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A tale of two jets

Christine Nattrass, University of Tennessee, Knoxville
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3. Models

We Can Do It!

4. Suppressing

......... A ras

combinatorial jets background in MC 6. How to care
to models
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What is a jet?
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What is a jet?

A measurement of a jet is a measurement of a
parton.
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What is a jet?

: of oot of
parton:
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What is a jet?

CM3S Experiment at LHC, CERN
Data recorded: Fri Oct 512:29:33 2012 CEST
Run/Event: 204541 { 52508234

o | Lumi section: 32
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CMS Experiment at LHC, CERN

Data recorded: Fri Oct 5 12:29:33 2012 CEST
Run/Event: 204541 [ 52508234

.| Lumi section: 32

“I know 1t when I see it”

. US Supreme Court Justice Potter Stewart, Jacobellis v. Ohio
Christine Nattrass (UTK), WWND 2022




~ Jet finding in pp collisions
r,:";,,_ * Jet finder: groups final state
}Jeﬂ particles into jet candidates

e B - Anti-kr algorithm

\SJaI]-IEP 0804 (2008) 063 [arXiv:0802.118

DNy } 2 * Depends on hadronization
" * |deally

scattering

\ AN J
b 4 Y

- Infrared safe

Image from http:/iwww.gk-eichtheorien. physik. uni-mainz de /Dateien.

— Colinear safe

Snowmass Accord: Theoretical calculations and experimental
measurements should use the same jet finding algorithm. Otherwise
_they will not be comparable.

Christine Nattrass (UTK), WWND 2022 10



http://arxiv.org/abs/0802.1189
http://arxiv.org/abs/0802.1189

anti-k_ jet finding algorithm

]

es, clusters

i

| Particl

[ Jet candidates ]

Christine Nattrass (UTK), WWND 2022
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Jet finding algorithms

Tracks

[ Clusters

[ Particles

* Any list of objects works as input

* Use the same algorithm on theory &
experiment

e Output only as good as input

Christine Nattrass (UTK), WWND 2022
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A jet is what a jet finder finds.

Christine Nattrass (UTK), WWND 2022
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Use the same algorithm on data and the model.
Then the two will be comparable.

Christine Nattrass (UTK), WWND 2022
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Signal vs Background:

Christine Nattrass (UTK), WWND 2022



Signal vs Background:

Combinatorial jets

Christine Nattrass (UTK), WWND 2022
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Signal vs Background:

Combinatorial jets
= “fake” jets

Christine Nattrass (UTK), WWND 2022
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Signal vs Background:

Combinatorial jets

' *Some gray areas
Christine Nattrass (UTK), WWND 2022 19
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IennGen background generator

Fit

ALICE JHEP 1609 (2016) 164

Christine Nattrass (UTK), WWND 2022


http://arxiv.org/abs/arXiv:1303.0737
https://arxiv.org/abs/1208.2711
https://arxiv.org/abs/1606.06057

PYTHIA Angantyr

JHEP (2018) 2018: 134

e Based on PYTHIA 8

1 s _
Sjostrand, Mrenna & Skands, ﬁ.n 107 — —s— ALICE PbPb /5y = 276 TeV
JHEPO5 (2006) 026 ~ .10 ] Anganty / Pythia8
Comput. Phys. Comm. 178 (2008) 852. ST L (ATLAS centrality)
T e —— ALICE XeXe /Sy = 544 TeV
« Based on Fritiof & wounded PR —— P R
Boo =
nucleons I
. s . .e qo0 T ===
* N-N collisions w/fluctuating radii ok _Im
_)fluCtuatingO' i I N W NS P N
Y-
é 0.9 I
5.; o8 D
;'_j 0.7 :_I R — _|_—|
E'ﬁ*:l:_rllllllllllllI IIIIIII|I | |IIII
0 10 20 30 40 50 o 7O &

Centrality (%)
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https://arxiv.org/abs/hep-ph/0603175
https://www.sciencedirect.com/science/article/pii/S0010465508000441
https://arxiv.org/abs/1806.10820

A Real jets

o

=

L

9

> P

© —
= Combi L
3 o ombinatorial jets
=X
O =
XX T
O
g Y
m
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Technique

 Anti-k_ jet finder, |r]jet|<0.5

 Combinatorial jets: Only contain TennGen particles
* Real jets: Add a PYTHIA pp event. Real jets contain >80% of

min
pThard

* Squishy jets: Everything else
- R=[0.2,0.3,0.4,0.5,0.6], p,=[10,20,40,80]

Christine Nattrass (UTK), WWND 2022
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<4% Signal loss Jet properties — R=0.4 T S

>50% Comb. loss

Area>0.6 R ¥-Signal Y-Combinatorial v-Sauishy

10 GeV/c
20 GeV/c
40 GeV/c
80 GeV/c

3
1076 b e L 107° ‘
000 025 05 0.00 0.15 0.30 0.0 15 27
Area Angularity <p,;> (GeV/c)

e ‘"“"‘v“:‘{_z | ] ]

3, Area | |\ Angularity Average p. Leading p.
1 — Z Z
jet Zk Zk(Rk)

T

Christine Nattrass (UTK), WWND 2022
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10 GeV/c

Jet properties — R=0.4 "[" @) o 20cev/e
Area>0.6 R V-Signal ¥-Combinatorial ¥-Squishy ;g 2::;2

i %;é J i i
3
10—6-.-.........ﬁz‘?‘m_ﬁ_,,,,,,,,,, 0
0.30 045 05 0.16 0.24 0. 0.5 1.0 0.
Area Angularity <p.> (GeV/c) p,' (GeV/c)
A L ““"‘"Rﬂh | i )
Area. | Angularity Average p. Leading p.
1 — Z
S x= jet Zk Zk(Rk)
T 4 : T

Christine Nattrass (UTK), WWND 2022 2



Silhouette Values

* Average distance between a jet candidate and other jet
candidates in its cluster (signal or background) a,=(d; ;).

* Average distance between jet candidate and jet candidates in
the other cluster  p.=(d, ;)

* Silhouette value b.—a,
S. =
' max|b,,a,]
1 0 1
Looks more like Indistinguishable Looks more like
another cluster from other clusters its own cluster

Christine Nattrass (UTK), WWND 2022 2



Silhouette values
Example from Wikipedia

woll
puma
boar
cheetah
: leopard
plrar_iha Ii-:mp ’
herring mongoas
chub :Ju]ec.at
catfish ynx
= raccoon
™ bass antelope
, sole aryx
seahorse buffalo
£ haddock deer
‘ﬂ tuna elephant
= 3 giraffe
nlkﬂ‘ i : pony
] dogfish = raindesr
—_ carp — calf
b ] stingray © goat
E pussycat
bear
- I math g aardvark
e 4 housefly £ wallaby
- ] gnat oty
o | wasp ol
@ o ] termite hare
75} = flea mink
£ e ladyhird :;::f::lr
[E— haneybee girl
gorilla
| T T T T cavy
fruitbat
D 02 Dd UE vampire
S platypus
. . sealion
Silhouette scores from three types of animals rendered by ge?lhl
Orange data mining suite. pgr';_,_i';'

Christine Nattrass (UTK), WWND 2022


https://en.wikipedia.org/wiki/Silhouette_(clustering)
https://en.wikipedia.org/wiki/Orange_(software)

Silhouette Values

* Define a distance between two jet candidates to determine

how similar they are

s

) ) (B P
ol ™~
Angularity Average p. Leading p.

P

Christine Nattrass (UTK), WWND 2022
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Before area cut

Combinatorial
P,=20 GeVic Signal
100
. R=0.2 R=0.3 R=0.4 R=0.5 R=0.6
3o a 2P ” a o
Z = _=l BEggo]e? HEgaba™ -H-ga o8 Hooegal
o104 Ba T g 1
— E \ o o
Z = é& f o9 O@,er ®/®
LA L L LR L L LA L L L DL L L L L L AL L LA DL AL B LI DL L L LU L B L L L
0.4 0.0 0.4 0.4 0.0 0.4 0.4 0.0 04 04 0.0 0.4 0.4 0.0 0.4
Silhouette Values
R=0.4
0 —1
\ o1 [Pr10GeVEE % w 107 Tp=20 GeV m 107" 1o =20 GeV/ n [p=80GeVc o
Yo J RS S 1 y i ‘ YoM 0000°°d &Hﬁ
5[° v z]® Beoetos | PR S I Aol <1 RS TI e B -
t 1073 f%/v L1078 ® L 107 I
— g ] 1 = E — ,:‘1 - E o
. z, o4 = ““ =z,
04 00 04 04 00 04 0.4 0.0 04
Silhouette Values
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After area cut

Combinatorial
p,=20 GeVic S|gna|
10v
E R=0.2 R=0.5 R=0.6
Sl i
== B _
=, 1073 4 =B SEER L i DEDE:;/Z%BQ
-3 \._\ o®oge . 0C0g;
<z, [P
LA DL DL L L DL LN L L DL AL DL L LA DL L DL L L LA DL AL DL L LA LA L L L L L LA DL AL LA
-04 0.0 04 -04 00 04 -04 0.0 0.4 -04 00 04 -0.4 0.0 0.4
Silhouette Values
R=0.4
— 100 — Y —
J4 101 - p,=10 GeVi/c . p,=20 GeV/c s p,=80 GeV
e a 158 ga? 0% 1 1k
% A‘A"—\AAA&A f % _3 ,EIEIE 4=
o g A e . 1077 5 |zf o =
- .2 10 T 4~ @’Ge ] =5
=z z =
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Silhouette Values
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Survivor bias

—— -
[ ]
L | E I
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En g o Tad 8 = . Lo =gy
s e e
.'r+1 J‘ "I._ L =
(W |
¥ Il
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|
1
. L 3
s ¥ :"‘...T' -
| iy | I

« WWII Example: holes planes returning indicate where it's safer to get hit
* We’'re looking at the real and combinatorial jets which remain
Christine Nattrass (UTK), WWND 2022 3



https://en.wikipedia.org/wiki/Survivorship_bias

Christine Nattrass (UTK), WWND 2022
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Tracks

Clusters

@ E
£ e Pb-Pb | 5,,=2.76 TeV Anti-k; R=0.2 Iyl < 0.5
s " E " p.  >0.15GeVic
& F  0-10% Centrality Tirack
10k Exuster > 0.30 GeV
p F —e— Inclusive
; . =. - pff::: >2GeVic
L leading
10" 3 ® 4 Prree>5GeVio
E . v P9, 8 GeVic
102 A Track
E 3 leading
i ——Prae® 10 GeV/c
y v A
10° o Zn_
* ?g
104 s '!!'
v L1 ALICE
10-5 -~ . Bg  PERFORMANCE
L L 15/10/2012
* L
el tY 2L
E ) b ?
: hy
107 T I
Ea o b T oo by e lawey |

Jet spectrum smeared
by energy resolution,
\lﬁckground fluctuatioy

Analysis steps

~
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-1
200} 10
g E
E -
Q' -2
150|— 10
10°

(©

-5

L 1 L
%{J 40 60 80 100 120 10
meas (GeV/c
pT.iet ( )

Unfolding — corrects for single

track reco ¢, E resolution,
ackground fluctuations

- *
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e
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108 3

10'9:‘, L
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e
= |
= -
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w 0-10% Pb-Pb E 5
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I [_] [ Correlated uncertainty
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\Corrected spectra /

Christine Nattrass (UTK), WWND 2022
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Jets in ALICE: Response Matrix Construction

250

ol P 250 —
R @) ®

Tk > | RMbkg = RM

LL ) - 200 —N OT A gﬂ 200} 10"

L 5= =t &

w [~ " «DETECTOR | " 5
~—

14 'EFFECT!! [ > .

O 100}~ o 100} LGD) 10

|— F —

o 50 < '§ r 10

L E 5 (©)

E e 0 20 %9 Q"40 50 % 00120 10°

0 pTee (GeV/c) p??::ts (GeV/c)

RMuy and RMqe: are approximately factorizable

Christine Nattrass (UTK), WWND 2022



Analysis steps: Full Monte Carlo

Particles =i

. @

Pb-Pb at {/s,,, = 2.76 TeV
F"\G -
> =
P e

< 200f
2 : > 180° 2 107
g i Pb-Pb \s _2.76 TeV Anti-k; R=0.2 Inl <0.5 o r N =
s g o p. . >0.15GeVic — 1601 10 =[5
S [ 0-10% Centrality i o F &l
10 Eqciuster > 0.30 GeV — 140; -Dg
E _Q_J‘ r -—_a
1 i o nolisie S 1200 A __ Antik jots, R =04
F 5 B = P > 2 eV > 100;7 . Z 107 Eeg;i
10 3 " o Plrend>5GeVic L 10 E —— Rgg ;5
E —v— PS> 8 GeVie 80 [ — Eeg =$
102 Jeac eg =
g A 09 10 GeVio ro— Ra\gu input spectrum
0oL 60F * I — True Spectrum
Eo Sy 4 Ll e
104k ,!! 40__ 10 é ;;E
E v r .
105 ""-, ;5;%2%% 20:\”‘ N NIRRT § e — T
e ot LU —40-20 0 20 40 60 80100120140 Sos-
i T L recjetp,  (GeVic) 5
I 4t ort 0-6736 40 60 80 100 120 140 160 180 200
10,,;_ T ol jet pT.rec (Gev/c)
E | P R IR | H
Unfolding — corrects for

AL OS] STitelen background fluctuations
\gy energy resolution/ \@ d 3ther offocts / Corrected spectra /

Christine Nattrass (UTK), WWND 2022 37




@200_

3 180}
5160F
'—

® 140[

120
100
80
60

40F

20F

Construct a response matrix in Monte Carlo

Background
fluctuations

107°

-40 -20 0 20 40 60 80 100120 140

jet pTrsm (GeV/c)

ear

E 200
2
5 180

L—

CLI_

T 140~

120
100
80
60
40

20

_ Embedding |

2160[

_I|I II|III|I
-40-20 0 20 40 60 80 100 120 140

10°

10

1072

jet pT__sm (GeV/c)

ear

Christine Nattrass (UTK), WWND 2022
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Embedded Response Matrix

—
—

Unfolded/True

— lter. 2
Iter. 3
— lter. 4

—_— b _-

|||||||II|IIII”_|LIIII|II

Iter. 5
0.9 —— lter. 6
Iter. 7
o ! |
2
= 1.1 Jet Background Response Matrix
[O))
O
S f——r—
- L | o—e— - -
—— _ : . ' - ]
0.9__‘7_ e i i S
- | 1 | 1 _ ! 1 '::::
50 100 150

jet pT,rec (Gev/c)

Closure

Methods

- Use 0Op, method to measure width

of fluctuations with varying
numbers of leading jets (LJ)
discarded

- Embed PYTHIA event into heavy
ion event

Only embedding leads to full
closure

Not due to jet finder behavior in
background — interplay between
background and jet finder

Christine Nattrass (UTK), WWND 2022
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Need unfolding and embedding in MC!

Christine Nattrass (UTK), WWND 2022
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Snowmass Accord: Apply the same algorithm
to data and your model. Then the measurement
and the calculation are the same.

Christine Nattrass (UTK), WWND 2022
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Rivet: Apply the same algorithm to data and
your model. Then the measurement and the
calculation are the same.

Christine Nattrass (UTK), WWND 2022
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What is Rivet?

Christine Nattrass (UTK), WWND 2022
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&) Aver FabodecbteftRe  HIING D\ ctn
"™ Monte Carlo Model

JETSCRPE

= wm
i i
HepMC

X

HEPData mf Rivet
. .

comparison = - F
to data

Christine Nattrass (UTK), WWND 2022
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& 200

> 180-
€ ye0-
- 5 140- ‘ .
£ 1200
g Comparison
- — 80F
m 60 t d
O data
R T Po-Pb at {s,,, = 2.76 TeV
rec jet Preor (GeV/c) F?.\‘ =
Unfold to correct g 10
Full Monte Carlo Model ,,‘E . i
ex: JETSCAPE, Angantyr © for ﬂuctua“ons %%F
a
o T2 102
Signal LLl
/ XL
e
. Pt
go8- i
‘lq-; 206354060 B0 160 120 140 160 180 200
jet P (Gev/c)
\ 5 > '
\) N —_—
N 14
<

>
Signal-only Model

ex: JEWEL
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Why use Rivet?

e Facilitates comparisons between Monte Carlos
and data

e |[t's not that hard
e |t preserves analysis details

Christine Nattrass (UTK), WWND 2022
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We Can Do !
',i:; _. N\ o

~_VF

Models have

Correcting for it Background Treat models
background too! requires unfolding, suppression — like data
embedding combinatorial jets which

look like real jets

Recorded tutorials from Rivetizing Heavy lon Collisions at RHIC

Christine Nattrass (UTK), WWND 2022 "


https://www.youtube.com/watch?v=R0cLJtgthXA&list=PLb169AflJA0EIGOgMMmKu7atkaA25xTFw
https://indico.bnl.gov/event/8840/

Christine Nattrass (UTK), WWND 2022

49


https://arxiv.org/abs/2005.02320

Random cones

R=0.4 ‘

Real jets

n

Christine Nattrass (UTK), WWND 2022
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Random cones
ALICE Data: JHEP 03 (2012) 053

g 10f 5p., (0-10%) Pb-Pb
EE - - Data
c 1E u =-0.50 +0.01 (GeV/c)
LL = c =9.72 +0.01 (GeV/c)
g 10E e "R 0.30 (Gevic)
= n=-1. el | 8 ev/c
= 4020 o G =9.97 +0.18 (GeV/c)
g 10°¢ - s - Background Generator
= aF e e u=-0.48 +0.12 (GeV/c)
s 107 -+, .+ o0=7.36 £0.05 (GeV/c)
< 1cr4';?fﬁlr*ir +{§r— lfﬂii
1CI{5%_ - :;;i’
10°F - i
arXiv:2005.02320 +
_ | | | | | | | | | |

—7 L1 | AT N R N T N R N N M A N
10740 20 0 20 40 60 80
o P =P, -p Accme (GeV/c)

,cone

p = Median(p./A)
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http://dx.doi.org/10.1007/JHEP03(2012)053

Shape of width of the distribution

" Single particle spectra

f F(PT’P’W:ﬁ(bPT)p_le‘bx ~ Zp, of N particles - N-foldtoglonvolution:
[dN fr(pr,2,b)=b"p eka]‘fN(pT’p’w:fr(pT’Np’b) *fy(pr,Np,b)
Clr T>%> T N
dy — N: total ]TR2 M l:&:NM ,O l 1/ p rg ‘
=£ — P | Atotal ot b pr’> ot |
Tannenbaum, PLB(498),1-2,Pg.29-34(2001) | !,

Assumes shape [Add Poissonian fluctuations in N: o,,,,= \/No‘Z—-I-NMp l

/

~
Add non-Poissonian fluctuations in N due to flow Assumes
uncorrelated

o =JNo +(N42> v’ number
\_ o \/ P | {Z” n]MpT ) fluctuations

Christine Nattrass (UTK), WWND 2022 5


https://www.sciencedirect.com/science/article/abs/pii/S0370269300013253

Width vs multiplicity

§ | ® random cones “>“‘U L e :ﬁ;;if;rﬁ= 276 TeV
[(}] - A RC (w/o lead. jet) 8 1 | —— Random Background
(5 . — 0 | —a— Angantyr (leading jet removed)
<. 15 —v RC randomized n$ o [ —— Random Background
E... ~—— Poissonian limit b% 8 - ::g::::‘f B(:J:a:’é:?‘ :je‘s removed) +
s - PoissoNian limit + v, (o}, =2 N3 v3) B ¢ ’L/
kot PP Poissonian limit + v,,v, (03, = 2 N2 (v3+v3)) - i
° - =T
P -- 3 ;})L'
10 — B | l
I h: };/ !
i - /l}/ [
- : f l
: o Angantyr
5 — ,T | | 1 1 ‘ 1 Il 1 | Il 1 1 ‘ 1 1 Il | 1 Il 1 | Il 1 1
c
L S 1.4
o
= © 1.2
I Pb-Pb /s = 2.76 TeV ® 1 ll ++ ++ ++ H' L+ l{'
K I R =0.4, p™" = 0.15 GeV/c < I i R
0 — ' U 3 0'80 800 1200 1600 _ 2000
(]
0 1000 2000 3000 raw
Naw input
input
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Width vs multlpllc:lty

—

§ | ® random cones SU

[0)] - A RC (w/o lead. jet) (CIDJ 10 ¢ TennGen, no v,

9, 15 v RC randomized ny “’%h = TennGen, with v,

E... —— Poissonian limit ) o} Random background [ —
O - Poissonian limit + v, (o, = 2 N3 v3) 8 - Random background + flow m ..~ )
‘6’ ------ Poissonian limit + v,,v, (05 = 2 N3 (V3+v3))

—h
o

TennGen

— ok
oo o
Y
|

y Pb-Pb Vs = 2.76 TeV
ALICE R= 04p "=0.15 GeV/c

.I ® L ] L ]
0 1 1 1 | ‘ ‘
0 1000 2000 3000 ' / f} 1500 2000
N'aw Nt
input P

Impact of shape of spectrum
Correlations between event planes

(@]
[de]
P

Data / Prediction
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Random cones in ALICE

I ® random cones -+ utis = 0.0, 0" =9.7, 6 = 11.0
* Estimate p
1 EA RC (w/o lead. jet) o=10.1
vV RC randomized g ------ uth® =-0.9, 05 =8.0,0=8.6

-k, jet finder - jet candidates
- p = Median(p,/A)

— f1a,=144.3,a =14 c/GeV
JHEP 03 (2012) 053

—
<
N

e Draw Random cone

probability density
=)

Wy  Pb-Pb: 0-10%
". AN R = 0.4
‘Yae p/"=0.15GeV/c

107

10 °
Sp.— reco A 10° ; RS
Pr—=Pr —pP o id. o N e,
-50 0 50 100
op;" (GeV/c)

56
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http://dx.doi.org/10.1007/JHEP03(2012)053

Mini-summary

* Jet finders put all input clusters, tracks in a jet candidate
* Background is dominated by random particles

- But ~5% effects from
non-Poissonian fluctuations

* Models have background too!

- Sensitive to multiplicity,
implementation of flow

50GeV jets + minbias + ghosts

~_ Cacciari DIS
i 2006

L
o

[
()]

)
(=]

Phys.Lett.B641:57-61,2006

10

Energy (arb. units)

Do

Christine Nattrass (UTK), WWND 2022 57


https://arxiv.org/abs/hep-ph/0512210

Mini-summary

* “Signal” and “background” have
different properties, but...

* Always overlap somewhat

* Any procedure to remove
“background” will also cut signal

(L

Christine Nattrass (UTK), WWND 2022
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5-? B Angantyr (2 leading jets removed)
8 - —&— Pb-Pb at 2.76 TeV
= 10__ —— Random background
= —  —#— Au-Au at 200 GeV
© 8— — — Random background
6
41—
20
c
o114
O
5 1.2
o
a 1
< 0.8 | | |
S 0 500 1000 1500 2000
NF&W
input

Christine Nattrass (UTK), WWND 2022
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-gl_ 103 —s— 276 TeV PbPb Data n| < 0.8 m
[12]
o = = =
:‘E = ——— 2.76 TeV Angantyr PbPb MC In| < 0.9 < 4o —&— Angantyr 510° —&— TennGen
:Z 102 = — T Fitto Data 21010 — T" Distribution £10° === " Distribution
o = T Fit to Angantyr 10*
= L a
£ 1oL 10 10°
s E 108 10
ZI— F
g 4L 107 10
g £ s 1
= - 10% 0
—1L
107¢ 210* 210*
= = =
C = . =103
10_2;|||||||||||||||||||| [N AN A 210 210
.
1.1M 1 10 10
i " e
= 1 4 ++++§$ 10 10
BT 4
a 09+ . +++ 1 1 d)
OBF +—+‘+—-+——+—‘+‘_+_ . I | B 1 T R SR B S S B
g o FTeErr 0 50 0 i0° 20 30 40 50 80 70
056 1 15 2 25 3 35 4 45 5 Tpp " (GeV) zpy e o (GeV)
p, (GeV/c)
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Area-based background subtraction

Cacciari & Salam, PLB659:119-126,2008

[ Particles, clusters]

i

K, algorlthm

50GeV jets + minbias + ghosts |

Cacciari DIS
2006

)
K pT,AR =(n—n,F+(g—9,) = 30
-}
» Forallij calculate ;’: ......................
d mln(pT l)pT ]) -e
_ © 153N T
diB,_ T,i V‘IO Caccnarl&Sa _________
« Combine smallestd > Phys.LettB641:57:61,

o
If d smallest, d; - jet O

-
ereat until no partlcles Iefy L

[ Jet candidates ]

i | .
Median p=p_/A ’ J
jet __ __reco

pT pT _lomedian Ajet

Christine Nattrass (UTK), WWND 2022
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https://arxiv.org/abs/hep-ph/0512210
https://arxiv.org/abs/0707.1378

p (GeV/c)

Background density p

5 FastJet k, (p'“i" =0.15 GeV/c)
| Fit: (-3.3:0.3) GeVie + (0.0623:0.0002) GeV/c x N
200- = ALICE =~
i 150 = e
B _,?;
100 _
0 20000 Pb-Pb s =2.76 TeV
- entries =
i " 20000 — s
i gl “~HH%M\\ 0-10%
R “C: ::. E:
- o (]
. : L L I 1 L 0 L L l L 12500| L I L L
% 1000 2000 3000
Nraw
input

10°
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10°

10?

10

—Fit:
eBackground Generator

-1.20 GeV/c + 0.0611 GeV/c=x
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Christine Nattrass (UTK), WWND 2022
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Subjet z

PYTHIA8 pp Vs = 5 TeV

| I | | I I
subjet 8 16— ant| K, R 0.4 In’EtI<1 jets from ch part subjet r=0.
T = - quark fraction, inclusive subjets
subjet O 14F gluon fraction, inclusive subjets
_PT © 5 o quark fraction, leading subjets
jet r p]et ‘E ' = &b gluon fraction, leading subjets
p1 = f
=081
00
< 06
[ . " [ [ o
« Cluster jets with anti-k, with resolution parameter R ¢ 041
. : : : . @ 02
 Recluster constituents with anti-k_. with resolution =1

o

parameter r

* Some discriminating power between quark-like and
gluon-like jets

- Strained at low momentum, small R

Christine Nattrass (UTK), WWND 2022
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Subjet z : Area cut

Christine Nattrass (UTK), WWND 2022
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Subjet z : Leading hadron p_' cut

Christine Nattrass (UTK), WWND 2022
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Subjet z : Leading hadron p_' cut

Christine Nattrass (UTK), WWND 2022
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Look for a clever solution with Machine Learning

Input Features Standardize Random Forest

Area Scale Max to
Angularity one and min
Mean Const. p_T to zero for

Kinematic cut

Leading hadron p_ T each feature
Oracle
Most effective
Calculate Loss

Random
Forest
Prediction

Signal

Random
Forest
Prediction
Signal

Oracle
Prediction
Signal

Christine Nattrass (UTK), WWND 2022
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Bias & backgrou nd

in P TN
i ."1':!,".

'y e e omoghw
8 AWy g g . Lt
- l'_l-I -r“" Co 1bF "\-_"' |

Background suppression — Bias

Survivor bias: Modified jets probably look more like the medium
Quark/Gluon bias:

- Quark jets are narrower, have fewer tracks, fragment harder [Z Phys C
68, 179-201 (1995), Z Phys C 70, 179-196 (1996), |

— Gluon jets reconstructed with kr algorithm have more particles than jets
reconstructed with anti-kr algorithm [Phys. Rev. D 45, 1448 (1992)]

— Gluon jets fragment into more baryons [EPJC 8, 241-254, 1998]

Fragmentation bias: Experimental measurements explicitly select jets
with hard fragments

Christine Nattr%(&\{m%nmwy@éw/gnimgIQ-nf.indin-7’)-ncin’rin-plnnh9n’r/
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