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Abstract: s-channel resonances are predicted by many models of Physics Beyond the Standard Model and it is quite possible that such an object will
be discovered in the early years of the LHC program. If this occurs, the task will be to understand its origins. A brief survey of models that predict
s-channel resonances will be given, concentrating mainly on extra neutral gauge bosons (Z' 's) arising from extended gauge theories. This will be
followed by a description of how to search for aZ' and the resulting Z' discovery reach of the LHC. | will describe various diagnostic measurements

to study Z' 's and describe some new observables we have proposed that can distinguish between models that take advantage of the ability to tag 3rd
generation fermions.
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1. Models of Physics Beyond the Standard Model
2. Discovery Reach of Z' at the LHC

3. Identification of Z' at the LHC

4. Using 379 Generation Fermions to IDa Z

5. Summary

Some reviews on Z' 's:
*T. Rizzo, hep-ph/0610104
*A. Leike, Phys. Rept. 183, 193 (1989)
M. Cvetic & S. Godfrey, hep-ph/9504216
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Why New Physics at TeV ?

Believe standard model is low energy
effective theory

Expect some form of new physics to
exist beyond the SM

Don't know what it is

Need experiments to to show the way
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Many Models of New Physics

xtended gauge sectors
Extra U(1) factors: Eg — SU(5) x U(1)y x U(1)y
Left-Right symmetric model: SU(2); x SU(2)g x U(1)

1ttle Higgs W= Zy Bpy

xtra dimensions (ADD, RS, UED...): KK excitations

*ADD: Graviton tower exchange effective operators: i-1+1.
*Randall-Sundrum Gravitons: Discrete KK graviton spectrum

USY & SUSY GUTS
echnicolour
opcolour

nparticles
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*How do we discover the new physics?
*How do we identify the new physics?
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*How do we discover the new physics?
‘How do we identify the new physics?

Possible Routes:
*Direct Discovery
‘Indirect discovery assuming specific models
‘Indirect tests of New Physics via L, 4
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*How do we discover the new physics?
*How do we identify the new physics?

Possible Routes:
*Direct Discovery
*Indirect discovery assuming specific models
*Indirect tests of New Physics via L_4

Tools for "direct” measurements:
‘Production of exotic particles
-Di-fermion channel
Anomalous gauge boson couplings
*Anomalous fermion couplings

~wtfliggs couplings



To sort out the models we need to elucidate and complete
the TeV particle spectrum

Many types of new particles:
+  Extra gauge bosons
Vector resonances
»  New fermions
- Extended Higgs sector
Pseudo Goldstone bosons
+  Leptoquarks..
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To sort out the models we need to elucidate and complete
the TeV particle spectrum

Many types of new particles:
+  Extra gauge bosons
- Vector resonances
»  New fermions
- Extended Higgs sector
»+ Pseudo Goldstone bosons
+  Leptoquarks..
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What do these models have in common?
Almost all of these models have new s-channel
structure at ~TeV scale
‘Either from extended gauge bosons or
new resonances
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What do these models have in common?
Almost all of these models have new s-channel
structure at ~TeV scale
‘Either from extended gauge bosons or
new resonances

How do we distinguish the models?
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Survey of BSM Models

want to focus on predictions of the models;
OT the theoretical nitty gritty details

o start with a rather superficial overview of some
ecent models
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What do these models have in common?
Almost all of these models have new s-channel
structure at ~TeV scale
‘Either from extended gauge bosons or
new resonances

How do we distinguish the models?
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Survey of BSM Models

want to focus on predictions of the models;
OT the theoretical nitty gritty details

o start with a rather superficial overview of some
ecent models
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Extended Gauge Theories

ffective Rank-5 Models (. 7. 1)
Eg — SO(10) x U(1)y — SU(5) x Ul 1)y X U(l)y — SM x U L)6es
The Z' charges are given as

QZ' ( gzx Q’Z' } {Q'{ COS HE_ & = Q.' HID- HE )

eft-Right Symmetric Model (LR)
SO(10) = SU3)c x SU(2)L x SU(2)p xU(1)p_1

The Z' -fermion couplings are given by
| | | -
gzo [-?‘H'Tzu Rl —aw)lap— J‘ii'QJ
VE— (1l +K)Tw

055 < % =(grlagr)" <12
arvard Model (un-unified model) ST (2); x SU(2), x U(1)y
] x . p
Z'-fermion couplings " m( 8
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Little Higgs

The little Higgs models are a new approach to stabilize the

weak scale GQGIHST radiative corrections
New Strong Dynamics

10 TeV 1 Global Symmetry

1Tev —+ Symmetries Broken

Pseudo-Goldstone Scalars

New Gauge Bosons related to SU2)W; Zg Bg
New Heavy Top cancels quadratic divergences

100 GeV1= | it Higas

SM vector bosons & fermions

- Parameters:
o wE:
e Hx+ 14 fmvev
& s, s': GB mixing
anagles
h RREE——— Z 9
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Extra Dimensions

n most scenarios our 3-dimensional space is a
-brane embedded in a D-dimensional spacetime

asic signal is KK tower of states corresponding
o a particle propagating in the higher dimensional
pace-time

he details depend on geometry of extra dimensions

any variations
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ADD Type of Extra Dimensions

(Arkam-Hamed Dimopoulos Dvali)

Have a KK tower of graviton states in 4D which behaves
like a continuous spectrum

_4A
Graviton tower exchange effective operators: E_Ul—g}

(137

Leads to deviations in e7e~ — ff dependent on % and s/M,

Also predicts graviscalars and gravitensors propagating in
extra dimensions

Mixing of graviscalar with Higgs leads to significant
invisible width of Higgs
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Randall Sundrum Model

2 3+1 dimensional branes separated
by a 5™ dimension

Predicts existence of the radion which
corresponds to fluctuations in the size
of the extra dimension

Radion couplings are very similar to SM Higgs except for
anomalous couplings to gluon and photon pairs

Radion can mix with the Higgs boson

Results in changes in the Higgs BR's from SM predictions

Also expect large couplings for KK states of fermions

- Expect supressionof h — WW. ZZ
- wenhancement of h — gg, 77 e
AAAN,



Randall-Sundrum Gravitons:

he spectrum of the graviton KK states is discrete and
nevenly spaced

xpect production of TeV scale graviton resonances in
-fermon channels

2 parameters; 105 .
ass of the first KK state : E
upling strength of E 7F | 3
he graviton R IL & ‘? ]

controls the width) : i J | NN
1gl '

200 (5,018 7ol 12030 1250 154
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Randall Sundrum Model

2 3+1 dimensional branes separated
by a 5™ dimension

Predicts existence of the radion which
corresponds to fluctuations in the size
of the extra dimension

Radion couplings are very similar to SM Higgs except for
anomalous couplings to gluon and photon pairs

Radion can mix with the Higgs boson

Results in changes in the Higgs BR's from SM predictions

Also expect large couplings for KK states of fermions

- Expect supressionof h — WW. ZZ
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Universal Extra Dimensions

Appelquist. Cheng. Dobrescu. hep-ph 0012100

Cheng. Matchev. Schmaliz. hep-ph/ 0204324 | m 5 Sp ectru - 7=
Il SM particles propagate in the bulk |
" —t

800~ q 1 sgo

. , M : _

K towers for SM particles with g | — = — ]
pin quantum numbers identical to SM | |

articles ~ |
pectrum resembles that of SUSY — ML

Eq

, ossible decay chains
ave conservation of KK number at P W ,_

Q—

ee level leading to KK parity = (-1)" - - ®
. Z _'i_j ; L71

nsures that lightest KK partners are \E N 8 b

ways pair produced NG TN

a.lightest KK particle is stable Tege Sl



New s-channel Resonances

New s-channel structure at ~TeV scale appear in

almost all models

Spm 1 appear in many models:

Z' in string inspired models

Z', W' in extended gauge sectors

Zp_, W, in left-right symmetric models

Z,,, W, in Little Higgs Models

* Zy, 7wk, Wy, in theories with extra dimensions

And scalar states:

Scalars (Higgs bosons)

Radions

Graviscalars

SUSY neutrilino

Also possible higher spin states:
Gravitons in theories with extra dimensions
String resonances
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Z’ Production at Hadron Colliders

Y — .
do _ 2ma,,TATB

dydM d cos 6~ - IN3

Y (1 +cos? 0%)S,GF +2cos8* A,G; ]

q 1

q

22

g\* S |
9 A —)
S (E‘ (5 — M?)? —f—F_sz,

G, = |fq/a(za)f3/B(xB) £ f5/4(xa)fq/B(ZB))
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J[-Zr = 1.5 TeV

(Ib/GeV)

pr > 50 GeV

In| < 2.5

i

do(pp QQ + X )/dM .

0 1000 2000 3000 4000
dM . = (GeV)

J77;

4 .9 2 9 2 ;
) (Cf e )Y (e tetie

{fPage 27/70
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New Z' Gauge Bosons: Di-lepton Resonance Search

-Select 2 opposite sign high p; isolated leptons and
examine invariant mass distribution

KK in Extra Dimensions Little Higgs Model A, and Z,,
vrpedos & Polesello, Eor. Phys, J C38. 52 <1 2
ATLAS e’ e
: 1 T | | = T | T =
102k = _l - —  Z, cate= =
R . == W1 M =4 Tey 3 | —  Z,co0-02 ATLAS 1
) 'L“-L — M2 Mgt TeV S{ 103 — Crell-Yan =
2 : & 2 3
T 1 3 s =
= F L 3 S T 1
3 ! 4 30 L =
'95 2 - L S Flend. . -
E E & 2 = VUL E -
& F ¥ s e . L b .
i e H-_ .% 1 B . L ] _'L"J| I_-"_ -
o 3 a E i
E J]JJI i 13 Z,>ee : 5
Ir | B y
B . - - : T 4 J.L = 100 fb_l
10 “L : '||_|[| | yodge 4 10 = | L | |
2000 | 4000 &000 1600 1800 2000 2200 2400 !
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J[Zr =1.5 TeV

(Ib/GeV)

pr > 50 GeV

In| < 2.5

yI

da(pp QQ + X )/dM .

0 1000 2000 3000 4000
dM . = (GeV)

J7y7

4 3 2, 5 - :
) (€f xef) Y (i £crGE

(fPage 29/70
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do @ a_ . TATH (gzr
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New Z' Gauge Bosons: Di-lepton Resonance Search

-Select 2 opposite sign high p; isolated leptons and
examine invariant mass distribution

KK in Extra Dimensions Little Higgs Model A, and Z,,

rpelos & Polesello. Eor. Phys, J C39. 52, 51 2l

ATLAS e’ e
’ | I | ,.i : 1 | ] :
10 =L — SM 4 B £, cotf=1.0 ]
1 —— MM =4TeY 3 | —  Z.cow=02 n ATLAS 1
Y M2 M-8 TeV 3 02l — DelYam [ =1
0 . iy | n = =1
- 0 G d o
8 3 s L
> 2 3 q 1
& h I 1 :ém = =
S. L - :-q- : ; E g-.:-hl't-_-- LT L- E
- 3 - AR ] -
T r d’|]_ 3 ]LJJ.,_ T P _'T_,{ o
. 1] ] 4 1 = ") -. i -|-"'- =
10 & - E il || el
: ‘-Jlf:: " - Zsee Vel |
My ts | . L= 100 fb- |
10 = i |—|ﬂ i ::; = 10 = i | i i - |
2000 4000 5000 1600 1800 2000 2200 2400 1
m_ (GeV) ; .
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Discovery Limits New for Z° Gauge Bosons

Z'—uypu production

10°
10*
103
107
10!
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Di-lepton Resonance Search at the Tevatron
elect 2 opposite sign high p;isolated leptons and

xamine invariant mass distribution CDF preliminary, 443 pb"
o vl F ] e Dax
f you find a peak: 3wl A O
-quantify its significance s "'\ =
. ‘: o . > E — ? - Ul er cacaormrcs
'Mleasure ITS r__* N BR w 4 E.—'_— - :r_l.ﬂzﬂ_i:‘lﬁ
f you don't: : e G
Derive upper limit on 6 xBR ) Bl
) 50 100 150 200 250 300 350 400 A4S0 500
-Constrain models M (GeV/c)) .
CDF. di-electrons and di-muons combined. 200 pb-t =~ = £ Ninss
— - BRIV— I} NLO i 1“ — GBRIZ_ M LO3 — BRIGF— ) LO=13
i RPY 7_13 * BR=0.01) - - OBRIZ_— ) LOx13 RS Gravlten (WM, —9.1)
f_ . =% CL B ||
— il . - o BRIX— au)
= '\.‘ — CHRIX— &2
- o ‘.‘ g HE W— [}
2 | A, \Z'ssm \
Ao N an = - 2NN
':i ‘h‘“ o i, ' %
i a]spm-{l @ ¢) spin-2

200 300 200 mm 200 300 600 $08° >4
‘( mafGﬂ fc %
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Little Higgs Model A, and Z,

Signal : di-lepton resonance
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pirs: 09030012 Reach up to 5.7 TeV depending on the 6 angle Page 3370




Little Higgs Model:W,,

irsa: 09030012

ats20 e/ 1K Th

W,= eu
Background: hu via virtual W,
labeled Drell-Yan

!

Wi, col-0 2
ATLAS
= E .L.IL; - -
o . 1 d
1000 1300 2000 2500 3 ,'.[;*L‘
ry i:ll('_*\'.'

Myw = 2 TeV, JL = 100 fb!
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Randall Sundrum Gravitons

Study the channel pp—>Graviton— e+e-

e'i'
Pt
g &

Signal + Drell-Yan background sensitivity

- - ~ Discovery Lt of Randail-Sundrom Gravion: G - es
9 2 ﬂ_ Randail Sungrum Graviton: C — =2
— -
a - CMS: Full Simulation and reconstrecton 5
= ]

S 4 and | L=100 = < n 00 1
=] - <
: :E 10 .....'.__.!;-._ - e -
e =
] =
& a
> Ly .
W
= -

B 2o

-
&
a s CMS - Full simulation
and Reconstruction

10’ : .
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Mass {TEUR.'I) Craviton Mass (GaV)
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Discovery Reach at the LHC

e 1{}2 = T T T T T - o
o - / =
= - Vs=14TeV :
o
=
'é 10 = =
=0 = =3
_I = =
1 = =
107 =— —— E6 Model - « =
0 = — E6 Model - v -
- —— [E6 Model - -
- — LR Symmetric =
- Alt. LR Symmetnc -
= —— Seguential SM =
. / . . l .
2
10 1000 1500 2000 2500 3000 3500 4000 4500
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CDF 95% Confidence Limits
n SSM
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L
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Model | Electroweak | ata- pp | HC
Tevatron | | =100fb!

SSM 1200 1305 | 923 4300

LR 860 600 | 630 4300

1 680 /781|822 4200

L 431 473 | 822 3700

n 619 215 | 891 3900

PDG Phys. Lett. B667. 1 (2008)
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CDF 95% Confidence Limits

n SSM
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£

]
i
> r‘
i
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1300
M- (GeV)

Page 39/70

b

740

Illlll IIP .

= (&
i

107}

(,. ) Ausoujwin?

NN

o e e ot 0 e e o 0 o 1Lrlillllally‘hr4]n|:vlll
N .
", "

™

1 N
B e e L Ll _l.-lurr.lfl_l..__lrll.l..ll_llll__.ll..l_.n_l:ll..l....ll_ra..lz.{f;lrl.ilrl_

200 4800

800

Pirsa: 09030012



Discovery Reach at the LHC
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Model |Electroweak \ ete- ofs L HC
I Tevatron | | =100fb!
SSM 1500 | 1305 |923 4300
LR 860 600 | 630 4300
L 680 /781|822 4200
L 431 475 | 822 3700
n 619 215 | 891 3900

PDG Phys. Lett. B667. 1 (2008)
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LHC Discovers S-channel Resonance !!
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LHC Discovers S-channel Resonance !!

N/]U[} (e".r‘/ 1000 fb~!
i
[l
[ 1}
|,:|II
ll|'
|
|
0
| i
|
| |
|
4

10”1

1000 2000 3000 4000 SCC0
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LHC Discovers S-channel Resonance !!

(=]

0
|

N/100 GeV/3000 fb™'
1
[l
[ 1)
|,:|”
I
f._
I
L
III _? l
|
|
i \

10”1 =

E 1 ] | l L] 1 _:-_-:
1000 2000 3000 4000 5000

M (GeV)
What is it?
Many possibilities for an s-channel resonances:
L, Ay, Z,, graviton, KK excitations, ... swan



How do we distinguish them?

tart by assuming the LHC discovers single rather
eavy resonance

hat is it?
ools are:
*Cross sections & Widths
opp — Z' — I117) ~ o(pp — Z')B(Z' — IT1°)
o(pp — Z' — 717 )z is independent of B

. L2 > fH=Mzg(CL +CL ) 24x
Angular Distributions

‘Rapidity Distributions
-Couplings (decays, polarization..)
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M, distribution gives some information
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Use angular distributions to determine spin

e observe a peak in di-lepton spectrum
Is it a new gauge boson or a RS KK excitation?
> Use angular distributions to study the spin of the object

= A ' T . : P -'\\ = '\ { > l
| | 4'={ C2Y _;%‘k

85
cos{H™)
irsa: 09030012 Allanach et al [hep-ph 006t 1%7_?

Rizzo [hep-ph 0610104]
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- — i = = = dcos 6
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Use angular distributions to determine spin

e observe a peak in di-lepton spectrum
Is it a new gauge boson or a RS KK excitation?
> Use anqular distributions to study the spin of the object

B - o l
150 - | 1 T | . [ —— \;-=‘,( v A 1
| Ak Aex e |

05
cos(E*)
Pirsa: 09030012 i Allanach et al [hep-ph 006%f 1%}



S e = ()’
9 \e/ (8— M?2)24T2Z,MZ,

GE = [fya(xa)fqB(xB) £ fz74(z4) fyB(zB))

do= dot do P : R . do
o — o — = i dcosf
dydM  dydM  dydM o 3 dydM d cos 6*

narrow width approximation:
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IS the rapidity of the Z', M the invariant mass of final state
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Forward Backward Asymmetry: A
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== LHC can resolve to some extent



cy,. .2 N
do _ 2mag,,TATB

Y [(1+cos®07)S,G7 +2cos 0" A,G ]
q

A5
5_

4
) (53— M2)2+T2,MZ,

G, = [fq/-&(l'_%)frjfB(IB) + f3/4(za)fq/B(ZzB)]

do= dof doB < do
— = s dcosf”
dydM dydM ddeI dydMd cos 6*

arrow width approximation:
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IS the rapidity of the Z', M the invariant mass of final state
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Forward Backward Asymmetry: A
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LHC can resolve to some extent



Rapidity Binning: r, .

TN elndel y

Pirsa: 09030012

Shape of the different quark fractions
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Dittmar. Nicollerat, Dyjouadi. hep-ph/ 0307020
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Combined Fits 15t Approach

riello & Quackenbush PRD77, 115004 (2008) [see also Carena et al, PRD70, 093009 (2004)]

4 model| dependent factors to determine:
My . . e |
i (CE +CP)(CR* +C1%) q=ud

Mz 2\ e2 2
eq = 5, =(Ck” — C1)(CE* - C1?)

Divide phase space into 4 regions iny and 6

— /—1 Al d;;di; g+ dy

B, = /‘”: /“3' dgdcizu o
(/ /;-; i L rh;rf cos §* dy
il (] b /—; ) / dydmﬂ’i* ay

Calculate the model independent stuff
then fit to 4 coupling factors

Cq =




Z' ¢ Couplings, y=0.8, M,=1.5 TeV

] > L ==l
- — Z' e Couplings. y—ﬂ.ﬂ, lullz.—l.ﬁ TeV
L _I i T T T I T T T T I T T T T E
0.0015 —
= oo
0000 —
n.nmul?m' L Mm' - 'm' = ‘mﬁ'h'*" " -n.:m-' | e o | N ) e a b o sl
- sovca —0.004 -0.002 0.000 0.002 0.004
Ca ed

L=100 fb-!
Dashed ellipses are statistical errors
Dotted ellipses are PDF errors
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Rare Decays

B(Z' — Wly)
B(Z' — IH)’

B(Z' — Zvp)
Ky — ; . .
2= B(Z' = IT])

LW =

ri+1—-z =

B(Z' — ZIl7)

B{4" —- 171 )

With analogous expressions for hadronic final states

o.or

= =
- - S |
Thaa w
: o =
: =21 g 2 1
s | g
i . - 4
-
o
= 4
= i e
== I i ! _ﬁ -
1
\ Teuw Sl T
o e e =, -. = = i 1
ﬂ - -
b= k oL ! %
- ™ |
S\ =+ B |
- = _ — |
- = 1
= - - - ——t z\b
s . e = ES L Z
-1.0 0.8 -0.8 -0+ —-02 00 = : : -
con B 0.00 o.L 0.02 0.03 0.04 0.0% 0.08
Loow

From Cvetic and Langacker PRD46. 14 (1992)
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Associated Production

Rzyv = :. Where V=Z,W,‘;'

EL M, =1 TeV
=l L=100 ftb" S
° e R, =
=r { \ 1 T l
1 % ﬁ = _ }+
:?—. i 4 " :ﬂ _Z,ﬁ
=s| J/ N\ ; =
a |/ \ S_
—_ = \ =
7 \
© - “RI'1 s \k 1 - -
S \ | -
- I f : M,=1 TeV -
ar b \Z jI-i — {-H-| -1
LN b T =100 tb
i i I i L i S A = J L 1 2
ﬂ-ll_u —rfl.a -08 -04 -02 00 0.2 04 068 0383 L0 0.0 20 4.0 5.0 8.0 10.0
cos 8 10° Ry
From Cvetic and Langacker PRD46. 4943 (1992)
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Combined Fits 2"¢ Approach

Yl
= g L
From Cvetic and Godfrev hep-ph/ 9504216 ——
see also del Agmla Cvetic. Langacker. PRD4S. R969 (1993)
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Z’ |ldentification using b & t quarks

SG+ T Martin, PRLL1I01, 151803 (2008)
The problem with quark final states is distinguishing
between species and measuring Z'-quark couplings

But b and t quarks can uniquely be identified in the final
state (maybe also c-quarks)

We use this property to discriminate between models
The primary issues in this analysis are:

-Identification efficiency
Standard Model Backgrounds



b & t identification efficiency

-quark
-ATLAS TDR gives g,=50% for high luminosity with 100
to 1 rejection against light and c-jets
‘Re jection of fakes can be improved by requiring both b
and b in which case we use g,=25%

= (I AR SRERE" RELES LASEE FTY YT YT T YT
- e . . . o -
-jet efficiency vs j rejection 3 f \
@ B s
o E F
8L1:6O /D =3 81et~1/100 10°F
1[}:—
The ATLAS Collaboration. G Aad et al JINST 3 S08003 Il o (| A Tl e 1\.
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b & t identification efficiency

-quark
*Top decays to b +W*, with W—(ev_. uv,. tv,) or (ud. cs)
*The single lepton + jets - s

tt — WWbb— (lv)(77)(bb) :
has a BR of ~30% and is viewed . s
to have best signal/bgrnd T Wm'<5-
‘CMS & ATLAS estimates g,~2-5% but more recent
studies give £,~10%

t*

rely hadronic modes

aplan. Rehermann. Schwartz & Tweedie [hep-ph/ 0806.0848] - FAI_I_‘_-I—I—|_I;_. 1004

e al=o: = -

Orr and Baur [hep-ph 0707.2066] st L dom
Thaler and Wang [hep-ph/ 0806.0023] _ B |

f can utilize hadronic modes “ — [, g
hould increase efficiencies THm S0 100 100 180 e 130

igrrificantly



SM QCD Backgrounds

L R Rl Can reduce background by
Y imposing a pr cut on the
reconstructed t or b

*Found

reduces the background
significantly

da(pp = bb + X }f{lf‘»’lhh (1h/GeV)
S

105 Leas _ , +
1000 2000 3000 4000 Balance between improving

dM.. (GeV) signal/background vs

i : < - -
Mz =2 TeV increasing the statistical
uncertainty

Pr > 50 GeV
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=
i 10° Can further reduce improve
;f 10! S/N with
< 102 (Mes— Mz| <251z
i e
£ 107

107

1000 2000 3000 4000
dM,, (GeV)
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Other issues:

Fakes from gluons, light quarks & c-quarks

*Non-QCD SM backgrounds
eg: Wb + jets
(Wb+ Wb)

W + jets
Can be controlled by constraints on cluster transverse
mass and invariant mass of jets

Uncertainties in parton distribution functions

irsa: 09030012 Page 66/70



Can reduce pdf uncertainties by using ratios:

B, — -2 Z'—b) _  BR(Z' —bb) _ 3K,(9] +95)
B olpp — Z' — p*p~)  BR(Z — ptp—) (9? - gﬁ?)
R, = _9w—2—-t)  BR(Z —t) _ 3K, (g H;_gg).

e olpp— Z' - ptpu~) BR(Z'— ptp~) (9; + g5 )

K, depends on QCD and EW corrections

The ratios depend on model dependent couplings

Can use them to distinguish between models
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ssume Z discovered and mass and width measured

tatistical error based on signal + background for given luminosity and =

ubtract SM backgrounds for predicted # of signal events

T prr———— ——
M, =2 TeV ]
s b L LR &y =0.50 1 g
1 e =0.10 _1
[ E-—0.96 ]
ST L=100f" ] 2
SSM g H 1
af o T 5 .
L = - -
- bEB(¥) EB(w) E&(n) = e
[+ ~hic
| LH
2F = - 2
3-3-1
Ok Tt ALR A 0
0 2 - 6 10 12
| R,
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k L=300f" |

SSM sSLH ]
; B
[E6(7) EB(w) E&(n) S
i LH ]
i = ]
E 3-3-1 1
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0 2 4 = 10 12
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SG + T. Martin. PRT.101. 151805 (2008).



ut if allow model parameters to vary have ambiguities
epending on parameter
Need additional information
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-channel resonances are predicted by many models of
ew physics

ne might be discovered early in the LHC program, in
articulat the LHC can easily find a heavy Z like state

he challenge will then be to figure out the underlying theory

umerous observables available to distinguish between
odels

howed that flavour tagging of 3¢ generation quarks is
an be used to distinguish models and measure individual
uark couplings to Z

o6k forward to a very exciting LHC era



