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Z': a smoking gun for new physics
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see no significant deviation from SM (except for some ‘few-c’ fluctuations)

— Bounds on Z' parameters

The most general Z' couplings:
Z' (gd,+..+gJ +gd +.. gd+)"
+Z' (&yy W oWt+g Z'hh+...)+...

very model dependent...
Zn, Z Z

leptophobic’ ““ KK ’° "~ composite’ “ string’
see e.g. Langacker 2008
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Working example — the minimal Z'

SM + Z" and only renormalizable couplings
Appelquist, Dobrescu and Hopper 2002

anomaly cancellation =¥ Z 'ﬂ ( gYJY + &5 J B_L)”

only 3 new parameters: ZB-1 ZQ.‘( Z3R
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U(),-U(1), mixing induces a Z - Z' mixing

kinetic mixing mass mixing
X Z - 7' mixing angle:
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EWPT vs Tevatron vs LHC

Comparing EWPT and Tevatron bounds (ZZ example)
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EWPT vs Tevatron vs LHC

LHC

» 500 1000 1500 2000 2500 3000
MZ' (GeV)

LHC: 50 discovery reach

assuming:
only SM DY-background
50-85% acceptance (from p,, rapidity cuts, etc.)

3% energy resolution (Z' width)

800 (PDF's at NLO)
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Non-universal (minimal) Z'

Anomaly cancellation allows also for non-universal couplings

Z' >Y, B-3L,

K, T

No problem with Flavour Changing Neutral Currents
(GIM-like mechanism)

2 examples: 7', gy o+ &y J )

1) X=B-3L,
2) X=B—3Lﬂ



1) The CDF dielectron excess: a playground for the X =B -3 Le model

from 0810.2059 <G14o;
— 0° =120~
X 10 810I:If
o C
% 10? = 80
0] 5 .Sg 60
10 L 4a0-
= W 5o
__—_ﬂ__._
;-.102 160 180 200 220 240 260 280 300 320 340
N M(e*e’) (GeV/c?)
wd
= 10
S
L

-4
10 100 200 300 400 500 600 700+ 800 900 1000
M(e*e) (GeVic?)



1) The CDF dielectron excess: a playground for the X =B -3 Le model

5from 0810.2059 <140k
— = F
o0 Bo0

> 10 < so- o

& 10° g oo y s Luminosity: 2.5 fb!

> E e 3 N . h -

e " 20 + 2.56 excess @ ~ 240 GeV
:10 160 180 200 220 240 260 2§0 300 320 340

‘(2 10 M(e'e) (GeV/c?)

c

o 1 not seen in CDF dimuon channel !
I

only 1o fluctuation in D0 search
(but less significant)

-4
10 100 200 300 400 500 600 700+ 800 900 1000
M(e*e) (GeVic?)



1) The CDF dielectron excess: a playground for the X =B -3 Le model

from 0810.2059 <<G140:

»--.105 = 120F
h_._t_)_ émo;
> 10* T 80
(«}] 60"

o A wmmemny, Luminosity: 2.5 fb™
20f s Mo, - 2.50 excess @ ~ 240 GeV

Events/

=107 18550200 550 340350 350 366 320 340
3 10 M(e*e’) (GeV/c?)
c
S not seen in CDF dimuon channel!
w y only 1o fluctuation in DO search
10 (but less significant)
10
107 M; =240 GeV -
10 100 200 300 400 500 600 700 800 900 1000 X=Bf—3Leg
M(e e’) (GeV/c?) CDF|o- ]
0.025¢
0.020}
58
0.015}
0.010¢
0.005}
0.00 -
—8.08 -0.06 -0.04 -0.02 0.00 0.02 0.04

gy



1) The CDF dielectron excess: a playground for the X =B -3 Le model

from 0810.2059 <<G140:
<10 3120
() O 100:
> 10° S eo
G 447 g oo A memenng, Luminosity: 2.5 fo
e G 20 e 2.50 excess @ ~ 240 GeV
51100 160 180 200 220 240 Z:II‘J(eZ*Qg_)Zi?éeii\l;?cg;lD
c
o 1 not seen in CDF dimuon channel !
w y only 1o fluctuation in D0 search
10 (but less significant)
102
10° My =240 GeV |
10100 200 300 400 500 600 700 800 900 1000 X=B-3L,
M(e*e) (GeVic?) !
0.025}
0.020;
5
0.015¢
0.010¢
Region allowed »
by all experiments | —
0. 008 '
08 -0.06 -0.04 -0.02 0.00 0.02 0.04

gy



The X=B-3 Lﬂ as a supermodel
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The X=B-3 Lﬂ as a supermodel

1) no coupling to electrons = weak bounds from EWPT
2) Tevatron limited to ~ 1 TeV

easily accessible at very early LHC

e.g.7TeV & 50 pb!
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Conclusions

Extra Z' vector bosons unlikely to be discovered in the very first runs

A bit more exotic models can instead be discovered very soon.

Mixing effects can be important

If no Z' resonance is seen,

very strong bounds can be given already in the first runs

Lesson:

Important to consider all existing constraints

at least for the early phase of the LHC
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Regions allowed by EWPT @ 95% CL

0.8t X=B-L
'Qz/(eﬁo
NG pure B-L,
0.6} \ no mixing
at‘fé \\\
0.4¢
LEP2 Regions allowed by EWPT @ 95% CL
0.2} | : | | |
0.8 \:g X=B-L |
00706 04 —02 00 02 gg |
gY b
00.4!
0.2
0056 —04 -02 00 02 04 06
8y
79 2 25, [ 20 20 |20 | 7% 7 [ 2
My (TeV) | 1.80 | 1.77 | 1.53 [2.61 | 254 | 2.11 | 3.64 | 2.61 | 2.36




8BL

0.20

0.15

0.10

0.05

0.00

50 discovery reach @ LHC

US

95% CL bounds from Tevatron and EWPT

Example: LHC @ 7 TeV & 100 pb!

-

M,=600 GeV

Low Energy:
luminosity more important
Tevatron wins

0.30} ~~ < 0.4 e & \_
~“M~‘Z,=700 GeV '~ M Z-BQQ GeV
0.25 N ~
0.20 "\ i 0.3
= | \\ = \'\\
w6015 ©60.2
AN
0100 ]
0.05 LIRS M
' \
hY
0.00 i 0.0 A \

0.1 05 -04 -03 -02 -01 0.0 0.1 0.2
8y

Higher Energy:
Intermediate Energies: ol ; 8y
. . hadron colliders weaker
first available window for LHC )
EWPT wins



