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Introduction( 1)

e Heavy Higgs(600-1000GeV)
° H->WW-—lvqq’

> BSM: a heavy electroweak singlet

A heavy Higgs and the 125GeV one
complete unitarization; C'? + C? = 1
The heavy Higgs has a non-SM-like
decay modes;

generic in width and cross-section
r’ = (C’z/(1'BRnew)) X rSM
u’ = C’2 X (1 - BRnew)

o x BR [pb]
1 1 L L1l
LHC HIGGS XS WG 2012

Bulk Graviton
> G>WW-—lvqq’ (800-2500GeV)
o G—ZZ—1lqq’ (600-2500GeV)

> Production process at LHC similar to [/
SM Higgs decays preferentially to t, o]
then W’ Z and H E X http://cp3-origins.dk/research/units/ed-toolsE

qoeld b e e
200 400 600 800 1000 1200 1400 1600 1800 2000
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NB: Higgs is a wide resonance, while G is narrow;



Introduction(2)

* W/Z are highly boosted: %

> decay productions are very Pt
collimated in space. - Y
* Jet Grooming: AR ~ 2- o

> Significantly improved jet mass

> Remove constituents inside a fat-
jet for reducing soft process
contaminant;

* Jet substructure:

° Provide additional information for
discriminating QCD-jet and V-jet;

> N-subjettiness, mass drop, Qjet...

arbitrary units
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CMS PAS HIG-13-008



Event Display: 24 + jets

CMS Experiment at LHC, CERN

Run/Event: 194702 / 76289487
Lumi section: 73

Data recorded: Tue May 22 14:22:34 2012 CEST

Muon 1

pT = 230.64 GeV

ela = -2.244
phi = -0.181

Hadronic Jet
pT = 337.6 GeV

eta = 0.934

phi = -3.050
Muon 0

pT = 203.52 GeV

eta = -1.966
phi =-0.541
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Leptonic W/Z

° W:
> One good lepton; No additional loose 1D
lepton;
° large MET;
° W, PT > 200 GeV
o /:
> Same flavor but opposite charge di-leptons;
> M(ll) in [70,110];
o Z. pT >80 GeV

lep



Hadronic W/Z:V-Tagging(|)

e A high pT CAS8 jet.

o

In WWV analysis, need to be
back-to-back with leptonic
objects;

>V, , pT>200(80)GeV for W(Z)
* Jet mass:

(e]

(¢]

(e]

(e]

M(QCD-jet) ~ 0;
M(V-jet) ~ M(Vepg);
Main observable in analysis;

Improved by jet pruning: soft
and large angle radiation
removed; Especially for QCD-jet

[65,105]GeV for W;
[70,110]GeV for Z;

More details in James’s talk

arbitrary units

CMS Simulation

0.2

0.1

Jaato[7* )

T T I T T ]

—— SM Higgs, m = 600 GeV

--- ungroomed jet mass

—— WaJets, MadGraph+Pythiaé |

--- ungroomed jet mass

100

el
150

pruned jet mass
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More details in James’s talk

Hadronic W/Z:V-Tagging(2)

* N-subjettiness

° Jet compatibility with N- &
pronged substructure.

CMS Preliminary Simulation, Vs = 8 TeV, W+jets
1] . T I T T T I T T T | T T T | T T T
S CAR=0.8
250 < P, < 350 GeV |
nl<2.4
60 < m, <100 GeV N

° 12/T11 is the best
performing single variable; |
1 . | —— Neural Network (MLP)
IN = d—OZPT,i min{(ARy;)?, (ARy;)?, ..., (ARN;)P} 04| ——=tielinood

QJet

- T,/T, pruned
0.2 T,/T, KT axes
- —— G, (B=1.7)
- —— mass drop
[ ) -
. ] b 1 1 | l 1 | 1 l L | 1 I | 1 L I 1 Il L
v taggl ng' 00 0.2 0.4 0.6 0.8 1

Jet Mass + N-subjettiness
CMS PAS JME-13-006



More details in Petar’s talk

Hadronic W/Z: V-Tagglng inTTbar sample

CMS Pr inary, 19.3 fb" at {s =8 TeV, W —> uv

Events

e TTbar selection:
°© Wt W-Tagged jet+ B-Tagged jet
e Tag-And-Prob:

> Fit samples passed and failed

— — _ I N WA I A e e ]
A 02 03 0.4 05 06 0.7 08 09 1

W-Tagging in Data and MC ovs PaSHic-13.008

After t2/T1

cms Preliminary, 19.5 fb" at Vs = 8 TeV w—» my
T T

o Scale factor for W-tagger
efficiency of real W-jet;

Events / (5 GeV)

> WV-jet mass bias and
resolution corrections

data MC scale factor / shift
efficiency 200<p;<265 GeV *0.96 +- 0.08

efficiency 265<p;<600 GeV *0.89 +-0.10
mass peak position 84.5+-0.4 GeV 83.4+-04GeV +1.1+-0.4 GeV

40 50
mass peak width 87+ 06GeV 75+-04GeV +16% +-9% Com blnatorlal Bkg

CMS PAS JME-13-006



AnaIyS|s Strategy VWV( )

SF for W I,:'E::"[ &gn_al <:|, xs/lineshape reweight
WW/WZ,77

SF for Top

Top-enriched _ ITbar _

Control .
----- cample W-jets
A
Data-driven for Dominant bkg:
« Normalization: fit my sideband

* Shape: |Fiausr(myj) = avc(myy;) X Faatass(miy))

: Jet mass L - :
i correction "_> <: Fit from MC

; { Single Top

Fuc,sr (M)

amc (myyj) =

Fuc,ss(miy;)
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Analysis Strategy:WWV(2)

CMS Prel

y,19.3fb'at{s=8 TeV,Wo ev

Events / (5 GeV/c? )

TT T T[T I T[T T T [ TT T T[T I T T[T IT T[T IT[TTITT[TTTH

80

I WwWiwz/zz I T
D Single Top I Wiijets
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B .

£Xq Uncertainty
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K

CMS Preliminary, 19.3 fblatys=8 TeV,W— ev
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CMS Preliminary, 19.3 fblatys=8 TeV,W—- ev
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Fdata,SR(mlvj) = “MC(mlvj) X Fdata,SB(mlvj)
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Analysis Strategy: ZZ

NC Bke DATA-Bk DATA-Bk MC-VV
ig-Re ~BKE _ . “BXE (1 — g™
1 o = M N, SIG-Reg & [N SB-Reg (1 TVV)] + N, Sig-Reg
| NMC-Bkg
A SB-Reg

CMS Preliminary Vs =8 TeV , Ldt=19.8 " CMS Preliminary Vs =8 TeV ’ Ldt=19.8f"

I I T I LI I LI I LI I LI I LI l LI | LI I LI 3 1 I LI I LI I LI I LI | LI | LI I LI I i I LIl E

®  CMS 2012 (ee, 1JHP) i ®  CMS 2012 (uy, 1JHP) ]

1 Background estimation ] Background estimation 7]

[ Z+iets (Madgraph) E 1 [ Z+jets (Madgraph) =

[ other Backgrounds (f, VV) ] [ other Backgrounds (ff, VV) E

S | BulkG* (M_=1000 GeV,k=0.5 (x100) ) S + | BukG" (M_=1000 GeV,k=0.5 (x100) )]
8 10" 3 8 107 3
> 1 :
a i @ _
© o '

> 10° E > 102 =
] : T 10 §
10° 3 103 =

] .
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

M, [GeV] My [GeV]
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Systematic Uncertainties

HWWV: Signal + Background

| Syst. uncertainty

| sig, ggH | sig, VBF || W+jets | ti

| singlet | WW/WZ |

lumi 4.4% 4.4% - 44% | 44% 4.4%
Higgs QCD scale 6.5% t 1.3% t - - - -
Higgs PDF+as 121%t | 59%t - - - -
Intf (sig/bkg) 10.0% 50.0% - - - -
Bkg cross-section - - - - 30.0% 30.0%
Tiorm. - - 8% - - =
W-tagging 100% | 10.0% - : : 10.0% >
- - - 6.0% | 6.0% "
Jet mass/energy scale 2% 2% - 2% 2% 2%
Wjets shape - - see Sec. 6 - - -
b-tagging 2.5% 2.5% - - 2.5% 2.5%
Trigger (e & u) 1% 1% - - 1% 1%
Selection Eff. (e & u) 2% 2% - - 2% 2%
XZZ: Signal normalization
Source Value Comment
Muons (trigger and ID) 5% Tag-and-probe study
Electrons (trigger and ID) ~3% Tag-and-probe study
Muon scale 2% Scale and resolution of the muon
Electron scale < 0.5% Scale and resolution of the electron
Jet reconstruction 1% JES uncert., JER uncert. negligible
Pile-up 0.5%
Z-tagging 8% (1JHP) From ¢t control sample,
30% (1JLP) anti-correlated between categ.
Proton PDFs < 0.5% PDF4LHC, acceptance only
Luminosity 4.4%
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SM and BSM Higgs Limits

CMS Preliminary, 19.3 b at /s = 8 TeV, e+u BR,, =0 CMS Preliminary, 19.3 fb” at \s=8TeV, e+u
5)10|||||||||||||||||||||||||||||||||||||| ':\ |||||lllllll||||||||||||l|||||||||||||
2 2 06—
£ 9 . g [ -exp,C?=03 —obs,C?=03 ~th,C?=03
£ 95% C.L.Observed Limit = [ --exp,C?206 —obs,C?=06 - th,C?=08
(:) 8— - 95% C.L.Expected Limit .(\o 05_— --- exp., C'2=08 — obs., C|2 =08 th,, c|2 =0.8
g‘; . - +10 Expected Limit 33 - ----exp,C'?=10 —obs,C'?=10 th, C'2=1.0
\: +2 o Expected Limit 0_4__

—— SM Expected
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c6)00 650 700 750 800 850 900 950 1000 800 650 700 750 800 850 900 950 1000
Higgs boson mass (GeV/c?) Higgs boson mass (GeV/c?)

No significant excess is observed:
* Exclude at |.I (4.1) times the SM Higgs cross-section
for a mass of 600 (1000) GeV hypothesis.
e The typical upper limit on the 0 95% x BRWW ranges
from ~60 to 400 fb when BRnew=0 and C’2 ranges from
0.3 tol.0.
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Graviton to WWV and ZZ Limits

CMS Preliminary, 19.5 fo' at 's=8TeV, e+u combinec CMS Prellmlnary (s=8TeV det: 19.8 "
- I I I + IObservled l I l : l-§l- 1 T PO PP N R R PR P N R N A llli.llIII.J.I]I]I[[].IIlll,}.llg
"""" EXpeCted : i 7| —m— Asympt. CL Observed ]
1 E_ [ Expected, + 1o _E N | I Asympt. CL_ Expected= 1o [ 1
— E [:] ExpeCted: *20 - E """""""""""""""""""""" U E— Asympt. CLS Expected=20c |77 T
-8_ - T gy BR(G— WW), k=0.2 . *T 107 0 XBRG > 22)k=050  |. il
0 — Ogux BRG=WW), k=05 | O I o xBR@ e zz k020 [
2 —— Observed, cross-check method 3  (C T T
m; IIIIIIIIIIII Expected, cross_check method : m .............................................................................................................
m [ 1 %
X 10%g b
X - > @) S fa
3 T (O e st NGOG O RO e 1, . £ o
S R e TS
10°E =
104 TR BRI A A |.|..'|~ Ll [N R R S
800 1000 1200 1400 1600 1800 2000 2200 2400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

M (GeV) M. [GeV]

No significant excess is observed:
*  WW.:upper limits at 95% CL on o*BR(WW) are set in the range from
70 fb to 3 fb for masses between 0.8 and 2.5 TeV, respectively;
 ZZ: alower mass limit M>710GeV for a bulk graviton with coupling k
=0.5



Semi-leptonic V.S. Dijet

CMS Preliminary, 19.5 fb' at Vs=8TeV, e+u combined

B B LA o e e e I  BLANLAN B o e o i
—e— Observed ]
------ Expected
1 [ Expected, = 1o E
[ Expected, = 20 3
e O BRG—WW),k=02 ]
o_ ~
& — Ogux BR(G—>WW),k=0.5  _|
= —— Observed, cross-check method 3
L’C; 0 e Expected, cross-check method ]
m - oy, -
x 102
g F
o F
b -
10° E
10_4‘,,|,‘,|,,,'|'~~,,‘|,,, P B R
800 1000 1200 1400 1600 1800 2000 2200 2400
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CMS Preliminary, 19.8 fb'', Vs = 8TeV

CMS Preliminary Vs =8 TeV

Ldt=19.8fb"
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Resonance mass (TeV)

Dijet search goes to higher masses;
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Semi-leptonic search gives stronger limits;
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Conclusion

* Search for X toVV in semi-leptonic final
state has been performed with ~20fb-! data
of p-p collisions at Vs=8TeV from CMS;

* No Significant excess has been observed;

* Novel techniques for V-tagging are
employed;

e Benchmark for future analysis at high mass
regime.
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Effect of W polarization

Effect of W polarization

250 < pT < 350 GeV 400 < pT <600 GeV

CMS Simulation, (s = 8 TeV, W+jets CMS Simulation, Is = 8 TeV, W+jets

g ==/ T g =01 T T
' n . 1 :
~— 0.8} - — 0.8 -
CAR=038 CA R=0.38
0.6 250 <p_<350 GeV 0-6? 400 <p_ <600 GeV
nl<2.4 nl<2.4
- 60<m, <100 GeV I 60<m,<100 GeV
0.4 — mass drop, w, 0.4 — mass drop, W,
i i, W, I T, W,
[ — Toe W, — o W,
B mass drop, W, B mass drop, W,
0.2 i 1t}/r” W, 0.2 I o, W,
I L gjer W I T gguer Wy
G....l...l... ....... \ ohl..l.,.ll,.l.,....
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8

Test performance vs. W polarization

Performance is slightly degraded in all cases for Wt w.r.t W
Mass drop seems to least sensitive to W polarization
Polarization effects become more important at higher pT



Event Selection for EXQZ~Z

Summary of Selections

Selection Value Comments
Lepton selections
Leading lepton pr pr > 40 GeV Electrons and muons.
Subleading lepton pr pr > 40 GeV For electrons.
Subleading lepton pr pr > 20 GeV For muons.
Electron n In| < 2.5
Electron fiducial [n|sc out of [1.4442, 1.566] range Avoid the ECAL gap.
Muon 7 In| < 2.4
Jet selections

Jet pr pr > 30 GeV
Jet [n| < 2.4

Boson selections

mLL

myy (resolved case, signal)
m, (merged case, signal)
my; (resolved case, sideband)
m,y (merged case, sideband)
Leptonic Z pr

Hadronic Z pr

70 < mpr < 110 GeV
70 <myy < 110 GeV
70 < my < 110 GeV
myy in range [60,70] U [110,130] GeV
m in range [50, 70] GeV
pr > 80 GeV
pr > 80 GeV

When applying final V- tagging
selection, only one candidate
per event is retained.

We pick the one with Z

masses closest to PDG value.

Diboson selections

Diboson mass Mz
2- to 1-subjettiness ratio (high purity)
2- to 1-subjettiness ratio (low purity)

Mzz > 180 GeV
791 < 0.50
0.50 < 151 < 0.75




Event Selection for EXOWW

Event Selections :

1) High Boosted Leptonic W : p} “>200GeV

2) High Boosted Hadronic W = CA8 hardest Jet: p{"“>200GeV
3) pftMET > 40 (80) GeV for muon (electron) channel

4) Lepton pT > 50 (90) GeV for muon (electron) channel.

5) back to back topology : AR, >n/2 Ag, ,.>2.0 A, . >2.0

6) btag veto : no btagged AKS jets, with p,>30GeV, according to CSV med.
(Optimized to have the best Punzi's significance)
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Analysis Strategy: G->WW

CMS Prelimjnary. 19.5 fb" at s = 8 TeV. W—>e v HP

B W-iets WwWwWz/zz 3
10° .tf Single Top
® data Uncertainty

===+ Bulk Graviton M=1.5TeV k=0.2 (x100)

107

-= Fit to data
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