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Analysis searches for a generic tt 2 oufoms R
resonance in the 2015 13 TeV CMS g 0-4;‘Slmwatlon ----- Z'2 TeV, 10% width
-1 S 035 |l Z' 2 TeV, 30% width
dataset (2.6fb™") fos || -
Search channels include semi-leptonic and ;.-
all hadronic final states 0.15-
0.1
Uses fitted templates for background and 0.05- Jk
. . ) el L L e PO R
Slgnal mOde“ng X =00 Generateéol\c/)lt?[GeV]
Analysis sets explicit limits for Z’ (1%, 10%, 2 o4f e o
and 30% widths) and RS gluon goaspomeen
5 03;_ b Z'4T:V:10:/:V\:vidth
Results can be found in CMS-PAS- § 025

m Z' 4 TeV, 30% width

B2G-16-015, arXiv 1704.03366, and JHEP 02 - ssamere

07 (2017) 001 o1
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- Top color Z’ explains the large mass
of the top quark via dynamical
symmetry breaking

- In this case, the model is a
broken symmetry of:

) SU(3)1 X SU(3)2 X SU(Z)L X
J(1)Y1 X U(1)Y2 — SU(3)QCD X
J(1 )E|\/|
- RS Gluons are the lightest Kaluza-

Klein excitation of the gluon in a
Randall-Sundrum scenario

- |n this case the universe is a 5-D
anti-de sitter space bounded by

two 3+1-D Branes
CMS,
/| D.Berry i
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- Atop quark with a large Lorentz boost has a new decay

topology
- This requires changes to triggering and reconstruction

(¢ V i _
b-jet Boosted tt

| D.Berry
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Since a boosted top quark

produces a single ‘fat jet’, it W
IS possible to top tag jets
The CMS top tagging 0
algorithm is used to identify AKS8 Jet
Cand|date tOp JetS o qgoldlyhadronic 26 fP’}(]C’;TIel\Q
& | CMs ]
110 Gev < MSD < 21 O % - AKS jets with p__> 400 GeV, In| < 2.4, subjet b-tag, T, < 0.69
GeV g _
T32 < 0.69 o :
b-tagging can used on 2 f‘*%l -.*'/"",".*":" :"'l":: | “‘TT‘*ﬁf
AK4 sub-jets S 1'515---+ H i --#"’"4‘"*'* Moevy + H
80'5$....|.+..+....|....|...|....¥
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- Requires exactly one lepton and at
least two high pr jets

- 2D-isolation cut is applied to the lepton

- MET and lepton pt+MET cut reduces
multi-jet background

- MET may not be collinear with the
leading jet or lepton

- X° minimization technique is used to
reconstruct the tt system

- t-tagging and b-tagging are used for
categorization and increased analysis
sensitivity

- Veto events with two top tags

- Total of 6 categories
CMS, /|

v | D.Berry 6
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Non-isolated lepton trigger used for event selection ~ ~ CMSSimulation 13 TeV
s — -
If a lepton is with AR < 0.4 to an AK4 jet 5
S e
. D i
Then the magnitude of the lepton momentum - S
orthogonal to the axis of jet must be greaterthan g |+ 7
20 GeV " Z i, M, =2TeV
. . . .. . AR, prTe' selection (muon)
Else normal lepton isolation criteria is applied i R, p™ seection (slecton)
2 i ] [ e Mini-isolation (muon)
X used to reconstruct the hadronic and leptonic legs - e Mini-isolation (electron) .
of the top decay B ¥ R Y-S
_ Prompt lepton efficiency
The lepton, MET, W,,, and an AK4 jet used to | )
. «1o0ce/u+jets 2.6 b (13 TeV)
reconstruct the leptonic leg g o T e
. . . 2 Preliminary - [-)ata ]
Either a t-tagged AKS jet or 3 AK4 jets used to G 15 — N
reconstruct the hadronicleg & | 77 £ 3Teviosipd) -
10 —
.. 2 . . i
Minimum X used as reconstruction hypothesis ]
. 2 . . > B
Require X < 30 for signal region 1
- 2 . L ] rerere, -e-e- ._
XZ B Mlep Mlep (Mhad Mhad> g 151 | | | | —
) ] — = [oe-e-u: -0 _._...W...."'*-o—“'ﬂ_._:
CMS ; UMlep UMhad C§ 0.5 .-.-IF.-. N | | | _

0 50 100 150 200 250

VA | D. Bel’ry 7/ %2 discriminator




UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO
u+jets, 0 t tag, 0 b tag 2.6 fb" (13 TeV) jets| 0t taglg 1b t.'lag | 2. 6| fbo™ (1|3 TeV) - u+jets|, 1 ttag.l’; | | 2.(|3 fbo” (1|3 TeV)
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- The Lorentz boost of the top
guarks causes this channel to
become a di-jet analysis

- Atleast 1 TeV of Ht in the event

- Both jets are required to be top
tagged

- Require jets to be back-to-back
(AP > 2.1)

+ Sub-jet b-tagging and |Ayl are
used for categorization

- Atotal of 6 categories

. D. Berry .
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Signal
Model

Z' (F/M=1%) é]i Ex)
Z' (MM=10%) (gg ?I'_ceex)
Z' (F/M=30%) (jg E\\;)

RS Gluon (g? :Il'_g\\;)

D. Berry
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- If there are no analysis improvements, 3000 fb" (13 TeV)
performance becomes systematics limited very 10% CMS 77 urentSytematcs

quickly T 1Ak Preliminary Simulation i

. 102 i_ NSNS | Expect?d Range Tor All-Hadronic

3 TeV exclusion for narrow Z’ and 3.7 TeV el fom k17040395

10

exclusion for RS gluon for each channel
with 3000 fb”’ (CMS-PAS-FTR-16-005)

H H 10-1 3 RIIRIIRKKSS S e -
- Improvements are currently being implemented e
. . 10_2 \\\f ii si\ 00 \\xx\xx\\xx? x:\_xx \\Xi \{?\\: ‘\%:; TS SS
for the semi-leptonic channel B iy
_&\:&\ x;azx&x xx xx SEIEL \\?\j\

-‘~ / /
—— el L / (L

—
Q
w

BDT has been created to separate W+Jet

Expected 95% CL Limit on o, x B(Z'—tt) [pb]

and tt background from tt resonance signal 8"z 25 3 '3!5'M' [ITeIVA;l
- An additional BDT is being created to 3000 fb (13 TeV)

remove QCD background from the electron 8 10°s apig 77 Curent Syt
channel while keeping tt resonance signal T 10°c Preliminary Simulation = FPcassferse oremon s
. ] CD§ > — Expected Range for All-Hadronic
Extending the search region up to 5 TeV a 10°F 0 om 1040336
X [~ uon x 1.
. . . ¢ 10
- Both the semi-leptonic and all hadronic < E
analysis will be repeated with the full 2016 13 2 Bt
E 1 B -
TeV dataset (~36fb ) 3 o e T T
o 107 e R
CMS,/ St
,, ) £ Lo} 10_3'2_
\ Q =
$ 104 L | | Cl | |
— ‘ \ Q .
V/ ' D. Berry 12 & 1 1.5 2 2.5 3 v, [Tev]
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A search for a tt resonance was presenting using the 2015 13
TeV CMS dataset (2.6 fb1)

No excess was seen, so explicit limits were set on a top-
color Z' boson with three different widths (I'/M = 1.0%,
10%, and 30%) and an RS Gluon

An improved semi-leptonic analysis and a repeat of the
hadronic analysis using the full 2016 13 TeV dataset (~36fb-1)
will be made public soon!

Excluded mass ranges [TeV]
Z'(T/M=1%) Z'(T/M=10%) Z'(T/M =30%) RS KK Gluon
Result Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs.

Lepton+jets 06-21 06-23 05-35 05-34 05-40 05-40 05-29 05-29
Fully hadronic 12-18 14-18 10-32 10-35 10-37 10-40 10-26 10-24
Combined 06-24 06-25 05-37 05-39 05-40 05-40 05-3.1 05-33

ChIs,
v D.Berry 13
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. x2 technique used to solve tt system 1oce/utets 261 (13 TeV)
- My used to constrain neutrino p, *% cMs _l_Data | -
2 Preliminary B i i
- If both neutrino p, solutions are 272 @ Other SM E
complex, then only real partisused ~ ®& | 23 TeV(o=1pb) 4
_ _ 10 —
- t-tagged AKS jet always assigned to .
hadronic leg ]
5 —
- Only AK4 jets (AR> 0.4) away from the -
t-tag jet are used for leptonic leg -
reconstruction g1_5-_'"""""""""""'_-
- If no t-tagged jet in the event, then only 8 O_;f""*“’“*"" R
AK4 jets used in reconstruction in the T T T T o
hadronic leg +2 discriminator
- All possible tt combinations in the event — \2 _ ’
are tested, but only the minimum is kept X2 _ Miep — Miep | (Mhad — Mhad>
. X2 < 30 UMlep O—Mhad
CMS./

v | D.Berry 16




- Top tagging uses two
different techniques on 400
GeV AKS jets

Events/bin

min(pr1, pr2)

Soft-Drop algorithm
reclusters the jet into two

Ang

sub-jets based on AR
)5

PT1 + P12 Font (
Wherez=0.1and =0

T3 (T5/To) IS @ x2 like

R

Data/bkg

quantity that measures
the consistency of a jet
with the hypothesized
number of sub-jets

Z pZT . min(ARlli, ARZ,Z'/ ceey

ARy ;)

i€particles
2 PT * Rjet

i€particles

D. Berry

Events/bin

Data/bkg
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fuIIy hadronlc 2.6fb" (13 TeV)
I I I -
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200F [ AK8 jets with p_> 400 GeV, fn| < 2.4, "
[ subjet b-tag, 110 < M, <210 GeV i
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100 -
..... + + ‘ :
50 ) ]
*
o M bropeeepesepenedonayeeny o
1 5_ | I I I | I | I | I ]
0 + ¢ ~
0 51"'++§¢ """"" ¢ "*"‘"""6"3"'.'"'0" .
s [ P 1 L K3
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Jet 1,

Iepton+1ets

[~

i CMS

¢ Data

2.6fb" (13 TeV

AK8 jets with p_> 500 GeV, [n| < 2.4, 110 GeV < M__ <210 GeV

I Matched to top quark

Unmatched to top quark
Z'3 TeV (o=1 pb) +

it

IIIIIIIIIIIIIIlII

Events/10 GeV

Data/bkg

Events/10 GeV

Data/bkg

Iepton+1ets 2.6 b (13 TeV)
LI I | L I L
1501 CMS -
: AKS jets with p, > 500 GeV, n| < 2.4, T, < 0.69 :
B ¢ Data 7]
100 | Matched to top quark |
B Unmatched to top quark n
i Z' 3 TeV (o=1 pb) ]
50 .
" ¢ - i
[T T ] ]
ESINCIW |
g ++ ++*¢‘°¢+ ++
0.5?—PF | | + *
0 50 1 OO 1 50 200 250 300
Jet soft-drop mass [GeV]
fuIIy hadromc 2.6fb" (1 3 TeV)
150_1 T 1 L L —]
i CMS i
— AKS jets with p, > 400 GeV, n| < 2.4, subjet b-tag, T, < 0.69 .
100 —
50 —
v
1.5 -
1 --®-
0.5 i
0 50 100 150 200 250 300
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The mis-tag rate is measured
using and anti-top tagged
and probe selection

The mis-tag rate is measured
in the all hadronic analysis in
all 6 categories

Contamination from tt events
IS removed by subtracting
the simulated tt distribution
normalized to the standard
model cross section

CMS /'
| D. Berry 18

t mistag rate

t mistag rate

—

—h
<

1072

—h
<

1072

2.6 b (13 TeV)

-~ CMS

—
T TTT

- Ayl < 1.0
[ —e— O btag R
- —=— 1 btag
- —— 2 btag
- } E
o
j:——O——o— i — _+_ ]
i -o—o—_‘__+__+_ |
| | | | | | | | ‘ |
500 1000 2000 3000
Jet momentum [GeV]
2.6 o (13 TeV)
I I I I I
_ CMS |
|Ay| > 1.0
| —e—0Obtag
- —#— 1 btag
- —— 2 btag
?#—L____ ¢ + - E
i _._—o—_.__-. _._-—+—+
| | | [ 1 | | | |
500 1000 2000 3000

Jet momentum [GeV]



UIC

UNIVERSITY

OF ILLINOIS
AT CHICAGO
Uncertainty anne

Source Prior uncertainty | Lepton+jets Fully hadronic
tt cross section +8% ® &

W +jets cross section £6% o)

Z+jets cross section +20% O

Single-top cross section +20% O

Diboson cross section +20% ©

Integrated luminosity £2.7% ® ®
Pileup modeling +lo @ D
Muon identification +1o(pr, 1) ©)

Muon trigger +1o(pr, 1) ©)

Electron identification +1o(pr1,7) ©

Electron trigger 2% ©

Jet energy scale +1o(p1,17) ® ®

Jet energy resolution +10(n7) D S5

Jet b tagging efficiency +1o(p1, 1) ©

Jet b mistag rate +1o(pr1, 1) ®

Subjet b tagging efficiency +1o(p1, 1) ©

Jet t tagging efficiency unconstrained ® D
Lepton+jets channel t mistag rate +19% ©

Fully hadronic channel t mistag rate +1o(p) ®©

PDFs +1o S> ®

tt matrix element scale +1o ® &

tt parton shower scale +1o ® ®
W+ets matrix element scale ==y oy ©

NTM]J background kinematics +lo ©
NTM]J background closure test +lo ©

D. Berry 19



Semi-leptonic Analysis

u+jets signal region
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All Hadronic Analysis
|Ay| > 1.0 signal region

Process lttag Ottags,1btag Ottags, Ob tags
ft 21828 7602+ 826 1065 £239 | rOCess Obtags 1lbtag 2btags
W-ets (LF) 27 +4 547 + 54 4675+377 | SM tt 34t43 62x58 28x3.8
W+ets (HF) 441 333 +30 780 + 65 NTM] 787 £6.2 215+47 15+£1.9
Other 9£2 682 + 111 635+ 85 Total background 821475 278 +7.4 4344.2
Total background 258 29 9164 =+ 856 8055 + 541 Dat 330 264 16
Data 252 9230 7966 ata
e+jets signal region ‘Ay| < 1.0 signal region

Process 1ttag Ottags,1btag Ottags,0btags | Process Ob tags 1b tag 2b tags
tt 119 £ 15 1016 £ 124 248 + 32 SM tt 66 + 7.1 121 + 10 60+ 7.0
W+ets (LF) 1342 97 £+ 10 684 + 58 ' ’
W-Hets (HF) 241 44 4+ 4 g4 L8 NTM] 817 +£80 2484+70 19417
Other 4+1 103 +18 74 £10 Total background 882+11 369+12 79£73
Total background 138 £ 16 1260 += 129 1090 += 78 Data 925 387 94
Data 142 1217 1005
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Z' (F/M=1%)

Z' (F/M=10%)

UIC

UNIVERSITY
OF ILLINOIS
AT CHICAGO

Mass [TeV] Observed limits [pb] Expected limits [pb] Mass [TeV] Observed limits [pb] Expected limits [pb]

—20 —10c Median +1o +20 —20 —1lc Median +1c +20

0.5 77.7 32.1 50 88.2 153 229 0.5 29.1 25.3 42.8 77.4 134 201

0.75 7.14 2.93 4.33 6.14 8.81 12.7 0.75 9.12 3.86 5.57 8.06 11.9 18
1.0 1.8 0.746 1.04 1.47 2.15 3.01 1.0 3.49 1.03 1.46 2.06 3.02 4.15
1.25 1.14 0.264 0.377 0.534 0.778 1.16 1.25 1.31 0.407 0.551 0.789 1.2 1.64
1.5 0.239 0.145 0202 0291 0425 0.617 15 0.393 0209 031 0439 0651 0.929
2.0 0.104 0.0568  0.08 0.117 0.17  0.235 2.0 0.149 0.0896  0.12 0.176  0.252 0.378

2.5 0.0464 0.0314 0.0443 0.0614 0.09 0.132 25 0.0684 0.0478 0.0663 0.0965 0.145 0.2
3.0 0.0462 0.0244 0.033 0.0469 0.0708 0.0992 3.0 0.0667 0.0394 0.0527 0.0739 0.109 0.156
3.5 0.0248 0.0192 0.0257 0.036 0.0554 0.0813 35 0.0507 0.0341 0.0467 0.068 0.101 0.156
4.0 0.0224 0.0163 0.022 0.0318 0.0488 0.0749 4.0 0.0495 0.0351 0.0476 0.0718 0.108 0.171

Z' (I'"M=30%) RS Gluon
Mass [TeV] Observed limits [pb] Expected limits [pb] Mass [TeV] Observed limits [pb] Expected limits [pb]

—20c —1l0c Median +1l0c +20 —20 —10c Median +1c +20

1.0 3.61 1.19 1.64 2.43 3.73 527 0.5 41 25.6 39.5 69.3 128 190
2.0 0.216 0.133 0.191 0.28 0.409 0.611 0.75 144 5 7.34 11.7 19.1 285
3.0 0.116 0.079 0.106  0.151 0.22 0.318 1.0 441 1.3 1.73 2.54 3.77 5.32
4.0 0.104 0.0754 0.102 0.149 0.228 0.335 1.25 2.18 0.527  0.757 1.08 1.67 242
1.5 0.727 0.329  0.438 0.665 1.02 142
2.0 0.212 0.127  0.182 0.266 0.396 0.536
2.5 0.132 0.0824 0.117 0.168 0.247 0.368
3.0 0.114 0.0709 0.094 0.133  0.193 0.291
3.5 0.093 0.0651 0.0883 0.129 0.197 0.288
4.0 0.096 0.0732 0.0989 0.144 0.222 0.323

CMS,
Z—— | D.Berry 21

~ Compact Muon Solenoid
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