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Coding in progress




Stlvia Pascoli & Ye-Ling Zhou
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The Flavour Model




Discrete Symmetries in the
Lepton Sector

Harrison, Perkin,Scott
Xing
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Vacuum Alignment Issue

FI.Q{O{ COMIL.QVHL Talk by Tanimoto
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Lagrangian and Model Signatures

C3 Preserving Case = Deviation from TBM from Neutrino Sector
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Lagrangian and Model Signatures

C3 Preserving Case = Deviation from TBM from Neutrino Sector

1

1

V(H, gp) = §ev¢h2g01 - §e+ GUhh90§¢2

Flavon vev

Need to coustrain mixing with Higgs. Experimental
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Lagrangian and Model Signatures
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Confronting Model with Data.

“Bottom-up physics 1s dirty business”

S. King




sherpa

Write Lagrangian n Feynrules
-~ =UFO (mport to generator.

Sherpa: n house MC generator that
 handles M.E + P.S + Hadronisation.

Stgnal generated using Sherpa. BSM

models available af
LO. Apply a K-factor of 2.47,

matn correction from ggF.

* & parameters: M1, M2,V,,€

{/M
Sherpa handles on and of F-shell

decay of Higgs

SHERPA = 2T, [eg™

artist

i T Uy
(processes){{
Process 21 21-> 9000007 -9000007
i End process;
' Process 21 21-> 9000006 9000006
End process;
Frocess 21 21-> 25 9000006
End pracess;
}}(processes)
(selector){{
# phase space cuts for matrix elements
PT 9000007 20 E_CMS
# PT 9000006 20 E_CMS
}}(selector)




sherpa

Write Lagrangian tn Feynrules
-~ =UFO (mport to generator.

Sherpa: i house MC generator that
 haundles M.E + P.S + Hadrowisation.

Stgnal generated using Sherpa. BSM

: : Credit:  +87\7 5/ N9y
models available at SHERPA  <g w5 L

LO. APP{H a K—;‘acfor 075 7 4 artist

W\al.m COYY‘QC’L;OM 75)’0"‘/\ 99F. block frblock

1 {vP2} # vp2

2 0.1 # ep
: decay 23 2.4952
. 2 decay 24 2.085
o C(' Pa)’a l’V\Q/-QYS. ml : m2 . /USO y € e 6 1.50833649
: decay 25 0.00407
: decay 9000005 0.00407
decay 9000006 {WSC1}
dacay 9000007 {WSC2}
}

Sherpa can be [inked directly] H(ufo)

(anaiysis) {

: =
ILO QlV-Q{'I no MQQO{ ILo SILOYQO‘ ‘BI{EGIN_RIVET {

—a ATLAS_2014_11327229

LIM9-Q LIQPMC 7£l.{~QS.’ }} END_RIVET

}
}(analysis)




lofs of analyses!
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Contents +250 Analyss

* ALEPH_1991_852435284 — Hadronic Z decay charged multiplicity measurement .
ALEPH_1995_1382179 — Inclusive pi+-, K+- and (p, anti-p) differential cross-sections at the Z resonance { b {
ALEPH_1996_S53196992 — Measurement of the quark to photon fragmentation function a V a l a Q
ALEPH_1996_S3486095 — Studies of QCD with the ALEPH detector.

ALEPH_1999_S4193598 — Scaled energy distribution of D* at LEP { N IL
ALEPH_2001_S4656318 — Study of the fragmentation of b quarks into B mesons at the Z peak a Md Va l a ‘e
ALEPH_2002_54823664 — 17 and @ Production in Hadronic Z° Decays
ALEPH_2004_S5765862 — Jet rates and event shapes at LEP | and Il
ALICE_2010_S8624100 — Charged particle multiplicities at 0.9 and 2.36\;TeV in three different pseudorapidity intervals
ALICE_2010_S8625980 — Pseudorapidities at three energies, charged multiplicity at 7 TeV
ALICE_2010_S8706239 — Charged particle (p, ) vs. Ny, in pp collisions at 900 GeV
ALICE_2011_S8909580 — Strange particle production in proton-proton collisions at \/E = 0.9 TeV with ALICE at the LHC.
ALICE_2011_S8945144 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 0.9 TeV
ALICE_2012_I1116147 — pT of neutral pions and #7 mesons in pp collisions at 7 TeV and 0.9 TeVv
ALICE_2012_11181770 — Measurement of inelastic, single- and double-diffraction cross sections in proton--proton collisions at the LHC with ALICE
ALICE_2014_11300380 — Production of (1385)% and Z(1530)° in proton-proton collisions at \/E =7TeV
ALICE_2015_11357424 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 7 TeV
ARGUS_1993_S2653028 — Inclusive production of charged pions, kaons and protons in Y (4:) decays.
ARGUS_1993_S2669951 — Production of the 7’(958) and f;(980) in e*e~ annihilation in the Upsilon region.
ARGUS_1993_S2789213 — Inclusive production of K *(892), p°(770), and w(783) mesons in the upsilon energy region.
ATLAS_2010_CONF_2010_049 — Cross-section of and fragmentation function in anti-kt track jets
ATLAS_2010_1849050 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8591806 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8817804 — Inclusive jet cross section and di-jet mass and chi spectra at 7 TeV in ATLAS
ATLAS_2010_S8894728 — Track-based underlying event at 900 GeV and 7 TeV in ATLAS
ATLAS_2010_S8914702 — Inclusive isolated prompt photon analysis
ATLAS_2010_88918562 — Track-based minimum bias at 900 GeV and 2.36 and 7 TeV in ATLAS
ATLAS_2010_S8919674 — W + jets jet multiplicities and p |
—— it

Data Histograms

Rivet

Rivet 15 generator agnostic analysis tool for MC events, with

nit(): book his declare histograms and declare projections

/// Book histograms and initialise projections before the run
oid init() {
// Basic final state
FinalState fs(-5,5);

// Electron Final State

FinalState es(Cuts::abspid == PID::ELECTRON && Cuts::abseta < 2.5);

declare(es, "TruthElectrons");

declare(SmearedParticles(es, ELECTRON_EFF_CMS_RUN2, ELECTRON_SMEAR_CMS_RUN2), "Electrons");

// Muon Final States

FinalState mus(Cuts::abspid == PID::MUON && Cuts::abseta < 2.4);

declare(mus, "TruthM H

declare(SmearedParticles(mus, MUON_EFF_CMS_RUN2, MUON_SMEAR_CMS_RUN2), "Muons");

//Charged Final States
ChargedFinalState cfs(Cuts::abseta < 2.5);
declare(cfs, "TruthCharged");
declare(SmearedParticles(cfs, TRK_EFF_ATLAS_RUN2), "Charged");

//Neutral Final State
NeutralFinalState nfs(Cuts::abseta < 2.5);
declare(nfs, "Neutrals");

//Photon Final State
IdentifiedFinalState photons(fs);
photons.acceptId(PID: :PHOTON);
declare(photons, "Photons");

// Jet Final State
FastJets fj(fs, FastJets::ANTIKT, 0.5);
declare(fj, "TruthJets");
declare(SmearedJets(fj, JET_SMEAR_ATLAS_RUN2), "Jets");

// Missing Momentum Final State

MissingMomentum mm(fs);

declare(mm, "TruthMET");

declare(SmearedMET(mm, MET_SMEAR_ATLAS_RUN2), "MET");

// Book histograms
//_h_m_emu_truth = bookHistolD("m_emu_truth", 25, 79, 103);
= bookHistolD("m_emu", 25, 60, 120);
bookHistolD("m_emu_JV", 40, @, 200);
bookHistolD("pT_e", 40, 0, 100);
= bookHistolD("pT_mu", 40, 0, 100);




Rivet

agnostic analysis tool For MC events, with

Rivet 15 generator

lofs of analyses!

vossvesvasssssa@evssncsvensnnae

analyze(): holds projections of tnuteresting quantities, event
selection, and histogram filling.

P.S

Hadronisation

PDF Data Histograms

Generator

id analyze( t Event& event) {

provided by

experiment

// Get the event weight
hle weight = event.weight();

// Get electrons & muons
Particles elecs
Particles muons

apply<ParticleFinder>(event, "Electrons").particlesByPt(Cuts::pT>10%GeV);
Fz ‘»/ Lq apply<ParticleFinder>(event, "Muons").particlesByPt(Cuts::pT>10%GeV);
vef yse
C? 'S ‘S apply<ParticleFinder>(event, "TruthElectrons").particlesByPt(Cuts::pT>10%GeV);

Particles truth_elecs
apply<ParticleFinder>(event, "TruthMuons").particlesByPt(Cuts::pT>10%GeV);

Particles truth_muons

//Get jet
Jets jets = apply<JetAlg>(event, "Jets").jetsByPt(Cuts::pT>20%GeV);

// Use existing invariant mass calculation infrastructure --- no chaching
InvMassFinalState invfs({ {PID::ELECTRON, PID::ANTIMUON}, {PID::MUON, PID::POSITRON} }, 60x*GeV, 120%GeV);

// Lepton Isolation
Particles sigelecs = filter_select(elecs,Cuts::abseta < 2.5);
Particles sigmuons = filter_select(muons,Cuts::abseta < 2.4);

Particles charged = apply<ParticleFinder>(event, "Charged").particles();
Particles neutral apply<ParticleFinder>(event, "Neutrals").particles();

. [] ~
Reinterpretat
Ql M QY‘P YQ a low const Particles photon = apply<ParticleFinder>(event, "Photons").particles();

// Muon isolation: have I included the muon in sum pT? If so this should not be, this is double counting

Data/ M.C
Comparison

ifilter_discard(sigmuons, [&](c Particle& mu){

le muPt = mu.pT()/GeV;

sumPtCharged = 0.0;
onst Particle& c:charged)
if (deltaR(c,mu) < 0.4) sumPtCharged += c.pT()/GeV;
sumPtCharged —= muPt;

Rivet analyses reference

Contents

+250 Analysis

ALEPH_1991_82435284 — Hadronic Z decay charged multiplicity measurement

ALEPH_1995_1382179 — Inclusive pi+-, K+- and (p, anti-p) differential cross-sections at the Z resonance
ALEPH_1996_S53196992 — Measurement of the quark to photon fragmentation function
ALEPH_1996_S3486095 — Studies of QCD with the ALEPH detector.

ALEPH_1999_S4193598 — Scaled energy distribution of D* at LEP

ALEPH_2001_S4656318 — Study of the fragmentation of b quarks into B mesons at the Z peak

L]
avatlable
ALEPH_2002_54823664 — 17 and @ Production in Hadronic Z° Decays

.
and validated
ALEPH_2004_S5765862 — Jet rates and event shapes at LEP | and Il

ALICE_2010_S8624100 — Charged particle multiplicities at 0.9 and 2.36\;TeV in three different pseudorapidity intervals

double sumEtNeutral = 0.0;

(const Particle& n:neutral)

if ideltaR(n,mu) < 0.4)

le sumEtPhoton =
(const Particle&
(deltaR(p,mu) <

sumEtNeutral += n.Et()/GeV;

= 0.0;

sumPtChargedHadron
st Particle& ch:charged)

ALICE_2010_S8625980 — Pseudorapidities at three energies, charged multiplicity at 7 TeV isHadron(ch.pid()) && deltaR(ch,mu) < 0.4 && ch.origin().mod() > @) sumPtChargedHadron += ch.pT();

ALICE_2010_S8706239 — Charged particle (p, ) vs. Ny, in pp collisions at 900 GeV
ALICE_2011_S8909580 — Strange particle production in proton-proton collisions at \/E = 0.9 TeV with ALICE at the LHC.

(sumPtCharged + max(sumEtNeutral + sumEtPhoton -0.5%sumPtChargedHadron, ©.0))/muPt;

ALICE_2011_S8945144 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 0.9 TeV
ALICE_2012_I1116147 — pT of neutral pions and #7 mesons in pp collisions at 7 TeV and 0.9 TeVv
ALICE_2012_11181770 — Measurement of inelastic, single- and double-diffraction cross sections in proton--proton collisions at the LHC with ALICE
ALICE_2014_11300380 — Production of (1385)% and Z(1530)° in proton-proton collisions at \/E =7TeV
ALICE_2015_11357424 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 7 TeV
ARGUS_1993_S2653028 — Inclusive production of charged pions, kaons and protons in Y (4:) decays.
ARGUS_1993_S2669951 — Production of the 7’(958) and f;(980) in e*e~ annihilation in the Upsilon region.
ARGUS_1993_S2789213 — Inclusive production of K *(892), p°(770), and w(783) mesons in the upsilon energy region.
ATLAS_2010_CONF_2010_049 — Cross-section of and fragmentation function in anti-kt track jets
ATLAS_2010_1849050 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8591806 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8817804 — Inclusive jet cross section and di-jet mass and chi spectra at 7 TeV in ATLAS
ATLAS_2010_S8894728 — Track-based underlying event at 900 GeV and 7 TeV in ATLAS
ATLAS_2010_S8914702 — Inclusive isolated prompt photon analysis
ATLAS_2010_88918562 — Track-based minimum bias at 900 GeV and 2.36 and 7 TeV in ATLAS
ATLAS_2010_S8919674 — W + jets jet multiplicities and p |
—— it

ifilter_discard(sigelecs, [&](const Particle& e){
louble ePt= e.pT()/GeV;

le sumPtCharged = 0.0;
Pa i R :cha
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ALEPH_1991_852435284 — Hadronic Z decay charged multiplicity measurement .
ALEPH_1995_1382179 — Inclusive pi+-, K+- and (p, anti-p) differential cross-sections at the Z resonance a \/a { {a E { .Q
ALEPH_1996_S83196992 — Measurement of the quark to photon fragmentation function
ALEPH_1996_S53486095 — Studies of QCD with the ALEPH detector. .
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ALEPH_2004_S5765862 — Jet rates and event shapes at LEP | and Il
ALICE_2010_S8624100 — Charged particle multiplicities at 0.9 and 2.36\;TeV in three different pseudorapidity intervals
ALICE_2010_58625980 — Pseudorapidities at three energies, charged multiplicity at 7 TeV
ALICE_2010_S8706239 — Charged particle (7, ) vs. N¢y, in pp collisions at 900 GeV
ALICE_2011_S8909580 — Strange particle production in proton-proton collisions at ﬁ = 0.9 TeV with ALICE at the LHC.

ALICE_2011_S8945144 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 0.9 TeV
ALICE_2012_I1116147 — pT of neutral pions and #7 mesons in pp collisions at 7 TeV and 0.9 TeV
ALICE_2012_11181770 — Measurement of inelastic, single- and double-diffraction cross sections in proton--proton collisions at the LHC with ALICE
ALICE_2014_11300380 — Production of Z(1385)% and Z(1530)° in proton-proton collisions at \/E =7TeV
ALICE_2015_11357424 — Transverse momentum spectra of pions, kaons and protons in pp collisions at 7 TeV
ARGUS_1993_S2653028 — Inclusive production of charged pions, kaons and protons in Y (4.S) decays.
ARGUS_1993_82669951 — Production of the 7/ (958) and f;(980) in e*e~ annihilation in the Upsilon region.
ARGUS_1993_S2789213 — Inclusive production of K *(892), p°(770), and w(783) mesons in the upsilon energy region.
ATLAS_2010_CONF_2010_049 — Cross-section of and fragmentation function in anti-kt track jets
ATLAS_2010_1849050 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8591806 — Charged particles at 900 GeV in ATLAS
ATLAS_2010_S8817804 — Inclusive jet cross section and di-jet mass and chi spectra at 7 TeV in ATLAS
ATLAS_2010_S8894728 — Track-based underlying event at 900 GeV and 7 TeV in ATLAS
ATLAS_2010_S8914702 — Inclusive isolated prompt photon analysis
ATLAS_2010_S8918562 — Track-based minimum bias at 900 GeV and 2.36 and 7 TeV in ATLAS
ATLAS_2010_58919674 — W + jets jet multiplicities and p |
———iit ettt

Contents

Rivet

Rivet 15 generator agnostic analysis tool for MC events, with

Finalize: Auny post-processing of outgoing information
(2.9. histograms)

finalize() {

const double sf = crossSection()/femtobarn/sumOfWeights();
scale(_h_pT_jet, sf); // norm to cross-section
scale(_h_pT_e, sf); // norm to cross-section
scale(_h_pT_mu, sf); // norm to cross-section
scale(_h_m_emu, sf);
scale(_h_mu_mT, sf);

HistolDPtr _h_pT_jet;
HistolDPtr _h_pT_e;

HistolDPtr _h_pT_mu;
HistolDPtr _h_m_emu;
HistolDPtr _h_mu_mT;

hook for the plugin system
DECLARE_RIVET_PLUGIN(ZMUE);




The ATLAS Measurement

Search for new phenomena tn events with three or more charged (eptons tn pp collisions at /s =8

TeV with ATLAS detector
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The ATLAS Measurement

Search for new phenomena tn events with three or more charged (eptons tn pp collisions at /s =8

TeV with ATLAS detector
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The ATLAS Measurement

Search for new phenomena tn events with three or more charged (eptons tn pp collisions at /s =8

TeV with ATLAS detector
Backgrounds

Main backgrounds: WZ, 72, Zy, e
ttbar + W/ SR

2 °E 2elu+=1t  ATLAS —— 2012 Data

O L. offZ no-OSSF {S=8TeV,2031b" [ Reducible

Z B wz

20 Wzz

3 10° [ Z+
Efsvv)

Syst. Unc.

s M(VE)=0.5 TeV

—— 2012 Data
[IReducible
B wz
Wzz

Events / 100 GeV

IEIIlIIIIIllIlIIlIlIlIllIll

Data /Bkg
Data /Bkg

10 20 30 40 50 60 70 80 20
Minimum Lepton [ [GeV]

Search ts nof very efficient: most of our I pp—
events gef thrown away @

"B 3em ATLAS —+2012 Data B 16F. 2ef+=1t 2012 Data 3
offZ,0SSF  {5=8TeV,2031" Wz offZ, 0SSF  (5=8TeV,203f" []Reducible
mz S ME E"=.100Gev mwz
W zz
B Z+
v

SySt."4nc.
wene B(V])=0\5 TeV

I|III|

[ Z+
] Reducible
CtEvv)

Also backgrounds are quite consistent with et

Events / 100 GeV

|| IIIII

data. Either wsensitive or very constraining!
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Keep calm and try anyways =
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the BGs are wot correlated . : .
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1. Thanks to Beate Heinemann and Mike Hance




Very Preliminary Results

» Cross Section looks consistent

» High Flavour breaking scale, small mixing as expected

* Best-fit point
20 region
1o region

-

* Best-fit point
20 region
1o region

P

' % Bestfit point
20 region
1o region

30 45

®
log10(xs[pb])

" % Bestfit point
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*  Best-fit point
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Q
L L
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Comments

» A Priort it 15 not clear the Flavour breaking scale ts very high

o Given the wealth of data collected by LHC (I think) it s
worth looking

+ We have established a robust and efficient tool chain to do so

o What's Next? Scalar masses heavier than mH/2. However

current search may vot be sensitive.

+ Z3-breaking: additional channel H-> H sc2.
» 13 TeV Searches

» Suggestions or Models you would ike to constrain?

» £ all of this sounds (ke a panful process, ATLAS may provide
~ a framework to do i+ fFor you: RECAST (Kyle Cranmer & Lukas Heinrich)
https:/ /[ arxiv.ora/abs/1010.2506
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https://l.facebook.com/l.php?u=https%3A%2F%2Farxiv.org%2Fabs%2F1010.2506&h=ATPAYinpGedtsyViWCpuwd1V6SIz7HqMagZEgWsq2QuQfBjA70mcw4d3EqosB6rLv6LLfV_GtFCUfCrsk8K-HAXpYOI5ajhVNTeOtfkPaqziQFTKPBqpp5tZ2fMZ2JSZqiTd3nzn3eM

Back Up Slides: Rivet and Sherpa
Docker Images

Download Docker Image for Rivet and run 2
: tau tau events

https://rivet.hepforge.ora/ trac/wiki/Docker

Download Docker Image for Sherpa

https://sherpa.hepforge.ora/ trac/wiki/Docker

Follow a Rivet Tutorial
https:/ /www.hepforge.ora/ archive/rivet/Talk.odf
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https://rivet.hepforge.org/trac/wiki/Docker
https://sherpa.hepforge.org/trac/wiki/Docker
https://www.hepforge.org/archive/rivet/Talk.pdf

Back Up Slides: Professor

%lo(ea: Professor parametrises (per bin) the signal as a polynomial

075 the model parameters

%N\u{fl.N-QSILZ Evaluates Likelthood for specific potnt th model

épamw\efer space and then cleverly moves to next point tn model

%Parameﬁer space where [ikelthood 15 higher.,

%Qaz‘lx]er than rerun generator for this point, Professor provides the

gsigma( From the polynomial parametrisation.

Potnts tn model parameter space

Professor provides a  surface”

over such Po[w/'S.

https://arxiv.org/pdf/0907.2973.pdf



https://rivet.hepforge.org/trac/wiki/Docker
https://sherpa.hepforge.org/trac/wiki/Docker
https://www.hepforge.org/archive/rivet/Talk.pdf
https://arxiv.org/pdf/0907.2973.pdf

