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THEORETICAL MOTIVATION e

—1.5TeVEGM W', c=1

Several BSM theories predict existence of heavy
resonances with M > 1 TeV decaying to WW/ZZ/Z\WN
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—— Significance (stat)
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- Extra dimension models: Solve hierarchy problem by 10
letting gravity propagate in extra spatial dimensions 1
making it appear weak

- Bulk scenario of Randall-Sundrum (RS):
One warped extra dimension. Fermions allowed
to propagate in bulk of extra dimension explaining 7 O
unpredicted Higgs Yukawa couplings. ;

gnificance
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Signature: Narrow resonances decaying —_ w00
primarily to bosons (Wi, Z., H)

n el 5 X — WV — qqqq (EXO-12-024)
o = X - WV - vqq (EXO-13-009)
—— X — WZ — qqll (EXO-13-009)

E 1 ----- X — WH — vbb (EXO-14-010) _:

& —— X — VH — qqrt (EXO-13-007) .
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EXPERIMENTAL MOTIVATION >T< ' T e vewiz ]

8 TeV diboson analyses see curious excess of events! a0’ ' 5
— All-hadronic channel amongst most sensitive & LT
13 TeV LHC data taking has begun 102l RO o
. . . =BR(XX-WW) =~ BR(X—ZH) :

— tlme to explore neW energy domaln! e FTR St S, S S
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Boosted topologies

MAIN CHALLENGE ,
Low boost High boost

ARqq> 0.8 quark ARqq< 0.8
M‘,

\\
pT,V . / /j W

- Above W/Z pt > 200 GeV decay
products merged into single massive
R = 0.8 jet!

Vector bosons emerging from decay of
> 1 TeV resonances usually highly
energetic:

ﬁ Rmin min
qq Aqu ~2

quark

CMS Preliminary Simulation, \'s = 8 TeV, W+jets
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Search for X=»VV—2 jets, where V=W/Z S - -
E;EtE:E:E:E:::::::::;:;::::: merged jet effiCiency 7
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Analysis strategy
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DEALING WITH THE BACKGROUND

Main background:
QCD multijet production

Reject by

- W/Z-tagging methods (grooming,
n-subjetiness) taking advantage of:

2-prong signal jet
- Massive 4-vector ] Jet mass
sum of daughters 1
- 1-2 wide-angle splittings1 Jet
- Symmetric splittings 1 substructure
A $ Quark/gluon jets

- Low-mass 4-vector
sum of daughters

- Many low-angle splittings
- Asymmetric splittings

STRATEGY

Reconstruct two bosons and VV
iInvariant mass

Estimate background from smooth
fit to data

- no need for background Monte Carlo

Bump hunt in dijet inv. mass spectrum!

__CMS,L=19.71b"{s=8TeV
2 ) | |

101 4 High-purity doubly W/Z-tagged data -

10 -~ Gpg = WW (1.5 TeV) =

do/dm (pb/TeV)




W/Z-tagging
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JET MASS: PRUNING

Improve jet mass resolution by removing
soft, large angle particles from the jet

Procedure:

- Recluster jet using Cambridge-Achen
algorithm with R=0.8, requiring that each
recombination satisfies

win(prpr2) o1 AR, < 0.5 x T4
Prp pT
Removes soft particles \
Removes wide angle particles
Py
Rpoune ,?,,%

P2
f\ Additional prong hard enough to
end up in different hard subjet

- Quark/gluon jet mass pushed to zero!

(L) L] qu
Zurich
. 0.1 Work in progress Simulation
g W. after —w, ukG MadGraph
Py --- Ungroomed jet mass
£ 01 —QCD, Pythi
= , Pythia8
< ---Ungroomed jet mass
0.08[
- QCD
0.06[—
i W, before
0.04[
0.02|- | ,
Ol TRUT ety o L 1_4 o
0 50 100 150 200

Vo Work in progress

Pruned mass [GeV]

()
§ | —— BukG —wWw Mx=2TeV
: B RS G — WwW Pruned AK8
§ 0 25__---- RS G —ZZ p, >200 GeV,Iml<2.4
S F-oema—wm N/ M, > 890 GeV, Ian | <1.3
< : £ QCD
0.2 60 GeV < Mp < 95 GeV
: VA
0.151 | H
o N
0.05[ Col A
e e
0 50 100 150 200



Ui 2\ Universitat
7 Zurich™

W/Z-tagging

JET SUBSTUCTURE: N-SUBJETTINESS 1 jet axis

pr-weighted sum over all jet constituents of . 1 ,2subjet axes

the distance w.r.t the closest of N axes in a jet

Distance between momentum of
constituent k w.r.t momentum of

1 .
™ = Y primin ((ARqx), (ARyk)...(ARN rest-frame subjet N
k

Each constituent assigned to nearest subjet!

- AXis are obtained by undoing last (N-1)

steps of jet clustering algorithm 4 Workin progress Simulation
() .
o o , 3 P, >200GeV, <24  — W(2 TeV)—>WH (MADGRAPH)
- Small T~ indicates compatibility with N axes 2 [cev<M<sseev ... Ggy(2 TeV)>WW (MADGRAPH)
. S 01 — Go(2 TeV)>WW (PYTHIA)
hypOt/’)eS/S 3 — Gp(2 TeV)—>ZZ (PYTHIA)
< - — QCD, Pythia8
- To discriminate 2-prong W/Z jets from 008 Signal
1-prong g/g jets, use ratio: ! _ QCD
brong g} 0.06-T21 < 0.5
- T/TI(T ! :
2t ( 27) 0.04_—
- Typical W/Z-tagger (pruning+n-subjettiness): 0023_
- 3 % mistag rate _
..'T: ] IR N u T |- L L
0O 0.2 04 °~ 0.6 0.8 1

- b5 % efficiency



Object reconstruction and selection

Pruned jet mass
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Work in progress

30-035: ______ S AR S RN S AR SR AN R
| o TR
AKS8 clustering F ooy :
0.025] 4——— .
W ™~ Anjl< 1.3
o.ozé .
—_ - E
< 0.015E *Q CD

W P oot :
0.005F g
" i bl D s i T 1
N-subjettiness '
JETS W/Z-TAGGING ANGULAR SEPARATION

Require = 2 massive - 60 GeV < Pruned mass < 95 GeV - To get rid of QCD

(anti-kt, R=0.8) jets with:

- N-subjetiness 121 < 0.5

- pt > 200 GeV
- In|<2.4

An

t-channel processes

- |Anjl< 1.3

= n(71) —n(J2)| = In(

1 + | cos(0*)].
1 — | cos(0*)|




The fitting procedure
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THE BACKGROUND FIT

The QCD dijet background shape is
assumed to be described by the a
smoothly falling function of the form

AN Py(1—m//5)"
dm ~ (m/y/s)P:

- Smoothness test of observed data

~CMS, L =19.7 b, \s=8TeV

ol .
10°E A High-purity doubly W/Z-tagged data
— Fit
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THE SIGNAL FIT

Shape extracted from signal MC

Arbitrary scale

P.D.F models constructed as composite
models with Gaussian core and an
exponential tail.

Parametric shape uncertainties due to jet
energy scale and resolution uncertainties
inserted by variations of Gaussian peak
position and width.

Simulation
0.2 :
Work in progress __ ¢ . ww MADGRAPH
0.1 8:_ ' — G — ZZ PYTHIA8
016 Grs — WW PYTHIA8
0.14F
0.12
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0.08-
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0.04F
0.02 _
O: ¢ ’-5:‘.;‘5-35‘_':'_3._!21,%-"5-_\-::.31_—3 i ..'-:T - J_J -|T e
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Parton luminosity distributions

LUMINOSITY SCALING

- Scaling of parton luminosity with collision
energy gives huge increase in discovery
WJS2013

potential for the energy increase 100 R — 7
L ratios of LHC parton luminosities: / ]

[ 13 TeV/8TeV, /

- For 2 TeV Bulk Graviton, increasing
energy by factor less than 2 increase
parton luminosity by 15!/

p—
o
Ty

— 20 fb " at 8 TeV is the
equivalent of 1.3 fo" at 13 TeV!

luminosity ratio

—
™Y

- In the first few months of running at 13 TeV,
huge amount of data will be available!

MSTW2008NLO

A A 1

0.1 L A A " M PR T T 1
100 1000

FIRST 13 TEV DATA EVER NOW AVAILABLE! M, (GeV)

- 42 pb™! of data recorded with CMS after first
50 ns run of LHC!

- 200k events passing analysis triggers,
30 events in signal region!



78l %) Universitat
sy Lurich™

Expected limits

HYPOTHESIS TESTING

1% LM
- Hypothesis test by comparing fits of g;? s | ! ' Work in progressE
observed data with “background-only” (5> | | 777 rewena s, meeasas o -
unction ang “background +sgnal® = | == DT |
function. o S IETCEETEE JJ (8+13 TeV, 20+3/fb) HHHHH 5
o | ] JJ (8 TeV, 20/fb) | HHHHH 1
- “ JJ (13 TeV, 3/fb) s MHH‘HHHHHHWHH F
8+13 TEV EXPECTED LIMITS 10 AT E
- Combination of the dijet analyses using - | .
19.7 fb! of 8 TeV data and 3 fb-! of 1L 1
13 TeV MC: - §
- For resonance masses above 2.4 - B ;
TeV, 13 TeV results more sensitive = :
with 3 fb™! of data! - | 5 .
-2 L | f | | | | | | | | | | ! | f

- 8+13 TeV combination improves 10°600 1000 2000 3000 4000
sensitivity over whole mass range M. [GeV]

10
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Summary

CONCLUSION

- Use of novel W/Z tagging techniques allows great discrimination between signal and
background in boosted topologies

- Very useful tool at 13 TeV/ LHC!

- Due to parton luminosity scaling, at high resonance masses 13 TeV results can be more
sensitive than 8 TeV analysis with 3 fb~! of data already

OUTLOOK

- Excess of events seen by both CMS and ATLAS in the diboson channel. Is bump new

physics or not?
— to be confirmed or excluded 13 TeV data!

- Very exciting to see whether the bump matures into sharp peak or dissolves into the
background

11
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BACKUP
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Jets in the CMS detector

f T T T T T T T

om m

m Jm . 4am m
on -Classn‘y ObjeC sinS categories
Electron AN\

Charged Hadron (e.g. Pion) ‘
= = = « Neutral Hadron (e.g. Neutron)
----- Photon

Key

CMS Preliminary 2010 Anti-k, R=0.5
Vs =7 TeV, MC Py > 25 GeVic

Mean Fraction of Jet Energy
o
e}

i Photons
0.6_
0.4
0.2'_— Charged hadrons
of

- Holistic approach to reconstruction: Particle Flow

Use information from all sub-detectors and combine for excellent angular and energy

resolution | . ,
clusters and tracks Particles Towers

HCAL

- UE subtractlon
* * jet cIustermg
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KK-graviton branching fractions. Left: Bulk scenario, assuming elementary top quark. Right: RS1 scenario. The dashed line represents the

individual RS1 kk-graviton decay rates to a pair of light fermions ff , where f represents both light quarks (u,d,s,c,b) or leptons (e,y,T). -- Branchin

ratios are independent of k parameter.
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8+13 TeV combination
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1/fb

- Combination of the dijet analyses using
19.7fb! of 8 TeV data and 1fb! of 13
TeV pseudo-data

CMS Work in progress
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- Combination of the dijet analyses using
19.7fb! of 8 TeV data and 1fb™' of 13
TeV pseudo-data

Work in progress
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Tau21 before mass cut

Simulation
o 0.14
8 : W2 TeV)—WH (MADGRAPH)
i; e spoyopuge Gy (2 TeV)=WW (MADGRAPH)
g 0.12 __ —— Gg(2 TeV)=WW (PYTHIA)
-_é 1Y Gpe(2 TeV)—ZZ (PYTHIA)
<C B — QCD, Pythia8
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