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Theory Model

Supersymmetry:

spin based symmetry relating fermions and bosons
9 OK LJ NIsuperdarBegk feriiors hadre
bosonicsuperpartnersand vice versa

Standard particles SUSY particles

(0] C

R-Parity Violation
R-parity P
R = 1{1) for SM (SUSY) particle



Physics Motivation

Boostedtopologies

P 9
_ : The current LHC energy allows us to study this
_E,_.. q boosted signature and probe lower BSM particle
: Xm _ masses (~100 GeV)
%"‘T q
p p

We perform a search for pair
producedR-Parity violating (RPV)

supersymmetricstop quarks Useinternal structure to reduceQCD (our mair

decaying into two light quarks backgroundjand other SMbackgroundsttbar,
wjetsX & 2 main techniques




Substructure Techniques

CMS

a t NHzhthpyladxév.org/abs/0912.0033
(S. Ellis, C. Vermilion, J. Walsh)

1. Recombine jet constituents
2. Remove wide angle and soft constituents
Note: Does not recreaubjetsbut prunes at each point in jet reconstruction



http://arxiv.org/abs/0912.0033

Substructure Techniques

O bsubjetiness hitp:// arxiv.org/abs/1108.2701
(d Thaler K. Van Tilbuig

1. Created\ subjetaxes within a jet

2. Measures how close each jet constituent is to the Low_, (desired)
subjetaxis (constituents close to axes)
P : A .o
T o Ng | EYYREBYY ;

Designedo identify boosted hadronic objects.

(Low_,, =_,/ _; means XSubjety | High_,
(constituents far from axes)


http://arxiv.org/abs/1108.2701

cMmS,

Analysis Strategy

A Search for 2 AK8 Jets with high pT and substructure

A Trigger: we developed taigger for this search using the pT sum of AK8
jets (HT)and the pruned jet mass

A Estimate backgroundontributions usinga datadriven method

> Use sidebands in the data to predict the background in the signal
region

A Investigatethe average mass spectrum and look dor excess/set limits



. CMS
Variables

Variables Used

Mass Asymmetry:
| 1 1 C 1 2 |:

N-subjetiness

defined ag)

the absolute value of the difference inbetween the two
candidate jets

Because the ratio between-subjetinessrariables gives
us better discrimination power, we considered=_,/ _;



Event Selection

Variable

Selection

Number of AK8 Jets
Jetp,
Jet |' |

o
M

asym
| 1C" )l
1stand 29 Jet_,,

2 Leadingp; Jets
>150 GeV
<24

> 900 GeV
<0.1

<1.5

<0.45

Each variable is plotted with all selection criteria apart from
that on the variable being shown, normalized to unit area
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Background Estimation

CMS

Nonresonant backgrounds (QCD):

ABCD methodrf |' ;¢' ,| and mass

asymmetryM,q, ) use background
enriched sidebands binned in mass to

estimate the background in the signal
region

Basic ldea:
B/D = A/IC
A A =C*B/D)

We define the sidebands using mass

asymmetry and' ; ¢' ,| because of low
correlation

Region B/Region D binned in

average mass
\CMS Prefiminary

2.7 (13 TeV)
| T T T T | T T T T | T T T T | T T T T :
0.9 =+ Data (uncorrected)

TE ——— Rlzlitl\afllémgll:s resonant bkg.
E o+ s
0.8~ _—_ Fitto datagminus resonant bkg.

e Fit unc. to data minus resonant bkg. -
0.7F Fit to MC : =

_/_,—""” |

0.15— _;
T R T N T — 300 380
Average pruned jet mass [GeV]
Magym< 0.1 | Magm> 0.1
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CMS

Results(CMS PAS EXI®G-029)

CMS Prelimina 2.7 b1 (13 TeV

Resonant backgrounds: T AR is =
B — M =170 GeV I QCD from ABCD |

o it + Jets |:|W+Jets

5% of total backgroundtbar, Wjets, Zjets g 10F SEXTE
dibosons oo i
102 =

Use MC samples, properly validated -

The final background estimate is the sum of: ™

1. QCDmultijets background measured in data via
the ABCD method (previous slide)

Data/Bkg

ﬁ"ﬁ’%fﬁ. {7l ¥

2. The subdominant resonant backgrounds from .\\ g
Me

Average pruned jet mass [GeV]

We take into account all the standard systematics on Note the 80 GeV and 170 GeV signals plo
our background estimation and signal acceptance, on top of the background estimate. They a

more details are in the backup srciwn as the shaded regions in the ratio
plot.




CMS
Summary
AWe present a search for pairefijet We exclude masses below 240 Ge\
resonances in the boosted regime at T&V |
with 2015 data = 10t CMS Prefminary 2770 (13 TeV)
ALook for a resonance in averageinedmass '5 e o smatal et 20
© L1 N8B .  =ssssmas Expected limit

AWe usea datadriven methodto estimate the ~ 10°
non-resonantbackgrounds an1C samples
for the sukdominantresonantbackgrounds.

I Expected + 1o
[ | Expected +2c

10° E

ANo excess\ exclude productiorof the RPV § i

stops deca}ymg via the coupling below 0. CMSPASEXG16-029 _

240GeV, filling the 10@00 GeV gap from - E
prior results 100 180 200 250 300

Resonance mass [GeV]



CMS

Gompart Muon Solenoid

Backup



Theory Model/Physics Motivation

3 S
t <
p _—
Pair production of stops decaying

via the UDD312 RPV coupling into
two light quarks

Exploit current LHC energy to study this
boosted signature and probe lower
BSM particle masses

Boostedtopologies




Substructure Techniques

a ¢ NRA Y Nith:yasig.org/abs/0912.1342 (D.Krohn J.Thaler L. Wang)

1. Createssubjetsfrom the constituents of the initial jet
2. If the pyof the jet is too small, removes them

-
- -5

-~ -
-----

Initial jet ‘ p"T/p',ﬁl < feut Trimmed jet


http://arxiv.org/abs/0912.1342

CMS

Substructure Techniques

a ¢ NRA Y Nitp:yaEig.org/abs/0912.1342(D.Krohn J.Thaler L. Wang)
A Uses kalgorithm to createsubjetsof size B, from the constituents of the larg® jet:
Anysubijetsfailing pi/p; < f; are removed

-----
- »y
~,

Tuned parameters:

fcut and Fgub

Initial jet O [)"T/p'.;l < fout Trimmed jet

a t NHzfithpyadxév.org/abs/0912.0033 (S. Ellis, Glermiliion J. Walsh)
A Recombine jet constituents with C/A gnihile vetoing wide angle (R) and softer (z,) constituents.
Does not recreatsubjetsbut prunes at each point in jet reconstruction

Tuned parameters:

Rutand z,

~
-~ -
-------

T iy i1+ .
Initial jet ®) p/T-/pJT L Zut or AR}, j, < Rew Pruned jet

a bsubjetiness http://arxiv.org/abs/1108.2701(J.Thaler K. Van Tilburg)

A Creates Nsubjetaxes within a jet and sums angular distances ofgetstituentsto their nearestsubjetaxis.
This variable is a jet shape designed to ideriggsted hadronic objects



http://arxiv.org/abs/0912.1342
http://arxiv.org/abs/0912.0033
http://arxiv.org/abs/1108.2701

High Level Trigger (HLT)

CMS

We developed an HLT trigger for this
search using theT sumof AKS8 jets
(HT) and grooming techniques

Here we show the trigger efficiency in
HT vs Leadinget prunedmass for a
logicalOR betweerthat triggerand

the nominal HT hadronic trigger.

CMS Preliminary 43.8 pb'(13 TeV)
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Systematics

CMS

Source of Systematic Effect Value
Luminosity Yield 2.7%
Trigger Yield 2%
Pileup Yield 1.5%
PDE Yield 12%
Two-prong Tagger Scale Factor Yield 17%
Jet Energy Scale Yield 0.8%-5%
Jet Energy Resolution Yield 0.6%-3%
MC Statistics - bin-by-bin
Jet Mass Scale Resonance Shape 2%

Jet Mass Resolution Resonance Shape 11%
Background Source of Systematic Effect Value
QCD ABCD method: Closure Yield 10%

Transfer Factor Fit Uncertainty | Shape | 0.8%-8%
Statistics in Sideband Region (C) | Shape | bin-by-bin
Resonant backgrounds: | Systematic in MC Backgrounds | Yield 50%
MC Statistics Shape | bin-by-bin




’ Signal MC Simulations

CMS

Systematics
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Previous analyses have measured a Data/MC
factor for the tau2l tweprong tagger working
point which we use

A SP=0.88+0.15 (The scale factor is squared
because we apply tag both jets)

A This is applied to the signal acceptance and the
error is taken as a systematic uncertainty.

In addition, we take into account all other
standard systematics on the signal acceptance
such astumi, JES/JER (taken from J8E003),
pileup, and PDF (table in backup)




Limits

CMS

A The distribution in the average pruned jet
mass of selected events has been used to g
search for an excess compatible witha  «
resonance signal above the SM backgrounﬁ
estimate.

A No significant deviation is found

A Exclusion limits are set on the tsguark e
pair production cross section with decays
through the RPV SUSY coupling UDD312 to
light flavor jets at 95% confidence level 10

10°

We exclude masses below 240 GeV

CMS Preliminary

2.7 fb" (1

3 TeV
I | I

I T TTTITH

95% CL upper limits

-------- Top squark pair production A,;, (1> qq)

——— Observed limit

-------- Expected limit

I Expected + 16
[ | Expected + 26
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cMmS,

Current limits in RPV Stops production

[Ldt=6.6fb'1 PP \'s=1.96 TeV CDF Runll

A1303.2699 8 R P oVoll e comaimiasmo,
ACDF set limits on the = | gm0
production of RPV Storg
using a 4et final state 7 10 YAX -
(resolved analysis) ance | :
excluded mass 5000 IR
Gev s 100 15 200 35 300 380 400 450 500

Resonance mass m,, [GeV/c?]


https://arxiv.org/abs/1303.2699
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Current limits in RPV Stops production

A1412.7706v1

AThe CMS Run | analysis
also used the 4 jet
signature and excluded
stop masses 20650
GeV




