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A triply minimal extension

¢ Motivations

> vp naturally included
> interesting phenomenology
> part of a bigger picture (GUT, baryogenesis)

e Gauge sector
SU(3)C X SU(2)L X U(l)yXU(l)B_L
e Fermion sector

One extra fermion per generation: vg
(Required by anomaly cancellation)

e Scalar sector

One extra SM-singlet scalar: x
(U (1) g_ 1 symmetry breaking)
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The model: triply-minimal extension

A U(1) extension of the SM
SU(3)C X SU(Q)L X U(l)yXU(l)B,L

New states:
e A scalar ( x, SM-singlet)
V= +MHH?2+ X [ x |* +\HTH | x

e 3 RH neutrinos: vr =" 1), (0(100) GeV)
(anomaly cancellation)
Ly = —y’lvgH—y™ (vp)vry + Hec.

In certain regions of the parameter space,
they both can be long-lived particles
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Interactions and spectrum

Covariant derivative (in a suitable basis):
D,W; = 8,9 +i [g1Y;B, + (Yig + (B — L)ig1) B, ] ¥

7 — Z' mixing:

B* cosVy, —sind,cos? | sind,, sind’ A+
Wyt | = | sind, cosdy cos? | —cosdy, sind’ zZH
B 0 sin ¢’ \ cos ' zZL

G=0—19' =0

No Z — Z' mixing in the pure B — L model
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Aim of our work

The B — L symmetry breaking takes place at the TeV scale. lts rich
phenomenology (Z’, Higgs(es) and heavy neutrinos signatures) can be
observed at TeV machines.

We focus our analysis on the Z’-sector at the LHC in its early stages
(v/s=7and 10 TeV).

We consider the pp(p) — IT1~ (I = e, ) channel as a representative process
to study new signatures of the Z;_, vector boson.

The B — L model is not a usual benchmark for data analyses nor colliders
reach studies — systematic parton level analysis.
(no smearing, ISR, photon conversions, fakes, muon reconstuctions,...)

Differences wrt the other more common Z’ models:
» no axial coupling: (B — L) = (B — L)* hence g3, = 22~ —2Z" =,

o free value of the coupling ¢},
e new coupled matter (v,) — not-fixed BRs.
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Analysis details
Analysis with CalcHEP, model implemented via LanHEP.

We have assumed standard acceptance cuts at LHC and Tevatron (the same
for electrons and muons):
LHC : pr > 10 GeV, [n] < 2.5,
Tevatron : pr > 18 GeV, Il <1,
and a cut on the invariant mass:

Mo — M| My My,
+ @ LHC: [Mee — Mz| max ( 3Tz, [0.03y/ =2 + 0.02 =
@ GeV < X zh GeV + GeV ’

M,,, — Mgy/| Mz
+ L :7| i Z m ’ .
p= @ LHC GV < ax | 3I'z/, 0.08 oV )

Lorenzo Basso (NEXT Institute, UK) NEXT Meeting at RAL October 28, 2009 7/18



Analysis details

Analysis with CalcHEP, model implemented via LanHEP.

We have assumed standard acceptance cuts at LHC and Tevatron (the same

for electrons and muons):

LHC: pT
Tevatron : pT
and a cut on the invariant mass:
Mo — M|
+ LHC:|6672 <
<@ GeV
M, — My|
+ @ LHG: M — M|
ne@ GeV <
M. — M|
+ Tevatron:'eeiz
<@ GeV
M,, — M|
+ Tevatron:"“‘iz
ne@ GeV
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CMS resolution vs 7’ width
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Peak dominated by experimental resolution if ¢/ < 0.2 (most of the cases)
Smearing is not a dominant issue
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Z' phenomenology

)

N,

myn = 250 GeV 1 TeV
% S50
< 45 L g5
< 40 Elmx —ZB-L_>rr
s 35 __Z,,->Xqq
30 P a1 = 2, B
25 25 _Z, >t Xk:BR (B, = B:T) =~
N o ———
fg i ?g Zg, = Vv,
’ -
12 12 — Zg, > VeV, ;BR (Z5-L — @ar)
. 0 !
1.2 3 4 5 1. 2 3 4 5
M, (TeV) M,, (TeV)

e Dominantly coupled to /epfons
o 7 — VpVp UP to ~ 20%
Depending on m,;, and Mz :

VAR o
Z' — qq

12

12

In this work: m,;, = 200 GeV
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e g1 < 0.5 from RGE analysis
e T" up to hundreds of GeV

12.5% +15.5%
4% <+ 5%
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7' Discovery potentials for /s = 7 TeV

Luminosity vs M (for fixed values of ¢}) at the LHC
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7' Discovery potentials at the Tevatron
Luminosity vs My (for fixed values of ¢})
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7' Discovery potentials for /s = 10 TeV

Significance contour levels plotted against g; and My,
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7' Discovery potentials for /s = 10 TeV

Luminosity vs My (for fixed values of ¢})
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7' Discovery potentials for /s = 10 TeV
Peaks (with Py and n cuts only)
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Appendix: v, phenomenology

— 2
s 5 10 _ m,=100 GeV
= _ & \\\ [— Ei,nﬂso GeV
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tan 20@ =-2 3 T =t 9 sin oy
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o I'=T(my/mun)
e v, can be a long-lived particle
e DISPLACED VERTICES
x can be decoupled from the SM: couples only to Z’ and v, 5,: long-lived (under study)
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v, @ LHC: BR(Z' — 3L+ 2j+ Pr

(1v), 1 =e,u) upto 2.5%

2 - - \2 V.Barger atall,
m%’ = (\/ Mgzs + P%,uis + |PT|) - <PT”5 + PT)

Mz =15TeV,g; =02:0(pp — Z') =0.3pb
M,, =200 GeV,.Z =100 fb~", bin = 20 GeV
Backgrounds:

W Zjj associated production (o3, = 246.7 fb, [ = e, 1, 7, W. cuts)
tt pair production (oo = 29.6 pb, | = e, 1) (37 lep. from b-quark)

.: 30

171 associated production (os; = 8.6 fb, | = ¢, 1, 7) § %
320

Cuts: =
Kinematics, angular acceptance and isolation 5

W rec. from jets: |M;; — 80 GeV| < 20 GeV
7' rec.: ‘Mgm ~ 1500 Gev( < 250 GeV
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Conclusions

/ Simple SM extension at TeV scale, RH-neutrinos
v/ motivated by high-scale physics
v/ pure B — L model, no Z — Z' mixing, only vectorial coupling

o Discovery power limited by existing experimental constraints
e Peaks dominated by resolution (no smearing affection)
e Better sensitivity to electrons (also, width measure possible)

Tevatron@10 fb~! better than LHC@7 TeV:
e candiscover at 50 a Z;_; upto Mz = 0.8 TeV, or for g; > 0.04
e 50 discovery precluded at LHC@7 TeV
e 30 observation precluded at LHC@Q7 TeV with muons

LHC@10 TeV: 50 discover up to Mz = 1.8 TeV, or for ¢} > 0.03
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| Tevatron and LEP bounds]

Electrons

7' Discovery potentials for /s = 14 TeV
Significance contour levels plotted against g; and My,

Improved ECAL resolution: const. term = 0.5%
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7' Discovery potentials for /s = 14 TeV

Luminosity vs My (for fixed values of ¢})
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Z'" experimental limit

LEP bound: Mz > 7 TeV
G. Cacciapaglia et all, Phys. Rev. D 74 (2006) 033011 91

Tevatron (Translating Z¢,, bound):

Muons T. Aaltonen et al. [CDF], Phys. Rev. Lett. 102, 091805 (2009).
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Z'" experimental limit: continue

Tevatron (Translating Z§,, bound:
Electrons T. Aaltonen et al. [CDF], Phys. Rev. Lett. 102, 031801 (2009):
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