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¢ Jets” in cosmic rays described in: Edwards et al., Phil. Mag. (1957)

4 Looking for new physics in “energetic” jets has a long tradition:

No. 4077 December 20, 1947 NATURE

EVIDENCE FOR THE EXISTENCE
OF NEW UNSTABLE ELEMENTARY
PARTICLES

By Dr. G. D. ROCHESTER
AND

Dr. C. C. BUTLER

Physical Laboratories, University, Manchester

MONG some fifty counter-controlled cloud-
chamber photographs of penetrating showers
which we have obtained during the past year as part
of an investigation of the nature of penetrating
particles occurring in cosmic ray showers under lead,
there are two photographs containing forked tracks
of a very striking character. These photographs
have been selected from five thousand photographs
taken in an effective time of operation of 1,500 hours.
On the basis of the analysis given below we believe
“that one of the forked tracks, shown in Fig. 1 (tracks
a and b), represents the spontaneous transformation
in the gas of the chamber of a new type of uncharged
elementary particle into lighter charged particles,
and that the other, shown in Fig. 2 (tracks a and b),
_represents similarly the transformation of a new type
of charged particle into two light particles, one of
which is charged and the other uncharged.



Jets & New Physics

¢ Jets” in cosmic rays described in: Edwards et al., Phil. Mag. (1957)

4 Looking for new physics in “energetic” jets has a long tradition:

No. 4077 December 20, 1947 NATURE

EVIDENCE FOR THE EXISTENCE
OF NEW UNSTABLE ELEMENTARY
PARTICLES

By Dr. G. D. ROCHESTER
AND

Dr. C. C. BUTLER

Physical Laboratories, University, Manchester

MONG some fifty counter-controlled —eloud

chamber photographs of penetrating
which we have obtained during the past year ms-pat
of an investigation of the nature of penetrating
particles occurring in cosmic ray showers under lead,
there are two photographs containing forked tracks
of a very striking character. These photographs
have been selected from five thousand photographs
taken in an effective time of operation of 1,500 hours.
On the basis of the analysis given below we believe
“that one of the forked tracks, shown in Fig. 1 (tracks
a and b), represents the spontaneous transformation
in the gas of the chamber of a new type of uncharged
elementary particle into lighter charged particles,

Fig. 1. STEREOSCOPI0 PHOTOGRAPHS SHOWING AN UNUSUAL FORK (@ b) IN THE GAS. THE DIRECTION OF THE MAGNETIO FIELD IS SUCH

a‘nd that the Other’ ShOWII in Fig. 2 (tracks a a'nd b), THAT A POSITIVE PARTICLE COMING DOWNWARDS IS DEVIATED IN AN ANTICLOCKWISE DIRECTION
_represents similarly the transformation of a new type
of charged particle into two light particles, one of

which is charged and the other uncharged.



Jets & New Physics

¢ Jets” in cosmic rays described in: Edwards et al., Phil. Mag. (1957)

4 Looking for new physics in “energetic” jets has a long tradition:

THE NEW UNSTABLE COSMIC-RAY PARTICLES

By G. D. ROCHESTER anp C. C. BUTLER

The Physical Laboratories, University of Manchester
1953 Rep. Prog. Phys. 16 364
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Top jets @ LHC

¢ NP @ EWVSB scale => New states decay quickly into top + X
»®
—@—]_ '3
0

¢ If mx >> m¢, the outgoing tops are ultra-relativistic, their products

collimate => top jets. AR=2m/p,

Similar to ordinary
2-jet QCD

process impossible
to observe




Top jets @ LHC
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Need to understand the energy flow inside jet

Jet Substructure

i)Algorithmic...
(Jet declustering)

ii)Jet Shape (calculable)

iii)Matrix-element (shower

deconstruction)
|V§Template




How do we know it's top jet?
Jet substructure

.Shape
.Kinematics | Jet Declustering |

Seymour93
.Soft removal
YSpIitter | Jet Shapes I
Matrix—Element I
I Mass—Drop-i-Fllher ATLASTOpiagges
JHTopTagger === Planar Flow
Templates
N-jettiness
CMSTopTagger Pruning
Trimmi soft drop /
rimming CoM N-subjettiness (Kim) ACE
HEPTopTagger Twist \ o
(+ dipolarity) — J N-subjettiness (TvT)

D3
| ] | |

Shower Deconstruction / ‘ \ /

Qjets

Multi-variate tagger

apologies for omitted taggers, arguable links, etc.

Gavin Salam

Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013 3



Lesson from Run | & early Run 2: it works!
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Boosted Objects (BSM)

Naturalness => new colored partners, potentially within the LHC reach.

. - 2
L o dm?2 m
I e h ~
m,% 400 GeV

2 leading frameworks
of naturalness

AdS/CFT
warped extra dimension

Supersymmetry Composite Higgs

top partners=stops top partners = "T”

WVell, Higgs is just another fundamental

scalar bosons, and more is coming...!
mstop 2 700 Gev

No, Higgs is just another composite
resonance we are familiar with ...!



Boosted Objects (BSM)

Naturalness => new colored partners, potentially within the LHC reach.
*Neutral Naturalness (~ a last resort...) is not discussed in this talk
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Boosted Objects (BSM): SUSY examples
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Boosted Objects (BSM): SUSY examples

¢ RPV SUSY
e.g. Fat jet with BDRS substructure algorithm  Han, Katz, Son, Tweedie 12
-y L A L O O I L
& [ ATLAS Preliminary i
% L 518 TeV 210" vption gl
P © F Mo *0 = Observed limit -
L Tt Dsbs -::‘:cc::i; :
10 All limits at 95% CL =
1 _
P :
10‘15— -
- -~~~ stop pair prod. cross section (Vs = 8TeV) . .
| == observed limit, ATLAS 8 TeV .
c.f. RPV SUSY w/ gluino 10355~"300 350 400 450 500 550 600 650

m. [GeV]
decays to three quarks. .

B &edalia, Perez, Soreq | |



Boosted Objects (BSM):Composite Higgs Models

,CUV +£UV

comp el,mix
Ay

{{Higgs mass term is

flirrelevant above Ar |

comp el,mix

IR scale is dynamically generated
heavy A IR ™~ Yp f f & a symmetry breaking scale

\- resonances

‘ g¢f PNGB model often requires 9y f 7 9p f for §
less fine-tuning to get ~125 GeV higgs g

AEW ) Nc 112
M ™ 212 f2

M

1‘2
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Composite Higgs Models: EWPT




Composite Higgs Models: EWPT

0.5

mtop=1 714 GeV

03 i i : :
03 02 01 0 01 02 03 0

[Barbieri, Bellazzini, Rychkov, Varagnolo, 2007]

2
AS =Y glog(8mw>+mw+ag £,

9672 gmp/€ 1672
o 3q'? STmw 3y
AT = — |
3o72¢ 8 (gmh\/_) AT o

Modified Hugg;.feo”” phngs go in bad direction.
Bgserrance exchange as well
nght Top Partners come to rescue.



Top Partner Searches at Run 1 & early Run2

Simone, Matsedonski, Rattazzi, Wulzer 12

Same-Sign /

dileptons :
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Top Partner Searches at Run 1 & early Run2

Matsedonski, Panico,Wulzer " |14
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Top Partner Searches at Run 1 & early Run2

Simone, Matsedonski, Rattazzi,VWulzer 12
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Top Partner Searches at Run 1 & early Run2
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Top Partner Searches at Run 1 & early Run2

. Simone, Matsedonski, Rattazzi, Wulzer 12
@ ” ” Azatov, Son, Spannowsky 13

Matsedonski, Panico,Wulzer " 14
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How about Run 27

Single production with Boosted Analysis
becomes more important! 7

CMS top tag

Backovic, Flacke, SL, Perez 14 )
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Top partners @ Run 2 of the LHC

2% Runl bounds including single-production char r
from same sign lepton searches:

Matsedonski, Panico,VWulzer " 14

Azatoy, Son, Spannowsky I3 (for boosted analysis for run |)
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Top partners @ Run 2 of the LHC

CR

3% Runl bounds including single-production char
from same sign lepton searches:

Matsedonski, Panico,VWulzer " 14

2. — T ST : 14—+ —— _
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2% Game changer for run Il: boosted analysis for single

. Backovic, Flacke, SL, Perez " |14
production Backovic, Flacke, Kim, SL (x2)," 15

Flacke, SL, Serodio, Parolini, 16



General Set-up

* As a setup we choose the minimal composite Higgs model based on SO(5)/SO(4).
We use the CCWZ construction in order to write down L.;; in a nonlinearly

invariant way under SO(5) Coleman,Wess, Zumino ’69, Callan, Coleman ’69

* The lightest composite top quark partner resonances are assumed to
be in the 5 of SO(5)

1D — IX5 3
) (il ) .-
Y = ( U ) = /U*/Xg/g = | -~
\/§ —U + Xg/g _?4'--"'1_ 2
\ v2u ) 3
elementary quarks: ¢; = % (idp, ,dy, yiug , —ur 00" uh=(0,0,0,0,up)"
3¢ BSM particle content: 5=4 + | Y =T3+X
U | Xop3| D | Xspz | U
SO(4) 4 4 4 4 1
SU(3)¢ 3 3 3 3 3
EMcharge | 2/3 | 2/3 | —1/3 | 5/3 | 2/3




General Set-up

*BSM particle content: 5=4+ | Y =Tp+X
U | Xop3| D | Xspz | U
SO(4) 4 4 4 4 1
SU(3)c 3 3 3 3 3
EMcharge | 2/3 | 2/3 | —1/3 | 5/3 | 2/3

*Two principal ways to embed the right-handed up-type quarks:

e |n the elementary sector, which mix with their partners,

“ : - m Matsedonski, Panico,Wulzer 14
(_) partla”y CompOSIte quarks ) Backovic, Flacke, SL, Perez 14

e or as chiral composite states.
(— “fully composite quarks”)
Simone, Matsedonski, Rattazzi,Wulzer 12



General Set-up

*BSM particle content: 5=4+ | Y =Tp+X

u | X
SO(4) 4
SU(3)c 3 In this talk, | will focus on partially
EMcharge | 2/3 | 4 composite quarks scenario

*Two principal ways to embed the righ®fanded up-type quarks:

e In the elementary sector, which mix with their partners,
Matsedonski, Panico,Wulzer "4

(— “partially composite quarks”) Backovic, Flacke, SL, Perez " 14

e or as chiral composite states.

(— “fully composite quarks”)
Simone, Matsedonski, Rattazzi, VWulzer 12



Top partners @ Run 2 of the LHC

Y \‘7/'/ L =+ iqr Dqy, + it Pty + ibr Dby
t Xo/a ,\,\»-""Lb\ + i Dy + i1 Py — Mayhathy — M1y

/ (a) (lclﬂ[ L47I dmd’Ll + ZCR?/)R4’YI dyszl + h.c.)
- (nyqL UZZ’R + nytRUdJL + h.c.).




Top partners @ Run 2 of the LHC
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Top partners @ Run 2 of the LHC
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Top partners @ Run 2 of the LHC
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Top partners @ Run 2 of the LHC

2% Single production of top partners
might looks complicateo

mmm< ’
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Large SM backgrounds L g

(di-tops, W+ijets, ...) o
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Top partners @ Run 2 of the LHC

Unique event topology!

At least three interesting handles

on the SM backgrounds
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Boostedt/ W

- Hard Lepton
- Missing Energy
- At Jets

High Energy Forward Jet




Top partners @ Run 2 of the LHC

Boostedt/ W

- Hard Lepton
- Missing Energy
- At Jets

I, q
q D v7 q
/
b /

High Energy Forward Jet
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W
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g 00008 ; \ g, v
14 q, [
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Two b-tags




Top partners @ Run 2 of the LHC

¢ Template Overlap Method w/ forward jet
tagging & b-tagging
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Backovic, Flacke, SL, Perez " 14



Top partners @ Run 2 of the LHC

¢ Template Overlap Method w/ forward jet
tagging & b-tagging

space parts which result in a 2 TeV top
partner can be ruled at 2 sigma with as little
as 10 fb-1
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Top partners @ Run 2 of the LHC

Backovic, Flacke, Kim, SL (x2), 15
Flacke, SL, Serodio, Parolini, |16

M ~ O(1TeV)

Single production of top partners




Top partners @ Run 2 of the LHC

2¢For simple study we chose SU(2)L singlet top
partners (with charge 2/3) (BR(t+h)~25%, BR(t+2)~25%, BR(b+W)~50%)
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2k For Run |, (Z = MET)+hadronic channel was not
utilized due to large  SM background (e.g. t+MET);
(Z — dilepton)+hadronic channel has peen the
golden channel Backovic, Flacke, Kim,SL " 15 (x2)



Top partners @ Run 2 of the LHC
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Top partners @ Run 2 of the LHC

2¢For simple study we chose SU(2)L singlet top
partners (with charge 2/3) (BR(t+h)~25%, BR(t+2)~25%, BR(b+W)~50%)
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Top partners @ Run 2 of the LHC

se SU((2)L singlet top

(BR(t+h)~25%, BR(t+Z)~25%, BR(b+W)~50%)

Situation changes dramatically when

M > 1TeV: MET efficiency increases - N
dramatically when combined with jet q
substructure techniques. => MET E - \\
channel has ~3 larger BR, and ~ <
favored over dilepton channel
CMS Preliminary o fumorw, estev
:
.
-
g
b 1™ /v i -
£~ g
= /v o

2k For Run |, (Z = MET)+hadronic channel was not
Utilized due to large SM background (e.g. t+MET):
(Z — dilepton)+hadronic channel has been the
golden channel Backovic, Flacke, Kim,SL " 15 (x2)



Top partners @ Run 2 of the LHC

2¢For simple study we chose SU(2)L singlet top
partners (with charge 2/3) (BR(t+h)~25%, BR(t+2)~25%, BR(b+W)~50%)
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Top partners @ Run 2 of the LHC

2k For simple study we chose SU(2)L singlet top partners
(with charge 2/3) Backovic, Flacke, Kim,SL 15
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Composite Vector Resonances

p decay channels: SM (di-quark, di-lepton, di-boson) and
Exotics (t T, TT ) — Top partner production channels

"\

y r 7 2

PO 040
Z
7 ¢

J0
o 1
Current searches - ONLY SM final states for £ decays |

Additional signatures to be added to support the

“no lose” strategy for Z’ (neutral heavy resonances)
Can be combined with di-lepton, VV, VH
resonance searches if some excess is observed

Bounds on ﬂ\[i —using X;,5's




Composite Vector Resonances

Backovic, Jain, Flacke, SL in progress " 16

Production of T" from pJ0 ~ 40 fb @ 14TeV * 3 Fat jets in an event
TN
Boosted
'_|I_‘op tagging
b-tagging
e
l/’-‘\ Boosted
Madgraph 5 with Feynrules model implementation of a toy model with a Z- 14 \\ IOP tagging
prime , interfaced with VLQ model and an effective Higgs model w ‘\ACQ- \‘ bitagging
|/\g
I
U




Composite Vector Resonances

Backovic, Jain, Flacke, SL in progress " 16

Production of T" from pJ0 ~ 40 fb @ 14TeV * 3 Fat jets in an event
q —
w 5
g
q 5 ; ;
g Boosted
w ;I_‘op tagging
q t L\ q b-tagging
a
q
Z

q e

I/'-\\ Boosted
Madgraph 5 with Feynrules model implementation of a toy model with a Z- 14 \\ IOP tagging
o 5 o 0 0 1
prime , interfaced with VLQ model and an effective Higgs model w ‘\‘ bitagging
:X
/I
/5‘\

Need to consider top partners in

the final state of vector
resonance!




Top-philic Vector Resonance

SSDL: Liu & Mahbubani ’15
Kim, Kong, SL, Mohlabeng 16

Lint = ¢t t7y,(cos@Pr, +sinOPg)t V!
» Single production in ¢¢¢¢ final state.

 Single production depends only on ¢; and My,

Fully—had + Semi—lep + SSDL
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14 TeV

« Two boosted tops from a ,
resonance decay, and two 3
non-boosted spectator tops. o
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Composite Vector Resonances
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Composite Vector Resonances

0
VAVAVAS

KK gluon

Snowmass top quark working group report " |3

Warped Extra Dimensional Benchmarks for Snowmass " |13

E‘op'l LA L LR L L B E‘O L e B T
=Y —— OS. 95% CL upper hmit a — O0S SSJ‘bCLwoefimn
= cereeene Exp. 95% CL upper hemit (a e Exp. 95% CL upper Bmit
Tx B Exp. 10 unconainty 1 B Exp. Yo uncenainty

o Exp. 20 uncertainty 2 Exp. 20 uncenainty

ac Il o< goon (L0) =] B <X gluon (LO)

@ ATLAS &

© HEPTopTagger é

s=7TeV
10" ILdl:d.?lb"
ATLAS Top Template Tagger
v p— T p—

G Mass [TeV]

g, Mass [TeV]

Collider Luminosity | Pileup | 95 % exclusion for Z’ | 95 % exclusion for KK gluon
LHC 14 TeV | 300 fb! 50 3.3 TeV 4.3 TeV
LHC 14 TeV | 3 ab! 140 5.5 TeV 6.7 TeV
Table 1-18. Expected mass sensitivity for a leptophobic Z' and KK gluon decaying into semileptonic
tt [140].
Collider Luminosity | Pileup | 3 ¢ evidence | 5 o discovery
LHC 14 TeV | 300 fb~! 50 3.8 TeV 3.2 TeV
LHC 14 TeV | 3 ab~! 50 4.4 TeV 3.5 TeV
Table 1-19. Expected mass sensitivity for a KK gluon decaying into semileptonic tt, based on a study for

the Snowmass process using the template overlap method.
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Top Polarization.

\ Vﬁ

W direction
of flight

Left—Handed W

» lepton:forwarded for tr
back-warded for t.

Y

W direction

B

Longitudinal W

of flight

#

Right—Handed W

Allmeida, SL, Sung, Perez, '08
Shelton ’08
Perelstein, Weiler ’08
Bhattacherjee, Mandal, Nojiri ’12



Top

Polarization.
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pr(top) > 1TeV MG/ME

P.(lepton) distribution — P4(l) from tL

|

..u-- P1(I) from tR
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efor example with the KK gluon, you'll see suddenly only leptons/bs that follows the RH curves

Leptonic Top - charged lepton as a
spin analyzer



PT, LEPTON
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Without Detector 220
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Example: KK gluon

Allmeida, SL, Sung, Perez, Virzi ’08
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PT,LEPTON Allmeida, SL, Sung, Perez, Virzi '08
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How do we know it's top jet?
Jet substructure

.Shape
.Kinematics | Jet Declustering |

Seymour93
.Soft removal
YSplmer | Jet Shapes I
I Matrix—Element I
Ma Drop+F|Iher ATLASTopTagger
JHTopTagger === Planar Flow
Templates
N-jettiness
CMSTopTagger Pruning
T soft drop /
rimming CoM N-subjettiness (Kim) ACE
HEPTopTagger WIst -
(+ dipolarity) N-subjettiness (TvT) 5
3
] | ]
Shower Deconstruction \ Multi-variate tagger /
Qjets

apologies for omitted taggers, arguable links, etc.

Gavin Salam

Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013 3



How do we know it's top jet?
Jet substructure

\ery active research field

.Shape .
.Kinematics [ et Declustering | New ideas???

.Soft removal T

YSphtter | Jet Shapes I

I Matrix—-Element I
Mass—Drop+F|Iter ATLASTopTagger

JHTopTagger === Planar Flow

Templates Nietti
—-jettiness
CMSTopTagger Pruning
T soft.drop /

rimming CoM N-subjettiness (Kim) ACF
HEPTopTagger T» is

(+ dlpolarity) N-subjettiness (TvT) 5

3

1 | |
Shower Deconstruction Multi-variate tagger /
Qjets

apologies for omitted taggers, arguable links, etc.

Gavin Salam

Gavin Salam (CERN) Jet substructure @ CMS substructure workshop, April 2013 3




[deas from theory community Is saturated so far,
and experimentalists took over the job,
except for some theory calculation for

resummation effect for jet-shape observapbles. ..
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Jet Substructure with Artificial Neural Network (NN)

Almeida, Backovic, Cliche, SL, Perelstein " |5

Basic Treat a jet as a “splash pattern” or image.

Idea: \f}

Use image/pattern recognition technology
to classity "splash pattemns”.
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jet “splash patterns” contain all
of calo. information.



Jet Substructure with Artificial Neural Network (NN)

Almeida, Backovic, Cliche, SL, Perelstein 15

3¢ Network Training (based on feed-forward neural network)

® The weights W are determined through a “training” procedure:

Generate large MC samples of top-jets (SM ttbar) and QCD jets (dijet)
“Feed” these samples to ANN, record output Y i for each jet

Compute the “error function” (desired outputs:y i=| for top,y i=0 for
QCD):
N
Log-loss = —l Z [yilog(Y;) + (1 - y;)log(1—-Y);)]
g N — i 10g(1; i) 108 i)]-
Adjust weights iteratively to minimize the error function
Minimizing a function of 100,000 variables is not trivial, but there are

well-know numerical techniques for this; we use the back-propagation
algorithm, with “batch gradient descent with momentum” minimization

® Qutcome:a set of weights such thatY i close to | for top jets, close to O for
QCD jets

® ANN “learns” how to tell them apart, using all available info! (or: it just
constructed a complicated but optimal - in some sense - observable)



Classifying splash pattern with Artificial NN

Almeida, Backovic, Cliche, SL, Perelstein " |5

Feed the entire jet (splash pattern) as an array of pixels.

Bias nodes _

Calorimeter image Input layer Hidden layer 1 Hidden layer 2 Output layer

At each layer compute a weighted sum:

ey hfl) S f(w,(]l)ej " b,(l)) SNSRI h,a) e f(wa)h(l—l) " b,a)) S f(MO)h;I) + b(O))

ij
1
)

1+e*=




Classifying splash pattern with Artificial NN

Feed the entire jet (splash pattern) as an array of pixels.

Calorimeter image

= e

Bias nodes

A ’
y 1|

\ ‘,'.',l',‘,'. ! ’

"

o~

N
-
ey

= 6N
-

Input layer Hidden layer 1 Hidden layer 2 Output layer

Adjust (train) the weights W;; to give:

Top

*5E  We use the standard

=N y=1 QCD

back-propagation algorit

=Y =0

hm with gradient descent



Artificial NN: Size of training sample

test sample of 50000 pre-processed top jets

0.86

0.88rn S e S N _

0.82k - feedeeiercieierceiene I ;........--_----..E ................. - M

———— —————— -

————— —————— - - e . -

anti  kr, R- = 1.0 0; about

(o iy £ O— ,,. ....................... . ........................ )’7"'_“8‘(‘3'8’“"'999(}8‘\2 ........ i ZOOOO eve ntS

0,78 H— 130 _____ 2 mGCV ........ - needed to train

the NN

(R S S PR,

0.7% 20000 40000 60000 80000 100000 120000
Number of jets in the training sample



Artificial NN: A few examples

3.0r '. ! ! l 7
= = = C—1 QCD Jet

P I ot O Madgmpho+ P.ytﬁw:TOP

atltl kr, R = 1 0
; pr &= 800 — 900 GV
2,0 m-‘mU 2IUG¢V"""""""

Arbitrary Units

Y] TN SRRSO S,

L n | i i
0'8.0 0.2 0.4 0.6 0.8 1.0

O

Good Signal / Background separation



Artificial NN: A few examples

1 QCD Jet

Madgraph5 - P) tlna :

ati—kp, R=1 1 I
_ 1100 — 1200 (,ev

Arbitrary Units

o

bl i i i i
8| 0|2 014 0|6 018

O

Even better at higher Pt

1.0



Artificial NN: Comparison with other top taggers

Mistag Rate

10° Mlstag Rate VS EfflClency
: : top top
we=  NNs tagger N N
- = N-subjettiness 73/72 - Eff = s & ; Mistag = e
- == Top template tagger . Ntop NQCD
= dyy /,’
10! ,
R top tagger
 Madgraphs + Pythias | [SACIACIS
: i anti — kr, Rl 0 comparable to some
| * * existing techniques!
|
1075 0.2 0'a 0.6 08 1.0

Top Tag Efficiency



Artificial NN: Comparison with other top taggers

Mistag Rate

10° Mistag Rate vs Effucuency
— NNs tagger ' N©P NP
— = N-subjettiness 73/7> ) B t°P’ Mistag = QCD
- == Top template tagger - Ntop NQCD
== dy
s 5 5 top tagger
1022 < Madgraph + Pythias |  [ESCACIMENIEE TS el
! anti — kr, R = 1.0 comparable to some
| T Pr =800 — 900 GeV existing techniques!
= 130 - 210 GeV
1077 0.4 0;6 ' 1.0

.\\_4 ) s 1
Top Tag Eff'C'ency y/'\ Preliminary: improving

ANN further!

Almeida, Backovic, SL, Perelstein, and
CMS group @ Korea University



Artificial NN: Comparison with other top taggers

Mlstaq Rate vs Efficienc

10° , ) y- top top
| === NNs tagger i : PR Nto : N D
| == N-subjettiness | | s Eff = N Pr MIStag = NQC
- - = Top template tagger .«-" e fop e
— = dyy ‘ . o
© 107 |-
.'_J H
({»)
o
o T ~ factor of 2 -3
4J -
2 12| __Mgégf_g}g_}_l_?_i_l)ythla Improvement over
| et b R 10 existing methods!
| pr = 1100 — 1200 GeV
m = 130 — 210 GeV
«3 ] ! :
10%0 0.2 0.4 06 0.8 1.0

Top Tag Efficiency




Artificial NN: Comparison with other top taggers

Mlstaq Rate vs EfflClency

10° top top
| === NNs tagger ; e Nto ; N D
| == N-subjettiness i | //‘.:,/ Eff = N, p’ Mlstag = NQC
- - - Top template tagger top QCD
B dlz
10™
actor of 2 -3
102 bl el Madg Improvement over

Mistag Rate

existing methods!

pr = 1100 ~ 1200 GeV
=130 — 210 GeV

0.0 0.2 0.4 06 0.8 1.0
Top Tag Efficiency



Almeida,Backovic, SL,

Perelstein, and
CMS group @ Korea

INFRARED SAFETY .

An observable O is infrared and collinear safe if

Onyi1(k1, ko, kivkjy oo k) — Op(k1,kay . ki + kjy . k)

whenever one of the ki/kjbecomes soft or kiand kjare collinear

i.e. the observable is insensitive to emission of soft particles or to collinear
splittings




Almeida,Backovic, SL,
Perelstein, and
CMS group @ Korea

INFRARED SAFETY .

An observable O is infrared and collinear safe if

Onsi1(k1,kay oo kiykjy oo ky) — Op(kr, ko, .o ki + koo Ey)

whenever one of the ki/kjbecomes soft or kiand kjare collinear

i.e. the observable is insensitive to emission of soft particles or to collinear
splittings

Work in Progress:
Test t vs q+9
and t+g vs q+g+g




Top partners @ Run |

Boosted |et-substructure is a must tool for
RUN |l physics!

Maybe more rooms left for new ideas!

Naturalness @ Run 2: will be pushed further
e.g. Composite Top Partners will be probed
beyond 2 [eV!




Top partners @ Run |

We Might be this Close!

™~ Iy
:
R » J{. . .
e w

picture courtesy to Tobias Golling






Partial Composite light quarks

Delaunay, Fraille, Flacke, SL, Panico, Perez " | 3

Loomp = 1 Q(D, +ie, )W Q+ilpU— M;QQ — M, UU + (ic@iqf“dLD +he)
Lol.mx = ic_]LQQL + 1 URLDUR — YL ff_]? Ugs’l;’;‘R = }/Rf—u% Ugs’l;"/‘L + h.c.,
where d/,, e, are the CCWZ “connections”, and Ugs is the Goldstone matrix
/ 1 0 O 0 0 \
0 1 O 0 0
Ugs=| 0 0 1 0 0
0 0 0 <cosh/f sinh/f
\ 0 0 0 —sinh/f cosh/f )
with h = (h) + h.
*Derivation of Feynman rules:
e expand d,, e,, Ugs around (h), s My = My x — 2] yrf

X
V2f VM +yif?)  (M?+yaf?)

e diagonalize the mass matrices,

e maitch the lightest up-type mass with the SM quark mass (my or me)
— this fixes y; in terms of the other parameters (yg ~ 1=y < 1)

e calculate the couplings in the mass eigenbasis.



