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1. Introduction

* LHC discovered a Higgs boson

* measured coupling properties
consistent w/ the SM Higgs as of LHC-Run |
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1. Introduction

* LHC discovered a Higgs boson

* measured coupling properties

consistent w/ the SM Higgs as of LHC-Run |

* isitreally the SM Higgs?
--- origin of mass put in by hand?
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H — ZZ tagged
H — bb tagged
H — yy tagged

L
ggH, ttH

+ Standard Model "

ATLAS Preliminary
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It could be a composite scalar, “Technidilaton (TD)”
Yamawaki et al (‘86); Bando et al (‘86)

* TD = a composite scalar:

-- predicted in walking technicolor (WTC)
giving dynamical origin of mass by technifermion condensate

-- arises as a pNGB for SSB of
(approximate) scale symmetry
technifermion condensate see later discussion
New observation!!
-- lightness protected by the scale symmetryg large Nf WTC ]
~ 125 GeV. M.Kurachi, S.M., R.Shrock and K.Yamawaki, in preparation

* 125 GeV TD signatures, in one-family model w/ Nrc=4,

are consistent with current LHC Higgs data
S.M. and K. Yamawaki, PRD85,86 (‘12), PLB719 (“13); S.M. 1304.4882; talk at SCGT14mini (‘14




2. Walking technicolor (WTC) and
technidilaton (TD)



* Characteristic features of Walking Technicolor (WTC)

Bla) ~0
"walking”(almost nonrunning)

log(ut/Arc)

m Arc

* Dynamical EW/chiral SB by technifermion condensate

(FF)+#0 mass generation
via Miransky scaling ""*#" ™ Arce

SU(NTF)L X SU(NTF)R — SU(NTF)V

Vefcer—1 6T @y S (Ve
Miransky (‘85)

Criticality leads to large scale hierarchy, in contrast to QCD mgy“amical ~ Agcp

mp/ATc <1 as a— o

I.e. technihadron mass scale Mu

My = O(EW ~ 1 TeV) < Arc (N 103 TQV)
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* Characteristic features of Walking Technicolor (WTC)

* “Walking” dynamics = almost scale inv.

Bla) ~ 0

(FF) #0

nonzero chiral condensate

spontaneously breaks the approximate scale inv. as well as the chiral sym.

“chiral NG bosons”: technipions (3 = eaten by W, Z)

emergence of { o
“scale-NG boson”: technidilaton (TD)

log(pt/Arc)




* Characteristic features of Walking Technicolor (WTC) ‘

T

mp ~ Aprce Velea—1 for o > ey SSB of (approximate) scale sym.

OArc ™

(walking) up to mF Bnp(a)= Arc

X starts “running” o 20re, ( o )3/2
: —1
ey

s Nonpert. scale anomaly B ()
induced by mFitself 0,D! = %(QGEW) # 0 : explicitly broken by mp

TD gets massive

log(11/Arc)




* Characteristic features of Walking Technicolor (WTC)

*TD = 0T+ composite scalar

coupled to spontaneously broken TC dilatation current D ,

Du ANSP- —

(0|D,(2)|p(p)) = —ip,Fge™"P* with the decay constnat Fy

The TD mass can be evaluated by PCDC (partially conserved dilatation current)
I.e. scale-Ward-Takahashi identity:

2 2
Fy Mg

(0[6K10)Nnp = — 22 @
Or)Np = (OMDy)Np = <B%CEQ)GEW>NP ~ NteNTrms

F

2
—> My~ \/NTFNTCW;_j



* Characteristic features of Walking Technicolor (WTC) ‘

*TD = a composite Higgs ( £ F bound state, not glueball-like)

related to the mass generation of W and Z
(dynamical Higgs mechanism)

<FF>3AU mF%O

L R
Wi M~ Gy NDEZ = gl
= =TWw
Np: # of techni-fermion EW doublets
¥
|
L R mMw 7
w, e W, Ot

TD coupling to W determined by spontaneously broken scale and chiral/[EW invariance
- See later discussion



* A candidate for the walking gauge theory

* QCD with many flavors (large Nf QCD)

Two-loop running coupling in the large Ny QCD

Caswell(1974)
- _ . ‘ Banks, Zaks(1982)
2 g !
RGE gfﬁ(l(;f} = —ba®(p) —ca’(p)
(N. = 3) .'\'__;- < &.05 805 < N 16.5 16.5 < .\'1_(
b == (33 — 2Ny) ! ! —

= _'____7{1.-33 19Ny) - — —

L

o log MA

(a —c/b) IR Fixed Point

Lattice simulation has observed large Nf walking signal

2 |Ight o++ scalar meson! LatKMI collaboration, ‘13
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* Parametrically light TD in Large NfWTC
-- “Anti-Veneziano limit” --

M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation

PCDC: My ~ \/NTFNTCT;_;?

consider "“Anti-Veneziano limit”:
large Npc and Nt scaling with » = Npp/Npc > 1 fixed

_Fr VEW .
mp ~ INie . I Nip NG e.g. via Pagels-Stokar

Fy ~ vV NtrNrcmp ~ UEw

In EW (and scale sym.) broken phase: vew = 246 GeV fixed

e UVEW — __VEW
Mqﬁ vV NTrFNTC VTNt >0 s Nrpc — o0



* Parametrically light TD in Large NfWTC
-- “"Anti-Veneziano limit" --

M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation

“"Anti-Veneziano limit”:
Nrc& Nt — oc with r = NT_F/N’IC > 1 fixed
Large NfWTC

M 4 I 1

N —

PCDC: § —_—
VEW VvV Nrpc — o) as Ntc — oo

analogous to i’ in large N, limit of QCD
Veneziano :

N&Ny — oo with 7 = Ny /N, < 1 fixed
Small Nf QCD

M N
PCAC: n' _va _ 1

T T'm—>o as N, — o0

TD can be vanishingly light pNGB at the same level as
eta’ in QCD!!




* One-family WTC with Ntc=4 and Ntr=8(Nb=4): (r=Ntr/N1c=2)
--- "Walking on the Ladder” ---

M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation
Based on Ladder Schwinger-Dyson gap equation for non-running gauge coupling
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M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation
Based on Ladder Schwinger-Dyson gap equation for non-running gauge coupling

B PCDC: ]\45}72 = —4<9ﬁ>NP 4@

—> M3IF; ~ 88zelto.mg

Pagels-Stokar formula:

2 2 o~ NTrNTC .2
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* One-family WTC with Ntc=4 and Ntr=8(Nb=4): (r=N1r/N1c=2)
--- "Walking on the Ladder” ---

M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation
Based on Ladder Schwinger-Dyson gap equation for non-running gauge coupling

T PCDC:  M2F2 = —4(0")xp @

—> M3IF; ~ 88zelto.mg

Pagels-Stokar formula:

2 2 o~ NTrNTC .2
vpw = Npby =~ 12 Np

— = vhy ()

(% 2 (% 2
= =03 () (S wi)

Ladder PCDC accommodates Moo= 125 GeV w/ Fo = O(5 vew~ 1TeV)
for one-family WTC w/ Nrc=4 and N1r=8!!
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* One-family WTC with Ntc=4 and Ntr=8(Nb=4): (r=Ntr/N1c=2)
--- "Walking on the Ladder” ---

M.Kurachi, S.M., R.Shrock, and K.Yamawaki, in preparation

for one-family WTC w/ Nrc=4 and N1r=8

Note: Fy ~ VNtrNtcmp =~ v4 x 8vgw ~ b UEw

consistent w/ rough large Nf & Nc estimate!

-> Ladder PCDC naturally achieves the realistic point!!

qu e 125 GeV, Fqg ™~ 5UEW

Amazingly,
. . . See also
* The signal strengths of thisTD are consistent

later discussion

with current LHC Higgs data!!
S.M. and K. Yamawaki, PRD85,86 (‘12), PLB719 (*13); S.M. 1304.4882; talk at SCGT14mini (‘14)




‘ * Several supports for the light TD in large Nf WTC ‘

1) Bethe-Salpeter eq. combined w/SD eq. (Ladder approx.)

M.Kurachi and R.Shrock (* 06)

ng/Mp’al o~ ]_/3 for NTF/NTC ~ 4 (NTC = 3)

i) Holographic analysis (non-ladder effects)

K.Haba, S.M and K.Yamawaki (‘00); S.M. and K.Yamawaki (‘12)

My/Mpa1 —0as G~ (G2)/Fi~ 2= — 0

pv TC

1ii) Lattice simulation

LatkKMI collaboration (*14)
My/M; ~ 1 for  Npp/Nte =8/3 (Npc = 3)
i) Extended TC modeling

M.Kurachi, R.Shrock and K.Yamawaki, (*15)
one-family model w/ Ntp = 8, Npc = 4 (see Shrock’s talk)
naturally embedded into ETC



3. LHCHiggs v.s.TD
in the one-family (N+w=4 & Nt=8) WTC




* Effective model for the one-family WTC (Ntc=4, NTF=8) ‘

Nonlinear realization for scale & chiral SU(8)L x SU(8)R symmetries

“Scale-inv. ChPT"” s.M.and K.Yamawaki (‘14)

*TD couplings to W, Z and fermions (compared to the SM Higgs)

oW w )z z J : : .
— : — _JoId (for f=1t,0.7)
JhemWW /ZZ Jhsmff
UEW —
-, Note the ladder PCDCresult: F, ~ 5ugw

l.e. UEw/Fqg, ~ (.2

—_——

*TD couplings to photons and gluons

e Br(gs) Br(e) .
e = gy B0z )

Ey 29, M e M
3 3 1p
) g: 4 e’ 16
Br(gs) = —==Nrpc. [rle)= ~—Nrc
7 (gs) (47)2 3 TC Gr(e) (47)2 9 TC

one-family technifermion contributions at one-loop



S.M. and K. Yamawaki, PLB719 (*13);

* relevant production processes at LHC =" "

similar to SM Higgs:
ggl, VBF, VH, ttH

* relevant decay cm

(for Ntc=4)

enhanced by extra
colored
techni-quark
contribution




Updated from S.M. and Yamawaki

r
X The signal strength fit to PLB719(2013)
the LHC-Run | full data

.

One-parameter fit (FO)

Compared w/ SM Higgs x”2/d.o.f=17/18 =0.94

* Current LHC has favored TD in 1FM w/ Ntc=¢4
at almost the same level as the SM Higgs!



Updated from S.M. and Yamawaki

r
X The signal strength fit to PLB719(2013)
the LHC-Run | full data

.

One-parameter fit (FO)

Compared w/ SM Higgs x”2/d.o.f=17/18 =0.94

* Current LHC has favored TD in 1FM w/ Ntc=¢4
at almost the same level as the SM Higgs!

* best-fit vew/Fo ~ 0.2: Fo ~ 5 vew
excellent agreement w/ ladder PCDC for 1FM w/ Ntc=4 !!




s TheTD signal strengths (u =0 x BR/SM Higgs)

vs. the current data (i)

(1) ggF+ttH category * Data as of ICHEP, July 2014
TD signal strength ATLAS CMS
Mg/%YFHtH ~ 1.5 1.6 £0.25 1.13 =0.35
........ %g;+ttﬂ_1118i035083i028
........ %ﬁwtm_“%?io%omiom
..... ng-ngHtHzllllilQllio%

Consistent!!



s TheTD signal strengths (u =0 x BR/SM Higgs)

vs. the current data (ii)

(i) VBF +VH category * Data as of ICHEP, July 2014
TD signal strength ATLAS CMS
M}Y[’}]’BFJFVH ~ 0.9 1.7+ 0.63 1.16 == 0.59
LYBFIVE 7 15 Lis 1.45 £ 0.76
g Ve 0.7 1.7 +0.79 0.62 4+ 0.53
...... M ¥§F+VH20716i075094i041
..... M;/()BFWHEOO?)OQOiOMlOi%O

* Consistent within about 1 sigma error
* VBF: ~ 30% contamination from ggF, compensating direct VBF coupling suppression:
gg 2> ® +gg highly enhanced, due to TQ loop, compared to SM Higgs case!

* Smaller VBF+VH signal (particularly, bb-channel), compared to the SM Higgs



SM Higgs, or TD?
-- Conclusive answer needs high statistic LHC-Run Il !

What do we expect next to
discovery of the “Higgs”?



SM Higgs, or TD?
-- Conclusive answer needs high statistic LHC-Run Il !

What do we expect next to
discovery of the “Higgs”?

=>



4. Discovering walking technipions
and technirhos at LHC



Walking technipions and technirho mesons

* SSB pattern SU(8)Lx SU(8)r = SU(8)v
* 63 NGBs emerge: 3 = eaten by W,Z, 60 = pseudos, Technipions (TP)

techni-pion color 1sospin current

octet triplet
octet singlet
triplet triplet
triplet singlet
singlet triplet

singlet singlet

* TP masses are of O(a few TeV), due to the walking feature

J. Jia, S.M. and K. Yamawaki, PRD86 (‘12)
edlor s 12V
singlet /triplet * For N1c=4
S parameter (SMTC}) =1.0 2 0.1

O | triplet | singlet/triplet 1.0 —2.9

singlet triplet 0.96 — 3.0 based on holographic estimate

singlet singlet 0.76 — 2.4 M.Kurachi, S.M. and K. Yamawaki, PRD90(‘14)




* Current LHC limits on 60 technipions

* Coupling properties fixed by
SU(8)L x SU(8)R /SU(8)V, scale-inv. chiral Lagrangian
J. Jia, S.M. and K. Yamawaki, PRD86 (‘12); S.M. and K.Yamawaki, PRL90(‘14)
TPs predominantly decay to tt and gg,
so can be mainly produced via ggF at LHC

gg — TP —tt/qq

* Most stringent constraints from
pp =2 ggF = isosinglet technipions =2 tt
(and scalar leptoquark search for color-triplet Tc)
exclude TPs w/ masses [ color-octet (6a) <1.5—1.6TeV
color-triplet (Tc) < 1.0-1.1TeV
| color-singlet (P) < 800 GeV

M.Kurachi, S.M. and K. Yamawaki, PRD90(‘14)

* Expect to discover TPs w/ higher masses at LHC-Run Il



* Search for walking techni-rho mesons @ LHC

* 63 vector mesons in a way similar to TPs

Techni-rho meson | isopin

singlet | triplet

* all masses are expected to be around a few TeV scale:
Mp ~1—4 TeV based on holographic estimate

S.M. and K. Yamawaki, PRD86 (‘12);
M. Kurachi, S.M. and K.Yamawaki, PRD80(‘13)



* Coupling properties fixed by
[SU(8)L x SU(8)R x [SU(8)v] HLS ]/SU(8)v
scale-inv. Hidden Local Symmetry (HLS) Lagrangian

Refs. for HLS Bando, et al. PRL54 (‘85); Bando, et al, NPB259 (’'85);
Bando, et al, PTP79 (‘88); Bando, et al, PR164 (‘88)

* Relevant couplings: p—ff p—n-W/Z,p—-W-W/Z
and interesting interactions involving TD (Higgs):

Of great interest is
Color-octet p

produced by DY process

* 4 model parameters

can be fixed: Vew,



Slide from M.Kurachi’s talk at SCGT14Mini, March 2014

0 ;
P | Color-octet Iso-singlet

Color-triplet
Techni-Pions

Branching ratio //J I T

001F

N

Higgs-gluon channel
is dominant below
_Techni-Pion threshold |

1074

1000 2000 3000
M [GeV]




Slide from M.Kurachi’s talk at SCGT14Mini, March 2014

Color-octet Iso-singlet e

190

o(pp — P} — ¢ g) x BR(¢ — gg)
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It’s promising!!
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< about 1.7 GeV "%

di-jet search




Slide from M.Kurachi’s talk at SCGT14Mini, March 2014

Color-octet Iso-singlet e

'\D

o(pp — Py — ¢ g) x BR(¢ — gg)

More detailed collider study on

Poa — @ g — G99 in progress
\H.S.Fukano, M.Kurachi, S.M., K.Terashi and K.Yamawakij
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di-jet search




e Large Nf Walking TC is interesting candidate for BSM

e The one-family WTC w/ Ntc=4, Nt=8
-- naturally realizes 125 GeV Technidilaton
with Fo ~ 5 vew, consistent with
the LHC Higgs coupling property

-- to be more precisely tested at the upcoming Run-II

 Probe the one-family WTC:
-- the smoking-gun = technirhos and technipions



3—4TeV > tt/gg technirhos

(#63):e.g.
for the S parameter 2—-3TeV ,-

SMTC}=0.1(0.3)

IRSEEE leptoquark

1-2TeV P().S;l: > tt/gg
* Mass estimate is
based on holography
S.M. and K. Yamawaki, (‘12);
M. Kurachi, S.M. and K.Yamawaki, (‘13) 125 GeV (D (TD) 9 bb

More on LHC pheno. for the technihadrons is in progress
Stay tune!!

Thank you very much!




Backup Slides



> TD mass stability in the 1F-WTC w/ Nrc=4

walking regime = scale symm well protected
(natural enough)

Can TD mass be as smallas 125GeV below Ax?

- YES!!

Work on the eff. TD Lagrangian: [ =(;,, + L5 —V,

Dominant corrections come from top-loop (quadratic div.)
Fr=123 GeV

2
cutoff by A, ~ 4;—11?’; ~ 2.2vEw SM? ~ ——47::’_2 %Ai
NTp=8 g
W/ 2~ 202 My | 3 (Q)zNO(]l
r M - 4 -
Fq«) o~/ 5’UEW <

naturally light thanks to large Fo~ 5 vew (i.e. weak coupling)



* Characteristic features of Walking Technicolor (WTC) ‘

* technigluon condensate/vacuum energy induced from technifermion condensate

(FF) #0

(01)xp = (0" Dy)xe = (BEU G2 )xp ~ Nrc Nremi

[z

Scale sym. breaking by non-pert. walking dynamics

<95>NP — <9ﬁ>fu11 — <95>perturbation(A%‘0)

Miransky et al (‘89)

log(pt/Arc)




* Direct consequences of

Ward_TakahaShi identities S.M. and K.Yamawaki, PRD86 (2012)

* Coupling to techni-fermions

q]_il_;}u/dlyf-_awy{ﬂ|ﬂﬂ# D, (y)F(z)F(0)[0) = i6p(0|TF(z)F(0)0)
= i(2dp + 2V8,) (0|TF(z)F(0)0)
F(
T (p) |
H - -I- P ()p#
F(p)
. 1
D|Iat-on pole —SEp (P) — Pum— )p# Spt(p)
dominance
Fy - (¢(q = 0)|TF(z)F(0)|0) = 6 (0|TF(z)F(0)[0)
w/ TD decay constant Fphi Yukawa vertex func.

(O] Dp(x)]o(q)) = _'inbdp.(f—iqx




* Couplings to SM fermions

No direct coupling TC
#0) (f(p)|6£(0)] £ (p)) = 0.
traggiorm

Techni-fermion loop induces

iG d*l -
N F.E:] / (27m)* Tr[Sp(l) - 5DSF1(E) - Sr(l)]

_ Gy dl
— Sp -
Fy 2n)

ETC induced A
4-fermi \

Tr[Sp(l)]
Lo¥rc =G FFff

) . ] —1 Sp(EFF _ _
f-fermion mass: F; p{lF) Sp(FF) = (3 — 4, (FF)

my = —Gp(FF)




* Couplings to SM gauge bosons

WT identity = scale anomaly term + anomaly-free term

lim /ddz €' (0|T9,DP(z)J,(x)J,(0)|0) = liE:‘.] (—iqp/d”lz e'7? {O\TDP(Z]J#(R:)JU(D)\U))

q,—0 qp

—l_iﬁD <0|TJJ.£ [I")Ju [OHU} ’

1, (0)
J,(0) J,,(0)
[N e -
Q-E;"C e ") ((2{1; —4) —pp%)
TC r
p
Ju() Ju () I.(x)

The loop integrals are actually saturated by IR contributions (ym =2)

28p(g) Br: TF-loop contribution

-2 . a vh —_— '
igyy F.T.(o(0)|TJL" (2)JJ77(0)]0) I_’_plg',”, — PuPv) to beta function

2 PyuPy -
_|_ i (,;m, - *p—j) Tl (0) + O(p'TI"(0))]



Br: TF-loop contribution
to beta function

, :f I-r-jjlg#”-' — Pu ]'5'2-'1]
o 9

+ = (g,z,_pf”) T1,..(0) + O(p*TT"(0))]

igiy F.T(6(0)|T 7" (2)J7°(0)|0) —

* For SU(2)W gauge bosons: W -"broken” currents

I1;.7,(0) = ﬁﬂp_ﬁg _ VEw Couplingto W )
B ﬂ’?
4 4 Loww = W nmﬁma

F,
ND = TF -EW-doublets ?

I1(0) =




* Calculation of beta functions

¢ | Br(e) Br(gs)
Loyy.gg = F, [ 23 Fﬁu 243 Giv
The loop is dominated at IR (ym = 2) 1.(0)
| e
(well approximated by IR
constant mass) qu_ ) L Sp(p) = p_Tl(p) -
Ladder approx.
Ju(z)
Yukawa vertex :
) —ove Loty 1 (1, 9 ) (3—vm)Z(p?)
XorF(p,g=0)= nga_DSF (p) = 2 (1 pﬁﬂp”) Sr (p) % F,
The resultant betas coincide constant

just one-loop perturbative expressions:




* TD couplings to SM fermions

(3 —vm)ms |
— o

L P |
in WTC to get realitic masses w/o FCNC concerning 1°tand 2"¢ generations
geff _2VEW
Jhsm f f Fy

. Miransky et al (1989); Matsumoto (1989); Appelquist et al (1989)
% o oy ot 2
(M — =y

in Strong ETC to accommodate masses of the 3rd generations (t, b, tau)

Gdaff :1'1*'E;W
Gham f f Fﬂ?



Characteristic coupling property of

X125 GeV TD in 1FM (W/ Nrc=4) at the LHC

W,Z v.s. SM Higgs
di-weak bosons ;j[j\,lg(b_: (XE\CIPY/F(D) gn=0.23 g4 suppressed
W'k’ *
b,t
quark, lepton pairs >Q¢_ — ¢
suppressed
b,t
Ft Br(gs)
g 00000, go moderately enhanced
digluon - = =
. g OO QCD-colored TF contributions
v AP F,t Br(e)
¢
diphoton 9 —— 4 moderately suppressed
VAAVAVAV

EM-charged TF contributions



* Technicolor should not be QCD-like at all

Extended TC: SM fermion mass generation

F F
ETC QAgTC . _
— AZ (FLFR) (fRfL) + h.c.
f f )
- (I ) sy AeTc du
Mgrc = gercAETC my A CXp IATC v m (M)

RGE effect for F'F operator w/ anomalous dim. 7,

FCNC constraint  e.q.
Ko — Ko mixing requires Agpc > 10°TeV
associated w/ strange quark mass
F Naivescale-upof QCC 7, >~ 0: mg < 0.1 (N%) MeV

h Needs enhancement by Vm == 1
Holdom (1981)




* Other pheno. issues in TC scenarios

S parameter

S~Np- 2z ~03. Ny (for QCD-like)

Np : # EW doublets toolarge! cf. S(exp)<o0.1 aroundT =o
One resolution: ETC-induced "“delocalization” operator Chivukula et al (2005)
_ vector channel ) -
fL Fy AL JU»SML ]TOL

ETC

In low-energy

i — ,2%Teaten /"UI':W
f 2 JhG, — Tr[UTZiD U] w/ U=e
L T

> gwW, — gy B, modifies SM f-couplingstoW, Z
contributesto S negatively”

\ : £ Oj 3 (er ) Stotal — 0 ("ideal delocalization™)
W BETC




Top quark mass generation

- = - 2
F _ (OU) _{ A
N oEtc /v omm FgEe s (—AETTCC) Ao

ETC scale associated w/ top mass
fr Fr

1/2
> e (i) ()

too small!

One resolution: Strong ETC Miransky et al (1989)
--- makes induced 4-fermi (tt UU) coupling large
enough to trigger chiral symm. breaking (almost by NJL dynamics)

- Y
(UU)grc ~ (%) (UU)rc 1 <Yy <2

Arc

boost-up .
— me & ( fTC ) Arec < Apg ~ 1TeV

ETC

T parameter (Strong) ETC generates large isospin breaking
—> highly model-dependent issue




* Dominant production process @ LHC = Drell-Yan (DY)

Ly, == 2gFu[V,p"]

2 | s Oay
¥ - "'_-' ad ¥ 1] MO
2982 | Gap)

VoL




Slide from M.Kurachi’s talk at SCGT14Mini, March 2014

,093 Color-singlet Iso-singlet

Color-triplet
Techni-Pions

Branching ratio //m — 2 Tev)
v

T

is dominant below
|_Techni-Pion threshold |

1074

1000




Color-singlet iso-triplet (EM neutral)

my=2 TeV and mp=1 TeV

0.001} N ™ 4.

3000

2000 3000
M, |GeV]




Color-singlet iso-triplet (EM charged)

my=2 TeV and mp=1 TeV

0.001%

10~ L

1000 2000 3000 4000 5000
Mfﬂﬁ [GCV]




* Discovering technirho mesons associated w/ TD(Higgs)
Slide from M.Kurachi’s talk at SCGT14Mini, March 2014

Pp |Color-singlet Iso-singlet

o(pp — pp — ¢7) x BR(¢ — g9)

[a—
T

o
—

0.001¢

=
5=
e
=11}
(=11}
=
=N
—
a4
[ma]
X
pAS
~~
-
=
=1
-
o
-
o
—
-

104

Maybe it’s challenging...

10-3
2000 2500 3000 3500 4000

excluded b)ﬂ M p|GeV|

di-lepton search




* Current LHC limits on 63 technirho mesons

myr=2 TeV - my=2TeV

CMS8TeV

PP — Py = qd) X A [pb]
a(pp— pp— ') [pbl

1500 20000 2500 3000 3500 400 GO0 B00 1000 1200 1400
Mg[GeV] M,5[GeV]

mp=1TeV and my=2 TeV mp=1TeV and my=2 TeV

ATLAS8TeV

I"Cipb]

1

oipp = P =

_\§M58 &
'““Hw:::::\__-a—
ATLASSTeV

~——

o (pp = i = WZ)x BR(W=1l¥}x BR(Z—11)[pb]

600 800 1000 1200 1400 800 1000 1200 1400
M, [GeV] M [GeV]

constrains masses to be ZFEANNEOYS
M, 2 1.0 TeV,

I




Slide from K.Terashi’s talk at SCGT14Mini, March 2014
M.Kurachi, S.M., K.Terashi & K.Yamawaki, in progress

Vs = 8TeV

20| 2.3
Color-octet technirhe : pg = g + @ (® — gg)

mps < 1.6 TeV excluded by 8 TeV dijet resonance search ~70|~20
= mpsg = |.7,2.0 and 2.3 TeV chosen as benchmark points

Event Selection :

- 22 jets pt >500,400 GeV

- Either one of them = |15 < mjet < 145 GeV, other jet = mjet < | 15 GeV
Consider d E ckgrounds : n ulti-jets (PYTHIA)
Cut and ¢ ».cir asl'dins M wnd w

- 8TeV, 20 b

L oTC g¢TC(_:_ g9) m(pB) =2.0TeV - M
-8 m(p ) = 2.3 TeV p8 I
i E mu‘::)i-iets [TeV] [TeV] S S/ \/B

Py > 500,400 GeV 2.0 |1.7-2.0| 45 53

115 < M, ,, < 145 GeV
M, < 115 GeV

8 [.5
(46) | (4.3)

(/s = 14TeV, 10 fb!)
= Promising channel to
probe the model

2.3 |2.1-2.3

1000 1500 2000 2500
Mass(jj) [GeV] 29
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