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O Di-boson Excess ?
O Model setup in GCHM
O EWPT with axial-vector field “a”

O Fit the Excess & Other predictions.
O Future Prospects.

O Comment on resonance search and Interference

effects —
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Many Channels

It is interesting to see small “bumps” in
many channels around 2 TeV.

O Di-bosons: ATALS WZ 3.4 WW 2.6,ZZ 2.9 sigma;
(sigma 2.5 sigma);

O VH channel: CMS 2 sigma
O Di-leptons: tiny bumps around |~2 sigma.
O Di-jets: CMS |~ 2 sigma
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New game begin!

What is our attitude!

O True excitement haven’t begun: (stay
stunned as in Adam’s blog)

O However, there might be some thing at 2 TeV
that we can think about; What if 22!

O Therefore, | believe it is not very meaningful to
consider a global fit on ALL excess right now
since some actually conflict with others. Let’s
think about SOME possible excesses right now.

Sunday, August 9, 2015



O Di-bosons: Without distinguish the W, Z (10 GeV
errors);

O VH channel:

O Di-leptons: very small bumps around 2 sigma.

O Di-jets: CMS ~ 2 sigma (too large to be consistent with
Di-leptons)
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Explanation with EVV
D OC

It is natural to think about the resonance here has something
to do with EVWSB since it is so close related to W/Z

Let’s consider a spin-one SU(2) L weak triplet
resonance, which is actually from many models
explain the EWSB with custodial symmetry;

However, the |st obvious obscure is the S
parameter and EWPT
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Kinetic term of A and
Higgs gives you S

4rv? Marginal

Multi-moose or RS model usually s
has a factor more than one S
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WWhy reject marginal
D OC

There are actually more reasons to
consider beyond this marginal fit.

O Weak triplet vector meson alone can not trigger
EWSB, we need other sources.

O Those other sources usually gives you more positive
S and other EWV precision deviations: Like a
composite Higgs, top partner, etc.

O If one requires more room to fit the diboson excess,
that may gives extra EVV precision deviations: partially
composite fermions.
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With axial vector mesons transform as the
(2,2) of (SU(2)_L,SU(2)_R)

O Small positive S (can be negative)

O Arbitrary rho fermion couplings (split the lepton
)4 PIINgs (SPp P
quark couplings)

O Small or zero shift on the couplings between partially
composite fermion and SM W/Z gauge bosons
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Higgs as pNGB

There are four NGBs: 7%, with a =1,2,3,4.
They transform as a 4 of SO(4)

(2,2) of SU(2) x SU(2) ~ SO(4).
v = fsin((m)/f
U = exp(iv/2r9T2/ f)

f SO(5)/S0(4)
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The theory make sense upto A =4 7 f

We assume that a given number of resonances in
the composite sector are lighter than A so that it
appears in the effective action.

Consider Spin-1 resonances in the SU(2);, x SU(2)r
representation

pr: (3,1) pg: (1,3) @i (2,2)

~ N\

1 < g, 9o <4m  strong but perturbative
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Spin-one Resonance

Pr.
LYR = [ with L — R, \
: 2

EPPTY'S S (LS G bl WO
- fo,‘hT‘Jr(ﬁf svars ) (Wi

961?;:5“3)5"" T 4 ...

= (90WiTE + g6 BuTR) - % (90W — 9080

(TF —TR) +-- (4)
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SM gauge boson form fa

DOC
Effective Langragian for SM gauge fields in SO(5)/SO(

Lt = ’%’"’(nowgwg + 10,3 (WAWE + W2W2) +

lIpB,B, + Ih%‘zl (233,, — W;}) (%%BV _ Wf)

do

+enllLg (W;;W;} - %fg-B,,B,,) )

Integrating out the spin one field
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SM gauge boson form fa
D00

IT; (p?) is critical since it is the one related to E
(The Goldstones), which affect the Higgs potential

Regulating the UV behavior

LI COESRERI I FE LRGN | st VWeinberg sum rule

p?—+o00

M(p?) = 0 suggested by Witten’s theorem for vector confinement

Relaxing the 2nd Weinberg sum rule

—2 2 22 g2 2
m g0 P I (") = 2fymy — famy) = 20°f% Allow small S
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If vector confining?

If the underlying theory is vector confining:

Witten’s theorem suggest that:

M(p°) > 0
S is positive

S is always positive
S is negative but if m, <m, .

m, > Mg
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Cancellation of S

p

Qa
AWMV T AWM
W/B W/B W/B W/B




Adjusting the rho-f-f cou
DOC

Mixture is ~ RIRVEILrS Complete cancellation




ancellation of EVV obse

a small composite fermion component for SM fermions
would result a deviation on the SM fermion and gauge boson

ity ) (D, H)

CACIR LI PN PRVIIP Bl Complete cancellation
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Couplings

L, =igpiwz [(Bupl — Bup) W 2° 9+ faufts ™
— (B, W, —8,W, )"t Z"
+(8uZs — B Z,)p" W™ + hec] e dada ™
. _ 1
+ igoww [(a,‘W;," - auW: yWE g bt e, ™ 5(—'9—2 + gpffl‘) s

P

g°

9p

1
+ —(a,,pf,’ — B, )WHtWY™ + h.c]

1
9% ™ _5(_ + gp‘?,,) :

-+ gp+W,, (hp“"W" + h.c. ) -3 9P Zh hpﬂzp
1 _
+—=g ¢ (P Y + hec. mzmw
\/i Fis (Pp ) GptWZ ™~ ——= Gps Gp+Wh ™~ MW, ,

+ ot 1 (P " f + hec.)

W
GOWW ~ —5Gps Gg0Zh ~ MZGp.
mg

Drell-Yan of a is v/f suppressed, a order lower
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Production and Dec:

F"Y‘

I(pt = WTZ) = &Ips+g§+wz/(1927rm€ym%),
L(p*t — W¥h) = M1 g%y, /(1927mi, ),
I(p* = Uptp) = NoMyt g ppo 48,

I(p° = WHW™) = Maghww/(192rmiy ),
I'(p° = Zh) = Mpg2oz,/(1927m%),

ox BR [fb]

1

olpp— pT) ~ % x 528 fh,
P
gt

opp—=p )~ p x 132fb
I

Including the composite fermions

(o(pp— p*) +o(pp— p7)) x BR(pT = WTZ)
e;(l ~ eg)z

(1+ )2+ 1+ 48 + 12— 2422, Two benchmarks

~ 282fb x
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h to £ gamma

If diboson is confirmed, or our underlying
theory does have the “a” field, then !

Besides the VBF search channels

The nonzero aVWZ terms make a largely
contribute to the h Z gamma loops, can be
order one large
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Elementary light fermions

01pp-¥VﬂLﬂNWV)(ﬂn

\ \25

| st Weinberg sum rule

EWPT constrain

Benchmark point A
h Z gamma
charged lepton neutrino

1800 1850 1900 1950
M, (GeV)

lepton bound can be
regarded as the excess
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wey di charged lepton

(M,[TeV], gp)

— 2y

M'(h—=Zy)sMm

(2.0, 2.5)

0.38

(1.85,2.0)

0.17




Partial composite leptons

o(pp—~»WZ/WW) (fb)

4.0Ff;

3.5¢

3.0t

EWPT constrain % sl

h Z gamma 20|

Benchmark point B I

1800 1850 1900
M, (GeV)

No lepton constrain  EAEER Mo

(2.0, 2.5) 0.38
(1.85, 2.0 ) 0.17
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Many future works to b
DOC

O Unitarity cut off with a (make it lower)
O Viable Coleman-Weinberg Higgs potential
O Full EWPT with axial-vector field “a”

O LHC direct searches on “a”’.

O Full h-gammma-gamma, h-Z-gamma loops.

O More need to think about it
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Resonance Interferen
O OC




Resonance Interferen
OOC —
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Resonance Interferen
O OC

interference Mass  Tw'  gw'wz 9wiud Xoeal
constructive 2 TeV 50 GeV 0.005 -0.085 045
destructive 2 TeV 50 GeV 0.005 0.085 0.069

constructive destructive data

1.52
local A;  0.27 034 —0.527533
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Resonance Interference
O




