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Unified parametrisation

= Symmetry breaking

= U(1)y x U(1)z ~ U(L)y x U(1)y Vi> U(1)y
= Scalar Charge:

= S~ (O(Y), ;(x)> (Charge normalisation)
= Gauge Kinetic Lagrangian (U(1))

v 1Xu XM — 1B, BRY — snxX,, B

= Transformations:

» Go to Canonical Kinetic basis (Ogxu)
= GotoU(1)y x U(1)x basis (Oy(1))
* Go to mass basis (0ngs)

- VPhys = (Omas X OU(l) X OGKM) : Vgauge
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Theoretical Constraints

M2
_ 2.2 w
M%l = M%cos2 oy 4+ Mz©sin® o, = 020,
(Mz? cos® o, + M5sin® o) /tan” 6, = My (7 + X,%)
2 M2
My? — M3) sin2c,/tan 6, = =2 W
( 7 Z) sin 2,/ tan c0s0,,

= No assumption of the smallness of o7, x
= Careful parametrisation

» g, notan observable, g, is

= X, goes away from anomaly cancellation

Formalism

tanf, = gr
g
/
Y
gh = gxsecx

)(q,:xd,—ﬂsinx
Ix



Charges — Anomaly

Anomaly Cancellation
[SU2)JPU(L)x = 3xg +x =0
[SU3)cPU(L)x = 2xg = x4 + Xy
Gauge Gravity = 6xq + 2x; = 3(xy + Xg) + (Xe + x1)
[U(L)y)2U(1)x=> 2xq + 6x; = 16x, + 4x4 + 12xe
= Five charges, Four equations — One parameter ~ K,

Fermion Masses

= Dirac mass
P Xg—Xg=Xqg—Xu=Xg — XN =Xe —Xg = —Xg/2
S EIIERERVER
= xy=—1/4(xs =1/2)
* Xy not free parameter . neitheris k,! = Inthe
i (Mz, az, tan 0y) formalism there is no model dependence
T



Models

Charge parametrisation
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pp —Z — [T~ = Can be factorised:

P opp =7 = £H0) ~

+ T )
7' & [ Wy (S, M%r) + Wy (S, M%)]

p - Cg = [(gf)er(gg)z]BR(Z’—%*Z*)
wy, wg — PDF folding (NLO)




Unitarity

MWW, — WEW) =0

F(Z — wrw)/ Mz

W
z;<
\"\'

8 g? cos® 0, E* 2 c0s2 B, sin> A\
cg 4 W sin?a, < 8T 1 g®cos® 6y sin® oy M_Z
3 My, 641 3 My
M} sin? a, < 487 x 1
'n’ [
(M2 cos? o, + M2, sin? o) V2Gr

Exclusions
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v,-e scattering or gy, g,

Vu Vu = Purely NC
= Ancient (Gargamelle)
e e = Of course, LEP

ve 5

LFF=—7’%[7 (1=7°) ] [Bva (91° — 95°7°) €]

1 . 1
(G7)™ = (@)™ = > + 250, (65" = ()" = 2
BSM Kzg¢, Kzq'S
e _ 2 (v.A) (V.A)
<gl(jv,A)> = M1, ( M2 + "2

gl = —0.040 £ 0.015,  g4¢ = —0.507 + 0.014,
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5

My [TeV]

ty =4 | My exclusionata, =0 5.1 TeV
Lowest possible value of Mz | 4.4 TeV
ty =1 | My exclusionata, =0 3.8 TeV
Lowest possible value of M | 3.0 TeV

Maximum | sin cr;| ~ 10 * (Conservative)



7U()g *U)s T

» M, =55TeV
= tanf, =1

» sino, = —107"




Summary

= (Mz, az, tan 6,) parametrisation absorbs model dpndnc
» Bounds from different sides on the Z’ parameter space

= DY bound strongest, situational merits for unitarity and
low energy bounds

= ForaZ coupling as strongly as the SM W, My = 4.5 TeV,
loz| < 0.001 at 95% CL.

Directions

= Low mass Z (Dent, Kim)
= Loops
= Eg
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st

Faq (X-.Vv Mﬁ/)

Fgq (ny, M;)

Agq (z, Mé,)

Agq (z, M%,)

where Cp = 4/3and Tr = 1/2

Results

= [ flofas ("2 m)

{qu (x,y, Mz') Agq (z,

e (1) e (108) 6.

= fgep (Xv M%/) [fq<—P (.Vv M%/) + fgep (J/v Mﬁ/)] +x ey,

2
= 6(17z>+QS(,A:Z/)CF[(%Z*“)“(l 9
—2(1+z)|n(1—z)+4(1+22)(Ingl —Zz)> } ’
- +
-, A (RSP SN et/ SR
B 2 Z 3 22|

1 1
| o taw = [ axtit) — i g00).
0 0

ZI) +Fgq (X’y’Mé') Agq (Z'Mﬁl) }

(3a)

(3b)

(4a)

(4b)
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B, cos@, —sinB,cosc,  sinB,sinoy AL
WZ = | sinf, cosf,cosa, — cosb,sina, Zy | . (6)
X, 0 sin Ccos o, Z,

Results 19
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