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Cis,

Documentation

e Jet substructure studies technical report
- JME-10-013
e Boosted ttbar search
- EXO-11-006, http://arxiv.org/abs/1204.2488, submitted to JHEP

e Boosted V + MET search
— EX0O-11-061 Joint publication in preparation
e Boosted V + Il search

- H
® H->
- H

ot off the presses! EXO-11-081
b

IG-11-031, http://arxiv.org/abs/1202.4195, submitted to PLB

- Cross-check analysis uses boosted topology but no substructure
tools yet

e Dijet analysis
- EXO-11-015, http://arxiv.org/abs/1107.47/71, Phys. Lett. B 704
(2011) 123

- “Fat jet” approach motivated by boosted techniques

02 May 2012


http://arxiv.org/abs/1204.2488
http://arxiv.org/abs/1204.2488
http://arxiv.org/abs/1202.4195
http://arxiv.org/abs/1202.4195
http://arxiv.org/abs/1107.4771
http://arxiv.org/abs/1107.4771

Chas, oo
| Motivation

e Problem! Traditional techniques
start to lose sensitivity (in part)
due to jet merging at higher
masses!

e Cannot rely on traditional
methods to assign partons to
jets anymore
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Motivation

e Problem! Traditional techniques
start to lose sensitivity (in part)
due to jet merging at higher
masses!

e Cannot rely on traditional
methods to assign partons to
jets anymore

e Have to consider cases where
partons merge into a single jet

“These ain’'t your daddy’s jets!”

(Joey Huston)

02 May 2012




Or if you prefer...

— Boosted jet,
massive jet,
fat jet,

hulk jet

Jet
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Or if you prefer...

— Boosted jet,

massive jet,
fat jet,
hulk jet

(OK, | made
the last one up)

Jet



Jet Substructure

e Massive particles:
- Massive 4-vector sum of daughters
- 1-2 wide-angle splittings
- Symmetric splittings

e QCD: fAT
- Low-mass 4-vector sum of daughters
- Many low-angle splittings
- Asymmetric splittings

e Recent explosion of tools to exploit this!
- Jet filtering : Butterworth, Davison, Rubin, Salam
- JHU Top tagger: Kaplan, Reherman, Tweedie, Schwartz
- Jet pruning : Ellis, Vermillion, Walsh
- Jet trimming: Thaler, Wang
- N-subjettiness : Thaler, Van Tilburg
— HEP top tagger : Plehn, Salam, Spannowski
- Many, many morel!

107" |

Background mis-tag

| ATLAS
- For an overview check out the BOOST proceedings : 107 p — CMs
e  arXiv:1012.5412v2 [hep-ph] J':f"
e arXiv:1201.0008v1 [hep-ph] — NSub
, Pruned
107 ¢ - TW
- Trimmed

0.1 0.2 0.3 0.4 05 0.6 0.
02 May 2012 Signal efficiency 9
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Outline

e Motivation
ma) ¢ Experimental and algorithmic overview
e Applications
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Hadron-Forward |
Calorimeter

Hadronic
Calorimeter

Electromagnetic
Calorimeter

PbWO, crystals (76K)
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Experimental Overview

Superconducting Soleno(

?'BT) 210 m? of silicon sensors:
Silicon Tracker 9.6M (Str) & 66 M (PIX)
X Pixel Detector channels

Preshower

2 planes of silicon
modules for ECAL

Iron / Quartz fiber

fwd calorimeter, 3<|
n|[<5;

+ Castor,

= 5<|n[<6.55
i_ &)

U+ Zero Degree
... Calorimeter

Muon ]
Detectors Cathode Strip
Chambers,

Combact Muon Solenoid e Drift Tubes,

Resistive Plates
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Experimental Overview

Classify objects into 5 categories

| | | | | | | |
Om m m im 4m 5m ém 7m
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
- = — - Neutral Hadron (e.q. Neutron)

Il le
i

dabi.
T

Silicon
Tracker

: Electromagnetic
! -
) ‘ |' Calorimeter
! ir
Hadron Superconducting

Calorimeter Solenoid

Iron return yoke interspersed

Transverse slice with Muon chambers
through CMS

"Holistic” approach to reconstruction
at CMS: Particle flow!

02 May 2012 12



Experimental Overview

e Advantages of PF reconstruction for substructure:

— Excellent subjet angular and energy resolution (<10% where
interesting)

— Subjet energy scales are very close to typical QCD energy scales
— Can explicitly remove pileup from non-leading primary vertices

02 May 2012 13



Chas, /! > .
Jet Filtering Details

Rug H:.

mass drbp

e From Butterworth, et al (arXiv:0802.2470 [hep-ph])

¢ Undo clustering sequence until a sufficiently symmetric mass drop is
obtained
. 2 2
min(pg, Psi) A o2 =
t

Myt

1

e Filter constituents by using a smaller distance parameter to remove
“noise” components

02 May 2012 14



Top Tagging Details

Based on Kaplan et al. (arXiv:0806.0848)
Cluster particle flow candidates using Cambridge Aachen
Reverse the clustering sequence in order to find substructure

Subjets must satisfy two requirements / Removes soft subjets

- Momentum fraction criterion: pTsubjet > 0.05xpThard jet
- Adjacency criterion: AR(A, B) > 0.4 - 0.0004xpT<—

Iterative process - throw out objects that fail and try to decluster again
Stops when >=3 distinct, sufficiently hard subjets emerge

—Removes adjacent subjets

Secondary Decomposition
Repeat on parent clusters

Primary Decomposition:
Break jet into two parent

clusters ° 6
B

02 May 2012 Require >= 3



http://arxiv.org/abs/0806.0848
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CMS

Top Tagging Details

e Discriminating variables:

% o.osf— —zot -
— Number of subjets: 3 or 4 £ s sommton
0.04~ Vs=7TeV -
- Top Mass: Approximated by jet mass :
e Mass in 100-250 GeV/c? 1 Simulatio_h
- W Mass: Approximated by min pairwise 002 E
mass -
* Min mass > 50 GeV/c? : ™ :
] Qlseter T Lo T
Mmin — mln[mlg, m13, ’rn23] CooR I A = mi: (OC(E)eV/c:z)so
3-bodly top decay: pairwise mass %0 F | l—z_|>ti — f
g 9000[; CEr b q g . 'I;Tan::i:: Algorithm _E
E, 8000 b a 0.0355— \%M=S7S;r:‘t;lation —
3 7000 aq 0.03F E
£ E — minMass -
2 000 0.025 E
soooE: J 0.021 Simulation
4000 Generator-level 0.015) E
3000’[ 0_015_ E
2000" -
| 0.005F 3
1000[&.‘_—#’_‘-’:‘_,_{; i Z OE co v v e e b =
02 May 2 % 20 40 fﬁﬁ: 726 140 160 180200 coR R R 12r:min1:§2v/c12)6 ’

Mass(GeV)



Jet Pruning Details

e Ellis et al. (arXiv:0903.5081)

L ]

e Attempts to isolate subjet showers - ]| acopymasost]
. - Jet Pruning Algorithm -

by removing soft, large angle £ o2 G S

particles from each subjet

0151 Simulation

e The “interesting” recombination : :

occurs at wide angles o ‘

e Recluster each jet, requiring that 005 B
each recombination satisfy the

foIIowing: O 4 20 40 60 80 100 120 140 ~
. — " Jet Mass (GeV/c?)
mll’l(pT1 7 pTz) <« Removes soft partlcle§ f IIIIIIIIIIIIIIIIIIIIIIII e e
> O.]. % B —Z' it . ]

pr g - e QC-D Pythia 6 D61 :

Myjet - g/

AR5 < 0.5 X J Removes ywde e SR
PT angle particles Simulation:

0.06 —

e For W tagging, require:
- Jet mass in 60-100 GeV/c2 - -
miji 0.02- ]

- Mass drop (mu) < 0.4 | = —— :
m] NS S T B SR B D it swew

02 May 2012 ' m,
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Data/MC Comparisons

e Extensive validation with 36 pb-1 of data outlined in
technical report JME-10-013

L B B L S B B
Dat
§ ‘m s *  Dat» § 1600 * P‘ " T g 1“ *  Datr
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Data/MC Comparisons

CMS,L=5f"at Vs =7 TeV

T =anaanas aeas aaas e b Mianane-
> e0b =
8 1605 mQAA= 83.0 « 0.7 GeV/c® 1
i’:ng_Jet mass miC = 82.5:0.3 GeV/c? -
won * Data .
o "WVE Tt
W 80 EW+lets -
60 [ __INon-W MJ-
- - - — Data fit
e Also investigated real "3 -+ MC it
20
, ] [] []
W’s in semileptonic ttbar 3 AL et
events m(W-jet) (GeV/c?)
CMS, 5 fb s=1TeV
e Excellent agreement g pR e e ALY
ok Mass drop -
between data and 53005 ;
. I . 92501 Bl Top E
simulation i mror
= _laco

150 |- ¢ Data :

100 & =
50— =
00" 01 02 03 04 05 06 07 08 09

1
Subjet Mass Drop (u=m, /m,,)
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e Motivation

e Experimental and algorithmic overview

=) ¢ Applications
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Analyses

IBoosted ttbar search
iBoosted V + MET search
IBoosted V + Il search {

FOCUS

E . . § Covered elsewhere

02 May 2012 21



Boosted ttbar

Look for

resonances

decaying to

boosted ttbar pairs 7.8 Govle,

b-tag discriminant 4.2

Prototype models

are Z’ and RS KK
gluon ‘/

Data-driven

background s Errm
mass = 68.8 GeV/c2

eStImate Jet 2 + 3: Mass = 167
Jet1: Top faggihg |
pt 589.1 GeV/c,

Also perform e
analysis of general minbass = 87.2 GeVie?2
enhancements to

ttbar spectrum

02 May 2012



Boosted ttbar

Top Tagging
- CMS Simulation

b .-::::f=:= 0.08 Type 1 -
gl Lt oo fully merged
Type 2 : = ittt i Eifind
partially merged o TR g |

(TP EErrT e [ 11

-,

300 400 500 600 700 800 900
p';' (GeV/c)

Type 1+ Type 1 Type 1 + Type 2

Jet 2
Jet 1
W




CMS

Boosted ttbar

Type 1 + Type 1 Type 1 + Type 2
—— Jet 2
b 4 Jet \.t‘)“
-1
CMS, L=51b", /s =7 TeV Type 1+1 CMS,L=5f,ls=7TeV ___ Typels2
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lﬁ 10 :_ R e a —
I {14 - i
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5[ of o BT o E
1T O |Teevecsetessecstes —— = 9|2 +.4 .
olo ’M ! 4 O Mwm... ' ——
18 oF S 83 o eeeetityty ;
- O ER :
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02 May 2012 L



Boosted ttbar

e Examined Z’ with 1%

width, 10% width (not
shown), and KK gluon

e Extensive exclusions
everywhere

e Combination with other
ttbar analyses is
ongoing!

02 May 2012

102 CMS,L=5 fb at \s=7 TeV 1% Wldth Assumptlon
— 1: T
a B Observed (95% CL) ;
E _ Expected (95% CL) i
X 10 & + 1 s.d. Expected —
DN - + 2 s.d. Expected 3
= ... e Z',1.2% width, Harris et al
% TR ., e Z', 3.0% width, Harris et al =
o) ]
Q N ]
Q. -1
D 10 = —
2 1 | 1 | r. 1 ..l..':b | I _|
1074 15 2 2.5 3
tt Invariant Mass (TeV/c?)
102 CMS,L=5 fb at \s=7TeV KK Gluon Assumptlon
— = ' [
vl - Observed (95% CL) 1
m u Expected (95% CL) -
~ 10F + 1 s.d. Expected E
_2 + 2 s.d. Expected ]
E TE S N """ KK Gluon, Agashe et al5
o -
Q B . .|
o -
) 10_1 =  Teel =
2 | | | L L - ':|
1074 2 25 3
)

tt Invariant Mass (TeV/c?



Boosted ttbar

e (Can also check enhancement to ttbar XS 1ok — SM +4F

- Use counting exp, absolute background
normalization for mtt > 1 TeV

— Aguilar-Saavedra, Perez-Victoria (arXiv:
1103.2765v2 [hep-ph])

— Delaunay et al (arXiv:1103.2297v3
[hep-ph])

o (pb) / 20 GeV

107

arXiv:1103.2765
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10 New physics would
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Boosted ttbar

* C(Can also check enhancement to ttbar XS 10k — SM+4F|
- Use counting exp, absolute background |
normalization for mtt > 1 TeV E’
- Aguilar-Saavedra, Perez-Victoria (arXiv: g 'f
1103.2765v2 [hep-ph]) = |
(o8 L
— Delaunay et al (arXiv:1103.2297v3 © ol
[hep-ph]) I
arXiv:1103.2765
10300 " 400 500 600 7097 800 900 1000 1100 1200 1300
CMS,L=5fb", {s=7TeV Type 142 m_. (GeV)
> e R A
o] = * Observed =
o - Non-top multijet .
) a BN tf simulation o
- --=-=- 2'(1 TeV/c’) o =1.0 pb
@ WCE] & Z(1.5TeV/ic’) 0 =0.18 pb =
:,:, - L Z'(2 TeV/c®) 0 = 0.06 pb ]
w S _
10 - New physics would
: : enhance ttbar from
1 T SM
iy
IHE
o
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CMS/|

Boosted V+MET

e | ook for resonances to e
V+Z -> merged jet +
MET
e Prototype signals are R
W’, RS gravitons,
technirho W/Z -> merged jet

e Data-driven background
estimate

02 May 2012 28



CMS

Boosted V+MET

e Use simpler V-tagging :
- anti-kT jets, D = 0.7, no jet grooming
- mjet > 70 GeV

SM backgrounds RS graviton, m=1250 GeV

CMS Simulation | -|-CMS Simulation

%1500_”’]3”:]"'.'?-1.57 ;‘.'1"1"'."?-"?119 6 %) 15005‘-"r-]”"""’.". '.""LT”'I.."-'J_E 0.08
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QO 4400k S | :.', T i, O 1400 0.07
w S - /- -
= 1200 i % 12001 = I SRRkt "1 —0.05
q) (D I~ l. i -....
9 & ; - i
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CMS
Boosted V+MET

e Use simpler V-tagging :
- anti-kT jets, D = 0.7, no jet grooming
- Mijet > 70 GeV
e Use data-driven background (ABCD method)

SM backgrounds RS graviton, m=1250 GeV
ICMS Simulation \ | CHIS Simulation |
< S S ‘ - 0.08
% 1500 7T Te " it L-: ™ |I1 T 6 % 1500F 0
™ - n ' -
O a0k 1 ] © 1400- 0.07
T,; o 5 %) N
%) & 1300[ 0.06
= = .
= 4 o 1200/ =2k "] —0.05
o o L -
& <T) 1100— .- - —0.04
> ’ . '
< & 1000}" 11=10.03
9 2 ': A . -
= 900 ikl 0.02
— =
Lél L = 800 0.01
F‘) IS, 70 M, ol
2 0 = 7995730 60 80 100 120 140 160 180 200
Leading Jet Mass (GeV) Leading Jet Mass (GeV)
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CMS

Boosted V+MET

¢ Good agreement with MC expectations
¢ No signal observed

103 SHLENLEN B I I ] LB B B B B B 101 L B — . 1 LN B B B B B B

- [ Z{vv)+jets - - [ Z{vv)+jets -

B T W(kv)+jets ] B T W(kv)+jets ]

B I ti+jets - B I ti+jets -

- [ Dibosons a - [ Dibosons a

G* (1250 GeV), kM, =0.2 G* (1250 GeV), kM, =0.2

%) 1 02 - ® Data ] %) 1 02 - ® Data ]

(D - CMS Preliminary - (D - CMS Preliminary -

o B J.I.dt=4.7fb",!'s=7TeV . o B J.I.dt=4.7fb",!'s=7TeV .

«— -] w .

-~ - -~ -

2 2

C 10 = c 10 -

()] = - ()] -

> L N > N
LU - LU -
= - =

= t E E 1! + E

- 1 1 ol 1 [ S N S | . ' e o :

100 150 200 250 300 1000 1200 1400 1600 1800 2000

Leading Jet Mass (GeV) Jet-MET Transverse Mass (GeV)
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Boosted V+MET

® | imits set on cross section, and also in k/Mp vs m
(graviton) interpretation

1 L | | | I | | | I | ] | | I | | | | | | | | | I | * 0.3 I | I | I | | | | | ] I | | I | | | |
— CMS Preliminary Observed Limit n CMS Preliminary
O e Expected Limit ] B
L Jz. dt= 47", {s=7TeV B 1-sigma band ] J Ldt= 47", {s=7 TeV
;\\\_ — é? 'E!r&a t;a(r)'l ‘1’ ] 0.25 [ ssssss COF (yv, 5.4/fb) i
- ~ ’ P1 - -
™~ — G* kKM _=0.2 B - ]
S~ v —— DO (00,77, 5.4/fb)
e G KIM_=0.3 | _
—~ 10" . 0.2 —— ATLAS (oo, 1.08; sy, 1.21/00) _
L0 <L A
Q. B CMS (yy, 2.2/fb) |
~— 0__ - -
e CMS (Jet MET, 4.7/fb) A
o < 015 Bl o —
m 2 Oblique parameters
x - -
© 102 - 0.1 -
i ~| 0.05
10-3 L1 [ L1 [ Cd i 4 AERE L e F TR TN R TR TRy
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'CMS
Z: Boosted V+li
| A ™

e Hot off the presses!

e | ook for resonances to
V+Z -> |l + merged jet

e Prototype signals are
W’, RS gravitons,

technirho
¢ Data-driven background
estimate My z = 2058 GeV
Mz = 87.0 GeV
e Use same V-tagging as pr3 =080 Ge¥
boosted V + MET pry = 1005.0 GeV’
search
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Boosted V+lII

=
=
o

e Use low-jet-mass sideband as control region

e Extrapolate to signal region (accounting for
kinematic effects taken from MC)

e Good agreement between data-driven background
estimate, and MC expectation

CMS Preliminary 2011 \Js =7 TeV
l' L] Ls l LS L I LS LS l . LJ LS Ll LJ Ll Ll LS L2 Ll L L2

> | T ] T 1 ‘l T T ' L > L . I LS Ll I L4 LS I LA l i
a - . =95 '
3 del_b.Dl.) . , del—D.Ofb
vy - v -
~ D = —e— Data
~ *— Data ~ ‘
4 10 pys , — » 10} MC Background —
= : MC Background 1 = = —— Expected Background 7
'y - — Expected Background - g ©
= - : 48]

1 — 1

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Mifz (GeV) ML\L:; (GeV)
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Boosted V+lII

CMS Prchmlnary 2011
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oc
o0 - | |Exp.* lo .Exp =20 A
o 107F g, (LO) w (NNLOJ
) \. ------
10" ? = opg. Ui _E:
E -------------- o
[ \s=7TeV 1
107 F _ Limit, (LO)=884GeV 3
- f Ldt=501b i, WLy =929 Gev )
10—1lllllllllllllllllllll ............ |
700 800 900 1000 1100 1200 1300 1400 1500
M,,; (GeV)
CMS Preliminary 2011
) T I JELEL I LR BN N L B |
Q . -
E 10" e Obs. Limit ---—- Exp. Limit =
o - | |Exp.+ lo [JExp.+20 -
o | — 0, (LO) — O (NLO) |
1072 F E
N e .
WM, =005
3 - !
10 = Ns=7TeV Limit,, (LO) =800 GeV 3
3 1 Limit, (NLO) =924 GeV -
- f Ldt=5.0fb i
10_4 S ST S N ST SR T N ST SR SR NN SR N PR ST B |
800 1000 1200 1400 1600 1800 2000
M., (GeV)

02 May 2012

e [ imits set on cross section
for W’ and RS graviton models

¢ Also interpretation of RS
graviton parameters (as in
previous case)

CMS Prcllmmary 2011 s =7 TeV
0.3 v | LA (LR N B L L R
M-
- I
i
025__ == CDF(yy.540
™ — )
ATLAS (ce, L OSM upm, 1 210 )
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—t ™ CMS (Jet MET 4.0/10) -1
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Coming soon to a conference near you...

gcd measurements
top tagging with
trimming /

stops with boosted
tops

t' with W-tagging
boosted V+V

In dijets

top tagging with
n-subjettiness

36
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Summary and conclusions

e Jet substructure tools are becoming widely
accepted at CMS

e “Out of the gate” the boosted channels are giving
good performance relative to leptonic channels

¢ Already some publications and approved analyses,
and many more on the way
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chs,
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0 Rho/Phi : Subjet view

Jet 3:
pt47.8 GeV/c,
b-tag discriminant 4.2

Jet 2: Jet Pruning

pt 484.3 GeV/c,

mass = 68.8 GeV/c2
Jet2 + 3: Mass = 167

Jet 1 : Top Tagging

pt 589.1 GeV/c,

3 subjets,
'mass = 186.7 GeV/c2,
'minMass = 87.2 GeV/c2




cMS, | -
? Lego : Subjet view
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e Rho/Phi: PF View

02 May 2012




cMS, |

Lego : PF View




Cis,

Sequential Clustering Algorithms

o | ike “QCD played backwards!”

¢ Pairwise examination of input 4- 1
vectors

e Calculate d

d;j = min(kj;, )AR2 /| R

VT/
e Also find the “beam distance” L
3

N

e Find min of all d; and djg

- If min is a dij, merge and iterate
- If min is a diz, classify as a final jet

e Continue until list is exhausted
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CMS

Cam/Aachen, Re1 |

¢ Properties depend or
sequence
- N = 2:
o “kT”
-N=0:

e “Cambridge-
Aachen” (CA)

- N =-2:

o “anti-kT” eyt e
arXiv:0802.1189v2 [hep-ph]

Cacciari, Salam, Soyez
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¢ Properties depend or
sequence

N = 2:
o “kT”
-N=0:
e “Cambridge-
Aachen” (CA)
- N =-2:
e “anti-kT”

arXiv:0802.1189v2 [hep-ph]

o “QCD IN reverse” Cacciari, Salam, Soyez
e (lusters soft particles first

e Good for low-pt jets

02 May 2012 e (Good for jet area computation 4
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Cam/Aachen, Re1 |

¢ Properties depend or
sequence

- N = 2:
Py “kT” g/ o
-IN=0": |

e “Cambridge-
Aachen” (CA)

- N =-2:

e “anti-kT” |
_ _ arXiv:0802.1189v2 [hep-ph]
e Angular information only  Cacciari, Salam, Soyez

¢ Good for finding substructure!
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¢ Properties depend or

seguence
- N =2:
o “KT”
-N=0:

e “Cambridge-
Aachen” (CA)

N =-2:
® “anti-kT”

Cam/Aachen, Re1 |

y

2 s ¢ S
2

TNk e

° P
arXiv:080Z1189v2-threp-pht

Cacciari, Salam, Soyez

e (lusters hard particles first

¢ |dealized cone algorithm
e Best for jet counting

02 May 2012
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Cis,

Jet Substructure

e Now that we understand how to construct a jet,
we’re ready to take a look at massive ones
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Jet Substructure

e \What’s the typical mass scale of QCD?
- See e.q. Ellis et al (arXiv:0712.2447v1)

Finite-size
effects from
cutoff
_ Scales ~linearly
Log. divergence with momentum
at low mass
2y ~C PJ Pr\%2
(M2 NLO_C(\/g)aS(2 R,
0.3
M3 1 do
P} o M3 0.2
P2 P;=300 GeV/c

P;=1500 GeV/c

0.00 0.05 0.10 0.15 0.20 0.25

’_"ﬁ Graphic taken
02 May 2012 P? from Steve Ellis 49
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Experimental Overview

CMS preliminary, L=4.7fb" (s=7TeV

e Simulation of PF composition of

c
o
. . . . 0.9
jets is astonishingly good! 80s
0.7
(4
0:30'6
i . W 0.5
e Uncertainty on JES is ~1-4% x>
depending on pt 03
CMS, L =36 pb” \s=7TeV 0.2
10 ' wTotal uncertainty - 0.1
= Total uncertainty - .
MPF method 3
~Photon scale - 30 100 200 1000
- Extrapolation 5 D (GeV)
- Offset (2010) 3 . L
-+ Residuals
« Jet flavor

Anti-k; R=0.5 PF

JME-10-011

Ceassns L T T L

Absolute scale uncertainty [%]
OTIIT_‘IIIJN llcpll h (lln—' o’ N--""‘m w

20 100 200 1000
p. (GeV)
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Cis,

Jet Substructure

¢ Groom away unwanted bits

T
e Examine the cluster sequence “in ’ 5
reverse!”
-4 ->3->2->1
e Around massive particles, clustering
will behave differently than general
QLD 3 4

¢ You're left with the interesting parts
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Analysis Strategy

® AsSsume Mitbar > 4X Mtop
— Creates “boosted” final state
- Hemispheric topology
e (lassify hemispheres by number of “total” jets
- “Type 17 : 1 fully merged jet
- “Type 27 : 1 partially merged jet, 1T non-
merged jet
e |ookat “Type 1+ 1”7 and “Type 1 + 2”7 events
e Apply “cascading selection”
- No event gets left behind!

Type 1 + Type 1 Type 1 + Type 2

Jet 2
Jet3
0O 52




CMS

Statistical Treatment

¢ Shape uncertainties:

- JES

e 4% (standard JES), 3% (substructure jets), 1% (subjet JES relative to full
JES)

- Trigger
e Half-difference between trigger-weighted MC and unweighted MC

- Background
e Half-difference between mass-modified-mistags and non-mass-modified

e Rate uncertainties:
- Data-to-MC efficiency scale factor (6% in double-tagged sample)
- Luminosity (2.2%)

— TTbar background theoretical uncertainties (50%
renormalization/factorization scale)

02 May 2012 53



CMS Simulation CMS Simulation

| L B L B B B TTTTTTTTTTTTTTTTTY T ™7 __"I" T LI B L B BN B ™ TTTTTTTTTTTTTTY 'i'L

03 — m=1TeVic? 2 ¢ Iy — m=1TeVic?
: —— m =2 TeV/c? @ 0.25] —— m =2 TeV/c?
02SE —— m =3 TeV/c? . = —— m =3 TeV/c?
F —— m =4 TeV/c? o 02— —— m =4 TeV/c?
02— = - r
F . 3 :
0.15 1+1 = 0-15F 1+2 E
Q1E_ = 01&- -
0.05 JJ = 0.05
OZL. [_— | | T - T 0 . L [ | NP 5 1
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000

Type 1 + 1 tt Invariant Mass (GeV/c?) Type 1 + 2 tt Invariant Mass (GeV/c?)

Use samples of Z’ from Madgraph with width = 1% of mass

Also check width=10%, and a Pythia8 KK gluon sample (width ~20%)
Weight by trigger efficiency (plateaus around 1.5 TeV)

Correct for efficiency with data-to-MC scale factor (97 +- 3%)
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CMS

Z' mass | Signal window | €mc | €mig | Erotal | ey, B 0 | Nyps
Typel+1
1000 900-1100 1.2% | 79.2% | 0.8% | 0.2% | 501.2 | 26.2 @ 506
1500 1200-1600 7.1% | 98.6% | 5.7% | 0.6% | 766.1 | 36.8 | 774
2000 1300-2400 10.8% | 99.6% | 8.7% | 0.8% | 808.7 | 39.8 @ 809
2500 1700-2800 85% | 99.7% | 6.9% | 0.6% | 238.6 | 9.7 | 222
3000 2000-3300 6.9% | 99.8% | 5.6% | 0.6% | 97.0 42 | 79
Type 1 +2
1000 900-1100 21% | 71.9% | 1.2% | 0.4% | 1334.5 | 40.6 @ 1383
1500 1200-1600 26% | 91.3% | 1.9% | 0.2% | 911.8 | 51.2 | 900
2000 1300-2400 22% | 944% | 1.7% | 0.2% | 8419 | 39.4 841

e Shown in mass windows for indication of relative
importance of systematic effects

e QOverall efficiencies in the 3-12% range for signal
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Event Selection

e Type 1 + 1 - Veto 1 + 1 (<1% overlap)
- Jet pt > 350 GeV/c - Jet pt > 350, 200, 30
- Both jets satisfy “top GeV/c
tagger” requirements - Jet 1 (type 1 jet) satisfies

“top tagger” requirements

- Jet 2 (type 2 hemisphere)
satisfies “W tagger”
requirements

- Jet 3 (type 2 hemisphere)

° Typel+2 has no requirements

Type 1 + Type 1 Type 1 + Type 2

Jet 2
Jet3
0O 56




Motivation

- Top Tagging = ‘
- CMS Simulation ] : FU”y merged
- Z -t |

Vs = e 9 (top jet)

Ill]lllllll
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