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f Introduction

u Searches for W' resonance are usually studied in the v, tb, and W Z
channels at the Tevatron and LHC.

= It is possible that some exotic W' may be discovered in new production
channels.
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f Introduction

u Searches for W' resonance are usually studied in the v, tb, and W Z
channels at the Tevatron and LHC.

= It is possible that some exotic W' may be discovered in new production
channels.

Top-philic W’ model
= A W’ only couples to the third-generation quarks.

New discovery channel

= No direct search constraint:
= W’ s-channel production is forbidden (PDF flavors);
= W' t-channel is suppressed and not for discovery (no resonance peak).
= Need new channel: associated production of W’ and top through bg
fusion.
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), Introduction
ﬂ associated production of W’ and top

W' Resonance is constructed from either (¢b) or (b) (non-distinguishable);
Since Br(W'"™ — tb) ~ 1, W' decay back to tb final state (BGs: tj).

Although SM BGs ttj rate are much larger than signal rate, we show it is
promising to discover W’ at the 14 TeV LHC with £ = 100 fb~ .
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Y 1V’ Production
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signal rate

‘ ttb production in top-philic W' model at the 14 TeV LHC ‘
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n L= i%"zb(fW’LPL + fw' rPr)Y:W," + h.c.;
= The cross section with generic couplings by scaling
olgw:) ~ (firrn + fvr)o(gw).
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Background Study

main BG rates

q 4 [ 5 1 5 1
>>>>>>>>>>>>>>>>>> -
t
5 3 b 3
t t
t . b {
2 graph 5 : H o graph 6 2 graph 3 ¢ 2 ° graph 4

\,

BG production rates
= top pair plus light jet t£5: 900 pb with p, (j) > 10 GeV;
= top pair plus b jet ¢tb: 6 pb with p, (b) > 10 GeV.

How to suppress the large BGs?
u Focus on top pair lepton + jet final state in this talk;
u Use 1 TeV W’ with gw coupling (fw:r = 1, fwr = 0) as template.
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), Discriminator
Kinematics of signal and BGs

v,

Kinematic features

Discriminator 1: Hard p, cuts for p, ordered 5 jets;

Signal: extra boosted b-jet from W’ decay;
BGs: mainly QCD radiations;

Discriminator 2: Hr cut and invariant mass cut;

Signal: W’ mass sets scale of this process;
BGs: tf invariant mass near threshold dominate.
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Y Discriminator

G

1 TeV W’ with gy coupling

— leading P_in tib sjgnal 0-03% — H, in tib signal
0.y —— leading P_in tib §6 P —— H, in ib BG
— leading P_ in j B = —H, intjBG
0.08 0.06F—
005
0.06 E
0.04F
0.04] 0.03
0.02F
0.02 E
0.01
o ob . EHMPem o AT
100 200 300 400 500 600 700 800 900 1000 200 400 600 800 1200 1400 1600
P: [GeV] H, [GeV]

v

Further discrimination

= ttb BG is suppressed; Still large t£j rate after cuts;

n Tag the extra jet!
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§ Extra jet b-tagging
ﬂ with Full Event Reconstruction

Extra jet b-tagging

» Signal: b-jet, BG: light jet;

= Need full event reconstruction.

Solve combinatorial ambiguity: x? minimization

= Loop over all combinations of 5 jets;

u Pick up the combination which minimizes the
following x*:

M, )2 _

= (MVZM%/IVH) u (MtA

Mj1,)? + (My—M,;7)*
M2 AM? !
= Reconstruction efficiency compared with MC
truth: €extra b = 99.4%, €iept = 98.9%,
€had t = 92.3%. 4

At least one b-tagging

u After reconstructing the extra jet, picking up the events with the extra jet
tagged will suppress the ttj BG efficiently.
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)N Significance
ﬂ Event analysis

Monte Carlo simulation

= Setup: 1 TeV W' with gw coupling at the 14 TeV LHC;

u Event generator: MadGraph 5 to generate signal and BG events.

v
Analysis in different cut level

= smearing visible final states with no cuts (p. > 10 GeV);

u basic p1, n, AR and met cuts;

= py ordered jet cuts and Hr cuts;

u full event reconstruction;

= total Myg(;) mass cut and reconstructed My, window cuts;

m extra jet b-tagging with at least one b-tagging.

Significance at the 14 TeV LHC with £ = 100 fo !

Nsignal
v/ Nbg

m S =5.34 for 1 TeV W’ with gw coupling after all cuts.

\

» Significance definition: S =

\,
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)N, Discovery potential

Parameter scan
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)sg, Peak for W’ discovery
Invariant mass distribution

V W' with gw coupl

‘ Leptonic top and extra jet invariant mass distribution ‘ ‘ Hadronic top and extra jet invariant mass distribution ‘
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Signature: Resonance Peak around Mjy;» mass

u Peaks in two inv. mass distributions:

= Reconstructed leptonic decaying top and extra jet inv. mass distribution;
u Reconstructed hadronic decaying top and extra jet inv. mass distribution.
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INE Shape for model identification
Q Lepton angular distribution

Distinguish top-philic W' Distinguish 1 TeV left-handed and right-handed W’
models models with gy coupling

m Top quark polarization [ Lepton angular distribution in top rest frame (signa) |

is correlated to the W’ " Letthanded w
— Right-handed W' T'Ji

w

chiral couplings;
= lepton angular
distribution with the
top direction in top
rest frame;
u Signal: Peaked in
different region;
= BGs: nearly flat
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distribution. ) )
u Charged lepton moves backward for left-handed top, forward for
right-handed top. J
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Summary

= It is promising to discover the top-philic W’ at the LHC 14 TeV with

L =100 fb~ !, after optimized signal and background discrimination.
”
Rate for potential, Peak for discovery, Shape for discriminition
[Leptonic top and extra fel invariant mass drstribution | [ Cepton angular distribution in top rest frame (signal) |
‘gng — sovih 100" 2 3 — Lefthanded W ‘L,J,
T s : |
iy R T e s
v,
= Even in a model-independent way, as a possible signature, the top pair and
a hard b-jet final state is worth to look at.
v
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Thank You!
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), Backup Slide 1
Q Top-philic W’ model

My Pheno 2010 talk

n Classify SU(2)1 x SU(2)2 x U(1) models based on two breaking pattern;
= Top-philic W’ model as one specific example in breaking pattern Il:
SU(2)1 x SU(2)2 — SU(2)r at TeV scale.
Model SU(2), SU(2)2
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$ Backup Slide 2
Q Top-philic W’ model

Model Lagrangian
u Chiral coupling: £ = i%q/_;b(fW/LPL + fw rRPR)Y*U:W," + h.c;

= Scenario (pure left-handed coupling): fy,/; = f, and fy. g = 0;
= Scenario (pure right-handed coupling): fy,/;, =0, and f, g = f;
= Scenario (Vector-like coupling): fy/p = f, and fp = f.

Model parameter constraints

| A\,

= Escape from most of low energy and LEP constraints, except Zbb and
B4 — Bg mixing at one-loop order;

= No direct search constraint from Tevatron and LHC at all.

4

Benchmark parameter point
n Template (1 TeV W' with gw coupling ): fyr =1, and fyg = 0;
= Do similar study for other parameter points.

\
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S Backup Slide 3

G

Extra b-jet

= The efficiency for the leading jet identified as the extra jet is 81.62%.

B-tagging in this process

=u Make use of high event reconstruction efficiency;

= Tag the extra jet to suppress ttj bg.

\,

Extra jet (MC truth) plot

‘ Normalized extra jet P_ distribution ‘
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NS Backup Slide 4
ﬂ Cuts for 1 TeV W’ with gy coupling

Basic selection cuts:
Kinematic cuts:

= Acceptance cuts:

= Py () > 20 GeV, |n()| < 2.5; = Hard p, ordered cuts:
m P, (1) > 20 GeV, [n()| < 2.5; n P, (leading) > 250 GeV;
" B, (met) > 20 GeV. u P, (sub-leading) > 120 GeV;
= lsolation cuts: u P, (sub-leading) > 40 GeV.
" AR®,j) > 0.4; u Hr cut and total invariant mass
= AR(,1) > 0.4. cuts:

”

® Hp =3 |py (vis)| > 900 GeV;
= Mg, > 1100 GeV.

ian Smearin . .
Gaussian Smearing = W’ resonance invariant mass

= Gaussian resolution window cuts:
parametrization “(E) == 5 Mg, > 500 GeV;

B 950 < My, < 1150 GeV.

= For lepton: a = 5% and

b = 0.55%; For jet: a = 100% and .
b= 5%. At least one b-tagging

u Use rejection sampling method to

. . . mimic the tagging efficiency:

(] Neutttlno solutions: plck_up u b-tagging efficiency: 60%;
neutrino p. momenta with = light-jet mis-tag efficiency: 0.5%.
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)N, Backup Slide 5
Q results for 1 TeV W'

Event numbers at the 14 TeV LHC with £ = 100 fb~!

| cut level (scale: GeV) || Signal | ttbbg | ttjbg |
no cuts (p1 > 10) 757 | 1.78 x 10° | 2.74 x 10"
basic p1, n, AR cuts 235 3875 445971
p. ordered jet cuts 185 1592 183188
HT cuts (Hr > 900) 135 432 54534
inv. cuts (M > 1100) 135 407 51570
inv. cuts (Mg > 500) 115 336 37431
inv. mass window cuts 54 36 3783
extra jet b-tagging 33 23 13
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Backup Slide 6

Top quark spin

[ Lepton angular distribution in top rest frame (bgs) |
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