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* The CMS and ATLAS collaborations have observed a new boson
with mass ~125 GeV

* Fundamental scalar particles such as the Standard Model Higgs
receive divergent corrections to their mass from other SM particles:

-—-

i

/" higgs *,

* Restricting fine tuning to the 10% level requires new physics which
cuts off these divergent contributions [1]:

Aiop <2TeV  Aguuge <5TeV  Apiges < 10 TeV
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* Many new physics models which explain the light
Higgs mass introduce new particles which cancel
the divergences of the top, gauge, and self-coupling
loops

* Our search focuses on a heavy new charged
gauge boson, referred to as a W', which is predicted - .
by many theories, for example: - -

 Little Higgs [1]

* Extra Dimensions [2,3]

* Extended Technicolor [4]
* Left-Right Symmetry [5]

* We perform a model independent search for a W'
boson which to decays to a top+bottom quark pair
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* The most general, lowest-order Lagrangian which describes the W'
coupling to fermions can be written as [6]: Z Sullivan, Phys. Rev. D 66 (2002) 075011

V _
L= QJi/EQth m(@fz,f_}(l‘l' )"‘@ff?(l_”‘ )) 'J; + He.

* Both left- and right-handed couplings are allowed, and if the left-
handed coupling is non-zero, the W' will interfere with the SM'W

* We focus on the top+bottom quark decay mode, with a leptonic
(electron/muon) decay of the W boson from the top decay (
* Complimentary to leptonic channel g
* Small QCD background compared
to light quark decays
* Extremely important if leptonic
channel is suppressed, or coupling
to third generation is enhanced [7] q’
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' CMS
| % Method

* The full effect of interference can be
taken into account by simulating three
different signal samples [8]:

a L __ L — _ R — 4R
SM+WL i.e. a;;, —a; ;:IH, 1, .*::Hd Apg — Ay, —
ii L R R
W'R”ie right-handed W’ with al, —ak, =al =0, ak, =ak =4l =1
ii ] L _ L __ _ R _
o “SM+W’ mived 1€ A3 = (g = ﬂw 1, aud Ay = afb =1

CMS Simulation ts ? Te'\f

* We search for a W' with an arbitrary i u+jets, m=1.2TeV |

combination of left- and right-handed 10" L —w E
’J-LLL‘ ’_rrrrrr‘h] W ixed |
- ] :

couplings
* Set limits on the mass for a
given combination of couplings
* Also set limits on the cross
section for a W' with only right-
handed couplings

102

arbitrary units
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BOSTON Previous Results CM%;
SAfipSa (Other Experiments)
|
* Previous results have been ® 200
presented by the DO collaboration 0.8 850
[9] including the effect of [
interference, and a mass limit of 0.6F 800
890 GeV for right- handed W' [
- 750
N L B L L L L A B 0.4
102 ATLAS - 95% CL Expected limit - i 700
g f 1-tag and 2-tag - Expected+ 1 E 0.2 i
5 . Ldt=1.04fb" Expected+ 2¢ i ) - 650
T Js=7TeV —— 95% CL Observed imit = ol 1y o 600
S W Theory = 0 02 04 06 08 1
é ) 0 qL
s 1 | * Search by ATLAS with 1.04 fb-1
R 1 seta limit of 1.13 TeV for a right-
: 1 handed W' [10]
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_ .
, Event Selection

Search has been performed using 5.0 fb-1 of 7 TeV data
[11] CMS Collaboration, Phys. Lett. B (2013) 718 (EX0O-12-001)

1 tight electron (muon) with Pt > 35(32) (MS
GeV, and Ny g
In| <2.5(2.1) |
2 jets with Pt > 100 GeV and > 40 GeV
* At least one of the jets is “tagged” as al
b-jet
Missing transverse energy > 20(35) GeV

CMS Experiment at LHC, CERN
Data recorded: Mon Sep 19 02:53:21 2011 CDT

Run/Event: 176702 / 1256852370
Lumi section: 766

Same event selection is applied to e | S Bommenar i, cenn
i i (_MSJ r-z un/Eve ot l?jsﬂcz (1osass2at0

samples of simulated events to estimate < x| Cieon 78
the backgrounds } A\

* SM V+jets

* SM top pair production+single top
Corrections derived using control regions >\J .
in data are applied to the MC to account Fy (
for different reconstruction and 75.1»

identification efficiencies
* The fraction of W+heavy flavor jets
* Shape of M(tb) in data vs. W+jets MC
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* The neutrino z momentum is determined by using the WW-mass constraint

* W candidates are combined with the “best” jet in the event, which gives the
closest reconstructed top mass

* M(tb) found by combining top candidate with the highest pT remaining jet

* For the final generalized couplings 130 < m(top) < 210 GeV
analysis, additional cuts are made to pt(top) > 75 GeV

further reduce the background and b
enhance the signal: pt(j1.j2) > 100 GeV

CMS, 5.0 tb™" at Vs = 7 TeV CMS, 5.0 fb™ at \s= 7 TeV

L T I T T T T I T T T T I T T T T | T T T T I T T T T : T | T T T T I T T T T I T T T T | T T T T | T T T T :
10 e+jetsN =1 — Data = 4 p+jetsN =1 —*— Data _
= b tags [ ti + single-Top _ E 10 ? bt [ ti + single-Top g
N ] W—lv + Ziy*—IT + VWV ] E [ W—lv + Ziy* =1l + YV

> 10° [350%d Uncertainty E| 3 B33 Uncertainty
) E W', x20, m=0.8TeV 3 :5 10 3 — W', x20, m=0.8 TeV E
Q) 0 I e TR T Wqx20,m=1.2TeV ] O] E e, Lo W, x20, m=12TeV -
2 S ) I S— W, x20, m=1.6TeV 3 3 10°E — W', x20, m=1.6TeV g
— - L e W x20, m=1.9TeV — = by e WL X20, m=1.9TeV 3
P ) " - i .
c 10 3 € 10¢ E
2 4 ] o = 3
AT : > C ]
1 = ?: LIJ 1 - -

1075 1075
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000

M(tb) [GeV] M(tb) [GeV]
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* Normalization
* Luminosity (2.2%)
* Trigger (3%) and ID (3%) efficiencies
* Top pair cross section (15%)
* Shape
* Jet Energy Scale
* Jet Energy Resolution
* B-tagging efficiency and mistag rate
* \WH+jets heavy flavor fraction
* Jet parton matching

Factorization scale
W+jets 0-tag Shape data vs simulation

Shape systematic uncertainties are evaluated by raising or lower the
corresponding parameter by 10 and repeating the analysis
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* The cross section for o Tsm + aygap, (0L — OR — Osp)
pp — W/W' — tb with arbitrary left- and

L _L 2 R _R 2)
right-handed W' couplings can be written as: T ((Q“da”’) +(a”dafb) (o)

* For each point determine the mass limit 1 . R\2 R 1\2
+ 2 (audafb) + (%d”tb) (0LRr — 0L — OR)
CMS, 5.0t at (s=7TeV

s=7TeV

CMS, 5.0fb™" at |
T T | T T T i T

= —H = I=:==1 1850'_' —
o IF | : | ql = gﬂ 1 | —rIISSl];}
E < I ]
i 1700, = 17009,
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061 \ | 1400 - | {1400
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0.2(- Invariant Mass Analysis m | Invariant Mass Analysis Bl
I 95% CL Expected ! 11950 0.2r 95% CL Observed 1950
0 ] Coo b b by [ __l —200 i / Tl
0 L TS T AN R T TN NN S S S N L1, L=l
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CMS, 5.0 fb™' at\s = 7 TeV
I|III|III|IIIIIIIIIIIlIIIlII
e+jetsN =1 __Data
* btags [ 1 + single-Top
I W—lv + 21T + W
[Jecco

[ Wy, m=1.0TeV

* For a W' with right- handed couplings, we 10°F
perform a multivariate analysis with Boosted 10°
Decision Trees to obtain the best sensitivity

10

MW, bestl) (“best” top mass)
MW, btag2) (“btag2” top mass)
pt(W.btagl) (“btagl” top pt)
pr(W. btag2) ("btag2” top pr)

Agr(lepton, jet2)
Adgh(jetl, jet2)
cos(best, lepton )pestrop
cos(light, lepton)besttop
AR(jetl, jet2)

* Variables are chosen to optimize sensitivity § o T

and minimize correlation, and are checked in ~

control regions dominated by W+jets (2 jets e 10

HT<300 GeV) and top pairs (>3 jets) o 10
Object kinematics Event kinematics 15
n(jet1) Aplanarity(alljets) 10" !
pr(jetl) Sphericity(alljets) <
n(et2) Centrality(alljets) 0.8 06 04 -02 0 02 04 06 08
pr(jet2) M (btag1, btag2, W) BDT Discriminant
1(jet3) M(jet1, jet2, W) CMS, 5.0 fb™ at\'s = 7 TeV
prijet3) M(alljets) S -|'-'|-~|"-|~-|'--|--'|-;
n(jet4) M(alljets, W) 10 pefets N, > 1 ; :m n
n(lepton) M(W) _ 5 B W sz T ]
pr(lightjet) M alljets, lepton, EMss) 10 1 aco I
prilepton) M(jet1, jet2) o 10° [ W, m=1.0TeV ?—
ninotbestl) Mt (W) b — Wy x20, m=1.0TeV 3
pr(notbest1) prijetl, jet2) o 10° B2 Uncertainty 3
prinotbest2) prijetl, jet2, W) “a 2
Efs p./Hr (alljets) 2 102 i

)

Top quark reconstruction Angular correlations LI}J 10 3
MW, btagl) (“btagl” top mass) Adh(lepton, jetl) ?

10

-0.8 06 -04 -02 0 02 04 06 0.8
BDT Discriminant
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CMS, 50fb at'-s TTeV cMs, 5be atis—?TeV
a -l - T C T T 1T | 17 ]
i : — Theury M '='= Mw : 2 i —_ BDT (pﬂets) 3
= BN ...... Theory M :-- My = L= e Inv. Mass (u+jets) |
0o (c) o = > (d) — BDT (e+ets)
> 1B —— 95% CL nbserved — = 1k ]
T E NG, e 95% CL expected - E N~ Inv. Mass (e+]ets) 3
a - . ted . 3 - —— BDT (elutjets) T
"'T: B - t1o éxpecte N © CL T NS, e Inv. Mass (e/u+jets)|
e F +2c expected - ol - —— Theory M, << My, -
5 10 1 —_ = L>|j 10'1 — --""-..__j—“::‘.:.'.*_._‘_'_r:i T Theory M } M'W' -
m - ] 1 - N~ ]
% B ] O - ’
x [ i = | ]
< : o | |
§ BDT Analysis )

T1og efu+jet5N y > E 107 E
& : | 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 | 1 1 1 | 1 1 1 . U : | 1 i | 1 | i | | i i | I i i | i L | L i i | i Il 1 :
() 800 1000 1200 1400 1600 1800 2000 2200 800 1000 1200 1400 1600 1800 2000 2200

W', Mass [GeV] W', Mass [GeV]
Analysis (@, a®) = (0, 1) (et e®y=(1,0 (@.efy =011

M.:: ] er M.:: < MW' M'-"E <27 Mw.' M.:R <2 MW'

BDT 1.91 TeV 1.85 TeV - -
Imvariant mass - - 1.51 TeV 1.64 TeV

For W' bosons with right-handed couplings, CMS excludes masses below 1.85 TeV

World's best limit in this decay channel!
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Conclusions/Outlook CM>
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D. Duffty and Z. Sulli\l/{?n: 382|Physll?ev D|86(20|1 2) (.).7501 8
* CMS has searched for W' bosons decaying into g TeV /]
top+bottom quark pairs o —

* W'Dboson with right-nanded couplings is excluded [ 20 fb1
below 1.85 TeV

* Limits at 8 TeV should approach 2 TeV [13]

* We have also set limits on the W' mass for an
arbitrary combination of left- and right-handed
coupling strengths

* First analysis of its kind at the LHC

95% C.L. exclusion ( ¢'/gsar)
.

0. ] ) L1 1 1 I 1 L1 1 I 1 L1 1 I 1 1 L1 I 1 1 L1
500 1000 1500 2000 2500 3000

mw: (GeV)
CMS will also start to explore other topologies with a t+b final state:
Charged Higgs particle H+ in SUSY theories can decay to t+b if it is heavier than the top quark
Stay tuned!

g
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