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, ({ f/; 2z Model Independent Investigation

Bosonic part of EWCL for W=, 7. Z' ~
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Experimental constraints on the mass and mixing angles for the Zy and Z,.

The solid lines show the regions allowed by precision electroweak data at 95% C.L. assuming Higgs doublets and singlets,

The dashed regions allow arbitrary Higgs. The labeled curves assume specific ratios of Higgs doublet VEVs—JHEP08,017(2009)
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Qing Wang Y.Zhang and Q.Wang JHEP07(2009)012 P s
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5 General v-Z-Z'" Mixing

cwa cwé& — swel cwn — SwCrT
U = Swa sw& + cwel swn + cwe,r
=/ =/ =/ =/ =/
—cwaﬁ — CWS% + SWcll% — sl — CW"?% + chrr% + c,r
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—cwon SW% 1 0 —s ¢ 0 —Isin(6; —0") rcos(6,— 0"

V. .
Z-7' mass mixing — |

=/
depend on 0y;/, %, §,n,l,7r,0;,0r 8 parameters ! ZHANG Ying & WANG Qing,Chin Phys C36(4),298(2012)
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Lgauge coupling — ¢ X ,uJ X

T =N [ Wi Po + yipPrlf:

models | Z" EWCL | U(1)p—2r | U(1D)10425 | U(D)d—zn | U(1)gtau
(ur,drp) Y 1/3 1/3 0 1/3

UR Y, 1/3 —1/3 —x/3 x/3

dR Y 1/3 —x/3 1/3 (2—1x)/3
(vp,er) Y —x x/3 (x—1)/3 —1

ER Y, —x —1/3 x/3 —(241x)/3

VR Yy, —1 (x —2)/3 —x/3 (x —4)/3

Anomaly cancelation from generation independent charges

Qing Wang

2y — Yq — Yy = 0
yl+3yq—0
—yl +yq +y.°

2 2
—2y.," + v,

3y; + Yy —6ye—8y;—2y&=0

2973 + 6y

Byq _|_ yl Sy’;

—ye =3y,
— 3y, —

=0

Ny’3 =0

yé_Nny_O

(

Yy, = =3y,

Yy =2y, — Y.,
yé = =2y, — Yy,
Yo = —4Yg + Yy,

NI/R No. for each generation — 1
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1. Fermion decouple: y!, =1, =1/

3. vr decouple: yl’/R =0 = y, = 4%, Ye

4. Left-Right symmetric: y(; =y, =Y, = Yy =y.= y’yR = —3%

models | U(1)p_yre—yL, | U(1)10 4,5 gen—dep U(1)4—_,, gen—dep U(1) peutyetzt | 2+1 leptocratic

ql,L 1/3 1/3 0 1/3 1/3

UR 1/3 —1/3 —x/3 x/3 x/3

dp 1/3 —xz/3 1/3 (2—2)/3 (2—12)/3

2.1 1/3 1/3 0 1/3 1/3

CR 1/3 —1/3 —y/3 y/3 x/3

SR 1/3 —y/3 1/3 (2—-y)/3 (2—=)/3

q3.1 1/3 1/3 0 1/3 1/3

tR 1/3 —~1/3 2—2(zty)£V/3—22—y? z/3 x/3

br 1/3 34 24y 1/3 (2 —2)/3 (2—x)/3
(vf,er) —x x/3 (x —1)/3 -1 -1 -2y

eR —x —1/3 x/3 —(24x)/3 —(24x)/3 — 2y
(Vi prL) —y y/3 (y—1)/3 —1 y — 1

KR —y —1/3 y/3 -2+y)/3 | —2+x)/3+y
v.To) | z+y-—3 3+ 7§ G 1 y—1

TR z+y—3 ~1/3 r+y—3F3V3-22—y2| —(2+2)/3 | —(2+x)/3+y

Qing Wang

Y.Zhang and Q.Wang JHEP07(2009)012 P. O
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Z' Pull at r = yé/y;

Observable SM Pull -2 -1 -0.5 0 0.1 0.25 0.5 1 2
Mz [GeV] 0.1 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
'z [GeV] -0.1 026 026 026 027 027 005 026 026 0.26
I'haa [GeV] - 0.18 0.18 0.18 0.19 0.19 0.07r 0.18 0.18 0.18
Liny [MeV] - 0.16 0.16 0.16 0.16 0.16 -0.02 0.16 0.15 0.15
L' [MeV] - -0.43 -043 -043 -044 -0.44 -0.01 -0.45 -0.44 -0.44
Ohad [nD] 1.5 -0.80 -0.80 -0.81 -0.81 -0.83 -0.01 -0.82 -0.81 -0.81
R, 1.4 027 027 027 028 028 0.04 028 027 0.27
Ry, 0.8 0.05 005 005 005 005 -0.01 005 0.05 0.05
R. 0.0 -0.02 -0.02 -0.02 -0.02 -0.02 0.00 -0.02 -0.02 -0.02
A%p -0.7 0.06 006 006 006 006 007 006 0.06 0.06
A%B 2.7 034 034 034 034 034 037 034 034 034
A%p -0.9 0.13 0.13 013 013 013 013 0.13 013 0.13
A%g -0.6 0.05 005 005 005 005 005 005 0.05 0.05
A, 1.8 033 033 033 033 032 038 033 033 033
Ay -0.6 0.02 002 002 002 002 000 002 0.02 0.02
A, 0.1 0.03 003 003 003 003 001 003 003 o0.03
Ag -0.4 0.00 000 000 000 000 000 0.00 0.00 o0.00

Y.Zhang ArXiv: 1106.0163 [hep-ph]

Qing Wang P. 10
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Y.Zhang ArXiv: 1106.0163 [hep-ph]
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7' Decay

N¢GpM

3
Co(ff i) = 2Ly + v R )
z/(f[) 6v/om (95v + 9ia) s WitV
_ GpM, { 2 ,2}
Pz(ut) = =729 + ¥ (T, (ui)=T,/(dd)=T /(&) =T, (vi) =0
_ G M _
I'z(dd) = F Ton {5y’§—4yqy;+y?’f} T (ui) =T, (dd) = 3T 4/ (e&) = 3T 4 (vir)
<
or’ /(uﬂ) = 9I' /(dJ) =1 /(eé) =T /(VI?)
['zi(ee) = 3\/% {13y +4y, Y Y } “ “ 7 7
I (ua) T,/(dd) T,_/(ee) T ,/(vD)
T (i _GFM 252 8yl +y" \ =G = =5
Generation Independent Charges
R — I'y(had.)  5472_-36r+18 R — I'yr(had.) _ 54r2—-36r418 (7
e I',(e€) ~— 13r24+4r+41 v Ty(wo) = 25r2—8r+1 /
T_yq_< 0
—— =4 1
R! = FZ/(bB) _ b5rl—dr+1 R = Ly(tt) r’+1 yT’i 4
b~ T(had.) — 18r2—12r+6 t — T, (had.) — 18r2—12r+6 .
2g..g 3
/ f) = VO A / f :_A/ e / f
r(f) o2 1 g ra(f) = JALR(e)ALr(f)

Qing Wang

Fermion decouple

Right Handed

LR symmetric

v decouple

Fermion decouple
Right Handed
v decouple

LR symmetric
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e C: Topcolor assisted tecnicolor C.T.Hill, Phys.Lett.B345(1995)483 formulation

~
Zhang,Jiang,Lang,Wang Phys.Rev.D77(2008)055003

e C: Natural Topcolor-assisted tecnicolor K.Lane,E.Eichten,Phys.Lett.B352(1995)382 ETc
Lang,Jiang,Wang PhyZRev.D79(2009)015002

e F: New strong interactions at the Tevatron?
R.S.Chivukula, A.G.Cohen, E.H.Simmons, Phys.Lett.B380(1996)92

o C: Symmetry breaking and generational mixing in top-color-assisted technicolor
Ge, Jiang,Wang Phys.Rev.D84(2011)015009 e opeoior

K.Lane, Phys.Rev.D54(1996)2204 walking effects SUBH  SU®), SUQ)y Uy U
I o SM SM e SM
I = SM SM e M
I SM cee SM SM cee

e F: A heavy top quark from flavor-universal colorons

Flavor-universal topcolor

M.B.Popovic, E.H.Simmons, Phys.Rev.D58(1998)095007 o St e b b,
m M . wm owm ™

e F: A new model of topcolor-assisted technicolor

Hypercharge-universal topcolor

K.Lane, Phys.Lett.B433(1998)96 Tty et
I SM SM SM
I SM SM SM
I SM s SM SM

e H: Hypercharge-universal topcolor F.Braam, M.Flossdorf, R.S.Chivukula,

Lang,Jiang,Wang PP?)(rs.Lett.Bﬁ73(2009)63 P 17
S.D.Chiara,E.H.Simmons, PhysRevD77,(2008)055005 Hypercharge effects

Qing Wang




Mz'/ TeV

: 04 e ———— -
K/A=1 N=3,k/A=1
i N=3,ik/A=10""
_ N=3 k/A=1072 |
Mz =05TeV = T <037 ' N=3,k/A=10""
camB L e e e e e N=6,k/A=1
L Mp=1TeV =T<00223) | T~ ™ |-- M= At O
_8 A 5 g2l
o Mz =2TeV = T <0004 1 NEORASTO
KA=107" e T T T N=6,k/A=10
Mzr =4 TeV = T < 0.002 - 025 - o
02+ o R oy
My < 400 GeV
107 o ----1-0_2 o ----1-0_1 o H”;o” 107 o ”“1I0‘2 o ””1I0‘1 | | 10
T T

Mz =021TeV, N=3 = T <074
Mz =02TeV, N=6 = T <025
My —03TeV, N=3 = T < 0.003F

Mzr <1 TeV = T ~ 1073
Mz ~2—-3TeV = T~ 107"

Three kinds of
sz ey 2.08 TeV

10°° 10°° 107" 1072 1072 10" 10° There is no bound for K.Lane’s second TC2 modgl !




f{gh{/‘% ‘ Summary |

e 7' not only is the simplest New Physics particle

® but a|SO can improve gIObaI fitting reSUIt Very mUCh in contrast to Higgs

Even SM higgs is found, Z’ is needed in the sense of reducing global fitting result

e We build the most general EWCL for Z’

e Parameterize general & classify v — Z — Z' mixing

e Constrain & classify fermion charges to Z' by anomaly cancelation

e Perform our global fit

e Compute various R', A1r, ArnB

e Discuss My in four TC2 models

Qing Wang P. 19
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1.96TeV-13fb"
1.96TeV-8.0fb"
7TeV-50pb”
7TeV-100 pb”
10TeV-100 pb”’
10TeV - 200 pb™
14TeV-1fb"
14TeV-10fb '

14TeV-100fb"

Discovery Reach (GeV)
10°

Masses in units of the proton mass (1GeV)

10%

I T TTTTI
I =6 Model -

[ E6 Model -
N £6 Model - n
N LR Symmetric
IR Alt. LRSM
[ Ununified Model
B Scquential SM
I TC2

I Littlest Higgs
I Simplest LH
[ Anom. Free SLH
3 331 (2U1D)
[ su@)x SuE),
I U(1) x U(1),

Group:

1000 —

100 —_—

10 —

0.1 —_—

0.01 —

SU(2)L ® U(1) ® U(1Y

A

0.001 -

o Sg

~w

u

e
Ve Ur Yy

h()

Zl (¢D/)

Wj:) ZJ (d)ii ¢O)

7 B

Atlas: M,/ > 1.83TeV for sequential SM at 7TeV in 1.08 eTe™ (1.21 11 ~) fb~ L channel-PRL107,272002(2011
Z

Qing Wang
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o SU(2),@U(1)@U(1)trans: (919 ¢i)  U(1)omtrans: (eifem(friet) - gifent)
= lem = t% + 1+ ct’ [t%, t,] =0 ¢ # 0 for StueckelbergZ’

e Goldstone: representative coset element (U, 1) under SU(2),®U(1)®U(1)’ trans

<€i9“t%+z’9’t’, eiet)(ﬁ 1) _gn=n'h_ (@wat%—l—i@/t/Ue—iQ(t%—Fct/z’ 1) (ew(t%—i—ct/), et

A 7/

U’ U(Dem

e U transform under SU(2), ® U(1) @ U(1) as:

[ — i0"ti+i0't" [1 o—ib(t}+ct’)

3
A A~ . N LA T .
DU =0,U +i[ go Wu+ g1 XU — zU[? g1+ g1, |B, 4 couplings !

g —qg” g’ g’: Stueckelberg

Qing Wang P. 23



EES

Tsinghua University / « =
‘ General v-Z-7 Mlxmgl
V

A 2 1] ~ N 1 N 2 1
=PV + 5 B r (wTV0) + a0l TV 4 - By 5 (wel0,) = viMEY,

not |nd not ind
1 -
= (1 =281 (gW, —¢'Bu) "+ (1 —283)f" (9" X+ §'Bu)" + BQf (¢"X, +3Bu)"
922, gz: 9%+g'? ”Zl& ”Zﬂ
1 2 1 2 1 1 uv 1 2 2
L = _ZBW — itr[WW] 4XW -+ 50199 "B tr[TWH] + 1089 (tr[TW o))
1 v
—I—gg"ozg4XWtr[TWW] —+ g/g,/Oézg,Bw/XMV = _ZVZV’COVM V/J,,/ = 8“\/,, — 8,/\}“
—/9 __/ _=/ _ 11— =
T4 A Es g /¢ 3
M(2) — f2 gg + 99 82 % %NB2 4 independent coefficients: —, —, — ﬁg
gg 3 —” ! 33" 7 112 g g" g
B2 —|— 5052 g
1 l—ay, —aop, —20a.
’CO = _Z — g 1 —QOéd 4 independent coefficients: ¢y, Op, e, Oy

—20, —20y 1

Qing Wang P. 24



“\'%\

d

\)
9
2]
g

g

‘ Corrections due to 7’ |
Tsinghua University
Mz = f2{

2
< e +(iA11—iA21)) —I—g//2A§1}

CwWSw SwW cw

1
Mz, = 23 ¢"%(1 + As3z)? Z(QAB — g'Ag3) }
4swew
AS = {(swA11 — 2swew (swAiz + cwlaz) — cwlar)}
482 02 12 882
AT ~ — V(‘; Wg€2 Az, AU = — aW(CWAll + sty Atz + spyewAgo)

9//3WCW
As1 (Y, + Yir)

0giv = cwAiitsir + swlo1(yir + Vir) +

!/
g SwcCw
As1(Yir, — Yir)

0gia = cwAiitsip + swlAo1 (Vi — Vir) +

/

0giv = g—AlgtSzL + g Azs(yzL +yir) + As3(Yir + Vir)

g
(59;,4 A13t3zL + T A23(yzL Yir) + A33(%’;/; — ?J;;R)
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Y EZSE

Tsinghua University

Global Fittings

. . 2 . . . 2
2 O:exp o 11:h Otlaxp o ( 1SM + AOIZ’) 0 2
=) . =) . =20.9 —*=0
i dO! i dO! 8Aij
T A11—0.00017A39 SD |A19+1.6A39 SD A91—0.00057A39 SD g//y;[A31+0.000014A32] SD
-b -0.00035 0.00029 0.00012 0.00032 -0.00081 0.00092 -0.000010 0.0000074
-4 -0.00035 0.00029 0.00011 0.00032 -0.00079 0.00091 -0.000013 0.0000091
-3 -0.00033 0.00028 0.00010 0.00032 -0.00075 0.00090 -0.000017 0.000012
-2 -0.00031 0.00028 0.000078 0.00032 -0.00067 0.00089 -0.000024 0.000017
-1 -0.00024 0.00026 0.000017 0.00032 -0.00047 0.00086 -0.000043 0.000031
-0.5 -0.00015 0.00025 -0.000073 0.00033 -0.00016 0.00086 -0.000072 0.000051
0 0.00035 0.00042 -0.00054 0.00052 0.0014 0.0015 -0.00022 0.00015
0.1 0.00086 0.00067 -0.0010 0.00073 0.0030 0.0022 -0.00037 0.00024
0.25 -0.00015 0.020 0.000051 0.019 -0.00034 0.062 0 0.0058
0.5 -0.0011 0.00073 0.00085 0.00063 -0.0032 0.0022 0.00022 0.00015
1 0.00063 0.00043 0.00038 0.00040 -0.0017 0.0013 0.000072 0.000051
2 -0.00045 0.00035 0.00025 0.00035 -0.0013 0.0011 0.000031 0.000022
3 -0.00046 0.00034 0.00022 0.00034 -0.0011 0.0010 0.000020 0.000014
4 -0.00044 0.00033 0.00020 0.00034 -0.0011 0.0010 0.000014 0.000010
5 -0.00043 0.00032 0.00019 0.00034 -0.0010 0.0010 0.000011 0.0000081

Xom = 259, mpyg = QOfggGeV, m; — 163.5+1.3GeV SD = Standard Deviation
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Hors s
\\“\\“j T g h U

SU(N)rc ® SU(3); ® SU(3)2 @ SU(2), @ U(1); ® U(1)s
U U

u colorons 7'

N\ v
SUN)rc ®SU(3)c®SU((2), ® U(1)y
Y
v W=, Z EWCL

v
SU(N)tc ® SU(3)c ® U(1)em
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