
Manuel Pérez-Victoria

University of Granada & CAFPE

Implications of  LHC results for TeV-scale physics WG3
CERN March 26-30, 2012

New Vectors:
document plan  
and discussion



Implications of  LHC results for TeV-scale physics WG3
CERN March 26-30, 2012

New Vectors:
document plan  
and discussion

Jorge de Blas (Notre Dame U.)
Riccardo Torre (U.  Autónoma Madrid)
MPV

Team: {



Aim of the working groups: 

“Evaluating the implications of recent results from the 
LHC, and elsewhere, for TeV-scale physics, and to 

discuss the impact of these results on the future strategy 
for particle physics.”

“The results will be summarised in a document, to be 
submitted as input to the planned 2012 update of the 

European Strategy for Particle Physics.”

This section of WG3  ~ 3 pages



1. Classification and Parametrization

SU(3)xSU(2)xU(1) 

irreps
EWSB •Components (charge)

•Mixtures

•Mass Splittings

•Tree level, dim 4 interactions

•Single production Relax?

 

- Assumptions:

- Classification

- Parameters: Mass, Couplings (Flavour), Width 
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[
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Chapter 4

New
interactions: Extra spin-1 particles

Vector

M
odel

B
µ

U(1) ′, Extra Dimensions
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R ⊗

U(1)
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SU(2)
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W
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U(1)⊗

(SU(3)→
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SU(3)
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SU(3)
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SU(3)
c , Extra Dimensions
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G
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SU(3)⊗

U(1)

Q 1
µ , Q 5
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SU(3)

c ⊗
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X
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F
4 →

SU(3)⊗
(SU(3)→

SU(2)⊗
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Table
4.2:

Examples of symmetry
breaking

patterns giving
rise

to
each

type
of vectors bosons

in
Table

4.1
[134].

Generating
the

right W
einberg

angle
and

accommodating
the

matter fields

requires, in some cases, an extension of the gauge groups in this table and a more involved pattern

of symmetry breaking.

as in
Eq. (1.1).

W
e
use

matrix
notation

to
write

the
singlet product of two

objects in
a

given

representation
and

its complex
conjugate:

in
the product

A †
B,

A †
and

B
are row

and
column

vectors, respectively, made
out of the

components of
A †

and
B

in
some

orthonormal basis of

the
vector space

for their representation.
Finally, [.]R

denotes a
projection

into
the

irreducible

representation
R.

W
hen

we give the currents coupled
to

each
of the vector bosons we shall be

more explicit and
use color and

isospin
indices.

The SM
part of the Lagrangian can be read from

Eq. (1.7). W
e have assumed a minimal Higgs

sector, as we are not considering extra scalars here 3.

The quadratic terms for the new
vector bosons are given

by 4

L
V =
− ∑

V η
V

(
1

2 D
µ V †ν D µ

V ν
− 1

2 D
µ V †ν D ν

V µ
+ 1

2 M
2V V †µ V µ )

,

(4.2)

The sum
is over all new

vectors
V , which

can
be classified

into the different irreducible represen-

tations of Table 4.1.
W

e set
η

V
=

1
(2) when

V
is in

a
real (complex) representation, in

order

to
use the usual normalization.

Even
though

the kinetic terms of the extra
vectors incorporate

SM
covariant derivatives to keep manifest gauge invariance, the corresponding interactions among

SM
gauge bosons and

two new
vectors could

be moved
to the “nonlinear” terms of Eq. (4.1). On

3
O
nly

the
vev

of the
scalar is relevant for the

new
couplings that enter precision

tests.
T
herefore, all our equations

but
E
q. (1.7)

are
valid

for
a
com

pletely
general sym

m
etry

breaking
sector.

H
ow

ever, w
e
have

used
the

assum
ption

of a
single

elem
entary

scalar
doublet

in
the

SM
loop

corrections
that

enter
our

fits.

4
N
ote that the m

ost general kinetic term
isD

µ V †ν D
µ

V ν
+
βD

µ V †ν D
ν

V µ
, w

ith
β
an

arbitrary
param

eter.
H
ow

ever,

in
this

chapter
w
e
restrict

ourselves
to

spin-1
degrees

of freedom
.
T
hen

w
e
m
ust

take
β

=
−
1, for

otherw
ise

∂
µ V µ

w
ould

propagate
as

an
independent

scalar
field.

3. LHC: basics

- Simple vs Complex Processes

just one new vector 
involved

additional new 
particles

!!"

!" # $%&$%'((
"$") model 

Search for !* decaying to heavy neutrino plus lepton 

 

 

 

 

 

 

! No L-R mixing: heavy neutrino decays via !+*   

! Cross-section: depends on !+*, &$ masses  

   (assuming !,* couplings)  

! Final state: two (same-flavor) leptons plus two jets 

 

Is a general discussion feasible?
(simplified complex models)

3. LHC: basics

- Simple vs Complex Processes

- Resonant  or  N
on-Resonant

• Narro
w resonance

• Wide resonance

• Overlapping re
sonances

• Heavy 
(effective

 operato
rs?)

• t a
nd u channels

- Single Production requires couplings to light quarks

- Resonant  or  N
on-Resonant

- Decay: 

• Leptons / M
ET

• Jets, b
’s, t’s

• W, Z, !, H

4. LHC: phenomenological issues

• Interference

• Sliding window searches

• Angular distributions

• Resonances with large widths

• Boosted objects (yesterday)

• ...

5. LHC: Bounds

• Mass - Coupling Plots

• Phenomenological parameters

• General limits from specific experimental 

analyses?

• Reconstructing multiplets

• Pair production, complex scenarios, exotic limits

• Implications for (classes of) models 

6. LHC: E and L upgrade

• New regions of parameter space to be explored

• General expectations from classes of models

• Implications of Higgs results

What to expect (hope for)?

7. Beyond LHC (LC, ...)

What to expect (hope for)...

• if New Vectors (New Physics) found?

• if New Vectors (New Physics) not found?

Hadrophobic Vectors

Resonant Signals of  Vector Bosons at LHC

Dilepton

B W
W1

Lepton + MET

W W1B1

t t!

B W
G H

W1

t t

Y5Q5
Z H

B W
W1

W Z/!

W
W1
B1

Dijet

G1 H
B1

G
B W W1

Q5Q1 Y1 Y5

Chiang,Christensen,Ding,Han  ’11: Drell Yan

Han, Lewis, Liu  ’11: Colored
Additional possibilities for non-resonant signals
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7. Beyond LHC (LC, ...)

What to expect (hope for)...

• if New Vectors (New Physics) found?
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Additional possibilities for non-resonant signals3 pages!



1. Basic model-independent description of 
new vectors

• Quantum numbers
• Couplings
• Mixing
• Width Befo

re/
afte

r E
WSB



2. Classes of Models: Expectations (in 
view of LHC and previous results)

• Gauge group extensions: GUT, little Higgs, LR, ...
• Extra dimensions
• Composite

• In general, arbitrary masses and couplings
• Limits from hadron colliders, EWPT, flavor
• If associated to hierarchy problem, expected at LHC 
scale
• If involved in EWSB, couple mainly to longitudinal 
gauge bosons, Higgs and top  (more difficult to see) 



Tight relation to Higgs results

2. Classes of Models: Expectations (in 
view of LHC and previous results)

No Higgs or Higgs with nonstandard couplings

Extra vector (or scalar) bosons at TeV scale very well 
motivated  by perturbative unitarity

• Gauge group extensions: GUT, little Higgs, LR, ...)
• Extra dimensions
• Composite



3. LHC: present and future

Make quantitative 
(approximate) 

statements

Be as model-
independent and 

general as possible



3. LHC: present and future

Make quantitative 
(approximate) 

statements

Be as model-
independent and 

general as possible

3 pages!



3. LHC: present and future

Make quantitative 
(approximate) 

statements

Be as model-
independent and 

general as possible

i)  Make simplifying assumptions 
ii)  Try to work in model-independent fashion (within 
assumptions)
iii) Present in a unified way the discovery reach for 
foreseen collider energies and luminosities
iv) Comment on what is left out 



Make simplifying assumptions 

• Only one extra vector boson contributes

• Single production

• Narrow resonance

• Drell-Yan production

• Decay into dilepton, lepton+MET, dijet



Work in (roughly) model-independent fashion, within 
assumptions

• For each channel, concentrate in production:

Ns = σV ′(pp→ X) AX εX L

= σ(pp→ V ′) BR(V ′ → X)AX εX L

= g2σg=1(pp→ V ′) BR(V ′ → X)AX εX L

• For each mass, luminosity, energy, and required 

sensitivity, find minimal value of  

Coupling to quarks
(assume LH & 

universal)

g2 BR(V ′ → X)

N
arrow width approx. 

Branching ratio
, 

depending on other 

couplings



Present in a unified way the discovery reach for 
foreseen collider energies and luminosities

D
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Extrapolation beyond NWA (large couplings)



Present in a unified way the discovery reach for 
foreseen collider energies and luminosities
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Include (model-dependent) EWPT?



Comment on what is left out (with qualitative 
expectations?)

• Production by VBF

• Decay into gauge bosons 

• Derivative couplings

• Non-resonant (angular analysis)

•  Very broad resonances

• Pair production (e.g., leptoquarks)

• Scalars

• ...

Hopefully, the cases we study in greater detail are, to 
some extent and in some cases, representative of the 
capabilities of LHC upgrades  to study new physics.



Measuring properties of extra bosons at LHC
if discovered (in view of present limits)

• Spin

• Couplings

• Multiplets

Quantum numbers

Discriminate models

Example: [Rizzo,  JHEP 0705 (2007), 037]

2.5 TeV ➞ 60 fb-1

3.5 TeV➞ 300 fb-1

Discriminating
WL  vs  WR´ ´

14 TeV
SM strength couplings

Based on interference
➮

CMS talk by Leonidopoulos



4. Beyond LHC: linear collider

• If New Vectors (New Physics) found

• If New Vectors (New Physics) not found

- If light enough, scan/autoscan resonance
- Study their properties in clean enviroment

- Precision study of their indirect effects on 
electroweak observables

Sensitivity up to ~30 TeV for 
“minimal” models @ 3TeV CLIC

[ Battaglia et al, 
arXiv:1203.0416 ]

- Suitable for leptophilic vector bosons



Sketch of document



Basic model-independent description of 
new vectors

 Title: New Vector Bosons

Classes of Models: Expectations (in view 
of LHC and previous results)

Relation with Higgs
1



LHC: present and future

Strategy and basic NWA formulas

Comment on what is left out

Measurement of properties

Plot g-M
dilepton

Plot g-M
Lepton neutrino

or dijet

2



Linear Collider

References
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