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Motivation

Motivation

How to constrain a generic model in HEP?

o direct searches for resonances
@ electroweak precision tests
o flavour constraints

@ nowadays: Higgs sector

Higgs sector is the key to understand EW-scale physics (and beyond?)
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Motivation

Two paradigms for EWSB

hierarchy problem as guideline to answer the following question:

what is the dynamical origin of EWSB?

o weakly coupled answer — Supersymmetry

@ strongly coupled answer — Composite Higgs, Little Higgs...
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Motivation

Strongly coupled answer

Original idea: pions of low-energy QCD

QCD 1
— _—(a g P
- quarks as d.of. Laco = 4GWGa + Z qilq
- perturbative th. for E>A A~ | GeV: q=u,d
E SSB of QCD-flavour symmetry
SU(2)xSU(2)—~SU(2)

low-energy QCD 5 . 0 4
f 2 i (7 7
- pions: pNGB of SSB (new d.o.f.) Lo = Itr‘aﬂﬂ‘ , X =exp ? = —x0
- eff. theory valid up to E<A
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Motivation

Strongly coupled answer

Original idea: pions of low-energy QCD
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- pions: pNGB of SSB (new d.o.f.) Lo = Ztr‘aﬂE‘ , X =exp ? = —x0
- eff. theory valid up to E<A

Composite/Little Higgs Ansatz

Higgs as pNGB of a new (approximate) global symmetry
which is spontaneously broken at a scale A ~ 4x f
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Motivation

Summary

The Little Higgs paradigm:

@ it is an effective theory valid up to the cut-off A: no UV-completion of the
strongly coupled regime £ > A

@ Higgs as a pNGB of a global SSB at A ~ 47 f (like pions!)
@ new fermionic/vector states with masses ~ f besides SM-ones

e EWSB is triggered naturally (Collective Symmetry Breaking), i.e.
v ~ O(100 GeV) for f ~ 1 TeV with only log-sensitivity to A
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Motivation

Outline of the work

purpose: constraining the parameter space of the three most popular Little
Higgs models

o Simplest Little Higgs (SLH) [schmalz, 2004]
o Littlest Higgs (L?H) [arkani-Hamed et al., 2002]
o Littlest Higgs with T parity (LHT) [Low et al., 2003]

scrutinizing the available public data from the 7-8 TeV LHC runs
o Electroweak Precision Tests (EWPT)
o Higgs Searches
@ Direct Searches for BSM states
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EWPT & Higgs Searches

EWPT & Higgs: Data used

Higgs results expressed in terms of

Precision constraints of the EW sector: »
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up to 25 fb~! at 7 + 8 TeV!
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EWPT & Higgs Searches

Little evidence

Where do Little Higgs corrections to SM quantities come from?

@ new Higgs decay channels, e.g. invisible decay h — ApyAp in LHT

o modified Higgs couplings with SM fermions and vector bosons

2
miy T 1 SM
g 2 yw hWTW™, yw =
©& v " o {1 +0 (v/f*) LH

@ new Higgs interactions with heavy resonances

mrT

eg. —yrhTT mr ~ f, yr ~ O (UQ/fz)
v
o modified neutral- and charged-currents

eg. %Z fv”((ng +09L)Pr + (97" + 59/{)PR>qu
7
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EWPT & Higgs Searches

EWPT & Higgs: Results

LHT (Case A) Higgs precision & EWPT exclusion contours

Exclusions
% CL.

400 600 800 1000 1200 1400 1600 1800 2000
£ [GeV]

@ parameters: f SSB scale, R ratio of
Yukawa couplings in top sector

o f = 694 GeV at 95% CL
= lower bounds on heavy partners, e.g.

mw 2 453 GeV
984 GeV

4%

mr
@ minimum required fine tuning: ~ 5%

o results mainly driven by EWPT
(ev. see backup)
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Direct Searches

Direct Searches: Data used

ATLAS and CMS published results of many SUSY & Exotica searches for BSM
states, using up to 20 fb~! data of 8 TeV LHC runs

ATLAS
CONF-2012-147

. NF-2013-04

jets + B N PAS SUS-12-028
CONF-2012-104

lepton(s) + jets + E; | CONF-2013-037
CONF-2013-007

CMS
PAS EXO-12-048

final state topology

monojet + F

mostly interesting for BSM theorists: 95% CL upper bounds on the visible
cross section of a generic BSM signal over the SM background

BSM
Ovis = Oprod "BR - €- A
—_———— N
th. pred. cuts efficiency
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Direct Searches

Direct Searches: Recasting Analysis

our work:

= recasting of available analyses assuming a Little Higgs signal®

@ generate samples of LH signal events matching the final state topologies,
and evaluate relative cross-sections

@ evaluate e - A of the event samples applying the selection cuts of the
different analyses

o if o > %% parameter space point is excluded at 95% CL

Lonly for the Littlest Higgs model with T parity
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Direct Searches

An example

example: monojet + F1 final state topology

possible LHT signal:

pp— QuQu— (qAn) (7AR)

‘44“ A, (MET)
\\

A, (MET)
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Direct Searches

An example

example: monojet + F1 final state topology

ATLAS-CONF-2012-147 selection cuts:
e nj < 2w/ pr > 30GeV
pT(jl) > 120 GeV, n(jl) <20

nL = 0w/ pr(e) > 20 GeV,
pr(p) > 7 GeV

Er > 120 GeV
Ap(Er,j2) > 0.5

possible LHT signal:

pp— QuQu— (qAn) (7AR)

A, (MET)
. KN
\

q obHT (f = 400 GeV,k = 0.5) = 21.5 pb

0% = 2.8 pb

vis

A, (MET)
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An example

Direct Searches

example: monojet + F1 final state topology

possible LHT signal:

pp— QuQu— (qAn) (7AR)

A, (MET)
. KN
\\

A, (MET)

ATLAS-CONF-2012-147 selection cuts:
e nj < 2w/ pr > 30GeV
pT(jl) > 120 GeV, ’I](jl) <20

nL = 0w/ pr(e) > 20 GeV,
pr(p) > 7 GeV

Er > 120 GeV
Ap(Er,j2) > 0.5

obHT (f = 400 GeV,k = 0.5) = 21.5 pb
o%% =28 pb

vis

= exclusion at 95% CLI!! %
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Direct Searches: Results

e parameters: f SSB scale, k mirror
fermions’ coupling (assumed to be
flavour blind)

o f 2 638GeV at 95% CL
(Higgs & EWPT: f = 694 GeV)

@ mirror fermions mass = 1 TeV

@ hadronic final states searches still
the most sensitive ones

o four-fermion operator bounds
necessary to constrain f

@ possible optimization with the
assumption of LHT signal instead
of SUSY signal
= backup slide

Direct Searches

5.0

Experimental Searches

B Effective Operator Bounds
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Direct Searches

Conclusions

o Little Higgs are a viable alternative to weakly coupled solutions like SUSY,
where fine tuning is a guideline to understand the naturalness of a model

o Little Higgs models without T parity are already “forced” into the TeV
range by Electroweak Precision Data

o for models with T parity, sub-TeV life is still possible: in LHT
f = 650 GeV at 95% CL

o Electroweak Precision Data still represent the most severe constraints, but
Higgs- and Direct Searches are getting quickly competitive (especially for
T parity models)

@ a comprehensive method to constrain the LHT model has been explored,
as well as an optimization proposal for SUSY and Exotica searches to
increase the exclusion potential

@ increasing luminosity will improve the visible cross section upper bounds
and reduce the uncertainties of the Higgs results
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Thank you for your attention!



Optimization Proposal: monojet + F

‘ ! ! ‘ : ; : | Monojet Exclusion
_____ q _____ _____ _____ E Proposal Search
oo | ATLAS +CMS

0 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
f [GeV]

Sz
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Higgs Searches vs. EWPT

LHT (Case A) Higgs precision exclusion contours

LHT EWPT exclusion contours

500 w00 000 100 1400 1600 1800 2000 S00 000 1200 1400 1600 1800 2000
£1GeV] £1GeV]

@ the shape of the combined result is driven by the EWPT constraints (much
smaller uncertainties)

@ Higgs Searches: for f = 600 GeV invisible decay h — AyApy open and dominant

@ Higgs Searches: subdominant dependence on R w.r.t. f is a well-known result in
the context of the Higgs Low-Energy Theorem
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L2 H results

L*H Higgs precision & EWPT exclusion contours

parameters: f SSB scale, ¢ mixing angle in

&9 gauge sector

f = 3.6TeV at 95% CL
= lower bounds on heavy partners, e.g.

2.4 TeV
5.1 TeV

my 2
mr 2

@ minimum required fine tuning: ~ 0.1%

@ results driven by EWPT

i i
3500 4500 5500 6500
£[GeV]
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SLH results

SLH Higgs precision & EWPT exclusion contours

Exclusions
95% CL
B 99% CL

" WS @ parameters: f SSB scale, ts ratio of vevs

of scalar fields ¢1,2

e fz 3.3TeV at 95% CL
= lower bounds on heavy partners, e.g.

myys 2 1.5 TeV
mr 2 3.2 TeV

@ minimum required fine tuning: ~ 0.5%

o results driven by EWPT

f1GeV]

22/17



Partial Decay Widths in LH

o 1-loop decays

2
asmh 1
L(h = 99)rn T 327302 ‘ Z 2

2

a“my,
T'(h —>vY)Lu W)Z2F1 Ty yf+ZF1 T yv—%Z:Foxg

v,ch s,ch

2
where z; = 47%; F;(x;) are loop functions; y; the modified Yuk. couplings

h

. L. h—g9)Lu
= narrow-width approximation: %" = g9" . L= g9)n
pp! LH = 9sm T(h — g9)sum

o tree-level decays

2
T(h— VV)iu ~T(h— VV)su (9’;%)

Ihvv

2
L(h— [P ~T(h — fsu (g’;’;ﬁ )
Irrr
mé my
where grnvv = =Y yv and gnrr = L yy
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LHT typical Mass Spectrum

LHT Mass Spectrum
f=800 GeV, R=1.0, k=1.5
2000F
qur (k=1.5)
1500 —
T,
1000
T
700F
> #
(5] | — Zy/Wh
% 300 - qn (k=0.4)
g
=
300F
200F
t
150p
H An
100

24 /17



LHT typical Branching Ratios

Particle Decay BRr=10 BRik=o04

up Wi d 61% 0%
Zuu 30% 0%
Anu 9% 100%

Ay stable

Wi Ay Wt 100% 2%
uy d 0% 44%
dy u 0% 27%
IGv 0% 13.5%
vy £ 0% 13.5%

Zn Ay H 100% 2%
dy d 0% 40%
up U 0% 30%
A 0% 14%
VH V 0% 14%
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LHT 8 TeV Production Cross Sections (1)

Heavy Quark Production Cross Sections
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LHT 8 TeV Production Cross Sections (2)

Top Partner Production Cross Sections

107

10°6F e

o S

1 1 1 1 1 1 1
400 600 800 1000 1200 1400 1600 1800 2000
f[GeV]

27 /17



LHT 8 TeV Production Cross Sections (3)

Heavy Gauge Boson Production Cross Sections
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