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A NEW BOSON
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Is THE NEW BOSON
THE HIGGS BOSON?

SYMMETRY MAGAZINE,
ocT 30, 2012
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Loss of Unitarity in

W, W,
w, W,
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Graphs g %_—
(a) 3 4 6 cosd + cos36
(b) —4 coso
(¢) 3 — 2Ccosf — cos20

Sum 0
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Wi W Wy W — 15 050
(d) () 2
(d+e) —1—1Icoso
» O(EY) = 4d my bound: my < \/167/3v ~ 1.0 TeV
Sum 0

»If no Higgs = O(E?) = E <+4rv~0.9 TeV including (d+e)

Lee, Quigg, Thacker
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N 2 (€) -3+ Lcosd
SHWW (d+e) -1 _Lcosh

» O(EY) = 4d my bound: my < \/167/3v ~ 1.0 TeV

Sum 0
»If no Higgs = O(E?) = E <+4rv~0.9 TeV including (d+e)

Lee, Quigg, Thacker
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ALTERNATIVES?
“HIGGSLESS” MODELS

Monday, November 12, 12



Flat Space: KK mode

R
Extra-D

Our Umiverse

Expand 5-D gauge bosons in eigenmodes: e.g.
for S'/ Zy: Al = o | 470(ar) + V2 z A (@) cos (”}‘;5)]

g \/ﬁ
Al = \/7 Z AL (z,) sin (n}a;;,)

4-D gauge kinetic term contains M, —

3| =

_Z M2 Aan) —2M,, AanaﬂAan (auAgn)Q] i.e-, A%n HAgn

n=1
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KK excitation A
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+ Crossing Channels

A} %V
(a) (b1) (c1) (b2, 83)+(c2, c3)
graph 92 Oeab Cecd g2 ceac Cedb 92 Oead Cebc
Cancellation of bad high- (@) 6e(xt=s?)  3B-2e-Nat F(E+2e—cDa
. —3(1—c¢)z? +3(1+¢)z?
energy behavior through 1) _2e(at 1a2)
exchange of massive vector (1) —dert
. (b2, 3) F(B3—2c+c?)z* F(B+2c—c2)zt
PartICIeS +3(1 = ¢)z2 —3(1 + ¢)z?
(¢2,3) (=34+2¢+c)z*  (3+2¢—c2)z?
—8cx? —8cr?
Sum —8cx? —8cr? —8cx? = 0

RSC, H.)J. He, D. Dicus (2002)
Csaki, Grojean, Murayama, Pilo, Terning (2004)
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Higgsless models are low-energy effective theories of
Dynamical Electroweak Symmetry Breaking with. They
include:

® massive 4-d gauge bosons arise in the context of
a 5-d gauge theory with appropriate boundary
conditions

e WW scattering is unitarized through exchange of
KK modes (instead of scalar bosons)

¢ the language of Deconstruction allows a 4-d
“*Moose” representation of the model

Chivukula & He hep-ph/0201164
Csaki, Grojean, Murayama, Pilo, Terning hep-ph/0305237
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A SIMPLE REALIZATON:
THE THREE-SITE MODEL




Gauge boson spectrum: photon, Z, Z’, W, W’ (as in BESS)
Fermion spectrum: t, T, b, B (%is an SU(2) doublet)
and also c,C, s,S, u,U, d,D plus the leptons

RSC, Coleppa, DiChiara, He, Kurachi, EHS, Tanabashi hep-ph/0607124
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U (2) x SU(2) x U(1
90792<<gl

LH Boundary Fermion

—_ i N u O u _
M \er¥ro>o1¥r1 + Yr1Y1L1 + Y1212 ( GOR > ( o )

€4R dRo

degree of delocalization

ordinary fermion masses are of the form  m, ~ Meperp
each ordinary fermion mass value is tied to €EfR

flavor structure same as in standard model

heavy "KK” fermion masses are ~ M
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General ideal delocalization condition gi(w;f )2 = gwV;

I \2 0
IS realized as 90(¥10) _ Yw In 3-site model

1
91(¢£1)2 Uw

From the W, fermion eigenvectors, one solves for

[ 9 1 2 i ; 2 w 2
o 2 Myy
For all but top quark, e;r < 1 so the choice eL%2<M2 )
W/

makes W’ fermiophobic and Z’ nearly so

A A

S=T=W=0
Y = M3, (Sw — 2z)

Use WW scattering to see W’: Birkedal, Matchev, Perelstein hep-ph/0412278
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Chivukula et al. hep-ph/0607124

KK fermion
mass (GeV)
MT’B
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1-loop fermionic EW
precision corrections too large
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BUT WHAT ABOUT THE
NEW BOSON?

HONG-JIAN HE, NING CHEN, TOMOHIRO ABE: ARXIV 1207.4103
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Linear Scalar Link Fields: ¢1 & &>

Leads to two-Higgs particles: h, H

He, Chen, Abe: arxiv 1207.4103
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Unitarize jointly by scalar and vector exchange!
Leads to sum rule:

9 5 >
G 3 MZU 2 _ 3 MZA 2 G ‘VO "VO Il k
4w, 2 WoWuZy z 2 WoWyZ; Z 2
4M ‘VO k 4M "'V() k 4M H/O

See next talk...
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LHC PHENOMENOLOGY
OF VECTOR BOSONS

RSC, EHS, H.-J. HE, Y.-P. KUANG, ET. AL., PHYS. REV. D78 (2008) 031701
& ARXIV:1206.6022 AND PRD IN PRESS
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Two processes with large rates and clear signatures!

Vector Boson
Eusion ) LHC @14 TeV
w’ l [ pp — Wjj — WZjj — 3Njj
[
[

Associated
Production

400 500 G600 700 800 500 1000
M, (GeV)
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500 GeV W’ boson

|
11 - — — Higgsless(Unitary gauge)+BG

_ : : ----- Higgsless(Feynman gauge)+BG

',5 ! : — SM pp->jjZ Z (jj4l) Total

s OF o SMippagZ Z (4] ;

® o T SM pp->ggZ Z (jj4) '
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200 400 600 800 1000 1200
M(Z jj) GeV
Mj; = 80+15GeV,  AR(jj) < 1.5, Y pp(Z)+ ) pr(j) = £15 GeV.
Z 1
pre > 10 GeV, me| < 2.5, pr; > 15GeV, n;| < 4.5,

Monday, November 12, 12



500 GeV W’ boson

100 :
— Higgsless Signal+BG
o [ - - - pp>W Z qq (BG)
i 1 —-—- pp->W Z qg (BG)
= . - - 7 pp->W Z gg (BG)
@ 10 | T L -
> F Tl T
O Ti,
Q -
~ L.
z
H - -
200 | 4(|)o' | 600 | 800 1000
M. (W Z) GeV
forward jet tag removes WZ background
E; > 300GeV, pr; > 30GeV, n;| < 4.5,

pre > 10GeV,  |n,| < 25

Background is
10x larger than
estimated in
Birkedal, Matchev
& Perelstein (2005)

Anj,| >4
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Associated Production

8TeV LHC

-
o

E.N./20 GeV @ 30 fb"

pre = 10 GeV,

pri = 15 GeV,

300

MLMM +BG

SM pp->ji Z Z (jj4l) Total
SM pp->ggZ Z ( jj4)

SM pp->ggZ Z ( jj4l)

400 500 600
M(Zo_/j) GeV
| <45, AR(jj) < L.6.

h
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TABLE II.

The 5o discovery reaches of the W~ bosons at the
LHC-8, with the integrated luminosities [ £ = 10, 15, 20, 25,

100 L ' v ' Al ' v ' - ' AJ ' v ' L
— =3 o Sensitivity
— 5 o Sensitivity
-.E |
2
g
g 10 -
= q
-~ -
S
e -
g
=] -
a— -
-
-~
4 8TeV LHC
1 1 P | | | o | 2 | 2 1 2 1 2
260 280 300 320 340 360 380 400

30, 35, 40, 50, 60 fb~!, respectively.

J L (b7 My, (GeV)
10 277
15 302
20 320
25 335
30 346
35 357
40 367
50 385
60 397

arxiv:1206.6022, PRD in press
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CONCLUSION

® ATLAS/CMS has discovered a boson.
® Measure properties: is it Higgs!?

® |[fit isn’t, there are potential new signatures
in multi-gauge boson signals.
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MSU, TSINGHUA, AND PROF. KUANG

® C.-P Yuan met Prof. Kuang at CCAST
Workshop, Beijing in 1993.

® E.Simmons invited by Prof. Kuang to speak
at TP in Beijing in 1995.

® NSF USA-China International Program,
Qing Wang and Y Liao visited MSU, Carl
Schmidt visited Tsinghua U, 1997-99.

® Hong-Jian He was a postdoc at MSU,
1997-2000.

® Chivukula, Dicus, & He on unitarity, 2001.
® Kuang et.al., LHC signature paper 2007/...
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BACKUP SLIDES
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DISCUSSION QUESTION
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Ohl & Speckner predict that the 3-
site Z’ boson (at or near ideal

delocalization) should be visible in
100 fb-1 of LHC data .

30

ideal deloc ' I:'__‘
o= 0254 —————
i
- “ pr > 50 GeV
L _ | cos 6| < 0.95

ro
o
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'
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100 events per bin (bin width 5.71 Gel)

MW/ = 500 GeV

My =500 Gel
My = 3500 GeV

450 475 | 500 025 550
total invariant mass [Ge'] Ohl & Speckner arXiv:0809.0023
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