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Introduction

Many theories beyond SM predict existence of massive resonances
coupled to vectorbosons ( X-WW, WZ, ZZ )

> RS and Bulk Gravitons > Extended Gauge models: W' - WZ

> Heavy scalars: SM higgs like, EWK singlet, 2HDM, psuedo-scalar Higgs

In this talk, the following boosted results at 8 TeV are considered:

@ WW, WZ, ZZ semi-leptonic — CMS-EX0O-13-009, CERN-PH-EP-2014-076, arXiv:1405.3447 [hep-ex]

® WW, WZ, ZZ fully hadronic — CMS-EXO-12-024, CERN-PH-EP-2014-071, arXiv:1405.1994 [hep-ex]

NEW: combination X - VV analysis + model independent upper limit

Additional CMS analysis using W/Z boson jet:
» WIZ jet tagging in CMS — CMS-PAS-JME-13-006, http://cds.cern.ch/record/1577417?In=en
©® Higgs like scalars decaying WW - CMS-PAS-HIG-13-008, https:/icds.cern.chirecord/1546778

See more on boosted analysis using WIZ and Top jets in Kevin Nash talk

https://indico.cern.ch/event/302395/session/11/contribution/20
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X-VV - di-jet final state search

CMS Experiment at LHC, CERN

Data recorded: Sun Oct 7 17:44:20 2012 EDT

Run/Event: 204601 / 869076077
Lumi section: 752
invariant mass = 2163.7

et = 29195
eta = 0.446
phi = -3.120
mass = 11.14

et = 764 91
eta = 0.584
phi = -3.037
mass = 6.37|

i

et = 487.40
eta =0.145
phi=0.202
mass = 10,63

et = 350.55
eta = 0.245
phi = 0.012
mass = 13.46
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@ Search performed at 8 TeV, ~20 fb™

® Heavy resonance search, M > 1 TeV

@ Hadronic W/Z bosons are highly
boosted — merged into a single big
R-cone jet

v Strategy: bump search in ij

® Signal benchmarks :

1) g* - W/Z (excited quarks)
2) G, - WW/ZZ - V_bosons

3)G,, - WWI/ZZ - V bosons

4) W' - WZ (heavy partner of SM W)




X-VV -di-jet search: event selection

Signals: =
Simulated by JHUGEN, slghature: Merged Jet
Pythia 6 and Herwig++ X - WWIWZ/ZZ - 2 WI/Z jets Use jet
N tor th substructure used to
arrow resonances for the identify single jets
chosen k/M value -
pl Kinematics: containing the decay
Backgrounds: Two high p_ jets back-to-back products of the
. T hadronic W/Z
QCD multijet events: -
Herwig++ _ :
MG+Pythia6 Online selection:
Two jet p_> 30 GeV, |n| < 2.5, |Ar]jj| <1.3, ij > 890 GeV
Offline selections:
Data-Driven Two leading CAS8 jet considered as WIZ candidates

QCD multijet background

extracted from data. 1) pruned mass [70,100] GeV
Simulation used only as 2) N-subjettiness ratio T2/T1 used to classify events:
a cross check 1/t <0.5 ~ high purity 1/t in[0.5,0.75] — low purity
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X-VV -di-jet search: mass spectrum

® Background - extracted from data by means of a smoothing test

_oms.L=197M' (58T |[ _ _ CMS.L=197f5\(5=8Tev
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— N W-jet,
pt = 551 GeV
- 3 | eta =-0.92
Ay \ phi = 2.16 |
R AT pruned mass = 86 GeV |

tau21 = 0.49

pt = 264 GeV

CMS Experiment at LHC, CERN

Data recorded: Thu May 17 04:25:52 2012 CEST Muon, \
Run/Event: 194305 / 75786601 p: = ngugev
Lumi section: 53 ela =2

umi 10N, & phi -00

Particle Flow MET,

phi =-0.93

@ Signal benchmark :
G, , ~ WW/ZZ - V bosons

bul

theoretical cross section revisited -
4 time smaller — effect on exclusion
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X-VV - semi-leptonic final state

® Heavy resonance search, M > 0.6 TeV

@ Semi-leptonic WW, ZZ final states (u,e)

@ Hadronic WIZ bosons are highly
boosted — merged into a single big
R-cone jet

v Strategy: bump searchin M,

g ¢
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X-VV - semi-leptonic search: strategy

Signals: Signature:

Simulated by JHUGEN _ Merged Jet
and Pythia 6 X->WW -I(u,e) + MET + W-jet Use jet

X—-2ZZ-2l(u,e) + Z-jet - -
Backgrounds: supstruc_ture to |de_n_t|fy
single jets containing

W+jet: I:AG+Pythia6 Kinematics: decay products of
erwig++ : hadronic W/Z
DY-+jet: MG+Pythia6 Two high p_ W or Z bosons back-to-back
tt : Powheg+Pythia6
mc@nlo+Herwig++ Online selection:
VV: Pythia6 Single lepton high p_triggers, no isolation: p_> 40 (80) GeV p (e)
Di-lepton triggers, no isolation: p_> 22 (8) GeV py, p, > 33 GeV ee
Data-Driven . ; _
W+jet / DY+et Offline selections:
background extracted Two or one isolated lepton (u,e)
from data in the jet mass Leading CAS jet taken as W/Z-jet candidate
sideband WIZ jet tagging is consistent with di-jet analysis
(full description in the backup)

19/08/14 Raffaele Gerosa


mailto:mc@nlo

X-VV - semi-leptonic : background

After analysis selections, SM V+jets are main backgrounds
Minor contribution are taken from simulation + corrections from control regions

V-jets background is estimated from data using jet mass sideband control region

W+jets SB: m_[40,65] U [105,130] GeV  DY+jets SB: m_[40,70] U [110,130] GeV

Overall normalization in signal region from jet mass data fit in the sidebands

CMS-EXO-13-00
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L L .
X - VV - semi-leptonic : M= spectrum
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X—-VV searches : narrow bulk graviton

CMS,L=19.71b", /s = 8 TeV

L=19.7fb "at {s=8TeV

19/08/14
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Glelk - VV combination

¢ Combination: |+v+jet , I+|+jet and fully hadronic VV searches are combined together
¢ Correlated sys: V-tagging, luminosity, jet scale and resolution, lepton scale and resolution

CMS L=19.7fb ' at {s=8TeV CMS (unpublished) L=19.7fo Tat Vs =8TeV
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X - VV : model independent limit

Reinterpretation: simplify the analysis - drop LP category and merge lepton flavour

Provide upper limits in terms of observed number of signal events

Reconstruction + selection efficiency for vector boson is evaluated

In this way, we can estimate excluded number of signal events for a generic model

Generic model is not restricted to narrow signals — make ascanvs M, and I',
— intrinsic line-shape supposed to be a Breit-Wigner with '

- Resulting signhal shape is a convolution between BW and resolution

@ Vector boson efficiency — provided as a function of V-kinematics (p_,n) and V-polarization

1) Pre-select signal events applying all the acceptance cuts of the analysis (gen level)

2) Reconstruction + identification efficiencies are evaluated for each vector boson in the
event in a independent way

3) All re-weighting applied to signal events are included in the efficiency calculation
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X - VV : efficiency maps

CMS Simulation /s =8 TeV ;L CMS Simulation /s = 8 TeV 1
T T T T | T T T T | T T | T T T T D T T | T T T T | T T T T | T T T T }l
B i al c - - 2
- WL—aq 109 & - 4~ 'ln.s 2
L & | E
2 N ° 2 S
: { s o - CMS-EX0-13-009}8 2
i 107 - 1 o7 &
q 5__ __ g — i ] 2
— " i | —0.6 E ﬁrl.ﬁ‘ — _U.B E
£ [ i slls © . ] 5
s | —05 @ 5 | 1 —o5 §
o L o ) i i 2
g 1 —0.4 z 1 | —04 =
(qj', | - m | -
i 0.3 0.3
0.5 0.2 0.5} 0.2
. 0.1 0.1
_I 1 1 1 | 1 1 1 1 | 1 1 1 1 [ 1 1 | 1 1 1 1 | 1 1 1 1
0 Ba0_ 1000 1500 2000 0 0 500 1000 1500 2000 °
Generator Ge Z
E:MS'EXO'13'009 P; [GeV] Generator P; [GeV]

¢ Be careful in cases where V is transverse polarized — RS1 Graviton from MG+Pythia6 used

Loss in the efficiency due to the vector boson polarization found to be
independent of p_and n - 0.85 k-factor fromV to V_

¢ Correlations among physics objects not considered — 15% extra systematics

All the efficiency maps are in the backup
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X - VV : model independent result

¢ [+v+jet and |+l+jet not combined in order to avoid assumption on BR(G - WW), BR(G - Z2)
¢ Degradation of performance vs I'_ ; large resonances fluctuation due to very broad shape

Igﬂ

CMS L=19.7f6"at (s = 8 TeV CMS L=19.7fb" at {s = 8 TeV
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® 3
$ +
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P 0.1 |t s
ek
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X - VV searches : conclusions

¢ Searches for X — VV in fully hadronic and semi-leptonic have been performed at 8 TeV

¢ Tools for tagging boosted W/Z bosons decaying hadronically have been widely used

¢ Combination among all the X — VV searches in CMS for bulk graviton - no exclusion

® Model independent re-interpretations of these results is how possible

Simplified upper limits provided in terms of excluded number of signal events vs M_and I'
Reconstruction + Selection efficiencies per Vector Boson provided in (p_,n) tables

For transverse polarized vector boson apply a flat k-factor of 0.85

® No excesses found at 8 TeV ..... stay tuned for the next Run with 13 TeV data !

19/08/14 Raffaele Gerosa



Performance in Run ll: introduction

@ Use CMS full-simulation @13 TeV, in time average pileup <PU> =40

@ Observables: AK8 jets + CHS with p_in [475,600] GeV used in this study
Trimming: k sub-jets, R =0.1 and p_"° > 3%
Pruning: CAwith R = 0.8 used for pruning,z_=0.1andD_ = 0.5
N-subjettiness (t,t,T It ) and Q-jet volatility

- Soft-Drop: soft threshold z,_ = 0.1 and {3 = [-1,0,1,2]

- CMS QIG Likelihood: applied on both pruned jet and two leading pruned sub-jets
— Constituent subtracted mass: pileup subtraction at single particle level

- C_(B): double ratio of energy correlation function with 3 = [0,0.5,1,2]

Groomed masses are corrected for pileup by means of safe 4V subtraction

More on observables, data/MC, performance and correlation @8TeV in Tobias talk

https://indico.cern.chl/event/302395/session/17/contribution/32

V Tagging observables and correlations - CMS-JME-14-002,
https:/itwiki.cern.chftwiki/bin/viewauth/CMS/PhysicsResultsJME14002Draft
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Mass variables performance

¢ Train a single variable BDT, only leading jet with p_[475,600] GeV are considered
@ Signal are W jets from RS Graviton decay, background from QCD Pythia8
13 TeV
E’J 1 I I I | I I I | I I I | I I I |
W M, CMS
e i Mg siineator fednaly i Groomed mass compared
0.8 it Y. w.r.t. raw one
— e runed f
i P E)MS-JME-14-002
[ 0= Best performing
0.6 I Msoﬂ(ﬁ=1) £
. M_.(B=2) A Interesting to look
= o ate, [70,80] %
04 __ - Mtrimmed
-  AKR=08 Trimming,Pruning
L 475 ¢ P; < 600 GeV (: Soft dI‘Op B =1
- 0 <N, <40 ]
0 g Pileup dependence ?
..... ";,;; ]
0 lllllllll | 1 ] ] | I ] ]
0 0.2 0.4 0.9 0.8 1
£ .
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0.4

- C, p=1

| —— C,p=15

|, Sk Bop
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- ---- Subjet2 QGL
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- AKR=0.8
- 475 <p_<600GeV
<40 7~

CMS

Simulation Pjeliminary
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substructure variables performance

Many sub-structure
observables

Best performing

Interesting to look at
€4 [70,80] %

T/1, Qlet, C (B =1.5),
Q/G Like on sub-jet 2

Pileup dependence ?




CMS Preliminary Simulation

BDT performance: pairs

WL T T T T T T T T T T T T
i 2 B8 3 6 19 18 13 11
Q/G sub br—8RE B8-0 6 15 13 11 10
Q/G sub 1 29 8 25 9 2 13 12 9 9
N o Bl i ——
con | T DA -
s [ e IO
= |
] E i o o IS RS R _
e |
IO *° 2> O O T O T |
B |
o [l ... (CNSTNEA000] |
M o R e o R |
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60

50

40

30

10

@ Try to improve the single
variable performance by
means of pairs combination

@ Do this in two independent
pileup bins

Best Performance

Performance is estimated as
1/l fore =50%
back sig

0 ® Pair — pruned or soft drop
mass combined with T I'[ or

subjet Q/G comblnatlon

Performance still far from what
you get combining all the
observables




BDT performance: triplets

CMS Preliminary Simulation 13 TeV
L T s S B B B

@ Try to improve the single
variable performance by
50 means of adding pairs of
variables to pruned mass

Q/G comp

Q/G sub 2

Q/G sub 1 IS i '
s >0 & Do this in two independent

pileup bins

/G
C,(B=1)
C,(B=1.5)

—40
Best Performance

30 Performance is estimated as
1le,_ fore_ =50 %
back sig

238 27 25 IR AN S N S B mass or Qjets or Q/IG
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---------- e — B0 help in the performance

Moonst | | ; | | | | ; | | | | | | 0 @ Performance getting closer to
the total combination in a BDT
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BDT performance vs pile-up

< BDT performance vs Pileup — percent ratio of the previous maps

@ Small effect is visible at single variable level; 20% effect on the total combination

CMS

Preliminary Simulation

13 TeV

I

all I l E 1 l
Q/G sub 2 110
Q/G sub 1 1105
QG
X(®N |79 73 75 75 82 83 88 90| S
C,(B=1.5) 79 82 85 89 100 90
e 7171 78 18 95
T/, 75 8184 9
%, aa B 20
, : i E
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Mpmnﬁd
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8 TeV
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BDT Performance: summary plot

@ Binned the events as a function of
trimmed mass

@ Consider a set of pairwise BDT
combining trimmed mass + another
variable

¢ In each M, bin, make a ROC

curve for the BDTs, taking the
background efficiency for €y = 50%

@ QGL and 1 /1, are adding
performance in the peaking part




Performance in Run ll: conclusions

@ First look at V-tagging performance @13TeV with full CMS simulation

@ Soft drop mass performs like pruning and trimming — many configuration of
parameters have been tested

@ New substructure observables have been tested:
- QIG likelihood on pruned jet and sub-jet — looks promising !!

— double ratio of ECF can help in boost the V-tagging performance

¢ Pile-up dependence looks under control for the investigated p_regime:
— worsening in the performance between 10-20 % when observables are combined

— The bigger effect is visible on Qjets volatility and C2(B)
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Backup slides
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Single variable performances vs PU

Train a single variable BDT, only leading jet with p_[475,600] GeV is used
Signal benchmark are W jets from RS Graviton (JHUGen), background from QCD Pythia8

13 TeV 13 TeV
1 T T T | T T T | T T T | T T T I T T T 1 T T T | T T T | T T T | T T T I T T T

(=]
-
o T — ™ CMS [ il CMS
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4
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Groomed mass
compared w.r.t. raw one
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Interesting to look at
€., [70,80] %

0.4
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I e ] [0 -hy, <100 Trimming,Pruning
i - R SoftdropB=1
ol it I Pileup dependence??
0 0.2 0.4 O 6 0.8 1 0 0.2 0.4 0.6 0.8 1
E.’sig Ssig
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o5 G, B=1 2" & C, p-1 cms 1 Many sub-structure
C, p=1.5 ] B C, B=1.5 Simulation Preliminary / i
‘‘‘‘‘ 081 - Gp-2 observables
r —— QGL s -
[ - swjet2qaL A Best performin
0.6 Fae o :
F Interesting to look at
: €. [70,80] %
415(f<p~<_6301$f/v// ” T2/T1’ Qjet, CZ(B =15),
= § > Q/G Like on sub-jet 2
| cms-IME-14- 002 B _
........ - el Pileup dependence??
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BDT Correlation vs pile-up

@ Compute linear correlation between single variable BDTs and full combination

@ Look at the difference in the correlation between lower and higher pileup bins for S and B

Signal Background
CMS Simulation Preliminary 13 TeV CMS Simulation Preliminary
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BDT performance: pairwise

Low Pileup high Pileup

CMS Preliminary Simulation 13 TeV
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SIS .
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BDT performance: triplets

Low Pileup high Pileup

CMS Preliminary Simulation 13 TeV

CMS Preliminary Simulation

T

all

Q/G comb
Q/G sub 2
Q/G sub 1
QG
C,(B=1)
C,(p=1.5)

|

all

Q/G comb
Q/G sub 2
Q/G sub 1
QG
C,(B=1)
C,(p=1.5)

Gjets
/T, /1,
T2 1,

T

..........

47 45 43 43

_— CMS-JME-M-O@E"“—

My My
onst | L L Moons oL L]
E g T & v g - O T Y 8 7 =8 v h - 9 7T ¥ 8T
T - & - 1 & 2 o E E E &= & v v § Ih = O =
S e S - A S =44 >S5 L0898 ¢
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Boosted WIZ performance JME-13-006
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Boosted WIZ objects in CMS

So far CMS analysis used CA, R = 0.8 + charged hadron subtraction as “seed” for
boosted W/Z decaying hadronically

¢ Two hard jets p_= [0.4,0.6] TeV ¢ Low p. [0.25,0.35] TeV v |Isolate W-jet sample in data
¢ High production cross section @ QCD jet dominated v Combinatorial bkg due to b-jet

¢ g/g background sample @ contamination: tt, VV, DY v Nearby b-jet effect at high p_

Beyond SM resonances are used as source of W jets
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L]
n
Boosted WIZ in CMS: performance
CMS Simulation, |s = 8 TeV, W+jets
’ CMS Preliminary Slmulanon,\s 8TeV, W-jets _ CMS Simulation, {s = 8 TeV, Wjets 4 '1_ e e T A e
> ' T c AL B L A o
(é r mwm g IIIIII X }WLWL! Pythia6 ; L 250 < p, < 350 GeV -
S ‘5" CAR=0.8 E T - o Inl<2.4 -
Q0 - D 260¢p ¢%0GeV —— +<PUy=22+sim. 0.8L NN B0 <m, < 100 GeV ]
&LE’ 0.8 m E 0.4- mi<za  C + ¢PU> =12 + sim. - X .
o | _—— . — Wajets, MG+Pythias | . ]
— I merged jet efficiency ] m) e PUSe22edm L i
0.6l single CAR=0.8jet E T e +¢PUs =12 + sim. | b __ _-
I AR (W,Jet) < 0.1 ] N i i
I o | m L —— Multi-Layer Perceptron (MLP) -
0.4 esolved jets efficiency E 0.2 i 0.4 —— Likelihood |
- = two AK R=0.5 jets E i Fe ’;f”: i
I AR (g, det) < 0.1 i Jg pruned i
0.2 0.2 77, kT axes
= L - Gy(pelT)
= CMS JME 13 OO . | —— Mass drop
3 - . I o . - - Jet charge (x = 1.0) W' ,
800' . '4(')0‘ m%ma“a 800 1000 1200 D 50 100 150 R | L1 | L1 | R BN
p. (GeV) prunedjet mass (GeV) 02 j B
T sig
CMS-JME-13- OOGJ —l CMS-JME-13- 009
@ Resolved jet from AKS less ¢ Pruning used improve S/B + Mass window [60,100] GeV
efficient from p_> 200 GeV discrimination

\ 4
7 =01.R =05 Look at the performance of

@ Overlap between boosted cut » P eut other substructure observables

and resolved searches ¢ Best discrimination — v CMS Working Point:
Mass window [60,100] GeV
[ ] Mass [60,100] GeV + 'tzl't1< 0.5
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Boosted WIZ in CMS: systematics

G 1 CMS Simulation, (s = 8 TeV, dijets o 1 CMS Simulation, (s = 8 TeV, dijets
mi —— CA Re0.8 mg i
1 Inl < 2.4 1 L
0.95 0.95—
™ Eﬂ<ml<1ﬂﬂﬁe\f : e 60¢ ml<1ﬂ0GeV
— &1,/ 1, < requirement | —— &7,/ 1y < requirement
L B &t,/t <05 L B &t /ft,<05
09 0.9
T <PU> =22,400 ¢ P < 600 GeV [ <PU>=22,400 ¢ p_< 600 GeV
- W, - =W,
[]_85 __ - ¢PU>=12 U.BS __ w.l.
- ..e- generator, PU=0 - e quark
e -08<p <1.2TeV | - = -gluon ®
. PR R SR AN NN T AN N NN SO AN N NN SR AN N . IR R R N TN RO SO TN TR S NN TR S
D'BD 0.2 04 0.6 0.8 D'Ei) 0.2 0.4 0.6 0.8
€ . j € .
S
o ﬁ_[CMS-JME-ls-oog -
|EMS-JME-13-006

. . v W polarization has a big impact
¢ Higher p_ — same 1 - &(bkg) moving T /T cut _ -

Different angular and p_ sub-jet distributions
Fixed WP degrades performance

v Background composition g/g

¢ Worsening due to pileup w.r.t generator level Better rejection for q jets W.r.t gluons

Mass cut reject more quarks ; T/t gluons
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Boosted WIZ in CMS: data analysis

. cMs L= 19.7 fi5' at|s = 8 TeV, dijets CMs L=19.7f5" at (5 = 8 TeV, W-» v CHS L= 19.7 fh“ at E BTeV, W v
m - | i - -||||||||||||||||||||||||||||||||||||||||||II — ||| I |||||||| -
© Fo o ¢ ::::é r:v:';mﬂ % 250 [ iPowheg:PYTHiAs [T Singet ] - -n Pm-.newwume, |:| EIrll;Iat
o C T N g 1 O 120F
e L — GCD Herwiges n L Il vwwwzz B W+iets MG+PYTHIAG o -l wwwzz B Wiets MG+PYTHIAG ]
W C QCD Pythiag = ® Data e Total MC fi Z [ e Data e Total MC fi
0.2 —— Data: m, &1,/7, requirement % 200 ... — % 100__ ______ MG fitbkg  Total data ft |
C 2 — Dataltbkg 2 [ —— Dalafitbkg
0.15Fe— w i w 80 b
; 150 Pass-
0.1 N
60:\ —
0,05 k=g - 100 -
ot~ o CMS-JME-13-006
E . 2F [
o 1.5 L
“‘E é; ---------------------------------- g2 .
o 0‘% 40 50 60 7O 80 90 100 110 120 130 40 50 60 7O 80 90 100 110 120 130
- 0 600 800 1000 1200 é Q?} Pruned jet mass (GeV) Pruned jet mass (GeV)

'E:MS JME-13-006
¢ Mistag rate in data vs p_

v Mesurement of W-tagging efficiency in data

Semi-leptonic tt control sample

Simultaneous fit to jet mass for event passing
and failing T/t <0.5

Shapes from MC matched/unmatched W-jet with Gen W

Di-jet sample for Mpr and Mpr+ T/T,
Drop vs p_; same for signal efficiency

¢ Mistag vs PU stable at 1% level

Parameter | Data | Simulation | Data /Simulation
(m) 84.14+04GeV | 82.7 +0.3 GeV 1.017 £+ 0.006
o 8.4 4+ 0.6 GeV 7.6 +04GeV 1.11 £0.09
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Di-jet search EXO-12-024
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X-VV -di-jet : model independent

@ Goal - estimate global event selection efficiency for signal using full simulated events
@ Contamination - less than 1% from semi-leptonic WW/WZ and ZZ, 3% from ZZ - qq 1t

Nominal Acceptance — includes matching WIZ efficiency - 1 drops at high p_
and jet reconstruction efficiency

CMS Simulation, s = 8 TeV CMS,L=19.7fb", /s =8 TeV

o 045¢ - 1 3
Q - Q High-purity double W/Z-tag
C 04f c i
© o e et e e ()
e SRR T S e S
) 0.355— :E 10.15_ :
8 0_3}/\ LLl - — MADGRAPH+PYTHIA T~
© - - o HERWIGH, T G,y — ZZ (JHUGEN+PYTHIA)
@ 0.25- o —T " ) S G,y — WW (JHUGEN+PYTHIA)
C - _
.E C ,...-rj::"" -mim q* — qZ PYTHIA 1U = — — G — ZZ HERWIG++
g 0.25—!’" o o* = qW PYTHIA ‘ ' E — — Gpg — WW HERWIG++
= 0.15 v Gy — ZZ (JHUGEN+PYTHIA) e —_— W' — WZ PYTHIA
- -+ Gy — WW (JHUGEN+PYTHIA) AR vt e,
n4c- i 10-3 = BA ;
[ W — WZ PYTHIA i -+
CMS-EXO-lZ-OZB —— —  Gpg — ZZ HERWIG++ [ j
- _ e ww R CMS-EX0-12-024 L { 1
|:| caoa o v v v s by s by v v by g 4l ey v v b v by Wbl i1 |
04495 2 25 3 35 a4 10 1 1.5 2 2.5 3
Resonance mass (TeV) m;; (TeV)
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X-VV - di-jet search: WIZ tagging

@ Background — as known Herwig++ agrees better than Pythia6 with data
¢ Signal - different shapes due to parton shower, WIZ polarization and jet p_

>~ x10° CMS,L=1971b" (s=8TeV IO x10° CMS,L=19.71b" {s=8TeV
Q - v Gy (1.5TeV) - 22 (x 2.94E+07) (JHUGEN+PYTHIA) o e Gouy (1,5T0V) > ZZ (x 2.94E+07) (JHUGENsPYTHIA)
O - - Gy (1.5TeV) - WW (x 1.52E+07) (JHUGEN+PYTHIA) E I Gy, (1-5TeV) - WW (x 1.52E+07) (JHUGEN+PYTHIA)
E 3—— w (1.5 TeV) — WZ (x 8.51E+04) PYTHIA o 2.5 W'(1.5TeV) - WZ (x 8.51E+04) PYTHIA
) E — — Gigg (1.5 TeV) - ZZ (x 1.34E+05) HERWIG++ 'E [ == = Ggg (1.5 TeV) — ZZ (x 1.34E+05) HERWIG++
"E 2.5 — Gpg (1.5 TeV) > WW (x 7.15E+04) HERWIG++ g N Ggs (1.5 TeV) —» WW (x 7.15E+04) HERWIG ++
Q B -
B X w - ¢ Untagged data E?MS-EXO-lZ-024
uzj ol i ba ¢ Untagged data - —— MADGRAPH+PYTHIA
- - #%  — MADGRAPH+PYTHIA 1.5 --- HERWIG++
B - = HERWIG++ -
1.5 i
L, CA pruned R=0.8 -
_I d 1._
1= Q@ i
& [cMs-Ex0-12-024] :
0_5}: AL 0.5_—
3 % 2990080600 B0 el A 0._
00 50 100 5 200 0 1
Pruned-jet mass (GeV) N-subjettiness ratio 7,,
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X-VV-di-jet : systematic uncertainties

® Background — data driven extraction — one source associated to the method itself

¢ Signal —~ 1) W/Z tagging efficiency scale factor from tag & probe + larger P extrapolation.

2) Jet Energy Scale (JES) and Jet Energy Resolution (JER).
3) Integrated luminosity.

Table 1: Summary of systematic uncertainties. The labels HP and LP refer to high-purity and
low-purity event categories, respectively.

Source

Relevant quantity LP uncertainty (%)

HP uncertainty (%)

Jet energy scale

Jet energy resolution
W-tagging

Tagging pr-dependence
Pileup

Integrated luminosity
PDF

Resonance shape 1
Resonance shape 10
Efficiency (perjet) 7.5
Efficiency (perjet) <4
Efficiency (perjet) <15
Yield (per event) 2.6
Yield (per event)  5-15

1

10 EZMS-EXO-lZ-OZa
54
<12
<1.5
2.6
5-15
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X-VV - di-jet search: results

@ HP and LP categories combined in one Likelihood — LHC CLs method to extract upper limit
a2 Background uncertainties are uncorrelated ; Signal ones are fully correlated

CMS, L=19.7tb", /s = 8 TeV

CMS, L=19.7fb", /s = 8 TeV

CMS, L=19.7fb", /s = 8 TeV

— Observed - —— Observed . - —— Observed
~ 1t 0] Expected (68%) @  1F [ Expected (68%) .g_ 1 [F2] Expected (68%)
- Expected (95%) & Expected (95%) - Expected (95%)
= i —q o qW = . —— Gpg— WW (kiM,= 0.1) § i e Gm—a.wwmﬁ". 0.5)
%- 107 g 107 107
Tt (N Tk
T | R
E" 10'25— Q,, 10'25— (0] 10'25—
X 5 2 - o f
© _ ) ) % i
1 CMS-EXO-lZ-OZB b 104£:MS EXO-12-024 b 104:_\E3MS-EXO-12-OZB
Lo b b b b g sl Elllllllllllllll\llll E|||\|||||||||||||||||
1 15 2 25 3 35 4 1 1.5 2 2.5 3 1 1.5 2 2.5 3

Resonance mass (TeV) Resonance mass (TeV)

Resonance mass (TeV)

Excited quarks decaying in gW , gZ are excluded till 3.2 and 2.

G__. —~ WW excluded upto 1.2 TeV W - WZupto1l.7Te

5~ WW, WZ, ZZ no mass limit up to now
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Lepton+jet search EXO-13-009
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X-VV - semi-leptonic : event selection

el +v + jet - leptonic W mass constraint used to extract the neutrino pz"

@2l +jet -

Missing transverse energy forced to be a measurement of pT"

p. > 50 (90) GeV p (e)

; MET > 40 (80) GeV u (e) ; pTW > 200 GeV
p. > 40 (20) GeV for leading (trailing) p ; p, > 40 GeV ele ; pTW > 100 GeV

Two opposite charge lepton, M in [70,110] GeV - kill top background

v Hadronic W identification — same strategy adopted in di-jet searches
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- .
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X - VV - semi-leptonic : systematics

® Background - normalization: 1) V+jets from limited statistics in the SB region < 10%
2) tt from correction derived from control region ~ 5-7%
3) VV cross section uncertainty assigned to be 20%
4) V-tagging scale factor ~10% for HP category
- V+jet shape: covariance matrix of the fits done in SB region and a_ (M, )

@ Signal - shape: 1) Jet Energy Scale and Resolution effect on signal width 3% (2%)
2) Lepton scale and resolution give small effect on peak and width < 1%

TP Source Analysis
— normalization: (vsViet L0+V-iet
1) physics object uncertainties are Muons (trigger and ID) 2% 5%
assumed to be uncorrelated Muon scale L7 & 7o
Muon resolution <0.1% 0.5%
2) Trigger and ID systematics from Electrons (trigger and ID) 3% 3%
dedicated tag&probe studies (Z—1l) | Electronscale <05%  <0.5%
Electron resolution <0.1% <0.1%
: : Jet scale 1-3% 1%
3) Luminosity from CMS measurement Jet resolution 05%  <0.1%
Unclustered energy scale ~ <0.5% —
4) PDF: MSTW and NNPDF Pileup 0.5%, 0.5%,
\ V tagging 9% (HP)
24% (LP)
rpDE |CMS-EXO-13-009] .59
Luminos 2.6%
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X - VV - semi-leptonic : M shape

V+jets shape in the signal region is extracted from data in the low jet mass sideband

Unbinned fit of data in the M SB with a falling shape

Extrapolation function from simulation used to obtain the shape into the signal region

F‘u’ { ]EI‘E-{ .)
aye (myy) = —MESR vy High mass SB not used to exclude
MCATVY gV tiets ! contamination from possible VH signals
mc,sB (MVV)

Final background estimation in the signal region

Vjets Vjets

Ngg P (myy) = Cor X Fpara sp(myy) X ane (myy) ECSR k \.dL,SR(mVVJ

e—I/(C{]+C1I)

N_.>“ - total background in SR as function of M,
C.. ' - V+ets normalization from m_fit to data Fitting Range:
C_* - yields of minor background in SR 1) I+v+jet M, [700,3000] GeV

SR

2) +1+jet M, [500,2800] GeV
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I+v+jet acceptance cuts

X - VV - semi-leptonic : acceptance

I+I+jet acceptance cuts

Object Requirement

Muons | < 2.4
pr > 20GeV

Highest-pr muon pr = 40GeV

Object Requirement
Muons | < 2.1

pr = 50GeV
Electrons Iy < 2.5

pr = 90 GeV
Y ity (Muon ch.) pr = 40GeV
Y. ti1y (Electron ch.) pr = 80GeV
W= fvor W — v — fvvr py = 200GeV
W — qq ltw| < 2.4

pY > 200 GeV
65 < m o < 105GeV

WW system 700 < iy < 3000 GeV

AR(W,z, €) > /2
AP(Wz, ¥ firy) > 2
AP(W o, Wy) > 2

Electrons | < 2.5
pr > 40GeV

Z— 1l ps > 80GeV
70 < myp < 110 GeV

Z —qq Nz| < 24

p% > 80GeV
70 < mgg < 110 GeV

Z7Z system 500 < mzz < 2800 GeV
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X - VV - semi-leptonic : efficiency WW

s = 8 TeV
——

CMS Simulation o5 CMS Simulation Vs = 8 TeV
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X - VV - semi-leptonic : efficiency 2Z

CMS Simulation s = 8 TeV CMS Simulation s = 8 TeV
[ LN B AL B B L 1 E« 257 ) I B S S S BN B B R BB R 1 F
: Z —up e 2 - Z—ee o 2
2 1 o E 2l 8 E
7 E i 7 g
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Additional B2G searches
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Signal:

Simulated by
MG+Pythia6

Model:
exotic T(2/3)
coupled with gluons

NNLO cross section

calculated via
HATHOR

Backgrounds

T(213) quark search

Signature:

T(2/3) - bW ortZortH - no specific BR are assumed
TT - single lepton or multi-lepton final states

Offline selection:
CA8 used to look for top-jets, p_> 200 GeV passing

CMS combined Top Tagger
Important for T - tZ and tH events

For hadronic W identification, CA8 p_ > 200 GeV
pruned mass [65,105] GeV + N-subjettines T/t < 0.5 -
Important for T -~ bW events

Event classified in Single lepton and Multi-Lepton channels

SM WH+jets, Z+jets, ttW, ttZ, tt, single-top, WW, WZ, ZZ and ttH
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T(2/3) quark search: single lepton

@ Lepton p_> 32 GeV for both muon and electron final state, 2" lepton veto
a At least three jets with p_> 120, 90 and 50 GeV ; AR(j,[)>0.3 and |[n| <2.4

a At least one W-jet with p_> 35 GeV ; E™* > 20 GeV
WH+jets and tt background normalized to data inverting the W-jet requirements

@ BDT analysis to separate T-quark from SM backgrounds (tt, W and Z+jets)
One dedicated training for each M_ and for events with or without W-jet

. miss 3rd 4th
Inputs: Njet’ ijet, H_, E.™, lepton p_, p_™", p_
2] 1 — T -1
L CMS {s=8TeV wsm! || _ o EMS Is=8TeV 19.5 b
=10 -
S10° ' ' L e Z10° + 24 jets + no W jet - Data
Em W+ 23 jets + 21 W jet [ Background except f E K+ 24 Jets + no y jets O Background except i
510" W i 2 10¢ Wi
&l [ ] Uncertainty = [] Uncertainty
10° - TT 800 GeV (x100) 10 = TT 800 GeV (x100)
102

CMS-B2G-12-015

0 0.5 1 -1 0.5 0 0.5 1

-1 0.5
BDT discriminant BDT discriminant
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T(2/3) quark search: multi lepton

@ Divided into 4 exclusive samples asking p_(lep)> 20 GeV, M > 20 GeV ETmiss > 20 GeV

- lepton charge : opposite sign, same sign + at least one b-jet
— opposite sign is divided according to the number of jets in the event

OS1 - dominated by TT —~bWbW : M, veto, M > 170 GeV, Njet =2or3, H_>300 GeV
0Ss2 - Njet > 5, 2 b-tagged jet, H_> 500 GeV and S_> 1 TeV - sensitive to events with a Z

SS - events with T in tZ or tH, Njet > 3 HT > 500 GeV, ST > 700 GeV

1) SM process with same-sign leptons have small XS — taken from MC
2) Wrong charge measurement — muon negligible, electron fake rate weight method

3) Fake lepton background from dedicated data control sample

Channel OS1 OS2 SS Trileptons
tt 52+19 80x=12 — —
Single top quark 25+13 20+£1.0 — —

Z 97+29 25419 — —

tW — — 58=x1.9 0.25 = 0.11
ttZ — — 1.83+093 1.84 3094
WW — - 0.53 = 0.29 -

WZ - — 0.34 4+0.08 0.40=0.21
77 — — 0.03 +0.00 0.07 £0.01
WWW / WWZ/ 222/ WZZ - — 0.13 = 0.07 0.08 == 0.04
ttWWw — — — 0.05 + 0.03
Charge misidentification — — 0.01 £+ 0.00 —
Non-prompt - — 79143 0.99 = 0.90
Total background 174+3.7 84=+12 165148 3.7+1.3
Data 20 86 18 2

Raffaele Gerosa
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T(213) quark search: results

@ Single lepton uses BDT discriminant observed in data to build the bayesian posterior
@ Multi-lepton use a cut and count approach

_ CMS (s =8 TeV 19.5 b CMS =8 TeV W
2 [ Nominal -+ Observed 95% CL BR1[I1WJ
© 1= BR <~ Expected 95% CL

a0o

.J_rld expected

+26 expected
0,

== “theory

10" 750

10

—650

| CMS-B2G-12-015

10

|
[A25)] yun ssew yaenb 1, pastasqQ)

| | | | | | | | | | | | | | | |
600 800 1000 1200 1400 :

M, [GeV] | [BR(1Z) [cms-sze-u-o@ BR(tH)

I
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T(513) quark search

Signals:

Simulated by Signature:

MG+Pythia6 TT — 2t+2W — 2W+2b+2W
Di-lepton (e,p4) same-sign final state

Model:

exotic T(5/3) not
coupled with gluons

Offline selection:
CA8 used to look for top-jets, p_> 400 GeV passing
CMS combined top tagger

For hadronic W identification, CA8 p_ > 200 GeV
pruned mass [65,105] GeV + N-subjettines T/t < 0.5

At least two same-sign leptons with p_> 30 GeV, AR(t,) > 0.8
M, <76 && M >106 GeV, H_> 900 GeV
Njet> 5 - each AK5 counts 1, W jet counts 2 and Top jet counts 3

Backgrounds
SM tt - due to large cross section , ttW, ttWW, ttZ, WWW and same-sign WW, WZ, ZZ
Backgrounds due to mis-charge reconstruction - from charge fake rate using data
Backgrounds due to fake lepton reconstruction are estimated from data
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T(513) quark search: results
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Vector-like quark search

Signal:

Simulated by Signature:

MG+Pythia6 b' = tW,bZ or bH, search for b'b' decaying in a final state with:
with different BR one charged lepton from W, >= 4 jet, >= 1 b-jet, MET
combination

Model: i i

Charged -1/3 Offline selection:

Predicted by little h, CAB8 used to look for V or H jets, p_ > 200 GeV
composite Higgs, Pruned Mass [50,150] GeV, mass drop < 0.4, matched

extra dimension at least with one AKS5 jet AR < 0.5

4 AKS jets with p_ >200,60,40,30 GeV and at least one
of them, not matched with CA8, must be b-tagged

Event Categorization: 0, 1 or >= 2 V-jet found

Backgrounds

SM tt, single-top, W+ijets, Z+jets, WW/WZ/ZZ - scale factor correction from data applied

QCD multi-jet extracted from data fitting the MET distribution, obtained inverting lepton Iso with
a conservative systematics of 100%

18/08/14

Raffaele Gerosa 53




Vector-like quark search: spectrum

» S_is the best discriminating variable defined as the scalar sum of AKS jet, lepton and MET

@ Binned template likelihood simultaneously fitting all the different categories
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@ Main background is SM tt, all the other are put in only one template in the final fit
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Vector-like quark search: results

95 % CL limit on GI’GW
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