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quark gluon separation
Motivation
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¥ at LHC collisions! quark, gluon! jet: most of present analysis assume they
cannot be distinguished.

ey e ey

rioIiooi—

¥ If it is possible...
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¥ discriminate New physics

et

¥ gluino/squark decay to LSP  hard quark

¥ ISR from SUSY productiort gluon rich
¥ QCD process! gluonrich EW process hard quark

¥ Energy calibration (fake Wijj peak..)

¥ They have different nature and may be distinguished.




Example: degenerate SUSY

(Mukohopadhyay, Nojiri, YanagidaJHEP10(2014)012)

gluino
production Z+3]
_ : 1st jet 1st jet

¥ Background: Z+ jets. The leading e f mal

jet must originate from quark. e ;
¥ ISR of gluino:leading process is 9 9 | = 9 9

gg! gluino gluino. ISR tend to be R (i TR N

gluon. 2nd jet a2 . _2nd et
¥ PT(q) i>PT(gl)If Kinematical cut -

is applied, fraction if quark 9 9 g g

Increases.




contents of this talk

¥ quantity that has been proposed to improve quark gluon
separation

¥ nch :number of charged tracks
¥ jet shape (jet width -> C1)
¥ jet mass
¥ new variable: number of associated jets

¥ MC simulations improvement and MC dependence



guark and gluon jet separation studies

¥ Number of partons at @*(had) ! number of particles
I number of charged particles (non-perturbative physics)

¥ Jet shape (broadness of the jet, and mass)

| i
e = Pt :
Girth : g-= -—etri : jet mass
il jet MT
Sati pri pri(" Rij)' . Larkoski et al JHEP 1306.108(2013)
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Infrared safe and calculable Oin principleO

Monte Carlo y (Pythia, Herwig++, Shelpa )
parton shower(soft collinear) + hadronization modeling (NP)
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Using all possible parameter to increase the separation |

Ogluon jetO : more charged tracks and broader than Oquark jetO

Quark Gluon Likelihood: q/(q+ 0)
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EX -
B4 guark and gluon comparisons
ATLAS-CONF-2012-138
Nhan Tran (FNAL) for Lepton Photon
S 10°F Ty A S S S S A S
¥ Quark- and gluon-initiated jets have g | |\ =z
different properties ¢ ;;;;;;;;;;;;;;;-_;;j;_;j;;;;-;;;;';;;;;;;;;;;;;;_;;;;;;;;;;;;;;_;;;;7_::;;;;i;#?;;;?y,__
¥ Many search applications for z it s el
distinguishing quarks and gluon jets 3

¥ Hadronically decaying vector bosor
¥ monojet, dijet searches
¥ SUSY searches with high quark jet

ATLAS Slmulatlon Prellmlnary ;
multiplicity 10"010203040506070809 1
¥ Jet width and number of charged Quark-like Efficiency

tracks provide good discrimination Example: for 50% quark jet eff|c|ency

we can reject 90% gluon jets ||

e More discriminant at higher pTs
need careful validation of the data

Nhan Tran Lepton-Photon 2013



RecentATLAS analysis/ (CERN-PH-EP-2014-058)
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large MC dependence: good (bad) separation with Pythia6(Herwig)

Nature becomes closer to Herwig++ at High pT
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¥ Parton shower:Number of e Y
| = : ATLAS A Pythia Dijets -
oartpns at @(had)! number of 250 aniikR=04p<0s W PythiaSdet -
particles! number of charged o vecod fom oot b @ EXECIEC ]
particles 20;_ Q=47 i =7Tev G s Gluons. -
15}

¥ Infrared non-safe, non-
perturbative physics
ratio still can be calculated
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¥ rejection rate is determined by
tail regions.

o B
® o N

Extracted Data/MC
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¥ Better understanding / theory and MC comparison

¥ calculation proceeds with

—d o
¥ splitting function dp(t) = - 0z—~P(2) ,<

¥ Sudakov factor (probability of non-emitting )

ARE 1) = [1" dp(ti)]=exp " dp(!)
¥ resolution ! [ R] o




Jet mass : Quarks vs Gluons

¥Signal effeciency

24
lo =Prob (" < "cut) = exp[! Cr TS %" eyt ] . asg‘; 2

lg = PI’Obg("
Y
B | ¥Gluon mass is greater than Quarks
o Quark"LL#
5 1V ——oclon'LL# | ¥Efficiency ratio from QCD prediction at
dr. 1 d#; | \ \ - Quark'LO# | LL order is
da " mod I\ \ ---- Gluon"LO# | Nes  Ca
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Obsel’vable, @ A. Larkoski, G. Salam, J. Thaler, JHEP06(2013)108

)_.|<J|prTJIR .
( ipri)? Larger value means better separation

1 > 0 /

¥ Efficiency ratio at NLL order

In'G C_A 1+n|:—CA "5 CE S#nF—CA
|ﬂ|Q - Ck 3Ca #$ Inl/' 3 $
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Cah 36493 36 # Ca $Inl/!

running of$s matrix element correction

¥Small' lead to better Quark-Gluon separation
¥Contribution from 2nd-term (! $s term) looks most important
¥Actually, 3rd term is most significant numerically



MC study

Relative Probability
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¥C; with " =0 is collinear-unsafe observable

¥Authors recommend =0.2
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A. Larkoski, G. Salam, J. Thaler, JHEP06(2013)108
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other charged particles |
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other charged particles|

pT' 500 Ge\/ ' - | @ neutral particles
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Canwe dlstlngmsh Quarks from Gluons’> Event R

e other charged particles b, S T T
e neutral particles oo .




e other charged particles |g
e neutral particles |
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Multivariate analysis(MVA) with # of associated jet cateqc
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¥ Method-1: MVA(a, + C1)

¥ Method-2: MVA(e + C1) + associated jet information

¥ Method-3: MVA(a + C1 + m/pr)

¥ Method-4: MVA(a + C1 + m/pr) + associated jet informatiol
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Associlated jets bring information outside a leading jet, &
iImprove the performance of Quark-Gluon separation!
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