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1. Tag quark/gluon initiated jets

&. Detailed study of two-pronged tagging



Quark/gluon
discrimination

e Ideally: identify quark-initiated or
gluon initiated jets.

e Is that well defined or fundamentally
ambiguous?



What is a Quark Jet?

From lunch/dinner discussions

lll-Defined What people A quark parton

sometimes
think we mean A Born-level quark parton

The initiating quark parton in a final state shower

An eikonal line with baryon number 1/3
and carrying triplet color charge

A quark operator appearing in a hard matrix element
in the context of a factorization theorem

A parton-level jet object that has been quark-tagged
using a soft-safe flavored jet algorithm (automatically
collinear safe if you sum constituent flavors)

A phase space region (as defined by an unambiguous

hadronic fiducial cross section measurement) that yields

an enriched sample of quarks (as interpreted by some
Well-Defined = What we mean suitable, though fundamentally ambiguous, criterion)
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The study

e In leading order:

quark radiation x Cr, gluon radiation o« Ca (4/3 vs 3)

e Affected strongly by subleading (perturbative and
non-perturbative) effects

e Modelled in MC generators, but needs constraining
by data

e Highlights modelling deficiencies
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Variable Used

Generalised angularities:

’idt h MAass




Discriminant

Gluon rejection for a given quark efficiency Discriminator:

Wk rejection for a given gluon efficiency

rej rej
Yo0 Ys0

'

Pq (Pg) is the probability
distribution for the quark jet
(8luon jet) sample as a function
of the classifier A

A — 0: no discrimination
A — 1: perfect discrimination
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Idealised e*'e collider

ANERSl e e” — (v/Z)" — ub
. [P *
GthIl e e — H — gg Suppress wide

angle radiation

e [Useful to understand final state evolution
(ignoring initial state complications)

e Vary collisions energy (@), jet radius (R)

e [.ook at both hadron and parton level
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Hadron Level Arua

Quark, hadron-level Gluon, hadron-level
Pythia 8.205 e—
Herwig 2.7.1 ===
Sherpa 2.1.1
Vincia 1.201 ===
Deductor 1.0.2 ===
Ariadne 5.0.8
Dire 1.0.0
Analytic NLL s

Pythia 8.205 e—
Herwig 2.7.1 ===
Sherpa 2.1.1
Vincia 1.201 ===
Deductor 1.0.2 ===
Ariadne 5.0.8
Dire 1.0.0
Analytic NLL s

Q=200 GeV
R=0.6

Q=200 GeV
R=0.6

0.4 0.6

0.4 0.6 |
M5 [LHA]

A5 [LHA]

Good agreement Larger spread
LEP data available No data available
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Seperation

Separation, hadron-level

Pythia 8.205
Herwig 2.7.1
Sherpa 2.1.1
Vincia 1.201
Deductor 1.0.2
Ariadne 5.0.8
Dire 1.0.0
Analytic NLL e

Q=200 GeV
R=0.6

Pythia8 more optimistic, Herwig++ more pessimistic
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Overall Separation

Parton-level

| |

Pythia 8.205 we—
Herwig 2.7.1 ==
Sherpa 2.1.1
Vincia 1.201 ===
Deductor 1.0.2 ===
Ariadne 5.0.p e

—

Analytic NLL sewesss _

Q=200 GeV
R=0.6

0,00 (20) (1,0.5) (L1) (L2)

Separation: A

Hadron-level

|

Pythia 8.205 se—
Herwig 2.7.1 ===
Sherpa 2.1.1
Vincia 1.201 ===
Deductor 1.0.2 ===
Ariadne 5.0.p e

Analytic NLL sswesss

Q=200 GeV
R=0.6

(2,0) (1,0.5)

(1,2)

Angularity: (k,B) Angularity: (k,B)

Large spread in discrimination power
(even more at hadron level, but not only due to hadronisation)
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At the LHC

Z+jets (quark enriched)

Z+), Hadron-level, mMDT jet

| |

Pythia 8.215 —
Herwig 2.7.1 =====
Sherpa 2.2.1

pPin=100 GeV
R=0.4

2), Hadron-level, m

dijets (gluon enriched)

MDT jet

Vincia 2.001 === "

Decent agreement

I

| |

Pythia 8.215 e—
Herwig 2.7.1 ===
Sherpa 2.2.1

Vincia 2.001 ===

pFt=100 GeV
R=04 |

Larger Difference




Seperation

Separation, Hadron-level, mMDT jet Hadron-level, mMDT jet
T I ¥ L) v ' T L T T T T L ] T T T 1 ] l T
Pythia 8215 e— 14 Pythia 8215 — -
Herwig 2.7.1 === Herwig 2.7.1 ===
Sherpa 2.2.1 ====~ 1 | Sherpa 2.2.1
Vincia 2.001 : Vincia 2.001

pFi"=100 GeV . pFi"=100 GeV
R=0.4 R=0.4

| 1

0,00 (2,00 (1,05 (1,1) (1,2
Angularity: (k,B)

Pythia8 more optimistic, Herwig'7 less so
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Very Very New (LH2017)

Background
Efficiency

2-Prong Jet Substructure Resilience

—

Resilient when ROC does | S/
not shift from partonto [ ol -
hadron level, or with . ey
adding MPI, pileup,
detector effects




Baseline

Ratio Observables: D2 N2 T21 M
bothB=1and B =2

Background: QCD Dijets

Jet Grooming:  Plain: no grooming
Loose: Soft Drop, B = 2, zcue = 0.05 Signal: WW in Standard Model
Tight: mMDT (B = 0), zeu = O.|
Trim: Rgup(kt) = 0.2, Zcie = 0.05

humerator .
mass ® ® radius

denominator

ATLAS-like CMS-like

trim plain
trim ® ® 1.0 tight ® ® 0.8
trim plain

Dichroic All Loose

tight loose loose
tight ® ® 1.0 tight ® ® 1.0 loose ® ® 0.8
tight tight loose




Performance vs Resilience

ATLAS-like (rR=1.0)
: : CMS-like (r=0.9)
more : : = : ;
performant: :

parton
->

particle

)
o
c
©
£
—
£
—
@
a

60<m<100 : more rasilient
H H H R R
Pythia8l4C), antik, : z :

resilience

Performance improves at higher pr
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Grand Summary:
Performance/Resilience Tradeoff

Pythia8(4C), :anti-k¢(0.8 or 1.0)
5 . 60<m<100

Solid: B=I
Dashed: =2
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€ ATLAS-like
B CMS-like
A AllTight
@ Dichroic
X All Loose
...plus more!
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Summary

Important physics applications, especially for
“discovery physics”, where new signals are often
quark-dominated, while background in gluon-
dominated, or need optimal tagging of two prong-
substructure.

Large effect for generator setting, non-perturbative/
shower effects.

Need (unfolded) measurements, specially for gluon
processes.

LHR2017: goal is to find optimality contour for parton
to detector level with pileup, and suggest best
strategies for experiments.
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ATLAS Result(s)

—
A

Y_T_fj_Y_’ﬁ_T—r—rﬁj_T_T—rjﬁ_T_T_l—T_’_Y_

ATLAS
50% Quark-jet Efficiency @ Data + Stat.
[Ldt 471", \s =7 TeV g Labeled MC,

T 210 GeV<p <260 GeV
nl < 0 8

IRRl

B Syst.

—

Py1h|a Dijets

1 - Gluon Efficiency

0 02 04 06 08 1 1.2
B (Angularity Exponent)

Eur. Phys. J. C (2014) 74: 3023

Data-MC difference
(but very optimistic!)

Discriminant composed
of different observables
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=
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ATLAS Preliminary
\s=8TeV 20.3fb" - W,
| < 0.8, 70% Light Quark Acceptance

50 100 150 200 250 300 350 400 450
Jet P, (GeV)

ATLAS-CONF-2016-034
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CMS Result

CMS Preliminary 2.6 fb-1 (1 3 TeV) ) CMS Preliminary 2.6 fb-1 (1 3 TeV)

before
reweighting

.
ol

before

<=r Quark (Herwig++) - - - Gluon (Herwig++) — eighting

- «{=r Quark (Herwig++) - - - Gluon (Herwig++) —

o
o

after

after -4 Quark (Pythia8) - Gluon (Pythia8) @ reweighting

@ Quark (Pythia8) il Gluon (Pythia8) @ ,oyeighting

Efficiency (LD > 0.5)

o
o
A
0o
=
>
3}
c
o
2
=
w

Z+jets, nl < 2.0 . dijets, nl < 2.0

200 200 250
Jet P, [GeV] Jet P, (GeV]

CERN-CMS-DP-2016-070

Need MC reweighting to match (data) efficiencies
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Non-Perturbative Effects

Quark, hadron-level

Pythia 8.205 we— Pythia 8.205 we—
Herwig 2.7.1 ===== y Herwig 2.7.1 =====
Sherpa 2.1.1 ' § i Sherpa 2.1.1
Vincia 1.201 === i Vincia 1.201
Deductor 1.0.2 === Deductor 1.0.2 ===
Ariadne 5.0.8 e | L, Ariadne 5.0.8
Dire 1.0.0 » Dire 1.0.0 ===
Analytic NLL s ‘ E : Analytic NLL e

Q=200 GeV v : \ Q=200 GeV
R=0.6 F R=0.6

Large effect of hadronisation
More difference among MC models as well
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Non-Perturbative Effects

Separation, parton-level Separation, hadron-level

thd Smmbistmiens i Sttt — 1
Pythia 8.205 —
Herwig 2.7.1 =====
Sherpa 2.1.1
Vincia 1.201 ===
Deductor 1.0.2 ===
Ariadne 5.0 wrren

Analytic NLL s

Q=200 GeV
R=0.6

dA/dN) 5

Large effect of hadronisation

Pythia 8205 m—
Herwig 2.7.] ===
Sherpa 2.1.1
Vincia 1,201 ===
Deductor 1.0.2 ===
Ariadne 5.0.8
Dire 1.0.0 ==ssesms
Analytic NLL e

Q=200 GeV
R=0.6

More difference among MC models as well
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Dependance on R

A} 5 [LHA], parton-level
| | | 1 1 |

04 Pythia 8.205 =

Herwig 2.7.1 ===

A}s [LHA], hadron-level
| | I I 1 |

0.4 - Pythia §.205 e—

Herwig 2.7.]1 ===

0.35 - Sherpa 2.1.1 ===== - 0.35 Sherpa 2.1.1 ===== =
Vincia 1.201 === =t ¢ e Vincia 1.201 ===
03 Deductor 1.0.2 =w=u= _ 1 o 3 — Tkl Tkl L LT Deductor 1.0.2 =w=w= |
P - r\l‘iadne SO.B iR - ‘,\ria(ll]e SO'B LR
a ey T Dire 1.0.0 e a mumiIn e Dire 1.0.0 sssmsss
E 0.25 o .,h]al.‘rtlc NLL e . E 0-25 B S — AAl\d]\.tlt‘ NLL WORTRo—
- —— S eeememe
; 0 2 I g 0.2 — s Q:ZOO Ce\' —
~ — T O s p—— —— —
§- ----------------- §- ______ GS=Qw

0.15 e s -

Separation increases with R (lmore phase space?)
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Dependance on @

Ajs [LHA], parton-level Ads [LHA], hadron-level
| ~ T | L
Pythia 8.205 s : Pythia 8.205 s
Herwig 2.7.1 === Herwig 2.7.1 ===
Sherpa 2.1.1 ===== 1 38 Sherpa 2.1.1 ===== 1
Vincia 1.201 === Vincia 1.201 ===
Deductor 1.0.2 =+=w= | , Deductor 1.0.2 =+=w= |
Ariadne 5.0.8 T | — P sm— Ariadne 5.0.8

S RS ‘A na I.\rti C X L L R ‘A na I.\rti C X L L s

R=0.6
Q;=05p

R=0.6

Separation: A

<
¥
S

g
<
—
e
o
-

N

A l““lA

500 1000 . 100 200 500 1000
Q [GeV] Q [GeV]

Separation increases with @ at parton level
(more phase space?)

33




Dependance on as

A)s [LHAJ, parton-level A} 5 [LHAJ, hadron-level
! J v T T T

Pythia 8205 e— Pythia 8205 se—
Herwig 2.7.1 === Herwig 2.7.1 ===

Sherpa 2.1.1 ===== 35 Sherpa 2.1.1 ===== -

Vincia 1.201 === Vincia 1.201 ===
Ariadne 5.0.8 : Ariadne 5.0.8

Alld]\' ti C NLL "= ‘A n al‘r t l C NLL wwwssmn

Q=200 GeV
R=0.6

Q=200 GeV
R=0.6

Separation: A

<
¥
o]

=
IS
—
o:
(oW
@

5]

No clear trend at parton level, except Herwig++,

rest decreases at hadron level
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Generator Setting

Pythia 8.205, hadron-level Herwig 2.7.1, hadron-level
' v J T T T

— / |

baseline baseline
no g—qq === no g—qq ===
no ME =====~ -
2-loop ag ===
CR1 =wr=o=

< <
o o
o ) =
g g
—_ —_
< <
a. a.
U U
N N

| | l l |

0,00 (20) (L05) (L1) (L2) 0,00 (20 (105 (L1) (L2)
Angularity: (,B) Angularity: (K,B)

Indication of what drives the separation




Proton-proton Rates

LHC 14 TeV

O
o

O
=

c
2
-
3]
&
—
—_—
L
—
<
5

Pvthia 8.209

\) !

50 100 200
Generator pr Cut (GeV)
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