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Main candidates for BSM physics
@ Supersymmetry

@ More than one neutral Higgses and a charged Higgs
@ Sfermions, gauginos
@ Neutralino — Dark Matter

@ Extra dimensions

@ String theory
@ — Supergravity

@ Extended gauge sectors

@ Extra neutral (and charged) gauge bosons
o Extended Higgs and fermionic sectors
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@ A sequential Zsp, serves as a useful reference case
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B —xL q + xu 10 + x5 d— xu
3 3 3 3
Q2f - \/4(1+X2) Zf 2/7—2x+x2 zf - 2/ 4+ x+x2 zf 2v/1—x+x2 zf
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Shoaib Munir (IF-UNAM, México)

Z' searches: From Tevatron to LHC




New physics

The ‘one-parameter’ models

Competitors
Neutral gauge bosons

@ Four classes of models with one independent parameter 'x’ satisfying
anomaly cancellation conditions [M S Carena, AD, BAD, TMPT (2004)]

@ Particular values of x yield specific Eg models

B —xL q + xu 10 + x5 d— xu
3 3 3 3
Q2f - \/4(1+X2) Zf 2/7—2x+x2 zf - 2/ 4+ x+x2 zf 2v/1—x+x2 zf
33+ V/3(1—x)sign(5—x)
tan 3 0 - \/; e B
tan \/gﬁ 0 2v6 2

Shoaib Munir (IF-UNAM, México)

Z' searches: From Tevatron to LHC




Collider phenomeonology Di-muon decay channel
At the CDF

Drell-Yan production at Tevatron

Shoaib Munir (IF-UNAM, México) Z' searches: From Tevatron to LHC



Collider phenomeonology Di-muon decay channel

At the CDF

Drell-Yan production at Tevatron

_d‘/’\jz(p,s — BX — I1X)

1 1 1 o= N
— Ncs/dzdx1;9 (1 - Xlzr2> zq:o(qq — I(M?)
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5(qg — I1) is the hard scattering cross-section

1 N
dé

5(M?) = d cos 0"

(M) /,1 d cos 0* o8

1
1

_ * A 2 A 2 1 *\2

/_ldCOSH 71287r/\/l2[(| tL)® + |Arr|?) (1 4 cos %)

_|_

(IALr|? + |ARLI?) (1 — cos 6*)2}
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the individual amplitudes being

Ai = —Qe? : Z(1
g R Ve v v SAACUE A
M2 ’ ’
C# (q)CA (I
T i, o @G0
R () = gz (F)
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Collider phenomeonology Di-muon decay channel
At the CDF

CDF bounds
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Collider phenomeonology Di-muon decay channel
At the CDF

CDF bounds

— reproduced using LO CTEQ6M PDFs and a varying NNLO K-factor
[M S Carena, AD, BAD, TMPT (2004)]
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CDF bounds

— reproduced using LO CTEQ6M PDFs and a varying NNLO K-factor
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Collider phenomeonology Di-muon decay channel

At the CDF

CDF mass bounds on E6 with kinetic mixing

0
o Cos BB

J Erler, P Langacker, SM, E Rojas (work in progress)
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Collider phenomeonology Di-muon decay channel

At the CDF

[ Model [ m7 (GeV) | mSPF (GeV) | mEW (GeV)! | Projected for 8 b1 (GeV) |

Z, 894.2 892 1141 1065.1
Zy 879.8 878 147 1038.5
Zy 907.1 904 427 1065.4
Zy 862.6 861 623 1023.4
Zs 823 821 1257 990
Z 789.2 789 1204 949.6
Zir 959 998 1158.1
Zr 1006 442 1199.2
Ziph (803)
Zaoh 1073
Zstring 707.3 1362 859.3
Zsm 1034.3 1030 1403 1289.2

J Erler, P Langacker, SM, E Rojas (work in progress)

1) Erler, PL, SM, ER (2009)
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@ Expected number of events in a dimuon invariant mass bin at CDF

- d
N=L [ dMyys acceptance<efﬁcnency X —U>(I\/Iphys)
bin dm

[CDF collaboration (2009)]
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The log-likelihood method

@ Expected number of events in a dimuon invariant mass bin at CDF
- d
N=L [ dMyys acceptance<efﬁcnency X —U>(I\/Iphys)
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[CDF collaboration (2009)]

@ Inverse mass — constant resolution: op—1 = 0.17 TeV~L. Define

1 _ —1 —1\2
do v odMt (M — M7 do
(G ) Mow) = [ oo =24 ai
- 27O -1 20 -1 aMm
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@ Expected number of events in a dimuon invariant mass bin at CDF
- d
N=L [ dMyys acceptance<efﬁcnency X —U>(I\/Iphys)
bin dM
[CDF collaboration (2009)]

@ Inverse mass — constant resolution: op—1 = 0.17 TeV~L. Define

1 —1 —1\2
do v odMt (M — M7 do
(G ) Mow) = [ oo =24 ai
- 27O -1 20 -1 aMm

@ Define log-likelihood ratio reproducing properties of the y? function

L(w'|7)
L(gil )’

with — L(jilA) = 0 ""P(ni|ui);  P(nlw) = (1)" exp[—(p)]/n!

LLR = —2In
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An alternative Fitting to binned data

Limits using x? minimization

-2In[ p(nls+b)/p(n|b)]—x0; on—0.305
gz’
o
sk Ay’ =5.9995%)
| Ay ’=3.84
P V4 2 i
| T Ay =2.29(68%)
Lo — AYX=1.(39.35%) |
LD N\ N EW(95%)
X
20 \
17 \‘\
0

J Erler, P Langacker, SM, E Rojas (work in progress)
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An alternative

Predictions for the LHC

Fitting to binned data

L (fb~1)/\/s (TeV) | 35 7 14 28
3 1.016 | 1.844 | 2.972 | 4.647
30 1.469 | 2.456 | 4.101 | 6.726
300 2.231 | 3.324 | 5.423 | 9.703
3000 3.923 | 5.548 | 7.911 | 12.154

Expected Z, limits from the LHC
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An alternative Fitting to binned data

Predictions for the LHC

L (fb~1)/\/s (TeV) | 35 7 14 28
3 1.016 | 1.844 | 2.972 | 4.647

30 1.469 | 2.456 | 4.101 | 6.726
300 2.231 | 3.324 | 5.423 | 9.703
3000 3.923 | 5.548 | 7.911 | 12.154

Expected Z, limits from the LHC

L (fb~1)//s (TeV) | 35 7 14 28
3 1.499 | 2.480 | 3.942 | 6.020

30 1.912 | 3.271 | 5.507 | 9.003
300 2.675 | 4.187 | 7.111 | 12.110
3000 4.654 | 6.569 | 9.511 | 15.517

LHC as a pp collider
J Erler, P Langacker, SM, E Rojas (work in progress)
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Remarks

Conclusions and outlook

@ We have been able to extend CDF lower bounds on the Z’
mass to more general classes of models

@ We carried out a detailed study of the various factors
contributing to the production cross-section and thereby the
mass limit

@ Further improvement on the limits by constructing x? function

@ Analysis can be easily performed for the LHC as soon as new
data is released
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