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Hierarchy ProblemJ. Reuter Little Higgs Models RWTH Aachen, 6.12.2007
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Motivation: Hierarchy Problem
I Effective theories below a scale

Λ ⇒
I Loop integration cut off at order
∼ Λ:

∼ Λ2

Problem: Naturally, mh ∼ O(Λ2):

m2
h = m2

0 + Λ2 × (loop factors)

♦ Light Higgs favoured by EW
precision observables
(mh < 0.5TeV)

I mh � Λ ⇔ Fine-Tuning !?
I Solutions: Large number of

ideas since 1970s
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Heavy Higgs?

Naturally, mh ∼ O(Λ2)
m2
h = m2

0 + Λ2×(loop factors)

Light Higgs!

By EW precision observables,
Higgs mass was favoured as
mh < 0.5 TeV

Hierarchy Problem

mh � Λ ⇔ Fine-Tuning!
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Little Higgs

Collective Symmetry Breaking

2 different global symmetries;
If one of them was unbroken, Higgs
exact Goldstone boson and massless.
CSB breaks both symmetries at the
same time: Higgs naturally light.

J. Reuter Little Higgs Models RWTH Aachen, 6.12.2007

Generic properties of Little-Higgs models
– Extended global symmetry (extended scalar sector)

– Specific functional form of the potential

– Extended gauge symmetry:
γ′, Z ′,W ′ ±

– New heavy fermions: T , but also U,C, . . .

Product Group Models
(e.g. Littlest Higgs)

H → H′

G1 → G′1 G2 → G′1[H1,H2] 6= 0

/H1 ⊂ H /H2 ⊂ H
g1 6= 0 g2 6= 0

Simple Group Models
(e.g. Simplest Little Higgs)

H1 → H′
1 H2 → H′

2

Gdiag → G′

H1 3 h ∈ H2

Littlest Higgs model
group structure

SU(5)/SO(5)(
SU(2)i ⊗ U(1)i

)2
/
(
SU(2)W ⊗ U(1)Y

)
Wa

1µ, W
a
2µ ⇒ Wa

H ,W
a
L

B1µ, B2µ, ⇒ BH , BL

Higgs as a pseudo-Nambu
Goldstone boson

14 NGBs from symmetry
breaking SU(5)/SO(5) at scale f
⇒ 10 ⊕ 30 ⊕ 2± 1

2
⊕ 3±1
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T-parity

Littlest Higgs Littlest Higgs with T-parity

Z2 symmetry acting on TeV scale particles

W a
2µ ↔W a

1µ, B1µ ↔ B2µ;
Similar to R-parity in SUSY and KK-parity in extra dimension

T-parity prevents large corrections to the EWPO to happen
→ Bound on f weaker → the model is less fine tuned.
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Littlest Higgs with T-parity model contents

Particles

Heavy Gauge bosons;
W±H,−, ZH,− and AH,−

Heavy fermions;
uH,−, dH,−, · · ·
eH,−, `H,−, · · ·

vectorlike top quark;
T± ; a cancellon for the

divergence of Higgs-top loop
interaction

Mass

Heavy Gauge bosons;
∼ gf
where f is symmetry breaking scale

Heavy fermions;
muH ∼ mdH ∼ κqf ,
meH ∼ m`H ∼ κ`f ,

where κ is Yukawa coupling
parameter of T-parity odd fermions

vectorlike top quark;
mT+ ∼ f

√
λ2

1 + λ2
2

If T-parity is conserved,

Heavy photon AH cannot decay
because it is the lightest T-parity odd particle.
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Broken T-parity

Wess-Zumino-Witten term
Christopher T. Hill, Richard J. Hill [arXiv:0705.0697]

A. Freitas, P. Schwaller and D. Wyler [arXiv:0806.3674]

Because of the nontrivial vacuum structure

ΓWZW =
N

48π2
(Γ0(Σ) + Γ(Σ, Al, Ar))
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Figure 1: Tree level Ward identity for the AHW
+W− vertex, all momenta incoming.
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Figure 2: Loop induced decay of AH into SM quarks/leptons. Thick lines indicate T-odd propa-

gators. q = (u, d, c, s, b), q̃ = (d, u, s, c, t), and similar for l, l̃.

decay into real SM gauge bosons, and decays induced by one-loop processes have to be

taken into account.

The most important processes are of the type shown in figure 2, where the heavy

photon couples to two light T-even fermions via a triangle loop. A similar set of graphs

also couple ZH and W±
H to SM fermions. Since the three-boson vertex involves one power

of the loop momentum, graphs of this type are logarithmically divergent.

The counterterms needed to cancel these divergencies are of the form

Lct = f̄ γµ

(
cfLPL + cfRPR

)
fAµ

H , (3.9)

cfi = cfi,ǫ

(
1

ǫ
+ log µ2 + O(1)

)
. (3.10)

The coefficients ci(µ) of the counterterms are determined as follows. The scale dependence

of the above loop processes must be cancelled by the scale dependence of the ci(µ). Natu-

ralness arguments then suggest that an O(1) change in the renormalization scale should be

compensated by an O(1) change in the ci(µ). Therefore these coefficients are given, up to

O(1) factors, by the coefficients of the leading 1/ǫ divergence in dimensional regularization

of the above loop diagrams. The resulting coefficients are given in table 1. Since the AH

only couples very weakly to fermions, the contributions of diagrams (e) and (f) in figure 2

have been neglected. An alternative, gauge invariant formulation of the counterterms (3.9)

is discussed in appendix A.
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Broken T-parity
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Branching Ratio of AH

f ∼ 1200 GeV, threshold of the on-shell decay AH →WW

In on-shell region AH →WW has the largest branching ratio,
in off-shell region the loop-induced decays become important.
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LHC Phemonenology
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Considered LHC processes
1 pp→ qHqH , qH q̄H , q̄H q̄H ,

2 pp→ qHVH ,

3 pp→ fH f̄H

4 pp→ VHVH ,

5 pp→ T+T+, T−T−

6 pp→ T+q̄, T̄+q, T+W±, T̄+W±

Scan parameters

{ f , κq , κ` }

All cross sections drop with f
because all masses increase with f .

Heavy fermions’ mass terms depend on κ
but other particles do not.
⇒ Bound will depend on both f and κ

Shim, So Young (DESY) Littlest Higgs with T-parity November 28, 2017 9 / 16



LHC Phemonenology

qH branching ratio
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Decay examples
WH → W AH

ZH → H AH

pp→ qHqH → qqAHAH
pp→ VHVH →WWAHAH

For broken T-parity cases, AH decays and
produces even more final state particles
with less 6ET

Benchmark Scenarios
with conserved T-parity

1 κq = κ` : Fermion Universality

2 κq = 4.0 : Heavy qH

with T-parity violation

1 κq = κ` : Fermion Universality

2 κq = 4.0 : Heavy qH
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CheckMATE

CTPU-16-36 CSIC-16-116 TTK-16-47

CheckMATE 2: From the model to the limit

Daniel Dercksa,b,1, Nishita Desaic,2, Jong Soo Kimd,e,3, Krzysztof Rolbieckif,4, Jamie Tattersallg,5,
Torsten Weberg,6

aII. Institute for Theoretical Physics, University of Hamburg, Luruper Chaussee 149, D-22761 Hamburg, Germany
bBethe Center for Theoretical Physics & Physikalisches Institut der Universität Bonn, Nussallee 12, D-53115 Bonn,

Germany
cLaboratoire Charles Coulomb (L2C) UMR 5221 & Laboratoire Univers et Particules de Montpellier (LUPM) UMR 5299,

CNRS-Université de Montpellier, 34090 Montpellier, France
dCenter for Theoretical Physics of the Universe, Institute for Basic Science (IBS), Daejeon, 34051, Korea

eUniversidad Autónoma de Madrid, Instituto de F́ısica Teórica, Calle Nicolás Cabrera 13–15, Cantoblanco, 28049 Madrid,
Spain

fFaculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland
gInstitute for Theoretical Particle Physics and Cosmology, RWTH Aachen University, D-52056 Aachen, Germany

Abstract

We present the latest developments to the CheckMATE program that allows models of new physics to be
easily tested against the recent LHC data. To achieve this goal, the core of CheckMATE now contains over
60 LHC analyses of which 12 are from the 13 TeV run. The main new feature is that CheckMATE 2 now
integrates the Monte Carlo event generation via MadGraph5 aMC@NLO and Pythia 8. This allows users to go
directly from a SLHA file or UFO model to the result of whether a model is allowed or not. In addition, the
integration of the event generation leads to a significant increase in the speed of the program. Many other
improvements have also been made, including the possibility to now combine signal regions to give a total
likelihood for a model.

Keywords: Analysis, Confidence Limits, Monte Carlo, Detector Simulation, Delphes, ROOT, LHC,
Recasting, Beyond the Standard Model 12.60.-i
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2nishita.desai@umontpellier.fr
3jongsoo.kim@tu-dortmund.de
4krzysztof.rolbiecki@fuw.edu.pl
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6torsten.weber@rwth-aachen.de
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Automatized program for testing
new physics at LHC

Based on root, MadGraph,
Pythia 8, Delphes

Managing event generating,
showering, hadronising by itself

UFO model file is enough to run
CheckMATE

SUSY analyses for LHC 8 TeV,
13 TeVand 14 TeV available

Figure 1: Flow chart to demonstrate the chain of data processing within CheckMATE.
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Fermion universal case with conserved T-parity
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κq = κl

AH does not decay.

For f < 1 TeV, vector boson
production produces κ -independent
bound.

For f > 1 TeV, heavy quarks
produce κ -dependent bound.

CheckMATE tests many analyses, this
is the most sensitive for this model

Search designed for squarks and
gluinos, similar topology as qH in
our model
atlas conf 2017 022:
squarks and gluinos; 0`, 2-6 jets + 6ET
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Fermion universal case with broken T-parity
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AH decays .

At f < 1.2 TeV, off-shell decay happen
and many possible final states appear

CheckMATE determines many sensitive
analyses in this region.

atlas conf 2017 039:
chargino-neutralino pair; 2-3 leptons + 6ET .

atlas conf 2016 096:
2-3 leptons + 6ET

atlas conf 2017 022:
squarks and gluinos, 0`, 2-6 jets + 6ET

atlas conf 2016 054:
1 lepton + jets + 6ET
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Heavy qH case with conserved T-parity
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AH does not decay.

For f < 1 TeV, as before, vector boson
production produces κ -independent
bound.

For f > 1 TeV, bound much weaker as
qH are decoupled and `H are much less
produced.

atlas conf 2017 039:
chargino-neutralino pair; 2-3 leptons + 6ET

atlas conf 2017 022:
squarks and gluinos, 0`, 2-6 jets + 6ET
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Heavy qH case with broken T-parity
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Conclusion

Little Higgs models suggest a solution for the Hierarchy problem.

The additional particles(WH , AH , qH , `H · · · ) decay similarly as in
Supersymmetry.

LHC really starts to exclude the remaining ”not so fine tuned” region.

This is the first analysis which takes the effect of T-parity violation
into account.

We analyse more benchmark cases in our publication.
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