netto, KM, Plehn (2013)
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An as well as A® are the powerful observables.
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Spin/parity determination
4.pp— LX

Englert, Goncalves-Netto, KM, Plehn (201 3)

‘| LIl LIl l L] LI l L L) L B B | L] ‘| LIl LIl l L] LI l LI B A l L L] ‘l LIl L) l T LI l LI B A l LI T 0-“ L] T L] l L) L] T l L] L] L) l
i ] ] " 1 do
1_do = i - TdAd
0.8~ O dcosf i I
02 -
0. _ -
0. / Tl ! -
o1 A
0. .
1 1 | " 1 1 1
% 25 0 05 1 % 2 n 8
cose* Ao
L 1 1 1 O'Q 1 I T
0. —
— ] 02 -
0. s ~ [ o
T —— e ———— s
0.4~ / !
R —
0.2/ \ 0. . !
[ 1 e 1 1 1 I [ 1 1 1
o 25 0 05 1 % 25 0 05 1 % 2 n 8
cos8, cose* Ao

Kentarou Mawatari (Vrije U. Brussel) July 20, 2013 Toyama ILC summer camp



£

tJ/rniJ;Sersiteit . . . . |
prusse Spin/parity determination L
EI 'T ) 5' X — TT [Bullock, Hagiwara, Martin, NPB(1993)]

[Kramer, Kiihn, Stong, Zerwas, ZPC(1994)]
[Pierzchala, Richter-Was, Was, Worek, APPB(2001,2002,...)]

[Hagiwara, Li, KM, Nakamura, 1212.6247]

op—= X =71 s atru

Longitudinal spin (helicity) effect | Transverse spin effect

T e —
[ I'dr /dcosé
| Higgs rest frame

1 lllllllllllllllllllllllllllli
094 095 096 097 098 099

dzl’/dzldzz ~ 1F z12, for spin-0/1, dI'/dA¢p ~1F AcosA¢ for 0*

7 could be a spin/parity analyzer! '
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a library to simulate polarized tau decays via FeynRules/MadGraph5

We implemented the effective Lagrangians [Hagiwara, Li, KM, Nakamura, 1212.6247]
L. =\V2Ggf, cosfc TyH Py 0,7~ + h.c.
L:p = 2GF cos OCFP(Qz) TPy, (71'0(9“71'_ — W_auﬂ'o) + h.c.

into FEYNRULES, providing the model file for MADGRAPHS.
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Full spin correlations for any kinds of new physics models can be generated
for free.
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Outlook

® 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 the ‘Higgs’ boson.

- an independent measurement of the coupling strength.

® Our FR/MG5 Higgs Characterization model is ready for
the spin/parity determination.
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Phenomenology group
at the Vrije Universiteit Brussel

® Since October 2010, to make a chain between the
theoretical and experimental groups at the VUB.

~ Englert, Frere,
Hambye, Tinyakoyv,

Tytgat,Argurio, ...
Vrije
Universiteit Pheno
Brussel UCL Maltoni, ...
CMS
\ Université
catholique
de Louvain

CMS, IceCube,

e Contact to I y ; l : HI, OPERA, ...

» http://we.vub.ac.be/HEPVUB/

» pheno@vub.ac.be, kentarou.mawatari@vub.ac.be
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