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The standard model:

@ Fermions: physical world
Bosons: force carriers

o fits experiments
e Problems:

e triviality, unnatrualness
o Higgs boson

SUB)c®SU(2),@U(1)y
U v=246GeV
SU(3)C ® U(]-)em




Lagrangian

.o New physics beyond the standard model(BSM):

Dynamical ) .
Models e include Higgs:
Feng-Jun e Supper Symmetry
o Little Higgs
Outline o L-R Models
Strong o -
Dynamical .
Models o exclude Higgs:
Electroweak o Higgsless Model
: e Strong Dynamics
O ooo

Former

'k of our Solve the problems:

e
EWGL from e asymptotically free—triviality
a TC2

Model with e Fermion condensation — unnaturalness

Conclusion
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Technicolor: QCD-like
Gre®SU@B)c@SU22)LU(1)y

Introduce techni-Fermion condensation: (1)) # 0
Ordinary quarks: merely dynamical masses from QCD
ordinary leptons: massless

require: ETC gives particles ”hard masses”

Problems:

e large top mass
e wrong FCNC
o large S
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Top quark mass: 173.1GeV
near EWSB scale
top condensation leads to EWSB?

SUB)1®SUB)eU1)10U(1):®SU12)L

Pagels-Stokar formula:

N, o, A?
167_‘_217’1,15 (lnm—% aF k)

f2=

A ~ 10" GeV,composite Higgs boson mass:

A2 2N.?
2 _ . c

(A? — )

fine-tuning: 1:1073°, unnatural
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. C.THill's schematic TC2 model:(rLp,1995,345:483-489)

from Strong

Dt @ schematic, no detail
Feng-Jun @ p ~ 1 needs fine-tuning
Ge
Outline TABLE II. Gauge charge assignments of techniquarks for a
. schematic topcolor-assisted technicolor model. Ordinary quarks
Dynaﬁlical and additional fields (such as leptons) required for anomaly
Mizddl cancellation are not shown. The techniquark condensate {QQ)}
Electroweak breaks SU3); X SUG) X ULy, X U(1)y, — SU3) X U(l)y,

while (T'T) breaks SU(2), X U(l)y = U(1)gn-
field SUGhe; SUGRhex SUB)Y SUB) SUR), Uy, Uy,

yian

Former

'k of our 0L 3 1 3 1 1 ;_ 0
- Og 3 1 1 3 1 0 L
Ty 1 4 1 1 2 0 >

Tx 1 3 1 1 1 (1 QR F S &

5 L

Conclusion
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K.Lane’s natural TC2 model:(pLB,1995,352:382-387)
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from Strong K.Lane’s generation mixing TC2 mOdelZ(PRD,1996,54:2204-2212)

Dynamical
Models
Feng-Jun particle/group SU(N) SU3) | SU(3): | SU2w | Ulln Uil)a
Ge 4 N 3 1 2 0y ug
Uk N 3 1 vy v+ 3
Outline DL N 3 1 1 vy va -3
Strong T2 N 1 3 2 " v2
Dynamical vl N 1 3 1 1 ust g
Models D3, N 1 3 1 uy -1
Electroweak " N ! 1 2 x(w 2)2
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Wi INN-1) 1 1 1 —&
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Low energy effective theory for EW interaction:
e universal: contain all possible terms allowed by the sym-
metry
@ economic: only contain the particles below the EW scale
e contributions from heavy particles hidden in the coeffi-
cients
Spum
- /d%(—ifztr[xﬂxp] + iﬂlﬁ(tr[ff‘xﬂ])?
+ S arg B trlr W] + iaagy Buytr{r XPXY] + Ziagtr(WY X, X, ]
as(tr[XH X, D% 4 as(tr[XF X ,))? + astr[XE X ]tr[r2 X, Jer[r2 X))

1 J—
artr[ XX, Jtr[r3 X V]t [r2 X, ] + Zag(t'r[‘rs]Wm,)z
— 1
+ iagtr[‘raWu,,]tr[TaX“XV] + Ealg(tr[‘raX“]tr[Tale])z

+ 0&11EquAtT[TSX”]tT[XVWP)\] + algtr[TSX“]tr[X,,W“U]

+ alge”"pknguutr[-rst)\] + oz14e’“’p>‘tr[Tgwuu]tr['rstA]

t = +7% e
Xu =UNDu0) W =T Wi
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e.g.: Oblique correction parameters: S, T, U:

s = —167‘('011
o = 2,81
U = —167‘('038

expremental:

S = 0.01£0.10
T = 003+0.11
U = 0.06+0.10
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QCD —Pseudo-scalar meson effective Lagrangian
e Wang Q, Kuang Y P, Xiao M, et al (prD,2000,61:054011)
e Yang H, Wang Q, Kuang Y P, et al (prp,2002,66:014019)
e Jiang S Z, Wang Q, (PrD 2010, 81:094037)
e Jiang S Z, Zhang Y, et al (prp, 2010, 81:014001)

Strong dynamical models—EWCL

o C.T.Hill’s schematic TC2 model and one-dobulet model:
HH Zhang, et.al, Phys.Rev.D,2008,77:055003

o K.Lane’s natural TC2 model:
JY Lang,et.al, Phys.Rev.D,2009,79:015002

e R.S.Chivukula’s hypercharge-universal topcolor model:
JY Lang,et.al, Phys.Lett.B,2009,673: 63-67
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Mz'=4TeV

FIG. 4 (color online). The § parameter for the topcolor-
assisted technicolor model. FJ®? = 250 GeV, the 7 parameter

and Mz ={0.5,1,2,4} TeV are as input paramelers of the
model.
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Goal:
/ DZI GawaD,l/}eZS Z G“ D, W BM]

/ Dy, ( ’LSEW [U B#]
key steps:

o Integrate in Goldstone boson fields
e Integrate out BSM gauge bosons
@ Integrate out BSM fermions

e Integrate out Z’
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Introduce operator
(0]

decomposed as

() = tricp (2) P (@)

O(x) = ¢} ()0 (x)¢r(x)

Hermite matrix o(z):

modular degree of freedom;

Unitary matrix C};(x), Cr(x): SU(2)#2U(1)y phase degree

of freedom.

Insert a constant

/D

U(z) = ¢} (x)¢r(x)

(CLOCR CROTCL) = const.



Effective Do special chiral rotation SU(2)r, x U(1) :

Chiral
Lagrangian VL = CL, VR = CR
from Strong 5
Dynamical Sett[U, W, B, Z']

(GHEIS = SGauge[Wy B, Z’] —iTrin(ig + V + 4475>

Feng-Jun — iS[G, W, By ,de,
Ge o [ DGDP¢ D¢ FIO18(O¢ _02)61 (G We,Berbeatiel
I D,I,<Dw<ei [ dtade (iP+V c+ A7) v
Outline .
- Finally
Strong
Dynamical U
Models Sett[U, W, B, Z']
- =SGauge[W, B, Z'] + Snorm[U, W, B, Z] + Sanom[U, W, B, Z']
where
Snorm[U, W, B, 2]
- —iln/DG‘deCDdzc}'[OC]J(OC — 0})etSIEWe B el
Sanom[U, W, B, Z']

EWCL from ; 5 . 5)
o = Trin(id + V + A~ )fTrln(u?’ngVngAg”r )
Model with SGauge[W, B, A

Non-trivial Q 0 2 2
Condensa- _ 4 a pa,pv % ’ i 2,0 Il
s = /d o= Wi F = 3B B = 22,2 + S Mgz, 2"

tion [t

Conclusion
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Strong )
Dynamical — gt a4 (—igrc)™ Go1an J61 .
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Using some approximations, we can obtain
S[U,W, B] = —iTrIn[ig + ¢ + ¢~° — (V?))]
If 3(V?) is diagonal , we can use

—iTrInfid + ¢ + dr° — S(V?)]
:/d‘*mf [(Fo)?a® — K1 (dpat)? — Ka(dpay — dyap)® + Ka(a®)? + Ka(apay)?

— K13V VM 4 iK1ga,a, VAY] + O(p%)

where K’s are function of self-energy %(p?) . (prp 2002,66:014019).
a contains no colron field= massless coloron !
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New self energy form:

Y 4 i385

e non-diagonal condensation

@ massive coloron
SD equations:

ler) = d*q 127Co(N)aro(=(p — a)*) »(—q?)
(2m)* (p—a)? @+ 22(—¢2) + 22(—q?)
i25(7p2) _ d*q 127Co(N)arc(—(p — q)?) =5(—q2)

(2m)4 (p =)

a2 + £2(—q?) + 22(-4?)
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After complex computatlon we get:

oY= ECOS@ Y5 = S sin©®

e vacuum energy only depends on N

o new expansion formula: —iTrIn[id + % 4 ¢7° — £(V?) —
iT245355(V2)]
@ dependent parts: keep the same, only replace ¥ by
23
O-independent parts

EWCL coefficients change lit-
tle, coloron masses change largely

”””” N — 3,
osl | L
5 \ 1.0,
| - T,
—%,/20
0.4 \ ?/
o \ -—--%,/20
S r——-—-- -
) N
~F 03 b
k3 \
o Y
w "
N
02F W
N
\
v
\ \\
01—~ - — -~ - [N
<. \
N N
N ~ \~
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colorons only interact with ordinary quarks
Only kinetic terms and mass terms:

c
7 _
coleron T g 4 a(c + RI70) + (2/93 — 8KT70)/(cot 0/ + tan 0/)2

Jackiw’s classic field method, intergrate out Z’:

/ D7 GSIUW.B.Z') _ iS[UW,B,Z]

We can get the relations between K'’s and the effective La-
grangian coefficients.
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: 1 ):;éo 5 .20 Bif® B
Outline ag = (81 — *)( -K VA = = ——
2 g 2M2,  2ag
Strong 1 5 ” 5 S
Dynamica — — ) EREF0_ Zg
Models e = b2 2)(2 13 gl )
2
Electroweak s = (261 + ,)( 2#0 2#0) +( Kz;éo g e A st
Chiral 32 14 2M2,
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Former z!
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o= —[( Zod +ad+ aBREF 4 (a2 + Lad - Dad)RTH
2M2, 2 2
" 5 5 ; N
—10a2K57° + 502K 770 + a2 D3] — %(ZKE#O = chf?“’ — 15RT70 4 5RT70)
B1f? cSA0 N0
ag = _2M2 + 10:81(’(:2 - K13 )
5
g — B1f? + f1 (BRE#0_ 10REF0 ;. 2 RIF0)
T 2Mm2, 4
z
a1 = <1<E¢° +RI7O) + —4942 - [<2a3 + 6agas + 3a5a3) (K370 + KT70)
B
+2agaz D2]

ajl =ajg =oa13 =aijg =0

Inputs: Mz, T
7, D;non-leading order (1 expansion)
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2-loop diagram:
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34 , 3. 20
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26(+ordinary fermions 8)hypercharges, 23 restraints
Inputs:zy, y1, Y1 + y2

particle SU(N) SU(3)1 SU(3)2 SU(2)w U(1)y U(1)2
Ty N 3 1 2 u ug
Ug N 3 1 1 vy vy + =
Dp N 3 1 1 vy vy — 7
i N 1 3 2 vy vy
U N 1 3 1 uy ug + &
D7, N 1 3 1 uq ug — =
1(t,b
T; ) N 1 1 2 2(y, 2)1 (y, 2)2
t,b
U}l; b) N 1 1 1 z(y, z),1 z(y, z)é + %
%,
pt? N 1 1 1 o, )] | e, 25— %
Dy, ZN(N —1) 1 1 1 I3 —£
YR NN -—1) 1 1 1 ¢ —¢’
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a = —39.4015, a’ = —45.5381, b = 14.3188, b’ = 8.1822, ¢ = —39.4015, ¢/ = —45.5381,

d = —12.2733, d’ = —14.3188, £ = 4.6025, ¢/ = —4.6025, 1 = 25, =} = 18.8634,
®zp = —25.5528, = = —19.4161, y1 = 25, y} = 22.9545, yo = —25, yh = —22.9545,
z1 = —7.7287, 2} = 18.8634, 2o = 7.7287, zh = —18.8634, uy = —4.1027, vy = —6.1482,

up = 4.1948, vy = 6.2404.

2.06 T T T T T
M,’=0.5TeV
2055 M,'=1TeV 7
205 | Mp=2Tev ]
M, =5TeV

2.045

2.04

2.035

2.03

2.025

2.02

2.015

I I I I I I I
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
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= 5.7393,y1

a = —19.1970, o/ = —22.1970, b = 7, b’ = 4, ¢ = —19.1970, ¢/ = —22.1970, d = —6,
d = —7,¢ =225 ¢ = —-225 21 = —50, z) = —53, vy = 2.7393, =z}
36.0643,y7 = 35.0643,y; = —12.4356, y5 = —11.4356, 21 20.0643, =z}
29 = 3.5644, zh, = —9.4356, u; = 0.4116, v1 = —0.5884, up = —0.4111, vs
; ;
b ]
> . . . . . . .
0 0.02 0.04 0.06 O._I(_)S 0.1 0.12 0.14 0.16

= 0.5889
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Compare: running and walking

running

3.98 . I . I . I .
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
T
ideal walking
1.96 T T T T T T
MZ'=D.5TEV
1o4r M,=1Tev il
n 1.92F MZ'=2TEV ul
188 . . . I . . .
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
T

0.21TeV
Atc = { 4.5TeV
73TeV

running
walking
ideal walking
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Fenéc 0.54 MZ’:lTeV B
053" — MZ’=2TeV |
MZ’=5TeV
0.52 b
%
= 051 )
§
IS
3 05 )
=
0.491 )
0.48 )
0.47 )
e 0.46 \g e
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Feng-Jun o walking effect can reduce S to half of running;
e
e In typical parameter space of this TC2 model: S~2;

Outline

o there exits the parameter space: T a little bigger, S <
Dynamice 0;

Models

Strong

o (o, a3, ay,as order 1072
ag, a7, ag order 107°
aqg order 10710;
ag, a7, (g, especially aqg, sensitive to walking effect.

@ cover all the typical TC2 models.
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