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Introduction

e 7’ and W’ i.e. massive vector bosons (neutral or charged) at the TeV scale are common
predictions of theories beyond the SM.

@ Several direct searches of these particles are done by ATLAS and CMS:
through leptonic decays, hadronic decays, dibosons...

@ We analyze in a model-independent way the possible scenarios where TeV vector bosons can
appear, focusing in those with sizable leptonic signals at LHC.

@ We find correlations between the neutral and charged channels which allow us to combine
the exclusion limits.
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@ New Vector Bosons
with Leptonic Couplings:
Z and W




New Vector Bosons

@ Gauge Symmetry: The origin of the interactions.
o It allows to keep the SM unitary and renormalizable.

SU(3)e x SU2). x U(1)y 225, su(3). x U(1)em

@ New Physics furnish complete representations of the SM gauge group.

Vector B, B, W, Wi G, g, Hy L,
e (LD, (L1, (LA, (LA, (AdjT), (Ad,D); (Adj,Ad), (1,2) 3
\ |
Vector Z/{i Mi QL Qi Xy yb yi
Irrep (3,1)2 (3,1) (3,2) (3,2) (3,Adj)2  (6,2), (6.2) _
3 3 6

5 1 5 5
3 6 6 6

F. del Aguila, J. de Blas, M. Perez-Victoria, '10

Javier M. Lizana Combining Searches of Z’ and W’ Bosons New Vector Bosons: Z’ and W/ 5/17



New Vector Bosons

o Gauge Symmetry: The origin of the interactions.
o It allows to keep the SM unitary and renormalizable.

SU(3)e x SU2). x U(1)y £2%B, sU(3)c x U(1)em

@ New Physics furnish complete representations of the SM gauge group.

Vector B, B, W wh

| , 9 9r M L,
[Trep (L0, (LD, (LAd), (LAd), (AdiT), (Ad,T), (AdLAd), (12) 3
|

‘Vector Z//ﬁ/ %‘y Q}‘/ Qf‘/ T y{ i
‘Irrep G1; G (3,2)% (325 (3.Adj); (532)% (672),g

F. del Aguila, J. de Blas, M. Perez-Victoria, '10

@ No leptonic decays
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@ No leptonic decays

@ Not produced in hadron colliders
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@ No leptonic decays
@ Not produced in hadron colliders

@ Mixing-suppressed production
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@ No leptonic decays
@ Not produced in hadron colliders
@ Mixing-suppressed production

@ Mixing-suppressed decay
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o It allows to keep the SM unitary and renormalizable.
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@ Mixing-suppressed decay
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SM+-W-+B

The most general 4-dimensional lagrangian with couplings with the currents of the SM:

1 2
£ = Lsw + 5 [DuB, DY B — DB DVB,] + %BBMBM
1 a YUA L S Y AV L] 'u%/\i ERY Y7
+ 5 [DMWVD Wa - D.U«Wa D Wl/] + TW/LWB
+ g5BBB 16 + aawWIWVEOT6 + ewsWiB ol o

a
- (gzé’B%TiDm + Wi S iDuo + h.c.) — (B s+ WE )

The SM currents can be

Jg = Z gg [F ® f] :inglet

fermions
a, f Iz a,p
JW - Z &w [f ® f] triplet
fermions

We will focus on Drell-Yan production (non mixing-suppressed).
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We will focus on Drell-Yan production (non mixing-suppressed).
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SM+-W-+B

The most general 4-dimensional lagrangian with couplings with the currents of the SM:
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SM+-W-+B

The most general 4-dimensional lagrangian with couplings with the currents of the SM

L=Lsm+ - [DHB,,D”B“ DB"D“B]—i— B,LB“

+ 5 [DVED Wy = DLWE DR W] + ’%ngwg

g,
+ g8BBuB O b+ eWwwWIWES ¢ + g WiB T 2 ¢

a
( 48”61 iDuo + g, Wi'e! - iDuo + h‘c.) — (B I + Wi S,)

The SM currents can be

Corrections due to SM mixing terms (gv)
Jg = Z [f ® ]slnglet Sin(Oé) = O(V2/M2) < 0(1072)
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We will focus on Drell-Yan production (non mixing-suppressed)
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Different Scenarios

Mass eigenvectors:

2
. 1%
llu = cos GWi —sin6B, sin 26 = G175
. 2 2
Z;, = sin OWf; + cos 0B, 2 (Mzé - le’)
Scenario 1: |M3E — MZ,| > o? Scenario 2: |MZ — M3,| < v?
Z
Z
w’
Z
W
W~ 7,

A triplet plus a singlet at different scales Two Z’ and a W’nearly degenerate in mass:
without mixing between them. J Important interference effects between Z’.
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Triplets
@ Drell-Yan production at LHC at LO (NWA) for Z’ (Carena et al. '04):

olpp = 1M1 )=0a(pp = Z)xT(Z' = ITI7) = s [cuwu(s, m2z,) + cqwq(s, mZZ,)}

co= (g +&f") Br(Z' = 1"17)

CMS, fLdt=50/53fb" eelun VE=7Tev

a

Example: ¢, — cq4 plane for the triplet W} (scenario 1)
o W/ + 2/
o In the NWA and neglecting interference with SM,

the limits depend only on
288

By = N
V38w + &

@ Analysis in the neutral channel with the NWA:

3

&w
S. Chatrchyan et al. '12
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@ Drell-Yan production at LHC at LO (NWA) for Z’' (Carena et al. '04):

alpp = 117 )=o(pp = Z)YxT(Z = 1ITI7) = ;r—s [cuwu(s, m2,) + cqwa(s, m2z,)}

co = (&7 +&7) Br(Z' = 1'I")

Example: ¢, — cq4 plane for the triplet W}, (scenario 1) 101
3100 GeV. - A
! ! 3000GeV._ o
o W/ + Z/ 2000 Gev
. . . 12800 GeV
@ In the NWA and neglecting interference with SM, N
. 2 o
the limits depend only on 107 Fas00 Gev
2400 GeV.
| S |mmesy
- 288y 2100 Gev
gw = 27 103 2000 GeV
\/3ey + &2,
@ Analysis in the neutral channel with the NWA: 10—
10+
52
8w
Cy=C = ——.
! 9%
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The Generalized Sequential Model (GSM)

o Based on a two-site moose with the SM electroweak group on each site:
[SU(2) x U]y x [SU2) x UD)], 222 [SU(2) % U] g
(W’,21,2%) equals to (W,Z,7), with the replacements:

e

V2 Ftan Oy t—2

tl
g—gt, g =gt tanGW—>tan9:tan6’W?6[O,oo] e—
Same mass matrix as SM, but shifted (splitting < 10 GeV).

_ ’
Parametrization: (t =40, MW).

107

3100 GeV- B

@ cy — cq analysis for A < O(I) << My:

) (R [6£6,5]
= s | 1Ot gy ’
Si= o S [(eDitel) + (eh)iteh)]

y 247 L LJJ R R/

fermions

f,-j = adj(X); = eJ'-”ef’Zmn,

/ ! / ! !
Gl = (ef/Nited/; + (& "i(ed");.
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@ Direct Searches
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Preliminaries

o Exclusion limits: dileptonic and lepton+£ 1 channels independently and combining in the
same likelihood both of them (data from CMS collaboration, L = 5fb~1, \/s = 7TeV, 2012).

Monte Carlo simulation d ith: We should take into account non trivial
onte Carlo simulation done with: effects due to

° I\_/IadGre.)ph/MadEvent A8 e sl o Systematic errors (estimated on
simulation 10% — 15%)
o PYTHIA 6.426 for parton showering

e o Interference effects due to nearly
and hadronization

degenerate resonances

o PGS 4 for detector simulation = R e ——.

Simulation at CMS at /5 = 7TeV, for a GSM (Myy, = 2.6TeV,0 = 6/, t=1):

x10° x10°
% [ |— with interference %0_02;
9 0.061 9t
I [ Without interference I K
s [ S 0.01]
£0.04 2
g [ =
Eoo 5 3
3 I 3 f
© L -0.01-
o~ E
[ [ —— With interference
[ -0.02F
0.02, r Without interference
i | | | L | T T
1000 1500 2000 2500 3000 1000 1500 2000 2500 3000
m;, [GeV] m.[GeV]

Javier M. Lizana i Searches of Z’ and W/ Bosons Direct Searches




Exclusion limits

Triplet (gy), = &1y,) in the plane (My, — &) J
1.6 T T
147 Combined 4

1.2 | Lepton+MET (CMS, 7 TeV, 5 fb™*)
Dilepton (CMS, 7 TeV, 5 fb™")

0.6 1

0.4 F -
CL. EW limits
02} %%

0
1000 1500 2000 2500 3000
My [GeV)

Exclusion limits at 95% CL
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Exclusion limits

Javier M. Lizana

GSM with 6 = Oy in the plane (M) — t) J
2.5 T T T
Combined ——
2

Lepton+MET (CMS, 7 TeV, 5 fb™")
Dilepton (CMS, 7 TeV, 5 fb~1)  --eev

0
1000 1500 2000 2500 3000
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Exclusion limits at 95% CL
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Exclusion limits

GSM with t =1 in the plane (0 — Myy) J
3400 T T T - -

[ Combined —— |
3200 Lepton+MET (CMS, 7 TeV, 5 fb=)  -=---- 1

Dilepton (CMS, 7 TeV, 5 fb~!) -

3000 &

2800
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2600

2400
0
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Exclusion limits at 95% CL
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Summary and Outlook

o We have analyzed the different scenarios where sizable leptonic signal from
vector resonances at the TeV scale can be observed in LHC:

o Any W’ has to be accompanied with at least one Z’ boson nearly degenerate in mass.

o Any Z’ with significant isospin breaking has to be accompanied with a W’ boson both nearly
degenerate.

o Any Z’ different enough from a B-like boson or a W?3-like boson has to be accompanied with
another Z' nearly degenerate.

o We have developed a new effective NWA approximation to describe models
with two close Z’, and so they can be analyzed with the ¢, — ¢4 plane.

o We have combined the neutral and charged channels in a single likelihood in
order to find the exclusion limits for direct searches.

o The EW limits are still competitive and dominate for large couplings and
masses.
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Thank you!
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Backup
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fa | _ o? q _ o?
I = [(gw)ij/i'}’u?/j + (gW)uqmgqj}

St = (&Yool + (e8)i&ue + (€8)sGvea + (e8)gauu; + (e8)idrn)
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2
1254
EWSB 1
=27 Lomass = 5 (Z” Wé‘ BM) M12/V 7gwfv2
;VZ 2
. g%}4l M3
2
+ (Wm‘ Wu’r) Hw Wy
M2 WI»L
w

Perturbativity + Electroweak precision tests (G\f,’¢ = g\f,’¢/Mv):

0.4 0.4
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0.4 04

04 02 0 02 04 -
GZ[TCV"] -4 -2 0 2

G, [Tev-1]

Javier M. Lizana Combining Searches of Z’ and W/ Bosons

Summary and Outlook




EWSB 1 " Zu
= Lumass = 5 (z+ Wi BH) 2 gn? wi o+
w 4 B,
. gVV48 4 M%
+(wetwet) [ W
M2 Wﬂ
w

Perturbativity + Electroweak precision tests (G\f/’q5 = g\f/’¢/Mv):

0.4 0.4

T 02 7702

o2 %502

04 0.4
041 70.2G§[T2V71]0.2 04 T m—
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Vi =V3+0O(*/MY), sin(a) = O(v?/M?) < O(1072)
MY = M2, + O(v*/MY) = [My — M| ~ GeV
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Backup

o Breit-Wigner approximation breaks down for nearly degenerate resonances

o Imaginary non-diagonal terms of vacuum polarizations become important

) J )
R ) 2 T2\ PupPv
2 v Puy = —i [p 8 — My — ilmMy (p )] |:g;“, 2 ]

. a0’
-lé [ Full cross section
3 oa- — Breit-Wigner app.
ot I S
g I
S o08[-
50081

0.06/-

0404;

0.02;

2%00 2500 3000

m;,,(GeV)

Simulation at CMS at /s = 7TeV, for a GSM (Myy, = 2.6TeV,0 = 7 /4,t=1)
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Some important consequences:
o Any W’ has to be accompanied with at least one Z’ boson nearly degenerate in mass. For
masses of at least 1TeV:
gwB < 1= ‘MW’ — lel| < 7.8GeV
gwp < 4t = |MW/ — lel‘ < 94GeV

o Any Z’ with significant isospin breaking has to be accompanied with a W’/ boson both nearly
degenerate.

o Any Z’ different enough from a B-like boson or a W3-like boson has to be accompanied with
another Z’ nearly degenerate.

To obtain a sequential Z’, for masses of at least 1TeV:

gwp <1= ‘MZZI — MZ{' < 50GeV
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Backup

@ Vector bosons can be produced by Drell-Yan processes or vector boson fusion:

CMS, fLdt=5.0/5.3fb" eeluy VE=7Tev
1
G710 5100 Gev
v
2900 GeV
2
10 Bs00 Gev
0 Gev
300 GeV
@ Drell-Yan production at LHC at LO (NWA) for 5
Z’ (Carena et al. '04): 10
olpp = I"17) =a(pp = Z') x T(Z' = IT17) o i)
10 Y
™ ; - B
= — [cuwu(s, M%) + cqwa(s, m%,)] 10 10° 10 10
6s Cq
co= (g +&) Br(Z > 1T17)
S. Chatrchyan et al. '12
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