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Introduction

JHUGenerator:
- Event generation

JHUGenMELA and AnalyticalMELA :
— Discriminants
— Spin and anomalous couplings of a resonance
— Background suppression
- Reweighting tools
— Cross-validation between different models and generators

See http://spin.pha.jhu.edu/ for more details

- Tools to study properties of resonances

- Modelling and exploiting kinematic degrees of freedom
- Free access generator download and documentation
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JHUGenerator

* Processes with production and decay:

Spin 0 ZZ[Zy* [y y* — Af
pp = Spinl — WHW~ - 4f
Spin2  |(yyoryZ/yy* - y2f

* Processes with production, stable Higgs:

( Spin 0 + jet
Spin 0 + 2 jets (QCD or VBF)
V+ Spin0
PP = tt + Spin 0
tqg + Spin O
bb + Spin 0

ee - Vk+ Spin 0

* ReadLHE capability to read spin-0 Higgs (JHUGen, POWHEG and MadGraph) to decay
- Also supports H — 17 with subsequent T decay

* Interface with MCFM (Campbell, Ellis, Williams) in gluon fusion and VBF/VH for
- Off-shell decay with signal-bkg interference with different anomalous couplings
- High mass resonance with various interferences with SM Higgs or bkg




JHUGenMELA
* 8 independent observables

(my+, mqy,m,, 04,0,, ®,0%, d,)in decay,d
. Tro
5 more from production (m4,P7°¢ mg ,0,,prod g, prod gprrod)

* For each process that can be generated in JHUGenerator, can extract the ME | M|?:

do = |M|?dIl

-> Can use ratio of different |M'|? in either discriminants or reweighting
L CMS 19.7fb7 (8 TeV) + 5.1 b7 (7 TeV)
e 7 2
az — . — B S ECELEED All contributions (T, = 10T u=1)
faz =1 weight(A - B) = /|]V[ 2 2 -gg+vvtazIZ(rH=riM,u=n“ j
01 far =1 4 S 15 @l -z .
L fA] — 05 Lﬁ : -Z+X m4|>330 GeV :
D (AvsB) = 1M l° o~ -
o 2 2 i 1
0.05 BSM->SM |MA| + |MB| I ]
' - Can also use MCFM signal or bkg MEs 5 | jue... .. ][ -
Phys. Lett. B 736 (2014) - i

L 1 L 1 1 1 1 1 L 1 1 O i
%0 60 80 100 120 3 0 02 04 06 08 1
m,, (GeV) MELA Dy,


http://www.sciencedirect.com/science/article/pii/S0370269314004821

AnalyticalMELA

P T e e * For the different observables in decay
WSpln e or production, can calculate many of
: the MEs analytically
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JHUGen / MELA in action



HVV anomalous couplings: Decay information

(qv1 + qv2)? _ it (a1 + qi72)
A Aj

AHVYV)~ [a1 — e'%1a ] myep1€i + azhy, [P+ agfyV fr O

—> Similar amplitude formalism for spin 1 or spin 2
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HVV anomalous couplings: +Production
AWVHVY) = 3 0 A7 ({p}) ) A" ({qi)
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— Small dip effect of production
— More statistics > Very tight exclusions
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High mass and offshell techniques
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Offtshell HVV anomalous couplings in action

Phys. Rev. D 92 (2015) 072010 (CMS)
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> A, term ~qf in amplitude

—> First joints constraints on anomalous
couplings and I'y

- JHUGen / MELA framework allows for
constraints of I'y vs other couplings as well
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- Example distributions with signal-bkg
interference effects included
- Showing my+
= All spin correlations also taken into
account
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Hff anomalous couplings
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* At LO QCD:
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* Framework allows different (could be complex) values of
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- ttH (semileptonic) CP study
- Projections for 300 fb~1

- Includes NLO QCD simulation
through JHUGen

-2 AlnL

= tqH (H — yy) CP study
- Projections for 300 fb~1
—> Strong interference with
WW:-induced production

Gritsan, Rontsch, Schulze, Xiao
arxiv 1606.03107

- Study also covers H — 1T
decay, and bbH production

11

Hff anomalous couplings from onshell
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I overall expectation
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— Chosen values of couplings correspond to SM signal XS around 125 GeV-peak
> agg Vs K, K differences observable in signal
—> Around 2m; threshold
—> Slope of m,; at high mass (might be interesting in high mass searches)
- No effect on decay tensor structure:
- Discrimination based purely on mass shape possible
- Production-dependent discriminants from JHUGen/MELA could also help



summary

* Presented an interconnected package of tools for the study of Higgs properties:
- JHUGenerator for event generation
- JHUGenMELA and AnalyticalMELA for
- Anomalous couplings and background suppression discriminants
- Reweighting
- Cross-validation between different models and generators
- Interfacing MCFM

* Example analyses where JHUGen / MELA package is utilized:
= Onshell Higgs spin-parity studies
- Anomalous couplings in spin 0 HVV and Hff vertices
- Offshell studies of total width and anomalous couplings

* See http://spin.pha.jhu.edu/ for more details
- Free access generator download and documentation
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High mass interference effects
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Offshell HVV anomalous couplings: Ps; g4, Pint

- General parameterization of signal and interference probabilities with HVV decay:

Ps€5=2i=1..n Zj=1..n \ ’ |fai||faj|5gn(faifaj)(5i};'e COS(¢aj _ ¢ai) + SlIJm Sin(d)aj _ ¢ai))

PI9=3 1 I failsgn(fa) (IR€ cos(day) + 1™ sin(¢a;))

Psig=Yiz1.n Zj=1..n\/|fai||faj|359n(faifaj)(vi?e cos(¢aj — Pai) + Vi sin(¢gj — dai))
faill fa| (1 = 87) (HES + HEE cos (2(¢a; — dar)) + HI" sin (2(da; — bai)))

Py =Y ic1.n D=1 / |faillfaj|sgn(faifa;) (Vi3 cos(@aj + dai) + Yi™ sin(¢g; + dai))



