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1. Background and Introduction (1/8) : Diboson-excess @ ATLAS

The ATLAS collaboration has reported an excess
in full hadronic channel.

Narrow resonance decaying into WW/WZ/Z7
M ~ 2TeV T < 100 GeV arXiv: 1506.00962
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1. Background and Introduction (2/8) : Diboson results (hadronic)

Diboson resonance in full hadronic channel
has been searched at the CMS.

However
“No significant excess has been observed ”

CMS,L=19.7fb" /s =8 TeV

—— Observed
] = EE Expected (68%)
- Expected (95%)

— W' > WZ
arXiv: 1405.1994

o x B(W' = W2) (pb)
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1. Background and Introduction (3/8) : Diboson results

No sighificant excess has been observed

in lept

onic

channel.
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1. Background and Introduction (4/8) : Can we explain it?

Q:
Can we explain ATLAS diboson excess
without conflicting

with other diboson results?

A: YES we can do it.

1) Spin-0 massive resonance
arXiv: 1507.02483[Chiang et.al.], 1507.03098 [Cacciapaglia et.al.], ....

Pp11) Spin-1 massive resonance

Many papers including our works arXiv:1506.03751,1507.03428

My talk Jji

I1l) Spin-2 massive resonance
arXiv: 1507.06312[Kim et.al.], ....
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1. Background and Introduction (5/8) :Spin-1 candidates

In the market,
a high mass spin-1 resonance is described

1) based on an elementary scenario
e.g. SU(2)L x SU(2)R x U(1) model

1506.06736 [Dobrescu et.al.],
1507.01185 [Abe et.al.], 1507.01681 [Abe et.al.], ...

1) based on a composite scenario

» | Walking Technicolor

1506.03751 [Fukano et.al.], 1507.03428 [Fukano et.al.]

Il. SU(2) triplet model

1506.04392 [Franzosi et.al.], 1506.08688 [Thamm et.al.]

I1l. Composite Higgs model
1507.01914 [Carmona et.al.], 1507.07557 [Low et.al.]
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1. Background and Introduction (6/8) : Vector meson in my talk

1506.03751 and 1507.03428

“2 TeV diboson resonance” in my talk

= VVector meson generated

not by technicolor(=QCD-like dynamics)
but by

Walking technicolor
(=near conformal dynamics)
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1. Background and Introduction (7/8) : walking technicolor

Holdom (1985); Yamawaki et.al. (1986);

Walking Technicolor (WTC) Bando et.al. (1986):Akiba et.al.(1986);
Appelquist et.al.(1986)

(i) gives dynamical explanation for origin of mass and EWSB
by technifermion condensation <FF> + 0

(ii) is based on the almost scale invariant (="“walking”)
dynamics

>lnL

Arc

(iii) is realized by SU(4) gauge theory with 8 flavors

Matsuzaki et.al. (2012,2013)
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1. Background and Introduction (8/8) : Walking TC hadrons

Low-lying spectra in SU(4) with 8 flavors (=1 Family WTC):

(1) Technidilaton ={]

25 GeV Higgs )
Matsuzaki et.al. (2012,2013,2015) T,
i walking feature
(I1) Techni-Pion =w TeV scale
60 [pNGBs] = 63 [NGBs] - 3[eaten by W/Z]

Jia et.al. (2012); Kurachi et.al.(2014)

(111) Techni-vector meson
lightest isotriplet vector meson

&% Just Fit to 2 TeV

supported by BS, lattice and holography #®
Harada et.al. (2003); LatKMI (2015);
Haba et.al. (2010); Matsuzaki et.al.(2012)
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2. Conformal Barrier (1/2) : TC dilaton + vector mesons

The low-lying spectra are described by

scale invariant Hidden Local Symmetry (sHLS).
arXiv:1506.03751,1507.03428
After integrating out heavy Techni-Pions

and taking Unitary gauge, the sHLS Lagrangian becomes

Leans = »Ckin(V;, Wﬁ) + F? (1 -+ —¢) [(VVGL)2 +a- (W — Va)z] 4.

scale symmetry is
realized nonlinearly ™,

Lanws = LVt W)+ B2 (14 20 ) [0 0 (727] 4+

No off-diagonal coupling to dilaton !!

arXiv:1507.03428
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2. Conformal Barrier (2/2): Features of walking TC-rho

The vector meson ( walkmg TC rho) has a dlstmct nature:

» | arXiv:1507.03428

__|“ Conformal Barrier ” |7

No off-dlagonal coupllng to dilation (= nggs)
| due to scale/conformal invariance

g - WE -0l =0, glpy—Z—¢l=0 |

“Conformal Barrier” means
Br(p™ — W*Z) ~100%, Br(p’ — W=WT) ~ 100%

in sharp contrast to other vector resonance model where
Br(W' — W*2Z) ~ Br(W' — Wh) ~ 50%
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3. Phenomenologies (1/7): Possible decay mode of TC-rho

Thanks to “Conformal Barrier”
decay channels of TC-rho meson are divided into two types:

. to SM fermions: controlled by £,

O

IN; F
ﬁff:— P X P JH
g ( 2 Mp) g

Ny =38

Il. to EW gauge bosons: controlled by Gprr

. 2 - ~ v
£pVV — —1 ( NT g[)ﬂ'ﬂ') X (a,upl/ — al/p,u)vluv
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3. Phenomenologies (2/7): Total width of TC-rho

ATLAS results imply narrow width resonance with I' < 100 GeV

Width is suppressed in 1IFMWTC compared with scale-up QCD:
[,IFMWTC] 2 T,[QCD] ~ 480 GeV

[,JQCD] Ny for g ~6,M, =2TeV
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3. Phenomenologies (3/7): Diboson channel @ 8TeV

Cross section: opy (pp — p — VV) @ 8TeV for gprr = 4

Thanks to “Conformal Barrier?”,

o(pp — p — VV) >~ 10 — 20[fb| for Mz = M+ =2TeV

Chargec TC-rho Neutral TC-rho
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3. Phenomenologies (4/7): Other vector particle search results

oWz bl <22, oy ian [fb] < 19
U%/TZLQZSJ fb: < 20 Oﬁfl\és@lj) tb] < 27
CoWhisn (i) <95 offf, ] <13
Most strlngent diboson-constraint O'ﬁ/l\gs(!]!]) [fb] < 192 7
oy [b] <041, oy, "[fb] < 0.42,
Col ™ol =0at ool v

Most stringent difermion-constraints
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3. Phenomenologies (5/7):Coupling constraints from other results
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3. Phenomenologies (6/7): Collider simulation

Signal event generation arXiv:1506.03751
for pp — p — V'V — JJ (J=CA12 jet):

* FeynRules2 + Madgraph5
* Pythia8
% Fastlet3
* smearing for jet momentum/energy/mass
to account for migration due to ATLAS detector resolution

Event selection following ATLAS analysis:
Cut 1: pT1,2 2 540 GeV, 771’2’ S 2 and ‘yl — yg‘ S 12,

Cut 2: (pTl _pT2)/(pT1 T pTz) < 0157

Cut 3: /y > 0.45, nyx < 30, /mj — my| < 13.0 GeV where myy = 82.4 GeV
and myz = 92.8 GeV,
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3. Phenomenologies (7/7): Results
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4.Summary

¢ ATLAS diboson excess may be a hint for BSM

€ ATLAS excess around 2TeV in full hadronic channel
= Vector meson based on 1-Family Walking technicolor

N =38
€ Narrow width is realized thanks to 1IFMWTC

[' < 100 GeV

¢ Large cross section is realized thanks to
Conformal Barrier (no decay into H + W/2)

o(pp — p— VV)>~10 — 20|tb]
¢ More studies on LHC signatures of TC-rhos are on-going

Thank you very much
H.S.Fukano (KMI)




Backup slides
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Symmetry breaking in SHLS

The sHLS are nonlinear realization for
arXiv:1506.03751,1507.03428

|. scale invariance

Il. chiral symmetry

4 ~
SU(8)r, x SU(8)r A

G
H SU(8)y

. )

The ingredients are

Techni-dilaton, Techni-pion and Techni-vector mesons
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IC-rhos from 1IFMWTC

ATLAS diboson

No couple to

W/Z ' singlet triplet
Weak couple : .

to W/Z singlet singlet
No couple to triplet
W/Z

singlet

triplet triplet

No couple to

Wiz triplet singlet

M,=1—-4TeV
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